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INTRODUCTION
Trigeminal neuralgia (TN, aka tic doulou-
reux) is a severe disorder characterized by
episodes of facial pain originating from the
fifth cranial nerve. It is estimated that 12.6
in 100,000 people per year suffer from TN
(21). The most common category of TN is
primary (idiopathic TN), and symptomatic
TN is secondary to a specific structural le-
sion like schwannoma, epidermoid cyst, or
multiple sclerosis (MS) (3, 15, 20).

Primary TN is known as one of the most
painful conditions to humans and results in
significant impairment of the quality of life,
and even having been named as “suicide
disease”(1). Through great efforts of physi-
cians like John Forthergill, Harvey Cushing,
Walter Dandy, and P.J. Jannetta, for decades
a large spectrum of therapeutic modalities

have been developed to treat TN, including
anticonvulsants medication, destructive
procedures (radiofrequency thermorhizo-
tomy, percutaneous glycerol rhizotomy,
balloon compression, gamma knife radio-
surgery [GKS], partial sensory rhizotomy
[PSR]), and a nondestructive procedure
(microvascular decompression [MVD]) (7,
11, 12, 16, 19).

However, controversy of the preferable
choice among these modalities for the med-
ical refractory TN has long existed. Because
most studies on TN treatment are just retro-
spective case series, the relatively low-level
evidence obtained makes it difficult to com-
pare outcomes accurately among all these
diverse modalities (36, 38). Accordingly, a
prospective cohort study on the first-per-

formed pure MVD was designed to provide
a level 2b evidence for assessment of the
efficacy and safety of MVD, which might
benefit further comparison with other mo-
dalities.

The eventual choice of the modalities
also needs the patient’s participation and
informed consent. Therefore, the investiga-
tion of prognostic factors of excellent long-
term outcome could not only assist physi-
cians for more precise MVD candidate
selection, but also, more important, pro-
vide patients with more information for de-
cision-making. Many factors have been in-
vestigated previously (5, 23, 26, 29, 30, 32,
33), although some of them, like duration
of symptom, degree of compression, and
typical symptoms, are controversial (10, 13,
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23, 30, 32). In the present study, eight fac-
tors were chosen.

PATIENTS AND METHODS

Cohort Definition
The cohort consisted of consecutive pri-
mary TN patients who underwent pure
MVD at the Neurosurgery Department,
West China Hospital, from January 2001 to
November 2005. All patients included had
fulfilled the diagnosis criteria of primary
TN (both typical and atypical) recom-
mended by the International Headache So-
ciety (Table 1), and it was confirmed by a
neurosurgeon and a neurologist. The pa-
tients underwent previous ablative proce-
dures like radiofrequency thermorhizo-
tomy, percutaneous glycerol rhizotomy, or/
and GKS. Symptomatic TN secondary to
schwannoma, epidermoid cyst, aneurysm,
Chiari’s malformation, or MS were ex-
cluded from the cohort. In addition, the pa-
tients who had undergone previous MVD
were excluded. Also, elderly patients (!76
years), having systematic diseases or fear-
ing/refusing surgeries, were excluded. They
underwent GKS treatment.

Preoperative Evaluation
The basic characteristics of the included pa-
tients were documented, including gender,

age at onset of symptoms, duration of
symptoms, age at surgery, distribution of
pain, preoperative facial numbness, con-
comitant symptoms, previous medication
and dosages, and previous ablative proce-
dures. Preoperative measure of pain was
performed by an independent neurologist
(B.W.) based on the Barrow Neurological In-
stitute (BNI) pain intensity scale (Table 2).

All patients underwent preoperative
magnetic resonance (MR) examination.
The possible neurovascular conflict (NCV)
was investigated preoperatively by MR cra-
nial nerve hydrographic imaging tech-
nique. The hydrographic imaging was per-
formed on a 1.5-T unit (Magnetom Sonata;
Siemens, Malvern, Pennsylvania, USA) us-
ing the parameters TR 750 ms, TE 119 ms,
ST 1.0, slice 1.0 mm, and matrix 256 " 256.

The image was interpreted by neurosur-
geons and neuroradiologists jointly. The lo-
cation and orientation of vessel compres-
sion was evaluated preoperatively.

Surgical Techniques
The infratentorial lateral supracerebellar
approach was adopted to perform MVD in
this cohort. Before the operation, elec-
trodes were set up for intraoperative moni-
toring of the seventh and eighth cranial
nerves through facial muscle needle elec-
tromyography and brainstem auditory-
evoked potentials. During the operation,
the patient was placed in a lateral park
bench position, and a 5- to 6-cm straight
incision was made along the hairline. Next,
the craniotomy was performed to expose a
length of 2.5 cm of the transverse sinus
edge, and a 2-cm length of the sigmoid si-
nus edge. After the dura was opened, a mi-
crosurgical spatula was placed over the lat-
eral tentorial surface of the cerebellum. The
cerebellum was then carefully retracted in a
caudorostral direction perpendicular to the
VIIIth cranial nerve until the trigeminal
nerve was exposed. Also, the superior
petrosal vein was carefully preserved. Then
the arachnoid membrane was dissected
from the root entry zone of trigeminal nerve
for NVC detection. The different offending
vessel patterns were documented. The ves-
sel compression was defined as “obvious”
only if there was nerve distortion or incisure
caused by the compression was found. After
the NVC was confirmed, a Teflon felt was
implanted between the Vth nerve and the
offending vessel for decompression if the
offending vessel was small. A double-stick
tape was used to hold the vessel away from
the nerve onto the dura, when a dilated or
distorted vertebral artery/basilar artery
compression was found. If no NVC existed,
the arachnoid membrane was dissected
from the entire course of the nerve, but no
PSR was performed. All operations were per-
formed by two surgeons (H. Z. and D. L.).

Follow-up and Outcome Assessment
The immediate outcomes of the operations
were assessed by an independent neurolo-
gist. Then all the patients were followed up
at the outpatient department or by tele-
phone for at least 5 years. The outcome was
regarded complete pain relief (BNI pain

Table 1. Diagnosis Criteria of Trigeminal Neuralgia in the Present Study

Diagnosis Diagnosis Criteria ICD-10

Primary TN

Typical Type 1 1. Pain limited to the distribution of one or more divisions of the
trigeminal nerve

2. Paroxysmal attacks of pain lasting from a fraction of a second
to 2 minutes

3. Pain has at least one of the following characteristics:
a: intense, sharp, burning, superficial, or stabbing
b: precipitated from trigger areas or by trigger factors

4. Attacks are stereotyped to the individual patient

G50.0
G44.847

Atypical Type 2 Pain characteristics similar to above except:
1. Persistent pain; or
2. Pain characteristics: boring, aching, nagging, terrifying,

blinding, or torturing

G44.847

Secondary TN Pain indistinguishable from primary TN but caused by a
demonstrable structural lesion other than vascular compression

G53.8
G44.847

TN, trigeminal neuralgia; ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th
edition.

Table 2. Barrow Neurological Institute
(BNI) Pain Intensity Scale Score

Score Description

I No pain, no medication

II Occasional pain, not requiring
medication

III Some pain, adequately controlled
with medication

IV Some pain, not adequately
controlled with medication

V Severe pain/no pain relief
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score I), partial pain relief (BNI pain score
II–III), and invalid (BNI pain score IV–V).
The recurrence of pain was defined as fol-
low-up BNI pain score II–V, if complete
pain relief had been achieved previously.

The operative complications were mea-
sured during follow-up visits (e.g., hypoes-
thesia, disappearance of corneal reflection,
masticatory atonia, paraesthesia, trachy-
phonia, hearing loss, vertigo, or tinnitus).
The subsequent treatments of patients who
did not attain pain relief were also docu-
mented.

Statistical Analysis
A Kaplan-Meier survival analysis was per-
formed by using the time interval between
the date of surgery and the date of failure.
The survival curves were drawn in different
groups (complete pain relief group vs. par-
tial pain relief group; typical symptom
group vs. atypical symptom group). The
survival curves were compared by using log-
rank tests.

A multivariate logistic regression analy-
sis was designed to determine the possible
prognostic factors of long-term excellent
outcome of the MVD surgery. The analyzed
variables included typical symptoms (yes
vs. no), duration of symptoms (years), ex-
tent of branches involved (1, 2, or 3
branches), previous medicine effectiveness
(yes vs. no), prior ablative procedures (yes
vs. no), positive vessel compression find-

ings in MR (yes vs. no), vessel compression
pattern found at operation (artery, vein, or
artery and vein), and obvious vessel com-
pression (yes vs. no). The dependant vari-
able was set as the status of the patient at the
5-year’s follow-up (1 # complete pain relief
without medication [BNI pain score I], 0 #
invalid or partial pain relief [BNI pain score
II–V]).

The PASW Statistics 18 software (IBM
Corporation, Somers, New York, USA) were
used for all analyses. The associations were
considered to be statistically significant
when P values were $ 0.05.

RESULTS

Patient Characteristics
From January 2001 to November 2005,
there were consecutive 224 patients admit-
ted in the Department of Neurosurgery of
West China Hospital for the treatment of
medicine refractory TN. Among them, 17
patients were proved TN secondary to
schwannoma, epidermoid cyst, aneurysm,
Chiari’s malformation, or MS. Eight pa-
tients had undergone previous MVD before
this admission, and 45 patients were too old
or feared surgery and underwent GKS treat-
ments. Thus 154 primary TN patients were
included into this cohort (Figure 1). The
basic characteristics of the cohort are docu-
mented in Table 3. In 99 patients (64%),
NVCs were verified by preoperative MR cra-

nial nerve hydrographic imaging tech-
niques (Figure 2).

Surgical Findings and Immediate
Assessment
During the operation, in 143 patients (93%)
offending vessels were found touching the
root entry zone of the fifth cranial nerve,
whereas the obvious vessel compressions
(causing localized distortions, or incisures
of the trigeminal nerve) were found in only
82 patients (53%). The most frequent of-
fending vessels were superior cerebellar ar-
teries (69%) and 18% patients had compres-
sions mixed by artery and vein (Table 4).
One hundred twenty-nine patients (84%)
achieved complete pain relief without med-
ication (BNI pain score I) immediately after
the operation; 17 patients (11%) achieved
partial pain relief (BNI pain score II–III)
postoperatively; and only 8 patients (5%)
failed to obtain pain relief (BNI pain score
IV–V) immediately after the surgery (Table 5).

Eight patients (5%) developed emerging
hypoesthesia postoperatively, whereas
three patients (2%) developed disappear-
ance of corneal reflection or masticatory
atonia. Only three patients had permanent
neurological deficits of the trigeminal
nerve. Two patients (1.3%) developed post-
operative intracranial infection and then
were cured by antibiotics before discharge.
One patient (0.6%) developed complication
of mild hearing loss, and one patient had a
cerebrospinal fluid leakage; the latter pa-
tient was cured in 2 weeks by lumbar con-
tinuous drainage of fluid. Postoperatively,
there was no facial paralysis, cerebellum
hematoma, hydrocephalus, infarction, par-
aesthesia, trachyphonia, vertigo, or tinni-
tus. Perioperative death did not occur.

Follow-up
The patients in this cohort were followed up
from 6 months–8.8 years (median, 5.6 years).
At the 5-year follow-up, 103 patients (72%)
were pain free without medication (BNI pain
score I), 41 patients suffered from pain in dif-
ferent degrees (BNI pain score II–V), and 10
patients were lost to follow-up (three patients
died as a result of cardiovascular diseases or
tumor) (Table 5). The long-term outcomes of
pain relief were also assessed by calculation of
Kaplan-Meier survival curves in different
groups (Figure 3; complete pain relief without

Refractory TN
n=224

Primary TN
n=207

with prior MVD;
n=8

without prior MVD;
n=199

Surgery or GKS

younger older
MVD or GKS

MVD
n=154

GKS
n=45

Secondary TN, due to schwannoma, dermoid
cyst, aneurysm, Chiari’s malformation, or MS;

n=17

Figure 1. Flow diagram showing the included and excluded criteria of this cohort. GKS, gamma knife
radiosurgery; MVD, microvascular decompression; MS, multiple sclerosis; TN, trigeminal neuralgia.
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medication vs. partial pain relief). The per-
centage of 5-year complete pain relief without
medication in the typical group (77/96 cases,

80%) was higher than that in the atypical
group (26/48 cases, 54%, P # 0.022). The
long-term effectiveness of MVD in the MR-

positive group (77/93 cases, 83%) was better
than that in the MR-negative group (26/51
cases, 51%; P # 0.021). The 5-year effective-
ness of MVD in the obvious vessel compres-
sion group (67/78 cases, 86%) was better than
those in the unobvious group (36/66 cases,
55%; P # 0.034). Nineteen patients under-
went GKS treatments after failure of the sur-
gery. Other patients chose to take medicine
continually.

Prognostic Factors
The multivariate logistic regression analy-
sis indicated three factors that could be
prognostic for the long-term excellent out-
come of the MVD surgery: the typical symp-
toms (odds ratio [OR] 2.776, 95% confi-
dence interval [CI] 1.159 – 6.648; P #
0.022), preoperative MR indicating vessel
compression (OR 2.950, 95% CI 1.181–
7.367; P # 0.021), and obvious vessel com-

Figure 2. The high-resolution magnetic
resonance image shows a typical vessel
compression indicated in preoperative
assessment. The neurovascular conflict
(arrowhead).

Table 3. Characteristics of the 154 Study Patients

Characteristics Data

Male:female ratio 56:98 (36%:64%)

Age at onset of symptom (years)

Range 23–64

Median 48

Preoperative duration of symptoms (years)

Range 0.5–31

Median 7

Age at surgery (years)

Range 27–76

Median 55

Typical symptoms 98 (64%)

Distribution of pain

V1 only 3 (2%)

V2 only 13 (8%)

V3 only 24 (16%)

V1 & V2 41 (27%)

V2 & V3 55 (36%)

V1, V2, & V3 18 (12%)

Preoperative BNI score

I–III 0

IV 58 (38%)

V 96 (62%)

Preoperative facial numbness 41 (27%)

Concomitant hemifacial spasm 1 ($1%)

Concomitant glossopharyngeal neuralgia 5 (3%)

Prior medication, n (dosage)

Carbamazepine 106 (300–1600 mg/d)

Phenytoin 25 (300–900 mg/d)

Gabapentin 13 (600–3600 mg/d)

Baclofen 8 (60–120 mg/d)

Prior ablative procedure 56 (36%)*

Peripheral nerve procedures 39 (25%)

RFT 26 (17%)

GKS 23 (15%)

PGR 14 (9%)

Preoperative MR verification of vessel compression 99 (64%)

Values are number and percent, except where otherwise noted. BNI, Barrow Neurological Institute; RFT, radiofrequency
thermorhizotomy; GKS, gamma knife radiosurgery; PGR, percutaneous glycerol rhizotomy; MR, magnetic resonance.

*Some patients had undergone more than one type of ablative procedure.

Table 4. Vessel Compression
Discovered at Operation

Vessel Number (%)

Artery

SCA 107 (69%)

AICA 12 (8%)

VA 4 (3%)

BA 1 ($1%)

Unspecified small artery 9 (6%)

Vein only 10 (6%)

Artery & vein 27 (18%)

No vessel compression 11 (7%)

SCA, superior cerebellar artery; AICA, anterior inferior
cerebellar artery; VA, vertebral artery; BA, basilar
artery.
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pression found at operation (OR 3.219, 95%
CI 1.090 –9.502; P # 0.034). The other fac-
tors (duration of symptoms, extent of
branches, response to medication, prior ab-
lative procedures, and vessel compression
pattern) failed to show any significance of
being prognostic for long-term results of
pain relief (Table 6). The Kaplan-Meier sur-
vival analysis of patients according to typi-
cal or atypical symptoms revealed different
recurrent curves (Figure 4).

DISCUSSION
Trigeminal neuralgia might become refrac-
tory to medication after a period of time,
and require further surgical treatment. Pe-

ripheral interventions of the trigeminal
nerve were invented initially, afterward per-
cutaneous ablative interventions were ap-
plied to the gasserian ganglion. Since
1980s, undestructive MVD gradually be-
came prevalent in the surgical treatment of
TN. In the recent decade, studies of ablative
radiosurgery (GKS) emerged in large num-
bers. Numerous studies were carried out for
the surgical treatment of TN, but the most
appropriate treatment among these modal-
ities is still controversial, which makes it
difficult for physicians and patients with TN
to reach a decision as to the best approach.

A recently published systematic review
aimed to assess the efficacy of all these sur-

gical interventions for classic TN, but the
result was frustrating because of the poor
quality of most surgical treatment trials
(37). With regard to MVD (the only unde-
structive treatment), no one study met the
inclusion criteria. The reviewer concluded
there was little evidence to help compara-
tive decision-making about the best surgi-
cal treatment of refractory TN. A random-
ized controlled trial (level 1 evidence) is
difficult to conduct because patients’ au-
tonomy must be respected. Therefore well-
designed, well-conducted, prospective, co-
hort studies (level 2b evidence) could be the
possible second-best solution, and the re-
sult could be used in further meta-analysis
(38).

In the present prospective study, the di-
agnostic criteria of TN (primary or second-
ary, typical or atypical) for patient selection
was clearly defined by referring to the clas-
sification of International Headache Soci-
ety. Details of the previous treatments were
provided, and the outcomes of the surgery
were defined by using the BNI pain scale.
The outcome assessment was performed by
an independent neurologist, and the 5-year
follow-up rate was 94%. Thus, in the pres-
ent prospective study 72% of patients
achieved complete pain relief without med-
ication (BNI pain score I) after 5 years of
follow-up, compared with 64%–78% com-
plete pain relief after 5–20 years of fol-
low-up as reported in the literature (5, 25,
26, 34).

It is a paradox, when comparing the
safety of diverse surgical modalities, that

Table 5. Outcomes of Pure Microvascular Decompression for Primary Trigeminal
Neuralgia

Patient Assessment
Immediate Postoperative,

number of patients (%)
5-Year Follow-up, number

of patients (%)

BNI score

I (Complete pain relief) 129 (84%) 103 (72%)

II 7 2

III 10 4

(Partial pain relief: II % III) 17 (11%) 6 (4%)

IV 3 14

V 5 21

(Failure: IV % V) 8 (5%) 35 (24%)

Lost 0 10 (6%)

BNI, Barrow Neurological Institute.

Table 6. Logistic Regression of 5-Year Complete Pain Relief After Microvascular
Decompression

Prognostic Factor P Value
Odds Ratio

(95% CI)

Typical syndrome (yes vs. no) 0.022* 2.776 (1.159–6.648)

Duration of syndromes (years) 0.382 0.969 (0.904–1.039)

Extent of branches involved (1, 2, or 3 branches) 0.482 0.759 (0.353–1.635)

Medical responsiveness (yes vs. no) 0.414 1.708 (0.473–6.162)

Prior ablative procedure (yes vs. no) 0.485 0.740 (0.317–1.725)

MR indicating vessel compression (yes vs. no) 0.021* 2.950 (1.181–7.367)

Vessel compression pattern found at operation
(artery, vein, artery & vein, or none)

0.395 0.840 (0.562–1.256)

Obvious compression found at operation (yes vs. no) 0.034* 3.219 (1.090–9.502)

CI, confidence interval; MR, magnetic resonance.
*Statistically significant.

Figure 3. Kaplan-Meier curves show the 5-
year outcomes of microvascular
decompression: complete pain relief without
medication versus partial pain relief. Cum,
cumulative.
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MVD is the only undestructive procedure,
but also the only one where a craniotomy is
needed. Fortunately, the occurrence of
postoperative complications would be re-
duced to a considerable low level if a mini-
mally invasive technique was adopted. In
our cohort, only four patients (3%) had per-
manent neurological deficits of the cranial
nerves, and no severe complication oc-
curred. Yet, the patients should be informed
that the morbidity rate is 3‰, as was re-
ported by another large scale MVD study
(18).

Many patients achieve excellent out-
comes immediately after MVD, but unfortu-
nately, others do not. As a result, neurosur-
geons are always trying to select more
appropriate MVD candidates, and patients
are always trying to get more information.
in our cohort, among the eight factors of
interest, three proved to be prognostic.

The results of MVD in patients with typi-
cal symptoms were widely demonstrated
superior to those in patients with atypical
symptoms (5, 8, 22–24, 26, 35), although
several investigators found that patients
with atypical symptoms had the same out-
come as those with typical symptoms
(78.9% vs. 77.6%) (29). In accordance with
most of the researchers, in the present co-
hort we found that a clinical presentation
with typical manifestations did have a posi-
tive effect on prognosis.

Several studies using high-resolution MR
to identify NVC and comparing MR results
with intraoperative findings demonstrated
reliable sensitivity (76%–97.5%) and speci-
ficity (75%–100%) (2, 40). To our knowl-

edge, preoperative MR indicating vessel
compression of the trigeminal nerve has
not been previously studied as a prognostic
factor for excellent long-term outcome.
We had 99 patients (64%) with vessel
compression as shown by preoperative
MR scanning. These patients achieved
better long-term outcomes. Therefore the
high-resolution MR technique might play
a more important role in preoperative
evaluation of MVD.

Previous studies had shown a strong sta-
tistic relationship between the degree of the
vessel compression observed intraopera-
tively and the long-term good outcome (9,
10, 29, 31). Yet opposing study results also
exist (24, 30). In the present cohort, it was
proved that the obvious vessel compression
was a positive factor for excellent long-term
outcome.

The treatment strategy of patients with
TN and no visible vascular compression is
still controversial. Baechli and Gratzl (4) re-
ported that their five patients with TN and
no visible vascular compression were cured
by MVD. Other researchers (39) preferred
PSR if no visible vascular compression was
found intraoperatively. In the present co-
hort if there was an offending vessel close to
the nerve but without obvious compression,
we still placed a Teflon patch between the
NVC. If no offending vessel was detected,
we performed the arachnoid membrane
dissection for the entire course of the nerve.
Recently we reconsidered the use of PSR
and performed it on patients without of-
fending vessel found intraoperatively.

Prognostic studies showed that a long
duration of symptoms before operation ad-
versely affected the long-term results of
MVD (5, 6, 8, 22, 32). The long-term vascu-
lar compression was hypothesized to lead
to degeneration of the trigeminal nerve.
Controversially, some studies demon-
strated that there was no relationship be-
tween the duration of the symptoms and the
outcomes of MVD (29, 30, 35).

Arterial vascular contact was believed to
be related to complete long-term pain relief
compared with venous or mixed arterial and
venous contact according to some reports
in the literature (5, 14, 22, 30). It was hy-
pothesized that venous contact might re-
build and cause a recurrence of symptoms
(17). But recently investigators did not find a
relationship between the offending vascu-

lar type and the effectiveness of pain relief
(24, 29).

According to the studies by Sindou (29)
and Szapiro (31) and their colleagues, in-
volvement of all three divisions of the tri-
geminal nerve had a negative effect on out-
come of MVD. But other studies failed to
find this relationship (5, 32). The three pre-
viously mentioned factors did not show any
relationship with the outcome of MVD in
our cohort.

In accordance with previous studies, in
our cohort ablative procedures before MVD
did not show any significant effect on long-
term pain relief (26 –28). Also, whether or
not the patients responded to the medica-
tion, they had the same outcome.

CONCLUSIONS
A strictly designed and conducted prospec-
tive cohort study with a 5-year follow-up
verified the efficacy and safety of pure MVD
for primary TN, which was expected to pro-
vide level 2b evidence in comparison with
other procedures.

The reason for the differences in long-
term outcomes of MVD in some (20%–
30%) patients is still not resolved. The sta-
tistically significant prognostic factors for
excellent long-term outcomes of MVD
included typical symptoms, obvious vessel
compression found at operation, and espe-
cially, preoperative MR indicating vessel
compression. Age, sex, duration of symp-
toms, response to medical regimen, extent
of branches involved, prior ablative proce-
dures, and vessel compression pattern did
not show relationships with the long-term
outcomes of MVD.

Before decision-making, patients should
be informed of all possible treatment proce-
dures and their prognostic factors. A dis-
cussion between patient and physician
should be done, reviewing the pros and
cons of each procedure. A precise patient
selection and excellent communication will
further improve the effectiveness and the
patient satisfaction of MVD.
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