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Abstract
Background: Trigeminal neuralgia (TN) affects up to 0.3% of the population with pain often difficult to 
manage. It commonly affects patients over 50 years, and occurs more frequently in women. Treatment 
options include medical therapy, surgery (microvascular decompression (MVD) and percutaneous 
balloon compression (PBC)) and Gamma Knife® radiosurgery (GKRS). GKRS has been available at 
the Princess Alexandra Hospital since October 2015. Our objective was to evaluate the efficacy of GKRS 
on patients with TN and investigate the impact of known prognostic variables on patient outcomes. 
Method: A retrospective review was conducted on all patients who received GKRS for TN from October 
2015 till March 2018 in a single center tertiary neurosurgical referral hospital. 
Results: 43 patients with TN were treated with GKRS with a median follow up time after treatment 
of 7 months (6 weeks - 36 months). Median age was 69 years, 51% were female and 21% had atypical 
symptoms. 33% previously had surgery (7=MVD, 7=PBC). Clinical benefit after GKRS was observed 
in 79% of patients at 1 month, 73% at 3 months, 74% at 6 months and 87% at 1 year. Of the 49% who 
experienced a relapse of pain within 1 year post GKRS, the median time to relapse was 8 weeks. No 
serious adverse events or severe toxicity were recorded. Patient and treatment factors that predicted 
worse outcomes were the presence of a vessel contacting the nerve, female gender and a higher radiation 
dose.   
Conclusion: GKRS is an effective treatment option for patients with TN and it is particularly useful 
to consider in those with co-morbidities that make surgery high risk. GKRS has acceptable short-term 
beneficial results in TN, however with relapse other treatment options may be required. 

Introduction
Trigeminal Neuralgia (TN) is a chronic 

neuropathic pain condition which is 
characterized by paroxysmal, lancinating, 
electric shock like pain in one or more divisions 
of the trigeminal nerve. It affects up to 0.3% of 
the population, predominantly female patients 
over the age of 50, and the pain is often difficult 
to manage [1]. Treatment options include 
medical therapy, surgery (microvascular 
decompression (MVD), radiofrequency 
ablation (RA), percutaneous balloon 
compression (PBC), glycerol rhizotomy (GR)) 
and Gamma Knife® radiosurgery (GKRS). 

Gamma Knife® works by using 3 dimensional 
coordinates incorporated into the Leksell frame 
which is screwed into the periosteum of the 
patient’s skull. The co-ordinates on magnetic 
resonance imaging (MRI) are integrated with 
the Gamma Knife® software to triangulate the 
exact spatial location of the chosen treatment 
area in relation to the frame. The patient, with 
frame attached, is then secured to the machine 

so that no movement can occur to ensure 
millimeter accuracy. The target is placed at the 
center of the converging Cobalt-60 gamma 
radiation beams and the prescribed treatment 
dose is delivered.   

The aim of this review is to contribute data 
on GKRS from a contemporary Australian 
series. The Princess Alexandra Hospital is the 
only hospital in Australia to provide GKRS 
to the public sector with no out-of-pocket 
expenses. MVD is considered gold standard 
if there is a vessel identified compressing the 
trigeminal nerve [2], and has been shown to 
improve patients’ quality-adjusted life years by 
8.2, compared to 4.9 with GKRS [3]. GKRS is 
thought to be a good second line therapy for 
TN and is commonly performed when patient 
choice and co-morbidities preclude the use of 
MVD. Other therapies such as PBC, GR and 
RA all provide good initial analgesia (~80%), 
however side effects are more prevalent than 
GKRS, and GR in particular has a high short-
term recurrence rate [4,5]. 
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Results
Patient demographics

Of the 43 patients, there was a slight female preponderance, 
and a median age of 69 years (46-88 years). Nine patients had 
atypical symptomatology, 3 had bilateral symptoms and 14% had 
a secondary aetiology causing trigeminal neuralgia. V2 (70%) 
and V3 (60%) were the most affected branches of the trigeminal 
nerve. Eighteen patients had previous failed treatments before 
having GKRS, of those 7 had an MVD and 7 had PBC. See Table 
2. 

Twenty patients had a vessel identified compressing the 
trigeminal nerve on fine cut reconstructed T2 MRI of the 
posterior fossa, with the superior cerebellar artery being the 
most common. See Table 3. The average width of the compressive 
vessel was 1.3mm. Two patients had vascular malformations 
causing compression of the trigeminal nerve.  

Factors which are more likely to result in recurrence of 
pain in GKRS for TN are increased age, atypical symptoms, 
prior surgery and multiple divisions of the trigeminal nerve 
affected [6]. Serious complications of GKRS are rare, the main 
complication is a 14% chance of facial numbness [7]. Patients 
who develop facial numbness have better long-term pain control 
[8,9]. 

Method
A single center retrospective review was undertaken for all 

patients who received GKRS for TN at the Princess Alexandra 
Hospital in Australia from October 2015 till March 2018. No 
exclusion criteria were present. Patients were followed up till 
March 2020, with a median follow up time of 12 months (3 
months - 3 years). 

A Leksell frame was placed on each patient under local 
anaesthetic, after which an MRI was obtained. Treatment 
planning was undertaken by a radiation oncologist and medical 
physicist, with collaboration from a neurosurgeon. The nerve 
root entry zone of the trigeminal nerve was the target isocentre 
for radiation. The patient with frame attached was then secured 
to the Gamma Knife® machine for treatment. The frame was 
removed post treatment and patients were discharged after an 
observation period. 

Patients received a phone call day 1 post procedure by the 
GKRS nurse and were followed up at 1 month, 3 months, 6 
months (+/- ongoing) where pain, medication requirement 
and complications were assessed. If a patient had an excellent 
result at the 3 month follow-up, they were often discharged from 
clinic and only seen again if relapse of symptoms occurred - 
either through GP referral or self referral via phoning the clinic.  
Pain levels and medication requirement were assessed against 
the Barrow Neurological Institute (BNI) pain intensity scoring 
system (Table 1). Demographics and treatment information 
were obtained from medical records. 

Independent statistical analysis was obtained with descriptive 
statistics using mean and standard deviation for continuous 
data normally distributed or median and inter-quartile range 
when normality was not met. Normality was assessed using the 
Shapiro-Wilk test.

The Barrow Neurological Institute pain score
Pain Score 
(Class) Defination

I No pain and taking no medication
II Occasional pain, but taking no medication
III

A No pain, but taking medication

B Pain present, but adequately controlled with 
medication

IV Pain improved, but not adequately controlled with 
medication

V No relief

Table 1. Barrow Neurological Institute (BNI) pain intensity score

Demographics n %

Age
≥ 70 years 23 53
< 70 years 20 47

Gender
Male 20 47

Female 23 53

Symptoms
Typical 35 79
Atypical 8 21

Aeitology
Primary 37 86

Secondary 6 14

Side affected
Unilateral 40 93
Bilateral 3 7

Branch affected
V1 15 35
V2 30 70
V3 26 60

Previous 
treatments

MVD 7 16
Balloon 

compression 7 16

Nerve or ganglion 
block 5 12

Botox 3 7
RFA 1 2

Medication only 27 63
Single previous 

treatment 9 21

Multiple previous 
treatments 9 21

Year of diagnosis 
to GKRS

< 10 27 63
> 10 16 37

MVD: microvascular decompression; RFA: radiofrequency ablation; 
GKRS: Gamma Knife®Radiosurgery

Table 2. Demographics
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from 1 month to 12 months (p value 0.06). Males fared better 
than females. Interestingly there was no statistical difference 
between typical and atypical symptomatology and primary and 
secondary aetiology of TN on pain outcomes. There was no 
correlation between patients who had prior treatment and those 
that required salvage treatment after GKRS. Not surprisingly, 
if patients required rescue salvage treatment after GKRS, they 
were more likely to have an unfavourable outcome (p value 0.01) 
(Table 4).

Interestingly 1 patient with secondary TN due to 
demyelinating neuropathy had an excellent delayed response. 
Within the first 4 months post GKRS he received salvage 
treatment with ketamine cream, lignocaine patch and botox 
with no relief from his symptoms at 6 month follow up. No other 
salvage treatment was done and at the 1 and 2 year review, he 
was completely pain free off medications which could only be 
explained by a delayed analgesic response from GKRS.

Complications
There was no severe toxicity recorded. Eleven patients 

experienced facial numbness or paresthesia following GKRS, 7 
of which received 85Gy. One patient developed delayed analgesia 
dolorosa 1 year post GKRS (85Gy dosing). One patient felt mild 
nausea, 1 had vertigo, 1 suffered persisting unilateral hearing loss. 
One patient had temporary facial nerve weakness and 1 patient 
developed bothersome tongue numbness which resolved and an 
associated loss of taste. One patient had a pin site infection from 
the frame. Overall the majority of complications were minor 
with facial numbness being inconvenient but not concerning for 
most patients. There was no difference in developing numbness 
between treatment naïve patients compared to those with prior 
treatment. Bothersome complications were predominantly 
temporary. 65% of patients did not experience any complication. 
There was no statistically significant correlation between 
complications and isocenter distance (millimeters) from the 
brainstem in this cohort of patients (Tables 5 and 6).

Discussion
GKRS is postulated to work by iatrogenically inducing focal 

axonal degeneration of the sensory root of the trigeminal nerve, 
where pain fibers are more sensitive to injury than sensory 
fibres [8,10]. Kondziolka et al. (2000) irradiated trigeminal 

Radiosurgery dosage 
Fourteen patients received 80 Gray @ 100% isodose to the 

trigeminal nerve root entry zone and 29 patients received an 85 
Gray dose. The median dose rate effect was 2.884 (2.582 - 3.54) 
and the average distance from the isocentre of radiation to the 
brainstem was 3.6mm (2.1 – 5.7mm). 

One patient was treated with GKRS a second time. She had 
recurring classical unilateral V3 distribution TN, had previously 
had an MVD followed by an excellent response to initial GKRS 
for 2 years. Her first treatment was with 80 Gray with a 3.3mm 
isocenter, and the second treatment 2.5 years later was 75 Gray 
with a 7.5mm isocenter distance from the brainstem.

Pain analysis
An excellent result is classified as a BNI pain score of 1 and 

3a (no pain), good result as a BNI pain score of 2 and 3b, and 
a poor result with a score of 4 or 5, refer to Table 1. 79% of 
patients noticed immediate benefit within 1 day of treatment.  
An excellent result occurred in 42% of patients at 1 month, 46% 
at 3 months, 54% at 6 months and 60% at 1 year. An overall 
beneficial result (excellent or good) from GKRS occurred in 
79% at 1 month, 73% at 3 months, 74% at 6 months and 87% at 1 
year. The results at 1 year do not include 8 patients lost to follow 
up because they were previously discharged due to an excellent 
result. The majority of patients were lost to follow up after 1 year. 

The median time to pain relief was 1 day and the median 
time to relapse was 8 weeks in patients who had acute flare ups. 
Fourteen patients required salvage treatment: 3 had MVD, 3 had 
PBC, 1 had repeat GKRS, 2 required significant analgesics such 
as ketamine and 4 required an increased dosage of medication 
or new agent to control the recurrence. Two of the 4 patients 
with a poor pain result at the 1 year period ended up with an 
excellent outcome after receiving salvage treatment, while the 
other 2 had ongoing pain despite salvage attempts (Figure 1). 

A sub group analysis was performed investigating patient 
characteristics affecting outcome. Patients who received 80Gy 
had more excellent results and fewer poor results consistently 
over all time periods (p value 0.08 at 1 month). At 12 months 
70% of patients who didn’t have a vessel contacting the 
trigeminal nerve had excellent results, compared to only 1 
patient with no vessel who had a poor result. Vessel contact was 
the most significant factor in patients who improved pain scores 

n %
No vessel identified 23 53
Vessel identified 20 47
SCA 13
AICA 2
PICA 1
Vein 2
AVM 2

*SCA: superior cerebellar artery; AICA: anterior inferior 
cerebellary artery; PICA: posterior inferior cerebellary artery; AVM: 
anteriovenous malformation

Table 3. Trigmenial nerve compression

Figure 1. BNI outcome across time
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Variable Excellent Good Poor P-value
vessel__cat 0.33
No 12 (70.59%) 4 (23.53%) 1 (5.88%)
Yes 6 (46.15%) 4 (30.77%) 3 (23.08%)
Complications__cat 0.57
No 10 (55.56%) 6 (33.33%) 2 (11.11%)
Yes 8 (66.67%) 2 (16.67%) 2 (16.67%)
Classical. Vs.atypical.Symptoms 0.82
atypical 4 (80%) 1 (20%) 0 (0%)
Classical 14 (56%) 7 (28%) 4 (16%)
Gender 0.66
F 9 (52.94%) 5 (29.41%) 3 (17.65%)
M 9 (69.23%) 3 (23.08%) 1 (7.69%)
Primary. Vs. secondary__cat 0.64
1 15 (60%) 6 (24%) 4 (16%)
2 3 (60%) 2 (40%) 0 (0%)
Dose.of.XRT 0.86
80Gy 7 (70%) 2 (20%) 1 (10%)
85Gy 11 (55%) 6 (30%) 3 (15%)
Age__cat 0.52
<70 9 (60%) 5 (33.33%) 1 (6.67%)
≥70 9 (60%) 3 (20%) 3 (20%)
Branch.affected__cat 1
Multiple 9 (60%) 4 (22.67%) 2 (13.33%)
Single 9 (60%) 4 (22.67%) 2 (13.33%)
Branch.affected__V1 0.66
V1__NOT__involved 12 (63.16%) 4 (21.05%) 3 (15.79%)
V1__involved 6 (54.55%) 4 (36.36%) 1 (9.09%)
Branch.affected__V2 0.62
V2__involved 12 (57.14%) 5 (23.81%) 4 (19.05%)
V2__NOT__involved 6 (66.67%) 3 (33.33%) 0 (0%)
Branch.affected__V3 0.59
V3__involved 10 (62.5%) 5 (31.25%) 1 (6.25%)
V3__NOT__involved 8 (57.14%) 3 (21.43%) 3 (21.43%)
time.to.pain.relief__cat 0.54
<1d 13 (57.14%) 7(29.17%) 4 (16.67%)
≥1d 5 (83.33%) 1 (16.67%) 0 (0%)
Prev.Tx__cat 0.59
No 10 (62.5%) 3 (18.75%) 3 (18.71%)
Yes 8 (57.14%) 5 (35.71%) 1 (7.14%)
Salvage.treatments__cat 0.01
No 14 (73.68%) 5 (26.32%) 0 (0%)
Yes 4 (36.36%) 3 (27.27%) 4 (36.36%)

Table 4. Relationship between pain score at 12 months and potential factors
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nerves of baboons and postulated that acute radiation-induced 
inflammatory changes are responsible for impaired pain 
transmission and consequent analgesia encountered within 48 
hours [11]. This coincides with the 2 major peaks of time to 
analgesia following GKRS being described as within 48 hours 
and at 30 days [12]. Histologically the principle effect is primary 
axonal injury, which is dose related, with neuronal necrosis 
occurring at 100 Gray [11]. 

Studies investigating GKRS in TN primarily examine 
classical TN exclusively. Major international prospective and 
retrospective studies (with a combined cohort of 1168 patients) 
found on average 90% of patients had analgesia within a month, 
with 70% of patients remaining pain free at 1 year [12-14].  At 5 
years, patients were pain free without medication in 61% of MVD 
cases and 47% of GKRS [14]. Interestingly we found patients 
improved over time, with 42% being pain free at 1 month, and 
60% pain free at 1 year (72% if including patients discharged 
prior to 1 year given excellent results), despite including patients 
with secondary TN and atypical symptomatology who were 
predicted to have poorer outcomes. 

Factors associated with poorer outcomes in our study were 
the presence of a vessel contacting the nerve, females and higher 
radiation dose (85Gy). Kano et al. (2010) observed the best 
predictors for success in GKRS was a single branch affected, 
typical symptomatology and 1 failed procedure (compared to 
many) [9]. Historically there has been progressively less benefit 
with each successive treatment for resistant TN [15]. The 
development of facial paresthesia has been linked with longer 
term pain relief [8-10,12,14], however delayed presentations 
of anaesthesia dolorosa have been described with GKRS [16]. 
Motor dysfunction is often temporary [16]. 

The recurrence time of 8 weeks observed in our study is 
fitting with the biphasic response not uncommonly seen with 
GKRS for TN. This is much shorter than what has been found 
in other studies with a median time to recurrence ranging 
from 6 months to 6 years [6,7,9,12,17]; which perhaps reflects 
our inclusion of transient recurrences, hence potentially over-
estimating the recurrence rate.   

The single patient who received a second Gamma Knife® 
treatment had no relief/ minimally worse symptoms 2 months 
post repeated treatment. This is following an excellent response 
lasting 2 years from her first treatment. Other studies have found 
on average 88% of re-treated GKRS patients get a good result 
with >50% pain relief [18,19]. There has been no correlation 
found when predicting outcome success between the interval of 
first and second treatments, however most studies recommend 
a minimum wait period of 1 year [19]. Repeat GKRS however 
comes at the cost of a significantly higher risk of causing new 
facial numbness, which can be bothersome to patients [19]. 
Predictors for a successful repeat treatment of GKRS are a good 
initial response and numbness associated with the first GKRS 
treatment [20]. Negative predicators include failed response to 
first treatment and prior surgical procedures [19].  

In regard to radiotherapy considerations, dose rate has 
not been associated with complications [8]. One versus two 
isocenters was trialed in a prospective study to see if nerve length 
irradiated made a difference. It was associated with increased 
numbness and made no difference to pain relief [21]. The risk 
of facial numbness increases with the dose of radiotherapy, with 
doses of 90 Gray having up to a 50% chance of causing facial 
nerve dysfunction [22].

Conclusion
Gamma Knife® Radiosurgery is an effective second line 

therapy in the management of trigeminal neuralgia. When 
age or co-morbidities preclude safe operating conditions for 
a microvascular decompression, GKRS treatment should 
be considered. 87% of patients in our study had clinically 
beneficial results (good or excellent) at one year with minimal 
complications.
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