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REVIEW

Analysis of short-term efficacy of radiofrequency
thermocoagulation in the treatment of classic trigeminal
neuralgia

Klasik trigeminal nevralji tedavisinde radyofrekans termokoagtilasyonun kisa scireli
etkinliginin analizi

Qi WANG," © Wen-jie DU?

Summary

The objectives of the study were to explore the short-term efficacy of radiofrequency thermocoagulation for the treatment
of classic trigeminal neuralgia (TGN). A retrospective analysis of 58 patients with classical TGN treated with radiofrequency
thermocoagulation at our institution between 2016 and 2019, including 23 men and 35 women. The mean age of all patients
was 62.1+10.9 years, the duration of the disease ranged from 2 months to 360 months, and the mean duration of the disease
was 80.1+77.9 months. Patients were divided into three groups, V2, V3, and V2+V3, according to the site of symptom presenta-
tion. Treatment effectiveness was evaluated by observing patients’before surgery, after surgery, and 1-year after surgery visual
pain simulation (VAS) scores. The clinical efficacy was evaluated by calculating the percentage of patients whose net improve-
ment in VAS scores of the three groups of patients V2, V3, and V2+V3 reached the minimal clinically important differences
MCID value of TGN. Patients’ after surgery VAS scores and 1-year after surgery VAS scores all showed meaningful improvement
(p<0.001) compared with pre-operative VAS scores, and after surgery VAS scores showed meaningful change (p<0.05) com-
pared with 1-year after surgery VAS scores. About 84.62%, 95.45%, and 86.96% of patients inV2,V3, and V2+V3 groups showed
net improvement in after surgery VAS scores to MCID values, and 69.2%, 86.4%, and 74.0% of patients in 1-year after surgery
VAS scores showed net improvement to MCID values, respectively. The early efficacy of radiofrequency thermocoagulation for
classic TGN is significant, but patients have a tendency to have recurrence of pain symptoms 1 year after surgery.
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Ozet

Klasik trigeminal nevralji tedavisinde radyofrekans termokoagulasyonun kisa vadeli etkinligini arastirmak. 2016-2019 yillari
arasinda kurumumuzda radyofrekans termokoagtilasyon ile tedavi edilen 23U erkek ve 35'i kadin olmak tzere klasik trige-
minal nevraljili 58 hastanin retrospektif analizi incelendi. Hastalarin ortalama yasi 62,1+10,9 yil, hastalik stresi ise 2 ay ile 360
ay arasinda degismekte olup, ortalama hastalik siiresi 80,1+77,9 ay idi. Hastalar semptomlarin ortaya ciktigi bélgeye gore
V2, V3, V2+V3 olmak Uzere U¢ gruba ayrildi. Tedavi etkinligi, hastalarin ameliyat 6ncesi, ameliyat sonrasi ve ameliyattan 1 yil
sonrasi gorsel agri simulasyon skorlari (VAS) gozlemlenerek degerlendirildi. Klinik etkinlik, V2, V3 ve V2+V3 hasta gruplarinin
VAS skorlarindaki net iyilesme, trigeminal nevraljide en kigik klinik &nemli degisim (MCID) degerine ulasan hastalarin yiiz-
desi hesaplanarak dederlendirildi. Ameliyat sonrasi VAS skorlari ve ameliyattan 1 yil sonraki VAS skorlarinin timu, ameliyat
oncesi VAS skorlarina kiyasla anlamli iyilesme gosterdi (p<0,001); ve ameliyat sonrasi VAS skorlari, ameliyattan 1 yil sonraki VAS
skorlari ile karsilastirildiginda anlamli bir degisiklik gosterdi (p<0,05). V2, V3, V2+V3 gruplarindaki hastalarin sirasiyla %84.62,
%95.45, %86.96's1, ameliyat sonrasi VAS skorlarinda MCID degerlerine ulasarak net iyilesme gosterdi; ve hastalarin sirasiyla
%69.2, %86.4 ve 74.0%'linde, ameliyat sonrasi 1 yillik VAS skorlarinda MCID degerlerine ulasarak net iyilesme gozlendi. Klasik
trigeminal nevralji icin radyofrekans termokoagtilasyonun erken donem etkinligi anlamlidir, ancak hastalarda ameliyattan 1 yil
sonra agri semptomlarinin tekrarlama egilimi vardr.

Anahtar sozclikler: Girisimsel tedavi; minimal invaziv; radyofrekans termokoagdilasyon tedavisi; trigeminal nevralji.
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Introduction

Trigeminal neuralgia (TGN) is one of the most severe
facial pains in humans. It is mainly characterized by
paroxysmal, electric shock-like pains in the facial
area innervated by the trigeminal nerves V2 or V3.l
The vast majority of patients have significant trigger
points and have severe paroxysmal pain when they
speak, wash their face, brush their teeth, or even
walk, causing great inconvenience to their lives.2-!
The treatment of TGN is an important thing because
of the unpredictability of the onset time of TGN,
which severely affects the qualities of lives and pro-
ductivities of the patients. Some patients can control
TGN with medication. However, about half of the pa-
tients have difficulty in controlling pain with drugs,
and some patients cannot tolerate the side effects
of drugs, so they cannot control their pain by taking
drugs for a long time. These patients ultimately need
surgery to relieve their pain.

Context!®

Although for classic TGN, the surgical method of mi-
crovascular decompression is usually the treatment
of choice, but for those patients who are unwilling
to undergo craniotomy, the effectiveness of trigemi-
nal nerve radiofrequency thermocoagulation as an
alternative therapy has not been clarified. Certainly,
there is no research on the possibility of short-term
recurrence after surgery.

The purpose of this study was to explore the short-
term efficacy of radiofrequency thermocoagula-
tion in the treatment of classic TGN and to predict
whether there is a possibility of recurrence in pa-
tients after surgery.

Material and Methods

Material

A total of 105 patients underwent radiofrequency
thermocoagulation of the trigeminal semilunar gan-
glion between 2016 and 2019 in our department. All
patients participated in pre-operative education and
signed informed consent. This study was approved
by the ethics committee of our hospital. Cases inclu-
sion criteria: (1) Patients with classic TGN who have
been treated conservatively with drugs for more
than 2 months or have obvious adverse reactions to
drug treatment; (2) the patients have no contraindi-
cations to surgery; and (3) the patient’s transcranial
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MRI examination ruled out diseases such as intracra-
nial tumors, and the trigeminal nerve MRl examina-
tion showed that the trigeminal nerve vessel was
compressed. Cases exclusion criteria: (1) The cases
are not patients with classic TGN; (2) patients have
mental illnesses; and (3) patients have severe organ-
ismic diseases.

A total of 58 patients with classical TGN were includ-
ed in the study, and 47 patients were excluded for
43 patients with primary TGN, two patients with tu-
mors, one patient with psychiatric disorder, and one
patient with severe organismic disorder.

Methods

The patient lied supine on the operating bed with
the neck extending and the pupils looking straight
up. Two lines determined the puncture point, one
horizontal through the orifice and the other vertical
through the ipsilateral outer orbital margin. The di-
rection of the puncture was determined by the inter-
secting lines of the two faces, the surgical puncture
point was marked as point A, the central lower part
of the pupil was marked as point B, the front 2-3 cm
of the external auditory canal was point C, the line
between points A and B was AB, the line between
points A and C was AC, the face consisting of AB and
the puncture needle, and the face consisting of AC
and the puncture needle were perpendicular to each
other, and the intersecting line between the two fac-
es was AD. Local anesthesia was completed at point
A, the puncture needle was fed from point A, and
the needle was punctured 5-6 cm along the direc-
tion of AD (Fig. 1), when the tip of needle reached
the flatter bone surface in front of the foramen ovale
at the basis cranii, continued to slide along the bone
surface until the needle tip slide into the foramen
ovale. The depth of the puncture needle into the
foramen ovale was determined according to the pa-
tient’s pain site and the anatomical features of the
semilunar ganglion: The outer edge of the foramen
ovale is the starting point. When treating the V3
nerve branch, the puncture needle needs to enter
the foramen ovale to a depth of 8-10 mm. When
treating the V2 nerve branch, the puncture needle
needs to enter the foramen ovale to a depth of 12—
15 mm to treat the V1 nerve. The puncture needle
needs to enter the foramen ovale at a depth greater
than 15 mm, but the needle tip should not exceed
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Figure 1.Schematic diagram of puncture.

Figure 2. Intraoperative images.

the clivus. After the puncture was completed (Fig.
2), the test electrode was placed for testing. When
the test impedance was 200-300 Q, under 100 Hz,
0.3 mA electrical stimulation, the skin surface area
innervated by the corresponding branch of the tri-
geminal nerve would produce pain. Electrical stimu-
lation of 2 Hz and 2 V caused slight muscle tremor in
the area innervated by the corresponding branch of
the trigeminal nerve, but there was no tremor in the
occlusal muscles. After the stimulation probe was
completed, performed a feasible local nerve anes-
thesia to verify the accuracy of the site, slowly inject
0.25% lidocaine, and observed whether the patient
had numbness at the painful site. After verifying that
the position was accurate, adjusted the temperature
of the radiofrequency needle at 70-75°C, and per-
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formed thermocoagulation treatment on the target,
held it for 60 s and treated it 3 times. During treat-
ment, the patient’s nociceptive and tactile changes
in the innervated area of the lesion were tested by
acupuncture, and the treatment was stopped when
the patient’s nociceptive and tactile dullness in the
lesion area appeared.

Clinical evaluation

The observational indicators in this study included:
(1) General patients materials; (2) clinical efficacy
evaluation by visual pain simulation score (VAS),
all data were obtained from the post-operative
follow-up questionnaires; and (3) patients were di-
vided into three groups V2, V3, and V2+V3 accord-
ing to the sites of symptom presentation. The mini-
mum clinically significant difference in TGN was
4.49,"1 and the proportion of patients with a net
improvement in after surgery VAS score and 1-year
after surgery VAS score that reached minimal clini-
cally important differences (MCID) were calculated
in the V2,V3, and V2+V3 groups to evaluate clinical
efficacy.

Statistical analysis

Before surgery and after surgery pain VAS scores
were compared by rank sum test. The results were
analyzed by SPSS 25.0 statistical software. P<0.05
was considered statistically significant. Age, dis-
ease course, and follow-up time were expressed as
meanztstandard deviation.

Results - -
The basic information and clinical characteristics of
the patients are shown in Table 1. Fifty-eight patients
were included, of whom 23 were men (39.7%) and 35
were women (60.3%). Among all patients, the mini-
mum age was 34 years and the maximum age was 85
years, with a mean age of 61+10.9 years. The shortest
duration of iliness was 2 months and the longest 360
months, with a mean duration of 80.1£77.9 months.
All patients were divided into three groups, V2 group
had 13 cases, accounting for 22.4%, V3 group had 22
cases, accounting for 37.9%, and V2+V3 group had
23 cases, accounting for 39.7%. All included cases
completed surgical treatment and all patients were
followed up for a maximum of 4 years and a mini-
mum of 1 year, with a mean follow-up of 1.62+0.85
years, with 13 patients missing after 1 year.
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Figure 3.Before surgery, after surgery, and 1-year after surgery pain VAS.

***:p<0.001; **: p<0.05. *: Statistically significant differences between before surgery and after surgery measurements as determined by Wilcoxon signed-rank test.
Statistically significant differences between before surgery and 1-year after surgery measurements as determined by the Wilcoxon signed-rank test. Statistically
significant differences between after surgery and 1-year after surgery measurements as determined by the Wilcoxon signed-rank test.

Table 1. Basic information and clinical characteristics

of patients

Variable n=58
Gender, n (%)

Male 23 (39.7)

Female 35 (60.3)
Age (years) 62.1+10.9
Disease course (m) 80.1+77.9
Follow-up time (years) 1.62+0.85
Nerve, n (%)

V2 13 (22.4)

V3 22 (37.9)

V2+V3 23 (39.7)

*: The above data are expressed as meanztstandard deviation, unless
otherwise stated.

The before surgery, after surgery, and 1-year after
surgery patients’ VAS scores are shown in Figure 3.
After surgery VAS scores and 1-year after surgery
VAS scores were meaningfully improved compared
to before surgery (p<0.001) and after surgery VAS
scores which were meaningfully changed com-
pared to 1-year after surgery VAS scores (p<0.05).
In the V2, V3, and V2+V3 groups, the percentages
of patients with a net improvement in VAS score
to MCID after surgery were 84.62%, 95.45%, and
86.96%, respectively, and the percentages of pa-
tients with a net improvement in VAS score to
MCID at 1-year after surgery were 69.2%, 86.4%,
and 74.0%, respectively.

Among the patients with pain in the area dominated
by V2, one patient developed mild keratitis after the
operation, and the keratitis disappeared after drug
treatment; 32 patients with facial numbness after the
operation, of which six cases disappeared within 6
months after the operation, nine cases disappeared
within 1 year after operation, and four cases contin-
ued to experience numbness within 1 year after op-
eration. One year later, three patients had recurrence
of pain, and the pain was significantly relieved after
another operation.

Discussion

TGN is the most common neurological disorder of
the brain and its incidence increases with age, with
a higher prevalence in women than in men.B"" The
pain is periodic and usually lasts for a few seconds or
minutes, with intermittent episodes as in normal peo-
ple.®! Most patients have a sensitive area of the face
and touching this area can trigger a TGN attack.'? In
clinical practice, the treatments of patients with TGN
are difficult, and patients who have failed conserva-
tive drug therapy or who cannot tolerate drug side ef-
fects often require surgery.>'® Although classical TGN
patients are preferred for microvascular decompres-
sion surgery, interventional treatment of pain can be
an alternative treatment for some patients who are
reluctant to undergo craniotomy surgery.

Current surgical interventions for TGN include per-
cutaneous radiofrequency treatment (PRT), per-
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cutaneous balloon compression, and stereotactic
radiosurgery. PRT of the trigeminal meniscus nerve
ganglion can provide the highest rate of complete
pain relief, especially in patients who are at high
risk for surgery or not suitable for other treatments.
314 PRT has the advantages of simple operation,
no craniotomy, repeatability, low cost, etc.'>"7] The
basic principle of PRT technology: Sensory nerve
fibers are divided into two types: Myelinated type
A fibers and unmyelinated type C fibers, and type
A fibers are divided into four types: a, 3, y, and 6 ac-
cording to their thickness. Their conduction veloci-
ties differed in response to stimulation thresholds
and sensitivity to anesthetic agents. Tactile sensa-
tion is conducted by fibers 9-16 um in diameter
and temperature sensation by fibers 5-8 um in di-
ameter. AS and C class fibers are highly sensitive
to heat, and when the temperature is 60-70°C, this
fiber is first destroyed, stopping the pain impulse
conduction in the sensory nerves. Thus, PRT selec-
tive disruption blocks the nociceptive conduction
of such fibers while preserving the tactile function
to achieve pain relief.

The previous studies have shown that PRT with
Gasserian ganglia significantly relieves pain in over
90% of patients.*'8 Scrivani et al.'”’ prospectively
studied PRT in 2150 patients with an early (within 6
months) excellent outcome rate of 92%, a long-term
excellent rate of 83%, and a pain recurrence rate of
27%.Kanpolat et al.?” conducted a long-term follow-
up of 1600 patients undergoing PRT and showed
that the initial efficiency was 97.6-99.0% and Y2-year
efficiency was 83.3-89.9%. Our study showed that
the after surgery VAS score and the 1-year after -sur-
gery VAS score of all groups of patients were mean-
ingful compared with the before surgery VAS score
(p<0.001), indicating that the patients had immedi-
ate and sustained pain relief, and the after surgery
VAS score changed meaningfully compared with
the 1-year after surgery VAS score (p<0.05). The per-
centage of patients in all three groups with a net
improvement in VAS score of MCID at 1 year after
surgery decreased compared with the net improve-
ment in VAS score of MCID after surgery, indicating
that although the clinical symptoms at 1 year after
surgery were more significant than before surgery,
the patients already had a tendency of pain symp-
toms recurrence.
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Compared with several other interventions, PRT
has the lowest complication rate: 3.3% for facial
numbness, 5.7-17.3% for corneal reflexes, 0.6-1.9%
for keratitis, 32.4% for masticatory muscle weak-
ness, and 0.6-0.8% for hypersensitivity.?°2" In our
study, 58 patients with classic TGN underwent ra-
diofrequency thermocoagulation and all patients
did not develop diminished corneal reflex, mas-
seter weakness and paralysis, dysesthesia, and
anesthesia dolorosa. Three patients (5.2%) whose
pain recurred 1 year after surgery underwent re-
operation, an outcome smaller than previously
reported and possibly related to the small sample
size. The recurrence of pain was not considered a
serious event due to the high reproducibility of the
surgery, and after repeated surgery, these three
patients with recurrence also had significant pain
relief. Postoperatively, 32 patients (55.2%) present-
ed with facial numbness, of which 19 (59.4%) had
numbness that resolved on its own 6 months post-
operatively, 9 (28.1%) had numbness that resolved
on its own after 1 year, and 4 (12.5%) had numbness
that persisted for 1 year postoperatively, which was
acceptable for patients with recoverable numbness
after surgery compared to severe pain. It has been
reported that when the end goal is V2, unintention-
al damage to V1 or V3 can lead to corresponding
skin numbness, motionlessness, missing corneal
reflexes or keratitis, or even permanent visual loss.
[2022-241 |n our study, one patient developed a mild
redness of the cornea during surgery, we adjusted
the position of the puncture needle in time, and the
patient showed mild keratitis after surgery, with no
residual sequelae after medication. Therefore, we
believe that the local anesthetic test before the
radiofrequency thermocoagulation treatment and
the timely observation of the patient’s local mani-
festations during the radiofrequency thermocoag-
ulation treatment and the timely adjustment of the
positive puncture position can prevent the occur-
rence of such events.

Limitations

The disadvantages of the present study are as fol-
lows: (1) The follow-up time was short and (2) the
sample size included in this study was small and
not compared with primary TGN, so the group
plans to expand the study and do another study in
the future.



Conclusion

Radiofrequency thermocoagulation is a simple and
safe technique for treating classic TGN, and its early
efficacy is significant and can effectively relieve pa-
tients’ pain. After surgery and 1-year after surgery ef-
ficacy of patients were significant compared to pre-
operative, but after 1 year patients had a tendency
to recurrence of pain symptoms and required follow-
up studies.

Acknowledgments: The author wishes to thank profes-
sor Tai-ping Yao, Yao-yao Guo, and Xiang Wang for their
support of this study. The authors thank Zheng-xi Li and
Wang Niu, two graduate students of Zhengzhou Univer-
sity. The authors thank Tong Wu, resident of Shanxi Car-
diovascular Hospital, for proofreading of the draft, and
thank 3D body for the supporting of picture.

Ethics Committee Approval: This study was approved by
the local scientific research and clinical trial ethics com-
mittee (YXLL-2020-011).

Author Contributions: Concept - QW; Design - QW; Su-
pervision - QW; Resource - QW; Materials - WD; Data
Collection and/or Processing - WD; Analysis and/or
Interpretation - QW, WD; Literature Search - QW, WD;
Writing - QW; Critical Reviews — WD.

Conflict-of-interest issues regarding the authorship or
article: None declared.

Peer-rewiew: Externally peer-reviewed.

References

1. Maarbjerg S, Wolfram F, Gozalov A, Olesen J, Bendtsen L.
Significance of neurovascular contact in classical trigemi-
nal neuralgia. Brain 2015;138(2):311-9. [CrossRerT_]

2. Merskey H, Bogduk NJ. Classification of chronic pain. De-
scriptions of chronic pain syndromes and definitions of
pain terms. Prepared by the international association for
the study of pain, subcommittee on taxonomy. Pain Suppl
1994;3:51-226.

3. KatusicS, Beard CM, Bergstralh E, Kurland LT. Incidence and
clinical features of trigeminal neuralgia, Rochester, Minne-
sota, 1945-1984. Ann Neurol 1990;27(1):89-95.

4. Kugelberg E, Lindblom U. The mechanism of the pain
in trigeminal neuralgia. J Neurol Neurosurg Psychiatry
1959;22(1):36-43.

5. Khodashenas M, Baghdadi G, Towhidkhah F. A modified
Hodgkin-Huxley model to show the effect of motor cortex
stimulation on the trigeminal neuralgia network. J Mathe
Neurosci 2019;9:4-4.[[CrosskeT]

6. Cruccu G, Gronseth G, Alksne J, Argoff C, Brainin M, Bur-
chiel K, et al. AAN-EFNS guidelines on trigeminal neuralgia
management. Eur J Neurol 2008;15(10):1013-28.

7. Reddy VK, Parker SL, Lockney DT, Patrawala SA, Su PF,
Mericle RA, et al. Percutaneous stereotactic radiofre-
quency lesioning for trigeminal neuralgia: Determination

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

AGRI

of minimum clinically important difference in pain im-
provement for patient-reported outcomes. Neurosurgery
2014;74:262-6[[CrossRer]

Dandy WE. Concerning the cause of trigeminal neuralgia.
Arch Neurol Psychiat 1934;24:447-55.

Cruccu G, Finnerup NB, Jensen TS, Scholz J, Sindou M,
Svensson P, et al. Trigeminal neuralgia: New classification
and diagnostic grading for practice and research. Neurol-
ogy 2016;87(2):220-8.

Love S, Coakham HB. Trigeminal neuralgia: Pathology and
pathogenesis. Brain 2001;124(12):2347-60.[[CrossRer]]
Maarbjerg S, Gozalov A, Olesen J, Bendtsen L. Trigeminal
neuralgia--a prospective systematic study of clinical char-
acteristics in 158 patients. Headache P014;54(10):1574-82.]
Maarbjerg S, Wolfram F, Gozalov A, Olesen J, Bendtsen L.
Association between neurovascular contact and clinical
characteristics in classical trigeminal neuralgia: A pro-
spective clinical study using 3.0 Tesla MRI. Cephalalgia
2015;35(12):1077-84.[Cosrer]

Zhang J, Yang M, Zhou M, He L, Chen N, Zakrzewska JM.
Non-antiepileptic drugs for trigeminal neuralgia. The Co-
chrane database of systematic reviews P0T3;T2:CD004029]]
Jones MR, Urits |, Ehrhardt KP, Cefalu JN, Kendrick JB, Park
DJ, et al. A comprehensive review of trigeminal Neuralgia.
Curr Pain Headache Reports 2019;23(10):74-4.
Emril DR, Ho KY. Treatment of trigeminal neuralgia: Role of
radiofrequency ablation. J Pain Res 2010;3:249-54 [[Crossrer]
Hagenacker T, Bude V, Naegel S, Holle D, Katsarava Z, Diener
HC, et al. Patient-conducted anodal transcranial direct cur-
rent stimulation of the motor cortex alleviates pain in tri-
geminal neuralgia. J Headache Pain 2014;15(1):78-8.[Crossker]]
Mathews ES, Scrivani SJ. Percutaneous stereotactic radio-
frequency thermal rhizotomy for the treatment of trigemi-
nal neuralgia. Mount Sinai J Med 2000;67(4):288-99.
Nurmikko TJ, Eldridge PR. Trigeminal neuralgia--patho-
physiology, diagnosis and current treatment. Br J Anaes-
thesia 2001;87(1):117-32. o=

Devor M, Govrin-Lippmann R, Rappaport ZH. Mechanism
of trigeminal neuralgia: An ultrastructural analysis of tri-
geminal root specimens obtained during microvascular
decompression surgery. J Neurosurg
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 PO0T;48(3):524-34]
Jin HS, Shin JY, Kim YC, Lee SC, Choi EJ, Lee PB, et al. Predic-
tive factors associated with success and failure for radio-
frequency thermocoagulation in patients with trigeminal
Neuralgia. Pain Physician 2015;18(6):537-45.
Cobb CA, Fung D. Quantitative analysis of lesion param-
eters in radiofrequency trigeminal rhizotomy. J Neurosurg
1983;58(3):388-91.

Huang B, Yao M, Feng Z, Guo J, Zereshki A, Leong M, et al.
CT-guided percutaneous infrazygomatic radiofrequency
neurolysis through foramen rotundum to treat V2 trigemi-
nal neuralgia. Pain Med 2014;15(8):1418-28.[[Crossker]|
Sengupta RP, Stunden RJ. Radiofrequency thermocoagula-
tion of Gasserian ganglion and its rootlets for trigeminal
neuralgia. Br Med J 1977;1(6054):142-3.

JANUARY 2022


https://doi.org/10.1093/brain/awu349
https://doi.org/10.1002/ana.410270114
https://doi.org/10.1136/jnnp.22.1.36
https://doi.org/10.1186/s13408-019-0072-5
https://doi.org/10.1111/j.1468-1331.2008.02185.x
https://doi.org/10.1227/NEU.0000000000000262
https://doi.org/10.1016/S0002-9610(34)90403-7
https://doi.org/10.1212/WNL.0000000000002840
https://doi.org/10.1093/brain/124.12.2347
https://doi.org/10.1111/head.12441
https://doi.org/10.1177/0333102414566819
https://doi.org/10.1002/14651858.CD004029.pub4
https://doi.org/10.1007/s11916-019-0810-0
https://doi.org/10.2147/JPR.S14455
https://doi.org/10.1186/1129-2377-15-78
https://doi.org/10.1093/bja/87.1.117
https://doi.org/10.3171/jns.2002.96.3.0532
https://doi.org/10.1097/00006123-200103000-00013
https://doi.org/10.36076/ppj.2015/18/537
https://doi.org/10.3171/jns.1983.58.3.0388
https://doi.org/10.1111/pme.12440
https://doi.org/10.1136/bmj.1.6054.142



