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Abstract
Background: Safer and minimal invasive treatment options with minor side effects are in great demand
for glossopharyngeal neuralgia (GPN). Pulsed radiofrequency (PRF) is a micro-destructive procedure that
could be applied repeatedly without irreversible damage to target tissue. However, few studies have
reported the long-term clinical outcomes of PRF in the management of idiopathic GPN patients. 

Methods: We retrospectively investigated the e�cacy and safety of computer

Tomography (CT)-guided PRF in the treatment of 30 patients with idiopathic GPN in a multi-center clinical
study. Numeric rating scale (NRS) score was used to evaluate pain intensity before and after PRF
treatment. The effective rate was de�ned as the percentage of patients with NRS reduction of more than
50%. Baseline characteristics, surgical records, initial pain relief, time to take effect, long-term outcomes,
patient satisfaction, the incidence of recurrence as well as subsequent treatment choices, intraoperative
and postoperative complications were retrieved from electronic medical records.

Results: A total of 30 idiopathic GPN patients who received PRF under CT-guidance were included in our
study and the initial effective rate was 93.3%. The cumulative proportion of patients with satisfactory
pain relief survival was 93.3% at 12 months, 89.6% at 24 months, 85.3% at 36 months, 79.6% at 48
months, 73.0% at 60 months and 72 months, and 54.8% at 84 months, 108 months as well as 120
months. No serious morbidity or mortality were observed in any of the cases. The median patient
satisfaction in Likert scale rating was 4.0 (IQR, 3.0-5.0).

Conclusion: According to our results, PRF is an effective and safe therapy for patients with idiopathic
GPN. This minimally invasive, micro-destructive, neuro-modulatory technique could be a potential
intervention of choice for the treatment of GPN patients who respond poorly to pharmacological
treatment.

Background
Glossopharyngeal neuralgia (GPN) is an uncommon facial pain syndrome characterized by paroxysms of
pain in the sensory distribution of the glossopharyngeal nerve (cranial nerve IX) [1, 2]. It is reported that
the crude incidence of GPN is estimated to be approximately 0.2 to 0.8 per 100,000 population per year [1,
3, 4]. The pain is usually located in the tonsillar fossa, base of tongue, laryngeal region, mandibular angle
and the ear [5]. The characteristics of GPN are usually stabbing, sharp or shooting [6]. GPN could be
triggered by speci�c stimulus including yawning, talking, swallowing, sneezing, laughing and coughing
which results in patients being afraid of talking, eating, drinking [6], sleep disturbances and may even
lead to suicide [7]. Moreover, GPN may also be associated with bradycardia, cardiac arrest, convulsions
and syncope due to over�ow of neural impulses from the glossopharyngeal nerve to the vagus nerve,
which occurs rarely but can be lethal[2, 6].
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Medical therapy such as carbamazepine, oxcarbazepine, gabapentin, pregabalin, and phenytoin, is the
�rst-line of treatment for GPN patients [2]. However, the therapeutic effect of these drugs are variable, and
may decline over time [8]. Glossopharyngeal nerve block could provide an excellent alternative to
pharmacological treatment for glossopharyngeal neuralgia via injection of local anesthetic with or
without steroids. However, it is di�cult to obtain long-term effect even despite the guidance of
ultrasound[9, 10]. Surgical treatments such as microvascular decompression (MVD) or glossopharyngeal
nerve and upper rootlets of vagus nerve rhizotomy should be considered when patients respond poorly to
conservative treatments. Several studies have demonstrated that, GPN patients receiving MVD could
achieve long-term pain-free outcomes by isolating the offending compressing blood vessel [11–13].
However, this widely used surgical treatment is still associated with several risks including dysphagia,
compromised swallowing, even intracranial hemorrhage [14], and a potential for reoperation [5].
Rhizotomy is considered as a safe and useful alternative when exploratory surgery cannot identify a
vascular con�ict[15, 16]. Nevertheless, complications such as sensory de�cits, dysphagia and vocal cord
paralysis could be associated with rhizotomy [6, 17]. Gamma knife radiosurgery[18](GKRS) has been
proposed as an effective treatment option for GPN without permanent complications. However, it is
reported that the failure ratio of GKRS within a mean follow-up duration of 24.6 months could increase up
to 30%[19]. Percutaneous radiofrequency thermocoagulation has been successfully applied in the
treatment of idiopathic and secondary GPN, however, it was associated with several complications
including dysphagia, dysesthesias, and diminished gag re�ex[5, 20].Therefore, a safer and minimal
invasive treatment option with minor side effects is in great demand for GPN.

Pulsed radiofrequency (PRF) is a micro-destructive procedure which applies short pulse of radiofrequency
to ganglion or peripheral nerve, and has neuromodulatory effect in the treatment of neuropathic pain [21].
PRF applies high-frequency current in a pulse of 20 milliseconds, every 500 milliseconds[22]. The heat
generated in each active cycle could dissipate in the long resting phase of 480 milliseconds, so that the
temperature does not exceed 42℃[23]. Unlike radiofrequency thermocoagulation, which selectively
destroys pain �bers via continuous radiofrequency with the temperature over 65℃[1], PRF could be
applied repeatedly for several times without irreversible damage to neuronal tissue. Shah et al [24]
presented the �rst case of GPN (chronic post-tonsillectomy pain) treated with PRF which attained
satisfactory pain relief in 2003. In 2005, Abejón et al [25] performed PRF on 1 idiopathic GPN and 1
secondary GPN, in which the results revealed that the treatment was effective for both patients for over 6
months. Bharti et al [26] also showed the e�cacy and safety of PRF on the treatment of GPN secondary
to oropharyngeal cancer in a clinical trial with 25 sample sizes, and demonstrated that PRF was a
bene�cial treatment option for secondary GPN patients without serious complications. However, there is a
scarcity of studies evaluating the long-term clinical outcomes of PRF in the management of idiopathic
GPN patients. In this multicenter retrospective study, we intend to determine the long-term e�cacy and
safety of PRF for the treatment of GPN patients under the guidance of computed tomography (CT).

Methods
Patients
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This retrospective study has obtained approval from the Institutional Review Board of Beijing Tiantan
Hospital a�liated to Capital Medical University (No. ky 2020-017-02). We collected the records of 30
cases of idiopathic GPN patients who received PRF treatments under the guidance of CT at the
department of pain management in Beijing Tiantan Hospital, Beijing Tiantan Puhua Hospital, and Beijing
Red Cross Peace Hospital between February 2007 and October 2019. The available follow-up data ended
in February 2020. Patient consent was waived due to the study’s retrospective nature. Patients who
ful�lled the following criteria were eligible for the study: 1) age > 18 years; 2) diagnosed with idiopathic
GPN according to the International Classi�cation of Headache Disorders[15]; 3) undergoing PRF for GPN;
4) at least 1 month of follow-up recordings. The exclusion criteria were as follows: 1) patients with
bilateral GPN; 2) patients with incomplete medical records.

PRF procedures

All procedures were performed under the guidance of CT. Patients were placed in supine position with
head slightly turned contralaterally on the CT scanner bed, with a thin pillow under the head. Vital
parameters including noninvasive blood pressure (BP), heart rate (HR), electrocardiogram (ECG) and
pulse oximetry (SPO2) were recorded at 5-minute intervals continuously until the end of the procedure.
The negative electrode of a PMG-230 Pain Management Generator (Baylis Medical Inc., Montreal,
Canada) was attached to the patient’s back. After sterilization, local in�ltration anesthesia with 1%
lidocaine was injected at a point overlying midway between the mastoid process and the angle of
mandible. Then, a 21-gauge radiofrequency cannula with a 5-mm bare tip (PMF-21-100-5, Baylis Medical
Inc., Montreal, Quebec, Canada) was inserted medially under CT-guidance, until the needle contacted the
styloid process, then the needle was moved forward another 0.5–1.5 cm. Intermittent CT scan
(SOMATOM SIEMENS Company, Munich, Germany) was performed to con�rm that the tip of the needle
was localized at the medial edge of the styloid process (Fig. 1). Subsequently, the needle core was
removed and the plunger was withdrawn to con�rm negative aspiration for blood or cerebrospinal �uid.
The radiofrequency treatment electrode (PMK-21-100, Baylis Medical Inc., Montreal, Canada) was
inserted into the trocar to test resistance. Sensory stimulation at 50 Hz, 0.5 V was performed to cause
slight pain at the innervation area of glossopharyngeal nerve including the base of tongue, tonsils as well
as pharynx. The direction and depth of the needle were adjusted on the basis of patients’ sensations, to
guarantee correct positioning. Motor stimulation at 2 Hz, 1.0V was performed and the negative results
indicated that no muscles contraction was generated. Afterwards, PRF treatment was performed for 360
seconds. The parameters of PRF application was initiated at the voltage of 45 V, the temperature of 42 °C,
the pulse rate of 2 Hz at the rate of 20 ms.

Data Acquisition

Baseline characteristics, surgical records and immediate e�cacy were retrieved from electronic medical
records of these hospitals. Long-term outcomes were acquired from a patient database that was routinely
updated for medical quality management. Baseline characteristics included age, gender, duration of
symptoms, laterality, preoperative pain intensity, previous treatments, symptomatic site, etc.
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Numeric rating scale (NRS) score [27] was used to evaluate pain intensity before and after PRF treatment
(0 = no pain, 10 = intolerable pain). The response rate will be de�ned as cases with NRS reduction of more
than 50% per total number of cases*100%. The initial effective rate was de�ned as the percentage of
patients who attained effective pain relief within one month postoperatively. Patient satisfaction was
assessed using Likert Scale (Table 1) [28]. Consumption of analgesics (pre-operation and post-operation),
time to take effect, incidence of recurrence and subsequent treatment choices were also recorded.

Table 1
Likert scale.

Likert scale Explanations

1 Very unsatis�ed

2 Unsatis�ed

3 Neutral

4 Satis�ed

5 Very satis�ed

Intraoperative complications included hypotension and bradycardia. Other complications including
dysphagia, lingual numbness and abnormal sensation, pharynx and larynx numbness, hoarseness,
abnormal sense of taste were also collected. The Landriel Ibanez classi�cation was used to evaluate the
severity of complications in our study (Table 2)[29].

Table 2
The Landriel Ibanez classi�cation of complications

Grade Explanations

Grade I Non–life-threatening complications requiring no invasive treatment

Grade II Complications requiring invasive treatments

Grade III Life-threatening complications requiring management in ICU

Grade IV Complication resulting in death

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics software (Version 26, IBM Inc., USA). The
Kolmogorov–Smirnov test was used to assess normality distribution of patient data. Normally distributed
continuous data were presented as mean with standard deviation (SD) while non-normally distributed
continuous data and ordinal data were described as median with interquartile ranges (IQRs). Nominal
data were presented as counts or percentages. Kaplan–Meier curves were used to describe response rate
after PRF treatment. A P value < 0.05 was considered statistically signi�cant.
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Results
Demographics

Between February 2007 and October 2019, a total of 30 idiopathic GPN patients received PRF under CT-
guidance, in the department of pain management of Beijing Tiantan Hospital, Beijing Tiantan Puhua
Hospital, and Beijing Red Cross Peace Hospital. Follow-up duration ranged from 1 month to 120 months
and the median follow-up period was 42.5 months. The demographic data and baseline characteristics
are presented in Table 3. The mean age of GPN patients was 62.2 ± 12.6 years, the maximum age was 84
years, while the minimum age was 36 years. The mean age at onset of GPN patients was 55.1 ± 16.2
years, the maximum age was 83 years, while the minimum age of onset was 20 years. The median
duration of disease was 60 (IQR, 24.0–96.0) months while the median follow-up duration was 42.5
(IQR,24-61.5) months. Of the 30 patients, 11 (36.7%) were male, and 12 (40.0%) had GPN on the right
side. In 22 cases, patients experienced tongue, pharynx, or larynx pain, 3 patients presented with
symptoms in the ear and 12 cases presented with pain below the angle of mandible. The mean prior
carbamazepine consumption was (473.3 ± 152.9) mg. All GPN patients in our study responded poorly to
oral medications, with a median NRS score of 7 (IQR, 6–8).

Table 3
The demographic data and baseline characteristics of GPN patients

Characteristic Mean ± SD, N(%)

or median (IQR)

No. of patients 30

Age (years, mean ± SD) 62.2 ± 12.6

Age at onset (years, mean ± SD) 55.1 ± 16.2

Duration of disease [months, Median (IQR)] 60 (24.0–96.0)

Follow-up duration [months, Median (IQR)] 42.5(24,61.5)

Sex (male, %) 11 (36.7%)

Laterality (right, %) 12 (40.0%)

Symptomatic site n (%)

Tongue, pharynx, or larynx 22(73.3%)

Auricular pain 3(10%)

Beneath the angle of the lower jaw 12(40.0%)

Prior carbamazepine consumption (mg, mean ± SD) 473.3 ± 152.9

Preoperative numeric rating scale [0–10, Median (IQR)] 7 (6–8)
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Initial Pain Relief

The median NRS score, immediately after the procedure was 4 (IQR, 3–5), which was signi�cantly lower
than that before the operation (P < 0.05). Regarding initial pain relief, 28 GPN patients experienced
effective pain relief within one month postoperatively and the initial effective rate was 93.3%. The median
time to take effect was 3 (IQR,2–5; range,1–14) days. The mean carbamazepine consumption at one
month after treatment was 157.1 ± 110.3 mg, which was signi�cantly lower than prior carbamazepine
consumption (P < 0.05). Two cases responded poorly to PRF even with oral carbamazepine; one of which
had a family history of GPN and the other one had a rather long GPN history of 120 months. Both the 2
ineffective cases chose to receive MVD one month after PRF treatment.

Long-term outcomes

Among 30 patients, 23 patients experienced satisfactory pain relief with or without oral medications
throughout the entire follow-up period. The cumulative proportion of recurrence-free survival is shown as
Kaplan–Meier curve (Fig. 2). The cumulative proportion of patients with satisfactory pain relief survival
was 93.3% at 12 months, 89.6% at 24 months, 85.3% at 36 months, 79.6% at 48 months, 73.0% at 60
months and 72 months, and 54.8% at 84 months, 108 months as well as 120 months. Five patients
suffered from relapse of GPN symptoms at 13, 33, 51, 60, and 84 months after PRF treatment. Among the
5 recurrence cases; 2 patients received repeated PRF, 2 patients chose to undergo radiofrequency
thermocoagulation, and 1 patient underwent MVD. All relapsed patients attained complete pain relief,
regardless of the treatment they decided to undergo. For the 2 patients who chose PRF treatment for the
second time, the follow-up period for one patient was 7 months and the other patient was 24 months. No
pain recurrence was observed during the second follow-up duration.

Complications

Intraoperative and postoperative complications are shown as Table 4. No serious morbidity or mortality
were observed in any of the cases. During the procedure, one patient (3.3%) developed bradycardia and
the patient resumed sinus rhythm after 0.01 mg/kg atropine was administered. After the operation, 1
patient (3.3%) had transient facial nerve neuropraxia and the symptom disappeared within 1 hour
postoperatively. One patient (3.3%) experienced dysphagia, hence the patient’s daily diet was mildly
affected. The dysphagia gradually disappeared after 3 weeks. Two patients (6.7%) developed lingual
numbness and abnormal sensation, causing a slight inconvenience, as they had to chew with the
contralateral side. The symptoms disappeared within 2 weeks and 3 weeks respectively. One patient
(3.3%) experienced abnormal sense of taste, mildly impacting their dietary routines. The abnormal sense
of taste improved within 3 weeks. All complications that occurred in our research were assessed as grade
I, as de�ned by the Landriel Ibanez classi�cation, and most patients expressed great satisfaction with a
median Likert scale rating of 4.0 (IQR, 3.0–5.0).
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Table 4
Complications of PRF for 30 cases

Complications Number Ratio

Intraprocedural complications

Hypotension 0 0

Bradycardia 1 3.3%

Postprocedural complications

Transient facial nerve neuropraxia 1 3.3%

Dysphagia 1 3.3%

Lingual numbness and abnormal sensation 2 6.7%

Hoarseness 0 0

Abnormal sense of taste 1 3.3%

Discussion
We evaluated the therapeutic effects of PRF in patients with idiopathic GPN and the results revealed that
PRF could obtain a promising effect with an effective rate of 93.3% at 1 month postoperatively with long-
term recurrence-free survival rates of 54.8% at 120 months postoperatively. The short-term e�cacy we
observed is consistent with that of Bharti et al[26], who reported a study about GPN secondary to
oropharyngeal carcinoma that was treated by PRF. In their study, the treatment was effective in 23 out of
25 patients (92%), for more than 3 months without major complications. However, Bharti et al[26]
reported that the average duration of effective pain relief was only 5 to 9 months. As a result, we
speculate that PRF can attain longer duration of pain relief for the treatment of idiopathic GPN than
secondary GPN. However, prospective Randomized controlled trials (RCTs) are necessary to further
con�rm our speculation.

The e�cacy of PRF is considered inferior to radiofrequency thermocoagulation for the treatment of
trigeminal neuralgia (TN) [30]. However, there is a lack of research comparing the effectiveness of PRF
and radiofrequency thermocoagulation on GPN therapy. GPN is a rare debilitating form of paroxysmal
facial pain, which occurs 100 times less frequently than TN[7]. As a result, low incidence of GPN may
explain the paucity of related studies. Song et al reported that the immediate pain relief rate in idiopathic
GPN patients treated with radiofrequency thermocoagulation was 82.1%, and long-term pain relief was
44.2% at 10 years, and 39.3% at 12.5 years postoperatively[5]. Based on our research, it appears that PRF
could attain greater effective rate than radiofrequency thermocoagulation treatment, probably because
the de�nitions of observing a response in the two studies are different. In our study, the effective rate is
de�ned as the percentage of patients with NRS reduction of more than 50% while in Song et al’ s study,
the effective rate was de�ned as the percentage of patients classi�ed into Barrow Neurological Institute
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(BNI) class I and BNI class II outcome. Moreover, the participants included in our study were idiopathic
GPN patients without any history of invasive treatments, whereas, 27 (23.1%) patients in Song et al’ s
study underwent prior procedures such as nerve block, radiofrequency thermocoagulation, stereotactic
radiosurgery or MVD. Therefore, the GPN patients in Song et al’ s study might have been more intractable
than that in our research. In addition, the treatment e�cacy is perhaps associated with the technical level
of pain specialists and different intraoperative imaging modalities. Prospective randomized controlled
clinical trials remain to be conducted to further compare the e�cacy of PRF and radiofrequency
thermocoagulation, for the treatment of GPN.

There were 2 cases who did not respond to PRF treatment in our study. We assume this was probably due
to the patient’s family history of GPN or the patient’s over a decade long history of GPN, which we suspect
to be more intractable. However, whether family history or disease duration are factors in�uencing
treatment outcomes, are yet to be studied. Recurrence could occur with any treatments, including
radiofrequency thermocoagulation[5], gamma knife radiosurgery[18], and MVD[31]; 5 cases relapsed in
our study. Up to now, the etiology of pain recurrence is not clear. Therefore, additional studies on the
prevention of pain relapse are required to further improve the long-term outcomes of GPN patients.

It is worth noting that the patients in our study did not achieve excellent pain relief immediately after
undergoing PRF, but rather required a median interval latency of 3 days (IQR,2–5; range,1–14 ) and two
cases needed even more than 10 days to achieve satisfactory results. The interval latency is consistent
with our previous studies on PRF for the treatment of supraorbital neuralgia, infraorbital neuralgia, and
TN[32–34]. We assume the reason for the existence of a recovery period is because PRF could cause
plastic changes in pain transmission pathways and result in slow neuromodulation, which would require
longer time to take effect. Therefore, after receiving PRF procedure, individual variations in posttreatment
protocols should be taken into consideration, such as: adjusting oral analgesics to assist patients in
getting through the recovery period without progression of pain intensity.

In our previous study, we found that the e�cacy of PRF treatment was positively correlated with the
output voltage[35]. Subsequently, prospective, randomized, double-blinded studies have certi�ed that
high-voltage PRF is more effective than standard-voltage in treating idiopathic TN and refractory
infraorbital neuralgia[33, 36]. However, there is a lack of research evaluating the effectiveness and safety
of high-voltage PRF on the treatment of idiopathic GPN patients. Furthermore, whether the improvement
of other parameters such as pulse frequency, pulse width, temperature, or treatment time could attain
more satisfactory e�cacy remains to be studied further.

PRF is an effective and safe method which has been applied in the treatment of diverse neuropathic pain
such as TN, occipital neuralgia, postherpetic neuralgia, and pudendal Neuralgia [21, 37, 38]. Different
from radiofrequency thermocoagulation, this method works by delivering high-frequency current to
targeted nerve without heat-induced tissue damage. In this study, PRF caused less complications such as
dysphagia, lingual numbness and abnormal sensation, pharynx and larynx numbness, hoarseness as
well as abnormal sense of taste, compared to Song et al ’s research, which reported the e�cacy of
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radiofrequency thermocoagulation for GPN therapy [5]. Furthermore, PRF related postoperative
complications were slighter in this study, and disappeared earlier than radiofrequency thermocoagulation
related complications because PRF is a treatment technology with micro-destructiveness. One patient
developed bradycardia during the operation due to vagal stimulation, who immediately resumed sinus
rhythm after the administration of atropine, which suggests that close hemodynamic monitoring is
necessary to ensure the safety of patients during the procedure. In our study, no patient developed
infection, as all procedures were performed in sanitary conditions with utmost precautionary measures.
Additionally, the choice of percutaneous approach to target glossopharyngeal nerve may be related to the
incidence of complications. Intraoral method is commonly performed for preemptive analgesia, and is
associated with the risk of infection and may cause iatrogenic damage to several structures including
vagus nerve, internal carotid artery, vertebral artery, brainstem, and upper cervical spinal nerves[39].
Besides, in early years, medial part of the jugular foramen approach was used for radiofrequency
treatment on GPN patients[40]. However, glossopharyngeal nerve, vagus nerve and accessory nerve pass
through together at the level of the jugular foramen, this increases the possibility of damaging nearby
cranial nerves and internal carotid artery[41]. At the styloid process level, glossopharyngeal nerve, vagus
nerve and accessory nerve separate from each other, and cranial nerve IX becomes the most adjacent
nerve to the distal part of the styloid process. Hence, we chose the tip of the styloid process as the target,
which is consistent with Bharti et al ’s study[26]. In addition, all patients underwent CT-guided treatment,
in which clear visualization of the anatomic structures was ensured and neurovascular injury and
puncture to adjacent structures was avoided.

Limitations

Our study has several limitations. Firstly, this is a retrospective case series report with a small sample size
which unavoidably caused some selection bias. Therefore, prospective, randomized controlled researches
with larger sample sizes as well as higher level of evidence are needed to further validate our outcomes.
However, it will be quite di�cult to conduct RCT studies due to the low incidence of GPN. Secondly, only
patients with idiopathic GPN were included in our research. The long-term outcome of PRF for the
treatment of secondary GPN remains to be studied further. Finally, although PRF treatment under the
guidance of CT increases the rate of successful punctures and decreases the incidence of complications
caused by inaccurate punctures, patients are inevitably exposed to radiation energy which may lead to
safety concerns. In recent years, ultrasonography has been proven to be a safer and easier imaging
modality, without ionizing radiation[32, 42]. Further investigations for the therapeutic e�ciency of
ultrasound-guided PRF operation on glossopharyngeal nerve is of great importance.

Conclusions
To the best of our knowledge, this is the �rst study to evaluate the long-term e�cacy and safety of CT-
guided PRF for the treatment of idiopathic GPN. Our results suggest that PRF is an effective and safe
therapy for patients with idiopathic GPN. This minimally invasive, micro-destructive, neuro-modulatory
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technique could be a potential intervention of choice for the treatment of GPN patients who respond
poorly to pharmacological treatment.
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Figure 1

PRF procedures. (a), Location for puncture. (b-f) Consecutive CT scans showing the puncture needle
gradually reaching the medial edge of styloid process. Patients were placed in a supine position with
head slightly turned contralaterally. White arrows indicate the needle, white triangles indicate the styloid
process.
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Figure 3

Kaplan–Meier recurrence-free survival curves for idiopathic glossopharyngeal neuralgia patients who
underwent CT-guided pulsed radiofrequency


