
Treatment Options in Trigeminal Neuralgia an Update

ABSTRACT

Trigeminal neuralgia(TN) is a severe unilateral paroxys¬mal facial pain that causes intense distress and often compromises the 
quality of life of the patient. The aetiology and pathophysiology of TN is still not clear. Numerous treatment options for TN are 
available. Medical therapy is the first choice and surgical modalities are used only when medical therapy fails. The challenge lies 
in assessing and selecting the treatment which best fits each patient. This article reviews the various treatment options available 
for trigeminal neuralgia.
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Trigeminal Nöraljide Tedavi Seçenekleri

ÖZET

Trigeminal nevralji (TN) hastanın yaşam kalitesini düşüren şiddetli, unilateral, paroksismal baş ağrısıdır. Etiyolojisi ve patofi-
zyolojisi henüz tam olarak bilinmemektedir. Tedavisinde çok sayıda seçenek mevcuttur. Medikal tedaviler ilk tercihtir, cerrahi 
yöntemler ancak medikal tedavilere cevap alınamadığı durumlarda düşünülmelidir. Her hasta için tedavi yöntemi durumuna göre 
belirlenmelidir. Bu makalede trigeminal nevralji ve güncel tedavi seçenekleri gözden geçirildi.

Anahtar kelimeler: Trigeminal nöralji, botilium toksin, mikrovasküler dekompresyon, radyofrekans ablasyon
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INTRODUCTION

Trigeminal neuralgia (TN) is a unilateral disorder charac-
terized by brief electric shock-like pains, abrupt in on-
set and termination, limited to the distribution of one 
or more divisions of the trigeminal nerve(1). The pain is 
severe, lancinating and is triggered by cutaneous stimuli. 
Simple stimuli like breeze on the face to daily activities 
such as talking, brushing, chewing food, washing the face 
can trigger the pain. Pain is episodic with spontaneous re-
missions.   The clinical presentation and the factors trig-
gering the pain are well known  ,but the pathophysiology 
is still not clear. Trigeminal Neuralgia(TN)  is  classified 
into two types based on the etiology (1).

Primary or idiopathic TN.This type is not associated with a 
clear cause and there is no underlying neurologic disease. 
Symptomatic-This type is associated with an underlying 
cause such as Multiple sclerosis, tumor or cyst. TN associ-
ated with vascular compression is generally classified as 
primary. From a clinical viewpoint TN is  classified  into 
typical and atypical TN.TN is considered  typical when 
only paroxysmal pain is present and atypical when both 
paroxysmal and constant pain is present (6,7). Various 
etiological factors have been proposed which include

Neurovascular compression

Evidence suggests that  about 80-90% of cases that are 
technically classified as idiopathic are caused by   com-
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pression of trigeminal nerve close to its exit from the 
brain stem by  an aberrant loop of artery or vein (2,3). 
Compression is at the root entry zone, where axons are 
coated with central nervous system myelin, rather than 
peripheral nerve myelin. Symptomatic TN is associated 
with an identifiable  lesion such as a benign intracranial 
tumor or cyst or multiple sclerosis (2,3) and constitute 
about 10 -15% of the patients of TN.

Multiple sclerosis 

Demyelination of the trigeminal root by the MS plaques 
and  ephaptic transmission in the nerve lead to TN (3). 

Tumor and Cyst

Tumoral compression  of the nerve root or vascular com-
pression of the root  by a displaced vessel have been 
proposed as the causative mechanisms(4). Other factors 
cited  are  Diabetes mellitus, HSV infection, and  allergy, 
but the mechanism is not clear (5). 

Diagnosis

Trigeminal neuralgia is essentially a clinical diagnosis. 
The International headache society diagnostic criteria for 
classic trigeminal neuralgia are as follows (1).

ClassicTN

• Paroxysmal attacks of pain lasting from a fraction of a 
second to two minutes that affect one or more divisions 
of the trigeminal nerve

• Pain has at least one of the following characteristics 
intense, sharp, superficial, or stabbing precipitated from 
trigger areas or by trigger factors

• Attacks are similar in individual patients

• No neurological deficit is clinically evident

• Not attributed to another disorder.

Symptomatic TN

All the diagnostic  criteria are the same as Classic TN 
except  that  a causative lesion, other than vascular com-
pression, should be  demonstrated by special investiga-
tions and/or posterior fossa  exploration (6,1).

Investigations

There are no specific investigations for the diagnosis of 
TN however, radiographs of the teeth , temporomandibu-
lar joint  can help in ruling out other causes of facial pain 
(8,9). Magnetic resonance  imaging is useful in evaluating 

patients with TN by facilitating identification of multiple 
sclerosis or masses compressing  the trigeminal nerve 
(10,11).        

Management

Trigeminal neuralgia is not a life threatening condition, 
but pain associated is severe. During the episodes patient 
may   be unable to talk, eat and interact normally. Even 
between the episodes  ,the patient remains  fearful of 
initiating the pain (8,12). This severely  affects  the physi-
cal and emotional quality of life (13) and  leads to.

• Impairment in daily function.

• Fear

• Anxiety 

• Depression 

It was once called the “suicide disease” because of the 
depression and associated suicidal tendencies. Thus 
all the patients diagnosed with TN should be treated 
promptly .The goals of management should include 

1. Sustained pain relief            

2.Improvement of quality of life.

Management of this condition   is both challenging and 
frustrating to the physician. Assessment of pain is the 
first step in the management. Use of a good assessment 
tool to evaluate outcome measures is important initially 
and further to determine the efficacy of interventions. 
Quality of life should also be assessed before and during   
the treatment. The choice of pain scale depends on pa-
tient ability, the time available and experimental design.

VAS has been demonstrated to be an easy to use, sensitive 
and reproducible pain scale for assessment of pain and to 
assess the effectiveness of medical and surgical therapies, 
but the limitation is that it measures pain only in a single 
dimension (6). The McGill Pain Questionnaire (MPQ) is the 
most widely used multidimensional pain assessment in-
strument, providing adjectives describing various sensory 
qualities. The MPQ emphasizes the difference between 
pain syndromes and can be used as an aid to diagnosis. 
Short form of McGill pain questionnaire   is easy to use 
,less time consuming and equally effective as the MPQ 
(6).Barrow neurological institute pain intensity score is a 
composite scale and has been recommended as a simple 
and reliable scale in Trigeminal neuralgia (14). Chen  et al. 
created a new  pain assessment tool- BPI–Facial  and rec-
ommended it  is a useful instrument to measure pain and  
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in  the assessment of treatment outcomes in patients with 
trigeminal neuralgia (15). There are numerous treatment 
modalities available but medical management remains 
the first choice. Surgical options are given   only when 
pharmacotherapy fails or if severe side effects develop.                                                                                                                                         
Pharmacotherapy

Trigeminal neuralgia continues to be best managed us-
ing anticonvulsant drugs, the primary ones being carba-
mazepine and oxcarbazepine(8,16-23). Carbamazepine 
is the  is the first line drug  in the management  of TN. 
Several studies and systematic reviews have shown that 
this is the most effective drug in trigeminal neuralgia.It is 
considered the gold standard drug in treatment of symp-
toms of Trigeminal neuralgia (8,16,18,20-25,26-30). The 
advised dosage is 200-1200 mg/day according to the cur-
rent evidence based guidelines (18,21). Side effects such 
as drowsiness, dizziness and ataxia  have been reported 
with the use of carbamazepine (31).There is a high rate 
of occurrence of severe hypersensitivity reactions (what 
is the rate?) including Stevens Johnson Syndrome and 
Toxic Epidermal Necrolysis (TEN) with the use of carba-
mazepine. The rates are   high among   people of Asian 
origin(32)and is reported  in   association with the ex-
pression of HLA B*1502 allele (33-35).  The FDA has   rec-
ommended for screening of the HLA B*1502 allele for all 
people of Asian origin before initiating treatment with 
carbamazepine. It recommended that those Asians who 
tested positive for the allele should avoid exposure to 
carbamazepine (36).CBZ can induce the syndrome of in-
appropriate antidiuretic hormone (SIADH) and  lead to 
hyponatremia (37,38).  Carbamazepine should be started  
or stopped by changing the dose in increments over sev-
eral days to reduce side effects. (23)  A complete blood 
count, blood electrolytes ,liver and renal function tests, 
are important before starting CBZ therapy and should be 
monitored periodically during the treatment (24).

Oxcarbazepine a prodrug of carbamazepine has been 
shown to have equal efficacy but with less side effects 
and better tolerance (18,23,30,39). In a review of 3 RCTs 
it was found that reduction in attacks were similar with 
CBZ and oxcarbazepine (40). Studies on Oxcarbazepine 
monotherapy in patients not responding to CBZ found 
that it is a good and safe alternative (39,41).  At present 
it is the first line of treatment for trigeminal neuralgia  
in Scandinavian countries  and second line after carba-
mazepine in North America (39). The  advised dosage 
range is 600-1800mg/day(18,21,39). A notable side effect 
is hyponatremia, up to 30% was reported in a study by 

Zakrzewska et al.(39), but similar studies reported lesser 
incidence. Nausea, vomiting, dizziness and somnolence 
are the other side effects reported.  . 

First line   therapy fails      →    second line therapy

(Adverse effects, Tolerance)

The  second line therapy is based on very low quality evi-
dence (23). Lamotrigine is an anticonvulsant drug which 
is used for add on therapy when the first line treatment 
fails. Lamotrigine was used as add on medication in a 
double blind placebo controlled trial  and evaluations  
suggested that patients did better on Lamotrigine than 
placebo (42). Shaikh et al., in 2010 compared the efficacy 
and safety of Lamotrigine  to carbamazepine in an open 
crossover clinical trial and concluded that LTG is more 
effective and safer than CBZ (43). The maximum  dos-
age is up to 400mg/day . Skin rashes are the most severe 
side effect reported. Other side effects reported are nau-
sea, dizziness constipation, drowsiness (42-44). The main 
disadvantage is that the dosage of Lamotrigine must be 
escalated slowly to avoid rashes and so cannot be used       
for acute management. It is considered most effective for 
long term control of moderate pain(42-44).

Baclofen is a GABAb receptor agonist and it acts by de-
pressing excitatory neurotransmission. Steardo L et al., 
conducted a clinical trial in pain conditions including 
trigeminal neuralgia and the  results substantiate that 
Baclofen is useful in the treatment of trigeminal neu-
ralgia and other painful conditions (45). Parmar et al., 
studied  the effect of Baclofen on twenty patients with 
trigeminal neuralgia  and concluded that the  action of 
this drug is similar to that of carbamazepine and has  less 
undesirable side-effects (46). Fromm et al. reviewed 3 
studies on the use of Baclofen in trigeminal neuralgia. 
The results indicated that Baclofen is a useful drug in the 
treatment of trigeminal neuralgia (47).  The initial dose 
required is 10mg  , 3 times daily and the maintenance 
dose required is 50-60mg/day (24,45).

Gabapentin 900-3600 mg/day (48) and Pregabalin 150-
600mg/day (49) are effective  in neuropathic pains but 
evidence available for use in trigeminal neuralgia is 
minimal (23,24,50).  Amytriptylline is an antidepressant 
drug effective in neuropathic pain. It is the second most 
commonly prescribed drug for  trigeminal neuralgia in 
Britain (51). Other drugs   that have been used include, 
Topiramate-100-400mg/day (52),Tizanidine-10mg/day  
(53), and topical capsaicin (54). Peripheral trigeminal 
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nerve block may be used as an adjunct to pharmacother-
apy to achieve immediate and intermediate-term pain 
relief. A number of agents have been used including 60% 
alcohol, 10% phenol and glycerol 2%.Elderly patients who 
are refractory to pharmacotherapy but unwilling to un-
dergo trigeminal nerve intervention may be offered this 
procedure. The treatment is safe and provides immediate 
symptom relief. The effect is only temporary and the du-
ration of relief depends on the agent used (55). 

Botulinum toxin type A (BoNT/A) is a new drug used effec-
tively in pain management. It inhibits the release of ace-
tylcholine from the neuromuscular junction and blocks 
the  release of neurotransmitters like substance P and 
CGRP(56).Piovesan et al., in2005 in an open   trial  used 
BoNT/A for TN in 13 patients and concluded that it is an 
effective treatment with minimal side effects (57).Other 
open studies carried out also concluded that it could be 
a useful adjunctive tool in the management of trigemi-
nal neuralgia (58-60). The toxin is injected in the trigger 
zones. The dosage used   is 20 to 100 units. The side ef-
fects noted were  facial wrinkles and transient weakness 
in the muscles of the region (57-60). The consensus on 
the effectiveness of Botulinum toxin type An in TN is not 
clear. More randomized controlled studies are required.

Surgical treatment options.

Surgical treatment is generally reserved for patients with 
debilitating pain refractory to a trial of  at least   three 
drugs which should include   carbamazepine (17). The 
medical status and the biological age of the patient also 
should be considered before surgery is adviced (30). Side 
effects  and contraindications of the medication may also 
be the reason for considering surgery (17,30). Studies 
measuring quality of life have shown that outcomes were 
best  in patients who underwent surgical management 
and suggested  that surgery should be considered ear-
lier in all patients of TN (61,62). Presently there is no 
standardized protocol available to determine the optimal 
timing for a surgical intervention. Various surgical options 
available are 

1. Peripheral neurectomy.

2. Ablative procedures

            Radiofrequency ablation. 

•	 Balloon Compression.

•	 Glycerol Injection. 

•	 Radio surgery-Gamma knife surgery

3. Open procedures

•	  Microvascular Decompression.

•	  Trigeminal root section. .

The decision to use a specific surgical approach should be 
based on the clinical presentation, age and medical sta-
tus of the patient. The class of evidence available for the 
efficacy of most neurosurgical procedures for trigeminal 
neuralgia is low because of the poor quality of the trials. 
All procedures produce variable pain relief, but most   re-
sult in sensory side effects. There is very little evidence 
to help in comparative decision making about the best 
surgical procedure (23,63) MR imaging  is not helpful in 
selecting patients for a particular surgery (11). Ablative 
procedures on the gasserion ganglion intentionally de-
stroy the trigeminal nerve function.They are done under 
short acting anaesthesia, and are minimally invasive. 

Radiofrequency ablation is a procedure by which a con-
trolled dose of electric stimulation is delivered to the 
gasserion ganglion. It is done at 60oC for 60 seconds under 
local anesthesia and a short intravenous analgesia (64). 
This destroys nerve fibers in the ganglion. In a follow up 
study of 1600 patients, who underwent radiofrequency 
ablation acute pain relief was achieved in 97.6% of pa-
tients and complete pain relief in 57.7%  at 5 years (65).
The  mean time of recurrence of pain is  reported as  36-
40 months. A significant drop in depression and anxiety 
were also noted post-operatively(66). Most of the trials 
report a recurrence rate of 15- 25% (13,65,67) but the 
procedure can be easily repeated.  Complications report-
ed are diminished corneal reflex, masseter weakness and 
paralysis, dysesthesia, anesthesia dolorosa, and transient 
paralysis of Cranial Nerves III and VI. (65)There are no 
vital hazards for the patients  reported (64). 

Percutaneous glycerol rhizotomy (PGR) is a procedure 
by which nerve fibers in the gasserion ganglion are dam-
aged by injecting glycerol into the trigeminal cistern. In 
a long term follow up study the immediate success rate 
of the procedure was found to be 97.1% and the long-
term success rate was 81.18% (68). No serious side effects 
other than mild sensory loss and dysesthesia   were ob-
served (67,69,70). Percutaneous balloon compression is a 
mechanical destructive technique by which the nerve is 
damaged by compression with an inflatable balloon.  Best 
results  for balloon compression has been reported for 
TNin older patients,  in TN associated with  multiple scle-
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rosis and neuralgia involving the V1 territory of trigemi-
nal nerve  (71). It is also a useful treatment for patients 
with recurrent TN who have already been treated surgi-
cally (72). The risks reported  are ipsilateral pterygoid 
muscle paralysis,corneal anaesthesia and anaesthesia do-
lorosa (72). Percutaneous procedures are the  preferred 
choice in elderly  and  in patients who are not suitable 
candidates or are not willing to undergo microvascular 
decompression (10). Adequate  controlled trials and com-
parative studies are not available ,however observational 
evidence suggests that radiofrequency thermocoagula-
tion may offer higher rates of pain relief than other per-
cutaneous procedures (23)

Gamma knife radio surgery (GKS) has been in use for 
treatment of pain for  many years (73). Gamma knife sur-
gery involves irradiation of small volume targets inside of 
the cranium  with high dose radiation in a single session. 
The optimal dose used for TN is 70-80gy (14,74). Rogers 
et al.,in  a follow up study found that radio surgery is  an 
effective treatment in TN and  is the least invasive non 
pharmacologic procedure(14). Lopez et al., in a review 
of studies on radiosurgery in TN concluded that the out-
comes are comparable to other ablative techniques and 
is best used as a primary procedure (75,14). Dhople et 
al., in one of the longest follow up study of  TN patients 
treated with GKS found high rates of initial pain relief, 
when performed as a primary procedure (76). Park et al., 
found no significant differences in radiation dose, time 
to initial response, recurrence or pain relief when GKS 
was used as a primary  or a secondary procedure for idio-
pathic TN (77). Some studies report  higher  failure rate   
when GKS is performed as a secondary procedure (76,78). 
It was also found to be an  effective treatment option for 
trigeminal neuralgia patients with multiple sclerosis (79), 
but the  study was based on a small group of patients.  
Mild facial sensory changes are the commonly reported 
side effects (18,76,21,14).  Low rates of complications, 
high success rates and patient satisfaction allows GKS 
to be increasingly used as primary intervention for tri-
geminal neuralgia(6,1,80). The main disadvantages are 
delayed onset of pain relief and  high treatment expense 
(81)

Microvascular decompression (MVD) of the nerve root is 
considered a well established and superior method of 
choice among the neurosurgical procedures TN (82,83)
MVD is based on the  observation of an abnormal rela-
tionship between the trigeminal nerve and an adjacent 
vessel in several patients with TN (24,84).There are no 

clinically important results from RCTs about microvascu-
lar decompression (23),but consensus suggests MVD  is a 
safe and effective procedure to relieve TN (83,61) It is 
effective in immediate and long term, sustained relief of 
pain in TN (17,23,82,84). It has been suggested that MVD  
should be proposed as the first choice among surgeries 
to the patients with. In this surgery an abnormal imping-
ing vessel is identified and separated from the trigeminal 
nerve root. The main advantages are that it treats pri-
mary etiology of the disease and the trigeminal  nerve 
is not damaged, but MVD has all the disadvantage of an 
open surgical procedure. MVD carries a success rate of 75 
to 80% over three to five years and approximately 50% in 
three years (84). A mean pain free period of 28 months  
has been reported (61). The experience of the surgeon 
reduces the number of negative results considerably (85)  
and can be the least costly approach in the long term 
(82).

Trigeminal root section is also an open surgical procedure 
done via a posterior fossa craniectomy.This is rarely done 
nowadays. It is a last-resort procedure for patients in 
whom no impinging vessel is found during microvascular 
decompression surgery or in whom TN has recurred after  
repeated percutaneous procedures (24).

Trigeminal neuralgia is a chronic pain disorder which 
has a serious impact on the quality of life of patients.
Treatment of the disease is imperative once diagnosed.
Medical management remains the treatment of choice.
Carbamazepine is the most effective drug till date. 
Surgical options are at present considered only when 
pharmacotherapy fails or when there is a surgically reme-
diable cause. Presently there is no standardized protocol 
available   to   determine the optimal timing for a surgical 
intervention in a patient. Inability to conduct adequate 
controlled trials to test new drugs or compare the avail-
able treatment options is the problem which plagues re-
search in TN.As a consequence the point at which the 
patient should be offered different treatment options is 
not clear. Since it is difficult to carry out strict controlled 
trials, other forms of evidence should also be taken into 
consideration in TN. Other than pain control, the quality 
of life of the patient should also a play an important role 
in selecting various treatment options available.



Eur J Gen Med 2014;11(3): 209-216

Treatment options of trigeminal neuralgia.

214

REFERENCES

1.	 Headache classification subcommittee of the International 
Headache Society. The International Classification of 
Headache Disorders. Cephalalgia 2nd edition 2004;24(sup-
pl 1):1-150.

2.	 Nurmikko TJ EP. Trigeminal neuralgia-pathophysiology 
and current treatment. Br J Anaesthesia 2001:117-32.

3.	 Love S CH. Trigeminal neuralgia-pathology and pathogen-
esis. Brain 2001;124:2347-60.

4.	 Apfelbaum RI. Surgery for tic douloureux. Clin Neurosurg 
1983;31:351-368.

5.	 Toda K. Etiology of Trigeminal Neuralgia Oral Science. 
International 2012;4(1):10-8.

6.	 Greenberg MS GMSJ. Burket's Oral Medicine, 2008;11th 
edition-.

7.	 Joffroy A, Levivier M, Massager N. Trigeminal neural-
gia. Pathophysiology and treatment. Acta Neurol Belg 
2001;101:20-5.

8.	 Benetto L, Patel NK, Fuller, G. Trigeminal neuralgia and 
its management. BMJ 2007;334(7586):201-5.

9.	 Merrill RL and Graff-Radford SB. Trigeminal neuralgia: 
how to rule out the wrong treatment. J Am Dent Assoc 
1992;123:63-8.

10.	 Emril DR, Ho KY. Treatment of trigeminal neuralgia: role 
of radiofrequency ablation. J Pain Res 2010;3:249-54.

11.	 Hutchins LG, Harnsberger HR, Jacobs JM, Apfelbaum RI. 
Trigeminal neuralgia (tic douloureux): MR imaging assess-
ment. Radiology 1990;175:837-41.

12.	 Cheshire WP.  Trigeminal neuralgia feigns the terrorist.
Cephalalgia 2003;23: 230-231.

13.	 Zakrzewska JM, Thomas DG. Patient's assessment of 
outcome after three surgical procedures for the man-
agement of trigeminal neuralgia Acta Neurochir.(Wien) 
1993;122:225-30.

14.	 Rogers CL, Shetter AG, Fielder AJ. Gamma knife radio-
surgery for trigeminal neuralgia:the initial experience of 
the Barrow Neurological institute. Int J Radiat Oncol Biol 
Phys 2000;47:1013-9.

15.	 Chen HI Lee JY. The measurement of pain in patients with 
trigeminal neuralgia. Clin Neurosurg 2010;57:129-33.

16.	 Cheshire WP. Trigeminal neuralgia: diagnosis and treat-
ment. Curr Neurol Neurosci Rep 2005;5:79-85.

17.	 Cheshire WP. Trigeminal Neuralgia:for one nerve a multi-
tude of treatments. Expert Rev Neurother 2007;7:1565-79.

18.	 Cruccu G, Gronseth G, Alksne J, et al. AAN-EFNS guide-
lines on trigeminal neuralgia management Eur J Neurol 
2008;15:1013-28.

19.	 Fields HL. Treatment of trigeminal neuralgia. N Engl J 
Med 1996;334:1125-6.

20.	 Fisher A, Zakrzewska JM, Patsalos PN. Trigeminal neural-
gia: current treatments and future developments. Expert 
Opin Emerg Drugs 2003;8:123-43.

21.	 Gronseth G, Cruccu G, Alksne J, et al. Practice param-
eter: the diagnostic evaluation and treatment of tri-
geminal neuralgia (an evidence-based review): report 
of the Quality Standards Subcommittee of the American 

Academy of Neurology and the European Federation of 
Neurological Societies. Neurology 2008;71:1183-90.

22.	 Zakrzewska JM, Lopez BC. Trigeminal neuralgia Clin Evid 
2005:1669-77.

23.	 Zakrzewska JM, Linskey ME. Trigeminal neuralgia. Clin 
Evid 2009;12: 1207.

24.	 Liu JK and Apfelbaum RI. Treatment of trigeminal neural-
gia. Neurosurg Clin N Am 2004;15:319-34.

25.	 Zakrzewska JM, McMillan R. Trigeminal neuralgia: the di-
agnosis and management of this excruciating and poorly 
understood facial pain. Postgrad Med J 2011;87:410-6.

26.	 Jorns TP, Zakrzewska JM. Evidence-based approach to 
the medical management of trigeminal neuralgia. Br J 
Neurosurg 2007;21:253-61.

27.	 Zakrzewska JM, Lopez BC. Trigeminal neuralgia. Clin Evid 
2006:1827-35.

28.	 Zakrzewska JM. Medical management of trigeminal neu-
ralgia. Br Dent J 1990;169:112.

29.	 Chole R, Patil R, Degwekar SS, Bhowate RR. Drug treat-
ment of trigeminal neuralgia: a systematic review of the 
literature. J Oral Maxillofac Surg 2007;65:40-45.

30.	 Obermann M. Treatment options in trigeminal neuralgia. 
Ther Adv Neurol Disord 2010;3:107-15.

31.	 Wiffen PJ MHMRA.  Carbamazepine for acute and chronic 
pain.  Cochrane Database Syst Rev 2005;(3):CD005451-.

32.	 Singh G. Do no harm - But first we need to know more: 
The case of adverse drug reactions with antiepileptic 
drugs. Neurol India; 2011;59:53-8.

33.	 Locharernkul C, Loplumlert J, Limotai C, et al.  
Carbamazepine and phenytoin induced Stevens-Johnson 
syndrome is associated with HLA-B*1502 allele in Thai 
population. Epilepsia 2008;49:2087-91.

34.	 Tassaneeyakul W, Tiamkao S, Jantararoungtong T, et al.  
Association between HLA-B*1502 and carbamazepine-in-
duced severe cutaneous adverse drug reactions in a Thai 
population. Epilepsia 2010;51:926-30.

35.	 Mehta TY, Prajapati LM, Mittal B, et al. Association of 
HLA-B*1502 allele and carbamazepine-induced Stevens-
Johnson syndrome among Indians. Indian J Dermatol 
Venereol Leprol 2009;75:579-82.

36.	 Ferrell PB Jr MHL.  Carbamazepine, HLA-B*1502 and 
risk of Stevens-Johnson syndrome and toxic epidermal 
necrolysis: US FDA recommendations. Pharmacogenomics 
2008;9:1543-6.

37.	 Van Amelsvoort T, Bakshi R, Devaux CB, Schwabe S. 
Hyponatremia associated with carbamazepine and oxcar-
bazepine therapy: a review. Epilepsia 1994;35(1):181-8.

38.	 Krysiak R OB. Carbamazepine-induced hyponatremia. Pol 
Arch Med Wewn 2002;117(4):73-5.

39.	 Zakrzewska JM and Patsalos PN. Oxcarbazepine: a new 
drug in the management of intractable trigeminal neural-
gia J Neurol Neurosurg Psychiatry 1989;52:472-6.

40.	 Beydoun.A. Safety and efficacy of oxcarbazepine:results 
of  randomized,double blind trials. Pharmacotherapy 
2000; 20(8pt2):152s-8s.

41.	 Arguelles G J M Dorado R, Sepulveda J M. Oxcarbazepine 



Eur J Gen Med 2014;11(3): 209-216

Sreenivasan et al.

215

monotherapy in carbamazepine unresponsive trigeminal 
neuralgia. J Clin Neurosci 2008;15:516-9.

42.	 Zakrzewska JM, Chaudhry Z, Nurmikko TJ, Patton DW, 
Mullens EL. Lamotrigine (lamictal) in refractory trigemi-
nal neuralgia: results from a double-blind placebo con-
trolled crossover trial Pain 1997;73:223-0.

43.	 Shaikh S Yaacob HB, Abd Rahman RB. Lamotrigine for tri-
geminal neuralgia: efficacy and safety in comparison with 
carbamazepine. J Chin Med Ass 2011;74(6):243-9.

44.	 Benetto L, Patel NK, Fuller G. Trigeminal neuralgia and 
its management. BMJ 2007;334:201-5

45.	 Steardo L Leo A, Marano E. Efficacy of baclofen in tri-
geminal neuralgia and some other painful conditions. A 
clinical trial. Eur neurol 1985;23(1):51-5.

46.	 Parmar BS Shah KH, Gandhi IC. Baclofen in trigeminal 
neuralgia--a clinical trial. Indian J Dent Res 1989:109-13.

47.	 Fromm GH, Terrence CF, Chattha AS. Baclofen in the 
treatment of trigeminal neuralgia: double-blind study 
and long-term follow-up. Ann Neurol 1984;15:240-4.

48.	 Carrazana EJ and Schachter SC. Alternative uses of la-
motrigine and gabapentin in the treatment of trigeminal 
neuralgia Neurology 1998;50:1192-.

49.	 Obermann M, Yoon MS, Sensen K, Maschke M, Diener HC, 
Katsarava Z. Efficacy of pregabalin in the treatment of 
trigeminal neuralgia. Cephalalgia 2008;28:174-81.

50.	 Mark Obermann. Treatment options in Trigeminal 
Neuralgia. Ther Adv Neurol Disord 2010;3(2):107-15.

51.	 Hall GC, Carroll D, McQuay HJ. Primary care incidence and 
treatment of four neuropathic pain conditions: A descrip-
tive study, 2002–2005. BMC Family Practice 2008;9:26-35.

52.	 Domingues RB, Kuster GW, Aquino CC. Treatment of 
trigeminal neuralgia with low doses of topiramate Arq 
Neuropsiquiatr 2007;65:792-4.

53.	 Vilming ST, Lyberg T, Lataste X. Tizanidine in the manage-
ment of trigeminal neuralgia. Cephalalgia 1986;6:181-2.

54.	 Epstein JB, Marcoe JH. Topical application of capsaicin 
for treatment of oral neuropathic pain and trigeminal 
neuralgia Oral Surg Oral Med Oral Pathol 1994;77:135-40.

55.	 Fardy MJ, Zakrzewska JM, Patton DW. Peripheral surgical 
techniques for the management of trigeminal neuralgia-
-alcohol and glycerol injections Acta Neurochir (Wien). 
1994;129:181-4.

56.	 Mense S. Neurobiological basis for the use of botulinum 
toxin in pain therapy. J Neurol 2004;251 suppl 1:1-1/7.

57.	 Piovesan EJ, Teive HG, Kowacs PA, Della Coletta MV, 
Werneck LC, Silberstein SD. An open study of botulinum-
A toxin treatment of trigeminal neuralgia Neurology 
2005;65:1306-8.

58.	 Zakrzewska JM, Cohen J, Brown J, Alksne J, Gemillion H, 
Linskey M, Sirois D, Pollock B. An open study of botuli-
num-A toxin treatment of trigeminal neuralgia Neurology 
2006;66:1458-9.

59.	 Zuniga C DS. Beneficial effects of botulinum toxin type A in 
trigeminal neuralgia Arq Neuropsiquiatr 2008;66(3A):500-3.

60.	 Türk U, Ilhan S, Alp R, Sur H. Botulinum toxin and trigemi-
nal neuralgia. Clinical Neuropharmacol 2005;28(4):161-2.

61.	 Zakrzewska JM and Patsalos PN. Long-term cohort 
study comparing medical (oxcarbazepine) and surgical 
management of intractable trigeminal neuralgia. Pain 
2002;95:259-66.

62.	 Spatz AL, Zakrzewska JM, Kay EJ. Decision analysis of 
medical and surgical treatments for trigeminal neural-
gia: how patient evaluations of benefits and risks affect 
the utility of treatment decisions. Pain 2007;131:302-10.

63.	 Zakrzewska JM and Akram H. Neurosurgical interven-
tions for the treatment of classical trigeminal neuralgia. 
Cochrane Database Syst Rev 2011;9:CD007312-.

64.	 Reber M and Husag L. The current treatment of trigeminal 
neuralgia. Experience in 162 thermorhizotomies Schweiz. 
Rundsch Med Prax 1992;81:1565-73.

65.	 Kanpolat Y, Savas A, Bekar A, Berk C. Percutaneous con-
trolled radiofrequency trigeminal rhizotomy for the treat-
ment of idiopathic trigeminal neuralgia: 25-year experi-
ence with 1,600 patients. Neurosurgery 2001;48:524-32.

66.	 Zakrzewska JM, Jassim S, Bulman JS. A prospective, lon-
gitudinal study on patients with trigeminal neuralgia 
who underwent radiofrequency thermocoagulation of the 
Gasserian ganglion. Pain 1999;79:51-8.

67.	 Guin PR. Radiofrequency lesions-a treatment for trigemi-
nal neuralgia. J Neurosurg Nurs 1982;14:192-4.

68.	 Chen L, Xu M, Zou Y. Treatment of trigeminal neuralgia 
with percutaneous glycerol injection into Meckel's cav-
ity: experience in 4012 patients Cell Biochem. Biophys 
2010;58:85-9.

69.	 Frank F and Fabrizi AP. Percutaneous surgical treat-
ment of trigeminal neuralgia Acta Neurochir (Wien) 
1989;97:128-30.

70.	 Henson CF, Goldman HW, Rosenwasser RH, et al. Glycerol 
rhizotomy versus gamma knife radiosurgery for the treat-
ment of trigeminal neuralgia: an analysis of patients 
treated at one institution. Int J Radiat Oncol Biol Phys 
2005;63:82-90.

71.	 Keravel Y, Gaston A, Ciampi de AD, Mencattini G, Le GC. 
(Balloon compression for the treatment of trigeminal 
neuralgia) Neurochirurgie 2009;55:197-202.

72.	 Omeis I, Smith D, Kim S, Murali R. Percutaneous balloon 
compression for the treatment of recurrent trigeminal 
neuralgia: long-term outcome in 29 patients. Stereotact 
Funct Neurosurg 2008;86:259-65.

73.	 Peker S and Sengoz M. Gamma knife radiosurgery for 
treatment of pain. Agri 2007;19:11-5.

74.	 Kondziolka D, Lunsford LD, Flickinger JC. Stereotactic 
radiosurgery for the treatment of trigeminal neuralgia. 
Clin J Pain 2002;18:42-7.

75.	 Lopez BC, Hamlyn PJ, Zakrzewska JM. Stereotactic radio-
surgery for primary trigeminal neuralgia: state of the ev-
idence and recommendations for future reports. J Neurol 
Neurosurg Psychiatry 2004;75:1019-24.

76.	 Dhople AA, Adams JR, Maggio WW, Naqvi SA, Regine WF, 
Kwok Y. Long-term outcomes of Gamma Knife radiosur-
gery for classic trigeminal neuralgia: implications of 
treatment and critical review of the literature. Clinical 
article. J Neurosurg 2009;111:351-8.

77.	 Park YS, Kim JP, Chang WS, Kim HY, Park YG, Chang JW. 
Gamma knife radiosurgery for idiopathic trigeminal neu-



Eur J Gen Med 2014;11(3): 209-216

Treatment options of trigeminal neuralgia.

216

ralgia as primary vs. secondary treatment option Clin.
Neurol.Neurosurg 2011;113:447-52.

78.	 Fountas KN, Smith JR, Lee GP, Jenkins PD, Cantrell RR, 
Sheils WC. Gamma Knife stereotactic radiosurgical treat-
ment of idiopathic trigeminal neuralgia: long-term out-
come and complications. Neurosurg Focus 2007;23:E8-.

79.	 Huang E, Teh BS, Zeck O, Woo SY, Lu HH, Chiu JK, Butler 
EB, Gormley WB, Carpenter LS. Gamma knife radiosurgery 
for treatment of trigeminal neuralgia in multiple sclero-
sis patients. Stereotact Funct Neurosurg 2002;79:44-50.

80.	 Guo S, Chao ST, Reuther AM, Barnett GH, Suh JH. 
Review of the treatment of trigeminal neuralgia with 
gamma knife radiosurgery. Stereotact Funct Neurosurg 
2008;86:135-46.

81.	 Regis J, Metellus P, Hayashi M. Prospective controlled tri-
als of gamma knife surgery for essential trigeminal neu-
ralgia. J Neurosurg 2006;104:913-24.

82.	 Lemos.L ACOJ. Pharmacological versus microvascular de-
compression approaches for the treatment of trigeminal 
neuralgia. J Pain Res 2011;4:233-44.

83.	 Broggi G FPFA. Microvascular decompression for tri-
geminal neuralgia :comments on a series of 250 cases, 
including 10 patients with multiple sclerosis. J Neurol 
Neurosurg Psychiatry 2000;68:59-64.

84.	 SC Panullo MCL. Trigeminal neuralgia: Neurosurgical 
management options J Am Dent Assoc 2011;127:1635-9.

85.	 Klun B. Microvascular decompression and partial senso-
ry rhizotomy in the treatment of trigeminal neuralgia: 
personal experience with 220 patients. Neurosurgery 
1992;30:49-52.


