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OBJECTIVE: The objective of this study was to evaluate the effectiveness of percutaneous, controlled radiofrequency
trigeminal rhizotomy (RF-TR). The outcome of 1600 patients with idiopathic trigeminal neuralgia after RF-TR was
analyzed after a follow-up period of 1 to 25 years.

METHODS: A total of 1600 patients with idiopathic trigeminal neuralgia underwent 2138 percutaneous radiofre-
quency rhizotomy procedures between 1974 and 1999. Sixty-seven patients had bilateral idiopathic trigeminal
neuralgia, and 36 of them were treated with bilateral RF-TR; 1216 patients (76%) were successfully managed
with a single procedure, and the remainder were treated with multiple procedures. Benzodiazepines and narcotic
analgesics were used for anesthesia because patient cooperation during the procedures was essential so that the
physician could create selective, controlled lesions.

RESULTS: The average follow-up time was 68.1 6 66.4 months (range, 12–300 mo). Acute pain relief was
accomplished in 97.6% of patients. Complete pain relief was achieved at 5 years in 57.7% of the patients who
underwent a single procedure. Pain relief was reported in 92% of patients with a single procedure or with
multiple procedures 5 years after the first rhizotomy was performed. At 10-year follow-up, 52.3% of the patients
who underwent a single procedure and 94.2% of the patients who underwent multiple procedures had
experienced pain relief; at 20-year follow-up, 41 and 100% of these patients, respectively, had experienced pain
relief. No mortalities occurred. After the first procedure was performed, early pain recurrence (<6 mo) was
observed in 123 patients (7.7%) and late pain recurrence was observed in 278 patients (17.4%). Complications
included diminished corneal reflex in 91 patients (5.7%), masseter weakness and paralysis in 66 (4.1%),
dysesthesia in 16 (1%), anesthesia dolorosa in 12 (0.8%), keratitis in 10 (0.6%), and transient paralysis of Cranial
Nerves III and VI in 12 (0.8%). Permanent Cranial Nerve VI palsy was observed in two patients, cerebrospinal
fluid leakage in two, carotid-cavernous fistula in one, and aseptic meningitis in one.

CONCLUSION: Percutaneous, controlled RF-TR represents a minimally invasive, low-risk technique with a high rate
of efficacy. The procedure may safely be repeated if pain recurs. (Neurosurgery 48:524–534, 2001)
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Idiopathic trigeminal neuralgia (ITN) is the most common
form of cranial neuralgia. Trigeminal neuralgia (TN) is a
painful condition of the face characterized by paroxysmal

lancing, shocklike pain confined to the somatosensory distri-
bution of the trigeminal nerve. ITN occurs with a mean an-
nual incidence of four or five patients per 100,000 population
(23, 49, 85). The cause of ITN has not been explained fully,
although compression of the trigeminal nerve by a vascular
structure is the most common finding during exploration of

the cerebellopontine angle, and pain is usually relieved after
the patient has undergone microvascular decompression
(MVD) (20, 26, 31, 33, 38).

Since the first scientific publication on TN by John
Fothergill in 1773 (30, 66, 74, 84), a variety of treatments have
been advocated and practiced by surgeons throughout the
world. Various safe and effective surgical treatment alterna-
tives for TN now exist, such as percutaneous, controlled ra-
diofrequency trigeminal rhizotomy (RF-TR) (2, 3, 12, 18, 35,
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42, 52, 55–57, 63–65, 68, 69, 72, 73, 75), MVD (7, 16, 32, 43, 50,
89), glycerol rhizolysis (6, 9, 10, 21, 25, 28, 48, 54, 71, 76, 86),
and percutaneous balloon microcompression (45, 46, 51, 53).
Certain practitioners consider several of these surgical proce-
dures to be the treatment of choice for TN (4, 22).

Our group, which has been involved in treatment of TN for
more than 25 years, used a single treatment method (RF-TR)
for the first 10 years of our practice. For the last 15 years,
however, we have been using all contemporary and estab-
lished surgical techniques to manage patients with TN. In this
study, we retrospectively analyze data from 1974 to 1999 from
1600 patients with ITN who underwent percutaneous con-
trolled RF-TR.

PATIENTS AND METHODS

Patient population

Between 1974 and 1999, 1724 patients underwent 2310
RF-TR procedures at the Department of Neurosurgery, An-
kara University. A total of 1600 idiopathic TN cases consti-
tuted the majority of patients, whereas 72 patients had symp-
tomatic TN, 38 had atypical facial pain, 10 had cluster
headaches, and 4 had trigeminal neuropathic pain.

Of the patients with ITN, 834 (52.1%) were women and 766
(47.9%) were men. The patients ranged in age from 15 to 99
years (mean, 56.83 6 13 yr). Other clinical characteristics of
these patients are shown in Figures 1 and 2 as well as in Table
1. Sixty-seven patients had bilateral TN, and 36 of them un-
derwent bilateral RF-TR. The majority of the patients (421)
had experienced TN for less than 24 months, whereas 36
patients had experienced TN for more than 20 years (mean,
6.5 yr).

In this study, carbamazepine was the principal medication
used for medical therapy before surgical treatment. Of the
1600 patients, 1366 (86.4%) reported that carbamazepine was
inadequate for pain control, although their pain had re-
sponded well at earlier stages of their disease, and 214 (13.4%)
were intolerant to carbamazepine.

Patient selection, management criteria, data
acquisition, and outcome parameters

Patients with electric shock-like, paroxysmal pain without
pathological findings on cranial magnetic resonance imaging
or computed tomographic scans were accepted as having ITN.
Most of the patients had been evaluated by cranial magnetic
resonance imaging preoperatively during the previous 15
years to exclude any lesion or tumor in the pontocerebellar
angle, petrous apex, cavernous sinus, or cranial base. A ma-
jority of the patients who were diagnosed with ITN had no
abnormal neurological findings related to the trigeminal
nerve. Electrocardiograms and chest x-rays were routinely
obtained and evaluated by an anesthesiologist before surgery.
Patients who were older, patients who did not want MVD,
and patients with poor medical status were selected for this
procedure. Although we do not enforce a strict age limit for
this surgery, we usually recommend that patients older than
50 years of age undergo RF-TR. The procedure was repeated
if complete pain relief was not achieved or if pain recurred.
Subsequent procedures in pain recurrence are especially in-
dicated in patients with early pain recurrence (within 1 wk
after undergoing RF-TR), in patients with poor medical status,
and in patients with pain refractory to carbamazepine treat-
ment up to a dose of 800 mg per day.

We reviewed surgical records retrospectively. All data
available from previous records were processed and stored in

FIGURE 1. Percentage of localization of pain in 1600
patients with TN.

FIGURE 2. Distribution of pain localization in 1600 patients
with TN.

TABLE 1. Interventions Performed before Radiofrequency
Trigeminal Rhizotomy Procedures in 1600 Patients

Procedures No. of Patients

Peripheral alcohol injection 227
Infraorbital neurectomy 136
Frazier operation 44
Microvascular decompression 10
Glycerol rhizolysis 9
Acupuncture 7
Dandy operationa 7
Total 440

a Dandy (20).
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a specially designed computer database (FileMaker Pro 2.1;
Claris Corp., Cupertino, CA). The data were matched with the
data acquired from a questionnaire that provided information
about the degree and duration of pain relief, the need for
further therapy, the presence of surgical sequelae, and a sub-
jective assessment of the patients’ overall degree of improve-
ment—that is, complete pain relief, partial satisfactory pain
relief, partial unsatisfactory pain relief, no change, and worse.
Partial satisfactory pain relief meant that recurrent pain was
less severe than preoperatively; that pain could be controlled
with medication; and that there was no need for a subsequent
RF-TR procedure. Complete pain relief meant that the patient
took no medication and experienced no pain; only data for
patients in the latter category are shown in the results. The
profile of pain-free survival after undergoing the first RF-TR
during the follow-up time was calculated according to the
Kaplan-Meier method (Fig. 3) (37).

Operative technique

The majority of patients underwent RF-TR performed by
the senior author (YK) or by his colleagues under his super-
vision. Blood pressure recordings of patients were made at
5-minute intervals; we routinely and continuously assessed
blood oxygen saturation and cardiac function. RF-TR was
performed while the patient was sedated, and analgesia was
administered by a neuroanesthesiologist. Intravenous slow
injection of a combination of alfentanil and midazolam usu-
ally brought about the desired level of analgesia and sedation
throughout the procedure. The dose of anesthetic medication
was gradually increased to provide a considerable level of an-
esthesia so that patients experienced minimal pain. The anes-
thesia was administered at a level that gave comfort to both
the patient and surgeon during the electrical test stimulation
and lesioning procedure, allowing patient cooperation as the
surgeon performed controlled and selective lesioning. Be-
cause of the vagal reflex, atropine was the primary drug used

for bradycardia, especially during penetration of the foramen
ovale; nifedipine provided sublingually was the most fre-
quently used antihypertensive agent in patients with chronic
hypertension. Nitroglycerine dermal patches were applied to
patients who were predisposed to cardiac ischemia and acute
hypertension. General anesthesia was never used and is not
recommended, because patient cooperation is essential to this
procedure.

The RF-TR needle (TIC kit or Tew kit; Radionics, Inc.,
Burlington, MA) was inserted toward the temporal fossa as
described elsewhere (56, 70). At the beginning of the proce-
dure, x-rays of the patient in the submentovertical position
provided information that allowed us to place the needle
around the foramen ovale; the needle was then inserted
through the foramen. Lateral x-rays were obtained to ensure
that the tip of the needle did not reach beyond the petroclival
junction. The desired target area was the preganglionic (ret-
rogasserian) fibers of the gasserian ganglion, which is de-
scribed as the junction of the lines joining the clivus and
petrous apex radiologically; however, the mainstay of precise
localization is the careful stimulation process.

We used thermistor electrodes (TIC kit or TEW kit). In
principle, straight electrodes were preferred for third-branch
neuralgia, and curved electrodes were preferred for the first-
or second-branch neuralgia. Because selective RF-TR of the
desired branch of the trigeminal nerve is essential, we con-
firmed localization within the nerve by electrical stimulation
at 0.2 to 1 V (50 Hz, 0.2 ms). Lesions were made at a temper-
ature of 55 to 70°C. The preferred temperature for the initial or
test lesion was 55°C; a temperature of 70°C was never ex-
ceeded during the procedure. The ciliary reflex (masseter
function) affected facial areas after stimulation, and lesioning
was continuously and cautiously monitored during RF-TR.
The procedure was completed if adequate hypalgesia was
achieved in the targeted branch and if pain could not be
triggered as it had been preoperatively. The average number
of lesions per procedure was four.

The patients were typically discharged on the day of sur-
gery. Overnight hospitalization was recommended in patients
with poor medical status to observe pain alleviation and vital
functions after the procedure was completed. All medications
previously provided for pain control were discontinued after
the patient had undergone RF-TR.

RESULTS

A total of 2138 RF-TR procedures were performed on 1600
patients. Overall, 1216 patients (76%) were managed with a
single treatment and 384 patients (24%) with multiple RF-TR
procedures. RF-TR was performed twice in 275 patients, three
times in 79, four times in 19, five times in 8, and six times in 3.

Acute pain relief was experienced by 1561 patients (97.6%)
after RF-TR was performed, and this finding was accepted as
the initial success rate of RF-TR. Early (,6 mo) pain recur-
rence was observed in 123 patients (7.7%), whereas late (.6
mo) recurrence was reported in association with 278 patients
(17.4%). The overall pain recurrence rate was 25.1% during an

FIGURE 3. Kaplan-Meier curve for pain-free survival after a
single RF-TR procedure (1216 patients).
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average follow-up period of 68.1 6 66.4 months (range, 12–
300 mo).

In 719 patients (44.9%) followed for 5 years, 57.7% experi-
enced complete pain control after a single RF-TR was per-
formed; the pain control rate increased to 92% with multiple
RF-TR procedures. In 365 patients (22.8%) followed for 10
years, 52.3% reported complete pain control after undergoing
a single RF-TR procedure, and 94.2% reported pain control
with a single RF-TR procedure, multiple RF-TR procedures, or
both. Thirty-nine patients (2.4%) were followed for more than
20 years, with 41% achieving complete pain control from a
single RF-TR procedure (Table 2; Fig. 3). Ninety-six patients
(6%) required medication during the follow-up period, and
these patients were not included in the successful treatment
group.

After undergoing the first RF-TR procedure, 773 patients
(68.2%) experienced selective pain control—that is, pain relief
with hypalgesia obtained in the same division or divisions of
the trigeminal nerve experiencing neuralgia—and 360 pa-
tients (31.7%) experienced nonselective pain control—that is,
hypalgesia in the other branches as well. A second RF-TR
procedure resulted in 172 patients (65.6%) with selective pain
control and 90 patients (34.4%) with nonselective pain control.
Overall, 66.2% experienced selective and 33.9% experienced
nonselective pain control.

Side effects and complications

After undergoing RF-TR, absent or diminished corneal re-
flex was observed in 91 patients (5.7%) (Table 3). Among these,
10 patients (0.6% of the entire series) experienced keratitis.
Masseter dysfunction was observed in 66 (4.1%) of 1600 pa-
tients, whereas only 18 (1.1%) had initial difficulty with chew-
ing, and all improved during follow-up. Painful dysesthesia
occurred in 28 patients (1.8%), resulting in anesthesia dolo-
rosa in 12 (0.8%). Interestingly, the number of procedures did
not correlate well with the occurrence of painful dysesthesia
or anesthesia dolorosa, and most patients (89.2%) with these
conditions had a single RF-TR procedure. One patient expe-
rienced transient nerve palsies of Cranial Nerve III, and 11
patients experienced palsies of Cranial Nerve VI. Two pa-
tients (0.13%) were left with permanent Cranial Nerve VI
palsy. Two patients had proven cerebrospinal fluid leakage
that resolved spontaneously within 2 days. Carotid artery
puncture was encountered in 12 patients in the early years,

with one resulting in a carotid-cavernous fistula (27). The
fistula was treated with trapping via surgical ligation of the
carotid artery. The patient’s pain recurred a year later and was
managed again with RF-TR. Transient mean arterial blood
pressure elevation to a level 50% greater than baseline mea-
surements was observed in 19% of patients just after penetra-
tion of the foramen ovale. However, bradycardia and hyper-
tension were manageable with drugs intraoperatively. No
mortality was observed in 2138 procedures on 1600 patients.

DISCUSSION

TN is the most frequently occurring of the craniofacial
neuralgias. ITN should be foremost in the clinician’s differen-
tial diagnosis when a patient complains of intermittent, par-
oxysmal pain confined to the distribution of one trigeminal
nerve. The pain may be confined to an area as small as that
supplied by a single branch of the nerve or spread throughout
the distribution of one or more divisions of the nerve (49, 59).
The features of the pain that characterize TN, other than its
location, are its severity and its lancing or shocklike quality.
The pain may occur spontaneously but also may be triggered
by almost any stimulus (15, 16, 30). Dandy (20) first observed
TN to be caused by compression of the root entry zone of the

TABLE 2. Long-term Results in Patients with Complete Pain Reliefa

Follow-up (mo) No. of Patients
Single RF-TR

Single RF-TR, Multiple
RF-TR, or Both

No. % No. %

60 719 415 57.7 662 92.1
120 365 191 52.3 344 94.2
180 147 62 42.2 143 97.3
240 39 16 41.0 39 100
Total 1270 684 — 1188 —

a Long-term results were defined as results that lasted more than 60 months, with complete pain relief achieved after radiofrequency trigeminal
rhizotomy (RF-TR). Pain relief was defined as complete if the patient took no medication and experienced no pain.

TABLE 3. Complications Related to 2138 Radiofrequency
Trigeminal Rhizotomy Procedures in 1600 Patients

Complications and Side Effects
Patients

No. %

Anesthesia dolorosa 12 0.8
Painful dysesthesia 16 1.0
Absent corneal reflex 91 5.7
Corneal keratitis 10 0.6
Masseter paresis 48 3.0
Masseter paralysis 18 1.1
Transient cranial nerve paralysis 12 0.75

Oculomotor nerve 1
Abducens nerve 11

Permanent cranial nerve
paralysis, abducens nerve

2 0.13

Cerebrospinal fluid leak 2 0.13
Carotid-cavernous fistula 1 0.06
Aseptic meningitis 1 0.06
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trigeminal nerve by vascular structures (1, 20, 38). For patients
in whom medical treatment fails to control pain, many pro-
cedures have been devised in an attempt to alleviate ITN—for
example, RF-TR, MVD, glycerol rhizolysis, and percutaneous
trigeminal balloon microcompression (28, 45, 50, 51, 68, 69, 72,
73, 75). Large series documenting a considerable number of
patients have been published during the last 30 years. As
expected, most authors have advocated the superiority of the
technique that they used (32, 50, 63, 80).

Because microvascular compression is a cause of ITN, MVD
may be considered the most appropriate treatment method (5,
50). The initial success rate has been reported as 92.7% in
larger published series. Overall mortality from MVD has been
reported as 0.7% (78). The mean reported time to recurrence
was 1.9 years, with 47 to 75% of recurrences in the first year,
and the likelihood of recurrence thereafter was 2% per year (8,
64, 72, 78). In another series, major recurrences averaged 3.5%
annually, and minor recurrences averaged 1.5% annually (17).
McLaughlin et al. (50) reported cerebellar injury, hearing loss,
and cerebrospinal fluid leakage as the most important com-
plications in their MVD series with 4400 patients. In large
series, cerebellar infarction, cerebrospinal fluid leakage, and
pulmonary complications after MVD were observed at a rate
of less than 1%. Palsies of Cranial Nerves VII and VIII were
unique complications observed after MVD, however, occur-
ring in approximately 4% of patients (78). On the other hand,
the risks of this operation should never be underestimated,
especially when performed by inexperienced neurosurgeons.
Experienced authors reported low rates of morbidity and
mortality, and early pain recurrence may be overcome by
performing a second MVD (50, 89). However, performing a
second operation after the patient has experienced late pain
recurrence may be challenging (19, 80, 83). The absence of
vascular compression during exploration of the cerebellopon-
tine angle is one of the critical issues. Approximately 15% of
patients may not have a significant vascular compression, or
adequate decompression may not be achieved safely in them
(72). Patients with anomalies of the posterior fossa and bony
variations present another serious problem during explora-
tion (32).

Glycerol rhizolysis was first described by Håkanson (28)
and is especially valuable in patients with pain localized in
the first branch of the trigeminal nerve (6, 9, 10, 21, 25, 28, 47,
48, 54, 61, 71, 76). Although surgeons were initially optimistic
about the procedure, glycerol rhizolysis is a destructive pro-
cedure, and its success rate is not high. The highest rate of
pain recurrence was 54% with glycerol rhizolysis in a series
with a mean follow-up period of 4 years (72). In our opinion,
glycerol rhizolysis is indicated in patients with pain localized
to the first branch; it is also indicated if MVD or RF-TR fails or
cannot be performed.

Percutaneous trigeminal balloon microcompression is an
effective way to treat ITN. Lichtor and Mullan (13, 14, 45, 53)
popularized this method. The literature includes reports that
the initial success rate of this procedure averages 92.1%. The
recurrence rates from percutaneous trigeminal balloon micro-
compression series are approximately 25% at 3 years (13, 78).
Autonomic changes such as bradycardia and blood pressure

changes may occur during needle placement and compression
with the balloon (78). The foramen ovale may not be large
enough for the needle in 1% of patients (72). In a series of 236
patients who underwent trigeminal balloon microcompres-
sion, detectable hypesthesia was observed in 61% of patients
and loss of the corneal reflex in only one patient, but no
anesthesia dolorosa was observed (13). Serious problems re-
lated to masseter paresis may be observed in 10% of patients
during balloon microcompression (78), and in this procedure,
the recovery time for the masseter paresis seems to have been
longer than that found after RF-TR (13, 14, 45, 78).

Both glycerol rhizolysis and balloon microcompression re-
quire no patient cooperation during the procedures; the latter
procedure may even be done while the patient is under gen-
eral anesthesia. Thus, these procedures may be performed by
neurosurgeons who do not treat a large number of patients
with TN. However, RF-TR involves considerable experience,
skill, and judgment in establishing the lesion in a selected
branch of the trigeminal nerve (4, 13, 22, 45).

External beam radiosurgery is a new treatment modality,
the role of which remains unclear (40, 41, 87, 88). No data are
available from large series with long-term follow-up. This is
also a destructive procedure, and no firm criteria for lesion
parameters exist. If pain recurs, the effectiveness and indica-
tion criteria of subsequent procedures—as well as the number
of subsequent procedures—are unknown. In our opinion, the
entry zone of the trigeminal nerve is a good target, but radio-
surgery cannot provide standard criteria for this as a treat-
ment modality. We think that this method is indicated only
for patients with TN that is refractory to surgery.

RF-TR is a treatment method that was developed to allow
the surgeon to make controlled, selective lesions in the gan-
glion via a percutaneous approach (69, 80, 84). The principle
of this treatment is the thermal effect (55–70°C) of radiofre-
quency on pain fibers (24, 44). Experimental studies have
shown that small, unmyelinated pain fibers are irreversibly
affected at temperatures of 55 to 70°C (34, 67, 82).

One of the most important steps of the RF-TR procedure is
the penetration of the foramen ovale (72, 77, 79, 81). The
trajectory of the needle at the entrance to the foramen ovale is
important. The ideal penetration zone of the foramen ovale
lies at the posteromedial border of the foramen. One can
manipulate the electrode to its final target to make a selective
lesion much more easily. Improper penetration may increase
the risk of an iatrogenic carotid-cavernous fistula, and pene-
tration of the superior orbital fissure may lead to orbital
damage and even blindness (27, 62). For the first 5 years of our
practice, we used cordotomy needles (Rosomoff kit; Radion-
ics) to perform RF-TR. We then began to use TIC (with a 5-mm
open tip) and Tew electrodes. Initially, we were trying to
enter through the foramen ovale on the first attempt; how-
ever, we noticed that this approach led to more complications
attributable to puncturing and thus to failure of the RF-TR
procedure. Now we prefer to introduce the needle after ex-
amining its position around the foramen ovale on x-rays
obtained while the patient is in the submentovertical position.
In addition, lesions located on the periphery of Cranial Nerve
V cause treatment failure and early pain recurrences; there-
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fore, we prefer to make lesions in the ganglion instead of in
the postganglionic nerve branches.

The most important aspect of the evaluation of RF-TR is
how controlled the lesioning procedure is, because controlled
lesioning is the primary difference between RF-TR and other
percutaneous procedures. Thus, this procedure requires con-
siderable expertise. There is no way to predict or to control the
degree and extent of lesioning in methods such as peripheral
alcohol blocks, glycerol rhizolysis, and balloon microcom-
pression. Radiofrequency systems facilitate fully controlled,
selective lesioning. The surgeon must allow time for cooper-
ation with the patient during both stimulation and lesioning.
This is not as difficult as it is thought to be, especially with the
help of smooth sedation and analgesia (11). We formerly used
two medication combinations intravenously to provide anal-
gesia and sedation: diazepam and meperidine, and we used
fentanyl and dehydrobenzperidol as neuroleptanesthesia.
However, these medications were unsatisfactory for main-
taining patient cooperation and failed to control patients’
spontaneous respiration. We have found that the combination
of alfentanil and midazolam is optimal for obtaining analgesia
and sedation throughout the procedure. The patient may
experience bradycardia and, rarely, atrioventricular block (29,
39), especially during penetration through the foramen ovale
and needle manipulations. This situation can be overcome
safely with the help of continuous cardiac monitoring and the
meticulous effort of the attending anesthesiologist. The risk of
cardiopulmonary arrest should always be kept in mind before
every procedure, and safety precautions must be taken be-
forehand. The number and severity of the lesions can be
modified according to the degree of resulting hypalgesia,
changes in the ciliary reflex, and mandibular deviation after
each lesion. These steps in the procedure allow controlled
lesioning and thus enhance the safety and efficacy of the
RF-TR procedure, and therein lies the art of the surgeon (36,
58, 60). Controlled lesioning may be difficult to perform,
however, especially in older or uncooperative patients.

To our knowledge, the series we present here has the long-
est follow-up of any large series reported (mean follow-up,
68.1 6 66.4 mo; range, 12–300 mo) (Table 2; Fig. 3). Our results
are satisfactory when compared with other series in which
patients were treated not only with RF-TR but also with other
procedures such as MVD (Tables 3–5). Our pain recurrence

rate seems to be higher, but we do not think that pain recur-
rence, which is probably related to the lesions made at a
relatively moderate temperature (#70°C), is a serious event
when compared with the risk of painful dysesthesia or anes-
thesia dolorosa, which may be results of extreme lesioning.
Hypalgesia should be considered not a complication but a
side effect of this procedure, because successfully treated
patients almost always experience mild or moderate hypalge-
sia or hypesthesia. Keratitis as a result of corneal anesthesia
and anesthesia dolorosa are the most important complications
of lesioning at high temperatures or in uncooperative pa-
tients. In our series, the rate of anesthesia dolorosa was 0.8%,
the absence of corneal reflex rate was 5.7%, and the keratitis
rate was 0.6% (Tables 3 and 5). Keratitis is an especially im-
portant risk for patients who live in rural areas, where med-
ical and ophthalmological services are not easily accessible.
The most critical period for the risk of keratitis in patients
with an absent corneal reflex is the first month after under-
going RF-TR; during this time, these patients should be ob-
served frequently, and safety precautions against conjunctivi-
tis should be taken. Unilateral masseter weakness causes
patients no serious difficulties in activities of daily living and
subsides in 2 months. Patients with bilateral ITN can be
treated with RF-TR. No major problem was observed in the 36
patients we treated with bilateral RF-TR (we treated 67 pa-
tients with bilateral ITN). Extreme bilateral denervation, how-
ever, may cause severe masticator dysfunction due to motor
and sensory deficits; therefore, controlled lesioning of the
second and third branches under moderate temperature is
recommended if the lesions are made bilaterally (69). The two
most important complications are keratitis and anesthesia
dolorosa, which can be observed after RF-TR. In our opinion,
these complications can be avoided or reduced to a minimum
with controlled, selective lesioning.

Among the destructive procedures, RF-TR seems to be the
most efficient way to treat ITN; however, the procedure
greatly depends on the experience of the neurosurgeon, as in
MVD (74). The rate of pain relief with this procedure is
directly related to patient selection, localization and type of
pain, and strategy for intervention. The most important aspect
of RF-TR is its safety and efficacy as a controlled procedure,
which is provided with the cooperation of the patient under
sedation and analgesia during the procedure.

TABLE 4. Long-term Results after Radiofrequency Trigeminal Rhizotomy for Treatment of Idiopathic Trigeminal Neuralgia in
Different Seriesa

Series (Ref. No.) No. of Cases
Initial Pain
Relief (%)

Follow-up (yr)
Long-term

Recurrence (%)

Siegfried, 1981 (63) 1000 100 5.5 25
Sindou et al., 1987 (65) 609 100 1–13 7
Frank and Fabrizi, 1989 (23) 700 — .3 25
Sweet et al., 1987 (69) 702 99 5.6 37
Broggi et al., 1990 (12) 1000 100 1–10 13
Nugent, 1991 (55) 1070 87 4.7 23
Tew and Taha, 1995 (80) 1200 98 1–21 20
Kanpolat et al. (this report) 1600 97.6 1–25 25.1

a —, not applicable.
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CONCLUSION

No single, standard method for the treatment of ITN exists.
The most important aspect in the selection of the procedure is
its suitability to the patient’s status, such as age and type and
distribution of pain. RF-TR is a minimally invasive and effec-
tive procedure that is especially indicated in older patients
with ITN that is confined to the second and third branches.
The procedure can be repeated easily if pain recurs. One
remarkable advantage of RF-TR in destructive procedures is
that it provides controlled, selective lesioning.
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COMMENTS

The authors have treated a large series of patients and have
provided a very carefully documented analysis of their
closely followed patients’ experiences and outcomes. The real-
world results presented here can be accomplished by experi-
enced and conscientious neurosurgeons in applying this tech-
nique to patients with idiopathic trigeminal neuralgia (ITN).

Radiofrequency (RF) lesioning of the trigeminal nerve has
stood the test of time as an effective treatment for this prob-
lem. There is and always will be a down side to this proce-
dure, particularly in the form of dysesthetic sequelae such as
anesthesia dolorosa and corneal anesthesia, because this tech-
nique is destructive. By applying careful attention to detail
and performing minimally destructive procedures, Kanpolat
et al. have demonstrated that these complications can be kept
to a minimum, which should be acceptable for many patients
who are not good candidates for a more invasive microvas-
cular decompression procedure.

Although the preference at my institution is to use glycerol
neurolysis as our percutaneous procedure of choice because it
produces comparable results and does not require as much
patient cooperation, both techniques are very acceptable al-
ternatives as long as the RF lesioning is performed as de-
scribed here to make it a minimally destructive technique and
to minimize the dysesthetic sequelae.

Ronald I. Apfelbaum
Salt Lake City, Utah

Kanpolat et al. have defined their results in an enormous
group of patients who underwent percutaneous RF trigeminal
rhizotomy (RF-TR) for ITN during a 25-year period. Undoubt-
edly, their technique and experience evolved, and they have
now settled on a stable management strategy. Although they
often resort to RF-TR in patients older than 50 years of age,
clearly other options, including microvascular decompres-
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sion, will be considered at many centers. The value of micro-
vascular decompression lies in its potential treatment of the
etiology rather than the symptoms of the disorder, unlike
other treatments. This article is remarkable for its report of a
low complication rate, the absence of any operative mortality
(which is very surprising in a group of patients who often
have associated blood pressure or cardiac difficulties), and the
ability to determine long-term outcomes in a group of patients
who had a single procedure. It is clear that, over time, 58% of
patients maintained complete pain relief 5 years after the
procedure, 52% had complete pain relief after 10 years, and
41% had complete pain relief after 20 years. Pain relief can be
reestablished in many patients by repeating the procedure, so
knowing the number of such procedures necessary in the
entire group reported here would be valuable. The authors
are correct to emphasize the ability to repeat such procedures
so that with initial management, limited lesions that are care-
fully titrated for the area of pain involved are entirely appro-
priate. Prevention of complications is extremely important
because trigeminal neuralgia (TN) itself is eminently treat-
able, but deafferentation pain (as a side effect of destruction of
the trigeminal system) is virtually untreatable. An ounce of
prevention is worth a pound of cure. The authors have been
diligent in pursuing long-term follow-up of this series of
patients. TN, as a subjective disorder, is very often difficult to
“nail down” because patients may have no pain, slight pain,
or moderate pain from one day to another, and their degree of
pain waxes and wanes during the course of days, weeks, or
years.

L. Dade Lunsford
Pittsburgh, Pennsylvania

This article is important because it offers, with a large series
and good follow-up, further evidence of the efficacy and
safety of the RF-TR procedure for ITN, provided that the
procedure is performed properly. It emphasizes several fun-
damental truths about the RF-TR procedure that are not ap-
preciated by all neurosurgeons. First, the patient must be
awake and responsive during lesioning so that the surgeon
can monitor the procedure. Second, the mainstay of final
localization is a low voltage threshold to stimulation. Third,
the RF-TR technique provides greater control of the site and of
the degree of sensory deficit produced. Fourth, recurrence of
pain requires merely another outpatient treatment. Fifth, bi-
lateral tic can be treated safely and adequately with the RF-TR
technique. Sixth, loss of the motor root is no problem and
often is not even apparent to the patient. In addition, it is
important that the results reported here are based on the
follow-up responses of the patients and not on the authors’
own evaluation.

The authors state that Fothergill published the first scien-
tific article on TN in 1773, but actually there were reports
before then. The first complete publication of a case of TN is
found in a book on diseases of the head by Dr. Johann Wepfer
in 1727, and Nicholas Andre described two cases of true TN in
1732 (5). The authors also state that their series presents the
longest follow-up (5.7 yr) of any large series of patients with

TN. Actually, the series that I published in 1991 had an
average follow-up period of 9.2 years (1).

Some variations in technique are pertinent to this article.
With the technique the authors describe, the patient is not
anesthetized while the needle is passed through the foramen
ovale, the most painful part of the procedure. I formerly used
only fentanyl and droperidol for this part of the procedure but
then altered the technique to use methahexital (Brevital) an-
esthesia before passing the needle through the foramen.
Among those patients who had been treated by the first
technique, after they were anesthetized with Brevital while
being treated for a recurrence, the universal response, “Dr.
Nugent, you sure have improved the way you do this oper-
ation,” indicated that it provided better pain relief. Brevital
does not interfere with good postlesion testing and is a better
agent than propofol.

A further firm observation and conviction at my institution
is that instead of using the lateral x-ray for localization of the
electrode as the authors describe, the anteroposterior view
projected down the orbitomeatal line provides much more
accurate localization of the electrode in the retrogasserian
rootlets. I believe that with a smaller, cordotomy-type elec-
trode, their incidence of cranial nerve paralysis and loss of the
corneal reflex (5.7%) could be reduced (2).

Although the authors emphasize that their RF-TR technique
provides better control of the lesion, and with that I agree, it
is not clear what they mean by “control.” To me, control
means being able not only to control the location and extent of
sensory deficit but also to limit the lesion and sensory deficit
to the second division when only that division is involved. At
my institution, we have been able to all of these goals 74% of
the time with the cordotomy-type electrode. In satisfactorily
treating first-division pain by partially treating this division
but preserving some corneal sensation, we have been success-
ful in 91% of cases with first-division triggering. The constant
monitoring of the cilial reflex (direct and consensual blink
reflex when the eyelashes are flicked with a corner of facial
tissue) during first division lesioning is imperative when
treating this division. The authors recommend glycerol for
first-division pain, but the smaller electrode permits treatment
of this division with safety. My institution does not hesitate to
treat first-division tic with RF.

Some interesting results in this article are at variance with
other reports. The authors found an extremely low incidence
(4.1%) of postoperative masseter weakness, whereas Taha et
al. (4), using the same type of electrode in a large series, found
a 23% incidence of masseter weakness. This latter incidence is
more in keeping with the findings in the literature. My own
study results indicate a 26% incidence of masseter weakness.
Also, these authors’ finding regarding a 1% incidence of
“painful dysesthesia” is far lower than and not consistent
with findings in other large series in which the average inci-
dence of “annoying dysesthesias” is closer to 5 to 8%. Their
technique includes nothing magical that would explain their
results.

I believe that these authors should have made some men-
tion of the feared complication of hypertensive intracerebral
hematoma that has been described in connection with this
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procedure and also of the need for constant monitoring of the
patient’s blood pressure (3). The authors checked their pa-
tients’ blood pressure only every 5 minutes during the RF-TR
procedure, but more constant monitoring is recommended,
especially in procedures involving an approach through the
foramen ovale and the creation of lesions.

The article would have been improved if the authors had
defined the end point of their patients’ sensory deficits. How
much sensory deficit was produced? Less is better than more
in most cases. It is remarkable that in treating most patients
adequately, only a mild amount of sensory deficit results. Use
of hypalgesia leads to a happier patient than use of analgesia
does. Also, with this treatment, because there is a spectrum of
“annoying dysesthesias” that runs from mild to severe, a
more quantitative definition of these sensations than “painful
dysesthesia,” the term used here, would have been helpful.

G. Robert Nugent
Morgantown, West Virginia
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