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ABSTRACT

Introduction. Trigeminal neuralgia (TN) is a rare but debilitating craniofacial pain disorder
characterized by sudden, severe, electric shock-like episodes affecting one or more branches of the
trigeminal nerve. Despite its low prevalence, TN has a profound impact on quality of life. Accurate
diagnosis and subtype classification are essential for guiding treatment. Advanced neuroimaging
techniques help identify structural causes and guide therapy.

Purpose. This review offers a comprehensive, evidence-based summary of current treatment
strategies for TN, including pharmacological, surgical, and supportive modalities. Special attention
is given to recent advances and options for patients with refractory or complex cases.

Materials and Methods. This review is based on a structured analysis of peer-reviewed literature
retrieved from PubMed, Google Scholar, and the Cochrane Library. Selection prioritized systematic
reviews, randomized controlled trials, clinical guidelines, and high-quality cohort studies published
between 2000 and 2024. Emphasis was placed on clinical relevance and methodological rigor.
Conclusion. Effective management of trigeminal neuralgia demands an individualized, stepwise
approach. While carbamazepine and oxcarbazepine remain first-line treatments, a significant subset
of patients requires surgical or adjunctive therapies. Microvascular decompression offers the best
long-term outcomes in classical TN, whereas less invasive procedures and botulinum toxin
injections may benefit selected patients. Neuromodulation techniques are emerging alternatives for
drug-resistant cases. Multidisciplinary care is essential for accurate diagnosis and individualized
treatment.

Keywords: trigeminal neuralgia, neuropathic pain, facial pain syndromes, pharmacological

treatment
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1. Introduction

Trigeminal neuralgia (TN) is a disorder of severe unilateral facial pain, characterized by sudden,
electric shock-like paroxysms occurring along the distribution of one or more branches of the
trigeminal nerve [1, 2]. The attacks typically last from a few seconds to several minutes and are
triggered by light stimuli such as chewing, speaking, or touching the face [2]. Although rare, with
an incidence of 4-5 per 100,000 patients per year, it is more prevalent among women and people
over 50 years of age [3,4]. In most cases, trigeminal neuralgia is caused by focal vascular
compression of the trigeminal nerve root near its entry into the pons, in the so-called root entry zone
[5]. This region lies within central nervous system tissue and is particularly vulnerable to such
compression by aberrant arterial or venous loops, a mechanism now thought to account for 80-90%
of cases [5, 6]. Additional evidence of central sensitization and impaired brainstem pain modulation
has been demonstrated using advanced imaging techniques [7]. Sodium channel dysregulation,
particularly dysfunctional expression of Nav1.7, Nav1.3, and Nav1.8, may further contribute to

abnormal trigeminal excitability [8]. In some patients, TN occurs secondary to other neurological



conditions. For example, multiple sclerosis (MS) may produce similar paroxysmal facial pain due
to demyelinating lesions in the pons or root entry zone [1, 9]. Magnetic Resonance Imaging (MRI)
studies suggest that in MS, lesions may precede the onset of TN by years [10]. Misdiagnosis is
common: patients frequently undergo unnecessary dental procedures (including tooth extractions)
before the correct diagnosis is established [1, 2]. This diagnostic delay, coupled with the condition’s
unpredictable onset and high pain intensity, can result in significant psychological distress and

functional impairment.

2. Diagnostic Criteria

Trigeminal neuralgia (TN) is primarily diagnosed based on clinical presentation. Two major
international frameworks standardize the diagnosis: the International Classification of Headache
Disorders, 3rd edition (ICHD-3), developed by the International Headache Society, and the
classification criteria of the International Association for the Study of Pain (IASP). According
to the ICHD-3, TN is defined as recurrent, unilateral facial pain, localized to one or more divisions
of the trigeminal nerve. The attacks typically begin abruptly, are of severe intensity, and are
consistently triggered by innocuous stimuli such as light touch, chewing, speaking, or tooth
brushing. [11]. The diagnostic criteria include:

A) Recurrent paroxysms of unilateral facial pain in the distribution of one or more trigeminal
divisions, without radiation beyond the affected trigeminal divisions.
B) All the following:

1. Duration from a fraction of a second to two minutes
2. Severe intensity

3. Pain described as electric shock-like, stabbing, or sharp.

C) Pain is triggered by innocuous stimuli.
D) Not better accounted for by another ICHD-3 diagnosis [11].

The IASP similarly classifies TN under chronic neuropathic orofacial pain, emphasizing its abrupt
onset, short duration, consistent triggering by non-painful mechanical stimuli, and stereotyped
paroxysmal character. However, according to the IASP classification, trigeminal neuralgia is
considered a form of chronic neuropathic pain, characterized by recurrent episodes of facial pain
persisting for more than three months, resulting from a lesion or disease of the somatosensory

nervous system. [1, 12, 13]. Additional classification systems, including the International
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Classification of Orofacial Pain (ICOP), further help delineate TN from other facial pain
syndromes [14]. These systems stress the importance of ruling out alternative explanations. A subset
of TN patients may exhibit cranial autonomic symptoms, including conjunctival injection,
lacrimation, nasal congestion, rhinorrhea, eyelid oedema, ptosis, or facial sweating. The presence
of these features can complicate the clinical picture and raise diagnostic uncertainty. In such cases,
the condition may resemble other headache syndromes within the trigeminal autonomic cephalalgias
(TACs) group, particularly short-lasting unilateral neuralgiform headache with conjunctival
injection and tearing (SUNCT) or short-lasting unilateral neuralgiform headache with autonomic
symptoms (SUNA). Accurate differentiation between TN and these syndromes is essential, as their
pathophysiology and treatment strategies may differ [16, 2]. High-resolution MRI is
recommended to evaluate potential neurovascular compression, demyelinating plaques (as in
multiple sclerosis), and space-occupying lesions such as tumors. [15, 16]. In MS-related TN,
demyelination near the trigeminal root entry zone is often visible, and in some cases, these lesions
might precede symptom onset by several years [10]. Accurate classification is essential, as treatment

decisions and prognosis vary significantly between TN subtypes.

Table 1. Subclassification of Trigeminal Neuralgia (ICHD-3 and 1ASP)

Subtype Underlying Mechanism

Classical TN Presumed vascular compression of the trigeminal nerve root, supported by MRI
or intraoperative findings

Idiopathic TN No evident structural lesion or systemic cause detected by imaging or clinical
evaluation

Secondary TN Secondary to an identifiable causative lesion (e.g., tumor, arteriovenous

malformation, multiple sclerosis) confirmed by imaging or diagnostic tests

Note: The subclassification presented in this table is based on the diagnostic standards defined by
ICHD-3 and IASP, and is consistent with current clinical evidence.

3. Treatment

The management of TN focuses on pain relief and improving quality of life. First-line
pharmacologic treatment includes carbamazepine and oxcarbazepine, which remain the cornerstone
of TN management [2,16]. Accordingly, practice guidelines endorse either carbamazepine or
oxcarbazepine as first-line treatments for classical TN [17]. Nevertheless, a significant subset of



patients either do not achieve adequate relief with medications or cannot tolerate their side effects.
In such medically refractory cases, surgical intervention is often considered [18,19]. Neurosurgical
options — including microvascular decompression (MVD) and percutaneous ablative procedures, as
well as stereotactic radiosurgery — can provide long-term pain relief when medications fail
[20,21,22]. Emerging therapies such as botulinum toxin type A injections have shown efficacy in
selected cases and are included in some treatment algorithms as adjunctive options. A stepwise,
escalation-based approach is recommended: initial pharmacologic therapy is followed by second-
line options or combination regimens if necessary. In refractory cases, intervention selection should
be tailored to the TN subtype. Referral to a multidisciplinary facial pain team is advised to confirm

diagnosis and guide advanced management [23].
4. Pharmacological Treatment

Carbamazepine (CBZ) and oxcarbazepine (OXC) are the recommended first-line pharmacologic
agents for trigeminal neuralgia (TN). Clinical trials report pain remission rates of up to 80% during
initial treatment [24, 16]. Typical starting doses range from 400-1200 mg/day for carbamazepine
or 900-1800 mg/day for oxcarbazepine [18]. Periodic monitoring of liver enzymes is advisable
during long-term CBZ therapy due to the risk of elevated aminotransferase levels. However, side
effects such as dizziness, ataxia, and diplopia are common and may lead to treatment discontinuation
in approximately one-quarter of patients [16]. OXC demonstrates similar efficacy to CBZ and may
offer improved tolerability due to a more favorable interaction profile [15,16]. One important
consideration is the risk of Stevens—Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN)
in patients of Asian ancestry who carry the HLA-B*15:02 allele. The U.S. Food and Drug
Administration recommends genetic screening for this allele prior to initiating carbamazepine in
individuals from high-risk populations, including those of Han Chinese, Thai, Vietnamese, Indian,
and other Southeast Asian descent. If the allele is present, alternative agents should be considered,

unless the potential benefit outweighs the risk [25].

Lamotrigine acts by stabilizing the slow-inactivated state of type IIA neuronal sodium channels,
thereby suppressing repetitive neuronal firing during sustained depolarization while sparing normal
signal transmission. Through this mechanism, it inhibits the pathological release of glutamate, a
neurotransmitter involved in central sensitization and other mechanisms underlying chronic pain
[26]. Lamotrigine is sometimes used as an adjunctive option in patients with trigeminal neuralgia
(TN) who cannot tolerate high doses of first-line therapies such as carbamazepine or oxcarbazepine.

However, its efficacy as monotherapy in refractory TN is limited. In a crossover, head-to-head trial



comparing lamotrigine (400 mg/day) and carbamazepine (1,200 mg/day), lamotrigine achieved pain
control in 62% of patients, compared to 90.5% with carbamazepine [18,27]. Furthermore, in a
double-blind placebo-controlled trial involving patients with various types of neuropathic pain,
lamotrigine failed to show superiority over placebo in any outcome measures; notably, only a small
subgroup had TN [18,28]. These findings suggest that lamotrigine is not a reliable monotherapy in
TN patients who are resistant to first-line agents. Overall, current evidence does not support
lamotrigine as reliable monotherapy for TN, although it may offer adjunctive benefits in select

patients, especially when first-line agents are limited by tolerability [26].

Phenytoin (PHT) was the first effective anticonvulsant used to treat trigeminal neuralgia and
remains a rescue option in acute exacerbations of the disorder [29]. Its mechanism of action involves
blocking voltage-gated sodium channels, which stabilizes neuronal membranes and inhibits aberrant
trigeminal signaling along the trigeminal nerve, which contributes to pain relief [29]. This
biophysical effect underlies its rapid efficacy when administered intravenously. Although
fosphenytoin is preferred for better solubility and safety profile, PHT may still be used depending
on local availability [29]. Recent retrospective studies have provided preliminary clinical evidence
supporting the use of intravenous PHT in emergency settings for TN. In a retrospective cohort study
involving 32 patients with trigeminal neuralgia presenting to the emergency department, nearly all
experienced partial symptom relief, and approximately two-thirds achieved substantial or complete
remission following intravenous phenytoin administration [30]. Importantly, this response was
observed across all subtypes of TN, including classical, idiopathic, and secondary forms, suggesting
broad utility in acute management [29]. Adverse effects were rare, with mild pruritus reported as
the only adverse effect [30]. Nevertheless, the administration of PHT requires close medical
supervision due to the risk of serious cardiac complications. It is generally recommended that

infusions be performed in high-dependency units with continuous ECG monitoring [30].

Baclofen acts by stimulating GABAg receptors, thereby inhibiting both mono- and polysynaptic
reflex transmission at the spinal level. Its chemical structure is analogous to gamma-aminobutyric
acid (GABA), and it exerts antinociceptive effects by reducing pathological reflexes such as muscle
contractions, spasms, and clonus while sparing neuromuscular transmission. Baclofen has shown
superiority to placebo in reducing the number of painful paroxysms in classical trigeminal neuralgia
(CTN) and is considered a level C treatment option (based on limited clinical evidence) alongside

lamotrigine and pimozide [31,32,33]. It may also be used as an add-on therapy when carbamazepine



or oxcarbazepine cannot be up-titrated due to side effects. Its potential efficacy as monotherapy has

been suggested, but the supporting evidence remains limited [32].

Gabapentin is a structural analogue of gamma-aminobutyric acid (GABA), but it does not act
directly on GABA receptors. Instead, it binds to the a26 subunit of voltage-gated calcium channels
in the central nervous system, reducing excitatory neurotransmitter release and neuronal
hyperexcitability. It is commonly used in various neuropathic pain syndromes. However, the current
NICE guidelines for neuropathic pain management recommend gabapentin or pregabalin only for
conditions other than trigeminal neuralgia, emphasizing that first-line treatment for TN remains
carbamazepine or oxcarbazepine. This recommendation reflects the lack of high-quality evidence
supporting gabapentin in the treatment of TN specifically. A Cochrane review concluded that
gabapentin may reduce pain in certain chronic neuropathic conditions [34], although TN-specific
data remain scarce. In clinical practice, gabapentin is sometimes used as an adjunctive agent in
combination with carbamazepine or oxcarbazepine, especially when first-line agents cannot be

titrated to effective doses due to adverse effects [15, 34].

Table 2. Summary of Pharmacological Treatment Options for Trigeminal Neuralgia

Drug Mechanism of Action Clinical Use

Carbamazepine Sodium channel blocker First-line; proven efficacy, but side effects
common

Oxcarbazepine Sodium channel blocker First-line alternative; better tolerated than
CBZ

Lamotrigine Sodium channel blocker; Second-line; useful in refractory and chronic

glutamate inhibition TN

Phenytoin Sodium channel blocker Historical/backup option; narrow therapeutic
range

Baclofen GABA receptor agonist Adjunct in refractory TN, esp. in MS-related
cases

Gabapentin 026 calcium channel modulator Second-/third-line; off-label in TN

Note: For detailed dosing, consult the Summary of Product Characteristics (SmPC) or relevant

treatment guidelines.



5. Surgical Approaches

Surgical treatment is considered in patients with trigeminal neuralgia (TN) in whom
pharmacological therapy fails to provide adequate pain relief or causes significant adverse effects
[35]. The selection of a surgical approach is guided by several factors, including the patient's age,
general health, and the clinical subtype of TN. Available interventions range from invasive
microsurgical decompression to less invasive or non-invasive ablative techniques. Surgical

techniques vary in mechanism of action, success rates, risk profiles, and durability of pain relief.

Microvascular decompression (MVD) is the preferred surgical option for classical TN with
radiological evidence of neurovascular compression. This technique directly targets the presumed
cause of classical TN-vascular compression of the trigeminal nerve root. MVD is a neurosurgical
procedure that involves performing a small craniectomy to access the trigeminal nerve and
decompress the nerve by relieving vascular contact. The offending vessel is gently mobilized and
separated from the nerve using a semirigid Teflon® prosthesis, which is placed between the
structures to prevent further contact and irritation [19]. MVD has demonstrated long-term
effectiveness in the treatment of trigeminal neuralgia, with approximately 70% of patients remaining
pain-free without medication ten years postoperatively. Most recurrences occurred within the first
two years, and the annual recurrence rate dropped to below 1% by the ten-year mark. The procedure
carries a low risk of serious complications, with major adverse events such as mortality and
brainstem infarction occurring in less than 0.3% of cases [20]. Compared to ablative procedures,
MVD results in fewer complications like facial numbness or dysesthesia and allows more patients

to discontinue medications.

Percutaneous techniques are minimally invasive surgical options for trigeminal neuralgia that aim
to create controlled injury to the trigeminal nerve to relieve pain. These include radiofrequency
lesioning, glycerol rhizotomy, and balloon compression, which exert their effects through thermal
(radiofrequency), chemical (glycerol), or mechanical (balloon) mechanisms [2]. All procedures are
performed via the foramen ovale and are less invasive than MVD, with lower rates of perioperative
morbidity and mortality [20]. However, they induce targeted lesions in the nerve, which can
occasionally lead to complications such as anaesthesia dolorosa or keratitis [20]. Among
percutaneous options, radiofrequency rhizotomy appears to offer the highest rates of initial and long-
term pain relief, particularly when performed using a curved electrode and avoiding dense lesions

[21]. Long-term data suggest, however, that recurrence is common: only 20—28% of patients remain
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pain-free after 56 years following radiofrequency or glycerol rhizotomy [20]. Furthermore, sensory
side effects are more frequent than with MVD. In one comparative study, facial numbness occurred
in 75% of patients after radiofrequency rhizotomy, compared to 22% after MVD. Neuropathic facial
pain was also more frequent in the rhizotomy group (37% vs. 13%) [20]. Despite these drawbacks,
radiofrequency rhizotomy remains a preferred first-line surgical treatment for many patients due to
its efficacy, lower morbidity compared to MVD, and cost-effectiveness [21]. Balloon compression
may also be appropriate in select cases. The choice of procedure should be individualized, and
neurosurgeons should be familiar with both percutaneous and posterior fossa techniques to tailor

treatment to the patient's needs [21].

Gamma Knife Radiosurgery (GKRS) is a minimally invasive treatment option for trigeminal
neuralgia (TN), particularly suitable for patients deemed unfit for open surgery due to advanced age,
comorbidities, or personal preference [22]. The procedure involves delivering a high dose of focused
radiation, typically between 70 and 90 Gy, to the trigeminal nerve root entry zone using stereotactic
imaging guidance [22, 36]. Unlike conventional radiotherapy, GKRS delivers a highly focused dose
with rapid fall-off, minimizing exposure to adjacent structures and lowering the theoretical risk of
radiation-induced malignancies [22]. Initial pain relief is reported in approximately 60-80% of
patients, with some series reporting up to 100% short-term success. However, long-term pain control
IS less predictable: recurrence rates average around 25%, and only 30—45% of patients remain pain-
free without medication at 10 years post-treatment [36]. The analgesic effect of GKRS is typically
delayed, with improvements appearing within one to two months after the procedure [36]. GKRS is
generally well tolerated. The most common adverse effects include facial hypesthesia or paresthesia,
reported in 12-50% of patients depending on the exact target and dose parameters [15,36]. Other
complications such as dry eye, dysesthesia, deafferentation pain, or keratitis may occur, especially
if the root entry zone is irradiated rather than the anterior retrogasserian portion of the nerve [36].
Nevertheless, due to its safety profile and patient convenience, GKRS has become an increasingly
utilized option, especially in individuals who cannot undergo or wish to avoid more invasive

interventions [22].
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Table 3. Comparison of Surgical Treatment Options for Trigeminal Neuralgia.

Invasive Relieves vascular compression of Immediate 80-90%

(craniotomy) trigeminal nerve root

Minimally Heat-induced lesion in trigeminal Immediate ~90%
invasive ganglion

Minimally Chemical neurolysis near trigeminal  Delayed ~70—
invasive cistern (days) 90%
Minimally Mechanical compression of Immediate ~80—
invasive trigeminal ganglion 90%
Non-invasive Focused radiation to trigeminal Delayed (1-2 ~60-

nerve root entry zone months) 80%

Note: Recurrence rates vary among surgical modalities, with higher rates generally observed in
non-decompression techniques. Careful patient selection and imaging are critical for optimizing

outcomes.

6. Other and Supportive Treatment Options

Although pharmacological and surgical approaches continue to represent the cornerstone of TN
management, several adjunctive and supportive therapies have emerged to support patients with
refractory TN or contraindications to standard therapies. These methods are particularly valuable in
individuals with persistent symptoms, atypical presentations, or complicating factors such as
medication intolerance.

Botulinum toxin type A (BTX-A) has emerged as a promising non-surgical option for patients with
trigeminal neuralgia (TN) refractory to standard pharmacologic treatments. Multiple open-label
studies and randomized controlled trials have demonstrated that BTX-A significantly reduces both
the intensity and frequency of pain attacks in TN patients who have not responded adequately to
first-line therapies [37,38]. Clinical improvement has been observed as early as a few days after
injection, with the analgesic effect typically lasting several weeks to several months [38]. In a
randomized, double-blind, placebo-controlled trial, 68.2% of patients receiving BTX-A (75 U)
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reported clinically meaningful improvement, compared to only 15% in the placebo group [37].
Another trial comparing two doses (25 U and 75 U) found both to be significantly more effective
than placebo in reducing pain on the visual analog scale, with no significant difference in efficacy
between the two doses [38]. These findings indicate that lower doses may offer substantial benefit
while reducing adverse effects. The mechanism by which BTX-A alleviates neuropathic pain is not
yet fully understood. It is hypothesized that, beyond muscle relaxation, BTX-A reduces peripheral
sensitization and central excitability by inhibiting the release of pain-related neuropeptides,
including glutamate, substance P, and CGRP, from sensory nerve endings [38]. This action likely
contributes to its effectiveness in conditions like TN, where hyperexcitability of the trigeminal
system plays a central role. Injection sites vary depending on the distribution of pain but often
include the subcutaneous tissues of the affected branches, the zygomatic arch, or masseter region
[37,38]. Pain relief is frequently achieved without inducing significant motor impairment, although
mild and transient facial weakness, asymmetry, or local swelling have been reported [37,38]. These
side effects are typically short-lived and well-tolerated by patients. Given its efficacy, favorable
safety profile, and minimal systemic effects, BTX-A is increasingly considered a valuable option
for patients with refractory TN, particularly when systemic medications or invasive procedures are
contraindicated [37,38]. As an off-label therapy, BTX-A should be administered by clinicians

experienced in anatomy of trigeminal nerve and dosing.

Neuromodulation Techniques aim to modulate abnormal pain signaling and offer alternative
options for patients with drug-resistant trigeminal neuralgia. The most widely accessible modality
Is Transcutaneous Electrical Nerve Stimulation (TENS), which applies low-intensity electrical
currents through the skin. Based on the gate-control theory of pain, TENS may attenuate pain
transmission by activating large-diameter afferent fibers. Although evidence remains limited, small
prospective studies have reported meaningful pain relief in more than 80% of TN patients following
2—4 weeks of daily treatment [39]. Its non-invasive nature, low cost, and favorable safety profile
make TENS an attractive adjunctive option. A more invasive technique is Peripheral Nerve
Stimulation (PNS), where electrodes are surgically implanted near branches of the trigeminal nerve.
Several case series have shown significant pain reduction in selected patients with refractory TN,
with some reporting a >70% reduction in pain scores. However, findings across studies are
inconsistent. In the largest retrospective series to date, more than half of patients failed the initial
trial stimulation and did not proceed to permanent implantation [39]. While TENS and PNS offer

potential for pain control in difficult TN cases, current evidence remains insufficient to support
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formal clinical recommendations. Larger prospective studies are needed to confirm their long-term

effectiveness and appropriate patient selection criteria.
7. Summary

This review presents a comprehensive overview of current treatment strategies for trigeminal
neuralgia. First-line treatment relies on sodium channel-blocking anticonvulsants, which are
effective in many cases but often limited by tolerability. For patients who do not respond adequately
to medication, surgical interventions such as microvascular decompression, percutaneous
techniques, and stereotactic radiosurgery offer additional treatment avenues tailored to clinical
subtype and neuroimaging results. Adjunctive approaches, including botulinum toxin injections and
neuromodulation techniques, may be considered in selected refractory cases. Optimal management
requires a structured, patient-specific approach based on diagnosis, symptomatology and treatment

response.

Disclosure

Author Contributions:

Conceptualization: Bartosz Pomirski, Agata Pomirska, Anna Wilewska;
Methodology: Julia Biernikiewicz, Milena Biernikiewicz;

Validation: Agnieszka Borowiec, Julia Biernikiewicz;

Formal Analysis: Konstanty Alabrudzinski, Milena Biernikiewicz;
Investigation: Julia Bierniewicz, Paulina Kwasniewska,;

Resources: Aleksandra Dach, Anna Wilewska;

Data Curation: Agnieszka Borowiec, Kinga Borowiec;

Writing-Rough Preparation: Agata Pomirska,;

Writing-Review and Editing: Agata Pomirska, Bartosz Pomirski;
Visualization: Konstanty Alabrudzinski, Paulina Kwasniewska,
Supervision: Agata Pomirska, Agnieszka Borowiec;

All authors have read and agreed with the published version of the manuscript.
Funding statement: The study received no financial support.
Institutional review board statement: Not applicable.

Informed consent statement: Not applicable.

14



Data availability statement: Not applicable.

Conflict of interest: The authors declare no conflict of interest.

References

[1] Cruccu G, Finnerup NB, Jensen TS, et al. Trigeminal neuralgia. Neurology. 2016;87(2):220-
228. https://doi.org/10.1212/wnl.0000000000002840

[2] Zakrzewska JM, Linskey ME. Trigeminal neuralgia. BMJ. 2014;348(febl7 9):g474.
https://doi.org/10.1136/bmj.g474

[3] Zakrzewska JM, McMillan R. Trigeminal neuralgia: the diagnosis and management of this
excruciating and poorly understood facial pain. Postgraduate Medical Journal.
2011;87(1028):410-416. https://doi.org/10.1136/pgmj.2009.080473

[4] Katusic S, Williams DB, Beard M, Bergstralh EJ, Kurland LT. Epidemiology and clinical
features of idiopathic trigeminal neuralgia and glossopharyngeal neuralgia: similarities and
differences, Rochester, Minnesota, 1945-1984. Neuroepidemiology. 1991;10(5-6):276-281.
https://doi.org/10.1159/000110284

[5] Love S. Trigeminal neuralgia: Pathology and pathogenesis. Brain. 2001;124(12):2347-2360.
https://doi.org/10.1093/brain/124.12.2347

[6] Jannetta PJ. Arterial Compression of the Trigeminal Nerve at the Pons in Patients with
Trigeminal Neuralgia. Journal of Neurosurgery. 1967;26(1part2):159-162.
https://doi.org/10.3171/jns.1967.26.1part2.0159

[7] Obermann M, Yoon M s, Ese D, et al. Impaired trigeminal nociceptive processing in patients
with trigeminal neuralgia. Neurology. 2007;69(9):835-841.
https://doi.org/10.1212/01.wnl.0000269670.30045.6b

[8] Siqueira SRDT, Alves B, Malpartida HMG, Teixeira MJ, Siqueira JTT. Abnormal expression
of voltage-gated sodium channels Navl1.7, Navl.3 and Navl1.8 in trigeminal
neuralgia. Neuroscience. 2009;164(2):573-577.
https://doi.org/10.1016/j.neuroscience.2009.08.037

[9] Truini A, Prosperini L, Calistri V, et al. A dual concurrent mechanism explains trigeminal
neuralgia in patients with multiple sclerosis. Neurology. 2016;86(22):2094-2099.
https://doi.org/10.1212/\WWNL..0000000000002720

15


https://doi.org/10.1212/wnl.0000000000002840
https://doi.org/10.1136/bmj.g474
https://doi.org/10.1136/pgmj.2009.080473
https://doi.org/10.1159/000110284
https://doi.org/10.1093/brain/124.12.2347
https://doi.org/10.3171/jns.1967.26.1part2.0159
https://doi.org/10.1212/01.wnl.0000269670.30045.6b
https://doi.org/10.1016/j.neuroscience.2009.08.037
https://doi.org/10.1212/WNL.0000000000002720

[10] Dilwali S, Mark I, Waubant E. MRI lesions can often precede trigeminal neuralgia symptoms
by years in multiple sclerosis. Journal of Neurology Neurosurgery & Psychiatry.
2022;94(3):189-192. https://doi.org/10.1136/jnnp-2022-330172

[11] Headache Classification Committee of the International Headache Society (IHS) The
International Classification of Headache Disorders, 3rd edition. Cephalalgia. 2018;38(1):1-
211. https://doi.org/10.1177/0333102417738202

[12] Scholz J, Finnerup NB, Attal N, et al. The IASP classification of chronic pain for ICD-11:
chronic neuropathic pain. Pain. 2018;160(1):53-59.
https://doi.org/10.1097/j.pain.0000000000001365

[13] Benoliel R, Svensson P, Evers S, et al. The IASP classification of chronic pain for ICD-11.:
chronic  secondary  headache or  orofacial  pain. Pain.  2018;160(1):60-68.
https://doi.org/10.1097/j.pain.0000000000001435

[14] International Classification of Orofacial Pain, 1st edition (ICOP). Cephalalgia.
2020;40(2):129-221. https://doi.org/10.1177/0333102419893823

[15] Maarbjerg S, Di Stefano G, Bendtsen L, Cruccu G. Trigeminal neuralgia — diagnosis and
treatment. Cephalalgia. 2017;37(7):648-657. https://doi.org/10.1177/0333102416687280

[16] Cruccu G, Di Stefano G, Truini A. Trigeminal neuralgia. New England Journal of Medicine.
2020;383(8):754-762. https://doi.org/10.1056/nejmral914484

[17] Wiffen PJ, Derry S, Moore RA, Kalso EA. Carbamazepine for chronic neuropathic pain and
fibromyalgia in adults. Cochrane Library. 2014;2019(5).
https://doi.org/10.1002/14651858.cd005451.pub3

[18] Cruccu G, Truini A. Refractory trigeminal neuralgia. CNS Drugs. 2012;27(2):91-96.
https://doi.org/10.1007/s40263-012-0023-0

[19] Sindou M, Leston JM, Decullier E, Chapuis F. MICROVASCULAR DECOMPRESSION FOR
TRIGEMINAL NEURALGIA. Operative Neurosurgery. 2008;63(4):341-351.
https://doi.org/10.1227/01.neu.0000327022.79171.d6

[20] Barker FG, Jannetta PJ, Bissonette DJ, Larkins MV, Jho HD. The Long-Term Outcome of
Microvascular Decompression for Trigeminal neuralgia. New England Journal of Medicine.
1996;334(17):1077-1084. https://doi.org/10.1056/nejm199604253341701

16


https://doi.org/10.1136/jnnp-2022-330172
https://doi.org/10.1177/0333102417738202
https://doi.org/10.1097/j.pain.0000000000001365
https://doi.org/10.1097/j.pain.0000000000001435
https://doi.org/10.1177/0333102419893823
https://doi.org/10.1177/0333102416687280
https://doi.org/10.1056/nejmra1914484
https://doi.org/10.1002/14651858.cd005451.pub3
https://doi.org/10.1007/s40263-012-0023-0
https://doi.org/10.1227/01.neu.0000327022.79171.d6
https://doi.org/10.1056/nejm199604253341701

[21] Taha JM, Tew JM. Comparison of surgical treatments for trigeminal neuralgia: Reevaluation
of radiofrequency rhizotomy. Neurosurgery. 1996;38(5):865-871.
https://doi.org/10.1097/00006123-199605000-00001

[22] Guo S, Chao ST, Reuther AM, Barnett GH, Suh JH. Review of the Treatment of Trigeminal
Neuralgia with Gamma Knife Radiosurgery. Stereotactic and Functional Neurosurgery.
2008;86(3):135-146. https://doi.org/10.1159/000120425

[23] Lambru G, Zakrzewska J, Matharu M. Trigeminal neuralgia: a practical guide. Practical
Neurology. 2021;21(5):392-402. https://doi.org/10.1136/practneurol-2020-002782

[24] Bendtsen L, Zakrzewska JM, Abbott J, et al. European Academy of Neurology guideline on
trigeminal  neuralgia. European  Journal  of  Neurology. 2019;26(6):831-849.
https://doi.org/10.1111/ene.13950

[25] Leckband SG, Kelsoe JR, Dunnenberger HM, et al. Clinical Pharmacogenetics Implementation
Consortium guidelines for HLA-B genotype and carbamazepine dosing. Clinical
Pharmacology & Therapeutics. 2013;94(3):324-328. https://doi.org/10.1038/clpt.2013.103

[26] Zakrzewska JM, Chaudhry Z, Nurmikko TJ, Patton DW, Mullens LE. Lamotrigine (Lamictal)
in refractory trigeminal neuralgia: results from a double-blind placebo controlled crossover
trial. Pain. 1997;73(2):223-230. https://doi.org/10.1016/s0304-3959(97)00104-8

[27] Shaikh S, Yaacob HB, Rahman RBA. Lamotrigine for trigeminal neuralgia: Efficacy and safety
in comparison with carbamazepine, Journal of the Chinese Medical Association.
2011;74(6):243-249. https://doi.org/10.1016/].jcma.2011.04.002

[28] Silver M, Blum D, Grainger J, Hammer AE, Quessy S. Double-Blind, Placebo-Controlled Trial
of Lamotrigine in Combination with Other Medications for Neuropathic Pain. Journal of Pain
and Symptom Management. 2007;34(4):446-454.
https://doi.org/10.1016/j.jpainsymman.2006.12.015

[29] Schnell S, Marrodan M, Acosta JN, Bonamico L, Goicochea MT. Trigeminal neuralgia crisis
— intravenous phenytoin as acute rescue treatment. Headache the Journal of Head and Face
Pain. 2020;60(10):2247-2253. https://doi.org/10.1111/head.13963

[30] Kolakowski L, Pohl H, Kleinsorge MT, Wegener S. Phenytoin relieves acute exacerbations of
trigeminal neuralgia: Results of a retrospective case series. Cephalalgia Reports. 2024;7.
https://doi.org/10.1177/25158163241268880

17


https://doi.org/10.1097/00006123-199605000-00001
https://doi.org/10.1159/000120425
https://doi.org/10.1136/practneurol-2020-002782
https://doi.org/10.1111/ene.13950
https://doi.org/10.1038/clpt.2013.103
https://doi.org/10.1016/s0304-3959(97)00104-8
https://doi.org/10.1016/j.jcma.2011.04.002
https://doi.org/10.1016/j.jpainsymman.2006.12.015
https://doi.org/10.1111/head.13963
https://doi.org/10.1177/25158163241268880

[31] Gronseth G, Cruccu G, Alksne J, et al. Practice Parameter: The diagnostic evaluation and
treatment of trigeminal neuralgia (an evidence-based review). Neurology. 2008;71(15):1183-
1190. https://doi.org/10.1212/01.wnl.0000326598.83183.04

[32] Cruccu G, Gronseth G, Alksne J, et al. AAN-EFNS guidelines on trigeminal neuralgia
management. European Journal of Neurology. 2008;15(10):1013-1028. d0i:10.1111/j.1468-
1331.2008.02185.x

[33] Fromm GH, Terrence CF, Chattha AS. Baclofen in the treatment of trigeminal neuralgia:
Double-blind study and long-term follow-up. Annals of Neurology. 1984;15(3):240-244.
https://doi.org/10.1002/ana.410150306

[34] Wiffen PJ, Derry S, Bell RF, et al. Gabapentin for chronic neuropathic pain in adults. Cochrane
Library. 2017;2020(2). https://doi.org/10.1002/14651858.cd007938.pub4

[35] Kolakowski L, Pohl H, Stieglitz L, et al. Interdisciplinary strategies for diagnosis and treatment
of trigeminal neuralgia. Schweizerische Medizinische Wochenschrift. 2024;154(7):3460.
https://doi.org/10.57187/s.3460

[36] Tuleasca C, Régis J, Sahgal A, et al. Stereotactic radiosurgery for trigeminal neuralgia: a
systematic review. Journal of Neurosurgery. 2018;130(3):733-757.
https://doi.org/10.3171/2017.9.jns17545

[37] Wu CJ, Lian YJ, Zheng YK, et al. Botulinum toxin type A for the treatment of trigeminal
neuralgia: results from a randomized, double-blind, placebo-controlled trial. Cephalalgia.
2012;32(6):443-450. https://doi.org/10.1177/0333102412441721

[38] Zhang H, Lian Y, Ma Y, et al. Two doses of botulinum toxin type A for the treatment of
trigeminal neuralgia: observation of therapeutic effect from a randomized, double-blind,
placebo-controlled  trial. The Journal of Headache and Pain. 2014;15(1).
https://doi.org/10.1186/1129-2377-15-65

[39] Lamsal R, Rath GP. Neuromodulation in trigeminal neuralgia. In: Springer eBooks. ; 2019:187-
193. https://doi.org/10.1007/978-981-13-2333-1 24

18


https://doi.org/10.1212/01.wnl.0000326598.83183.04
https://doi.org/10.1111/j.1468-1331.2008.02185.x
https://doi.org/10.1111/j.1468-1331.2008.02185.x
https://doi.org/10.1002/ana.410150306
https://doi.org/10.1002/14651858.cd007938.pub4
https://doi.org/10.57187/s.3460
https://doi.org/10.3171/2017.9.jns17545
https://doi.org/10.1177/0333102412441721
https://doi.org/10.1186/1129-2377-15-65
https://doi.org/10.1007/978-981-13-2333-1_24

