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Abstract 

Trigeminal neuralgia (TN) is a debilitating neurological disorder characterized by sudden, severe facial pain along the 

distribution of the trigeminal nerve. It may significantly affect a patient’s quality of life. Stereotactic radiosurgery (SRS) is a 

non-invasive therapeutic option for managing TN, providing targeted precision and minimal side effects. The long-term benefits 

of SRS are noteworthy, as pain relief often persists for several years after the procedure. The authors aim to present a rare case of 

a reirradiation of a recurrent trigeminal neuralgia case. This is a case of a 74-year-old female who has had symptoms of TN for 

more than twenty years before undergoing gamma-knife SRS in 2017 with a dose of 90 Gray (Gy). Post SRS had good pain 

control for the next five years until in 2022 when she had increasing intensity of the pain no longer tolerable by medications. She 

was then treated in our institution using a linac-based SRS for a dose of 70 Gy. Post-second SRS, she reported no recurrence of 

severe pain. Twelve month follow-up noted no recurrence of severe pain with good quality of life and the only complication is 

unilateral left facial numbness. Repeat radiation with stereotactic radiosurgery with different techniques is feasible in refractory 

case of trigeminal neuralgia. 
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1. Introduction 

Trigeminal neuralgia is disorder characterized by recurrent 

unilateral brief pains resembling electric shocks, abrupt in 

onset and termination, confined to the distribution of one or 

more divisions of the trigeminal nerve, and provoked by in-

nocuous stimuli. It may develop without apparent cause or as 

a consequence of another disorder [1]. The condition can 

significantly diminish patients' quality of life, making effec-

tive treatment essential. It was initially described by Nicolas 

André in 1756 and he coined the term "tic douloureux" due to 

the nature of the pain as short intermittent painful tics. He 

believed that facial sensory peripheral nerve compression was 

the cause of the pain [2]. Gamma-knife SRS has been the most 

popular method of radiosurgery for TN since it was first used 

by Leksell in 1951 [3]. However, recent advances in tech-

niques have paved the way for linac-based SRS to be an al-

ternative method for treatment due in part to the use of cones 

which can mimic the pencil-beam approach of gamma-knife. 

Most articles on radiosurgery, however, are limited to retro-
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spective studies thus prospective studies are warranted to 

ascertain long-term follow up and prognostic factors follow-

ing treatment. 

2. Case Presentation 

This is a case of a 76-year-old female, widowed, Filipino, 

housewife from Sta. Rosa, who is hypertensive, controlled, and 

non-diabetic diagnosed with classical TN for more than 20 

years, who underwent Gamma Knife stereotactic radiosurgery 

(GKSR) in 2017. The patient has been experiencing intermit-

tent left facial pain, lasting from seconds to minutes and spon-

taneously abating, allegedly for more than 20 years now. The 

patient is maintained on carbamazepine 100 mg daily and had 

been to different physicians during the 20 years. She was also 

not very compliant with her intake. Her Barrow Neurological 

Institute (BNI) pain intensity score ranged from II-IV. 

In 2017, due to persistence and increase in severity of the 

pain now with a BNI V, patient was advised surgical interven-

tion with microvascular decompression however patient re-

fused any invasive procedure. As such, patient underwent one 

session of GKSR with a dose of 90 Gy delivered to the iso-

center with 45 Gy to the 50% isodose line using a Leksell 

Gamma Knife PERFEXION. Dose to the brainstem was kept 

below the maximum dose of 16 Gy with 0% of the volume 

receiving more than 10 Gy. Post treatment was unremarkable 

however patient was lost to follow up. Patient was allegedly 

pain free for the next 2-3 years still with the maintenance car-

bamazepine now increased to 200 mg daily, achieving a BNI of 

I-II to which the patient stopped taking her medication. 

There was a gradual resurgence of pain achieving a highest 

BNI of IIIb. The patient then resumed her intake of carbam-

azepine at 100 mg daily in late December 2021. Three months 

thereafter, the pain has been increasing in frequency and 

intensity (up to a pain score of 10/10) for which she sought 

consult at our institution. She had a consult at ambulatory care 

and she was started on carbamazepine 200 mg twice daily and 

gabapentin. The patient was given options of surgery or repeat 

SRS; hence the patient was referred to our service. 

 
Figure 1. Barrow Neurological Institute pain intensity scale for 

Trigeminal Neuralgia. 

The patient underwent a cranial magnetic resonance im-

aging (MRI) with intravenous contrast the day prior to ad-

mission. The patient was scheduled for linac-based SRS with 

a dose of 70 Gy to the isocenter (56 Gy to the 80% isodose 

line) the following day. The patient was then discharged one 

day after with no complications. 

2.1. Radiation Therapy Planning and Treatment 

Prior to radiation therapy planning, the patient underwent a 

high-resolution MRI scan consisting of 1 mm thin slices with 

T1-weighted, T2-weighted contrast enhanced sequences with 

emphasis on the cerebello-pontine angle regions using 1.5 

Tesla unit in multiplanar views. On the day of treatment, an 

experienced neurosurgeon placed and secured a BrainLAB 

stereotactic frame on the patient’s head after application of a 

local anesthetic. The patient was then set up for the planning 

computed tomography (CT) simulation which was performed 

on a 16 slice Phillips Brilliance Big Bore CT scanner and 

BrainLAB CT localizer. CT simulation images were acquired 

with pixel size of 1.1719 mm at 1 mm slice thickness and 1 mm 

slice spacing following departmental SRS scanning protocol. 

After CT simulation, the MRI was co-registered with the 

planning CT images and an experienced radiation oncologist 

and neurosurgeon contoured the trigeminal nerve root gan-

glion for isocenter placement. The target was localized to the 

base of the trigeminal nerve root at the left of the pons. Organs 

at risk (OAR) were then delineated such as the brainstem, 

optic chiasm, bilateral optic nerves, bilateral eyes, and the 

normal brain parenchyma. 

 
Figure 2. The left trigeminal nerve root ganglion contoured on MRI 

(red), brainstem (green), normal brain parenchyma (purple). 

The treatment planning consisted of using a ten-arc plan in 

iPlan BrainLAB to deliver the single fraction prescription 

dose of 70 Gy to the isocenter (56 Gy to the 80% isodose line) 

using 6 megavoltage photn beams with a dose-rate of 600 

MU/min and a 4 mm diameter cone size using a Varian iX 

linear accelerator. Optimization for critical organ structures 
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were done to minimize unwanted doses to OARs specifically 

the brainstem to achieve a cumulative maximum point dose of 

less than 16 Gy considering the patient already had a prior 

SRS in 2017. Actual brainstem dose from the Gamma-knife 

SRS was not readily available however a dose-volume histo-

gram (DVH) was provided which showed that 0% of the 

volume of brainstem received no more than 10 Gy. 

 
Figure 3. Ten-arc plan used in the treatment of left sided trigeminal neuralgia in axial, coronal, and sagittal views on planning CT scan. 

 
Figure 4. Dose-volume histogram of the brainstem from the first treatment using Gamma-knife SRS in 2017. 

A dose-volume histogram (DVH) was then generated in the iPlan BrainLAB treatment planning system and subsequently 

evaluated by a radiation oncologist, neurosurgeon, and a medical physicist to ensure quality of the plan. 
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Figure 5. Dose-volume characteristics of the target isocenter and the OARs. 

Prior to treatment delivery, kilo-voltage x-ray images were 

taken to verify stereotactic frame placement, head position, 

and isocenter localization. This was repeated on a per-arc 

basis to ensure accuracy and precision of treatment delivery. 

The treatment was completed with no complications. 

2.2. Follow-up 

Immediately post SRS, the patient had no grimacing from 

the pain and was clinically stable. Patient was able to go home 

after an observation period of two hours. One week post 

treatment patient had no recurrence of BNI score of IV-V. No 

other associated symptoms such as facial numbness noted at 

this time. Six months post-treatment, patient had BNI score of 

III with intermittent mild facial numbness on the left maxil-

lary and mandibular area with intact motor function. One-year 

post-treatment, patient had stable BNI score of II-III now with 

facial numbness on the left side still with intact motor function. 

Patient is generally relieved that there has been no recurrence 

of BNI score of IV-V since SRS treatment and is having a 

better quality of life. 

3. Discussion 

In 2005, Burchiel et al described a classification that 

characterizes TN according to its symptomatology whether 

the cause was idiopathic, trigeminal injury, associated with 

multiple sclerosis, resulting from an outbreak of facial herpes 

zoster, or a somatoform pain disorder. For the purposes of this 

review, we will only be discussing the idiopathic type, of 

which there are two. Type 1, usually referred to as classical or 

typical TN is described as an idiopathic sharp, shooting, 

electrical-like, episodic pain lasting several seconds, with 

pain-free intervals between attacks. In contrast, type 2 TN 

describes idiopathic trigeminal facial pain that is aching, 

throbbing, or burning for more than 50% of the time and is 

constant in nature (constant background pain being the most 

significant attribute) [4]. 

There is still no consensus on the exact pathologic mecha-

nism for TN however, majority of cases can be related to 

neurovascular etiologies such as compression of the trigemi-

nal nerve particularly near the dorsal root entry which is seen 

in more than 80% of type 1 TN which would explain why 

microvascular decompression is that surgical treatment mo-

dality for TN [5]. 

Pharmacological treatment with carbamazepine or ox-

carbazepine is the initial treatment of choice for the majority 

of patients with classic TN. Surgical intervention such as 

rhizotomy or microvascular decompression is reserved for 

patients who are resistant to medical treatment. Stereotactic 

radiosurgery is an alternative as a non-invasive procedure that 

uses high-energy radiation to target specific areas in the brain, 

and it has been shown to be effective in the management of 

TN since being first described by Leksell in 1951 [3]. A sys-

tematic review done by Rheaume et al found that while ap-

proximately half of TN patients (49.6%) maintained complete 

pain relief at an average 3-year follow-up after repeat surgery 

across all modalities, microvascular decompression (MVD) 

and percutaneous rhizotomy were statistically superior to SRS 

in achieving both initial and long-term complete pain relief 

[6]. McBenedict et al did a review on the outcomes of various 

surgical interventions for TN which included GKSR. The 

review highlights that MVD offers high initial pain relief and 

substantial long-term effectiveness, while GKSR provides 

significant pain relief with a favorable adverse event profile, 

though recurrence rates may increase over time [7]. For TN 

patients where the initial GKSR failed, a meta-analysis and 

institutional study found MVD offered a better chance of 

complete pain relief than repeat GKRS. Other outcomes like 

adequate pain relief, facial numbness, and retreatment rates 

were comparable [8]. 

By employing highly focused radiation beams, SRS deliv-

ers a precisely calibrated dose to the affected trigeminal nerve 

root, while sparing surrounding healthy tissues. The efficacy 

of SRS in TN treatment has been well-documented, with 

numerous studies reporting significant pain reduction and 

improved quality of life in the majority of treated patients. 

Gamma-knife was the first machine in which TN was treated 
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on and it had significant pain relief of about 80% [9]. Patients 

treated with CyberKnife SRS also had favorable outcomes of 

around 87% pain-free response. Linac-based SRS also had 

similar outcomes with a pain-free response rate of 82%. Lee et 

al did a review and update on GKSR which indicated that 

GKSR is a first-line treatment for medically refractory TN, 

offering a favorable short-term pain control rate (BNI I-IIIb) 

of over 75%, with long-term efficacy around 50–60% at 5 

years [10]. 

Goel et al. found that repeat SRS effectively relieved pain 

in 80-90% of trigeminal neuralgia (TN) patients within 1-4 

months, with 50-90% achieving excellent relief. Recurrence 

occurred in 20-40% after one year. Common side effects 

included facial numbness and corneal dryness. The study 

concluded that repeat SRS is a safe and effective option for 

recurrent TD pain [11]. Helis et al reported outcomes of a 

cohort of patients who relapsed and have undergone repeat 

gamma-knife SRS. The effectiveness of SRS as treatment 

modality for TN has been reported in the past, with multiple 

studies noting pain reduction in 81% to 96% of patients. Pa-

tients receiving repeat SRS reported pain reduction between 

68% to 95%. The most common complication from SRS is 

unilateral facial numbness notably along the major trigeminal 

nerve tracts owing to the damage to the nerve. Most patients 

would rather prefer having the facial numbness as opposed to 

the pain from TN. They also described five predictive factors 

for pain relief following a second bout of gamma-knife SRS. 

These are response to first SRS, facial numbness after first 

SRS, hypertension, time between first and second SRS, and 

non-SRS procedure between first and second SRS. Presence 

of facial numbness and positive pain response after the first 

SRS were the two dominant factors that would have a better 

outcome on the second SRS. 

Omar et al. (2019) reported on treatment outcomes and tox-

icity in 55 patients who underwent repeat GKSR for refractory 

TN [12]. The study did a retrospective review of TN patients 

re-treated between 1996 and 2012, using the Leksell GKSR. 

Patients received a radiosurgical dose of 70–80 Gy delivered as 

a single fraction to the trigeminal nerve's dorsal root entry zone. 

Outcomes were assessed using the Modified Marseille Scale, 

and patient demographics (age, gender, comorbidities, symp-

tom duration, interval between treatments) and prior treatments 

were correlated with outcomes and dysfunction. Patients were 

followed for a mean of 14.4 months. The results showed that 32 

patients (58%) achieved excellent or good outcomes (Modified 

Marseille Scale classes I-IV) at mean follow-up, with no pa-

tients experiencing worsened symptoms. Twenty-five patients 

(45%) developed new trigeminal nerve dysfunction after 

re-treatment, with 21 (38%) developing it from GKSR re-

treatment alone, and 4 (7.3% of total, 16% of those with dys-

function) only after subsequent MVD for inadequate relief. 

Neither age, gender, duration of symptoms prior to initial 

GKSR, nor the interval between treatments had a statistically 

significant effect on outcomes. However, patients who had 

undergone other surgical treatments for TN prior to their first 

GKSR therapy demonstrated an overall poorer response to 

repeat GKSR, although without an increase in TN dysfunction. 

The study also suggested a trend towards increased risk of new 

trigeminal nerve dysfunction in patients undergoing MVD after 

GKSR re-treatment, implying that retreatment may sensitize 

the nerve to dysfunction during subsequent MVD. 

Helis et al in 2021 reported on a series of patients treated 

with a third GKSR. The results indicated that a third GKRS is 

an effective treatment, with 18 out of 22 cases achieving 

successful pain relief (BNI score IIIb) and a median durability 

of pain relief of 3.88 years, which was not significantly dif-

ferent from the durability observed after first or second GKRS 

procedures [13]. Delivery of a third GKSR was also reported 

by Lee et al, in which the was a reported achievable favorable 

pain control rates comparable to the second GKSR, albeit with 

a similar or potentially higher rate of trigeminal nerve dys-

function. Seventeen patients were treated with a third GKSR, 

with a favorable pain control rate (BNI I–IIIb) in 94% of the 

patients initially and 76.4% at a mean follow-up of 22.9 

months (range, 3–60). The outcome of the third GKRS was 

comparable to the outcome of the second GKRS for TN [10]. 

Vasconcellos et al assessed the efficacy and safety of a third 

SRS for recurrent TN [14]. The retrospective analysis of 35 

patients revealed that a third SRS provided sustained effec-

tiveness in 82.7% of cases, with a median time to recurrence 

of 35.5 months. While new sensory dysfunction occurred in 

22% of patients who preserved sensory function after the 

second procedure and affected 40% of the cohort who de-

veloped sensory dysfunction after the second procedure, there 

were no significant differences in pain recurrence intervals 

among the three procedures. The study concluded that a third 

SRS offers sustained effectiveness for TN, with an extended 

pain-free interval and manageable facial sensory dysfunction 

as the primary side effect. 

The study by Guillemette et al. (2024) aimed to evaluate the 

clinical outcomes, efficacy, and safety of repeat CyberKnife 

radiosurgery (CKRS) for refractory TN, and to identify po-

tential predictive factors for its efficacy [15]. This was a ret-

rospective review of 33 patients with medically refractory TN 

who underwent a second CKRS between 2009 and 2021. The 

median follow-up period after the second SRS was 26 months, 

with patients receiving a median repeat dose of 60 Gy (range 

60–70 Gy). Pain relief was assessed using the BNI scale (I–

V), with scores I to IIIb classified as adequate pain relief. 

Results showed that initial adequate pain relief was achieved 

in 87.9% of cases after the second SRS. The actuarial proba-

bilities of maintaining adequate pain relief after the second 

SRS were 92.1% at 6 months, 74.0% at 12 months, and 58.2% 

at both 24 and 36 months. There was no significant difference 

in sustained pain relief between the first and the second SRS. 

Regarding complications, the onset of hypesthesia rate was 

the same after both the first and second SRS (21%). A sig-

nificant finding was that sensory toxicity (hypesthesia on-

set/aggravation) after the first RS was predictive of a better 

outcome following the second SRS. The study concluded that 
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repeat CKRS is an effective and safe method for treating 

refractory TN, with an efficacy and safety profile similar to 

that of the initial SRS treatment. 

4. Conclusion 

Retreatment of refractory TN employs different interven-

tions with SRS being one of the primary treatments which is 

comparable with surgery. While MVD show superior 

long-term pain relief and lower recurrence rates compared to 

initial SRS, repeat SRS is also deemed a safe and effective 

option, achieving 50-90% excellent relief with good 

long-term outcomes. GKSR emerges as a first-line treatment 

for medically refractory TN, offering favorable long-term 

pain control over 75% for 5 years. Overall, the evidence 

suggests that repeat interventions with SRS, can provide sig-

nificant and durable pain relief for TN patients, even after 

initial treatment failures. 

Abbreviations 

TN Trigeminal Neuralgia 
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