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Purpose: Although Gamma Knife radiosurgery (GKR) 
is widely recognized as an effective and minimally 
invasive treatment for intractable trigeminal neuralgia, 
its role in glossopharyngeal neuralgia (GPN) has not 
yet been determined. Methods: Between January 2002 
and February 2009, 7 patients with medically intractable 
GPN were treated using GKR. Indication for GKR was the 
presence of medically intractable GPN, patient’s refusal 
for open surgery or contraindication to microvascular 
decompression. Patients underwent preoperative 
investigation and were evaluated postoperatively with 
periodic assessment of pain relief and neurological 
function. Seven patients, 5 males and 2 females, with 
mean age 62 (range 36-83) presented with symptoms 
for an average of 28 months (range 8-72). Four patients 
had a neurovascular conflict. Patients were treated with a 
dose ranging from 60 to 80 Gy, targeted on the cisternal 
segment (n=2) or glossopharyngeal meatus (GPM) 
(n=5). Results: Outcome was favorable with cure of 
GPN in 5 of 7 patients (71%) in the short-term (3 months 
post GKR) and 4 of 7 (57%) patients in the long term 
(> 7 months, mean 16 months). One patient required 2 
treatments because of a recurrence of symptoms and 
was treated with a maximum doses of 60 and 70 Gy, 
respectively. There were no neurological complications. 
Conclusions: All patients with GPM as a target that 
received a dose greater than 75 Gy were cured at long-

term follow-up. The 2 patients with cisternal segment as 
the target and received a dose lower than 70 Gy were not 
cured of their GPN. There were no neurological deficits 
involving the lower cranial nerves. It will be necessary to 
investigate the optimal radiation dose and target of GKR 
for GPN in order to achieve long-term pain relief.
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IntroductIon

Glossopharyngeal neuralgia (GPN), a rare disorder, 
is characterized by a severe and transient stabbing pain. 
Commonly triggered by swallowing, talking or cough-
ing, the pain typically emanates from the root of the 
tongue and pharynx then radiates to the throat and/or 
deep ear structures.6 It often remits and relapses much 
like trigeminal neuralgia (TN)6 and GPN has been asso-
ciated with cardiac arrest, hypotension, syncope and 
convulsions in rare cases.1,3,36 The annual incidence of 
GPN is approximately 0.7 to 0.8 per 100,000 people per 
year with relative frequency of 0.2 to 16.9% compared 
to TN.9,10,16 Two-thirds of the patients are female with 
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the mean age at presentation of 50 years, and patients 
often presenting to a neurosurgeon after an average of 6 
years of pain.5 The treatment strategy for GPN is similar 
to that of TN with the first-line medical treatment being 
carbamazepine with other anti-epileptic drugs such as 
phenytoin, oxcarbazepine, gabapentin and amitriptyl-
ine being also effective.2,4,18,27

With insufficient or no response to the medical treat-
ment due to resistance to anticonvulsants and/or signifi-
cant side effects with medications, surgical intervention 
can provide the cure, with microvascular decompression 
(MVD) being the first option since vascular compression 
is the main cause of the neuralgia. Various destructive pro-
cedures such as rhizotomy delivered successful pain relief 
at the cost of postoperative symptoms due to sacrificed 
nerves.7,28,29,32,33,35 However, since the first favorable results 
of MVD for GPN reported by Laha and Janetta in 1977,13 
many investigators have confirmed the efficacy of the non-
destructive surgical procedure for the treatment of drug-
resistant GPN.21, 25, 30

Although uncommon but never negligible, signifi-
cant morbidity or death can follow microsurgical pro-
cedures even in the modern microsurgical era. For the 
treatment of TN, a non-invasive alternative to MVD is 
Gamma Knife radiosurgery (GKR), which has become 
more established in the last two decades.11,15,23,24,31,37 
With the GPN pathophysiology being similar to that 
of TN, we hypothesized that GKR could also be used 
to treat GPN, especially in cases where the disease is 
medically refractory or where the patient is refusing 
MVD.

Since the first case of GPN treated by GKR reported 
by Stieber in 2005,34 we have published two other cases 
of GPN treated by GKR.39 We now report a clinical 
series with additional cases describing our experience 
in Marseille.

Methods

The Gamma Knife Unit of the Timone University 
Hospital in Marseille, France is a tertiary referral center 
for GKR. The patients in this study were referred for 
evaluation and subsequent treatment of GPN. Indica-
tion for GKR was the presence of medically intractable 
GPN, patient’s refusal for open surgery or contraindica-
tion to microvascular decompression. Patients selected 
for GKR were presented with detailed information con-
cerning not only GPN but also other surgical options, 
including the expected risks and benefits for each treat-
ment. Informed consent was obtained from all patients 
for GKR. Following the GKR, patients were evaluated 
postoperatively with periodic assessment of pain relief 
and neurological function.

Between January 2002 and February 2009, total 
of 7 patients (5 males and 2 females) with mean age 
of 62 (range 36-83) and with symptoms of medically 
intractable GPN were treated using GKR at the Timone 
University Hospital Gamma Knife Unit. All patients 
had normal neurological examinations and suffered 
from deafferentation pain. In all patients, medical ther-
apy had been attempted and had proven unsuccessful. 
From the time of the failure of the medical treatment 
for the GPN to GKR ranged from 8 to 72 months with 
the mean interval being 28 months. Four patients had a 
neurovascular conflict. One patient had GPN secondary 
to a surgical procedure for laryngeal adenocarcinoma. 
None of the patients had undergone any previous sur-
gical intervention for pain. Patient characteristics are 
summarized in Table 1.

GKR was performed while the patient was under local 
anesthesia supplemented with inhalation of analgesic 
agents. Leksell stereotactic frame (Elekta Instruments 
AB, Sweden) was fixed to the patient’s head and the 
patient subsequently underwent stereotactic enhanced 
magnetic resonance imaging (MRI) and computed tom-
ography (CT). For the MRI, three-dimensional (3D) 
constructive interference in steady-state (CISS) imag-
ing without gadolinium and 3D magnetization-prepared 
rapid acquisition gradient echo (MPRAGE) with gado-
linium were routinely used.

Anatomical landmarks and the relationship between 
vascular structures and lower cranial nerves were 
visualized on Gamma-Plan (Elekta Instruments AB, 
Sweden), a dedicated treatment planning software, to 
evaluate whether there was evidence of neurovascular 
compromise or compression. Either the cisternal part or 
the distal part of the glossopharyngeal nerve at the level 
of the glossopharyngeal meatus (GPM) of the jugular 
foramen were chosen as a radiosurgical target, irrespec-
tive of the presence of neurovascular compression, to 
minimize the radiation dose to the brainstem and vagus 
nerve.19,20,26 Dose planning was performed in both the 
axial and coronal planes by using Gamma-Plan (Fig. 
1), and the target was irradiated using Gamma Knife 
4C Model (Elekta Instruments AB, Sweden) with a 
dose ranging from 60 to 80 Gy, targeted on the cister-
nal segment (n=2) or GPM (n=5) with a single 4-mm 
collimator. 

Patients were discharged the day following the 
GKR and followed-up every 3 months for the first year 
and every 6 months thereafter with imaging and the 
assessment of pain. The extent of the pain relief was 
categorized using the following classification: Class I, 
pain-free without medication; Class II, pain-free with 
medication; Class III, pain frequency reduction greater 
than 90%; Class IV, pain frequency reduction between 
50 to 90%; Class V, no significant reduction in pain fre-
quency; and Class VI, pain worsening. 
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results

The follow-up period ranged from 7 to 32 months 
(mean 16 months). One patient had longer than 12 
months of follow-up and 3 had longer than 24 months 
of follow-up. The initial pain relief at 3-month follow-
up after GKR was Class I in 6 treatments for 5 patients 
(GPM target), which included the second treatment for 
Patient 1, and Class IV in two treatments (cisternal tar-
get). At the last follow-up examination, 2 patients were 
Class I, two were Class II, and the 3 patients (4 treat-
ments) were Class V. All patients with GPM as the tar-
get had good initial response to GKR with Class I at the 
first 3-months follow-up. All the patients treated with a 
dose ≥ 75 Gy with GPM as the target had a good out-
come of pain relief (Class I and II) and all the patients 
with a dose < 75 Gy had a recurrence requiring further 
intervention. Table 1 summarizes the clinical, surgical 
and outcome data for the patients.

For the 3 patients with a poor pain relief (Class V), 
including the one patient (Table 1, Patient 1) who under-
went a second GKR treatment 7 months after the first 
treatment because of a recurrence of symptoms, under-
went subsequent treatment to address their symptoms. 
Patient 1 ultimately benefited from two treatments of 
thermocoagulation through the jugular foramen. One 
patient underwent MVD and the other underwent corti-
cal stimulation. 

We did not observe any complications after GKR in 
these patients. All patients were without clinical signs 

of the motor impairment (hoarseness, dysphagia, or 
shoulder muscle weakness) or worsening of sensory 
functions of the glossopharyngeal nerve. No signal 
abnormalities were demonstrated in the brainstem on 
the follow-up MRIs after GKR in any of the patients.

dIscussIon

Compared to TN, GPN is a relatively uncommon 
one of the craniofacial pain syndromes. The treatment 
strategy for GPN is broadly similar to TN with first-
line treatment being pharmacological medical treat-
ment. In cases that are refractory to medical treatment, 
surgical intervention is indicated. MVD is widely 
accepted as a standard procedure for cranial neuralgia, 
including GPN, because it is nondestructive and cor-
rects the underlying cause.21,25,30,35 However, because 
GPN typically occurs in the elderly population, there 
are potentially significant risks related to surgery or 
anesthesia8,25,38 along with other medical comorbidi-
ties. In the early 1950’s, Dr. Leksell used GKR for 
TN,14 but it was not until the 1990s, in conjunction 
with the advancements in neuroimaging modalities 
such as MRI, that the technique became widely used. 
The efficacy of GKR for TN as reported in the litera-
ture is comparable to that of MVD and the interval 
between GKR and pain relief in GPN appears to be 
shorter than TN.24,37

Table 1. Demographic, clinical, surgical and outcome data for patients with glossopharyngeal neuralgia treated with 
Gamma Knife radiosurgery

Patient Age sex nV 
conflict

target dose 
(Gy)

total follow-
up (months)

result at 
3 months

result at last 
follow-up 

subsequent 
treatment

1 83 F Yes GPM

GPM

60

70

7

10

Class I

Class I

Class V

Class V

Repeat GKR

TC twice

2 62 M No Cistern 70 24 Class IV Class V CS

3 66 M Yes Cistern 70 24 Class IV Class V MVD

4 49 M No GPM 75 32 Class I Class I None

5 71 M Yes GPM 80 13 Class I Class II None

6 36 F No GPM 80 10 Class I Class I None

7 65 M Yes GPM 80 8 Class I Class II None

Cistern: Cisternal segment of the glossopharyngeal nerve, Class I: Pain-free without medication, Class II: Pain-free with 
medication, Class IV: Pain frequency reduction between 50 to 90%, Class V: No significant reduction in pain frequency, 
CS: Cortical stimulator, F: Female, GKR: Gamma Knife radiosurgery, GPM: Distal part of the glossopharyngeal nerve 
at the glossopharyngeal meatus of the jugular foramen, Gy: Gray, M: Male, MVD: Microvascular decompression, NV: 
Neurovascular, TC: Thermocoagulation.
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Dose escalation in GKR for GPN

In order to minimize the morbidity involving the 
brainstem and the vagus nerve, the initial treatment 
dose and its subsequent incremental increase was 
selected cautiously. Because Kondziolka et al. reported 
a 10% rate of nerve dysfunction after applying 80 Gy,12 
we therefore elected to deliver a maximum dose of 60 
Gy for our first patient using a single shot with a 4-mm 
collimator. The doses used in this study (60, 70, 75, 80 
Gy) are lower compared to those that we use in TN (80, 
85 and 90 Gy).24 

In our series, the initial response to the lower dose 
GKR (60 and 70 Gy) to the GPM target was Class I 
but deteriorated to Class IV requiring further interven-
tion. The initial response to the lower dose GKR (70 
Gy) to the cisternal target was Class IV which deteri-
orated to Class V, also requiring further intervention. 
Four patients who received ≥75 Gy dose to GPM tar-
get all had a initial response of Class I, of which two 
maintained the same pain relief level and two other 
had slight decrease to Class II yet did not require fur-
ther intervention. Stieber and colleagues reported on a 
GPN patient treated with 80 Gy GKR with satisfactory 
results, pain slightly relapsing at 6 month but requir-
ing no further treatment.34 This result, combined with 
our observation, may imply that the dose for achieving 

effective pain relief in GPN should be ≥75 Gy, which 
is similar to the dose used in GKR for TN where the 
maximum dose is a major predictive factor of a success-
ful treatment.12,17,22,24

Technical nuances in GKS for GPN

For the first patient, the distal end of the nerve was 
targeted at the level of the glossopharyngeal meatus 
of the jugular foramen (GPM) in order to ensure the 
accuracy of radiosurgical targeting and to minimize 
the radiation dose to the brainstem and vagus nerve. 
19,20,26 However, the long-term result was poor (Class V) 
prompting us to change the target to the glossopharyn-
geal root entry zone (REZ) in the cisternal part of the 
glossopharyngeal nerve. This decision was based on 
the fact that the myelin, produced by oligodendrocytes 
and Schwann cells, surrounding the axons ending at the 
REZ can be more radiosensitive than myelin, engen-
dered exclusively by Schwann cells, that surrounds the 
trigeminal root more distally.1,9,13 This new target was 
difficult to identify because the glossopharyngeal nerve 
is more difficult to visualize clearly than the trigemi-
nal nerve, even with their low intensity lines on CISS 
images, and the glossopharyngeal nerve could be dif-
ficult to distinguish from the vagus nerve.

Figure 1. MRI CISS images fused with CT from the Gamma-Plan (Elekta Instruments AB, Sweden). A, B and 
C) Axial, coronal and sagittal images (respectively) of the patient treated with cisternal target. The yellow outline 
indicates the 50% isodose line of 70 Gy dose delivered with a single 4-mm collimator. The red outlines the 
glossopharyngeal nerve and the blue outlines the vagus nerve. D, E and F) Axial, coronal and sagittal images 
(respectively) of the patient treated with glossopharyngeal meatus target. The green outline indicates the 50% 
isodose line of 80 Gy dose delivered with a single 4-mm collimator. The red outlines the glossopharyngeal nerve. 
Here the vagus is not seen due to its distance away from the glossopharyngeal nerve.
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The 2 patients we have treated with the cisternal tar-
get had poor response with the initial pain relief of Class 
IV, later deteriorating to Class V. Therefore, we decided 
to return to the first target, GPM, but with increase of 
dose to 75 Gy (patient 4) and 80 Gy (patient 5,6 and 7). 
Targeting the nerve root complex at its entry into the 
osseous canal of the jugular foramen (GPM) has three 
advantages over the previous cisternal target. First, the 
opening of the jugular foramen is a good landmark well-
seen on the CT images. Secondly, where the nerve root 
complex enters into the jugular foramen through the 
uppermost opening (pars nervosa), a fibrous crest sepa-
rates the vagus and the accessory nerves, which permits 
better distinction between the two nerves. Thirdly, the 
relative distance away from the brainstem permits the 
increase of the dose delivered.

With return to the GPM as the target along with 
increased dose (75 and 80 Gy) to the nerve permitted 
by the relative distance from the brainstem, the initial 
pain relief was Class I in all 4 patients. This level of 
pain relief continued for two patients and the two other 
had only slight deterioration to Class II, with none of 
the 4 patients requiring further treatment at last follow-
up (8 to 32 months). The possibility of a placebo effect 
must be considered in these cases because this is a non-
blinded study. However, the intensity and disabling 
nature of the pain experienced by these patients would 
make this hypothesis less favorable.

Currently, GKR appears to be a safe treatment 
modality for medically refractory GPN. Of course, 
MVD remains the first-line surgical treatment for GPN. 
However, for patients not suitable for MVD, i.e., eld-
erly or medically at risk for an open procedure, the 
only alternatives are percutaneous procedure through 
the jugular foramen7,29 or GKR. The former alternative 
carries a high morbidity of neurological deficit since 
the destructive effect on the nerve is the cost of effec-
tive pain relief.28,33,35 The latter alternative, taking into 
account the experience with TN,24 has the potential 
to provide effective pain relief without cranial nerve 
injury. In spite of the small number of patients in our 
series, this report contributes to the understanding of 
the potential role of GKR in this rare disease by provid-
ing relevant information about radiation dose and pain-
free probability.

conclusIons

Our experience suggests there are advantages to 
GKR and warrants further investigation of its safety 
and efficacy. Although it is difficult to draw definitive 
conclusions due to the small number of patients and 
the limited follow-up period in this report, GKR would 

appear to be a viable alternative treatment for GPN with 
a low risk of neurological morbidity. The identification 
of the optimal GKR dose is a significant issue and a 
prospective study of a large number of patients with a 
longer follow-up duration is mandatory before the role 
of GKR for typical GPN can be determined.
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