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ABSTRACT

Background: Thermic rhizolysis is a reliable therapy for pharmaco-resistant
trigeminal neuralgia (TN). Temperature, duration of electrocautery and needle
location can influence the efficacy and complications of the therapy.

Methods: We performed experimental thermocautery on egg white with increas-
ing parameters of time (30-120 s) and temperature (60-95°C); we analysed the
shape, size and volume of the thermic lesions produced. We developed a surgical
procedure to assess peroperatively the probable thermocoagulation field and its
geometric relations with the trigeminal roots and other anatomical structures of
Meckel's cave, and we individually adapted the parameters of rhizolysis to opti-
mize the results. This procedure was applied on 22 patients with TN.

Results: The volume of the lesions produced by rhizolysis on egg white had a
spheroidal shape and increased linearly with the level of temperature and the
time of electrocautery from 1.595 mm?(SD 0.38) to 54.454 mm?*(SD 10.41); higher
temperatures induced larger thermocoagulation fields than longer time periods.
The calculated volumes measured at all levels of temperature and time were ap-
plied in vivo on the patient stereotactic planning during the thermocoagulation
procedure in order to select the optimal parameters for rhizolysis. The median
values used were 75°C (range 70-85°C) and 60 s (range 45-60 s). At 6-month
follow-up, pain outcome was Barrow-Neurological-Institute class-I for 72.7%, I11a
for 22.7% and I1Ib for 4.6%; the only complication due to rhizolysis was mild facial
numbness in 13 subjects (59%) at 6-month follow-up.

Conclusion: We conclude that geometric analysis of the position of the electrode
before trigeminal thermocoagulation with morphometric-related individual ad-
aptation of treatment parameters could avoid serious injuries and optimize pain
control.

Significance: We have adapted the technique of radiofrequency rhizolysis for
TN. Our procedure allows individual peroperative adaptation of the parameters
of thermocoagulation, according to the specific position of the electrode during
rhizolysis. Preliminary results on a series of 22 patients have shown promising
results.
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1 | INTRODUCTION

Radiofrequency (RF) thermocoagulation has been used
clinically as a modality to treat various chronic pain syn-
dromes since the 1950s (Mullan et al., 1963). Currently,
it is one of the most frequently used neurolytic tech-
niques for the relief of pain (Vanneste et al., 2017).
High-frequency electrical current is applied adjacent
to the structure of the nerve that is to be ablated, lead-
ing to ionic oscillation and frictional dissipation of the
ions and electrolytes, which produces heat. RF has been
demonstrated to be a more reliable and reproductible
lesion production technique at a desired specific neu-
rological location compared with electrocautery (Organ,
1976-1977).

In 1974, Sweet et al. first described a technique for
generating RF lesions in the gasserian ganglion for the
treatment of trigeminal neuralgia (TN) (Sweet & Wespic,
1974). Presently, percutaneous RF trigeminal rhizotomy
is a well-established and effective technique for treat-
ing TN (Joffroy & Massager, 2001). The short-term pain
relief is good, with a risk of recurrence mainly within
2 years after the initial RF procedure (Kanpolat et al.,
2001). Accurate positioning of the rhizotomy needle
in the Meckel's cave is essential to increase long-term
efficacy of pain relief and reduce side effects and in-
advertent complications. The procedure of RF thermo-
coagulation is usually performed under the guidance
of fluoroscopy. More recently, some reports have been
published on the use of computed tomographic or navi-
gation guidance, or both (Arishima et al., 2016; Easwer
et al., 2016; Lin et al., 2011; Thatikunta et al., 2020; Tsai
et al., 2019; Weflling & Duda, 2019; Yang et al., 2010).
These new systems can facilitate cannulation of the fo-
ramen ovale, especially for less experienced surgeons.

Some parameters of RF lesioning can modify the re-
sults of rhizotomy. The temperature used, the duration
of RF thermocoagulation and the location of the needle
tip can modify the efficacy of the therapy. Particularly,
the distance between the needle and the nerve fibers that
must be lesioned seems to be a crucial variable (Buijs
et al., 2004; Bogduk et al., 1987). However, this parameter
is often neglected, and only peroperative testing via sensi-
tive stimulation is performed to assess correct location of
the electrode's tip. Therefore, to improve the therapeutic
effect of RF rhizolysis, the relative geometric position of
the electrode and nerve roots into the Meckel's cave seems
relevant to be studied.

On the other hand, secondary effects of RF thermo-
coagulation of the gasserian ganglion must also be of
crucial concern. Facial numbness or dysesthesia, dry-
eye syndrome or anaesthesia dolorosa are well-known
troublesome complications of trigeminal rhizotomy
(Joffroy & Massager, 2001). Because of proximity of im-
portant/key/vital structures around the Meckel's cave
such as carotid artery or hippocampus, serious inju-
ries have been reported (Bender & Bettegowda, 2016).
So, geometric analysis of the position of the electrode
during cannulation and before rhizolysis could perhaps
avoid these complications.

The aim of our studies was to optimize the results of RF
rhizolysis for TN by maximizing the therapeutic effect and
minimizing the risks and complications of the procedure.
For that purpose, we have adapted our initial procedure of
RF rhizolysis by the implementation of a technique that
allows an individually peroperative adaptation of the pa-
rameters of thermocoagulation to the location of the tip of
the electrode into the Meckel's cave.

2 | METHODS

The present study was approved by the local Institutional
Review Board and the Ethical Committee (ref. 2020/1361).
Informed consent was obtained from all patients included
in this study.

Statistical analysis was performed with the com-
mercially available software GraphPad Instat 3.10
(GraphPad®). Comparison of continuous variables was
performed with the Mann-Whitney U test. The results
were considered significant for p < 0.05.

2.1 | Invitro study

Our first study was performed in vitro and aimed to an-
alyse the morphology of the lesion produced by RF rhi-
zolysis using different parameters. The results of this
experiment were used clinically to adapt the size of the
RF lesion produced during thermocoagulation of the gas-
serian ganglion.

In the laboratory, we used conventional 22-gauge
100-mm Radionics RF cannulae with 5-mm active tips
(Radionics, Inc.) to create the lesions. We connected
the electrode to the RF generator (Universal RF system
URF-3AP, Diros®) in the usual manner recommended
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by the manufacturer. The electrodes were inserted into
the white from 12 fresh hen's eggs placed in a rectan-
gular glass container warmed in a water bath to 37°C.
Egg white was used as model since egg white is predomi-
nantly protein and the biologic effect of conventional RF
treatment is to denature protein. So, egg white seemed
a suitable medium in which to examine the production
of a lesion (Kwon et al., 2015; Bogduk et al., 1987). The
translucency of the egg white allowed visualization of
the formation of the coagulum over time. RF lesions
produced in egg white were similar in geometry to
those produced in both skeletal muscle and brain tis-
sue (Moringlane et al., 1989; Vinas et al., 1992; Bogduk
et al., 1987).

Bipolar RF thermocoagulation was performed as in
clinical practice: the parameters of time and tempera-
ture were selected on the RF generator, then we started
the lesion production and the temperature at the tip
of the electrode raised rapidly (10 s max) to the de-
sired temperature. Once the expected temperature was
reached, the internal timer of the RF generator was au-
tomatically started and the RF lesioning continued for
the preselected time. Then, the electrode was removed
from the egg white, with the coagulum attached to it.
The electrode was placed on a graph paper. The length
of the coagulated white attached to the electrode was
measured: the maximum size parallel to the electrode’s
tip and the maximum size perpendicular to it. We found,
as others (Buijs et al., 2004; Bogduk et al., 1987), that
the coagulum has the shape of a prolate ellipsoid of rev-
olution (also called spheroid). So, the volume of coag-
ulated egg white can be approximated by the formula
V = 4/3.7.(p/2).(q/2)*, where p is the max length of co-
agulum parallel to the electrode and q the max length of
the coagulum perpendicular to the electrode.

We performed two experimental studies: the first one
with increasing temperature of lesioning and constant
time, and the second one with increasing time and con-
stant temperature of lesioning. For the first study, we used
a fixed time of 60 s (because it represents the standard
time for this procedure) and 8 levels of temperature: 60°,
65°, 70°, 75°, 80°, 85°, 90° and 95°. For each level of tem-
perature, we made lesions with five different electrodes.
The lengths of coagulum of each electrode were mea-
sured. Then, the mean lengths of the five coagulum of
each temperature level were calculated, and were used to
obtain the mean volume of the 3D lesion produced by RF
lesioning. For the second study, we used a fixed tempera-
ture of 75° (because it represents a commonly used level
of temperature) and seven time periods: 30, 45, 60, 75, 90,
105, and 120 s. For each time interval, we made lesions
with five different electrodes. The mean lengths of the five
coagulum of each time interval were obtained and used to

calculate the mean volume of the 3D lesion produced by
RF lesioning.

2.2 | Invivo treatment procedure

Before surgery, the patients selected for treatment per-
formed a high-resolution thin-slice stereotactic head CT
and a high-resolution thin-slice stereotactic head T1- and
T2-weighted MRI. For patients who had previously under-
gone stereotactic radiosurgery for TN, the high-resolution
imaging studies of their radiosurgical treatment were re-
trieved and used for the current procedure.

At surgery, the patient remained under local anaes-
thesia with slight sedation controlled by an anaesthesi-
ologist. The CTscanner available in the operating room
(0-Arm™, Medtronic) was positioned to undergo 2D im-
ages to target the foramen ovale following the landmarks
defined by Hartel (1914). After instillation of local anaes-
thesia into the mucosa of the cheek, we went through the
intraoral mucosa with palpation and radiological guid-
ance and we penetrate the foramen ovale with the needle.
Then, we acquired 3D-scan imaging with the operating
scanner (Figure S1). On the stereotactic planification soft-
ware Leksell Surgiplan 11.0 (Elekta Instruments‘@), we re-
trieved these intraoperative CT images and we fused them
with the preoperative CT and MR (Figure 1). The position
of the tip of the needle was identified into or around the
Meckel's cave on these fused images. If the position of
the electrode was not adequate, the electrode was with-
drawn and reinserted through the foramen ovale with a
better angulation in order to reach the Meckel's cave. We
performed sensory stimulation to confirm the territory of
painful neuralgia and we readapted the position of the
electrode if needed.

Once the electrode was located in an optimal position,
the following parameters were measured on the fused im-
ages: (1) distances between the tip of the electrode and the
lateral, medial, anterior, posterior, inferior and superior
borders of the Meckel's cave, (2) distances between the
tip of the electrode and the trigeminal nerve roots inside
the Meckel's cave (Figure 2). We reported these measure-
ments to the parameters of the spheroid lesions produced
by experimental thermocoagulation during our in vitro
study (Tables 1 and 2). We defined the optimal parameters
of temperature and time to be used: we limited the param-
eters of time and temperature in order to avoid the risk of
making a thermal lesion on structures located outside the
Meckel's cave (mesiotemporal parenchyma, carotid artery,
etc.), and to make an efficient RF rhizolysis on the ade-
quate nerve root.

Then, we drew on stereotactic images a 3D-volume
that corresponded to the maximal volume of lesion
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FIGURE 1 Image fusion of intraoperative CT and preoperative MRI showing the position of the tip of the electrode (red arrows) inside

the Meckel's cave

SP: -, 281209

FIGURE 2 Axial image series obtained after fusion of intraoperative CT and preoperative MRI. The relation between the electrode’s tip
(red arrow) and the nerve roots (green arrows) and the borders of the Meckel's cave (blue arrows) can be studied

possibly taking into account the limits of the Meckel's experimental thermocoagulation with the parameters of
cave and the position of the nerve roots. Next, we drew  time and temperature chosen. We verified by compar-
the 3D-volume of the spheroid lesion produced by  ison between these 2 volumes that the lesion that will
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TABLE 1 Mean values of p-distance, g-distance and volume of the spheroid-shaped lesion produced by RF thermocoagulation on white eggs using increasing values of temperature. The

values in parenthesis refer to standard deviation

80°C 85°C 90°C 95°C

75°C

65°C 70°C

60°C

t° levels

Study #1

6.5 (0.45)
4(0.48)

6.15(0.42)
3.55(0.37)

5.15 (0.45)
3.25(0.31)

1.95(0.33) 2.95 (0.33) 4.5(0.31) 4.65 (0.34) 4.8(0.27)
2.5 (0.35) 2.6 (0.42)

1.25(0.18)
1.595 (0.38)

p (mm)

q (mm)

Time =60 s

2.85(0.55)

1.45(0.21)
3.248 (0.58)

40.582 (8.55) 54.454 (10.41)

20.414 (9.12) 28.482 (5.67)

16.459 (5.74)

14.726 (4.44)

vol (mm°)

be produced by thermocoagulation would fit optimally
(Figure 3).

Once the best parameters of thermal rhizolysis have
been decided, the RF lesion was performed under brief
sedation of the patient. We conduct sensory testing after
thermal rhizolysis to confirm the territory of hypesthe-
sia. The electrode was then removed, and a dressing was
placed at the insertion site of the needle.

2.3 | Clinical application

This operating procedure was applied to 22 patients
who suffered from intractable debilitating idiopathic
TN. Patients were recruited during the period from 1
February 2020 to 31 December 2020. All patients were ini-
tially referred to the Department of Neurosurgery or the
Multidisciplinary Diagnostic and Therapeutic Pain Center
of the University Hospital CHU-Tivoli (La Louviere,
Belgium). A preoperative evaluation was performed for all
cases, including neuropsychological assessment, a brain
MRI, and a medical evaluation by a neurologist.

3 | RESULTS
3.1 | Invitro study

Table 1 presents the mean values of p and q distances
calculated for all 8-temperature levels on the basis of the
measurements recorded on the five RF lesions produced
at each temperature level. At the lowest temperature level
(60°C), the mean size of the lesion was 1.95 mm (SD 0.33)
for pand 1.25 mm (SD 0.18) for g, and the mean calculated
volume was 1.595 mm? (SD 0.38). At the highest tempera-
ture level (95°C), the size of the lesion reached values
of p and q more than three times the values observed at
60°C (mean 6.5 mm [SD 0.45] for p and mean 4.0 mm [SD
0.48] for q). The mean calculated volume of the lesion was
54.454 mm? (SD 10.41).

Figure 4 presents photographs of some electrodes with
coagulation of egg white obtained after RF thermocoagu-
lation at different temperatures and a fixed time. These le-
sions have a spheroid shape, and their volumes are related
to the parameters of RF used.

The volume of spheroid-shaped tissue involved
in the RF rhizotomy has been calculated and the re-
lation between the temperature and the volume of
the lesion produced has been studied. This analysis
shows that the relation between these two parame-
ters follows a linear regression curve (Excel Software,
Microsoft®) with a correlation coefficient (r) of
0.96983; R* = 0.94057.
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TABLE 2 Mean values of p-distance, g-distance and volume of the spheroid-shaped lesion produced by RF thermocoagulation on white
eggs using increasing values of time. The values in parenthesis refer to standard deviation

Time

Study #2  periods 30s 45 s 60 s 75s 90 s 105 s 120 s

1°=75° p (mm) 3.25(0.25)  3.45(0.37) 3.8(0.21) 4.05(0.37)  4.55(0.21) 4.8(0.27) 5.15 (0.45)
q (mm) 1.5(0.18) 1.55(0.21) 1.85(0.22) 2.05(0.11) 2.35(0.29) 2.65 (0.34) 2.75(0.25)
vol (mm®)  3.829(1.09) 4.340(1.12) 6.810(1.47) 8.912(1.73) 13.157(3.47) 17.649 (4.38)  20.393 (4.73)

RecONstructed. x: 4.4 .

FIGURE 3 Peroperative analysis of the optimal parameters for rhizolysis. Superior right: fusion MRI-T2 preoperative with the
intraoperative CT. Inferior right: magnification of the area of the Meckel's cave on fused images, with the electrode (red contour) located
inside the Meckel's cave (blue contour). Superior left: 3D reconstruction of the electrode and the area of the thermal lesion (pink volume).
Inferior left: 3D reconstruction of the electrode, the area of the thermal lesion (mauve volume) and the Meckel's cave (blue volume)

Table 2 presents the mean values of p and g distances
calculated for the seven studied time periods, on the basis
of the measurements recorded on the five RF lesions pro-
duced for each time interval. After a 30 s period of RF
lesioning, the mean p and q distances of the lesion were
3.25 mm® (SD 0.25) and 1.50 mm? (SD 0.18), respectively.
The mean calculated volume was 3.829 mm? (SD 1.09).
After a 120-s period of RF lesioning, the size of the lesion
has increased to mean p and g values of 5.15 mm (SD
0.45) and 2.75 mm (SD 0.25). The mean calculated vol-
ume of the lesion after 120 s lesioning was 20.393 mm?
(SD 4.73).

Figure 5 shows examples of electrodes with coagula-
tion of egg white obtained after RF thermocoagulation

with a fixed temperature of 75°C and various time inter-
vals. The spheroid-shaped lesion has an increased volume
in relation with the increased time of RF used. The rela-
tion found between the times used for RF-thermolesion
and the volumes of the spheroid-shaped lesions ob-
served follows a linear regression curve (Excel software,
Microsoft®) with a correlation coefficient (r) of 0.97962;
R* = 0.95965.

3.2 | Clinical experience

This study included 16 women and 6 men (Table 3).
Median age was 66.6y (range 42.1-83.7). Twelve patients
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FIGURE 5 Photographs of coagulation in egg whites generated
with RF currents at 75°C for different time periods: (a) electrode
before RF, (b) during 30 s, (c) during 60s, (d) during 90 s, (e) during
120 s

had a right TN and 10 patients had a left TN. Most of our
patients had more than one nerve root affected by trigemi-
nal seizures; the predominantly affected trigeminal nerve
root was the V-1 root for 1 patient, the V-2 root for 10 pa-
tients, and the V-3 root for 11 patients.

One or several surgical procedures were done prior to
the current RF treatment on 17 patients (77%). Four pa-
tients had had a previous microvascular decompression
procedure, seven patients had had TN radiosurgery, and
six patients had had percutaneous rhizolysis.

We have used the Barrow Neurological Institute (BNI)
pain intensity scale as classification for pain assessment
and pain outcome (Rogers et al., 2000). Before treatment,
13 patients had BNI class IV and nine patients had BNI
class V.

The stereotactic position of the needle could have
been defined precisely by the intraoperative CTscan for
all patients, after co-registration of the image series to
the MRI on the stereotactic planning (Figures 1 and 2).
For the 22 patients, the final position of the needle was

o

S ST R S A S -

e
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o
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60sec

TABLE 3 Data of the patients studied

Variable Value
Total no. of patients 22
Age (y): median (range) 66.6 (42.1-83.7)
Female sex 16 (73%)
Right side 12 (55%)
Main trigeminal nerve root painful (%)
V-1 1(4.5)
V-2 10 (45.5)
V-3 11 (50)
Prior surgical procedure (%)
Microvascular decompression 4(18.2)
Radiosurgery 7 (31.8)
Percutaneous rhizolysis 6(27.3)
Baseline distribution of pain intensity (%)
BNI* class IV 13(59.1)
BNI® class V 9 (40.9)

Rhizolysis: parameters

Temperature: median (range) 75°C (70-85)

Time: median (range) 60 s (45-60)
Outcome at 6 months:

BNI® class I 16 (72.7%)

BNTI® class I1Ia 5(22.7%)

BNI* class IIIb 1 (4.6%)

Mild facial numbness 13 (59%)

Severe facial nerve dysfunction 0 (0%)

*Barrow Neurological Institute pain intensity scale (Rogers et al., 2000).

located inside the Meckel's cave. The median parameters
of RF rhizolysis used were 75°C (range 70-85°C) and 60s
(range 45-60 s). We tried to modify preferably the tem-
perature first, and the time as a second option. The size
of the RF-induced lesion was limited by the distance be-
tween the electrode and the border of the Meckel's cave
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for 15 patients (lateral border in 13 cases, superior border
in two cases) and distance between the electrode and a
trigeminal nerve root of the Gasserian ganglion for seven
patients (Table 4). Only one thermal lesion was per-
formed in all cases.

All patients have been assessed at 1, 3 and 6 months
after treatment. All patients had a significant improve-
ment of pain. At the 1-month follow-up, all patients had a
complete relief of the trigeminal seizures. At the 6-month
follow-up, 16 patients (72.7%) had BNI class I, five patients
(22.7%) had BNI class IITa and one patient (4.6%) had BNI
class I1Ib. The only complication observed was mild fa-
cial numbness, which occurred for 17 patients (77%) at
1-month, and 13 patients (59%) at the 6-month control.
No patient developed troublesome dysesthesia, dry-eye
syndrome or anaesthesia dolorosa.

4 | DISCUSSION

In this paper, we present a surgical technique to adapt
individually the parameters used for RF thermocoagula-
tion during treatment of TN by thermal rhizolysis of the
Gasserian ganglion. This procedure aimed at optimization
of the functional results of the treatment and reduction of
morbidity and complications.

4.1 | The egg white model

To study the size and shape of lesions produced by RF
thermocoagulation, the use of fresh egg whites has al-
ready been largely validated as a suitable experimental
model to study in vitro the physical effect of thermal rhi-
zotomy (Buijs et al., 2004; Heavner et al., 2006; Kwon
etal., 2015; Moringlane et al., 1989; Oh et al., 2001; Vinas
et al., 1992; Bogduk et al., 1987). Egg white is essentially
composed of protein. Since the biologic effect of conven-
tional RF treatment in vivo is to denature protein, egg
white is a suitable medium in which to examine in vitro
the production of a lesion (Kwon et al., 2015; Bogduk
et al., 1987). Moreover, the translucency of the egg white
allowed visualization of the formation of the coagulum
over time. Several publications have already shown that
RF lesions produced in egg white were similar in geome-
try to those produced in skeletal muscle and in brain tis-
sue (Moringlane et al., 1989; Vinas et al., 1992; Bogduk
et al., 1987). However, as these tissues may have differ-
ent physical properties than the trigeminal nerve tissue,
it may be possible that the validity of this model may
be reduced to predict the morphology of these lesions
in such tissue. This may constitute a limitation of our
experimental model.

w

We have used fresh egg whites as a medium support to
study the size and shape of the lesions produced by RF
thermocoagulation. Our experiment has shown that the
thermal lesion produced around the electrode's tip has
the shape of a prolate ellipsoid of revolution, also called
spheroid. The spheroid shape of the thermolesion we have
observed corresponds to the ellipsoid or ovoid lesions de-
scribed in previous studies (Moringlane et al., 1989; Oh
etal., 2001; Vinas et al., 1992) in their experiment of RF le-
sion produced in vitro in egg whites and in vivo in the sub-
cortical white matter of rabbits. Bogduk et al. found also
that the lesion produced by RF has the shape of a spheroid
(Bogduk et al., 1987).

We have found a linear relation between the volume of
this spheroid lesion produced by thermocoagulation and
both parameters of temperature and time. The influence
of temperature and time on the size of the lesion has al-
ready been demonstrated (Moringlane et al., 1989; Pino
et al., 2005; Vinas et al., 1992). However, in these articles,
only the linear (Kwon et al., 2015; Moringlane et al., 1989;
Vinas et al., 1992) or 2D-surfaced (Pino et al., 2005) values
of the size of the thermolesion have been studied. Since
the lesion produced by RF electrocautery has a tridimen-
sional shape, it seems suitable to rather analyse the rela-
tion between the parameters of thermocoagulation with
the 3D-volume of the spheroid lesion produced (Bogduk
et al., 1987).

This experiment has allowed us to obtain precise mea-
surements of the size of the thermolesion produced with
different levels of temperature and time. These measures
were then applied on a surgical procedure of thermocoag-
ulation of the gasserian ganglion.

4.2 | Invitrostudy

4.3 | Technical procedure of adapted
RF parameters

Percutaneous radiofrequency trigeminal rhizotomy is a
well-established therapy proposed for patients with TN
(Kanpolat et al., 2001). In the last decade, some technical
improvements have been proposed to facilitate the surgi-
cal procedure and/or optimize the results of the treatment.

The first amendment that has been proposed was to
replace the traditional fluoroscopy used for cannulation
of the foramen ovale by intraoperative Computerized
Tomography with three-dimensional image reconstruc-
tion (Arishima et al., 2016; Easwer et al., 2016; Yang
et al., 2010). CT-guidance has allowed an easier place-
ment of the needle into the Meckel's cave through the
foramen ovale, in comparison with the old technique of
free-handed puncture using 2-D fluoroscopy described by
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Patient Temperature (°C) Duration (s)
#1 80 60
#2 75 60
#3 75 60
#4 75 60
#5 70 60
#6 75 60
#7 85 45
#8 75 60
#9 70 60
#10 75 60
#11 75 60
#12 75 60
#13 80 60
#14 85 60
#15 80 60
#16 70 60
#17 75 60
#18 75 60
#19 70 60
#20 75 60
#21 80 45
#22 80 60
Median 75 60
Min 70 45
Max 85 60

Geometrical imitation parameter

TABLE 4 Parameters used in every
individual

Lateral border of Meckel's cave
Lateral border of Meckel's cave
Trigeminal root inside Meckel's cave
Lateral border of Meckel's cave
Lateral border of Meckel's cave
Trigeminal root inside Meckel's cave
Lateral border of Meckel's cave
Superior border of Meckel's cave
Trigeminal root inside Meckel's cave
Trigeminal root inside Meckel's cave
Lateral border of Meckel's cave
Trigeminal root inside Meckel's cave
Lateral border of Meckel's cave
Lateral border of Meckel's cave
Lateral border of Meckel's cave
Superior border of Meckel's cave
Lateral border of Meckel's cave
Trigeminal root inside Meckel's cave
Lateral border of Meckel's cave
Lateral border of Meckel's cave
Trigeminal root inside Meckel's cave

Lateral border of Meckel's cave

Sweet et al (Sweet & Wespic, 1974), and is especially inter-
esting for less experienced surgeons.

The second improvement in the technique of place-
ment of the cannula was the use of intraoperative CT
combined with integrated neuronavigation (Lin et al.,
2011; Wefiling & Duda, 2019). Actually, the system of cra-
nial navigation used for brain surgery can be applied to
facilitate the placement of the electrode into the Meckel's
cave via neuronavigated cannulation of the foramen ovale.
Some studies have shown that this procedure can be done
easily and safely, even in awake patients (Lin et al., 2011;
Weflling & Duda, 2019).

These new features in the procedure of RF rhizotomy
of the gasserian ganglion have concerned facilitation of
cannulation of the foramen ovale. More recently, another
major improvement in the technique has emerged and
aimed at placing the tip of the electrode at an optimal
area inside the Meckel's cave (Thatikunta et al., 2020; Tsai
et al., 2019). For this, a stereotactic planning system and a
combination of preoperative MRI and intraoperative CT

were used to provide visualization of the electrode into the
Meckel's cave. The integration, coregistration and fusion
of these images allow showing very clearly the position of
the electrode and the borders of the Meckel's cave. With
this procedure, it can be checked that the electrode can
be used safely for rhizotomy, or if a repositioning of the
cannulae is mandatory.

In our study, we have pushed the surgical procedure
of RF thermocoagulation of the gasserian ganglion a
step further. In 1974, Sweet et al. have first described
a conventional procedure of thermocoagulation of the
gasserian ganglion; in their paper, they proposed a stan-
dard thermal rhizolysis with fixed parameters (Sweet &
Wespic, 1974). Currently, the surgeon usually defines
the parameters of thermocoagulation on the basis of his
personal experience. It is often difficult to know which
temperature and time will be sufficient to induce a long-
term sedation of the TN and to avoid complications,
such as post-rhizolysis trigeminal dysfunction. We have
postulated that the best way to improve the results of
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this surgical procedure was to adapt individually the pa-
rameters of RF thermocoagulation.

We made a procedure to adapt for each patient
during rhizolysis the parameters that must be applied
to optimize the RF procedure. We studied the morpho-
logical relations between the tip of the electrode and
the trigeminal nerve roots inside the Meckel's cave, as
well as the limits of this cave. A simulation of the 3D
area concerned by thermal cauterization is done on the
stereotactic planning to choose the optimal parameters
that will make an efficient rhizotomy effect on the tar-
geted nerve root and that will avoid deleterious coagu-
lation on the other structures located inside or outside
the Meckel's cave.

4.4 | Clinical experience

We have applied our procedure to a short series of pa-
tients. The results of thermal rhizolysis in our series are
promising, since the therapeutic efficacy is obtained,
the rate of secondary effects is lower than usually ob-
served and no serious complication has happened. The
trigeminal seizures stopped during the first month after
treatment for more than 90% of cases (Al Quliti, 2015;
Gronseth et al.,, 2008; Kanpolat et al., 2001; Mittal &
Thomas, 1986). Complications reported in the literature
included (sometimes temporary) sensory loss in more
than half the patients, diminished corneal reflex and
eye infection in 4%-6%, anaesthesia dolorosa in 1%—4%,
severe dysesthesias in 1%-6% (Al Quliti, 2015; Gronseth
et al., 2008; Kanpolat et al., 2001; Mittal & Thomas, 1986).
Severe complications such as oculomotor nerve paralysis,
cerebrospinal fluid leakage and carotido-fistulae have also
been reported (Kanpolat et al., 2001; Mittal & Thomas,
1986).

So, our initial experience suggests that the adaptation
of parameters of RF by a morphological analysis of the
Meckel's cave during surgery may improve the results of
this procedure and minimize the risks. This experience
should be continued to confirm the potential benefits of
such individually adapted approach in the future. Since
our preliminary experience showed that the median pa-
rameters of lesioning are the ones commonly used for
classical RF, a randomized blinded trial with analysis of
cost-effectiveness should be considered to estimate the
benefits of our procedure.

4.5 | Limitations of the study

The study that we present here had some significant limi-
tations. The experimental model we have used, the egg
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white, has been shown to reproduce the geometry of RF
thermocoagulation in brain tissue, but may have some dif-
ferent physical properties in the trigeminal nerve tissue.
The validity of this model to predict the morphology of
these lesions in such tissue may consequently be reduced.
Also, it is noticeable that a significant majority of our sam-
ple of TN patients had been previously treated with other
surgical techniques, which may have altered the charac-
teristics of the trigeminal nerve tissue.

Our initial clinical experience is composed of a small
sample size. No control group has been evaluated as ref-
erence for comparison to the group of patients treated
with our rhizolysis procedure. So, no conclusion can be
drawn from the rate and type of side-effects observed in
our population.

Our patients have been followed during 6 months after
the rhizolysis procedure. The short-term period of fol-
low-up represents another limitation of the scope of our
results, mainly in term of trigeminal pain control. A fu-
ture study designed with two arms comparing our method
with the commonly used method and a longer follow-up
could lead to more robust conclusions.

5 | CONCLUSIONS

With recent developments of medical imaging, we can
use some of these technological advances to improve
some conventional surgical therapies such as thermal
rhizolysis of the gasserian ganglion used to treat TN. In
this article we have reported our preliminary experience
with a technique of individual adaptation of the param-
eters of thermocoagulation related to the position of
the cauterization electrode into the Meckel's cave. The
results of our treatment procedure were promising. A
larger experience with this technique will show in the
future if this technique is definitively associated to a bet-
ter clinical outcome.
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