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Abstract: Trigeminal neuralgia (TN) has been described in the literature as one of the most 
debilitating presentations of orofacial pain. This review summarizes over 150 years of 
collective clinical experience in the medical and surgical treatment of TN. Fundamentally, 
TN remains a clinical diagnosis that must be distinguished from other types of trigeminal 
neuropathic pain and/or facial pain associated with other neuralgias or headache syndromes. 
What is increasingly clear is that there is no catch-all medical or surgical intervention that is 
effective for all patients with trigeminal neuralgia, likely reflective of the fact that TN is 
likely a heterogenous group of disorders that jointly manifests in facial pain. The first-line 
treatment for TN remains anticonvulsant medical therapy. Patients who fail this have a range 
of surgical options available to them. In general, microvascular decompression is a safe and 
effective procedure with immediate and durable outcomes. Patients who are unable to 
tolerate general anesthesia or whose medical comorbidities preclude a suboccipital craniect
omy may benefit from percutaneous methodologies including glycerol or radiofrequency 
ablation, or both. For patients with bleeding diathesis due to blood thinning medications who 
are ineligible for invasive procedures, or for those who are unwilling to undergo open 
surgical procedures, radiosurgery may be an excellent option—provided the patient under
stands that maximum pain relief will take on the order of months to achieve. Finally, 
peripheral neurectomies continue to provide an inexpensive and resource-sparing alternative 
to pain relief for patients in locations with limited economic and medical resources. 
Ultimately, elucidation of the molecular mechanisms underlying trigeminal neuralgia will 
pave the way for novel, more effective and less invasive therapies. 
Keywords: trigeminal neuralgia, facial pain, glycerol, radiofrequency, microvascular 
decompression, partial sensory rhizotomy

Introduction
Trigeminal neuralgia (TN) has been described in the literature as one of the most 
debilitating presentations of orofacial pain.1 The earliest descriptions of TN date 
back into the seventeenth century with prominent physicians such as Johannes Fehr 
and Elias Schmidt, secretaries of the Imperial Leopoldina Academy of the Natural 
Sciences, and famous philosopher John Locke.2 Nicholas Andre first linked TN 
pain to the nervous system in the mid-1700s when he described the condition as 
a convulsive disorder thought to originate from a nerve under distress. The term tic 
douloureux, which Andre used to describe the clinical entity, was used to capture 
the facial distortions and grimaces associated with the sharp, stabbing pain that 
characterized the condition. In 1773, John Fothergill offered a clinical description 
of trigeminal neuralgia:
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“The affection seems to be peculiar to persons advan
cing in years, and to women more than to men. The pain 
comes suddenly and is excruciating; it lasts but a short 
time, perhaps a quarter or half a minute, and then goes off; 
it returns at irregular intervals, sometimes in half an hour, 
sometimes there are two or three repetitions in a few 
minutes. Eating will bring it on some persons. Talking, 
or the least motion of the muscles of the face affects the 
others; the gentlest touch of a handkerchief will sometimes 
bring on the pain, while a strong pressure on the part has 
no effect”.

Although Fothergill offered an accurate clinical 
description of TN, he thought TN was a manifestation of 
some type of cancer, and proffered the term Fothergill’s 
disorder to capture the clinical entity.3 It was not until 
1820 when Dr Charles Bell localized the facial pain symp
toms that patients experienced to the trigeminal ganglion 
that a true anatomical basis of disease was established.4

As a specific entity of facial pain, TN today is recog
nized by a variety of classification systems:

● International Classification of Headache Disorders 
(ICHD), created by the International Headache 
Society (IHS).5

● Classification of Chronic Pain, from the International 
Association for the Study of Pain (IASP).6

● International Classification of Diseases (ICD) coding, 
by the World Health Organization (WHO).7

● Classification from the American Association of 
Orofacial Pain (AAOP).

● Clinical classification of trigeminal pain by Burchiel 
published in 20038 and by Cruccu et al in 2016.9,10

TN thus refers to a category of disorders affecting one or 
more branches of the trigeminal nerve that present with 
neuropathic pain.11,12 They are classified as follows:

Type I Trigeminal Neuralgia
Otherwise known as typical TN, type I TN is characterized 
by unilateral, severe, brief, paroxysms of sharp painful 
attacks in the distribution of one or more branches of the 
trigeminal nerve. These attacks are often described as 
electrical and shock-like. The pain is maximal at onset, 
lasts several seconds, and is triggered by nonpainful sti
muli. Typical triggers include cold air, brushing teeth, 
chewing, or talking. Trigger zones are areas in the distri
bution of the affected nerve branch, close to the midline. 
Even light touch of these trigger zones can provoke 

paroxysms of pain. Between episodes of pain, there are 
refractory periods when previous triggers no longer pro
duce pain. Patients may become dehydrated and experi
ence weight loss due to avoidance of triggers. The pain 
may be bilateral. The Cruccu classification subdivides type 
I TN into idiopathic TN if no vascular compression is 
demonstrated on imaging, or classic TN if neurovascular 
compression is demonstrated.

Type II Trigeminal Neuralgia
Type II TN has continuous or near-continuous pain super
imposed upon the sharp painful attacks seen in type I TN. 
Similar to type I, the Cruccu classification includes this 
syndrome into both idiopathic forms if no vascular com
pression is noted on imaging, or classic TN if neurovas
cular compression is seen.

Secondary Trigeminal Neuralgia
Secondary TN is pain experienced in a trigeminal distribu
tion caused by neurological disease other than neurovas
cular compression. Broadly, these etiologies may fall into 
inflammatory/demyelinating disease (eg, multiple sclero
sis, sarcoidosis), tumors (eg, meningioma, vestibular 
schwannoma, trigeminal schwannoma, epidermoid, metas
tasis, glioma), other vascular lesions (eg, aneurysms, arter
iovenous malformations, persistent trigeminal artery), 
connective tissue disorders (eg, scleroderma, mixed con
nective tissue disease), congenital diseases, and other sys
temic conditions (eg, Paget’s disease, acromegaly, 
syphilis) which may affect the trigeminal nerve.

TN should not be confused with other cranial nerve 
syndromes such as geniculate neuralgia versus nervus 
intermedius neuralgia, glossopharyngeal neuralgia,13–16 

superior laryngeal neuralgia, paratrigeminal neuralgia 
(Raeder’s syndrome),17–21 or occipital neuralgia.7 

Trigeminal neuropathy due to herpes zoster, trigeminal 
postherpetic neuralgia,22–29 painful post-traumatic trigem
inal neuropathy,30–33 or trigeminal deafferentation pain 
(eg, anesthesia dolorosa)8,12,34 must be distinguished 
from TN. Pain related to the mouth such as dental pain, 
first bite syndrome,35 or burning mouth syndrome should 
be separately elucidated.35,36 Other headache syndromes 
which should be diagnosed separately from TN include 
cluster headaches,37 sphenopalatine neuralgia (Sluder’s 
neuralgia), Short Lasting Unilateral Neuralgiform Pain 
with Conjunctival Injection and Tearing (SUNCT), and 
Short Lasting Unilateral Neuralgiform Pain with Cranial 
Autonomic Symptoms (SUNA).30,38–41 Rare other forms 
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of facial pain syndromes such as persistent idiopathic 
facial pain, pain of psychological origin, and central neu
ropathic pain should be distinguished from TN.42–47 These 
entities are discussed elsewhere in the literature and their 
management are not addressed in this manuscript.

Methods
We reviewed the literature indexed in PubMed, Medline, 
and the National Library of Medicine, and reviewed all 
retrospective and prospective studies summarizing treat
ment strategies and outcomes for trigeminal neuralgia. 
Inclusion criteria included patients with type I or type II 
TN pain, secondary TN pain associated with tumors. 
Exclusion criteria include other forms of non-trigeminal 
facial pain as mentioned above. Literature predating the 
1950s was assessed for historical treatment purposes. 
Prospective trials were favored over retrospective studies, 
and large cohorts were favored over smaller case series.

Epidemiology
The prevalence rate of TN ranges between 0.03% and 
0.3%.48–51 There is a female preponderance, with a male: 
female ratio between 1:1.5 and 1:1.7. Classic TN is gen
erally diagnosed in elderly population with peak incidence 
between 50 and 60 years. V2 and V3 are the most com
monly affected branches of TN. In less than 5% of the 
cases is the ophthalmic (V1) branch affected in isolation. 
Trigeminal symptoms are present in 2–4% of the patients 
with multiple sclerosis, and in 1–5%, it can be the pre
senting feature of the disease. Conversely, multiple sclero
sis is detected in 2–14% of the patients with 
TN.12,14,48,52–59

TN is more commonly seen in adults compared with 
pediatric TN, which comprises less than 1.5% of all 
cases.60–62 Pediatric TN is more likely to be bilateral 
(42%) compared with adult TN. It is associated with 
compression of multiple cranial nerves (46%) as a result 
of congenitally abnormal vessels, vascular malformations, 
tumors, cysts, aneurysms, or arachnoiditis.

Diagnosis and Imaging
TN is fundamentally a clinical diagnosis, and as such, 
neuroimaging and laboratory tests are not mandatory to 
make a diagnosis. Patients with a characteristic history 
and a normal neurologic examination other than pain 
may be treated without further workup. However, mod
ern workup of patients with TN usually includes elective 
imaging for all patients to exclude secondary causes of 

TN, such as inflammatory or mass lesions. As computer 
tomography (CT) is limited in evaluating the brain par
enchyma, skull base nerves, and CSF cisterns, magnetic 
resonance imaging (MRI) with high-resolution sequences 
at the skull base is usually the modality of choice. 
According to a report of the Quality Standards 
Subcommittee of the American Academy of Neurology 
and the European Federation of Neurological Societies, 
routine head imaging identifies nonvascular, structural 
causes of TN in up to 15% of TN patients.6,10,53,58,63–67

Treatment Strategies for TN
First-line treatment therapies for TN involve medical 
management with anticonvulsant medications (Table 1). 
Patients who fail medical management due to persistent 
pain or unacceptable side effects have transcutaneous, 
percutaneous, radiotherapy, and open surgical options 
available to them (Figure 1). Patient selection criteria, 
as well as the pros and cons of each procedure option are 
summarized in Table 2. In general, percutaneous, radio
surgical, and open surgical therapies for TN are most 
effective in patients with type 1 TN. Patients with type 2 
TN are more likely to have pain recurrence and a shorter 
pain-free interval compared with patients with type 1 
TN. Patients with secondary TN (eg, tumors), should 
undergo treatment for the underlying pathology (eg, 
tumor resection and decompression) in order to achieve 
pain relief. In patients who are not surgical candidates, 
medical management of secondary TN may be offered 
for symptomatic control.

Medical Management
Historical Therapies
Eighteenth and early nineteenth centuries saw the use of 
various compounds like quinine, mercury, opium, arsenic, 
and powder of gelsenium as treatments for TN. The use of 
phenytoin as the first antiepileptic medication used for TN 
was described by Bergouignan in 1942 and ushered in the 
modern TN treatment era.2,4

First-Line Treatments
Carbamazepine is the first-line drug of choice, with oxcarba
zepine also utilized given its relatively more favorable side 
effect profile. It is important to keep in mind that both carba
mazepine and oxcarbazepine typically do not work 
immediately.
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Carbamazepine
Carbamazepine was initially shown to be effective for treat
ing TN in a randomized placebo-controlled trial published 
in 1966.68 In the trial, doses from 100 mg three times 
per day to 200 mg four times per day were used. Patients 
using carbamazepine for 2 weeks had a 58% improvement 
in pain when compared to a 26% improvement in the 
placebo group, p<0.01. However, carbamazepine has 
a serious side effect profile, including hyponatremia, aplas
tic anemia, and liver failure.41,58,69–72 Current recommenda
tions are to monitor sodium, complete blood count (CBC), 
and liver function tests (LFTs) at baseline, and periodically 
afterwards. Carbamazepine has also been associated with 

hormonal alterations, including lower thyroxine levels, ele
vated levels of sex hormone–binding globulin, and lower 
free testosterone levels in men.69 Other side-effect symp
toms of the medication include drowsiness, ataxia, and 
nausea. In an analysis of four placebo-controlled trials of 
carbamazepine performed in the late 1960s, the number 
needed to treat was 1.7–1.8; however, this study also 
found the number needed to harm of 3 for adverse events 
and 24 for serious events.68,73–75

Oxcarbazepine
Oxcarbazepine is a structural analog of carbamazepine. 
However, unlike carbamazepine, which is converted to 

Table 1 Medical Therapies for the Treatment of Trigeminal Neuralgia

Medication Common Dosing Side Effects Monitoring

Carbamazepine 50 mg twice a day 
(elderly population) 

100 mg twice a day 

(younger populations)

HLA-B*1502 variant patients, esp. in Asian patients, have 
increased risk of SJS/TEN 

Drug-drug interactions, by inducing CYP3A4

Monitor sodium, CBC, LFTs at baseline 
and periodically after HLA-B*1502 

variant screening

Oxcarbazepine 150 mg twice a day (to 

start) 
300–600 mg twice 

a day (goal; max 

1800 mg per day)

Hyponatremia 

HLA-B*1502 variant patients have increased risk of SJS/ 
TEN

Monitor sodium, HLA-B*1502 variant 

screening

Phenytoin and 
fosphenytoin

15–20mg/kg Ataxia, dysarthria, nystagmus 
Significant incidence of recurrence of the neuralgia despite 

continuous use

If long-term dosing attempted, free and 
total phenytoin levels

Baclofen 15–80mg per day Sedation, hypotonia, GI upset NA

Lamotrigine 100bid SJS/TEN, skin rash, sedation, nausea NA

Pimozide 4–12 mg per day Extrapyramidal symptoms, QT prolongation, neuroleptic 

malignant syndrome, hemolytic anemia, dry mouth, 
sedation, constipation

ECG, fasting glucose and lipids, CBC, 

CMP, monitoring for extrapyramidal 
symptoms

Levetiracetam 3000–5000 mg per day 
divided BID or TID

Agitation or worsening depression NA

Gabapentin 300–1200 mg TID Sedation, foggy thinking, lower extremity edema or weight 
gain

NA

Pregabalin 300–600 mg divided 
BID

Sedation, dizziness, lower extremity edema, blurry vision, 
possible thrombocytopenia

NA

Clonazepam 6–8 mg per day Sedation, ataxia, memory impairment, withdrawal NA

Valproate 500–1500 per day Weight gain, hair loss, nausea, hepatotoxicity, pancreatitis, 

fetal malformations, thrombocytopenia

Total and free valproate level, LFTs, 

CBC, ammonia

Misoprostol 600 µg per day Diarrhea, GI discomfort, menorrhagia NA
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an epoxide metabolite, oxcarbazepine is rapidly converted 
to its monohydroxy derivative (MHD), which is the main 
active metabolite.76,77 Although carbamazepine, oxcarba
zepine, and MHD all block voltage-gated sodium chan
nels, MHD differs from carbamazepine in that it also 
blocks N/P- and R-type calcium channels, whereas carba
mazepine blocks L-type calcium channels. In general, 
oxcarbazepine is better tolerated in patients due to 
a more selective induction of P450 enzymes, less 

pharmacologic interactions with other medications, and 
fewer side effects. However, an important point is that 
hyponatremia is a serious side effect of this medication 
and occurs to a greater extent than with carbamazepine. As 
with carbamazepine, patients are at higher risk of devel
oping SJS or TEN if they carry the HLA-B variant HLA- 
B*1502. Oxcarbazepine is started at 150 mg twice a day 
and can be increased to a goal of 300–600 mg twice a day 
to a maximum of 1800 mg per day.

Figure 1 Schematic diagram of treatment modalities for trigeminal neuralgia. (A) Treatment modalities for trigeminal neuralgia grouped by operative approach. (B) 
Treatment modalities for trigeminal neuralgia grouped by mechanism of treatment.
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Table 2 Summary of Transcutaneous, Percutaneous, Radiotherapy, and Open Surgical Treatment Options for Patients with Trigeminal 
Neuralgia

Patient 
Selection 
Criteria

Initial Pain 
Relief Rates

Pain Recurrence References

Transcutaneous

TENS Retractable disease 

without pain relief 
after medication

80–90% 

within 3 
weeks

85% Reduction in 

pain after 3 months, 
but long term 

outcomes are not 

well studied

[34,52,160,209]

Focused 
ultrasound

Failed standard 
therapies, but 

further study is 

needed

Further study 
is needed

Further study is 
needed

[217,218]

Transcranial 

MR cortical 
stimulation

May be used as 

assessment 
method for cortical 

stimulation

50–60% Long-term studies 

are lacking

[221,222]

Percutaneous

Chemodenervation

Glycerol Failed medical 

management

70–90+% 20–40% Have pain 

relief

[126,128,130,131,136–138,143,144,149,152–154,156– 

165,181,282]

Alcohol Failed medical 

management

80–90% 

success rate

>50% Require 

retreatment

[6,37,95,142,145–147,151]

Phenol Failed medical 

management; end- 
stage cancer 

patients

80–90% ~40% Recurrence 

1–2 years after 
procedure

[123,148–155]

Radiofrequency 

ablation

Failed medical 

management

75–95+% 25–50% Recurrence [4,130,143,168,174–176,181]

Nerve blocks Failed medical 

management

30–40% Pain relief may last 

longer than 
expected based on 

local anesthetic’s 

duration of action, 
50–60% have 

sustained pain relief

[7,34,116,117,122,145–147,149,151,176,191–193,277]

Balloon 

compression

Failed medical 

management

80–90+% 15–50% [46,124–141,143,230]

Cryoablation Failed standard 

therapy

90+% 30–40% [184,186,188]

(Continued)
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Table 2 (Continued). 

Patient 
Selection 
Criteria

Initial Pain 
Relief Rates

Pain Recurrence References

Botox 
injection

Failed standard 
therapies

50–60% 50–60% 
Require second 

dose at 2 months, 

long term 
outcomes need 

further study

[63,80,83,194–205,246]

Nerve 

stimulation

Most commonly 

treating Type 2 TN 

in literature

40–50% but 

sample size is 

limited

Long-term 

outcomes need 

further study

[211–213]

Radiotherapy

Radiosurgery Patients who 

cannot tolerate 

general anesthesia 
or invasive 

procedures

Pain relief is 

not 

immediate; 
maximum 

time to pain 

relief is 
around 180 

days after 

treatment

20–30% [4,7,10,38,41,54,64,71,80,120,130,135,143,175,177,223– 

246,274]

Open surgery

Microvascular 

decompression

Ability to tolerate 

general anesthesia 

and suboccipital 
craniectomy

>90% ~10% 

Underwent second 

operations; most 
recurrences within 

2 years of surgery

[4,7,10,24,54,58,61–63,65,66,71,78,80,130,131,134– 

136,143,163,169,171,174,175,177,184,226,230,240,245,246,252– 

265,267–272,274,275]

Partial 

sensory 

rhizotomy

Absence of 

neurovascular 

contact on MRI

80–90%; 

Similar to 

slightly worse 
than MVD 

patients

Worse than MVD, 

47% pain free at 5 

years

[171,177,263,269–274]

Peripheral 

neurectomy

Failed medical 

therapy or severe 

medical 
comorbidities and 

unable to tolerate 

MVD suboccipital 
craniectomy

70–90+% Up to 20%, 

Recurrence thought 

to be secondary to 
peripheral nerve 

regeneration

[276–281,283]

Deep brain 

stimulation

Refractory TN, 

excluding patients 

with psychogenic 
or factitious pain 

disorders, cognitive 

impairment, and 
psychiatric disease

>90%, but 

sample size is 

small

60% Require 

medication on 

follow-up, but long 
term outcomes are 

not well studied

[34,214,215,246]

(Continued)
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Three randomized, double-blind controlled trials have 
compared oxcarbazepine to carbamazepine in TN 
patients.71,72,77–80 Both reduced the number of painful 
attacks and global pain assessments significantly. In 
a study of typical TN unresponsive to carbamazepine, 
oxcarbazepine monotherapy provided additional pain 
relief in 37.1% of the patients and reduced the number of 
pain days by at least 50% in 67.5% of them, suggesting 
that oxcarbazepine can be used as a salvage therapy for 
patients who fail carbamazepine.77

Second-Line Treatments
A variety of agents have been used in an attempt to treat 
TN. There are no double-blinded, large, randomized con
trolled trials for any of these agents, and published series 
are often nonblinded and open label.

Phenytoin and Fosphenytoin
The first successful drug for the treatment of TN was 
phenytoin, described by Bergouignan in 1942.81–83 

Phenytoin works via blockade of voltage-dependent mem
brane sodium channels responsible for amplifying action 
potentials, thereby decreasing the rate of repetitive firing. 
Braham and Saiz, as well as Blom described the use of 
phenytoin in patients with TN in the early 1960s.84,85 They 
noted significant side effects of ataxia, dysarthria, nystag
mus, and a significant incidence of recurrence of the 
neuralgia despite its continuous use. Cheshire et al eval
uated the use of intravenous phenytoin or fosphenytoin for 
acute pain relief in the setting of an acute TN pain flare in 
three patients.86 All three patients experienced pain relief 
within a few hours, but its effect only lasted 1–2 days. As 
a result, IV phenytoin or fosphenytoin may be used as 
a bridging therapy for more sustained treatment options 
(eg, microvascular decompression).86 All three patients 
experienced pain relief within a few hours, but its effect 
only lasted 1–2 days. As a result, IV phenytoin or fosphe
nytoin may be used as a bridging therapy for more 

sustained treatment options (eg, microvascular 
decompression).87,88

Baclofen
Baclofen is an agonist at the beta subunit of the γ- 
aminobutyric acid receptor on mono and polysynaptic 
neurons at the spinal cord level and brain.89 Fromm et al 
showed that baclofen reduced the number of daily spasms 
in a double-blinded crossover trial of 10 patients. Baclofen 
is an agonist at the beta subunit of the γ-aminobutyric acid 
receptor on mono and polysynaptic neurons at the spinal 
cord level and brain.89 Fromm et al showed that baclofen 
reduced the number of daily spasms in a double-blinded 
crossover trial of 10 patients.90–92 Seven patients had 
a reduction in the number of spasms per day, with 
a statistically significant decrease from an average of 11 
spasms per day to 2.22 per day. In an expansion to an 
open-label trial by the same group that enrolled an addi
tional 50 patients who were refractory to or unable to 
tolerate carbamazepine, 74% of the patients had 
a decrease in intensity and frequency of attacks at 2 
weeks. Patients also did better with a combination of 
carbamazepine and baclofen, or baclofen and phenytoin, 
compared with each medication alone.90,92

Lamotrigine
Lamotrigine is an anticonvulsant that inhibits glutamate 
release by blocking voltage-gated sodium channels.76,78,80 

It also antagonizes N- and P/Q/R-type voltage-gated cal
cium channels. Zakrzewska et al demonstrated that lamo
trigine was effective for the treatment of TN in a double- 
blinded, placebo-controlled crossover trial containing 13 
patients with disease refractory to carbamazepine, pheny
toin, or a combination of the two.93 Eleven of the 13 
patients showed better efficacy on lamotrigine compared 
to placebo, p=0.025. In 20 patients with TN or TN asso
ciated with multiple sclerosis who were administered 
lamotrigine, Leandri et al found pain relief to be 

Table 2 (Continued). 

Patient 
Selection 
Criteria

Initial Pain 
Relief Rates

Pain Recurrence References

Motor cortex 
stimulation

rTMS may be used 
as an initial 

assessment for 

cortical stimulation

60–80+%, but 
further 

studies are 

needed

>50%, but long- 
term outcomes are 

poorly studied

[219–222]
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proportional to daily dosage and to drug plasma levels.94 

SJS and TEN are rare but serious side effects. These 
reactions are most common with the initiation of the 
medication but can also occur at any time on 
lamotrigine.94 SJS and TEN are rare but serious side 
effects. These reactions are most common with the initia
tion of the medication but can also occur at any time on 
lamotrigine.93,95

Pimozide
Pimozide is antipsychotic that antagonizes dopamine and 
serotonin receptors. Lechin et al compared pimozide to 
carbamazepine in a double-blind crossover trial in 48 
patients.96 All patients receiving pimozide had improve
ment in their pain, compared with 58% of patients on 
carbamazepine. Overall, patients on pimozide had 
a 78.4% decrease in pain versus 49.7% decreased in pain 
on carbamazepine, p < 0.001. It is important to recognize 
that pimozide has significant side effects. Commonly, it 
can cause dry mouth, sedation, and constipation. More 
significant adverse effects include QT prolongation, 
Parkinsonism, neuroleptic malignant syndrome, and hemo
lytic anemia. Lechin et al noted in their trial that adverse 
effects of pimozide were noted in 40 (83.3%) of 48 
patients and included “physical and mental retardation, 
hand tremors, memory impairment, involuntary move
ments during sleep, and slight Parkinson’s disease mani
festations.” Taking into consideration its significant side- 
effect profile, it is unsurprising that pimozide is rarely 
prescribed for TN despite its efficacy at reducing 
symptoms.

Levetiracetam
Levetiracetam is an anticonvulsant that binds to SV2A, 
a synaptic vesicle glycoprotein, and is thought to inhibit 
presynaptic calcium channels and decrease neuronal 
excitability.97 Jorns et al studied the effects of levetirace
tam in 10 patients in a 10-week, prospective, open-label 
pilot study.98 At daily doses of 3000 mg to 5000 mg 
levetiracetam, 4 out of 10 patients experienced some 
degree of improvement. In another open-label, uncon
trolled trial, Mitsikostas et al administered levetiracetam 
at doses of 3000 to 4000 mg per day, added to previously 
partially effective medication regimens.99 Over 16 weeks, 
the mean daily attack frequency was reduced 62.4% from 
an average of 9.9 to 3.3, p < 0.001. The number of days 
per week that patients experienced attacks went from 6.3 

to 3.5, p < 0.001. Side effects of levetiracetam are rare 
cases of agitation or worsening depression.100

Gabapentin
Gabapentin is an anticonvulsant, which was designed to 
mimic the neurotransmitter GABA.101,102 However, it 
does not bind to GABA receptors, but rather exerts its 
effect through inhibition of the α2δ subunit of voltage 
gated calcium channels. Debta et al found the efficacy of 
gabapentin alone in newly diagnosed trigeminal neuralgia 
patients to be 60–80%, but inferior to treatment with 
oxcarbazepine.79 Lemos et al showed that patients receiv
ing gabapentin in combination with ropivacaine block had 
a significantly lower number of pain days than with one of 
the treatments alone, p=0.003.103 Cheshire et al examined 
194 cases of TN, many of whom had paroxysmal facial 
pain resistant to previous surgical interventions or treat
ment with multiple medications.104 Of the 92 who had 
received a trial of gabapentin, 43 (47%) reported reduction 
in facial pain. The onset of pain reduction was between 1 
and 3 weeks. Typical side effects of gabapentin include 
sedation, dizziness, and foggy thinking. Occasionally, 
patients can develop lower extremity edema or weight 
gain.104 Of the 92 who had received a trial of gabapentin, 
43 (47%) reported reduction in facial pain. The onset of 
pain reduction was between 1 and 3 weeks. Typical side 
effects of gabapentin include sedation, dizziness, and 
foggy thinking. Occasionally, patients can develop lower 
extremity edema or weight gain.

Pregabalin
Pregabalin is similar to gabapentin in that it is also 
a GABA analog that inhibits the α2δ subunit of voltage- 
gated calcium channels and reduces neurotransmitter 
release.105 Compared to gabapentin, however, pregabalin 
exhibits improved absorption and pharmacokinetic pro
files. Hamasaki et al studied pregabalin in 33 patients 
with carbamazepine-refractory TN, with 48.5% of patients 
reporting improved pain.106 A logistic regression analysis 
demonstrated that among all the clinical variables consid
ered, older age was significantly associated with effective
ness of pregabalin treatment. Obermann et al studied 53 
patients with TN with or without chronic facial pain and 
found that 39 (74%) patients improved after 8 weeks.107 

Patients without chronic facial pain were statistically more 
likely to respond, p=0.02. Rustagi et al demonstrated in 
a trial of 22 patients that uses pregabalin or lamotrigine in 
addition to carbamazepine had equal improvement in pain 
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control; however, patients on pregabalin had fewer side 
effects.95 Side effects of pregabalin are similar to those of 
gabapentin, including sedation and dizziness, and lower 
extremity edema. In rare cases, patients have been seen to 
develop thrombocytopenia.

Clonazepam
Clonazepam is a highly potent and long-acting benzodia
zepine that acts as a positive allosteric modulator on 
GABA-A receptors.71,76 Trialed in 30 patients that were 
refractory to carbamazepine in 1975, 40% had complete 
control of neuralgia and 23.3% were significantly helped 
by the drug.108 Dosing, however, averaged 6 mg to 8 mg 
per day, and 80–88% of the patients experienced somno
lence and unsteady gait. Side effects of clonazepam 
include sedation, ataxia, memory impairment, and risk 
for dementia with long-term use. Patients can also experi
ence a paradoxical reaction and become agitated and 
behave aggressively.

Valproate
Valproate is an anticonvulsant that mediates its effects 
through blockade of voltage-gated sodium channels and 
increased levels of GABA. Peiris et al administered 
valproate to 20 patients with trigeminal neuralgia.109 Six 
out of 20 patients had no attacks for 6–18 months while, in 
3 patients, the frequency and severity of attacks were 
reduced by at least 50%. In the United States, valproate 
contains black box warnings for hepatotoxicity, pancreati
tis, and fetal malformations. Most commonly people 
experience weight gain, hair loss, and nausea. Patients 
may also develop thrombocytopenia or abnormal ammonia 
levels and elevated liver function tests.

Misoprostol
Misoprostol is a prostaglandin E1-analogue that was noted 
in case reports to be efficacious at reducing pain in patients 
with TN and associated multiple sclerosis. Reder et al 
noted that misoprostol relieved pain in six of seven 
patients who had failed to respond to conventional phar
macologic therapy.110 Building on those observations, the 
German Migraine and Headache Society performed an 
open prospective trial, which enrolled 18 patients with 
refractory trigeminal neuralgia associated with multiple 
sclerosis. Fourteen patients showed a reduction of more 
than 50% in attack frequency and intensity beginning 5 
days after treatment onset. There were only mild and 
transient drug-related side effects in three patients. One 
patient stopped taking misoprostol after the study period 

because of severe menorrhagia. The authors speculate that 
misoprostol may be exerting its effects through modula
tion of multiple sclerosis-related inflammation.

Multimodal Therapy
Patients who fail one medical therapy may be treated with 
multiple medications working through different medica
tions, which work via different mechanisms. 
Combination therapy may be significantly more effective 
than monotherapy and may afford patients significantly 
longer periods of pain relief without having to resort to 
percutaneous, or more invasive open surgical procedures.

Percutaneous Approaches
Percutaneous approaches to the trigeminal nerve usually 
involve needle localization of the Gasserian ganglion 
through the foramen ovale.1,111 Specific approaches may 
vary, but in general, variations of the Hartel percutaneous 
route are used, where a rhizotomy needle is inserted and 
advanced via fluoroscopic guidance toward the intersec
tion point of medial canthus and approximately 3 cm 
anterior to the internal auditory meatus. On lateral view, 
the needle should be pointed toward the petrous bone and 
clivus, and should be around 10 mm posterior to the 
dorsum sella. Care must be taken to avoid the oral cavity 
as well as injury to adjacent vascular structures such as the 
internal carotid artery and jugular vein.112 As the needle 
passes through the foramen ovale, tactile feedback in the 
form of a give or loss of resistance may be noted. There 
may also be a reflexive jaw jerk, which occurs due to 
irritation of motor branches of the trigeminal nerve. In 
some cases, entry into Meckel’s cave may result in CSF 
flow through the needle when the stylet is withdrawn. The 
position of the needle may be confirmed with contrast or 
air injection under live fluoroscopy.

Other methods of percutaneous targeting of the trigem
inal nerve include ultrasound or CT guidance. Ultrasound 
guidance is commonly used for percutaneous targeting of 
superficial branches of the trigeminal nerve.113–118 CT- 
guidance provides excellent visualization of bony struc
tures, and advancements in CT-fluoroscopy have added 
real-time visualization of needle advancement as an addi
tional benefit.119–123 However, increased radiation expo
sure and costs limit its use to situations where traditional 
fluoroscopy methods are inadequate for patients with ana
tomic variability.
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Balloon Compression
In 1983, Mullen and Lictor first described percutaneous 
balloon microcompression of the trigeminal ganglion.124 

The technique involves using a 14 gauge hollow metallic 
introducer. The introducer is advanced under fluoroscopic 
guidance to the foramen ovale. A 4 French Fogarty bal
loon is introduced through the metallic introducer approxi
mately 1 cm beyond the needle tip. Contrast dye is 
injected into the balloon under live fluoroscopy and com
pression is held for 3–6 minutes. The balloon is deflated, 
and the Fogarty balloon as well as the metallic introducer 
are removed together with manual pressure at the puncture 
site. Brown et al demonstrated in a rabbit model of balloon 
compression of the Gasserian ganglion that large myeli
nated axons, involved in the sensory trigger, were mostly 
injured, while small myelinated fibers were relatively 
preserved.125

Skirving et al reported on 496 patients with TN who 
underwent 531 percutaneous balloon compressions of the 
trigeminal ganglion between 1980 and 1999.126 Of the 522 
successful procedures, prompt pain relief was experienced 
by all but one patient. Recurrence of pain was found in 
19.2% of the patients within 5 years and in 31.9% over the 
entire study period. Other studies demonstrate an immedi
ate pain relief range from 80% to over 90%, but also 
a pain recurrence rate between 15% and 50% over 2–5 
years.127–138 Factors which have been shown to affect 
balloon compression outcomes include the shape of the 
inflated balloon, the opening pressure of the balloon/ 
volume of contrast injected, and the length of compression 
time.127,132,133,139 Complications of balloon compression 
include facial dysesthesias but may also include cranial 
nerve palsies and acute changes in blood pressure and 
heart rate due to trigeminal cardiac reflexes.140,141

Chemodenervation
Percutaneous chemodenervation has been described as 
a potential for treatment for TN as early as in the 1800s 
when Wilfred Harris published a case series of three 
patients who were treated with alcohol 
chemodenervation.142 Since then, glycerol, phenol, and 
alcohol have all been described as chemodenervating 
agents used for TN. While the specific mechanisms of 
action in providing pain relief are not well understood, 
the general consensus is that chemical neurolysis causes 
selective lysis of the axonal sheath in damaged nerve 
fibers and prevents aberrant firing, or that normalization 

of temporal summation of synaptic potentials within the 
trigeminal ganglion causes pain reduction.130,138,143,144

Peripheral alcohol injections have been used in the 
treatment of trigeminal neuralgia since the early 1900s; 
however, most series have been limited to a few patients. 
More recently, Han et al described the use of alcohol in 
632 TN patients.145 They injected the infraorbital nerve, 
superior orbital nerve, maxillary nerve, mandibular nerve, 
or a combination of the above. Moreover, 46.9% of the 
patients did not require re-treatment and only 33.4% of the 
patients had no pain by 5 years. Shah et al described 250 
alcohol injections in 100 patients.146 Thirty-four (13.6%) 
injections did not achieve pain relief for at least 2 months. 
Of the successful injections, the mean duration of action 
was 14.13–8.66 months. McLeod et al reported 278 alco
hol injections in 49 patients with a mean of 6 per 
patient.147 Twenty-seven (10%) achieved pain relief for 
less than 1 month. Of successful injections, the mean 
duration of action was 11 months. Complications of alco
hol injection have been reported to range from less than 
1% to 33%. Mild complications include transient burning 
sensation, dysesthesias, while severe reactions include 
avascular necrosis, facial paresis, cheek mucosal or skin 
ulceration, diplopia, skin necrosis, trismus, difficulty swal
lowing, and osteomyelitis.

Due to the potential significant side effects of alcohol, 
alternative agents have been explored for treatment of TN. 
Phenol was discovered as a neurolytic agent in 1926,148,149 

and has been used to alleviate spasticity via intrathecal 
injections.150,151 Mechanisms of action include denatura
tion of protein, loss of cellular fatty content, and separa
tion of the myelin sheath from the axon leading to non- 
selective neural destruction, muscle atrophy, and necrosis. 
Jefferson injected performed 37 injections of phenol mixed 
with glycerin into Meckel’s cave.152 Excluding 7 failures 
from technical difficulties, 37% experienced pain recur
rence within 1–2 years after the procedure. Wilkinson 
reported 60 injections of 10% phenol in glycerol, which 
were given to 18 patients.153 Forty-six injections were 
administered into the infraorbital nerve in its canal in the 
midface, 11 percutaneous injections were administered 
into the mandibular nerve proximal to the mandibular 
canal in the ramus of the jaw, and three injections were 
administered into supraorbital nerves. Eighty-seven per
cent of injections brought marked or total relief initially. 
Of those injections that provided initial relief, 37% con
tinued to provide relief after 1 year and 30% did so after 2 
years. Chronic exposure to phenol may lead to renal 
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toxicity, skin lesions, and gastrointestinal effects. Systemic 
side effects include nausea and vomiting, central nervous 
system stimulation, and cardiovascular depression. 
Because of its toxicity profile, phenol’s use in chemode
nervation has been most often utilized in alleviating pain 
in end-stage cancer patients.154,155

Glycerol is a colorless, odorless, viscous liquid.156 In 
concentrations above 99%, glycerol is highly hypertonic 
and causes neurolysis by fragmentation of myelin or 
directly penetrating the perineurium.157 Xu et al described 
their experience with 3370 patients and described pain 
relief in 73% of the patients after one injection.158 The 
success rate increased with increasing numbers of injec
tions, with an overall success rate of 99.58% after four 
injections. Of 2750 patients with follow-up, 21% of the 
patients had pain recurrence within 5 years, and the overall 
rate of pain recurrence over the length of the study was 
33%. Other large case series report an initial pain relief 
rate of 70 to greater than 90%.128,131,137,144,159–165 

However, 20–40% of the patients experience pain recur
rence within a median of 20–60 months after the proce
dure. Complications of glycerin rhizotomy are usually 
related to facial hyperesthesia, hypoalgesia, and dysesthe
sia. Other perioperative complications include nausea/ 
vomiting, trigeminal motor weakness, hematoma, menin
gitis, and optic nerve injury. Hypoesthesia of the superior 
trigeminal division may result in keratitis ulcers and ocular 
complications.

Radiofrequency Ablation
Electrocoagulation to target the trigeminal nerve rootlets 
was first developed in 1913 by Réthi. Early use of the 
technique was associated with serious complications, includ
ing corneal ulcers requiring enucleation, multiple cranial 
nerve palsies, carotid injury, cardiac arrest, meningitis, and 
death.166 Subsequent improvements in temperature monitor
ing, placement technique, and electrode design have made 
the procedure safer. Needle placement is verified as pre
viously described above with fluoroscopic assistance. The 
needle obturator is removed, and the electrode is introduced. 
Electric stimulation is typically achieved at 0.2–1 V (50 Hz 
for 0.2ms). The electrode is then replaced with the thermo
couple, and lesions are made at a maximum of 0.5 V, 75 
cycles per second at 55°C to 80°C for 30–120s. The elec
trode and cannula are then removed. In some cases, selective 
V2 or V3 targeting with ultrasound guidance via the pter
ygopalatine fossa may be used.114

Several large studies have demonstrated the success of 
radiofrequency ablation. Wu et al reported outcomes on 
1860 patients, with 79% experiencing immediate pain 
relief, and 18% experiencing improved pain.167 Pain recur
rence was encountered in 11.1% during the first year; by 2 
years, 25% of the patients had recurrent pain. Kanpolat 
et al described their 25-year experience treating 1600 
patients with 2138 radiofrequency ablation procedures.168 

Acute pain relief was achieved in 97.6% of the patients. 
Early pain recurrence within 6 months was observed in 
7.7% of the patients, and late pain recurrence was 
observed in an additional 17.4%. Complete pain relief 
was achieved in 58% of the patients who underwent 
a single procedure at 5 years; this number decreased to 
52% at 10 years, and 41% at 20 years. Complications of 
radiofrequency ablation include diminished corneal reflex, 
masseter weakness, dysesthesias, keratitis, and cranial 
nerve palsies. Rarely, CSF leak, carotid-cavernous fistula, 
meningitis, and anesthesia dolorosa/trigeminal deafferen
tation pain may be encountered.120,166–180

Combined Glycerol and Radiofrequency 
Ablation
Glycerol rhizotomy may be combined with radiofrequency 
ablation.138 Bender et al analyzed 822 patients who under
went glycerol rhizotomy alone compared with glycerol 
and radiofrequency ablation.181 In their series, no signifi
cant differences were found in terms of initial or duration 
of pain relief for those who underwent glycerol rhizotomy 
only versus those who underwent combined glycerol and 
radiofrequency ablation. No differences were found in 
subgroup analyses for patients with multiple sclerosis 
undergoing glycerol rhizotomy only versus those who 
underwent combined percutaneous glycerol and radiofre
quency ablation.

Other Ablative Approaches
Cryoablation
Cryotherapy for blocking of peripheral nerves was first 
described in 1976 by Lloyd.182 The mechanisms under
lying cryotherapy involve temperatures between −60°C 
and −140°C causing axonotmesis of the affected nerve. 
Lloyd et al published his experience in six patients with 
facial pain. The nerves were surgically exposed and cryoa
blation was applied at −60°C. All patients experienced 
some degree of pain relief with a median duration of 
only 21 days. Zakrzewska published a series of 145 
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patients who underwent cryotherapy, and found the med
ian duration of pain relief to be 6 months.183–185 In the 
same paper, Zakrzewska found that 288 patients who had 
undergone radiofrequency ablation had a median time to 
pain recurrence of 24 months.184 Pradel found similar 
results in 19 patients undergoing cryoablation of the infra
orbital or inferior alveolar nerve, where 13 patients experi
enced pain recurrence after 6–12 months.186 Nally 
performed cryotherapy on the peripheral branches of the 
trigeminal nerve in 42 patients over 3 years; 16 patients 
experienced pain recurrence between 3 and 9 months 
requiring retreatment.187 There is a lack of systematic 
study of whether the number of freezing cycles, or whether 
temperature affects long-term outcome.188 Due to overall 
shorter pain-free survival outcomes compared with other 
percutaneous techniques, few practitioners offer cryoabla
tion as a first-line treatment for TN patients.

Non-Ablative Percutaneous Approaches
Trigeminal Nerve Blocks
For patients who have failed medical management, percu
taneous interventions may be pursued which include per
ipheral nerve blocks, chemodenervation, balloon 
compression, or radiofrequency ablation. Nerve blocks 
have been shown to provide acute pain relief, sometimes 
extending to weeks or even months.13,189–191 Given the 
relative rarity of trigeminal neuralgia, there are no large, 
randomized studies investigating patient response to dif
ferent injectates. Local anesthetics such as lidocaine and 
bupivacaine have been used for peripheral nerve blocks, 
and work by inhibiting voltage-gated sodium channels. 
Most reports involving local nerve blocks for TN are 
limited to less than 10 patients.191,192 Han et al reported 
using 10% lidocaine in infraorbital nerve block, superior 
orbital nerve block, maxillary nerve (V2) block, mandib
ular nerve (V3) block or Gasserian ganglion block for 
patients with TN.193 Out of 35 patients treated, 12 patients 
experienced sustained pain relief more than 24 hours after 
intervention. For those who experienced some degree of 
pain relief, the duration of pain relief lasted from 3 weeks 
to 144 weeks after the procedure. Why some patients 
experience sustained pain relief longer than expected 
based on the local anesthetic’s duration of action is 
unknown.

Botulinum A Toxin Injections
Botulinum A toxin injections have been described in the 
early 2000s for the treatment of TN.83,194–201 Botulinum 

toxin works by inhibiting acetylcholine release into the 
neuromuscular junction, and blocks the release of neuro
transmitters such as substance P, calcitonin gene-related 
peptide, and glutamate.202,203 Additional mechanisms of 
action for pain relief include reduction of inflammation, 
deactivating sodium channels, and inhibiting axonal trans
port. Piovesan et al injected 13 TN patients subdermally 
with botulinum A toxin.204 An improvement in pain was 
seen over 10 days, and lasted for the 60-day duration of 
the study. Turk Boru et al injected 27 patients with 100 
units of botulinum A toxin to the maxillary and mandibu
lar nerves. Fifty-five percent of the patients reported 
improved pain during the first week; this improved to 
78% of the patients reporting improved pain at 
the second month, and up to 85% at 6 months.205 At 6 
months, 44% were pain free. Complications of botulinum 
injections include facial weakness and numbness. Due to 
a paucity of longitudinal data, the long-term results of 
botulinum injections for TN are unknown, but the current 
data suggests that botulinum injections for TN may be 
beneficial in cases not responding to medication and may 
be used before surgery is considered.206

Neuromodulation for TN
Transcutaneous Electrical Nerve 
Stimulation
In 1967, Wall and Street reported the seminal discovery 
that stimulation of nerves decreased the perception of 
pain.207 The effectiveness of transcutaneous electrical 
nerve stimulation (TENS) for treating TN, however, is 
sparse.34,52,207,208 TENS therapy for TN involves placing 
stimulating electrodes in the areas innervated by 
the second and third branches of the trigeminal nerve, 
where patients typically experience pain. Yameen et al 
looked at the effects of different types of TENS therapy 
specifically for TN that was refractory or partially respon
sive to drug treatment.209 Constant mode TENS therapy 
where stimulation was supplied continuously throughout 
sessions was shown to be more effective than burst therapy 
where stimulation was supplied in pulses. In total, out of 
31 TN patients, 26 were responsive to TENS therapy after 
a follow-up of 3 weeks. No long-term outcomes are 
reported. This data is supported by Singla et al, in which 
30 patients with TN who underwent TENS for 20–40 days. 
The patients experienced an overall 65% reduction in pain 
ratings after 1 month and an 85% reduction after 3 months. 
No long-term outcomes are available.210 These data show 
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that TENS is a potentially non-invasive treatment for TN, 
but further studies are needed to verify this effect in 
a randomized, blinded fashion and to study its long-term 
outcomes.

Peripheral Nerve Stimulation
In lead-based peripheral nerve stimulation therapy, an 
electrode array delivers electrical impulses to branches of 
the trigeminal nerve or the Gasserian ganglion via an 
implantable pulse generator (IPG). One of 8 patients 
described by Wall and Street had TN in the V2 
distribution.207 Stimulation of the infraorbital nerve for 5 
minutes enabled the patient to be pain free for 17 minutes 
afterwards, although no long-term follow-up is provided. 
Shelden et al reported the outcomes of three patients with 
typical trigeminal neuralgia in a V3 distribution who 
underwent temporal craniotomies for placement of plati
num stimulator electrodes on V3211. All 3 experienced 
complete pain relief for the 3–4-month follow-up period, 
despite two patients never having received any nerve sti
mulation at all after implantation. In 1980, Meyerson and 
Hakansson described the results of Gasserian nerve stimu
lation with implanted electrodes in six patients, some on 
whom had atypical TN.212 Five patients had follow-up 
from 6 to 21 months and reported complete or partial 
pain relief.

More recently, Ellis et al reported on 35 patients who 
underwent trigeminal branch lead-based stimulation.213 

Two patients were diagnosed with type 1 TN and 9 were 
diagnosed with type 2 TN. One patient was diagnosed with 
symptomatic TN. Though there was one case of 
a superficial temporal artery pseudoaneurysm from needle 
injury, results demonstrated an overall benefit of peripheral 
nerve stimulation on pain relief. Two of the nine type 2 TN 
patients, both type 1 TN patients, and the symptomatic TN 
patient responded to trial stimulation. Of the 35 patients in 
the study, 17 responded to the trial stimulation and 15 of 
the responders had permanent hardware implantation. 
Over an average of 15 months of follow-up, 11/15 patients 
reported improved pain at last follow-up. It was not made 
clear which of the TN patients had permanent hardware 
implantation, and the TN patients’ specific responses were 
not specified. Long-term outcomes of peripheral nerve 
stimulation for TN treatment require further study and 
clarification. Complications of the procedure include elec
trode and extension wire fracture or migration. Permanent 
lead placement in the face and an unclear duration of 
benefit limits peripheral nerve stimulation usually for 

patients with trigeminal neuropathic pain as opposed 
to TN.

Deep Brain Stimulation
Although deep brain stimulation (DBS) was first used in 
the 1950s for improvement of chronic pain, the technique 
fell out of favor in the late 1990s when two major multi
center trials failed to demonstrate efficacy.214 Nonetheless, 
a substantial body of literature cites the stimulation of 
periventricular grey (PVG), periaqueductal grey (PAG), 
and sensory thalamus as potential targeted regions for 
pain. The mechanism of action is still unclear, but release 
of endogenous opiates may play a role in pain relief. 
Nandi et al reported one patient with refractory TN treated 
with DBS of the PVG and ventroposterolateral thalamic 
nucleus.215 Though the patient ultimately did not undergo 
IPG implantation, during the trial stimulation she received 
33% reduction in pain. Additional targets have also been 
tested for TN, such as the posterior hypothalamus. 
Franzini et al treated five patients with TN secondary to 
multiple sclerosis and reported that all five patients experi
enced pain reduction at 1–3 years postoperatively, 
although only two of the five patients did not require 
medications.216 Given its invasive nature and the need 
for permanent IPG implantation, DBS remains a salvage 
procedure for refractory TN.

Focused Ultrasound
Transcranial MR-guided focused ultrasound surgery is an 
evolving treatment modality in neurosurgery and has been 
used in clinical trials to treat chronic pain via thalamotomy 
and in the treatment of brain tumors. The ExAblate Neuro 
(InSightec) has 1024 ultrasound transducers, which trans
mit ultrasound energy through the skull that converges 
onto a focal spot and causes a highly focused region of 
heating, thereby creating a lesion in the target tissue. 
Martin et al utilized the Insightec system to treat nine 
patients with neuropathic pain, of which one had idio
pathic trigeminal neuralgia.217 The patient underwent 
a central lateral thalamotomy. Pain relief 2 days after the 
intervention ranged from 30% to 100% for the 9 patients, 
but individual data are not available. No long-term out
comes are available from the study. More recently, 
Monteith et al demonstrated in a cadaveric model that 
the InSightec system is able to heat up the trigeminal 
nerve by up to 18°C.218 Future studies are needed to see 
if focused ultrasound may be effective in lesioning the 
trigeminal nerve in patients.
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Motor Cortex Stimulation
Motor cortex stimulation (MCS) consists of an electrode 
surgically placed in the epidural or subdural space above 
the motor cortex connected to an implanted pulse gen
erator. Stimulation of the contralateral motor cortex is 
postulated to cause corticocortical feedback with inhibi
tion of the active sensory cortex nociceptive neurons, 
resulting in pain relief. The appeal of MCS comes in 
part because of a belief that MCS is safer than DBS, 
but no direct comparisons have been made. MCS for 
type I or type II TN has rarely been studied, with most 
reports focusing on neuropathic trigeminal pain. In 
a 2009 study, Fontaine et al showed that among 44 
patients with trigeminal neuropathic pain, 30 saw pain 
relief of at least 40–50%.219 Eighteen patients were fol
lowed for greater than 1 year, and at the last follow-up, 
half saw pain reduction of 40–50%. The study did not 
specify which of the patients, if any, had TN. A more 
recent study in 2015 by Henssen et al reported two 
patients with type 1 TN and one patient with type 2 TN 
treated with MCS.220 All three TN patients saw pain 
reduction of at least 60% 3 years after surgery. The 
report, however, acknowledges that classic trigeminal 
neuralgia is typically not treated with MCS, and the 
pain relief that the patients experienced may be due in 
part to prior interventions. Long-term outcomes of MCS 
for classic trigeminal neuralgia are not well studied, and 
future work will be necessary to better characterize its 
efficacy.

Transcranial Magnetic Stimulation
Repetitive transcranial magnetic stimulation (rTMS) has 
also recently arisen as an assessment method of whether 
a patient may respond well to cortical stimulation. 
Lefaucheur et al reported that of 12 TN patients for 
whom surgical treatment was not effective, 58% had 
over 30% reduction in pain after rTMS to the motor 
cortex.221 Khedr et al studied 24 TN patients with refrac
tory pain who received rTMS to the motor cortex.222 In the 
cohort, the pain decreased by roughly 45% after 2 weeks, 
and this was significantly better than a control cohort 
group of patients who received sham therapy. No long- 
term follow-up was reported. Long-term outcomes of 
rTMS for classic trigeminal neuralgia are not well studied, 
and future studies will be necessary to assess the effec
tiveness of direct or transcranial magnetic stimulation of 
the motor cortex.

Stereotactic Radiosurgery
Lars Leksell first described the use of stereotactic radio
surgery in 1951 for TN.223,224 Current methods for radia
tion delivery include Gamma Knife (GK),225–227 linear 
accelerator (LINAC),228–230 or CyberKnife (CK).230 

Gamma Knife uses stereotactic head frame immobilization 
and requires pins to be placed percutaneously onto the 
skull under local anesthesia. Stationary radioactive 
Cobalt-60 gamma-emitting sources are then used to target 
the treatment area from various angles. LINAC treatment 
may be performed with either head frame immobilization, 
or alternatively a face mask may be used. LINAC X-ray 
emitting sources move around the patient’s head in rota
tional arks, and this delivers the planned radiosurgical 
dose. CyberKnife treatment requires application of 
a facial mask. In this case, radiation emitters are mounted 
to a robotic arm, and can make non-rotational movements 
around the patient’s head.

Tuleasca et al reviewed 6461 patients treated with GK, 
LINAC, or CK.230 For patients undergoing GK, radiation 
doses ranged from 60 to 97 Gy prescribed at the 100% 
isodose line. LINAC patients underwent 50–90 Gy pre
scribed at the 80% isodose line, and CK patients under
went 66–90 Gy prescribed at the 90% isodose line. Current 
level II evidence suggests that the minimal effective dose 
is 70 Gy, and the maximal effective dose is 90 Gy. At 
doses above 90Gy, the efficacy rate of radiosurgery 
remains similar, but is associated with a higher frequency 
of complications.

Targeting for radiosurgery ranges from the anterior/ 
retrogasserian portion of the trigeminal nerve, to the pos
terior or root entry zone portions of the trigeminal nerve. 
A more posterior target close to the root entry zone may 
include portions of the pons within the 20–30% isodose 
line. Multiple studies have compared outcomes between 
targeting the retrogasserian portion of the trigeminal nerve 
versus the root entry zone. A pooled analysis of outcomes 
reported by Matsuda et al.225 Park et al227 and Xu et al230 

demonstrated that targeting the anterior retrogasserian por
tion of the trigeminal nerve is associated with similar 
initial efficacy at pain reduction compared to posterior 
targeting but has less complications associated with dry 
eye syndrome, hypesthesias or numbness.

The effect of one versus multiple isocenters, and the 
effect of the length of cisternal nerve segment treated has 
been investigated by a number of groups. Flickinger et al 
reported results from a prospective, double-blind rando
mized trial including 87 patients treated with 75 Gy using 
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one versus two 4-mm isocenters at a retrogasserian 
target.231 These patients were followed for a median of 
26 months, and pain relief was similar postoperatively. 
However, patients who received radiation at two isocenters 
had significantly increased sensory complications and 
hypesthesia (p=0.018). In general, higher doses are more 
effective at yielding pain relief but cause more numbness, 
trigeminal deafferentation pain, and anesthesia dolorosa. 
Unlike other percutaneous or open surgical approaches, 
pain relief is not immediate for radiosurgery. The times 
to pain relief ranges from 0 to 480 days, with most authors 
agreeing that the maximum time for pain relief to be 180 
days after treatment.64,225–229,231–246 On average, the rates 
of freedom from pain with or without TN medication 
supplementation was found to be 86% for GK, 88% for 
LINAC, and 79% for CK.230 This was not statistically 
different. Accounting strictly for patients who were pain 
free and required no additional medications, the ability for 
radiosurgery to achieve a pain-free response falls to 52% 
for GK, 43% for LINAC, and 58% for CK. Median recur
rence rates for facial pain were 23% for GK, 29% for 
LINAC, and 27% for CK. The mean times to recurrence 
ranged from 6 to 48 months for GK, 7.5–20.4 months for 
LINAC, and 9 months for CK. Few studies report the 
long-term rates of pain control, but at 7 years, rates of 
pain control range from 22% to 60%. At 10 years, rates of 
pain control fall to well below 50%. For patients with 
multiple sclerosis, the rates of pain-free survival are 
worse, and the rates of pain recurrence are higher.

Complications of radiosurgery for TN include facial 
hypesthesia, dysesthesia, keratitis/corneal damage due to 
loss of sensation, and dry eye.225 The median rates of 
hypesthesia are 19% for GK, 29% for LINAC, and 19% 
for CK. The onset of these complications may range from 
1 to 94 months.

Although determining the best timing of radiosurgery 
after pain onset still requires further study, recent work has 
shown that undergoing GK earlier in the course of TN pain 
onset may lead to improved clinical outcomes and may 
reduce treatment with medication.246–248

Open Surgery
Microvascular Decompression (MVD)
In 1856, Carnochan described the first trans-antral 
approach to the trigeminal ganglion.3 In 1891, Horsley 
described sectioning the intradural nerve fibers of the 
trigeminal nerve to treat trigeminal neuralgia.249 In 1892, 

Hartley and Krause described an extradural approach to 
trigeminal nerve rootlet sectioning at the foramen ovale 
and rotundum.4 This approach was further modified by 
Frazier and Spiller, who attempted to divide select portions 
of the nerve to minimize morbidity. In 1925, Walter Dandy 
advocated for partial sectioning of the trigeminal nerve via 
a posterior fossa approach. During those operations, he 
observed that the nerve was compressed by vascular struc
tures, and in 1932, proposed that vascular compression 
was the pathophysiological mechanism underlying 
TN.4,250,251 Peter Jannetta, with the use of the operating 
microscope, was able to confirm this theory in 1967.252

Microvascular decompression is a surgical procedure 
that involves a suboccipital craniectomy and microsurgical 
dissection around the trigeminal nerve. Identification of 
a compressive artery allows for the placement of 
a Teflon (polytetrafluoroethylene) or Ivalon (polyvinyl 
alcohol) pledget to separate the nerve from the offending 
artery.253 Others have reported the creation of a sling with 
sutures, glue,254 or the tentorium as a method of arterial 
decompression.255 In cases where a vein is causing trigem
inal compression, bipolar cautery is used to divide the 
vein.

The outcomes following MVD are favorable with sys
tematic reviews estimating greater than 90% rates of initial 
freedom from pain.62,175,245,254,256–263 In the original semi
nal paper of Barker et al, 1185 patients underwent micro
vascular decompression, of which 1155 were followed for 
1 year or more.256 Most postoperative pain recurrences 
took place in the first two years after surgery. 
Eleven percent underwent second operations for the recur
rences. Ten years after surgery, 70% of the patients were 
pain free and did not require medication supplementation 
for pain control. An additional 4% had occasional pain that 
did not require long-term medication. The most recent 
estimates of MVD outcomes estimate 80% will still be 
pain free at 1 year, 75% at 3 years and 73% at 5 
years.175,245,259,261,263,264 Commensurate with these find
ings, Holste et al recently performed a meta-analysis of 
3897 patients from 46 studies, and found that 76% were 
pain free at a follow-up of 1.7 ± 1.3 years.265 Factors 
associated with improved outcomes included a shorter 
duration of symptoms, Burchiel type I pain, and arterial 
as opposed to venous compression.

Complications following MVD may occur in up to 
20% of the patients, although serious complications are 
rare.245,259,261,263 Cranial nerve-related complications bear 
special consideration in the case of MVD, as cranial 
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nerves IV through XII are exposed via the operative 
approach. Numbness and dysesthesias in the trigeminal 
nerve occur in a significant minority of patients, ranging 
from 5% to 10%. Diplopia due to fourth or sixth nerve 
manipulation is often transient and facial nerve palsy is 
rare (<1%). Hearing loss ranges from 1–20%, depending 
on audiometry or subjective reports.260 Most high-volume 
centers monitor brain stem auditory evoked responses in 
an effort to reduce the risk of hearing loss.266,267 Other 
complications include cerebrospinal fluid (CSF) leak 
approximately in 3–4%, and this may be managed con
servatively with a lumbar drain or ultimately via CSF 
shunting or a wound revision. Infections are rare and 
occur at a similar rate compared with other craniotomies. 
Other rare complications include aseptic meningitis, post
operative hemorrhage, and stroke.261,268,269 Mortality 
associated with the procedure is estimated at 0.2%.

When compared with percutaneous techniques, MVD 
is a more invasive procedure requiring the ability to toler
ate general anesthesia. However, it is generally associated 
with a more durable response in mitigating pain, and does 
not preclude the ability to pursue percutaneous interven
tions as a salvage procedure. Compared with percutaneous 
techniques, MVDs have a lower rate of hypoesthesia and 
dysesthesia complications and have a longer sustained rate 
of pain control. As a result, increasingly neurosurgical 
providers are recommending MVD as a first-line surgical 
intervention after failure of medical therapy.

Partial Sensory Rhizotomy and 
Intraoperative Glycerin Rhizotomy
The absence of neurovascular contact on MRI is not 
a contraindication to surgery. Up to 30% of the patients 
presenting with Burchiel Type 1, episodic pain has no 
evidence of neurovascular compression on imaging. On 
average, these patients are more likely to be younger and 
female. For these patients, posterior fossa exploration with 
internal neurolysis of the trigeminal nerve by separating 
nerve fascicles via microsurgical techniques may provide 
pain relief.263,270–272 Pain-free outcomes for partial sen
sory rhizotomy are similar to slightly worse than those for 
MVD patients, although patients undergoing partial sen
sory rhizotomy are more likely to experience postoperative 
sensory complaints, presumably due to direct internal neu
rolysis of the nerve.258,273,274 Intraoperative glycerin rhi
zotomy has also been described for patients without 
vascular compression. Kim et al described 74 patients 

who underwent MVD with glycerin injections. And, 
95.9% of the patients experienced pain improvement 
after surgery, and 17.6%, however, developed burning 
pain following surgery.275 Not surprisingly, complications 
related to partial sensory rhizotomies and intraoperative 
glycerin injections are similar compared with MVDs, as 
the surgical approach is essentially identical.

Peripheral Neurectomy
Peripheral neurectomy involves the surgical disconnection 
of peripheral branches of the trigeminal nerve.276–283 The 
procedure is usually performed as an outpatient procedure 
for patients who have failed medical therapy, or those who 
have severe medical comorbidities and are unable to tol
erate a suboccipital craniectomy for microvascular decom
pression. The procedure is relatively low cost and does not 
require extensive surgical, anesthetic, or technological 
infrastructure, although the outcomes are inferior to 
MVD. It is thus still cited as a reasonable option for 
patients who live in limited geographic or socioeconomic 
conditions.

The procedure has been reported for the supraorbital, 
supratrochlear, infratrochlear, lacrimal nerves, infraorbital 
nerve, inferior alveolar, lingual, and mental nerves.278–280 

By definition, peripheral neurectomy completely divides 
the nerve, and so dense numbness along the distribution of 
the ablated nerve is inevitable and expected.

Initial rates of pain relief for peripheral neurectomies 
range from 70% to over 90%.276,277,281–283 Pain recurrence 
is thought to be secondary to peripheral nerve regenera
tion. Attempts have been made to prevent pain recurrence 
and nerve regeneration via obliteration of the exiting 
nerve’s bony foramen, or where nerves are sectioned.280 

Materials that have been used include steel screws, bone, 
bone wax, silver plugs, or fat. Despite these efforts, a large 
number of patients experience pain recurrence over 12–24 
months. Recurrent pain may be treated with a second 
neurectomy; however, repeat procedures often afford less 
durable pain relief compared with the index procedure.278

TN and Multiple Sclerosis
TN can be associated with multiple sclerosis (MS), and is 
often associated with a pontine demyelinating plaque. 
Truini et al found that the frequency of neurovascular 
compression and its association with pontine demyelinat
ing plaque was found to be higher on the affected than on 
the unaffected side (54% vs 0%; p = 0.0001) after screen
ing 1628 MS patients.59 The authors proposed that 
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neurovascular compression, along with a pontine demye
linating plaque in tandem, may play a two-hit mechanism 
underlying TN pathophysiology in MS patients. Thus, the 
first-order neurons of the trigeminal nerve in MS patients 
with TN suffer not only inflammatory demyelination due 
to autoimmune mechanisms but also mechanical demyeli
nation due to neurovascular compression.54

Treatment of TN patients with MS begins with phar
macological treatment, although there are no placebo- 
controlled studies specifically for MS 
patients.48,59,110,284,285 Existing studies are small, open- 
label trials that are based on carbamazepine, lamotrigine, 
gabapentin, topiramate, misoprostol or combination 
therapies.48,52,54,57,286 For MS patients who fail pharma
cological therapy, percutaneous, surgical, and radiosurgi
cal options exist. Similar to pharmacological interventions, 
however, studies in MS patients with TN are short- and 
long-term outcomes are not well described. In general, 
however, percutaneous and surgical interventions are 
both are less effective in terms of postoperative pain 
improvement and sustained pain relief rates.48,54,57,59,287 

Moreover, pain recurrence rates are higher in the treatment 
of MS-related TN pain compared with classic TN pain. 
Thus, in line with the two-hit hypothesis in MS-related TN 
suggests that patients with inflammatory demyelinating 
disease, coupled with mechanical injury to the nerve, 
represent a particularly challenging subgroup of TN 
patients.

Future Considerations
To date, trigeminal neuralgia is a clinical diagnosis that 
does not require imaging or laboratory correlation, though 
imaging may be helpful for excluding tumor and other 
diseases related to trigeminal pain. Although the majority 
of patients present with Type I TN involving neurovascu
lar compression, a substantial number of patients none
theless have Type II TN pain, or have Type I TN pain but 
without evidence of nerve compression. Why these 
patients experience pain, and the molecular mechanisms 
that distinguish Type I TN pain from Type II TN pain, still 
remains to be elucidated. Whether these distinct mechan
isms arise from differential stimuli distal to the root entry 
zone, or whether the difference lies in central mechanisms 
of pain interpretation is also unknown. The fact that 
a subset of patients with multiple sclerosis uniformly 
derives less benefit from all medical and surgical interven
tions implies that neuroinflammation may play a role in 
disease pathogenesis and severity. Further studies will be 

needed to define the neuronal-glial interface in trigeminal 
neuralgia, and a more precise mechanistic understanding 
of TN will hopefully allow for the development of novel 
and more effective therapeutics.

Conclusions
This review broadly summarizes over 150 years of col
lective clinical experience in the treatment of trigeminal 
neuralgia. What is increasingly clear is that there is no 
catch-all medical or surgical intervention that is effective 
for all patients with trigeminal neuralgia, likely reflective 
of the fact that TN is likely a heterogenous group of 
disorders that jointly manifests in facial pain. The first- 
line treatment for TN remains anticonvulsants due to 
a long history of use and relatively tolerable side-effects. 
Patients who fail medical therapy have a range of surgical 
options available to them. In general, microvascular 
decompression is a safe and effective procedure with 
immediate and durable outcomes. Patients who are unable 
to tolerate general anesthesia or whose medical comorbid
ities preclude a suboccipital craniectomy may benefit 
from percutaneous methodologies including glycerin or 
radiofrequency ablation, or both. For patients with iatro
genic bleeding diathesis due to blood thinning medica
tions who are otherwise ineligible for any type of invasive 
procedures, or for those who are unwilling to undergo 
surgically invasive procedures, radiosurgery may be an 
excellent option—provided the patient is counseled 
ahead of time that maximum pain relief will take on the 
order of months to achieve. Finally, peripheral neurec
tomies continue to provide an inexpensive and resource- 
sparing alternative to pain relief for a majority of patients 
in geographic locations with limited economic and medi
cal resources. Ultimately, elucidation of the molecular 
mechanisms underlying trigeminal neuralgia will pave 
the way for novel, more effective and less invasive 
therapies.
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