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Abstract
Background There is still no clear guideline for surgical treat-
ment for patients with medically refractory trigeminal neural-
gia (TN). When it comes to which surgical treatment to
choose, microvascular decompression (MVD) or Gamma
Knife surgery (GKS), we should know the long-term outcome
of each treatment.
Methods We analyzed 179 patients undergoing MVD and 52
patients undergoing GKS followed for 1 year or longer. We
evaluated the patient’s neurological status including pain re-
lief, complications and recurrence. Results were assessed with
Barrow Neurological Institute (BNI) pain intensity and facial
numbness scores. Overall outcomes were compared between
the two groups based on pain relief and complications.
Results BNI pain intensity and facial numbness scores at the
final visit were significantly lower in the MVD group than in
the GKS group (P < 0.001, P = 0.04, respectively). Overall
outcomes were superior following MVD than following GKS
(P < 0.001). Following whichever treatment, there were ini-
tially high rates of pain-free status Bwithout medication^:
96.6% in the MVD group and 96.2% in the GKS group.
However, 6.1% in the MVD group and 51.9% in the GKS
group fell into a Bwith medication^ state within median pe-
riods of 1.83 and 3.92 years, respectively (P < 0.001). Kaplan-

Meier analysis revealed that pain recurredmore often and later
in the GKS group than in the MVD group (P < 0.001).
Conclusions Considering the long-term outcomes, MVD
should be chosen as the initial surgical treatment for patients
with medically refractory TN.
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Introduction

Trigeminal neuralgia (TN) is a common neurovascular com-
pression syndrome characterized by paroxysmal unilateral fa-
cial pain. At early stages of the disease, most patients can
control their pain with medication alone [1, 20, 23].
However, the efficacy of medication often declines over time.
Some patients become unable to continue medication because
of adverse effects, including dizziness, a floating sensation,
skin rash and liver dysfunction. For such patients, surgical
options are considered.

Various treatments are currently available for intractable
TN, including microvascular decompression (MVD),
Gamma Kn i f e su rge ry (GKS) , r ad i o f r equency
thermocoagulation, glycerol rhizotomy and balloon compres-
sion [1, 6, 20, 21, 23]. At our institution, MVD and GKS are
available for patients with medically refractory TN. We ini-
tially started treatment of TN with GKS in 2005 and subse-
quently introduced MVD for recurrent cases after GKS.
However, our preliminary observations showed that MVD
could offer superior pain control with fewer recurrences than
GKS. Consequently, MVD is now the first treatment of choice
for TN at our institution.

There are several reports on long-term outcomes for MVD
and GKS, respectively [1, 13, 17, 20, 23, 27]. However,
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studies comparing the two treatments are limited [3, 4, 6, 12,
16, 18, 26]. Both treatments are reported to be safe and effec-
tive, but concrete guidelines outlining which treatment is rec-
ommended after failure of medical therapy do not exist.
Surgeons frequently choose treatments with consideration of
the patient’s preference.We conducted a retrospective study to
compare long-term outcomes (pain relief, recurrence and
complications) following MVD or GKS as the initial surgical
treatment for medically refractory patients with TN.

Materials and methods

Patient population

Between April 2005 and September 2016, we treated 372
consecutive patients with medically refractory TN. Patients
were predominantly treated with GKS before 2010. Since
then, MVD has become the first treatment of choice to date.
Only one patient who was medically unfit for MVDwas treat-
ed with GKS after 2010. As a result, 72 patients were treated
with GKS and 300 with MVD during this period (Fig. 1). To
exclusively compare the effect of each treatment as the first
surgical modality, we excluded patients who had undergone
previous surgical treatment, MVD and/or GKS. We also ex-
cluded patients with atypical or secondary TN because these
cohorts tend to show different postoperative courses than
those with typical TN [24]. We were interested in long-term
outcomes, so those with follow-up periods of less than 1 year
were excluded. Consequently, 179 and 52 patients were

enrolled in MVD group and GKS group, respectively (Fig.
1). Written informed consent was obtained from all patients
prior to each procedure, and the ethics committee of our hos-
pital approved the study.

Preoperative radiological examinations

To identify any vascular involvement and exclude any impli-
cation of tumors, patients underwent two sequences of mag-
netic resonance imaging (MRI): fast imaging employing
steady-state acquisition (FIESTA) and contrast-enhanced T1
spoiled gradient recalled (SPGR). The anatomical data includ-
ing the compressing vessels and severity of neurovascular
compression (NVC) were collected based on MRI findings.
Severity of NVC was rated on a degree scale according to
Sindou et al. [22] as follows: (1) the vessel in contact with
the root without any visible indentation to the root, (2) dis-
placement and/or distortion of the root and (3) a marked in-
dentation in the root.

Microsurgical procedures

In the MVD group, 3D images of the craniotomy site were
obtained with contrast-enhanced CTscans to identify the exact
site of the transverse-sigmoid junction. Additionally, 3D im-
ages of the trigeminal nerve and adjacent structures were cre-
ated using GammaPlan® (ELEKTA, Stockholm, Sweden) to
determine the anatomical relations between the nerve and ves-
sels [7] (Fig. 2). MVD was performed with the retrosigmoid
approach under general anesthesia. Transposition of the

Fig. 1 Flow chart showing the
inclusion and exclusion criteria of
patients in the study. MVD,
microvascular decompression;
GKS, Gamma Knife surgery; TN,
trigeminal neuralgia
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culprit arteries and sacrifice of small adherent veins were fre-
quently applied. However, interposition was applied in limited
cases in which the vertebrobasilar artery or large vein were the
compromising vessels [8]. In cases of arachnoid adhesion, the
nerve was dissected free from the arachnoid.

Radiosurgical procedures

In the GKS group, CT scans with bone window levels were
performed to detect and correct the distortion of MRI and
determine the accurate target [5]. A Leksell frame was firmly
fixed to the patient’s head under local anesthesia.
GammaPlan® was used to accurately determine the
retrogasserian target by the patient’s CT and MR images [5,
19] (Fig. 3). Irradiation was performed with a single isocenter
at the maximum dose of 85–92 Gy (median, 88 Gy) via a 4-
mm collimator helmet.

Assessment of outcomes

Questionnaires or telephone interviewswere used to assess the
neurological status of patients (pain relief, complications and
recurrence) at 1 year or longer after surgery (median, 3.3 years;
range, 1–11.1 years). For those who had any additional surgi-
cal treatment, their neurological status immediately before the
additional treatment was recorded as the final evaluation.

The treatment outcome was evaluated by assessing pain
relief in conjunction with recurrence and complications [10].
Treatment outcome was assessed with the Barrow
Neurological Institute (BNI) pain intensity score (P) and
BNI facial numbness score (N), respectively [21]. The total
of both scores (T = P + N) was defined as excellent (T: 2),
good (T: 3), fair (T: 4) or poor (T ≥ 5) (Table 1). Complications
other than facial numbness were documented separately.

We focused on pain-free status without medication after
treatment, as patients tend to find being medication-free more

Fig. 2 A preoperative 3D image
(A) and an identical operative
finding (B). GammaPlan® was
used to create 3D images for
preoperative anatomical
evaluation in the MVD group

Fig. 3 A representative planning for GKS. MRI (A) and CT images (B, sagittal view; C, coronal view) were used to determine an accurate target on the
trigeminal incisula
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desirable than taking medication. BRecurrence^ was defined
as any degree of recurrent pain requiring medication and/or
additional surgical procedures after reaching a medication-
free status.

Statistical analysis

We analyzed data with two-tailed Fisher exact tests for nom-
inal data and Student’s t-tests for continuous data. A P-value
less than 0.05 was considered statistically significant. The
probability of a pain-free period without medication was
assessed with Kaplan-Meier analyses. Analyses were

conducted with commercially available software (JMP®,
SAS, Cary, NC, USA).

Results

Patient characteristics

In this study, 231 patients with TN were initially treated with
either MVD (n = 179; female/male, 114/65; mean age, 62
years; age range, 19–97 years) or GKS (n = 52; female/male,
35/17; mean age, 71; age range, 45–89 years) (Table 2). All
patients had medically intractable TN (P-4, P-5; Table 2),
which affected the face unilaterally. The right side was affect-
ed in 101 patients (56.4%) undergoing MVD and in 30 pa-
tients (57.7%) undergoing GKS.

The V2 division of the trigeminal nerve was most frequent-
ly involved (MVD: 64 patients, 35.8%; GKS: 18 patients,
34.6%) followed by the V3 division (MVD: 42 patients,
23.5%; GKS: 13 patients, 25.0%). Multiple division involve-
ment was recognized in both groups (MVD: 65 patients,
36.3%; GKS: 20 patients, 38.4%). Involvement of solely V1
division was rare in both groups (MVD: 8 patients, 4.5%;
GKS: 1 patients, 1.9%).

The most common compressing vessel was the superior
cerebellar artery (SCA), followed by both the SCA and ante-
rior inferior cerebellar artery (AICA), AICA, vein and
vertebrobasilar arteries (VB). Regarding severity of NVC, de-
gree 1 was most common, followed by degrees 2 and 3. There
were no significant differences between the two groups in the
affected division, compressing vessel and NVC severity
(Table 2).

The period from pain onset to treatment ranged from 0.1 to
40 years (median, 4 years) in the MVD group and 0.5 to

Table 1 BNI pain intensity score, BNI facial numbness score and total
evaluation of results

(P) Evaluation of pain relief by BNI pain intensity score

P-1 No pain, no medication

P-2 Occasional pain, not requiring medication

P-3 Some pain, adequately controlled with medication

P-4 Some pain, not adequately controlled with medication

P-5 Severe pain/no pain relief

(N) Evaluation of numbness by BNI facial numbness score

N-1 No facial numbness

N-2 Mild facial numbness, not bothersome

N-3 Facial numbness, somewhat bothersome

N-4 Facial numbness, very bothersome

(T) Total evaluation of results = (P) + (N)

T-2 Excellent

T-3 Good

T-4 Fair

T≧5 Poor

BNI, Barrow Neurological Institute

Table 2 Patient characteristics

All MVD GKS P

No. patients 231 179 52

Median age at treatment, years (range) 64 (19–97) 62 (19–97) 71 (45–89) <0.001a

Sex (male/female) 82/149 65/114 17/35 0.74b

Affected side (right/left) 131/100 101/78 30/22 0.99b

Affected division
(V1/V2/V3/V1&V2/V2&V3/V1&V2&V3)

9/82/55/31/47/7 8/64/42/24/36/5 1/18/13/7/11/2 0.97b

Compressing vessel
(SCA/AICA/SCA&AICA/VB/vein)

138/28/36/9/20 106/21/29/7/16 32/7/7/2/4 0.98b

NVC severity (degree 1/2/3) 114/76/41 86/59/34 28/17/7 0.62b

Median duration before treatment, years (range) 4 (0.1–40) 4 (0.1–40) 4.5 (0.5–24) 0.15a

Median follow-up, years (range) 3.3 (1–11.1) 3.25 (1–9.6) 5 (1–11.1) 0.001a

MVD, microvascular decompression; GKS, Gamma Knife surgery; V1, the first division of the trigeminal nerve; V2, the second division of the
trigeminal nerve; V3, the third division of the trigeminal nerve; SCA, superior cerebellar artery; AICA, anterior inferior cerebellar artery; VB,
vertebrobasilar artery; NVC, neurovascular compression
a p values: analysis of variance. b p values: Pearson’s X2 test
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24 years (median, 4.5 years) in the GKS group. Follow-up
duration ranged from 1 to 9.6 years (median, 3.25 years) in
the MVD group and 1 to 11.1 years (median, 5.0 years) in the
GKS group. Patient characteristics did not significantly differ
between the groups except age at treatment and follow-up
period. Those undergoing GKS had longer follow-up periods
than those undergoing MVD because our institution initially
started to treat TN only with GKS (Table 2).

Pain relief (P)

We compared pain relief at the final assessment be-
tween the two groups using the BNI pain intensity
scores (Table 3). In the MVD group, 144 patients
(80.4%) were graded P-1 (no pain, no medication),
17 (9.5%) were graded P-2 (occasional pain, not re-
quiring medication), 15 (8.4%) were graded P-3 (some
pain, adequately controlled with medication), and 3
(1.7%) were graded P-4/5 (some pain, not adequately
controlled with medication/severe pain/no pain relief).
In the GKS group, the number of patients graded P-1,
P-2, P-3 and P-4/5 was 20 (38.5%), 3 (5.8%), 12
(23.1%) and 17 (32.7%), respectively. The groups sta-
tistically differed from each other (P < 0.001), suggest-
ing greater pain relief was achieved following MVD
than following GKS.

Numbness (N)

Postoperative numbness was assessed with the BNI facial
numbness scores (Table 3). In the MVD group, 144 patients
(80.4%) were graded N-1 (no facial numbness), 25 (14.0%)
were graded N-2 (mild facial numbness, not bothersome), and
10 (5.6%) were graded N-3/4 (facial numbness, somewhat
bothersome/very bothersome). In the GKS group, the number
of patients graded N-1, N-2 and N-3/4 was 33 (63.5%), 13
(25.0%) and 6 (11.5%), respectively. The groups differed sig-
nificantly from each other (P = 0.04), suggesting patients un-
dergoing GKS more frequently experienced postoperative
numbness than did those undergoing MVD.

Aside from numbness, severe dry eye requiring periodical
care by ophthalmology was found in both groups at the final
assessment. However, hearing disturbance (dysfunction of the
eighth nerve), masticatory weakness (dysfunction of trigemi-
nal motor root) and cerebellar dysfunction were only noted in
the MVD group (Table 3). However, there were no significant
differences between the groups for rates of complications be-
sides facial numbness.

Overall outcome

The overall outcome at the final follow-up was evaluated by
summing the BNI pain intensity score and the BNI facial

Table 3 Outcomes
All patients MVD GKS P
n (%) n (%) n (%)

Pain at final follow-up (P) <0.001

P-1 164 (71.0) 144 (80.4) 20 (38.5)
P-2 20 (8.7) 17 (9.5) 3 (5.8)

P-3 27 (11.7) 15 (8.4) 12 (23.1)

P-4,5 20 (8.7) 3 (1.7) 17 (32.7)

Numbness at final follow-up (N) 0.04

N-1 177 (76.6) 144 (80.4) 33 (63.5)
N-2 38 (16.5) 25 (14.0) 13 (25.0)

N-3,4 16 (6.9) 10 (5.6) 6 (11.5)

Other complications

Severe dry eye 7 (3.0) 5 (2.8) 2 (3.8) 0.66

Hearing disturbance 2 (0.9) 2 (1.1) 0 (0.0) 0.44

Masticatory weakness 1 (0.4) 1 (0.6) 0 (0.0) 0.59

Cerebellar dysfunction 1 (0.4) 1 (0.6) 0 (0.0) 0.59

Total score (T = P + N) <0.001

T-2 (excellent) 135 (58.4) 122 (68.2) 13 (25.0)
T-3 (good) 33 (14.3) 28 (15.6) 5 (9.6)

T-4 (fair) 30 (13.0) 19 (10.6) 11 (21.2)

T≧5 (poor) 33 (14.3) 10 (5.6) 23 (44.2)

MVD, microvascular decompression; GKS, Gamma Knife surgery

p values: Pearson’s X2 test
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numbness score (Table 3, Fig. 4). In the MVD group, 122
patients (68.2%) were graded Bexcellent,^ 28 patients
(15.6%) Bgood,^ 19 patients (10.6%) Bfair^ and 10 patients
(5.6%) Bpoor.^ In the GKS group, 13 patients (25.0%) were
graded Bexcellent,^ 5 patients (9.6%) Bgood,^ 11 patients
(21.2%) Bfair^ and 23 patients (44.2%) Bpoor.^ As such,
MVD provides a significantly superior long-term outcome
compared with GKS (P < 0.001).

Long-term efficacy

There were 173 (96.6%) and 50 (96.2%) medication-free pa-
tients (P-1/P-2) at 1-year post-operation in the MVD and GKS
groups, respectively. Recurrence (≥ P-3) over time was found
in 11 patients (6.1%) undergoing MVD and 27 patients
(51.9%) undergoing GKS (P < 0.001). The time to recurrence
ranged from 1.17 to 8 years (median, 1.83 years) in the MVD
group and 1.08 to 10.83 years (median, 3.92 years) in the GKS
group (P = 0.001) (Table 4). The long-term efficacy of treat-
ment (patients remaining medication-free, P-1/P-2) was eval-
uated with Kaplan-Meier analysis. The GKS group lost
medication-free status faster than the MVD group
(P < 0.001) (Fig. 5).

Discussion

The goal of treatment for TN is to achieve a complete and
permanent cure without any postoperative complications [10].
It is widely accepted that the etiology of typical TN is caused by
vascular compression or conflict of the trigeminal nerve, gen-
erating ephaptic transmission between neurons [1, 20, 23].

The advantage ofMVD, the only non-ablative technique, is
that it theoretically eliminates the cause of pain. However,
MVD is associated with a greater potential of surgical risk
than other procedures, including trigeminal dysfunction, and
impairment of other cranial nerves, cerebellum and brainstem
function [1, 23]. Other procedures, e.g., GKS, radiofrequency
rhizotomy, glycerol postgasserian rhizolysis and balloon
microcompression of the gasserian ganglion, are ablative tech-
niques that rely on controlled injury to part of the nerve to
generate neuromodulation without intracranial manipulation
and are expected to possess fewer risks than MVD [2, 6, 12,
17, 18, 20]. It is crucial that patients should be provided de-
tailed information regarding both surgery-related risks and
long-term outcomes for each treatment.

Fig. 4 Comparison of overall treatment results shows superiority of the
microvascular decompression (MVD) group (P < 0.001)

Table 4 Pain relief and
recurrence All MVD GKS P

Medication-free at 12 months 223 (96.5%) 173 (96.6%) 50 (96.2%) 0.86 a

Recurrence 38 (16.5%) 11 (6.1%) 27 (51.9%) <0.001 a

Median duration to recurrenceyears (range) 37 (13–130) 1.83 (1.17–8) 3.92 (1.08–10.83) 0.001b

Number of cases (%) unless otherwise specified

MVD, microvascular decompression; GKS, Gamma Knife surgery
a p values: Pearson’s X2 test
b p values: analysis of variance

Fig. 5 Kaplan-Meier analysis of pain-free period without medication
after treatment demonstrates longer durability in the microvascular
decompression (MVD) group than in the Gamma Knife surgery (GKS)
group (P < 0.001)
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Barker et al. [1] reported postoperative outcomes of 1185
patients who underwent MVD during a 20-year period. In
their series, 70% of patients remained pain free without med-
ication for 10 years, 30% had recurrence, and 11% underwent
a second operation for recurrence. Sindou et al. [22] investi-
gated long-term outcome of 362 patients who underwent
MVD in which decompression of the root was performed
without any additional lesioning or cutting of the adjacent
rootlets. According to Kaplan-Meier analysis, the pain-free
rate without any medication was 91% at 1 year and 73.38%
after 15 years of follow-up. AlthoughMVD is considered safe
and effective in treating medically intractable TN, complica-
tions such as facial numbness, brainstem infarction, ipsilateral
hearing loss and death were reported in their MVD series.
Aggressive dissection may achieve more pain relief while
increasing the risk of complications. Later reports indicated
that thorough decompression of the whole cisternal portion of
the nerve, transposition rather than interposition, and adequate
management of veins are also crucial to obtain better surgical
outcomes with fewer complications and recurrences [8, 15,
23]. Therefore, the outcome of MVD is largely attributable
to the surgeon’s skills and decision-making during surgery.

In contrast, technical differences in GKS, such as the target
site and prescribed dose, may affect outcomes. Kondziolka
et al. [11] reported that lower prescription doses decrease pain
relief rates, while a higher dose induces more postoperative
complications. They concluded that the optimal radiation dose
is between 70 Gy and 90 Gy. Matsuda et al. [14] compared the
results of two targeting methods, the retrogasserian target and
the root entry zone target. Although pain control rates at the
final follow-up were similar between the two targets, patients
treated with the retrogasserian target had a higher incidence of
trigeminal dysfunction. Thus, they recommended using the
root entry zone target and 80 Gy for treatment of TN in
GKS. Recently, Régis et al. [20] reported the long-term out-
comes of 497 patients initially treated with GKS (median
maximum dose: 85 Gy). Although 456 patients (91.75%)
were pain free in a median of 10 days, their actuarial proba-
bilities of continuing to be pain free without medication at 3,
5, 7 and 10 years were 71.8%, 64.9%, 59.7% and 45.3%,
respectively. Our long-term outcome of GKS for
medication-free status showed a similar tendency to their re-
port. They report the actuarial rate of hypesthesia was 20.4%
at 5 years and reached 21.1% at 7 years, including very both-
ersome facial hypesthesia in three patients (0.6%). Numbness
in the GKS group in our study was more than in their report,
which may have been caused by the higher prescribed dosage
(median maximum dose: 88 Gy). Initial pain relief is satisfac-
tory, but shorter durability and a higher chance of facial numb-
ness are common following GKS compared with MVD [1, 9].

Seven studies compared the outcomes for MVD and GKS
at a single institution (Table 5) [3, 4, 6, 12, 16, 18, 26].
Although follow-up periods and definitions of numbness T
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and recurrence differ in each report, the majority indicate that
MVD provides superior efficacy for long-term pain relief and
less facial paresthesia than GKS. This is consistent with our
results. Linskey et al. [12] compared 36 patients treated with
MVD and 44 patients with GKS. They observed 5-year actu-
arial pain-free rates of 80% for MVD and 33% for GKS
(P = 0.002). The relative risk of losing pain-free status after
5 years was 3.35-fold higher for those treated with GKS com-
pared with MVD. Both procedures ensured a high degree of
early patient satisfaction (95–100%). While MVD maintained
a high rate of patient satisfaction, satisfaction with GKS de-
creased to 75% as pain control waned. A recent study by Dai
et al. [4] showed that pain reduction 2 years after treatment is
significantly greater for MVD (95.4%) than for GKS (88.7%)
(P < 0.01). There was also significantly greater corneal reflec-
tion loss in GKS (21.7%) than in MVD (5.7%) (P = 0.002).
There was also more facial numbness in GKS (17.4%) than in
MVD (14.9%). However, the GKS complication rate was
lower than ours, which might reflect a lower prescription dose
and a different target.

Berger et al. [2] collated articles on MVD or stereotactic
radiosurgery (SRS) for TN published between 2000 and 2015.
They used decision-analytic modeling to compare a large co-
hort undergoing MVD (3697 patients, mean follow-up:
43.2 months) with those undergoing SRS (3477 patients,
mean follow-up: 31.7 months). Their results suggest pain is
significantly more likely to be cured (BNI score P-1) after
MVD. In addition to better pain control, MVD was associated
with significantly lower complications and recurrences than
SRS, suggesting that MVD provides more favorable out-
comes than SRS for the treatment of TN. Another literature
review [25] investigated long-term outcomes for various TN
treatments, including MVD, SRS, glycerol rhizotomy, partial
sensory rhizotomy, percutaneous balloon microcompression
and radiofrequency thermorhizotomy. The study compared
4884 patients treated with MVD with 107 treated with SRS.
Of those undergoing MVD, 76.6% were pain free and 18.4%
experienced recurrence 6.7 years after surgery, while in those
undergoing SRS 58% were pain free and 25% experienced
recurrence 5 years after treatment. Thus, MVDwas associated
with the highest rate of long-term patient satisfaction and the
lowest rate of pain recurrence among several treatment
methods. Although differing targets and doses may affect out-
comes after GKS, uniform procedures for the treatment are
used at each institution. Nonetheless, outcomes for MVD are
influencedmore by the surgeon’s skills and experiences [9]. In
experienced hands, surgery-related complications are uncom-
mon. Therefore, MVD might be considered as the first-line
treatment for an experienced team when the patient’s condi-
tion allows [25].

Treatment choice generally depends on patient’s prefer-
ence. Due to lower surgery risks thanMVD, GKS is generally
considered desirable. Surgery-related complications may

occur following surgery even conducted by experienced neu-
rosurgeons. Nonetheless, these complications are uncommon
and rates are lower than for other common neurosurgical pro-
cedures such as aneurysmal clipping or brain tumor excision
[12]. In our study, there was a low rate of complications and
no significant difference between MVD and GKS groups.
Therefore, patients should not only consider surgery-related
risk but also long-term outcomes for each treatment, because
satisfaction will reduce as pain control wanes. In case of re-
currence of pain, patients eventually visit a physician regularly
for medication and may live in constant fear of a painful at-
tack. Even if pain is controlled, facial numbness, which is
usually difficult to cure, has negative implications for a pa-
tient’s quality of life. When making surgical decisions, physi-
cians should provide patients with detailed information about
various TN treatments.

Limitations

This is a retrospective study at a single institute, and patients
were not randomized. Although patients were given detailed
information about MVD and GKS, their treatment choice was
subject to bias. We could not exclude the possibility that differ-
ences observed in this study may have been caused by differ-
ences in baseline characteristics between the two groups. We
acknowledge that this is an institutional result of MVD and
GKS offered as the first surgical treatment for TN. Therefore,
our results may not be applicable for patients with other types of
TN, such as recurrent TN, atypical TN, secondary TN or pa-
tients who previously underwent surgical procedures.

Conclusions

As MVD provides superior outcomes compared to GKS, it
should be considered the initial surgical treatment for patients
with TN. However, when it comes to which surgical treatment
to choose, the patient’s condition and the surgeon’s skill
should be taken into consideration.
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