Pain Physician 2021; 24:587-596 ¢ ISSN 1533-3159

Prospective Study

Comparison of Efficacy and Safety of CT-Guided
Radiofrequency Thermocoagulation Through
Foramen Rotundum Versus Foramen Ovale for V2
Primary Trigeminal Neuralgia

Yuanyuan Ding, PhD, Hongxi Li, MD, Tao Hong, MD, and Peng Yao, PhD

From: Department of Pain
Management, Shengjing
Hospital of China Medical
University, Shenyang, China

Address Correspondence:

Peng Yao, PhD

Department of Pain Management
Shengjing Hospital of China
Medical University

Shenyang 110004, China

E-mail: yaopenggo8(@z163.com

Disclaimer: There was no
external funding in the
preparation of this manuscript.

Conlflict of interest: Each author
certifies that he or she, or a
member of his or her immediate
family, has no commercial
association (i.e., consultancies,
stock ownership, equity interest,
patent/licensing arrangements,
etc.) that might pose a conflict of
interest in connection with the
submitted manuscript.

Manuscript received: 05-14-2021
Revised manuscript received:
07-04-2021

Accepted for publication:
07-22-2021

Free full manuscript:
www.painphysicianjournal.com

Background: Primary trigeminal neuralgia (TN) is one of the most severe facial pain syndromes.
TN affects patients’ quality of life and, when severe, can lead to depression and increase social
burden.

Objectives: This retrospective study aimed to compare efficacy and safety of computed
tomographic (CT)-guided percutaneous radiofrequency thermocoagulation (RFT) through the
foramen rotundum (FR) versus through the foramen ovale (FO) for treatment of maxillary division
(V2) TN.

Study Design: A prospective study.
Setting: Shengjing Hospital of China Medical University.

Methods: Seventy patients with V2 TN were randomly assigned to 2 groups: RFT-FR group (n =
35) and RFT-FO group (n = 35). Visual Analog Scale (VAS), the Medical Outcomes Study 36-Item
Short-Form Health Survey, the total efficacy, complications, and recurrence rate were assessed
before and after surgery at different time points.

Results: Compared with the preoperative VAS, the postoperative VAS in the RFT-FR and RFT-FO
groups both decreased significantly (P < 0.05). There was no significant difference in VAS between
the 2 groups (P > 0.05); in both groups quality of life improved to varying degrees after RFT. In the
RFT-FO group, the physical component summary (PCS) and mental component summary (MCS)
were significantly lower than in the RFT-FR group at 1 week, 2 weeks and 1 month (P < 0.05).
After 3 months, the PCS and MCS of the RFT-FO group gradually increased, so the 2 groups no
longer differed significantly (P > 0.05). The total incidence of complications in the RFT-FR and RFT-
FO groups was 20.0% (7/35) and 62.9% (22/35), respectively, and differed significantly (P < 0.05).

Limitations: This study cohort size is small, but we will gradually increase the number of patients
later. Second, there may be acquiescence bias or response bias. Third, the punctures under the
more commonly used C-arm imaging guidance deserve to be evaluated in the future.

Conclusions: CT-guided RFT through the FR and FO are both an effective, minimally invasive
treatments for V2 TN that can relieve pain effectively.

Key words: Radiofrequency thermocoagulation, primary trigeminal neuralgia, foramen
rotundum, foramen ovale, neuropathic pain
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rimary trigeminal neuralgia (TN), one of the most
severe facial pain syndromes (1), is characterized
by recurrent episodes of paroxysmal facial pain,

several times a day, of abrupt onset and intermittent
episodes (2,3). TN affects patients’ quality of life (4,5)
and, when severe, can lead to depression and increase
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social burden. Presently, the pathogenesis of TN is
unknown. It is necessary to find safe and effective
treatment methods with few side effects.

TN can be treated with drugs and surgery. The most
commonly used drug treatments are anticonvulsants and
antidepressants, but they are not effective. Moreover,
long-term drugs have serious side effects that are often
not tolerated. Surgical treatments include craniotomy
(e.g., microvascular decompression, trigeminal tractot-
omy, etc) and percutaneous minimally invasive surgery
(e.g., radiofrequency thermocoagulation [RFT], percu-
taneous retrogasserian glycerol rhizotomy, percutane-
ous balloon compression, etc) (6). Since Sweet (7) used
the Gasserian ganglion RFT to treat TN, RFT is currently
recognized as one of the relatively safe, effective, and re-
peatable minimally invasive surgical methods. It has been
widely used in the treatment of TN (8). The temperature
range of RFT is generally 75-90 °C. As the temperature
of RFT increases, the complication of numbness and
other nerve injury gradually increases. In our previous
study, we found that at a lower temperature (68 °C) RFT
could provide good analgesia and lower complications
(9), but it could not completely avoid the risk of other
asymptomatic branch injuries. Among the 3 divisions of
the trigeminal nerve, involvement of the maxillary divi-
sion (V2) is most frequent (10). In the Gasserian ganglion,
the 3 nerve fiber divisions of the trigeminal nerve are in
close contact and partially interconnected. Therefore, by
puncture of the Gasserian ganglion through the foramen
ovale (FO), the V2 division is difficult to accurately locate.
This approach can easily involve the ophthalmic division
(V1) or the mandibular division (V3), resulting in com-
plications. For TN with simple V2 division involvement,
puncturing the maxillary nerve RFT through the foramen
rotundum (FR) may be a better approach method. A study
shown that the FR approach was associated with signifi-
cantly shorter operation time than the FO approach (11).
Therefore, only patients with V2 TN were selected for
this study. Under the guidance of computer tomography
(CT), low-temperature RFT was applied through the FR or
the FO, and the clinical efficacy and safety were observed
and compared.

There have been many studies of Gasserian gan-
glion RFT treatment for TN, but few studies performed
RFT through the FR. In this study, we selected patients
with V2 primary TN alone and excluded those with sec-
ondary TN involving or associated with V1 and V3. The
efficacy, complications, and recurrence rate of V2 TN
treated by lower temperature RFT through either the
FR or FO were compared.

MEeTHODS

Patients

Seventy patients diagnosed with V2 TN, from
January 2015 to December 2016, were selected by the
Department of Pain Management, Shengjing Hospi-
tal of China Medical University (Fig. 1). Patients were
randomly assigned to 2 groups according to the order
of enrollment: RFT through the FR (RFT-FR group, n =
35) and RFT through the FO (RFT-FO group, n = 35). All
patients were informed of the risks and complications
before surgery.

Patients met the criteria for the diagnosis of pri-
mary TN in the International Classification of Headache
Disorders, Third Edition (beta version) (ICHD-3), pub-
lished by the International Headache Society in 2013
(12), and these inclusion criteria: (1) age > 30 years;
(2) only the V2 division distribution area was involved;
(3) moderate to severe pain, Visual Analog Scale (VAS)
> 5 score 24 hours before enrollment; (4) duration of
TN > 3 months; and (5) pain was not controlled after
standardized drug treatment, oral antiepileptic and
other analgesic drugs, and/or experienced intolerable
adverse effects.

Exclusion criteria: (1) secondary TN, such as intra-
cranial space occupying lesions based on conventional
magnetic resonance imaging of head and trigeminal
nerve; (2) TN involving V1 or V3 divisions; (3) puncture
regional infection; (4) mental illness, mental disorders,
or disturbance of consciousness such that patient could
not cooperate; (5) severe liver, kidney, heart, or lung
disease; (6) abnormal preoperative coagulation func-
tion; (7) local anesthetic drug allergy; and (8) had prior
surgery for TN.

Surgical Procedure

Under CT guidance, the patient was placed in
a supine position and a RF electrode plate was at-
tached to the ipsilateral shoulder. Vital signs were
monitored during the operation. Intravenous access
was established and ceftriaxone sodium (Shanghai
Roche Pharmaceuticals Co. Ltd., China) was admin-
istered, to prevent infection, 30 minutes before
surgery. Both groups used 21 Ga RF needles (Active
Tip, 5 mm). RFT-FR group underwent RFT through the
FR from 50°C to 68°C for 180 seconds. RFT-FO group
underwent RFT through the FO from 50°C to 68°C for
180 seconds.

RFT-FR group: using the lower margin of the
zygomatic arch approach, the intersection of the ipsi-
lateral zygomatic arch and the anterior branch of the
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mandible was located as the entry point.
Local anesthesia was administered with 0.5%
lidocaine, and the FR was used as the target
for puncture. RFT-FO group: using the Hartel
Gasserian ganglion anterior approach, 2.5
to 3 cm lateral to the affected side of the
mouth was located as the entry point. Lo-
cal anesthesia was administered with 0.5%
lidocaine along the established puncture
angle and path; the FO was used as the tar-
get for puncture. Location of needle tip was
confirmed by CT scan, and the direction of
the needle adjusted until the needle tip was
located at the FR or the FO. The RFT instru-

Allocation

Assessed for eligibility |
(n=91)

Excluded (n=21):
Not meeting inclusion criteria (n= 12)
Refused to participate (n = 4)

— No follow up date (n = 5)

Randomized (n = 70)

! ]

RFT through foramen rotundum

Group RFI-FR (n=35): Group RFT-FO (n = 35):
RFT through foramen ovale

[ 35 patients completed ] [ 35 patients completed ]

ment (Baylis Medical Inc., Montreal, Canada)
was connected and tested: (1) 50 Hz, 0.1 to
0.3 V tested sensation, induced pain sensa-

Fig. 1. Study flowchart. Of 91 initial patients, 70 patients were randomly
assigned and underwent RF'T.

tion in V2 distribution area; and (2) 2 Hz, 0.1

V tested motor function. The position of the needle tip
was adjusted until the sensation completely covered
the V2 distribution area, avoiding involvement of V1
(eyelash hypoesthesia) and V3 (jaw muscle movement)
divisions. After the position was confirmed, local an-
esthesia with 1.5%-2% lidocaine (0.2 mL) was infused,
and temperature was increased gradually from 50°C
to 68°C. The patient’s reactions were observed during
the operation. Postoperatively, patients remained at
bedrest for 24 hours and were observed for 2-3 days.
All the procedures were performed by a pain physician
with extensive clinical experience.

Observations and Follow-up
Preoperative data, including gender, age, pain

duration, pain location, preoperative VAS, and dosage

of antiepileptic drugs were recorded. Follow-up assess-
ments were performed at 1 week, 2 weeks, 1 month,

3 months, 6 months, and 1 year after surgery, respec-

tively. Patients were evaluated single blind at follow-up

visits by nonsurgical medical staff.

(1) Pain score: Assessed by VAS. 0 points (painless) to
10 points (the most intolerable pain).

(2) The Medical Outcomes Study 36-Item Short-Form
Health Survey evaluation (13): The patients’ qual-
ity of life before and after surgery was assessed
at each time point, including physical and mental
status. Physical states included physical function,
physical role function, bodily pain, and general
health; mental state included vitality, social func-
tion, emotional role function, and mental health.
Physical component summary (PCS) and mental

component summary (MCS) were summarized and
calculated. PCS and MCS were calculated according
to each domain score and the data of the Chinese
adults model (14).

(3) The total efficacy rate: According to subjective
symptoms and clinical signs, it was categorized
into 3 levels: excellent, effective, and ineffective.
Excellent: pain, numbness and hyperalgesia disap-
peared, and resumed the premorbid level of labor;
Effective: pain and numbness reduced, and level
of labor improved; Ineffective: no improvement of
symptoms. The total efficacy rate (%) = [(excellent
+ effective)/n] x 100%.

(4) Complications and side effects: short-term facial
hematoma, nausea, vomiting, and headache; long-
term facial numbness, decreased corneal reflex,
and masticatory muscle weakness.

(5) Recurrence rate.

Statistical Analysis

Statistical analysis was performed using SPSS soft-
ware version 22.0. Data were assessed for normality
using the Kolmogorov-Smirnov test. Variables with
a normal distribution were compared using one-way
analysis of variance and the values were expressed
as mean = standard deviation. The Kruskal-Wallis
test was used for comparisons of variables that did
not meet criteria of normal distribution. Values were
expressed as median (interquartile range). Categori-
cal data were analyzed using chi-square or Fisher’s
exact test. P values < 0.05 were considered statistically
significant.
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REesuLts

Patients Characteristics

The preoperative patient characteristics of groups
RFT-FR and RFT-FO were compared. There were no
significant differences in the gender, age, pain dura-
tion, pain location, preoperative VAS, and the dosage
of antiepileptic drugs (i.e., carbamazepine, gabapentin
and pregabalin) (P > 0.05) (Table 1).

Intraoperative Conditions

The operation was successfully completed in all
patients. The plain CT scan confirmed that the needle
tip was located at the FR; 3-dimensional reconstruction
was performed to further confirm the needle position.
The needle path was located at the FR (Fig. 2[A] and
[B]); the plain CT scan confirmed that the needle tip
was located in the FO; and 3-dimensional reconstruc-
tion was performed to further confirm the needle posi-
tion. The needle path was located in the FO (Fig. 2[C]
and [D]).

Table 1. Preoperative patient characteristics of RFT-FR and
RFT-FO groups.

Group
Parameters
RFT-FR RFT-FO
Patients (n) 35 35
20 (57.1%)/15 | 21 (60.0%)/14
0,

Gender (F/M, %) (42.9%) (40.0%)
i3 6 ) 57.56 + 6.43 57.79 £ 6.29
8¢ 1y, rang (33--73) (34--76)
Preoperative Pain Duration 11.38 +5.61 11.24 +5.37

(mo, range) (3--21) (3--22)

Pain Location (n, %)

Right 21 (60.0%) 22 (62.9%)
Left 14 (40.0%) 13 (37.1%)
Preoperative VAS 6.78 +1.43 6.69 + 1.57

Preoperative Drug Dosage

Carbamazepine (mg/d, n)

533.54 + 80.33
(16)

534.02 +79.75
(14)

Gabapentin (g/d, n)

2.31+0.54 (9)

2.29+0.48
(10)

Pregabalin (mg/d, n)

454.63 + 74.58
(10)

455.27 £75.25
(1)

Data are presented as numbers (%) of patients or mean + SD.

Abbreviations: RFT-FR, = radiofrequency thermocoagulation through

foramen rotundum; RFT-FO, = radiofrequency thermocoagulation
through foramen ovale,; VAS, = visual analog scale.

VAS Score

Compared with preoperative VAS, the postopera-
tive VAS in RFT-FR and RFT-FO groups both decreased
significantly (P < 0.05). This difference was maintained
up to one year. After 6 months, a slight increase in VAS
was observed in both groups; there was no significant
difference between the 2 groups (P > 0.05) (Fig. 3).

SF-36 Evaluation

Both groups of patients had improved quality of
life of varying degrees after RFT. After the surgery, the
PCS and MCS of both groups increased at each observa-
tion time point. Compared with preoperative scores,
the differences were significant (P < 0.05). In the RFT-FR
group, PCS and MCS began to increase at one week,
and the improvement of quality of life was maintained
for a longer period of time; while in the RFT-FO group,
the PCS and MCS were significantly lower than the RFT-
FR group at 1week, 2 weeks and 1 month (P < 0.05).
After 3 months, the PCS and MCS of the RFT-FO group
gradually increased, so they were no longer signifi-
cantly lower than the RFT-FR group (P > 0.05) (Fig. 4).

Total Efficacy Rate

One year after surgery, the total efficacy rate of
RFT-FR and RFT-FO groups was 80.0% and 74.3%, re-
spectively. RFT-FR group had a higher total efficacy rate
than RFT-FO group, but the difference was not statisti-
cally significant (P > 0.05) (Table 2).

Complications and Side Effects

In both groups, the operation was completed
within 30 minutes. Postoperatively, patients in both
groups had facial hematoma, headache, nausea, vomit-
ing, and hyperalgesia in the involved area. After partial
cold compress, symptomatic treatment and absolute
supine, the complications recovered quickly, without
any subsequent serious adverse reactions.

In the RFT-FO group, V1 trigeminal nerve injury
occurred, manifested as forehead numbness, eyelash
hypoesthesia, decreased corneal reflex, but no visual
deterioration. All patients with decreased corneal re-
flex returned to normal within one month. In additions,
also V3 trigeminal nerve injury occurred, manifested as
varying degrees of masticatory muscle weakness and
numbness in the innervation region of the mandible.
The total incidence of complications in the RFT-FO
group was 62.9% (22/35).

In the RFT-FR group, there were no V1 or V3 tri-
geminal nerve injuries. There was no forehead numb-
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10cm

D

Fig. 2. (A) Plain CT scan shows the needle tip was located at the left side of the FR, as indicated by the arrow. (B) The
3-dimensional reconstruction shows the needle and the direction, located at the left side of the FR, as indicated by the arrow. (C)
Plain CT scan shows the needle tip was located in the right side of the F'O, as indicated by the arrow. (D) The 3-dimensional
reconstruction shows the needle and the direction, located in the right side of the IO, as indicated by the arrow.
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Fig. 4. Comparison of PCS and MCS in RFT-FR and RFT-FO groups. Data are presented as mean + SD.
Abbreviations: PCS, Physical Component Summary; MCS, Mental Component Summary. * compared to preoperative, P < 0.05. #compared

Table 2. The total efficacy in REFT-FR and RFT-FO groups.

Group n Excellent Effective Ineffective The Total Efficacy (%)
RFT-FR 35 17 11 7 80.0
RFT-FO 35 14 12 9 74.3%

Abbreviations: RFT-FR, = radiofrequency thermocoagulation through foramen rotundum;, RFT-FO, = radiofrequency thermocoagulation

through foramen ovale.
* compared with RFT-FO, P > 0.05.

ness, no eyelash hypoesthesia and no decreased corneal
reflex, no masticatory muscle weakness, and no punc-
ture into the nasal cavity or other inherent puncture
complications. The total incidence of complications in
the RFT-FR group was 20.0% (7/35).

After the operation, all patients experienced vary-
ing degrees of numbness in the V2 distribution area,
which gradually recovered or decreased within one
year. No permanent facial paralysis occurred after sur-
gery, and no other serious or permanent complications
occurred. In terms of complications and side effects, the
incidence of the RFT-FO group was higher than that of
the RFT-FR group. The difference was statistically sig-
nificant (P < 0.05) (Table 3).

Recurrence Rate

The recurrence rates one year after surgery of RFT-
FR and RFT-FO groups were 22.9% (8/35) and 20.0%
(7/35), respectively; the difference was not significant
(P> 0.05).

Discussion

The efficacy of RFT is confirmed, and it has the
advantages of limited trauma, target testing selec-
tion, and repeated treatment. It is a routine method

for treating TN (15). The incidence of TN is the highest
in the V2 division. The puncture path commonly used
in RF is a percutaneous puncture of the Gasserian gan-
glion through the FO (16), but this approach is prone to
V1 and V3 injury.

In this study, VAS scores did not differ significantly
between the RFT-FR and RFT-FO groups at any obser-
vation time point (P > 0.05). Therefore, both surgical
procedures can effectively relieve the clinical symptoms
and have significant therapeutic efficacy (17,18). CT-
guided selective RFT via the FR (17) appears to be a
feasible, safe, and effective treatment for isolated V2
idiopathic TN. Compared with the FO group (18), the
procedural time of the FR group was shorter (29.2 +
9.3 vs 45.4 + 22.13 minutes, P < 0.05), V1 and V3 divi-
sions had less nonspecific blocks, and fewer adverse
outcomes including masticatory weakness (0/15 vs 5/12)
and corneal perforation (0/12 vs 1/15) . Postoperative
complications occurred in both groups, but were sig-
nificantly more frequent in the RFT-FO group (P < 0.05).
Compared with RFT through the FO, treatment with
RFT through the FR significantly improved the qual-
ity of life in the early period, which may be related to
fewer, less postoperative complications. Three months
after surgery early complications had resolved, includ-
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ing, absorption of hematomas, the disappearance of
low intracranial pressure headache after bed rest, and
recovery of injured nerves of V1 and V3 divisions, so
the quality of life no longer differed between the 2
groups. The currently reported puncture approach for
the RFT treatment of the V2 division is primarily the
Hartel anterior approach. Due to the large variation in
the location of the FO in the skull base (19), the rate
of puncture failure using the Hartel anterior approach
is higher (20), which is accompanied by nerve and vas-
cular injury beyond the V2 division. There are many
reports of V1 and V3 division injuries caused by RFT
through the FO (21,22). The RFT-FO group of this study
also experienced injury of V1 and V3 divisions; whereas,
in the RFT-FR group, after puncturing the target, the
V2 division allodynia was induced by sensory stimula-
tion without V1 and V3 division paresthesia. During the
course of RFT, no abnormalities were observed in the
V1 and the V3 division functions, indicating that the
RFT through the FR had minimal effect on V1 and V3 di-
visions. No masticatory muscle weakness and decreased
corneal reflex were found in RFT-FR group.

RFT temperature is associated with nerve injury.
The higher the RFT temperature, the greater is the pos-
sibility of adjacent nerve injury and the greater is the
severity of complications. A comparison of different
temperatures of RFT in the treatment of TN found that
complications, such as numbness, in the high tempera-
ture group (> 80 °C) were more and lasted longer than
in the low temperature group (< 75 °C) (23). However,
lowering RFT temperature can lead to poor pain relief
and higher postoperative recurrence rate. Therefore,
RFT temperature can affect the recurrence rate (24,25).
A study that compared 3 RFT low temperature groups
(62 °C, 65 °C, and 68 °C), 62 °C and 65 °C did reduce
complications, but the recurrence rate increased signifi-
cantly (26). In an earlier investigation, we found that 68
°C RFT could achieve higher patient satisfaction with
less complications than 75 °C (9). So we chose 68 °C
reducing recurrence rate while avoiding complications.
The innermost part of the FO is the V1 division, the
central part is the V2 division, and the outer part is the
V3 division. When the puncture needle passes through
the FO to reach the maxillary nerve, it can easily cause
injury to the mandibular nerve. Therefore, the position
of the FO restricts the range of the RFT temperature.
Pulsed radiofrequency (PRF) analgesic effect is not
achieved solely through temperature, but through
neuromodulation (27). Studies have confirmed that PRF
can effectively treat TN (28). In the later period, we will

Table 3. Complications and side effects in RFT-FR and RFT-
FO groups.

Complications Group
RFT-FR | RFT-FO
Facial hematoma, n (%) 1(2.9) 3(8.6)
Headache, n (%) 1(2.9) 2(5.7)
Nausea and vomiting, n (%) 1(2.9) 4(11.4)
Eyelash hypoesthesia, n (%) 0 (0.0) 2(5.7)
Decreased corneal reflex, n (%) 0(0.0) 2 (5.7)
Forehead numbness, n (%) 0(0.0) 2(5.7)
Hyperalgesia in V2 distribution area, n 4(11.4) 5(143)
(%)
Masticatory muscle weakness, n (%) 0 (0.0) 2(5.7)
Incidence of complications (%) 7 (20.0)* 22 (62.9)

Abbreviations; RFT-FR, = radiofrequency thermocoagulation through
foramen rotundum; RFT-FO, = radiofrequency thermocoagulation
through foramen ovale. * compared with RFT-FO, P < 0.05.

further study the treatment of PRF in TN. When the RFT
puncture needle enters the Meckel’s cavity, it is easy to
stimulate the meninges-induced dizziness, nausea, and
vomiting, and can cause the loss of cerebrospinal fluid
(29); consequently, headaches caused by low intracra-
nial pressure appear, and the required bed rest time
increases. In the positioning test, RF current stimulation
of the mandibular nerve can cause muscle contraction,
resulting in severe pain. V2 trigeminal nerve fibers are
closely adjacent to the V1 and V3 nerve fibers in the
Gasserian ganglion. RFT treatment can easily cause
V1 injury (30), causing keratitis, corneal hypoesthesia,
diminished corneal reflex, and even blindness in severe
cases. The incidence rate of V1 division injury was from
5.7% to 15% (16,31,32). Injury of the V3 division can
cause decreased masticatory muscle strength and even
masseter muscle weakness. The incidence rate of V3
division injury was from 7% to 10.5% (16,22,23). When
the RF needle was punctured into the skull through
the FO, it was sometimes necessary to repeatedly
adjust the position of the needle until the electrical
stimulation induced V2 area paresthesia (32,33). During
actual surgery, repeated adjustments of the puncture
needle position may still fail to stimulate (V2) division
paresthesia, leading to treatment failure. Repeated
puncture can lead to intracranial tissue damage and in-
tracranial hematoma formation (34). Only the maxillary
nerve is located at the external orifice of the FR, and
it is not adjacent to V1 and V3 divisions; therefore, at
this location, there is no risk of injury to other nerves.
Moreover, higher RFT temperatures could be selected
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to reduce postoperative recurrence rate and prolong
time to recurrence. The entrance through the FR does
not enter the Meckel’s cavity, and no loss of cerebrospi-
nal fluid occurs, reducing the chance of low intracranial
pressure headache, meningitis, and intracranial infec-
tion. The V2 division passes out of the skull through
the external orifice of the FR. The position of the nerve
trunk is fixed and no branch is issued. There is no ana-
tomical variation. The bony landmarks are exact, and
RFT of the V2 division can be completely performed
without entering the FR. The depth of the puncture
needle through the FR is short, and there is no need to
repeatedly adjust the orientation and depth, so the risk
of puncture injury is low.

RFT is a neuroselective disruptive technology. The
high frequency current generated by the RF instrument
causes ions in the tissue to oscillate, which, in turn, heats
the tissue causing local temperature rise. The target
tissue heating coagulates conductive pain neurofibrils
(A8 and C-type), whereas conductive tactile neurofibrils
(Ao, and AB-type) can tolerate relatively high tem-
peratures and will not be destroyed. Therefore, gradu-
ally heating can selectively destroy the sensory nerves,
while preserving the tactile fibers relatively. Pain relief
can be achieved, but the sense of touch can partially or
completely be preserved (35). By cutting off the sensory
pathway, the action potential is hindered and pain is
relieved (29,36). However, other studies have found
that when RF is applied to peripheral nerves, light and
electron microscopy observations show complete loss
of unmyelinated fibers and almost complete loss of my-
elin fibers in all lesions (37). RFT temperature also plays
a very important role in the severity of complications
and side effects. In animal experiments, RFT with differ-
ent temperatures and durations were used on rabbits’
Gasserian ganglion. Under light microscopy, neuronal
degeneration and necrosis, nuclear atrophy, and un-
clear fragmentation of nucleoli can be observed. De-
generation of myelin sheath, segmental degeneration,
axon sparseness, continuity interruption, and uneven
distribution of nerve fibers were also observed. Adja-
cent tissues appeared edematous, peripheral blood
vessels were dilated and congested, inflammatory cells
infiltrated, and tissue necrosis was observed. Immuno-
histochemical examination showed that neurofilament
protein, acetylcholinesterase, and muscarinic receptors
expression increased gradually with the prolongation
of postoperative time. RFT at 70°C may be an optimal
temperature that causes the greatest damage to the
trigeminal ganglion, which significantly reduces nerve

activity (38). Under the electron microscope, after RFT
at 80°C, the structure of the nerve axons disappeared
instantly and showed vacuolar degeneration; after 30
days, axonal disintegration and necrosis were observed
and no regeneration was observed; collagen fibers
hyperplasia was seen at 60 days, and the axon had still
not regenerated. That is, the nerve conduction func-
tion disappeared immediately after thermocoagula-
tion and did not recover after 60 days (39). The size and
shape of RF lesions were also important for reducing
complications and side effects in patients. At different
temperatures and time, the size of the lesion increased
(40). RFT temperature determines the therapeutic ef-
fect. The higher the temperature, the greater the tissue
damage and the greater the RFT range. RFT through
the FR can permit an optimal increase in RFT tempera-
ture that can increase the therapeutic effect without
affecting V1 and V3 division nerves.

This study has some limitations. First, the cohort
size is small. At present, the sample size is small, but we
will gradually increase the number of patients later at
a later time. Second, there may be acquiescence bias
or response bias. For ethical considerations, this study
compared the 2 treatment groups without setting up
a sham group. Third, the punctures under the more
commonly used C-arm imaging guidance deserve to be
evaluated in the future.

CONCLUSIONS

CT-guided RFT through the FR and FO are both
effective minimally invasive treatments for V2 TN that
can relieve pain effectively. Both have the character-
istics of simple operation, good treatment effect, and
low recurrence rate. Maxillary nerve RFT through the
FR is safer and has a lower incidence of complications
than RFT through the FO. In the early postoperative pe-
riod, using RFT-FR, quality of life is more improved than
after RFT through the FO, and the positioning accuracy
is also better. This can increase patient compliance. It is
a safe and effective choice for the treatment of V2 TN.
In the next step, we will conduct further research in a
prospective study.

Funding

The Natural Science Foundation of Liaoning Prov-
ince (Grant No 20170541032) and 345 Talent Project
of Shengjing Hospital of China Medical University,
supported the research of this article. Funding (Grant
No 20170541032) is from Professor Peng Yao and 345
Talent Project is from Professor Yuanyuan Ding.

594

www.painphysicianjournal.com



RFT through FR versus FO for V2 TN

Acknowledgments

We gratefully acknowledge all the patients in this

study.

Authors’ Contributions
Drs Tao Hong and Peng Yao designed and con-

ducted the study, including patient recruitment, data

collection, and data analysis. Dr Hongxi Li collected the

date. Dr Yuanyuan Ding prepared the manuscript draft.
Dr Tao Hong analyzed the data. All authors approved
the final manuscript.

REFERENCES

10.

11.

Bescos A, Pascual V, Escosa-Bage M, et
al. Treatment of trigeminal neuralgia:
An update and future prospects of
percutaneous techniques. Rev Neurol
2015; 61:114-124.

Jurge S. Pain. Part 7: Trigeminal
Neuralgia. Dent Update 2016; 43:138-
140, 143-146,149.

Siviero M, Alvarez FK, Okada M, et
al. Facial sensibility of patients with
trigeminal neuralgias. Clin  Neurol
Neurosurg 2011; 113:268-271.
Zakrzewska JM, Wu J, Mon-Williams M,
etal. Evaluating the impact of trigeminal
neuralgia. Pain 2017; 158:1166-1174.

Tan CY, Shahrizaila N, Goh KJ. Clinical
characteristics, pain, and quality of life
experiences of trigeminal neuralgia in a
multi-ethnic Asian cohort. ] Oral Facial
Pain Headache 2017; 31:e15-e20.

Bick SKB, Eskandar EN. Surgical
treatment of trigeminal neuralgia.
Neurosurg Clin N Am 2017; 28:429-438.
Sweet WH, Wepsic JG. Controlled
thermocoagulation ~ of  trigeminal
ganglion and rootlets for differential
destruction of pain fibers. 1. Trigeminal
neuralgia. ] Neurosurg 1974; 40:143-156.
Missios S, Mohammadi AM, Barnett
GH. Percutaneous treatments for
trigeminal neuralgia. Neurosurg Clin N
Am 2014; 25:751-762.

Yao P, Hong T, Wang ZB, et al.

Treatment of bilateral idiopathic
trigeminal neuralgia by radiofrequency
thermocoagulation at different

temperatures. Medicine (Baltimore) 2016;
95:€4274.

Zhao Y, Zhang X, Yao J, et al
Microvascular ~ decompression  for
trigeminal neuralgia due to venous
compression alone. ] Craniofac Surg
2018; 29:178-181.

Xue TQ, Zhang QX, Bian H, Zhou PC,
Liu C, Niu SF, et al. Radiofrequency
thermocoagulation through foramen
rotundum versus foramen ovale for the
treatment of V2 trigeminal neuralgia.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pain Physician 2019; 22:E609-E614.
Headache Classification Committee
of the International Headache Society
(IHS). The international classification
of headache disorders, 3rd edition (beta
version). Cephalalgia 2013; 33:629-808.
Lam CL, Tse EY, Gandek B, et al. The SF-
36 summary scales were valid, reliable,
and equivalent in a Chinese population.
J Clin Epidemiol 2005; 58:815-822.

Li L, Wang H, Shen Y. Development and
psychometric tests of a Chinese version
of the SF-36 Health Survey scales.
Zhonghua Yu Fang Yi Xue Za Zhi 2002;
36:109-113.

Deng M, Cai H, Fang W, et al. Three-
dimensionally printed personalized
guide  plate  for  percutaneous
radiofrequency thermal coagulation in
idiopathic trigeminal neuralgia. Int ]
Oral Maxillofac Surg 2018; 47:392-394.
Liu P, Zhong W, Liao C, et al. The
role of percutaneous radiofrequency
thermocoagulation ~ for  persistent
or recurrent trigeminal neuralgia
after surgery. ] Craniofac Surg 2016;
27:€752-€755.

Wan Q, Zhang D, Cao X, et al. CT-guided
selective percutaneous radiofrequency
thermocoagulation via the foramen
rotundum for isolated maxillary nerve
idiopathic  trigeminal neuralgia. ]
Neurosurg 2018; 128:211-214.

Huang B, Yao M, Feng Z, et al. CT-
guided percutaneous infrazygomatic
radiofrequency  neurolysis  through
foramen rotundum to treat V2
trigeminal neuralgia. Pain Med 2014;
15:1418-1428.

Zdilla M}, Fijalkowski KM. The shape of
the foramen ovale: A visualization aid
for cannulation procedures. ] Craniofac
Surg 2017; 28:548-551.

Zdilla MJ, Hatfield SA, McLean KA, et
al. Orientation of the foramen ovale:
An anatomic study with neurosurgical
considerations. ] Craniofac Surg 2016;
27:234-237.

22,

23.

24.

25.

26.

27.

28.

29.

Tang YZ, Wu BS, Yang LQ, et al. The
long-term effective rate of different
branches of idiopathic trigeminal
neuralgia after single radiofrequency
thermocoagulation: A cohort study.
Medicine (Baltimore) 2015; 94:€1994.
Broggi G, Franzini A, Lasio G, et al.
Long-term results of percutaneous
retrogasserian thermorhizotomy
for “essential” trigeminal neuralgia:
Considerations in 1000 consecutive
patients. Neurosurgery 1990; 26:783-786,
discussion 786-787.

Tang YZ, Jin D, Bian J, et al. Long-term
outcome of computed tomography-
guided percutaneous radiofrequency
thermocoagulation for classic
trigeminal neuralgia patients older
than 70 years. ] Craniofac Surg 2014;
25:1292-1295.

Zakrzewska JM. Trigeminal neuralgia.
Prim Dent Care 1997; 4:17-19.

Moraci A, Buonaiuto C, Punzo A, et
al. Trigeminal neuralgia treated by
percutaneous thermocoagulation.
Comparative analysis of percutaneous
thermocoagulation and other surgical
procedures. Neurochirurgia (Stuttg) 1992;
35:48-53.

Yao P, Deng YY, Hong T, et al
Radiofrequency thermocoagulation for
V2/V3 idiopathic trigeminal neuralgia:
Effect of treatment temperatures on
long-term clinical outcomes: A cohort
study.  Medicine (Baltimore) 2016;
95:€4019.

Rehman SU, Khan MZ, Hussain R,
Jamshed A. Pulsed radiofrequency
modulation for lingual neuralgia. Br ]
Oral Maxillofac Surg 2012; 50:e4-5.

Ren H, Zhao C, Jia Z, Bian J, Luo F.
Predictors of the analgesic efficacy
of CT-guided percutaneous pulsed
radiofrequency treatment of gasserian
ganglion in patients with idiopathic
trigeminal neuralgia. Pain Pract 2020;
20:850-858.

Zhou X, LiuY, Yue Z, et al. Comparison

www.painphysicianjournal.com

595



Pain Physician: December 2021 24:587-596

of nerve combing and percutaneous  33. Mathews ES, Scrivani S). Percutaneous Radiofrequency neurolysis in a clinical
radiofrequency thermocoagulation in stereotactic radiofrequency model. Neuropathological correlation.
the treatment for idiopathic trigeminal thermalrhizotomy for the treatment of J Neurosurg 1981; 55:246-253.

neuralgia. Braz ] Otorhinolaryngol 2016; trigeminal neuralgia. Mt Sinai ] Med 38. Yin HM, Li AB, Yu J. Effects of
82:574-579. 2000; 67:288-299. radiofrequency thermocoagulation

30. Taha JM, Tew JM Jr. Comparison of  34. Rath GP, Dash HH, Bithal PK, et on trigeminal ganglions in rabbits.
surgical treatments for trigeminal al. Intracranial hemorrhage after Zhonghua Yi Xue Za Zhi 2011
neuralgia: Reevaluation of percutaneous radiofrequency 91:1718-1721.
radiofrequency rhizotomy. Neurosurgery trigeminal rhizotomy. Pain Pract 2009; 39, Yao M, Dong D, Liu Q et al
1996; 38:865-871. 9:82-84. Experimental study of radiofrequency

31.  Yoon KB, Wiles JR, Miles JB, et al.  35. Mittal B, Thomas DG. Controlled thermocoagulation and applied
Long-term outcome of percutaneous thermocoagulation  in  trigeminal anatomy of posterior rami of lumbar
thermocoagulation  for  trigeminal neuralgia. ] Neurol Neurosurg Psychiatry nerves. Zhonghua Wai Ke Za Zhi 1999;
neuralgia. Anaesthesia 1999; 54:803-808. 1986; 49:932-936. 37:686-688.

32. Kanpolat Y, Savas A, Bekar A, et al.  36. Letcher FS, Goldring S. The effect of  40. KwonYS, Lim SY, Kim JH, et al. Analysis
Percutaneous controlled radiofrequency radiofrequency current and heat on of radiofrequency lesions in egg whites
trigeminal rhizotomy for the treatment peripheral nerve action potential in the in vitro produced by application of the
of idiopathic trigeminal neuralgia: 25- cat. ] Neurosurg 1968; 29:42-47. Tew electrode for different temperatures
year experience with 1600 patients. 37.  Smith HP, McWhorter JM, Challa VR. and times. Pain Res Manag 2015;
Neurosurgery 2001; 48:524-532. 20:316-20.

596 www.painphysicianjournal.com



