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Abstract

Background and Objectives: Trigeminal neuralgia (TN) is one of the common causes of facial pain. However, its
treatment is a challenge. Radiofrequency (RF) is an effective and safe option that is available. In our study, we used
functional Magnetic resonance imaging (fMRI) to assess levels of brain activity in patients with TN, before and after
receiving radiofrequency.

Methodology: This study is a randomized prospective clinical study. It included 30 patients with TN who were
scheduled for thermal (i.e. conventional) radiofrequency (CRF) and pulsed radiofrequency (PRF). 15 patients were
randomly assigned to each group. All patients were contacted before the intervention and then 1 week, 1 month, 3
months, and 6 months after the intervention. They were assessed using the Visual Analogue Scale (VAS) score, and
their complaints of facial numbness, muscles of mastication dysfunction and carbamazepine dose. fMRI was done
before and one month after the intervention.

Results: The study group comprised of 13 men and 17 women; a total of 30 patients. The mean age of patients was 50.60
+12.06 years in the thermal radiofrequency group and 47.93 +9.90 years in the pulsed radiofrequency group. The median
VAS score before the procedure was 8 in both groups, (7-9) in CRF and (7-8) in PRF. Our study demonstrated a statistically
significant difference in VAS score at different stages of follow-up after thermal radiofrequency and pulsed radiofrequency
when compared with the pretreatment stage. PRF patients continued on medications. Mild complications as facial
numbness and masticatory muscle weakness were reported in the CRF group. In some brain regions, fMRI revealed reduced
BOLD signal activation after radiofrequency ablation compared to that before the radiofrequency therapy but it was not
significant.

Conclusion: In our study, post-intervention fMRI revealed a reduction in signal activations of some brain regions but
we could not correlate these changes with the clinical improvement. Radiofrequency is an effective treatment for
trigeminal neuralgia. CRF is preferable as it had less complications.
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Abbreviations: fMRI — functional Magnetic Resonance Imaging,
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RF — Radiofrequency, CRF — Conventional

Radiofrequency, PRF — Pulsed Radiofrequency, TN — Trigeminal Neuralgia, BMI — Body mass index, VAS — Visual
Analogue Scale, BOLD — Blood Oxygen Level-Dependent, ReHo — Regional Homogeneity, ALFF — Amplitude of Low

Frequency fluctuations.

1. Introduction

Trigeminal neuralgia (TN) is one of the most common
causes of facial pain. Yet, there are no ideal
therapeutic options available and its treatment
is considered to be challenging. It was estimated to
have a prevalence of 12.6-28.9 per 100,000 in the
general population per year.?

TN is more common in females than males at a ratio
of 2:1, and is more common in old age.®* Almost 90%
of TN cases are idiopathic. Secondary causes include
multiple sclerosis, tumors, herpes zoster, and
arteriovenous malformation. The right side of the face
is more affected than the left side (3:1), possibly due
to narrower foramen rotundum and foramen ovale on
the right side.>®

The International Headache Society defines the
diagnostic criteria for TN.”8 Diagnosis is confirmed in
cases where the patient had at least 3 unilateral facial
pain attacks with the following characteristics:

e Meets at least 1 of the following 4 criteria: (1)
paroxysmal and lasting between a fraction of a
sec and 2 min; (2) severe; (3) shock-like,
shooting, stabbing, or sharp; (4) precipitated by
non-painful stimuli.

e The neuropathic pain exists in at least one
division of the nerve with no radiation outside its
distribution.

e Neurological disorders and all other known
causes are not identified.

Medical treatment for TN is considered the first-line
treatment as it is effective in treating about 60% of the
TN patients. Different medications have been
considered for the treatment of TN such as
anticonvulsants, carbamazepine and oxcarbazepine.
Other medications such as baclofen, lamotrigine
gabapentin, pregabalin, topiramate, and valproate can
be also used.®
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Surgical interventions are used for patients whose
symptoms don’t show improvement despite a trial of
at least 3 drugs or in whom medications caused
unacceptable adverse effects. Relapse of symptoms
might be another strong factor in opting for surgical
treatment.'® However, the treatment of refractory cases
of TN is still a big problem; with an annual incidence
of recurrent TN after surgical options ranging from 1-
59%.%

By far, one of the most common procedures to treat
pain is the use of radiofrequency (RF) lesioning. The
main advantages of RF seem to be its effectiveness and
high pain relief rate without the dangerous
complications of surgical procedures and a lack of
secondary effects of oral medication.*? Pulsed
radiofrequency (PRF) uses a lower temperature
application of energy produced by the radiofrequency
generator at the tip of the needle and diffuses the
energy to the nerve in a pulsatile manner. The thermal
radiofrequency (TRF) uses electrical current to heat
the nerve and aims to stop a nerve from transmitting
pain signals.®®

Functional magnetic resonance imaging (fMRI) is a
non-invasive, indirect method of measuring neural
activities dependent on changes in the level of blood
oxygen (BOLD effect).!* Changes in the blood flow
via capillary beds are thought to represent changes in
neural activities or possible changes in the dendritic
region. This method measures variations in brain
regions based on changes in proportional hemoglobin
and deoxyhemoglobin levels. With the increased
volume, the venous side of capillary blood supply
experiences a relative decrease in deoxyhemoglobin.*®

In our study, we used fMRI to assess brain activity
before RF ablation of gasserian ganglia and post
treatment.

2. Methodology

This randomized prospective study included 30
patients with TN who presented to Assuit University
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Hospital between January 2018 and September 2019
and were scheduled for RF therapy of Gasserian
ganglia. fMRI assessment before and after
radiofrequency was done. Two approaches of RF
ablation were used in our study; thermal and pulsed.
Patients were randomly allocated to either approach.
Written informed consent was obtained from all
patients after explaining the procedures, the potential
side effects and possible outcomes. Approval was
obtained from the local ethics committee of Faculty of
Medicine, Assuit University.

2.1 Sampling

All TN patients who met the following inclusion
criteria were randomly assigned to one of the two
treatment groups, 15 patients in each group; patients
ages 40 — 65 yrs, with primary TN, affecting maxillary
and/or mandibular branch only, and in which medical
treatment had failed. Patients with secondary and/or
recurrent TN, or those with ophthalmic branch
affection were excluded. Patients with known
contraindication for intervention, e.g., sepsis,
coagulopathy, infection at entry point, local anesthetic
allergy and pregnant females were also excluded.

All participants were subjected to the following:

2.1.1 Pre-interventional evaluation

It included record of personal data; pain: onset, course,
duration, and severity, visual analog scale assessment
(VAS), previous interventions and concurrent medical
illnesses.

2.1.2 Clinical examination

General, local and neurological examination was done
and the findings recorded.

2.1.3 Investigations

Basic blood tests and coagulation studies were done
to rule out any irregularities.

2.2 fMRI

The experimental design was similar to that designed
by Moisset et al. A cotton swab, connected to a plastic
stick, was used as a stimulus. Light tactile stimulation
was applied, with a frequency of one per second, on
the trigger zone and on the contralateral homologous
side. Stimulation was applied in a block design format;
four epochs of rest alternating with three epochs of
tactile stimulation. Each epoch lasted for 27 sec.
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2.2.1 Procedure

Patients were taken to the operating room where they
laid comfortably in the supine position with slightly
extended head. They were connected to standard
monitoring including electrocardiogram (ECG), non-
invasive blood pressure, and pulse oximeter. Through
a postero-anterior manner the C-arm was introduced
and rotated caudo-cranially to provide a submental
view. With this view, the foramen ovale was
visualized. A 5-10 degree tilt to the affected side was
made if necessary to enhance the visualization of the
foramen oval, the point of entry of the needle being 2—
3 cm from the angle of the mouth. ‘Bringing of the
foramen ovale to the point of entry’ method was
applied by manipulating the C-arm in a caudo-cranial
orientation to create an excellent tunnel view.

Using aseptic technique skin above the point of entry
of the needle was anesthetized with 1% lidocaine. The
needle was directed towards the ipsilateral pupil. A
finger was placed in the patient's mouth to reduce the
risk of having a needle penetrate the oral cavity.
Before insertion of the needle, we used up to 0.75
mg/kg of propofol to sedate the patient. When the
needle penetrated the foramen ovale in the Meckel's
cavity, the C-arm was rotated laterally to assess the
penetration depth. The final location of the needle tip
was just beyond the angle created by the petrosal ridge
of the temporal bone and clivus. The sedation of
propofol was stopped, the patient was allowed to
awaken and sensory stimulation was performed at 50
Hz. The electrode's definitive location was confirmed
by inducing sensory stimulation paresthesia in the
affected painful area between 0.1-0.3 V, then TRF
was applied in 15 patients for 2 cycles of 90-sec at
70 °C or PRF was applied in 15 patients for 10 min at
42° C. The patients were discharged from hospital
after two hours of follow-up.

2.2.2 fMRI Protocol

All subjects were examined in supine position, both
before and one month after the RF ablation using 1.5T
Phillips scanner with multi-channel head coil.
Functional images were acquired using T2-weighted
gradient echo planner (EPI) sequence (TR/TE=
3000/50 ms, Flip angle =90, FOV 210x210 slice
thickness= 4mm), whereas anatomical images were
acquired using 3D TFE T1-weighted image sequence
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(TR/TE=140/7 ms, FOV 224x 244 slice thickness=
2mm).

2.2.3 Follow up

All patients were contacted before the intervention, 1
week, 1 month, 3 months and 6 months after the
interventions to rate their pain using the VAS score.
They were also asked about complaints regarding
facial numbness, muscle of mastication affection,
duration of attack and carbamazepine dose. fMRI was
done before the intervention and one month after the
intervention.

2.3 Statistical analysis

2.3.1 Radiofrequency analysis

SPSS version 23.0 was used for data management and
analysis. Mean + standard deviation or median and
range when appropriate, were used to describe
quantitative data. Numbers with percentages described
qualitative data. The Chi-square test and Fisher Exact
test was used to compare independent categorical
variables. Where continuous data were normally
distributed, the Student's T-test was used for
comparisons between two groups; where data
were non- normally distributed, the Mann-Whitney
test and Friedman test were used. P-value was two-
tailed and considered significant at 0.05.

2.3.2 Image analysis

Functional data analysis was performed using
SPM12.

2.3.2.1 Pre-processing:

For each subject, realignment of the functional images
was first performed for motion correction. It was
followed by co-registration of the mean EPI volume
with the T1-weighted images. Segmentation and
normalization to the Montreal neurological institute
(MNI) was then achieved. Spatial smoothing to the
normalized volumes was then applied to increase the
signal to noise ratio and to increase the validity of
statistical inference for statistical analysis. Six subjects
had to be excluded due to the low quality of the data
set. Therefore, a total of twenty four subjects were
included in the final fMRI analysis.

2.3.2.2 Processing:

General linear model approach was constructed and
fMRI time series data were fit to the design matrix.
The parameter estimates for the stimulus epochs were
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contrasted to rest epochs for each patient (for both the
trigger zone and the contralateral homologous side).
The first level analysis, using one sample t-test, was
performed for each subject at both sides (affected and
non-affected) both before and after the RF ablation.
Second level analysis was then performed, using two
sample t- test, to compare the affected versus the non-
affected side. Eventually, paired t- test was used to
compare the statistical maps before versus after RF
ablation. Regions with uncorrected p < 0.001 were
considered as significant.

3. Results

3.1 Demographic data

This study group comprised of 13 men and 17 women
for a total of 30 patients. Age is a major risk factor for
idiopathic TN; the mean age of presentation was 50.60
+12.06 years in the CRF group and 47.93 £9.90 years
in the PRF group. Although the disease can occur at
any age, the age range for this study was 40-60 years.
Obesity is a well-established promoter of chronic pain,
pain sensitization, and neuropathic pain.  The
estimated mean BMI was 25.47 kg/m? and 25.40
kg/m? in the CRF and PRF groups respectively. The
duration of TN was 2—7 years with a mean of 3.87
years in the CRF group. However, it ranged from 2 to
6 years with a mean of 3.47 years in the PRF group.
There was no statistically significant difference
between the groups regarding age, gender, BMI,
duration of disease and the site of the pain.

3.2 Pain intensity

The median of the VAS score before the intervention
was 8; 7-9 in the CRF group, and 7-8 in the PRF group.
Results of this study show that there is a statistically
significant difference in VAS at different stages of
follow-up after CRF and PRF when compared with
pre-interventional stage [Table 1].

3.3 Additional
treatment

We found no significant difference between the two
groups regarding the need for medical treatment after
the intervention in the first week and first month.
However, there was a statistically significant
difference in the CRF group than in the PRF group (p
< 0.001) in the 39 and 6™ month after the

pharmacological
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intervention. PRF  patients was continued on
medications [Table 2].

Table 1: VAS score in two groups at different times of treatment [values expressed as Median (range)

Study group

VAS VAS after | VAS after | VAS after 3 | VAS after 6 | P value for
pretreatment | one week [ one month months months time effect

Conventional
radiofrequency (CRF)

Pulsed
radiofrequency (PRF)

8(7-9) 4(3 -5  3(2-4) 2(2-3) 2(1-3) < 0.001*

8 (7-8) 54-6) 4(3-5) 3(2-4) 4(3-5) < 0.001*

Table 2: Need of medical treatment in the two study groups

Study group
. Conventional Pulsed radiofrequency
Need medication radiofrequency (CRF) (PRF) P value
Count (%) Count (%)
es 15 (100 15 (100
Pre treatment y (100) (100) 1.0
no 0(0) 0 (0)
es 15 (100 15 (100
After 1 week y (100) (100) 1.0
no 0 (0) 0 (0)
es 15 (100 15 (100
After 1 month y (100) (100) 1.0
no 0 (0) 0 (0)
yes 3 (20) 15 (100)
After 3 months < 0.001*
no 12 (80) 0 (0)
yes 1(6.7) 15 (100)
After 6 months < 0.001*
no 14 (93.3) 0 (0)

Table 3: Complications of radiofrequency in the two study group

Study group
Count (%) Count (%)

Numbness 11 (73.3) 0 (0) < 0.001*
1week  no complication 0 (0) 15 (100)

numbness & muscle weakness 4 (26.7) 0 (0)

Numbness 11 (73.3) 0 (0) < 0.001*
1 month  no complication 0 (0) 15 (100)

numbness & muscle weakness 4(26.7) 0 (0)

Numbness 13 (86.7) 0 (0) <0.001*
3 months no complication 0 (0) 15 (100)

numbness & muscle weakness 2 (13.3) 0 (0)
6 months Numbnes's ' 10 (66.7) 0 (0)

no complication 5 (33.3) 15 (100) < 0.001*
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3.4 Complications weakness. These complications were mild in nature
and improved with time. There was no reported

Regarding complications, some patients in the CRF complications in the PRF group [Table 3].

group had facial numbness and mastication muscle

Figure 1: BOLD signal activation pattern of the affected side versus the non-affected side before RF
ablation. Regions with uncorrected P < 0.001 were considered significant. Height threshold: T = 2.The name
of the regions are shown in Table 4.

Table 4: BOLD signal activation in the brain and average Z- score of the affected side versus the non-affected
side before RF ablation

Affected side > not affected side

Area z- score X Y z
Parietal operculum (SlI) left 2.10 -39 -29 18
Angular gyrus left 2.64 -44 -57 50
Superior frontal cortex left 3.12 -21 39 42
Middle frontal cortex left 3.72 -26 15 26
Frontal operculum left 3.30 -36 28 2
Anterior insula left 2.72 -23 21 2
Posterior insula left 2.08 -43 -10 3
Anterior cingulate left 2.64 -7 32 25
Para-hippocampus left 2.70 -18 -26 -18
Putamen left 2.63 -19 6 2
Caudate left 3.45 -13 10 6
Thalamus left 2.79 -13 -18 14
Ventral diencephalon left 2.79 -16 -21 -6

p < 0.001, height threshold: T = 2. Brain coordinate: X, Y, Z; X = medial to lateral, Y = anterior to posterior,
Z = superior to inferior
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Figure 2: BOLD signal activation pattern of the affected side versus the non-affected side after the RF ablation.
Regions with uncorrected p < 0.001 were considered significant. Height threshold: T = 2. The name of the

regions are shown in Table 5.

Table 5: BOLD signal activation in the brain and average Z- score of the affected side versus

the non-affected side after RF ablation:

Affected side > Unaffected side

Angular cortex Left 2.61 -49 -55 22
Superior frontal cortex Left 2.52 -9 49 2
. Left 2.96 -8 44 -10
Middle frontal cortex -
Right 2.61 3 53 -10
Anterior insula Left 231 -26 26 -2
o Left 3.98 -5 31 2
Anterior cingulate cortex -
Right 3.98 3 35 2

(p < 0.001), height threshold: T = 2. Brain coordinate: X, Y, Z; X= medial to lateral, Y=anterior to posterior, Z= superior to inferior)

3.5 fMRI results

3.5.1 Before Radiofrequency (RF) ablation

Comparing the fMRI between the affected and
unaffected sides revealed significant activation in the
following regions: secondary somatosensory area,
angular gyrus, frontal cortex (including the superior
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and middle frontal cortices and frontal operculum),
para-hippocampus, anterior and posterior insula,
anterior cingulate cortex as well as thalamic, putamen
and caudate nuclei and the ventral diencephalon
(Table 4; Figurel)

3.5.2 After 1 month of RF

There was significant brain activation evident at the
primary somatosensory area and angular gyrus as well
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as in the superior and middle frontal cortices, in
addition to the anterior insula and anterior cingulate
cortex (Table 5, Figure 2).

Therefore, reduced BOLD signal activation was
observed in some brain regions after radiofrequency
ablation compared to that before the radiofrequency.
This includes the secondary somatosensory area and
space in the frontal operculum. In addition, activation
was also reduced in the para-hippocampus, posterior
insula, the caudate, putamen, thalamic nuclei and
ventral diencephalon.

3.5.3 Comparison of fMRI pre- and post RF
ablation

The paired t-test was used and revealed no area of
significant activation.

4. Discussion

TN is one of the common causes of facial pain
worldwide that significantly effects quality of life and
is even linked to increased suicide rates. Several
modalities of treatment are available for this
neuropathic pain. First line of treatment is usually
medical; especially anticonvulsants, of which
carbamazepine is the drug of choice, Carbamazepine
blocks  sodium  channels  which  decreases
depolarization of the affected neurons. Other
medications that can be used include
baclofen, gabapentin, clonazepam, sodium

valproate, lamotrigine, and topiramate. Some of these
are helpful in refractory cases too. Coming to surgical
options, there is a variety that can be recommended to
patients who are not responding to medical treatment
or develop side effects that cannot be tolerated. There
are microvascular decompression, Gamma Knife and
radiofrequency.

In our study, we monitored the brain response to
radiofrequency using fMRI before and after therapy.
We also compared the efficacy of pulsed RF and
conventional RF in the treatment of TN using the VAS
score and assessing the need for additional medical
treatment and complications at the 1%t week, 15 month,
3 month and 6" month after the intervention.

PRF uses a lower temperature application of energy
produced by the radiofrequency generator at the tip of
the needle and diffuses the energy to the nerve in a
pulsed manner to decrease thermal destruction.
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Whereas, TRF involves high-temperature effects of
high-frequency current on the Gasserian ganglia.®

Functional MRI is based on the Bold effect (blood
oxygen level-dependent changes) that measures the
oxygenated hemoglobin and deoxyhemoglobin
concentration in various brain regions at baseline and
during activity.'’

In the present study, there was a statistically
significant difference in VAS scores at different time
points of follow-up compared with the pre-
intervention results.

A similar pattern of results was obtained by Elawamy
et al. in 2017, who described that complete pain relief
was found immediately after the procedure in all
patients up to the 39 month of follow-up. After that,
the pain began to return in the PRF group rather than
in the CRF group.'” The VAS score for patients in the
PRF was increased at the 6™ month post treatment.
Thermocoagulation offers the highest rates of
complete pain relief with percentages more than 90%,

as detailed in a number of previously done studies.'®
22

In our study, regarding the for medical therapy in the
first week and the first month, there was no statistically
significant difference between the two groups.
However, the need for medical therapy was decreased
in the TRF group at the 3 and 61 month. But patients
who received PRF continued on medical treatment at
these follow-up periods.

Coming to side effects after the intervention, in the
CRF group facial numbness and weakness of muscle
of mastication were reported. Whereas, there were no
side effects reported in the PRF group. This data
augments study by Zhao et al., who described few or
minimal side effects profile for the PRF group.?

Facial numbness was observed in 15 patients (100%)
in the TRF group. There was a statistically significant
difference in the incidence of facial numbness between
groups receiving CRF and PRF
(p<0.001). Complications such as facial numbness
resolved in a short time. None of the study patients
developed any other complications or had permanent
complications. The incidence of facial humbness in
these study group CRF was like that reported in
previous studies (50.8%-100%).%8 25 It is postulated
that the increase in the temperature is associated with
the increase in risk of complications.?24
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CRF patients had better VAS scores at the 6-month
time compared to the PRF group. This result
collaborates with recently published research about
the therapeutic efficacy of PRF treatment. Although it
is widely acknowledged that the efficacy of CRF is
superior to PRF, the nondestructive nature of PRF is
still promising. %628

In our study, we used fMRI to compare the affected
versus the non-affected side of the brain before and
after radiofrequency ablation of the Gasserien
ganglion. Niemeier found similar changes in the
lingual gyrus, postcentral gyrus, paracentral lobule,
inferior cerebellum, and inferior cerebellum of
patients with suffering from TN.?°

Author Yuan found that patients with primary TN had
substantially altered Reho and fractional ALFF values
in the cerebellum's right posterior lobe, suggesting
functional changes.*®

Reduced BOLD signal activation was observed in
some brain regions after radiofrequency ablation
compared to that before the radiofrequency. The
activation was markedly reduced in the secondary
somatosensory area and the frontal operculu. Villain
cited in 2011that the central nervous system functional
improvements in TN patients after the radiofrequency
procedure, including postcentral gyrus (S1), insula,
anterior cingulate cortex, inferior parietal lobule,
middle temporal gyrus, fusiform gyrus, and calcarine,
are related to sensory, affective, and emotional
processes.®!

5. Conclusion

From our study it can be concluded that both thermal
and pulsed radiofrequency are effective and safe in the
treatment of patients with  TN.  Thermal
radiofrequency appears to have adequate pain relief up
to 6 months, but with some transient side effects that
may be unpleasant for the patient. fMRI show reduced
in brain activity in some brain regions after 1 month of
radiofrequency but this was a not significant finding.
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