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INTRODUCTION
Percutaneous balloon compression (PBC)
of the trigeminal ganglion, used for the
treatment of trigeminal neuralgia, was in-
troduced in 1978 and subsequently de-
scribed in 1983 by Mullan and Lichtor (13).
Originally, the procedure was recom-
mended for patients in whom other tech-
niques had failed to relieve trigeminal pain.
More recently, PBC has been widely indi-
cated for the treatment of various facial
pains, because of its simplicity and safety
(14). Starting in 2000, we performed PBC
for the treatment of trigeminal neuralgia,
with promising preliminary results (5). The
present study investigated the outcomes
and complication rates associated with this
treatment after a 10-year follow-up period.

PATIENTS AND METHODS
Between July 2000 and December 2001, 185
consecutive patients underwent PBC for
typical symptoms of unilateral trigeminal
neuralgia at our hospital. Cases of atypical
neuralgia, multiple sclerosis, and carcino-
matous pain were excluded from this inves-
tigation, as were reoperative (with the same
procedure) cases. We used the surgical

treatment algorithm for trigeminal neural-
gia. In the treatment of trigeminal neural-
gia, the clinician must be certain of the di-
agnosis (2, 3, 5, 7, 12, 13). Other types of
facial pain may mimic trigeminal neuralgia
and can lead to incorrect diagnosis, inap-
propriate treatment, and ultimately, thera-
peutic failure. Once the diagnosis has been
confirmed, all patients should undergo a
trial of pharmacologic therapy, except
those patients with a history of allergy. Fail-
ure to respond to therapy with medication is
a prompt for the clinician to carefully reas-
sess the diagnosis. All patients also un-
dergo appropriate imaging studies (brain
computed tomography with enhancement
or preferably, brain magnetic resonance
imaging scan) to rule out possible mass le-
sions in the cerebellopontine angle and/or

demyelinating plaque associated with mul-
tiple sclerosis and/or vascular malforma-
tion.

For patients with a confirmed diagnosis
of idiopathic trigeminal neuralgia, medical
treatment was advocated first. If the neural-
gia could not be controlled with pharmaco-
therapy or if the patients chose not to take
pharmacotherapy, PBC was advocated as
the subsequent treatment option. We ana-
lyzed the follow-up outcomes for all pa-
tients through regular follow-ups (1, 3, and
6 months postoperatively and every 6
months thereafter) and revisits as required.
Immediate failure was defined as cases in
which the neuralgia persisted and addi-
tional medical treatment was required after
the operation. Recurrence of pain was de-
fined as follows: after the PBC procedure,
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the patients had a period of pain relief (!3
months); subsequently, the facial pain re-
curred and required drugs or another pro-
cedure.

Operative Technique
PBC was performed under general anesthe-
sia using endotracheal intubation. Patients
were placed in the supine position, with
slight extension of the neck and thorax. The
procedure described by Mullan and Lichtor
(13) in 1983 was used with minor modifica-
tions. We used a C-arm image intensifier
fluoroscope for anteroposterior and lateral
imaging to facilitate localization. The point
of entry into the skin was 2.5 cm lateral to
the angle of the mouth. A 14-gauge needle
was initially advanced parallel to the sagittal
plane to avoid transfixion of the oral mu-
cosa, with the needle then being redirected
under fluoroscopic guidance until the fora-
men ovale had been entered. A No. 4 Fog-
arty catheter, with its fine steel stylet, was
then introduced until 10 –15 mm of the cath-
eter lay beyond the needle tip. After con-
firming the position of the Fogarty catheter,
the stylet was withdrawn. The balloon was
then inflated with 300 mg I2/mL iohexol
under lateral fluoroscopic control until it
began to emerge proximal to the posterior
fossa. The shape and position of the bal-
loon with respect to neighboring bony
landmarks, including the clivus, sella, and
petrous bone, was checked under lateral
fluoroscopic guidance. If the balloon shape
and placement appeared to be incorrect, the
balloon was immediately deflated and the
catheter repositioned to achieve the desired
pear shape (Figure 1). The mean duration of

ganglion compression was 70 –90 seconds.
After ganglion compression, the contrast
medium was aspirated, the catheter with-
drawn, and the puncture site manually
compressed for 10 minutes. Patients were
typically discharged the day after surgery.

RESULTS
One hundred thirty patients with idiopathic
neuralgia completed the study. The other 55
patients were incompletely or lost to follow-
up. The population consisted of 67 women
and 63 men, aged between 26 and 83 years
(mean, 61.3 years). The follow-up period
ranged from 8 –10.1 years (mean, 8.9 years).
The age distribution, trigeminal division af-

fected, and previous surgical treatments are
displayed in Table 1. First division pain was
present alone in 3.8% of patients and was
combined with pain in other trigeminal di-
visions in another 11.6% of patients. The
interval of symptoms before the PBC proce-
dure was from 0.3–30 years (mean, 7.7
years).

The 122 (93.85%) successfully operated
patients experienced immediate relief from
neuralgia, and all developed mild to moder-
ate (and occasionally marked) ipsilateral
hemifacial numbness. Among the success-
ful group, 117 patients (96%) had the char-
acteristic pear-shaped balloon, 4 had an
hourglass-shaped balloon, and 1 had an
oval-shaped balloon. Initial failure oc-
curred in 8 patients (6.15%), none of whom
had a typical pear-shaped balloon during
compression (Table 2). These patients did
not experience ipsilateral facial numbness,
and their pain recurred on the day of the
operation. The volume of the balloon was
usually 0.7– 0.8 mL (51.6%) but occasion-
ally, 0.6 mL and up to 1.1 mL was required to
fill the cave and achieve the typical pear
shape. The trigeminal ganglion of 16 pa-

Figure 1. Lateral radiography of the skull
showing the inflated balloon used in a
percutaneous balloon compression procedure
in Meckel cave beginning to herniate through
the porus.

Table 1. Clinical Summary of 130
Patients Treated by Percutaneous
Trigeminal Ganglion Compression

Factor

Patients

No. %

Sex

Male 63 48.5

Female 67 51.5

Age (years)

!65 68 52.3

"65 62 47.7

Lesion side

Left 50 38.5

Right 80 62.5

Affected trigeminal division

V1 5 3.8

V2 27 20.8

V3 25 19.2

V1#V2 7 5.4

V2#V3 56 43.1

V1#V2#V3 8 6.2

Bilateral 2 1.5

Allergy to carbamazepine 13 10

Prior surgical treatment 57 43.8

Peripheral nerve blocks 14 10.8

Radiofrequency
thermocoagulation

7 5.4

Microvascular decompression 32 24.6

Gamma knife 9 6.9

Table 2. Operative Details of the 130
Patients Treated by Percutaneous
Trigeminal Ganglion Compression

Factor

Patients

No. %

Balloon shape

Pear-shaped 117 90.0

Hourglass 4 3.1

Oval 4 3.1

Round 2 1.5

Irregular 3 2.3

Balloon volume (mL)

0.6 11 8.5

0.7 40 30.8

0.8 27 20.8

0.9 16 12.3

1.0 21 16.2

1.1 15 11.5

Time of compression (s)

70 16 12.3

80 70 53.8

90 44 33.9
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tients (12.3%) was compressed for 70 sec-
onds, that of 70 patients (53.8%) was com-
pressed for 80 seconds, and that of 44
patients (33.9%) was compressed for 90
seconds. Forty-three patients (33.1%) de-
veloped herpes simplex perioralis 3 days

postoperatively, with symptoms lasting for
1 week. In the case of two patients, the bal-
loon inflated out of the cave, and they devel-
oped transient diplopia, which was relieved
within 3 months. Three patients exhibited
cheek hematoma with transient discomfort.

Outcomes are shown in Table 3. Both
subjective numbness and objective sensory
deficit, which were well tolerated, progres-
sively diminished with time. However, 3
months after surgery, 29.2% of patients still
had patches of decreased sensation of vary-
ing sizes located in one or more trigeminal
divisions. Only two patients (1.5%) devel-
oped severe hypoesthesia that was difficult
to tolerate. The strength of the ipsilateral
masseter muscle was almost invariably de-
creased immediately after the operation but
improved within 3 months. Only eight pa-
tients (6.2%) experienced limitations in
mandibular activities. There were no major
surgical or anesthesia complications and
no deaths. All 122 successfully operated pa-

tients reported prompt relief from their
pain. The time to recurrence is shown in
Table 4. No pain recurred within 3 months.
Seventeen patients (14%) had recurrent
symptoms within 2 years. Twenty-three pa-
tients (18.9%) had recurrent symptoms
within 3 years. Thirty-six patients (29.6%)
had recurrent symptoms within 5 years.
Forty-one patients (33.6%) had recurrent
symptoms within 7 years. The clinical re-
sults of the Kaplan–Meier evaluation curve
are shown in Figure 2. Initial failure oc-
curred in eight patients (6.2%), six of whom
underwent a second operation within 2–14
days of their first PBC. Among these six pa-
tients, five (83.3%) experienced relief from
neuralgia after the second operation. A total
of 46 patients (37.7%) had recurrent symp-
toms during the entire 10-year study period.
Among these, 9 patients (9/16) had a com-
pression time of 70 seconds, 31 patients (31/
66) had a compression time of 80 seconds,
and 6 patients (6/42) had a compression

Figure 2. Kaplan–Meier evaluation curve showing the clinical results of 122 patients who successfully
underwent percutaneous balloon compression.

Table 3. Outcome in 130 Patients
Treated by Percutaneous Trigeminal
Ganglion Compression for Trigeminal
Neuralgia

Outcome Number %

Immediate relief of pain 122 93.8

Herpes simplex 43 33.1

Complications

Hematoma of the cheek 3 2.3

Limitations in mandibular
activity

8 6.2

Hypoesthesia (3 months)

Severe 2 1.5

Moderate 25 19.2

Mild 13 10.0

Hearing loss 0 0

Visual disturbance 0 0

Meningitis 0 0

Anesthesia dolorosa 0 0

Diminished corneal reflex 3 2.3

Conjunctivitis 4 3.1

Transient sixth nerve palsy 2 1.5

Table 4. Time to Recurrence in 122
Patients

Time to
Recurrence

No. of
Recurrences %

!3 months 0 0

3–12 months 3 2.5

"1 to "2 years 14 11.5

"2 to "3 years 6 4.9

"3 to "4 years 10 8.2

"4 to "5 years 3 2.5

"5 to "6 years 3 2.5

"6 to "7 years 2 1.6

"7 to "8 years 2 1.6

"8 to "9 years 3 2.5

Total 46 37.7
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time of 90 seconds. According to the log-
rank test, there were statistically signifi-
cant differences in the recurrence of
symptoms between the 70- and 90-second
compressions (P $ 0.001) and between
80- and 90-second compressions (P $
0.001). There was no statistically signifi-
cant difference in the recurrence of symp-
toms between 70- and 80-second com-
pressions (P $ 0.414). We also compared
the clinical results between patients
whose first treatment was PBC and those
who first tried other therapies. The results
of a Kaplan–Meier evaluation curve are
shown in Figure 3. Pain recurrence rates
are higher for patients who first tried other
therapies than for patients whose first treat-
ment was PBC, but the differences are not sig-
nificant (log-rank test, P $ 0.132).

Figure 4 shows the symptom-free period of
the 122 successfully operated patients and
their with different compression times. In the
10-year period, 61% of all the successfully op-
erated patients were symptom free. The
symptom-free expectancy of the patients with
90-, 80-, and 70-second compression times in
10-year period were 79%, 52%, and 35%. Lon-
ger compression times seem to result in lon-

ger symptom-free periods. Among the 46 pa-
tients with recurrent symptoms, 38 (82.6%)
received a second PBC, and their results will
be reported at a future date.

DISCUSSION

PBC of the trigeminal ganglion is indicated
for all patients of typical trigeminal neural-
gia, particularly for those who are a poor
medical risk, more than 65 years, those with
demyelinating disease, and those who are
unwilling to accept the increased risk of a
posterior fossa craniectomy (4). The most
important advantage of PBC over other per-
cutaneous procedures is the rarity of signif-
icant sensory disturbances (severe dyses-
thesia) and its particular suitability for the
ophthalmic (cranial nerve V1) territory. In
our group, 78 patients (60%) had pain in-
volving the ophthalmic division or multiple
trigeminal divisions. We found that for
PBC, the severity of hypoesthesia and dyses-
thesia was related to the injected volume
and duration of compression. The duration
of compression may be related to the inci-
dence of hypoesthesia and dysesthesia,
whereas the severity and duration of hypo-
esthesia and the time to recovery may be
related to the duration of pain relief. Com-
pression time differs between treatment
centers, ranging between 0.5 and 15 min-
utes (1, 4, 11–14). In our study, we increased
the compression time to achieve more ef-
fective pain control without increasing the
complication rate. Therefore, we gradually
increased the compression time in our pa-
tients from 70 –90 seconds. In patients who
had pain involving the ophthalmic (cranial

Figure 3. Kaplan–Meier evaluation curve comparing the clinical results of patients whose first
treatment was percutaneous balloon compression (PBC) with those who first tried another therapy.

Figure 4. The symptom-free expectancy of overall successful patients and the different compression
time groups in the 10-year period.
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nerve V1) division, we also increased the
compression time. The compression time
was 70 seconds in the first 16 patients, 80
seconds in the next 70 patients, and 90 sec-
onds in the last 44 patients.

Kanpolat et al. (8) reported on 1600 pa-
tients with idiopathic trigeminal neuralgia
treated with percutaneous controlled radio-
frequency between 1974 and 1999. Relief
from acute pain was achieved in 97.6% of
patients. The average follow-up time was
68.1 months (range, 12–300 months). The
5-year pain relief rate was 57.7%; 10-year
pain relief rate, 52.3%; and 20-year pain re-
lief rate, 41%. Complications included di-
minished corneal reflex (91 patients), mas-
seter weakness and paralysis (66 patients),
dysesthesia (16 patients), anesthesia do-
lorosa (12 patients), transient paralysis of
cranial nerve III and VI (12 patients), per-
manent cranial nerve VI palsy (2 patients),
cerebrospinal fluid leakage (2 patients),
carotid-cavernous fistula (1 patient), and
aseptic meningitis (1 patient).

Frank and Fabrizi (6) used both radiofre-
quency and PBC methods, and advocated 2-
to 3-minute compressions. They studied
700 patients (radiofrequency) and 212 pa-
tients (PBC), and reported a recurrence rate
of 25% for both methods within a 3-year
follow-up period. The radiofrequency
group had a 0.6% incidence of anesthesia
dolorosa and 1% incidence of corneal anes-
thesia, whereas those treated with PBC had
neither. Frank and Fabrizi concluded that
balloon compression is the method of
choice for first (V1) and second (V2) divi-
sion pain because of the absence of ocular
dysfunction. They concluded that satisfac-
tory results with the balloon method for
third division pain required more than 5
minutes of compression. A balance must be
sought between pain relief and dysesthesia,
and recurrence does not equate with treat-
ment failure. Recurrence is inevitable if in-
tolerable adverse effects are to be mini-
mized. Although the results were good with
a compression time of 90 seconds, we still
found that among the six recurrent patients
with 90-second compression, five patients
recurred within 36 months. Therefore, we
now use 3-minute compression time and
hope not to increase the complications and
decrease the symptoms recurrence. If pain
recurs and the patient undergoes a second
PBC procedure, we use a longer compression
time (4 minutes) to avoid pain recurrence.

Balloon volume should be sufficient to
generate a pear-shaped radiographic ap-
pearance within Meckel cave, indicating
that the stem of the “pear” is distended pos-
teriorly through the entrance to the cave in a
manner that ensures adequate compression
of the posterior root. Balloon volume is usu-
ally 0.7– 0.8 mL, but may range from 0.6 –
1.1 mL to fill the cave. All patients in whom
the balloon appeared pear-shaped experi-
enced immediate pain relief. Nine patients
did not have the typical pear-shaped bal-
loon compression, of which only one
(11.1%), whose balloon was oval-shaped,
experienced immediate pain relief. When
the inflated balloon does not show the typi-
cal pear shape, we conclude that the Fogarty
tip is improperly placed and must be with-
drawn and repositioned until the typical
pear-shaped balloon is apparent. Thus, the
shape of the balloon indicates proper posi-
tioning, and sufficient compression pres-
sure can then be used to ensure the success
of the procedure. In four patients (3.1%),
the balloon migrated easily into the poste-
rior root as it was inflated and had an hour-
glass shape. In this situation, we withdrew
the Fogarty catheter and kept most of the
balloon within the cave. We could thus
maintain adequate compression on the
ganglion and ensure successful results. All
four of these patients experienced immedi-
ate pain relief.

Lichtor and Mullan (11), in their 10-year
follow-up study of 100 patients, reported
technical success in 97% of cases. Their
compression time was 5–7 minutes (range,
0.5–15 minutes) in the first 60 patients,
whereas in the final 40 patients, a standard
1-minute compression was used, because
this compression time seemed to be as ef-
fective as any greater duration. They re-
ported a recurrence rate of 20% during 5
years, and the total relapse rate was 28%.

Abdennebi et al. (1) reported on a series
of 200 patients who had a recurrence rate of
32.5% after a mean follow-up period of 51
months. They altered their compression
time from 7 and 9 minutes to 6 minutes.
They reported severe hypoesthesia and dys-
esthesia when using a compression dura-
tion of 9 minutes, but the dysesthesia be-
came pronounced with the shorter
compression time. They reported a recur-
rence rate of 20% within the first year, with
an increase to 30% at 4 years.

Skirving and Dan (14), in their 20-year

follow-up study of 496 patients, reported a
recurrence rate of 19.2% within 5 years and
31.9% during a mean follow-up period of
10.7 years. The compression time was be-
tween 2 and 7 minutes, with an injection
volume of 0.75 mL. They reported a low
complication rate; the incidence of distress-
ing dysesthesia was 3.8%.

Lobato et al. (12) reported a recurrence
rate of 9.7%, with a follow-up period of
6 –54 months. Marked hypoesthesia oc-
curred in six patients, and in four of them,
the symptoms were serious. They attributed
the higher rate of sensory deficits to their
use of “more vigorous” compression; how-
ever, they reported no cases of anesthesia
dolorosa or corneal anesthesia. They mea-
sured balloon intraluminal pressures and
achieved a strict pear shape, correlating
their success in obtaining this shape with
the recurrence rate. They used a 1-minute
compression time and advocated inflating
the balloon to a fully developed pear shape
to achieve long-term symptom control.
However, the degree of compression did
not correlate with sensory deficits, which
they believed was due in part to individual
anatomic variation. We monitored the in-
traluminal pressure in a small number of
our patients and found the same results (9,
10). We can conclude that surgical results
and dysesthesia complications may be in-
fluenced by multiple factors, including the
location of the balloon, individual anatomic
variation, inflated volume, and compres-
sion time.

CONCLUSIONS
In this study of 130 patients with a 10-year
follow-up period, the inflated volume was
0.7– 0.8 mL in 67 patients (51.6%) (range,
0.6 –1.1 mL), and the compression time was
80 seconds in most patients (53.8%). The
recurrence rate was 18.9% within 3 years
and 29.5% within 5 years, and the total re-
currence rate during the entire follow-up
period was 37.7%. Only two patients (1.5%)
had severe dysesthesia 3 months postoper-
atively. The symptom-free period of all the
patients during the 10-year period was 61%.
We found that longer compression times
correlated with a lower recurrence rate.
During the 10-year period, the recurrent
rate of the patients with 90-second com-
pression was 21%, of the patients with 80-
second compression time, it was 48%, and
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of the patients with 70-second compres-
sion, it was 65%. The complication rate did
not increase with the compression time.
However, this conclusion must be validated
by further studies.
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