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Background: Trigeminal neuralgia (TN) is a pain appearing in the ophthalmic (V1), maxillary (V2),
and mandibular (V3) trigeminal branches. Pharmacologic treatment is the first line for TN; however,
many patients prefer to receive minimally invasive treatment rather than medicine because of
intolerable side effects. Thermocoagulation radiofrequency (TRF) is a minimally invasive treatment
that has been shown to effectively treat the maxillary (V2) and mandibular (V3) divisions, but the
safety of TRF treatment of the ophthalmic (V1) division has been controversial.

Objective: This study was to observe the effectiveness and safety of TRF treatment of the
ophthalmic (V1) division of trigeminal branches in idiopathic TN patients.

Study Design: An observational study.

Setting: All of patients received temperature controlled TRF, the effectiveness and safety of TRF
was assessed by VAS and complications.

Methods: Eighty patients with ophthalmic division (V1) or ophthalmic division (V1) combined
with maxillary (V2) or mandibular (V3) divisions of idiopathic TN were treated with step-increased
temperature TRF for 6 minutes. At a pulse width of 20 ms, the temperature was titrated up 2
degrees from 60 degrees to 66 degrees every 60 seconds, and then another 66 degrees or 68
degrees for 2 minutes. Meanwhile, the tip of the cannula was turned 180 degrees with each
temperature titration. Patients were assessed for pain relief and corneal reflex, numbness, and
masticatory muscle weakness at one week, one month, and 3 months after the procedure.

Results: Eighty patients were successfully treated with temperature controlled TRF for ophthalmic
(V1) division. Excellent pain relief was achieved in 79 of 80 patients (98.75%) after one week, one
month, and 3 months, and 78 of 80 patients (97.5%) patients experienced tolerable numbness.
Only one patient lost the corneal reflex, 14 experienced a corneal reflex that was mildly decreased,
and 2 patients felt a foreign body sensation in the ipsilateral eye after TRF, but there were no
corneal ulcers, incidences of blindness, or other complications.

Limitations: This study is limited by being an observation study and a non-prospective trial with
a short-term follow-up period.

Conclusion: Temperature controlled TRF to the ophthalmic division (V1) of the semilular ganglion
is effectiveness and safe in TN.

Key words: Thermocoagulation radiofrequency, pulsed radiofrequency, trigeminal neuralgia,
ophthalmic division, trigeminal ganglion, pain, numbness, corneal reflex
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rigeminal neuralgia (TN) is a sudden, usually

unilateral, severe, brief, stabbing pain that

occurs in the distribution of the trigeminal
nerve, primarily involving the maxillary (V2) and
mandibular (V3) branches (1). Recurrent episodes are
common in TN patients. Most of the pain happens
in the maxillary or mandibular divisions of the nerve
and only 5% of pain is in the ophthalmic (V1) division
(2). Pharmacologic treatment is the first line therapy
for TN, whether idiopathic or secondary to diseases
such as tumors or multiple sclerosis. There are some
patients, however, that do not achieve effective relief
or who experience intolerable side effects. Even though
surgical treatment has a higher success rate, relative to
microvascular decompression or balloon micorvascular
decompression, there are still many patients that prefer
to receive minimally invasive treatment.

Thermocoagulation radiofrequency (TRF) has been
extensively used in the treatment of TN and has quickly
been developed as a pain treatment method in the
last decade (3-5). TRF of the maxillary or mandibular
divisions of the trigeminal nerve is relatively safe and
has fewer complications, but TRF treatment of the oph-
thalmic division has been controversial and challeng-
ing. Due to the ophthalmic division fibers transmitting
corneal sensations, once the V1 branch incurs injury,
corneal sensation is lost and scardamyxis function is re-
duced, which can easily damage the cornea and induce
inflammation, and can finally result in corneal ulcers.
In this study, we observed the postoperative thera-

peutic effects and safety of Digital Subtraction Angiog-
raphy (DSA) guided TRF at the ophthalmic division (V1)
and/or maxillary (V2) and mandibular (V3) divisions in
idiopathic TN.

METHODS

Patients

A total of 80 patients with ophthalmic division (V1)
or combined V1 with maxillary (V2) and/or mandibular
division (V3) TN (26 men and 54 women, aged 27 — 88
years) were included in this study. The time of disease
onset ranged between 0.5 years to 15 years, with a
mean range of 4.98 + 3.70 years. Patients had to fulfill
certain inclusion criteria to be included in the study,
which were aged over 45 and infirm patients not will-
ing to receive microvascular decompression, patients
with an ischemic cardiac disease and who were severely
influenced by the pain, and patients on a high dose of
carbamazepin but who were unable to achieve relief

from the pain. Patients were excluded from the study if
they fulfilled one of the following criteria: noncompli-
ance with physician’s advice, infection foci on the skin
or the deep tissue at the puncture site, or the presence
of bleeding tendencies or receiving anticoagulant
therapy. In addition, patients in the unstable stage of
severe cardiovascular or cerebrovascular disease, such
as trigeminal neuralgia secondary to cranial tumors,
were also excluded. All patients had a visual analog
score (VAS) over 3, and there was no facial numbness,
masticatory muscle weakness, or decrease in the cor-
neal reflex.

Surgical Procedure

Our technique was that of Sengupta and Stunden
(6) with some modifications. The availability of skilled
anesthesiologists in pain management made the pro-
cedure simple and safe using intermittent intravenous
anesthesia with propofol and sufentanyl. We found
the following anesthesia regimen was satisfactory and
patients were easily awakened. Our detailed opera-
tion was as follows: the patient was placed in a supine
position with the head extended on the DSA bed and
fixed by adhesive plaster. Blood pressure and blood
oxygen saturation were continuously monitored and
electrocardiograms were performed. The patient was
pre-medicated with an intravenous (i.v.) injection of 0.5
mg atropine to keep the heart rate over 90, and then
pre-emptive analgesia was achieved with sufentanyl
0.05 pg/kg i.v., and further increments of these were
given later as required. Full disinfection was carried out
with Anerdian and a sterile drape was spread. The C
arm fluoroscopy bulb tube was adjusted to an incline of
15— 25 degrees ipsilaterally and 30 — 35 degrees caudal-
ly to show the oval foramen, which was located at the
upper third of the mandibular ramus and inside of the
condyle (7) (Fig. 1). A metal marker was placed at a site
on the lateral side of the labial angle; i.e., a site near
the cheekbone above the second molars of the upper
jaw. Local anesthesia was induced with 3 mL of mixed
solution of 1% lidocaine with 0.5% ropivocaine, and a
puncture was made by the radiofrequency trocar in the
direction of the oval foramen, and the puncture direc-
tion was adjusted according to the fluoroscopic imag-
ing until the radiofrequency trocar (naked tip was 0.2
c¢m for division 1, and 0.5 cm for divisions 2 or 3 patho-
logic lesion) was near the oval foramen. A total of 1 mg/
kg propofol was administered intravenously before the
trocar penetrated into the foramen oval to avoid severe
pain, and the trocar continuously underwent fluoros-
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Fig. 1. Oval foramen image under the C arm fluoroscopy bulb
tube (arrow).

Fig. 2. The trocar tip was over the slope 3 mm (V1).

copy until the tip was over the slope 3 mm (less than 5
mm) (Fig. 2) . The patient was allowed to awaken and
motor stimulation was given to test whether there were
abnormal muscle restrictions, and then sensory stimula-
tion was given to induce pain of the original area of the
ophthalmic division. After successful induction of pain
in division | of the trigeminal ganglion, the stepped
TRF was administered with a radiofrequency generator
(COSMAN Radiofrequency Therapy Apparatus, USA). At
a pulse width of 20 ms, the temperature was titrated
up 2 degrees from 60 degrees to 66 degrees every 60
seconds. Meanwhile, the tip of the cannula was turned
180 degrees with each temperature titration. At each
episode of thermocoagulation, propofol was given in-
travenously 0.5 — 1 mg/kg. This small dose was adequate
to produce unconsciousness and immobility. Keeping
the airway unobstructed to avoid apnea was important,
which included lifting the mandible bone. On waking,
the patient’s face was tested for loss of pinprick sensa-
tion to determine whether numbness was present. The
corneal reflex sensation was also tested. If the pain
sensation was only mildly decreased, the corneal reflex
was normal, and the skin had weak numbness, then
another 68 degrees TRF was given for 2 minutes until
analgesia was obtained in the division 1 territory. Then
the skin sensation and corneal reflex was assessed again
to insure saving the corneal reflex. After TRF of divi-
sion 1 and withdrawal of the tracor to division 2 and/
or 3, the same testing methods and TRF with a higher
stepped temperature from 70 degrees to 85 degrees

Table 1. Follow-up period and VAS scores.

Follow-up period

VAS Pre-surgery

1 week | 1 month | 3 months
0-3 2 80* 79 79
>4 78 0* 1 1

*P < 0.001, pre-TRF surgery compared to follow-up period for one
week, one month, and 3 months

with thermocoagulation was given to division 2 and 3.
In the procedure, if the patient’s blood pressure was
higher than 160/95 mmHg, then 0.01 mg/kg Urapidil
was injected intravenously at each event.

Observations and Follow-up

VAS: The effect of TRF was recorded by VAS be-
fore surgery and immediately after the procedure and
the long-term effects at one week, one month, and 3
months after the surgery. Scores ranging from 0 to 3
meant mild pain and scores ranging from 4 to 6 meant
moderate pain. Scores ranging from 7 to 10 indicated
the worst possible pain (Tables 1).

Facial numbness before and after the operation
were scored as: “0” no numbness, “1” mild numbness
(tolerable, without significant impact on life or work),
“2" moderate numbness (with some impact on life),
and “3" severe numbness (intolerable) (Table 2).

Masticatory muscle weakness prior to and after
the procedure were scored as: “0” no impact, “1” toler-
able masticatory muscle weakness without significant
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impact on life or work, “2" moderate masticatory
muscle weakness with significant impact on life, and
“3" severe masticatory muscle weakness.

Corneal sensations and reflex changes were ob-
served prior to and after the procedure, and were
recorded as normal, foreign body sensation, decreased
corneal reflex, and disappeared corneal reflex.

Statistics

Statistical analyses were performed using Prism 5.0
software. The effects of postoperative VAS and numb-
ness were analyzed by the generalized-estimated equa-
tion, and the pain relief and changes in postoperative
corneal reflexes were analyzed with a chi-squared test.

REsuLTs

The morbidity of 1 branch (V1), 2 branches
(V1+V2), and 3 branches (V1+V2+V3) of TN was 10%,
63.7%, and 26.3%, respectively (Table 3). The right and
left side cases were 48 and 32, respectively.

Table 2. The case of facial numbness and masticatory muscle
weakness.

0 1 2 3
V1 2 (2.5%) 4 (5%) 2 (2.5%) 0
VI4V2 | 2(25%) | 34(42.5%) | 15(18.8%) 0
V1+V2+V3 | 1(1.25%) | 18 (22.5%) 1(1.25%) | 1(1.25%)
Table 3. The morbidity of the divisions of TN.
V1 V1+V2 V1+V2+V3
Case 8 51 21
% 10 63.7 26.3
Table 4. Immediate pain relief after TRF.
VAS Pre-RFT Post-RFT
=2 0 79
>3 80 1*

*P < 0.001, pre-TRF compared to post-TRE.

The pain was completely relieved in 79 patients
at one month and 3 months, one patient had moder-
ate pain and continued to take medicine to control
the pain (Table 4). Seventy-five of 80 patients (93.8%)
experienced numbness of the skin in the forehead area.

Although we selected a temperature controlled
method of TRF for TN and awakened the patient each
time and tested the corneal reflex, pain sensation, and
numbness at each temperature during TRF, there was
still one patient that showed a disappeared corneal
reflex and 10 patients with a decreased corneal reflex
(Table 5). Eye drops were given to these patients to pre-
vent a dry and foreign body sensation, and they wore
spectacles with a protective eye shield to protect the
eyes.

Discussion

Using temperature controlled TRF of the ophthal-
mic division in TN, and checking the corneal reflex re-
peatedly and carefully after each temperature change
during TRF, we found that TRF of the first division of
the semilular ganglion at 60 — 66°C can relieve TN im-
mediately and can maintain the corneal reflex in most
patients with a low complication rate. Our study dem-
onstrated that TRF of trigeminal ganglion is safe and
effective in the treatment of the ophthalmic division
in TN.

TRF has been used to treat TN for several decades.
White and Sweet (8) reported the long-term thera-
peutic effects of TRF for TN in 1969. Since then, more
patients have received TRF for chronic pain, such as cer-
vical radicular pain, facial pain including TN, sacroiliac
joint pain, facet arthropathy, shoulder pain, postsurgi-
cal pain, radicular pain, groin pain, and myofascial pain
conditions. From clinical practice and research studies,
TRF for TN has been shown to be safe and effective with
lower complications. There has been a systematic re-
view of ablative neurosurgical techniques for the treat-
ment of TN that was evaluated in 166 studies. These
studies reported on TRF, glycerol rhizolysis, balloon
compression of the gasserian ganglion, and stereotactic

Table 5. Corneal sensation and reflex changes after minimal invaston treatment of TRF (cases).

Normal Foreign body sensation Decrease Disappear
V1 5 0 0 0
V1+V2 41 3 8 0
V1+V2+V3 19 1 2 1
Total (%) 81.2 5 12.5 1.2
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radiosurgery. The results showed that TRF offered the
highest rates of complete pain relief (9). Erdine et al
(10) also reported significant pain reductions in all of
the patients suffering from idiopathic TN treated with
a conventional RF procedure. In our study, the immedi-
ate pain relief after the procedure was 97.5% (Table 6).
The underlying mechanism of TRF for effectively reliev-
ing the neuropathic pain by higher temperatures was
due to damaging the nerve’s pain signal transmission,
as well as nonmyelinated fibers that conduct epicritic
stimuli and block the transmission of electric activity
(10). However, the safety of TRF for division 1 of the
trigeminal nerve has been controversial due to the high
temperature being potentially harmful to the ophthal-
mic division because of the potential to influence the
corneal reflex, which could result in damage to corneal
sensation and/or nutritional functions and the develop-
ment of corneal ulcers, which could lead to blindness.
The ophthalmic division of the trigeminal nerve is a
sensation nerve, except for corneal sensation, which is
handled by the sense fibers of the ophthalmic division
of the trigeminal nerve, which also exerts a cell nutri-
tional function (11-14). Protecting corneal sensation
is essential for maintaining normal corneal anatomy
and function. Studies have shown that when corneal
paralysis has appeared with ablation of the ophthal-
mic division of the trigeminal nerve, histamine release
was not controlled, which resulted in epithelial edema
and reflective vasodilation responses of inflammation
(12). A report showed that a temperature of RF over
45 degrees resulted in irreversible nerve damage. This
phenomenon has also been confirmed in an animal
experiment with continuous RF at 67 degrees applied
adjacently to the rabbit dorsal root ganglia (DRG). The
mitochondria degenerated and nuclear membrane in-
tegrity was lost with the continuous RF, but pulsed RF
(PRF) did not influence the mitochondrial and nuclear
membrane integrity (11,15). PRF treatment is a delivery
of short pulses of RF via a needle tip, which does not
result in actual thermal lesions. This implies that the
neurons may keep the normal function in PRF. There

are contrasting views regarding the use of PRF for TN
(10,11,15,16), some views deny PRF had a role in TN.
Although Chua et al (17) reported that PRF for TN had
an excellent pain relief of over 80% for 12 months in
36 consecutive patients, it still needed further evalua-
tion as an alternative treatment method for TN. In an
earlier TRF procedure for TN, it was reported that only
one patient lost the corneal reflex with TRF at 60 °C
(6), which suggested a lower temperature for TRF of
the trigeminal ganglion is relatively safe for division
1 patients. Therefore, we used the lower temperature
to block division 1 of the trigeminal nerve to explore
the effect of TRF and side effects. In our study, at
66°C, there were 14 patients that showed a decreased
corneal reflex immediately after TRF of the division 1
nerve, and drying and foreign body sensation of the ip-
silateral eye occurred after day 1, but no corneal ulcers
occurred, which suggested that temperature controlled
TRF for division 1 of the trigeminal nerve was safe and
the dry eye related to a high temperature destroyed
the nerve’s nutritional transfer to the corneal and there
was decreased lacrimal gland secretion after innerva-
tion of the nerve.

Loss of neurotrophic signaling negatively impacts
corneal nerve function. If this process cannot be blocked
and if recovery does not occur quickly, a corneal ulcer
will develop. Due to small nerve fibers being more
readily inactivated by heat than larger fibers, A-delta
and C fibers carrying pain sensation are destroyed be-
fore the larger fibers that carry light touch sensations.
Therefore, the pain sensations can be selectively ab-
lated while leaving that of light touch sensation intact,
as well as the corneal reflex (14). Studies have found
damage to the first division of the TN and decreased
lacrimal gland secretion led to corneal drying and lost
protection for corneal and epithelial activity. Thereaf-
ter peeling neurotrophic obstructive lesions and nerve
paralystic corneal ulcers were finally formed (18,19). Al-
lowing the patient to awaken and testing the corneal
reflex repeatedly can avoid too much thermocoagula-
tion and can keep a relatively activated corneal reflex.

Table 6. Follow-up period and VAS scores in the TN divisions.

Follow-up period (VAS)
Pre-surgery
1 week 1 month 3 months
V1 5.000 + 0.655 0.800 + 0.374*** 1.143 + 0.404 1.143 + 0.404
V1+V2 7.091 +0.162 0.705 £ 0.120%** 0.886 +0.143 0.886 +0.143
V1+V2+V3 6.667 + 0.380 0.905 £ 0.168*** 0.952 +0.162 0.952 + 0.162

***P < 0.001, pre-TRF surgery compared to follow-up period for one week, one month, and 3 months
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Fortunately, although there are 10% of patients that
suffer from a decreased corneal reflex, only one patient
had a corneal ulcer. This may be due to the protection
from corneal ulcers that can be attributed to eye drops
and wearing of spectacles, and prohibiting the patient
from wiping the eye. The neurotrophic factors may also
play a role in corneal damage recovery, and some neu-
rochemical markers also serve as neurotrophic factors,
such as substance P (SP) and calcitonin gene-related
peptide (CGRP), both of which are involved in neuro-
genic inflammation and also synergism with epidermal
growth factor (EGF) to stimulate epithelial proliferation
and promote wound healing. This may be one of the
reasons why there is a lower rate of corneal ulcers, al-
though the corneal reflexes are decreased.

From our study and other reports, TRF of trigemi-
nal ganglions in patients with TN is safe and well toler-
ated. TRF can be used for patients aged over 45 and
even with other illnesses. The patient has a short time
of hospitalization. Even with recurrence of TN, the pa-
tient can receive TRF of gasserian ganglions again. The
TRF technique is easily mastered and repeatable, so it
can be widespread and continuously used for TN at the
present time. In our study, the incidence of corneal ul-
cers was zero, even though all of the patients received
V1 TRF. Paraesthesia and masticatory muscle weakness
are the principle adverse side effects of trigeminal
thermocoagulation and most patients can readily toler-
ate these feelings and they diminish with time, which
achieves high satisfaction with this minimally invasive
treatment.

Regarding our TRF procedure for TN, there are sev-
eral key points that need to be noted: 1) The relatively

lower temperature exerted a protective role in TRF of
the first division. To avoid a high temperature induced
corneal reflex reduction, we started the TRF tempera-
ture lower than the temperature for TRF maxillary and
mandibular divisions of the trigeminal nerve; i.e., from
60 degrees to 66 degrees, or 68 degrees titrated up 2
degrees at a time and then tested the patient’s facial
sensation and corneal reflex after each temperature
change. 2) Once the pain sensation was decreased
according to needle tingling or the corneal reflex
was reduced mildly, the thermocoagulation ceased to
destroy the nerve. 3) If the patient shows a decreased
corneal reflex or drying and itching of the eye, the eye
drops (e.g., artificial tears) and spectacles need to be
used to protect the eye. From these methods, the rate
of keratitis and corneal ulcers will be controlled to be at
the lowest level. The controlled temperature of the TRF
procedure can keep the nerve function intact and not
significantly influence face sensations and masticatory
functions. It results in a higher success rate and should
be considered for application in TN management and
pain medicine in general.

ConcLusION

Temperature controlled TRF for the first division of
the trigeminal ganglion provides thorough, safe, and
acceptable pain relief, even though it can induce some
weak complications, such as reduction in the corneal
reflex. However, it can be relieved by careful follow-up
and therapeutic actions. Our study suggested that tem-
perature controlled TRF for division 1 in TN is a good
candidate for invention treatment for idiopathic TN.
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