
17. Williams GR, Baskaya MK, Menendez J, Polin R,
Willis B, Nanda A: Burr-hole versus twist-drill drain-
age for the evacuation of chronic subdural hae-
matoma: a comparison of clinical results. J Clin
Neurosci 8:551-554, 2001.

18. Zambramski JM, Spetzler RF, Lee KS, Papadopoulos
SM, Bovill E, Zimmerman RS, Bederson JB: Phase I

trial of tissue plasminogen activator for the pre-
vention of vasospasm in patients with aneurys-
mal subarachnoid hemorrhage. J Neurosurg 75:
189-196, 1991.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest.

Received 23 March 2011; accepted 30 August 2011;
published online 07 November 2011

Citation: World Neurosurg. (2012) 78, 1/2:145-149.
DOI: 10.1016/j.wneu.2011.08.032

Journal homepage: www.WORLDNEUROSURGERY.org

Available online: www.sciencedirect.com

1878-8750/$ - see front matter © 2012 Elsevier Inc.
All rights reserved.

Microvascular Decompression for Trigeminal Neuralgia in Patients with and without
Prior Stereotactic Radiosurgery
Joseph C. T. Chen

INTRODUCTION
Trigeminal neuralgia (TN) is one of the more
deeply investigated surgically responsive pain
syndromes. A wide number of treatment op-
tions are available, including percutaneous
methods, radiosurgery, and microvascular
decompression (MVD). Stereotactic radiosur-
gery (SRS) has become a popular means of
treatment, with extremely low complication
rates and satisfactory initial good response
rates (5, 7, 10, 12, 17, 18, 22). Nevertheless,
salvage treatments are often needed after re-
currence of facial pain. The median time to
recurrence of pain after initially successful ra-
diosurgery is in the neighborhood of 50% at 3

years after treatment (7, 12, 17). MVD is an
option for patients after recurrence of pain or
failure after radiosurgery. Few reports exist
regarding the effect of prior radiosurgery on
MVD (1, 21). Regarding the technical execu-
tion of MVD, a small number of patients and
intraoperative findings have been reported.

The consensus based on several cases re-
ported in the literature thus far is that there is
no significant change in surgical difficulty.
Nevertheless, findings can include radiation-
induced vasculitis involving the compressing
artery, arachnoid thickening, and adhesions
between vessel and nerve (13).

! BACKGROUND: Radiosurgery has emerged as an important primary treatment
means of typical trigeminal neuralgia. Despite its high safety and efficacy, the
likelihood of recurrence is significant, potentially requiring salvage treatment.
Posterior fossa exploration and microvascular decompression is an option for
salvage treatment. Results are presented regarding a single-surgeon experience,
and a grading scale is proposed for postirradiation surgical findings.

! METHODS: A retrospective analysis of the author’s experience with 109 consec-
utive posterior fossa explorations for typical trigeminal neuralgia performed over a
period of 8 years is included in this analysis. There were 42 patients undergoing
microvascular decompression following recurrence of pain after radiosurgery, and
67 patients underwent microvascular decompression without prior radiosurgery.
Operative findings were reviewed and categorized. A 4-category typing system is
proposed. The Barrow Neurological Institute Pain Scale Score was used to
categorize post–microvascular decompression outcomes.

! RESULTS: Within the postradiosurgery group, 41 of 42 patients had initial
treatment success (Barrow Neurological Institute score 1 to 3), comparing
favorably with the nonirradiated group, in which 59 of 67 patients had initial
successful treatment (P ! 0.15, Fisher exact test, 2-tailed). Findings of conflicting
vessel atherosclerosis and adhesions between conflicting vessel and nerve were
only seen in the postradiosurgery group, whereas arachnoid thickening requiring
sharp dissection was seen in both postradiosurgery and nonirradiated groups.
Increased difficulty of dissection in either the radiosurgery or the nonirradiated
groups did not appear to affect the likelihood of satisfactory outcome.

! CONCLUSIONS: Microvascular decompression can be performed in the
postradiosurgery setting safely with high efficacy. Dissection typically was not
significantly more difficult in comparison to procedures performed without prior
history of radiosurgery intervention.
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The present study is a single-surgeon
consecutive experience of MVD for TN fol-
lowing recurrence after recurrence or in-
complete response after radiosurgery. This
subseries is compared against similar pa-
tients during the same time period who did
not receive prior radiosurgery.

METHODS

Patient Population
This is a retrospective analysis of a consecu-
tive series of patients who have undergone
MVD by the author. Over an 8-year period, the
author performed 109 MVD for trigeminal fa-
cial pain corresponding to Burchiel class 1
and 2 (4). Of these, 42 were performed in the
postradiosurgery setting. In all postradiosur-
gery patients, MVD was performed for either
recurrence of pain or partial but insufficient
relief of pain after SRS. All patients had pain
not adequately controlled with medications
or suffered from intolerable side effects from
medication.

Radiosurgery Technique
Patients had been treated with either gamma
knife radiosurgery (Elekta, Stockholm, Swe-
den) at a single outside facility as well as linear
accelerator (LINAC) radiosurgery performed
by the author using Brainlab Novalis (Brain-
lab AG, Feldkirchen, Germany). The methods
at both of these centers as well as representa-
tive results have previously been published.
The gamma knife patients were treated to
maximum dose of 88 Gy for initial treatments
and 44 Gy for retreatments (23). LINAC initial
treatments were performed to a Dmax of 90
Gy for initial radiosurgery treatments and 60
Gy for repeat treatments (5, 6).

Clinical Patient Assessment
All patients were followed up with assess-
ment batteries including the Barrow Neuro-
logical Institute (BNI) Pain Scale Score (20).
The BNI scores are as follows: I, no pain; II,
occasional pain not requiring medication;
IIIa, no pain but continued medication; IIIb,
some pain, controlled with medication; IV,
some pain, not controlled with medication; and
V, severe pain/no pain relief. Patients were con-
sidered to have recurrence of pain when their
BNI score moved to a level 4, some pain not
adequately controlled with medications. Upon
recurrence of pain, patients were counseled and
offered a procedure where appropriate.

MVD Technique
All MVDs utilized a key-hole microsurgical
approach with the patient in either a supine or
a park-bench position (3). An approach cen-
tered on the petrotentorial angle was used. In-
traoperative auditory evoked potentials were
utilized for monitoring hearing integrity. Sep-
aration between nerve and offending blood
vessel was maintained with Teflon padding us-
ing an interposition technique in all cases.

Assessment of Operative Findings
Intraoperative video recordings were available
for review in 105 cases. Intraoperative find-
ings were reviewed and categorized by the au-
thor. In addition, operative notes describing
findings were reviewed for all cases.

A 4-category typing system was developed
for intraoperative findings, and is presented
in Table 1. Examples of postradiation changes
are shown in Figures 1, 2, and 3. Radiation-
related effects included thickened arachnoid
as well as atherosclerotic changes within the
conflicting vessel. In some cases, significant

adhesions between nerve and vessel were en-
countered that could not be lysed with blunt
dissection only. In these cases, sharp dissec-
tion with fine microscissors was required.

In nonirradiated patients, atherosclerotic
changes were never seen, although in some
cases, thickened or tenacious arachnoid mem-
branes were seen requiring sharp dissection.
Such cases were given a type 2 designation.

Data Analysis
Univariate analysis was performed using
Fisher exact test for contingency tables and
Mann-Whitney U test for continuous vari-
ables. Survival analysis was performed using
Kaplan-Meier curves. This study was ap-
proved by the local institutional review board.

RESULTS
Over an 8-year period, the author has man-
aged with MVD 109 patients for TN; 42 of
these cases were for recurrence of facial pain
after initially successful radiosurgery. The pa-
tient population is presented in Table 2. The
radiosurgery and nonirradiated groups dif-
fered in gender distribution as well as age and
length of disease, likely reflecting selection
biases in terms of initial management strate-
gies. In the nonradiosurgery group, 3 patients
had prior percutaneous glycerol rhizolysis.
Two patients in the postradiosurgery group
also underwent percutaneous glycerol rhi-
zolysis before MVD.

Surgical Findings
The configuration of conflicting blood ves-
sels is presented in Table 3. There were no

Table 1. Proposed Type Designation System for Dissection Difficulty in Microvascular
Decompression Procedures After Radiosurgery

Type Visible Changes Effect on Dissection

0 No evidence of change No effect on dissection

1 Positive evidence of radiation-related effect No effect on dissection

2 Variable evidence of radiation-related effect
Thickened arachnoid

Sharp dissection required

3 Positive evidence of radiation-related effect Adhesions between vessel and nerve,
significant increase in difficulty of
dissection

Type 2 dissection difficulty can be observed in nonirradiated patients.

Figure 1. Left-sided microvascular
decompression in a patient after 2 prior
radiosurgery procedures. Note radiation-
related atherosclerotic changes (indicated by
arrow) in conflicting superior cerebellar artery
held away from nerve by microdissection
tool. There was no increase in difficulty of
dissection. These findings were designated
as type 1 changes.
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significant differences between the irradi-
ated and nonirradiated groups. The surgi-
cal findings are presented in Table 4 ac-
cording to the proposed grading scale.
Thickened arachnoid requiring sharp dis-
section was seen in both nonirradiated and
postradiosurgery groups. Nerve-vessel ad-
hesions and local atherosclerotic changes,
by contrast were only seen in the postradio-
surgery group. Type 2 findings in the radio-
surgery and nonradiosurgery groups were
more common than either type 1 or type 3
findings in the irradiated group.

Time from Radiosurgery to MVD
Within the irradiated group, the median time
from initial radiosurgery to surgical explora-
tion was compiled for each category of surgi-
cal findings. The results are shown in Table 5.
Type 1 and type 3 findings were seen in pa-
tients with significantly longer intervals be-
tween initial radiosurgery and exploration.

Such a significant difference was not seen for
type 2 changes, likely due to the prevalence of
type 2 changes in nonirradiated patients. Fur-
thermore, there appeared to be no significant
increase in incidence of type 2 changes in the
irradiated group in comparison to the nonir-
radiated group.

In type 0 patients, the median time from
first radiosurgery to MVD was 1.7 years (range
0.36 to 7.4 years). In type 1 patients, the me-
dian was 7.2 years (range 1.5 to 10.4 years). In
type 2 patients, the median was 1.4 years
(range 0.25 to 5.8 years). In type 3 the median
time was 5.2 years (range 2.4 to 8.4 years).

Pain Outcomes
Initial excellent control off medication out-
comes (BNI ! 1 and 2) were obtained in 40 of
42 patients (95%) in the postradiosurgery
group. The summary of results is presented in
Table 6. One patient with initial failure under-
went a glycerol rhizolysis with good result.

In the nonirradiated group, 80% of patients
had initial excellent relief off medications. In
6 of 8 patients with failure in the nonirradi-
ated group, 2 were successfully salvaged with
percutaneous glycerol rhizolysis, 2 with open
partial sensory rhizotomy, 1 with percutane-
ous radiofrequency thermocoagulation, and 1
with radiosurgery.

Relation Between Operative Findings
and Outcome
Within the irradiated group, only 1 immedi-
ate failure (BNI ! 4) was encountered, in a
patient with type 0 findings. Within the
nonirradiated group, all 8 failures were en-
countered in patients with type 0 findings.

Complications
There were no fatalities or major morbidi-
ties encountered in this series. No hearing
deficits were encountered. One patient in
the nonradiosurgery group suffered tran-
sient 4th nerve palsy requiring corrective
lenses and resolving within 1 year. One pa-
tient in the nonirradiated group developed
postoperative cerebellar edema and acute
hydrocephalus requiring placement of a
ventricular catheter. This patient’s edema
and hydrocephalus resolved spontaneously
without requiring shunting, and the patient
made an otherwise uncomplicated recovery
with no residual neurological deficits seen 6
months after surgery. Four patients in this
series suffered a postoperative spinal fluid
leak treated with surgical repair. One pa-
tient in the nonradiosurgery group suffered
a foreign body reaction persisting over 4
months of corticosteroid treatment and
eventually requiring removal of the Teflon
implant, after which a durable pain-free
outcome was preserved. There were no
wound infections or meningitis. In 5 pa-
tients, 3 in the nonirradiated group and 2 in
the postradiosurgery group, transient fever
and headache with sterile spinal fluid oc-
curred responding to short course cortico-
steroid therapy. Of these, 3 were in the non-
radiosurgery group and 2 were in the
radiosurgery group. In no patient was there
new masseter weakness.

Regarding sensory deficits, 2 nonirradi-
ated patients had significant new hypoes-
thesia after MVD. In none of these cases was
the hypoesthesia bothersome. In the irradi-
ated group, in all 4 patients with grade 3

Figure 2. Right-sided microvascular decompression in a patient after 2 prior radiosurgery procedures
with both arachnoid thickening (A, white arrow) as well as atherosclerotic changes in conflicting
vessel (B, black arrow). These findings were designated as type 2 changes.

Figure 3. Left-sided microvascular decompression in a patient after 3 radiosurgery procedures.
Significant atherosclerotic-vasculopathic changes are noted in the conflicting vessel (white solid
arrow). Substantial adhesions between conflicting vessel and trigeminal nerve (gray arrow) were
observed requiring sharp microdissection. These findings were designated as type 3 changes.
Auditory nerve is observed on left (white broken arrow).
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findings, substantial new hypoesthesia was
seen after surgery, and in 1 patient with
grade 2 findings significant new hypoesthe-
sia was encountered. In none of these cases
was the hypoesthesia bothersome or con-
sidered painful. Overall, there appeared to
be a somewhat higher risk of new sensory
deficits in the postradiosurgery group, al-
though this did not reach statistical signifi-
cance (P ! 0.11, Fisher exact test).

Recurrence of Pain
A Kaplan-Meier curve demonstrating overall
likelihood of satisfactory pain relief after MVD

over time is presented in Figure 4. The overall
recurrence rate was similar between the 2
groups, although the initial risk of failure was
higher in the nonirradiated cohort.

DISCUSSION

Radiosurgery in the Initial Management
of TN
SRS has become a popular means of treat-
ment for TN. As practiced by most centers,
the procedure amounts to a retrogasserian
rhizolysis. The mechanism of action of ra-

diosurgery on the nerve has been studied
histologically in a primate model. Micro-
scopic findings included evidence of axonal
degeneration and edema at doses typically
delivered in the clinical setting (9).

The location of radiosurgery treatment as
practiced at many centers is at the root entry
zone of the nerve. This area of the nerve differs
from the more distal extent by being myelin-
ated by oligodendroglia (16). This location of
treatment has been thought to produce more
reliable and possibly more long-lasting pain
relief due to the radiation sensitivity of oligo-
dendroglial myelin (15), although this re-
mains controversial (14). Some investigators
have advocated for treatment located at the
precise location of neurovascular conflict
(24), although the importance of this factor in
overall pain outcome is presently unknown.

The cisternal location of treatment is
unique to radiosurgery, in contrast to com-
monly used percutaneous procedures that
commonly target the retrogasserian extent
of the nerve within the Meckel cave. As
such, percutaneous procedures may not be

Table 2. Demographic Characteristics of Postradiosurgery ("SRS) and Nonirradiated
(#SRS) Subgroups

"SRS #SRS P

Number 42 67

Gender M 22
F 20

M 23
F 44

0.074 (Fisher exact test, 2-tailed)

Age 59.5 median
Range 39.8 –77.1

51.72 median
Range 22.0 –70.0

0.00014 (Mann-Whitney U)

Side L 16
R 26

L 29
R 38

0.69 (Fisher exact test, 2-tailed)

Location V1: 1
V1,2: 4
V1,2,3: 7
V2: 14
V2,3: 10
V3: 6

V1: 1
V1,2: 13
V1,2,3: 8
V2: 11
V2,3: 17
V3: 17

0.20 (Fisher exact test, 2-tailed)

Median time from diagnosis
to MVD

8 y
Range 1–25

3.5 y
Range 0.1–20

0.0009 (Mann-Whitney U)

Median follow-up 2.5 y
Range 0.5– 8.5

2.4 y
Range 0.2– 8.2)

0.63 (Mann-Whitney U)

There was a trend toward significantly more female patients in the nonirradiated group. Furthermore, the postradiation group
tended to be significantly older and to have a longer course of disease prior to MVD surgery.

F, female; L, left; M, male; MVD, microvascular decompression; R, right; SRS, stereotactic radiosurgery.

Table 3. Distribution of Vascular
Findings in Patients Undergoing
Microvascular Decompression Surgery

"SRS #SRS

SCA 28 (67%) 48 (71.6%)

AICA 0 1 (1.5%)

SCA " AICA 3 (7%) 2 (3%)

Artery " Vein 9 (21.4%) 15 (22.4%)

Vein only 2 (4.7%) 2 (3%)

AICA, anterior inferior cerebellar artery; SCA, superior
cerebellar artery; SRS, stereotactic radiosurgery.

Table 4. Distribution of Surgical
Findings in Relation to Number of
Radiosurgery Procedures

# SRS N
Type

0
Type

1
Type

2
Type

3

0 67 60 – 7 –

1 24 17 1 6 0

2 17 7 5 2 3

3 1 0 0 0 1

Total 109 84 6 15 4

SRS, stereotactic radiosurgery.

Table 5. Relation Between Surgical
Findings and Time from First
Radiosurgery Intervention

Findings Years from First SRS (Range)

Type 0 1.7 (0.36–7.4)

Type 1 7.2 (1.5–10.4)

Type 2 1.4 (0.25–5.8)

Type 3 5.2 (2.4–8.4)

SRS, stereotactic radiosurgery.

Table 6. Summary of Initial Results
After Microvascular Decompression
for Trigeminal Neuralgia in Irradiated
and Nonirradiated Groups

BNI "SRS #SRS

1 39 (93%) 52 (77%)

2 1 (2.3%) 2 (3%)

3a 1 (2.3%) 5 (7.5%)

3b 0 0

4 1 (2.3%) 8 (12%)

The two groups were not statistically different by the
extended Fisher’s exact test (P ! 0.192).

BNI, Barrow Neurological Institute; SRS, stereotactic
radiosurgery.
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expected to alter the difficulty of subse-
quent MVD.

The initial results from SRS using both
gamma unit and LINAC techniques have been
extensively presented in the literature. Initial
good response rates are in the 80% to 90%
range, with as many as half of patients attain-
ing a pain-free and off-of-medication result.
Recurrence after radiosurgery, however, con-
tinues to be a significant issue, with a median
recurrence rate of pain generally being en-
countered at 3 years after treatment (7).

MVD as Salvage Intervention
MVD has been considered to be the gold stan-
dard procedure for treatment of TN on the
basis of reliable and complete relief of pain
without obligatory sensory deficits (2, 8). This
is in contrast to destructive procedures in
which completeness of pain relief and dura-
bility correlate with postoperative sensory
dysfunction. A number of studies have dem-
onstrated the overall superiority of MVD sur-
gery in comparison to radiosurgery from the
standpoint of completeness of pain relief and
durability (11, 19). MVD surgery, however, is
relatively invasive in comparison to radiosur-
gery and although unusual, significant com-
plications can occur including fatality or per-
manent disability, hence the preference for
less invasive methods of initial treatment for
some patients.

Barba and Alksne have described in-
creased rates of failure of MVD after prior
destructive procedures (1). Jannetta’s

group has shown, however, that patients
who have undergone percutaneous radio-
frequency rhizotomy prior to MVD do
have a higher likelihood of burning and
aching pain suggestive of residual deaf-
ferentation-related pain, although overall
success rates were not otherwise im-
pacted (2). In the present series’ highly
selected group of patients, there did not
seem to be a lower likelihood of initial
treatment success in comparison to prior
published series.

In a recent study, Jannetta’s group has
demonstrated that MVD is a viable option
after initial radiosurgery intervention for
TN (21). This report complements that re-
port by describing in detail operative find-
ings encountered after radiosurgery for TN.
The present series differs as well in that a
much higher proportion of the irradiated
patients in this series had durable re-
sponses after MVD.

Furthermore, prior radiosurgery treat-
ment did not seem to adversely affect the
likelihood of good results from MVD. In
fact, success rates of MVD seemed to be
higher in the postradiosurgery group, al-
though this is likely to be an artifact of
selection bias. In particular, patients cho-
sen for MVD in this group all had an initial
response with radiosurgery.

Observed Radiation-Related Changes
During Microdissection
Radiation-related changes have been re-
ported during MVD after radiosurgery. Vas-

cular changes, involving conflicting ves-
sels, in particular have been reported (13).

In this series, radiation-related changes
have included vascular atherosclerosis,
arachnoid thickening requiring sharp dis-
section, as well as vessel-to-nerve adhe-
sions requiring meticulous sharp dissec-
tion. In contrast, in nonirradiated patients,
vascular atherosclerosis and vessel-to-
nerve adhesions were never seen. Arach-
noid thickening was seen in a higher
proportion of irradiated patients than non-
irradiated patients.

Although for a small proportion of pa-
tients, microdissection was significantly
more difficult as manifested by adhesions
between nerve and artery (type 3 findings),
good pain outcomes were achieved in all
such patients. Significant postoperative hy-
poesthesia was seen in all patients in whom
such findings were encountered, however.
Microdissection difficulty in post-radiosur-
gery patients appeared to correlate with the
number of radiosurgery procedures as well
as with time from radiosurgery to explora-
tion. Generally, changes in dissection diffi-
culty were not seen in patients who under-
went MVD within 2 years after initial
radiosurgery treatment.

Choice of Treatment for TN
Presently, a number of effective interven-
tions are available for management of tri-
geminal pain. These include destructive
procedures such as radiosurgery, percuta-
neous glycerol rhizolysis, balloon micro-
compression, as well as MVD, which is a
non-destructive physiologic intervention.
All of these procedures have varying de-
grees of effectiveness, durability, and asso-
ciated procedural risk. Radiosurgery by vir-
tue of its noninvasive nature, in particular
when employing frameless methodology,
has become an increasingly popular means
of initial treatment for TN, particularly in
patients who are medically frail or who de-
sire to have the safest and least morbid
treatment available. Recurrence of pain,
however, continues to be a significant issue.

MVD continues to be considered the gold
standard procedure for treatment of tri-
geminal facial pain. The advantages of MVD
primarily lie in the fact that rapid and dura-
ble pain relief can be achieved without
obligatory facial numbness. The risks en-
tailed with MVD in the modern surgical era
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Figure 4. Kaplan-Meier curves demonstrating overall initial success and
recurrence for patients undergoing microvascular decompression in
postradiosurgery (broken line) and nonirradiated (solid line) groups.

PEER-REVIEW REPORTS

JOSEPH C. T. CHEN MVD AFTER RADIOSURGERY

WORLD NEUROSURGERY 78 [1/2]: 149-154, JULY/AUGUST 2012 www.WORLDNEUROSURGERY.org 153



are low, but not insignificant, as the present
series and others have demonstrated (2).

The use of radiosurgery as an initial treat-
ment modality may be tempered if initial
radiosurgery treatment results in a substan-
tial increase in difficulty of later definitive
salvage treatment such as MVD. In this se-
ries, however, there did not seem to be any
lower likelihood of treatment success in
comparison to patients undergoing MVD as
the initial modality of treatment.

CONCLUSIONS
In the present series, 28% of postirradiated
patients required meticulous sharp dissec-
tion (type 2 and type 3 changes). This con-
trasts with the nonirradiated cohort, in
which 10.4% of patients required similar
sharp dissection techniques. Nevertheless,
successful decompression was possible in
all cases with no significant impact on like-
lihood of good outcome.

Significant controversy exists in relation-
ship to the ideal initial procedure for typical
TN. Certainly, there is no single ideal surgi-
cal method that is applicable to all patients
under all circumstances. Surgeons treating
TN should have most major modalities
available for use, including radiosurgery,
percutaneous techniques, and MVD. It is
the author’s approach to thoroughly edu-
cate patients in regard to the relative risks
and benefits of all major modalities. MVD is
encouraged for younger patients suffering
from classic type I TN. Elderly patients, par-
ticularly those with significant medical co-
morbidities, may be treated adequately with
less invasive forms of treatment and with-
out significant concern for likelihood of
success for later salvage treatment.
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