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Purpose: Microvascular decompression (MVD) and MVD combined with partial sensory
rhizotomy (PSR) are effective surgical treatments for idiopathic trigeminal neuralgia (TN).
The aim of this study was to compare the long-term outcomes of both MVD and MVD+PSR
for the treatment of TN and to identify the factors that may influence the long-term outcomes
after MVD or MVD+PSR.

Patients and Methods: From March 2009 to December 2017, 99 patients with idiopathic
TN who underwent MVD or MVD+PSR in our hospital (40 MVD, 59 MVD+PSR) were
included in the study. The indications for MVD+PSR were as follows: vessels only contacted
the nerve root, absence of arterial conflict, or failing to completely decompress from the
arteries or veins. All patients were treated by one neurosurgeon and were followed up for at
least 1 year. The outcomes were assessed with the Barrow Neurological Institute (BNI) Pain
Intensity Scale.

Results: The average follow-up duration was 63.0 months (range, 13.2-118.8 months).
Patients in the MVD group were younger than those in the MVD+PSR group (55.1 years
and 60.5 years, respectively, P=0.012). A total of 62.5% of the patients in the MVD group
and 69.5% of the patients in the MVD+PSR group had favorable long-term outcomes. The
Kaplan-Meier survival analysis showed no significant difference in long-term outcomes
between the two groups (P=0.202). No factors were associated with long-term outcomes
after MVD. For MVD+PSR, a long duration of the disease (odds ratio (OR) 6.967, P=0.016)
was associated with unfavorable long-term outcomes, whereas pure arterial compression (OR
0.131, P=0.013) was associated with favorable long-term outcomes.

Conclusion: For patients who are not suitable to undergo pure MVD, MVD+PSR can be
used as an effective alternative. For MVD+PSR, patients with a long duration of symptoms
may have poor long-term outcomes, while patients with pure arterial compression may have
favorable long-term outcomes.

Keywords: trigeminal neuralgia, microvascular decompression, partial sensory rhizotomy,
long-term outcome, factors

Introduction

Trigeminal neuralgia (TN) is a disorder characterized by recurrent, brief, abrupt-
onset and termination, electric shock-like pains, which are limited to the distribu-
tion of one or more divisions of the trigeminal nerve and triggered by innocuous
stimuli.' After being diagnosed with TN, patients are routinely treated with antic-
onvulsant drugs, such as carbamazepine. However, some patients who have medi-
cally refractory pain or cannot tolerate the adverse effects of drugs need surgical
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treatment. Surgical treatment for TN includes microvascu-
lar decompression (MVD), partial sensory rhizotomy
(PSR), gamma knife radiosurgery (GKRS), percutaneous
balloon compression, radiofrequency thermocoagulation
and so on.

Since first proposed by Jannetta® and after years of
development, MVD has become the most effective surgical
method for treating TN.> However, there are still some
patients who cannot achieve favorable long-term outcomes
after receiving pure MVD. Because of the high incidence of
postoperative facial dysesthesia and the high recurrence rate
of TN, pure PSR has been used in recent years for patients
without obvious intraoperative vascular compression.*’
Although many neurosurgeons have performed MVD com-
bined with PSR (MVD+PSR) on some TN patients who are
not suitable to undergo pure MVD,>” only a few studies
have reported the differences in postoperative outcomes
between MVD and MVD+PSR.? In addition, while many
studies have reported the prognostic factors associated with
long-term outcomes after MVD,* ' few reports have
reported the prognostic factors associated with long-term
outcomes after MVD+PSR.

We followed up patients who underwent MVD or
MVD+PSR at the Department of Neurosurgery of our
hospital from March 2009 to December 2017 and collected
their data. The purpose of this retrospective study is to
provide valuable information for improving the postopera-
tive outcomes of TN patients by comparing the long-term
outcomes of both MVD and MVD+PSR in treating TN
and to identify the prognostic factors associated with the
long-term outcomes after MVD or MVD+PSR.

Methods

Subjects

The subjects were selected from a group of TN patients
who underwent surgery at the Department of
Neurosurgery, China-Japan Friendship Hospital from
March 2009 to December 2017.2° A total of 181 patients
with medically refractory TN underwent microneurosur-
gery via a retrosigmoid approach. All operations were
performed by one neurosurgeon. Because the number of
patients who underwent pure PSR was small (n=7), this
study only included patients who underwent MVD and
MVD+PSR. The inclusion criteria were as follows: idio-
pathic TN according to the diagnostic criteria of the
International Classification of Headache Disorders, 3rd

edition;' no previous MVD or PSR; sufficient clinical

data; and follow-up duration >1 year. The exclusion
criteria were as follows: had secondary TN; had concur-
rent cranial nerve disorder, such as glossopharyngeal
neuralgia; and did not agree to be followed up. All
patients underwent magnetic resonance imaging (MRI)
to evaluate neurovascular compression (NVC) before the
operation. Based on previous studies, we divided the
MRI findings of NVC into three categories: no vascular
compression, only contact (the vessel touches the nerve
without visible alteration of the nerve, and the cerebrosp-
inal fluid cannot be seen between the nerve and the
vessel), and obvious compression (nerve root has displa-
cement, distortion, or indentation).”'** We also judged
the type of offending vessel on MRI.

The patients were not randomly treated with the three
surgical procedures (MVD, MVD+PSR, PSR). Before sur-
gery, we informed each patient about the advantages and
disadvantages of the various surgical procedures. The gen-
eral principles for selecting the surgical procedure were as
follows: Patients with obvious compression (nerve root
has displacement, distortion, or indentation) on MRI
were recommended for pure MVD [Figure 1A and B].
MVD+PSR was recommended for patients who met the
following conditions: vessels only contacted the trigeminal
nerve root [Figure 1C], and pure venous compression
[Figure 1D]. Before the operation, we informed patients
that if conditions we found during operation were not
consistent with the preoperative MRI assessment, we
might change the surgical plan according to their specific
conditions identified during the operation and patients’
wishes. For example, if we were unable to completely
decompress arteries or the veins due to technical difficul-
ties (there were still offending vessels, such as veins that
affect the brainstem blood flow, or some perforating ves-
sels) or the degree of vascular compression was found
intraoperatively to be less severe (only contact) than that
of preoperative MRI, patients were recommended to
receive MVD+PSR. However, due to the high incidence
of facial dysesthesia after PSR, we performed pure MVD
for patients who did not want to endure facial dysesthesia.
On the other hand, if we found intraoperatively that ves-
sels obviously compress the nerve root, rather than just
contacting the nerve root as indicated by preoperative MRI
assessment, we would perform pure MVD. Pure PSR was
only used for patients without vascular compression.

A total of 99 patients met the inclusion criteria of the
study: 40 patients underwent MVD, and 59 patients under-
went MVD+PSR (Figure 2). The patients signed informed
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Figure | Preoperative magnetic resonance imaging (MRI) images under different neurovascular compression. (A) The left basilar artery (BA; white arrow) obviously
compresses the trigeminal nerve (black arrow) and causes the nerve root to displacement. Note that the trigeminal nerve on the right (red arrow) has no vascular
compression and no displacement. (B) The left superior cerebellar artery (SCA; white arrow) obviously compresses the trigeminal nerve (black arrow). (C) The SCA (white
arrow) only contacts the trigeminal nerve (black arrow). Note that there is no cerebrospinal fluid visualized between the nerve and the artery. No deformity of the nerve is
observed. (D) Only the vein (white arrow) compresses the right trigeminal nerve (black arrow).

consent forms before undergoing surgery. The study was
approved by the Ethics Committee of the China-Japan
Friendship Hospital and all patients who participated in
the study signed informed consent. This manuscript fol-
lows the STROBE reporting guidelines.

Data Collection and Outcome Measures
When the TN patient underwent surgical treatment at our
hospital, the demographic and clinical data of the patient
were recorded, including sex, age, duration of disease,
affected side, distribution of pain, type of TN (typical or
atypical TN), and history of previous ablative procedures
(such as percutaneous balloon compression, radiofrequency
thermocoagulation, or GRKS). Previous literature has
reported that patients older than 60 years had better long-
term outcomes after MVD than patients younger than 60

years,” while patients with a long duration of the disease
had unfavorable outcomes after MVD.!® Therefore, the
patients were stratified by age (< 60 years or > 60 years)
and duration of disease (< 5 years or > 5 years). Atypical TN
was characterized by concomitant continuous or near-
continuous pain between attacks in the affected trigeminal
distribution.! The intraoperative data of the patient were also
recorded, including the posterior fossa volume (normal or
small), presence of arachnoid thickening adhesion, type of
offending vessel, and decompression degree. Some research-
ers believe that the small posterior fossa is a risk factor for
NVC and may cause TN.> We assessed the size of the
posterior fossa volume (the posterior fossa volume was
defined as the region bordered by the tentorium of the cere-
bellum, the occipital bone, the clivus, and the pyramidal
bones®*) based on previously reported MRI assessment
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Figure 2 Flowchart showing the inclusion and exclusion criteria of patients in the study.
Abbreviations: TN, trigeminal neuralgia; MVD, microvascular decompression; PSR, partial sensory rhizotomy.

methods® or intraoperative conditions. If the posterior fossa
volume measured by linear measurement was less than
500 cm® or if the platybasia or basilar invagination was
found during surgery, we considered that the posterior fossa
was small. The literature reports that patients with pure
arterial compression have better outcomes after MVD than

818 50 we divided

patients without pure arterial compression,
the type of offending vessel into the following two sub-
groups: pure arterial compression (only artery) and nonpure
arterial compression (artery + vein, pure vein). We classified
the intraoperative decompression degree into two categories:
complete decompression from arteries or veins (no offending
vessels) and incomplete decompression from arteries or
veins (there were still offending vessels). The demographic,
clinical and intraoperative variables above may be predictors
associated with long-term outcomes after surgery. An inde-
pendent observer followed up all patients with outpatient
visits and by telephone. The data collected during the follow-

up visits included TN pain description, complications, the
impact of facial dysesthesia on life, medication use, and other
treatments received. All patients were followed up for at least
1 year.

We used the Barrow Neurological Institute (BNI) Pain
Intensity Scale”® to assess the postoperative outcomes
(Table 1). According to whether the patient needed medication
after surgery, the postoperative outcomes of patients were
divided into the following two categories: favorable (BNI
score I-IT) and unfavorable (BNI score I1I-V).” We assessed
the immediate outcomes at 1 week after the operation and
assessed the long-term outcomes at the last follow-up.

Surgical Methods

All operations were performed by one neurosurgeon. After
general anesthesia, the patients were placed in the lateral
decubitus position with the affected side facing upward.
The suboccipital retrosigmoid approach was used for all
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Table | Barrow Neurological Institute (BNI) Pain Intensity Scale

Score Description

| No pain, no medication

1l Occasional pain, not requiring medication

1 Some pain, adequately controlled with medication

v Some pain, not adequately controlled with medication
\% Severe pain/no pain relief

Note: Reproduced with permission from Rogers CL, Shetter AG, Fiedler JA, Smith
KA, Han PP, Speiser BL. Gamma knife radiosurgery for trigeminal neuralgia: the
initial experience of The Barrow Neurological Institute. Int | Radiat Oncol Biol Phys.
2000;47(4):1013-1019. © 2000 Elsevier Science Inc. Published by Elsevier Inc. All
rights reserved.?

operations. The diameter of the bone window was approxi-
mately 2 cm. After opening the dura mater, part of the
cerebrospinal fluid was suctioned out, and the arachnoid
surrounding the trigeminal nerve was carefully separated.
The position of the patient’s head and the angle of the
microscope were adjusted, and the full length of the tri-
geminal nerve root was carefully explored to identify the
compressive vessels. Different surgical procedures were
selected according to the preoperative MRI assessment,
patient’s wishes, and the specific conditions identified
during the operation. If pure MVD treatment was per-
formed, the compressive vessel was separated, and polye-
ster pads were placed between the vessel and the
brainstem. If MVD was combined with PSR treatment,
1/3-2/3 of the trigeminal sensory root was cut according
to the distribution of pain (if the pain only affected the V3
division, we cut off 1/3 of the sensory root; if the pain
affected the V1 or V2 division, not only the V3 division,
we cut off 2/3 of the sensory root). The dura mater was
sutured, and the skull defect was repaired. Finally, the
muscles and skin were sutured.

Statistical Analysis

All statistical analyses were performed using SPSS version
24.0 (IBM, Armonk, New York, USA). All analyses com-
pared the MVD and MVD+PSR only. The categorical
variables are presented as numbers and percentages, and
the continuous variables are presented as the mean +
standard deviation. After the continuous variables were
tested for normality by the Shapiro—Wilk test, a Student’s
t-test or Mann—Whitney U-test was used to compare the
continuous variables between the two groups. Categorical
variables were compared with Pearson’s x” test or Fisher’s
exact test. Kaplan-Meier survival analysis was used to
assess the outcomes of the two surgical procedures, and
the Log rank test was used to compare the long-term

outcomes between the two groups. Based on our experi-
ence and previous literature, we included the following
factors in our study: sex, age, duration of disease, affected
side, distribution of pain, type of TN, history of previous
ablative procedures, posterior fossa volume, arachnoid
thickening adhesion, type of offending vessel, decompres-
sion degree, and immediate postoperative outcomes.
Univariate analysis was performed using Pearson’s y*
test or Fisher’s exact test. Multivariate analysis was then
performed using binary logistic regression to further assess
the association between the prognostic factors and long-
term outcome. The association strength was assessed using
odds ratios (ORs) and 95% confidence intervals (95% CI).
Only factors with a P-value < 0.2 from the univariate
analysis were included in the multivariate analysis. In
addition, previous literature reported that the duration of
disease, the type of offending vessel and the immediate
postoperative outcome were factors associated with the

15,1
81518 o these three factors were also

long-term outcome,
included in the multivariate analysis. A P-value < 0.05 was

considered statistically significant.

Results

Subjects

In this study, a total of 181 patients with TN underwent
surgical treatment. Among these patients, 7 patients under-
went pure PSR, 8 patients had secondary TN, 24 patients
had concurrent cranial nerve disorders, and 44 patients
were followed up for less than 1 year (Figure 2). After
excluding the above patients, a total of 99 patients were
included in the study to comprise the MVD group (n = 40)
and the MVD+PSR group (n = 59). The follow-up dura-
tion was 13.2 to 118.8 months, with an average of 63.0
months.

The demographic and clinical data of the patients are
shown in Table 2. The data showed that the patients in the
MVD group (mean age, 55.1 = 10.7 years) were younger
(P = 0.012) than those in the MVD + PSR group (mean
age, 60.5 = 10.1 years). In total, 25 (62.5%) patients in the
MVD group were <60 years old, and 24 (40.7%) patients
in the MVD+PSR group were <60 years old. In addition,
the proportion of patients with complete decompression
from arteries or veins in the MVD group was higher than
that in the MVD+PSR group (P=0.001). There were no
significant differences in sex, duration of disease, affected
side, distribution of pain, type of TN, history of previous
ablative procedures, posterior fossa volume, presence of
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Table 2 Demographic and Clinical Data of Patients in the MVD
and MVD+PSR Groups

Variable MVD MVD P value
+PSR
Sex, n (%) 0.402%
Male 14(35%) 16(27.1%)
Female 26(65%) 43(72.9%)
Age (years), mean+SD 55.1£10.7 | 60.5£10.1 | 0.012°
Age (years), n (%) 0.033*
<60 25(62.5%) | 24(40.7%)
260 15(37.5%) | 35(59.3%)
Duration of disease (years), n (%) 0.369°
<5 16(40.0%) | 29(49.2%)
25 24(60.0%) | 30(50.8%)
Affected side, n (%) 0.551°
Left 18(45.0%) | 23(39.0%)
Right 22(55.0%) | 36(61.0%)
Distribution of pain, n (%) 0.802°
\1! 1(2.5%) 0(0.0%)
V2 14(35.0%) | 18(30.5%)
V3 4(10.0%) 8(13.6%)
VI+V2 6(15.0%) 6(10.2%)
V2+V3 13(32.5%) | 23(39.0%)
VI+V2+V3 2(5%) 4(6.8%)
Type of TN, n (%) 1.000*
Typical 38(95.0%) | 57(96.6%)
Atypical 2(5.0%) 2(3.4%)
History of previous ablative 1.000*
procedures, n (%)
Yes 5(12.5%) 7(11.9%)
No 35(87.5%) | 52(88.1%)
Posterior fossa volume, n (%) 0.877°
Normal 17(42.5%) | 26(44.1%)
Small 23(57.5%) | 33(55.9%)
Presence of arachnoid thickening 0.359*
adhesion, n (%)
Yes 31(77.5%) | 50(84.7%)
No 9(22.5%) 9(15.3%)
Type of offending vessel, n (%) 0.367°
Pure artery compression 22(55.0%) | 27(45.8%)
Nonpure artery compression 18(45.0%) | 32(54.2%)
Decompression degree, n (%) 0.001*
Complete decompression from 38(95.0%) | 39(66.1%)
arteries or veins
Incomplete decompression from 2(5.0%) 20(33.9%)
arteries or veins

Notes: °P value, Pearson’s xz test or Fisher’s exact test; °P value, Student’s t-test.
Abbreviations: MVD, microvascular decompression; PSR, partial sensory rhizot-
omy, TN, trigeminal neuralgia; VI, the first division of the trigeminal nerve; V2,
the second division of the trigeminal nerve; V3, the third division of the trigeminal
nerve.

Table 3 Type of Offending Vessel

Vessel All MVD MVD
+PSR
SCA, n (%) 71(71.7%) | 33(82.5%) | 38(64.4%)
AICA, n (%) 36(36.4%) | 13(32.5%) | 23(39.0%)
PICA, n (%) 1(1.0%) 1(2.5%) 0(0.0%)
BA, n (%) 5(5.1%) 2(5.0%) 3(5.1%)
SPV, n (%) 50(50.5%) | 18(45.0%) | 32(54.2%)
Multiple offending vessels, n (%) | 56(56.6%) | 24(60.0%) | 32(54.2%)

Abbreviations: SCA, superior cerebellar artery; AICA, anterior inferior cerebel-
lar artery; PICA, posterior inferior cerebellar artery; BA, basilar artery; SPV, super
petrosal vein.

arachnoid thickening adhesion, and type of offending ves-
sel between the two groups (P>0.05).

The most common offending vessels were the superior
cerebellar artery (SCA) in 71 cases (71.7%, MVD: 33
cases, MVD+PSR: 38 cases), followed by the superior
petrosal vein (SPV) in 50 cases (50.5%, MVD: 18 cases,
MVD+PSR: 32 cases) and the anterior inferior cerebellar
artery (AICA) in 36 cases (36.4%, MVD: 13 cases, MVD
+PSR: 23 cases). A total of 56.6% of patients were found
to have two or more offending vessels during surgery
(60.0% in the MVD group and 54.2% in the MVD+PSR
group) (Table 3).

Postoperative Outcomes

One week after the operation, 34 (85%) patients in the
MVD group achieved favorable outcomes, and 55 (93.2%)
patients in the MVD+PSR group achieved favorable out-
comes. There was no significant difference between the
two groups (P=0.321). The average follow-up duration
was 48.4 months (13.2-118.8 months) in the MVD group
and 72.9 months (16.8-118.8 months) in the MVD+PSR
group. There was a statistically significant difference
between the two groups (P<0.001). At the last follow-up,
25 (62.5%) of the patients who underwent MVD achieved
favorable long-term outcomes, and 15 (37.5%) had unfa-
vorable long-term outcomes. In the MVD+PSR group, 41
(69.5%) patients achieved favorable long-term outcomes,
and 18 (30.5%) patients had unfavorable long-term out-
comes. To compare the differences in long-term outcomes
between the two groups, we performed a Kaplan-Meier
survival analysis (Figure 3). The duration of favorable
outcomes in the MVD group was 74.2 + 9.0 months, and
the duration of favorable outcomes in the MVD + PSR
group was 86.0 £ 6.5 months. However, the Log rank test
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Figure 3 Postoperative outcomes: MVD versus MVD+PSR. The Kaplan-Meier
survival curves for the MVD and MVD+PSR groups are shown.

Abbreviations: MVD, microvascular decompression; PSR, partial sensory

rhizotomy.

showed no significant difference in long-term outcomes
between the two groups (P=0.202).

Factors Influencing the Postoperative

Outcomes

We analyzed the association between the following factors
and long-term outcomes after MVD or MVD+PSR: sex,
age, duration of disease, affected side, distribution of pain,
type of TN, history of previous ablative procedures, pos-
terior fossa volume, arachnoid thickening adhesion, type
of offending vessel, decompression degree, and immediate
postoperative outcomes.

In the MVD group, the univariate analysis showed no
significant associations between any of the above factors
and the long-term outcomes after MVD (Table 4). Because
no factors met the criteria of P < 0.2, we only included the
duration of disease (P=0.505), type of offending vessel
(P=0.870) and immediate postoperative
(P=0.253). The multivariate analysis showed that the dura-
tion of disease (OR 1.212, 95% CI 0.295-4.972, P=0.790),
type of offending vessel (OR 0.663, 95% CI 0.166-2.652,
P=0.561) and immediate postoperative outcomes (OR
4.853, 95% CI 0.707-33.299, P=0.108) were not signifi-
cantly associated with the long-term outcomes of patients.

outcomes

We also analyzed the effects of the above factors on the
long-term outcomes of MVD+PSR patients. The univariate
analysis showed that the duration of disease (P=0.001),

posterior fossa volume (P=0. 025) and type of offending
vessel (P=0. 016) were associated with long-term outcomes
(Table 5). To further evaluate the impact of these factors on
the long-term outcomes, we included these three variables
and the immediate postoperative outcomes (P=0.150) in
a binary logistic regression for multivariate analysis. The
multivariate analysis showed that a duration of disease > 5
years (OR 6.967, 95% CI 1.444-33.626, P=0.016) was sig-
nificantly associated with unfavorable postoperative long-
term outcomes (Table 6), while pure arterial compression
(OR 0.131, 95% CI 0.026-0. 647, P=0. 013) was signifi-
cantly associated with favorable long-term outcomes.

Postoperative Complications

The postoperative complications of the two groups of
patients are shown in Table 7. In MVD group, complica-
tions included facial dysesthesia in 3 cases, intracranial
infection in 4 cases, hearing loss in 2 cases, and intracra-
nial bleeding in 1 case. In MVD+PSR group, complica-
tions included facial dysesthesia in 48 cases, intracranial
infection in 2 cases, hearing loss in 4 cases, facial contin-
uous pain in 3 cases, facial paresis in 1 case, wound
infection in 1 case, and dizziness in 2 cases. There were
no perioperative deaths in either group. There were no
significant differences in postoperative complications
between the two groups, except for facial dysesthesia.
For the impact of facial dysesthesia on life, only 1 of the
4 people with facial dysesthesia in the MVD group
thought that facial dysesthesia had an impact on life. In
MVD+PSR group, only 2 of the 48 people with facial
dysesthesia considered that facial dysesthesia had an
impact on life.

Discussion

We retrospectively analyzed 99 patients who underwent
MVD or MVD+PSR and found no statistically significant
difference in long-term outcomes between the two groups.
In addition, we found that no factors were associated with
long-term outcomes after MVD. For patients who under-
went MVD+PSR, a long duration of the disease (>5 years)
was an independent predictor of unfavorable long-term
outcomes, while pure arterial compression was an inde-
pendent predictor of favorable long-term outcomes.

We evaluated the postoperative outcomes with the BNI
Pain Intensity Scale. The postoperative outcomes were divided
into the following two categories according to whether the
patients needed to take medication after surgery: favorable
(BNI score I-IT) and unfavorable (BNI score I1I-V).” Among
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Table 4 The Univariate Analysis of Factors Associated with
Long-Term Outcomes in MVD Group

Variable BNI BNI P value
Score Score
1-2 3-5
Sex, n (%) 0.608
Male 8(32.0%) 6(40.0%).
Female 17(68.0%) | 9(60.0%)
Age (years), n (%) 0.800
<60 16(64.0%) | 9(60.0%)
260 9(36.0%) 6(40.0%)
Duration of disease (years), 0.505
n (%)
<5 11(44.0%) | 5(33.3%)
=5 14(56.0%) | 10(66.7%)
Affected side, n (%) 0412
Left 10(40.0%) | 8(53.3%)
Right 15(60.0%) | 7(46.7%)
Distribution of pain, n (%) 0.498
\1 0(0.0%) 1(6.7%)
V2 7(28.0%) 7(46.7%)
V3 3(12.0%) 1(6.7%)
VI+V2 5(20.0%) 1(6.7%)
V2+V3 8(32.0%) 5(33.3%)
VI+V2+V3 2(8.0%) 0(0.0%)
Type of TN, n (%) 1.000
Typical 24(96.0%) | 14(93.3%)
Atypical 1(4.0%) 1(6.7%)
History of previous ablative 0.711
procedures, n (%)
Yes 4(16.0%) 1(6.7%)
No 21(84.0%) | 14(93.3%)
Posterior fossa volume, n (%) 0.804
Normal 11(44.0%) | 6(40.0%)
Small 14(56.0%) | 9(60.0%)
Presence of arachnoid 0.494
thickening adhesion, n (%)
Yes 18(72.0%) | 13(86.7%)
No 7(28.0%) 2(13.3%)
Type of offending vessel, n (%) 0.870
Pure artery compression 14(56.0%) | 8(53.3%)
Nonpure artery 11(44.0%) | 7(46.7%)
compression
Decompression degree, n (%) 1.000
Complete decompression 24(96.0%) 14(93.3%)
from arteries or veins
Incomplete decompression | |(4.0%) 1(6.7%)
from arteries or veins
(Continued)

Table 4 (Continued).

Variable BNI BNI P value
Score Score
1-2 3-5

Immediate postoperative 0.253

outcomes, n (%)
Favorable 23(92.0%)

2(8.0%)

11(73.3%)

Unfavorable 4(26.7%)

Note: p values: Pearson’s y* test or Fisher's exact test.

Abbreviations: MVD, microvascular decompression; TN, trigeminal neuralgia; VI, the
first division of the trigeminal nerve; V2, the second division of the trigeminal nerve; V3,
the third division of the trigeminal nerve; BNI, Barrow Neurological Institute.

patients who underwent MVD, 62.5% of the patients main-
tained favorable outcomes at the last follow-up. This result was
similar to the MVD outcomes reported in many other
studies.*™'*!'” For MVD+PSR, 69.5% of the patients had
favorable long-term outcomes. In the study by Zhang et al’
after 2 years of follow-up, the pain-free rate in the MVD+PSR
group was 95.7%. The longer follow-up duration (an average
of 6.1 years) in this study may be the cause of the above
differences. According to our experiences and previous

: 10-12,16,1
literature,>10-1216:18

pure MVD leads to poor outcomes in
patients who had the following conditions: vessels only con-
tacted the trigeminal nerve root, pure venous compression, and
incomplete decompression from arteries or veins. Therefore,
we recommend that these patients receive MVD+PSR treat-
ment. Patients who underwent MVD+PSR in this study were
older than those who underwent MVD, and we thought it
might be because older patients were more likely to accept
postoperative facial dysesthesia, so they were willing to choose
MVD+PSR. In our study, although the average follow-up
duration in the MVD+PSR group was significantly longer
than that in the MVD group, the proportion of patients with
favorable long-term outcomes in the MVD+PSR group was
slightly higher than that in the MVD group, but there was no
statistically significant difference. Therefore, the long-term
outcomes of MVD+PSR on patients who had the above con-
ditions and can tolerate postoperative facial dysesthesia are
positive.

For patients without clear vascular compression, there
are other alternative surgical treatments in addition to PSR,
such as GKRS and internal neurolysis (IN). For GKRS, in
one previous study, the patients with NVC had better
responses to GKRS than those without NVC.?” In another
study, after long-term follow-up, although the proportion of
patients with NVC who had good outcomes was higher than
that of patients without NVC, there was no statistical
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Table 5 The Univariate Analysis of Factors Associated with Table 5 (Continued).
Long-Term Outcomes in MVYD+PSR Group
Variabl BNI BNI P val
Variable BNI BNI P value aniable < ccore 3.5 value
Score Score 3-5 Iczore core 3
1-2 .
Sex, n (%) 1.000 Immediate poi/toperatlve 0.150
Male 11(26.8%) | 5(27.8%) °”;C°mei)’| n (%) wosren | 15@33%
Female 30(73.2%) | 13(72.2%) avorable (97.6%) | 15(83.3%)
Unfavorable 1(2.4%) 3(16.7%)
Age (years), n (%) 0.334 Note: p values: Pearson’s 3 test or Fishers exact test.
<60 15(36.6%) | 9(50.0%) Abbreviations: MVD, microvascular decompression; PSR, partial sensory rhizot-
>60 26(63.4%) | 9(50.0%) omy, TN, trigeminal neuralgia; VI, the first division of the trigeminal nerve; V2,
the second division of the trigeminal nerve; V3, the third division of the trigeminal
Duration of disease (years), 0.001 nerve; BNI, Barrow Neurological Institute.
n (%)
<5 26(63.4%) | 3(16.7%
55 I5§36 6‘7; I§(83 3;) Table 6 The Binary Logistic Regression Analysis of Factors
- o o Associated with Long-Term Outcomes in MVD+PSR Group
Affected side, n (%) 0569 Variable OR (95% CI) P value
Left 15(36.6%) | 8(44.4%)
Right 26(63.4%) | 10(55.6%) Duration of disease (years)
P . . 0, <5 I
Distribution of pain, n (%) 0.988 >5 6.967(1.444-33.626) 0016
Vi 0(0.0%) 0(0.0%)
V2 13(31.7%) | 5(27.8%) Posterior fossa volume
V3 6(14.6%) | 2(11.1%) Normal |
VI+V2 4(9.8%) 2(11.1%) Small 3.703(0.724-18.938) 0.116
V2+V3 15(36.6%) | 8(44.4%) ]
Type of offending vessel
VI+V2+V3 3(7.3%) 1(5.6%)
Nonpure artery |
Type of TN, n (%) 1.000 compression
Typical 39(95.1%) | 18(100.0%) Pure artery compression 0.131 (0.026-0.647) 0.013
Atypical 2(4.9%) 0(0.0%) ) ]
Immediate postoperative
History of previous ablative 0.233 outcomes
procedures, n (%) Favorable |
Yes 3(7.3%) 4(22.2%) Unfavorable 29.692(0.905-974.694) | 0.057
No 38(92.7%) | 14(77.8%) Note: All the factors were analyzed by binary logistic regression analysis, including
. o the duration of disease, posterior fossa volume, type of the offending vessel and the
Posterior fossa volume, n (%) 0.025 immediate postoperative outcomes.
Normal 22(53.7%) | 4(22.2%) Abbreviations: OR, odds ratio; Cl, confidence interval.
Small 19(46.3%) | 14(77.8%)
Presence of arachnoid 0847 difference between the two groups (86.4% and 68.0%,
thickening adhesion, n (%) tivelv) 2 Ch 12° found that th .
Yes 34829%) | 16(88.9%) respectively). ang et al~ found that there was no sig-
No 707.1%) | 2(11.1%) nificant difference in successful pain control rates (BNI
score I-IIT) among patients with different NVC conditions
Type of offending vessel, n (%) 0.016 .
Pure artery compression 23(56.1%) | 4(22.2%) after GKRS treatment (successful pain control rate, no NVC
Nonpure artery compression | 18(43.9%) | 14(77.8%) 85%, small vessel NVC 75%, large vessel NVC 88%,
) respectively). However, a large proportion of patients will
Decompression degree, n (%) 0.592 . . o 17.30
Complete decompression | 28(683%) | 11(61.1%) experience facial numbness after receiving GKRS.” °" For
from arteries or veins IN, it is also a safe and effective option for the treatment of
Incomplete decompression | 13(31.7%) | 7(38.9%) TN without vascular compression. Jie et al®! found that IN
from arteries or veins has better efficacy in patients without vascular compression
(Continued) than patients with vascular compression. As reported in
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Table 7 Postoperative Complications of Patients in the MVD and
MVD+PSR Groups

Postoperative MVD MVD P value
Complications +PSR

Facial dysesthesia 3(7.5%) | 48(81.4%) <0.001
Intracranial infection 4(10.0%) | 2(3.4%) 0.356
Hearing loss 2(5.0%) | 4(6.8%) 1.000
Intracranial bleeding 1(2.5%) 0(0.0%) 0.404
Facial continuous pain 0(%) 3(5.1%) 0.395
Facial paresis 0(%) 1(1.7%) 1.000
Wound infection 0(%) 1(1.7%) 1.000
Dizziness 0(%) 2(3.4%) 0514

Note: p values: Pearson’s y* test or Fisher’s exact test.
Abbreviations: MVD, microvascular decompression; PSR, partial sensory rhizotomy.

previous studies, for patients without NVC, 47%—72.7% of
patients receiving IN can achieve good long-term results,
but the incidence of facial dysesthesia and numbness after
IN is 76.5%-96%.>*** However, there is currently no study
comparing the efficacy of PSR, IN, and GKRS in the treat-
ment of TN without clear NVC.

Some studies have noted that a long duration of TN had
an adverse effect on the long-term outcomes of MVD.
A study by Barker et al® reported that patients who had TN
for less than 8§ years were more likely to have good long-term
outcomes. Sarsam et al'> found that the risk of recurrence
after MVD increased by 0.3% for each additional month of
preoperative pain. However, many studies have shown that
the duration of TN was not associated with long-term out-
comes after MVD.”'*!%!81° Our study also found that the
duration of the disease was not associated with long-term
outcomes after MVD; however, for patients who underwent
MVD+PSR, patients with a longer duration of disease are
less likely to obtain favorable long-term outcomes. We
believe that the reason for the above results is as follows:
patients with a longer duration of the disease have more
severe nerve damage. For patients who are suitable to
undergo pure MVD, vascular compression may be the only
cause of nerve damage. After complete decompression,
nerve function can be gradually recovered. However, for
the above patients who are not suitable to undergo pure
MVD, vascular compression may not be the only cause of
pain. MVD+PSR cannot solve other potential pathological
mechanisms, and patients with a longer duration of the dis-
ease have more severe nerve damage. Therefore, the post-
operative outcomes of this population of patients are poor.

The literature reports that patients with pure arterial
compression can achieve favorable long-term outcomes

after MVD.®'® In our study, there was no significant differ-
ence in the long-term outcomes between patients with pure
arterial compression and patients with nonpure arterial com-
pression (artery+vein, pure vein) after MVD treatment.
However, in the MVD+PSR group, patients with pure artery
compression were more likely to have good long-term out-
comes after the operation than those with nonpure arterial
compression. Compared to decompressing arteries, decom-
pressing veins is more difficult, because the risk of bleeding
is higher, and it is not possible to perform electrocoagulation
or other decompression operations on parts of offending
veins that affect the brainstem blood flow. Therefore, it is
more difficult to perform complete decompression in
patients with venous compression than in those with pure
arterial compression. Moreover, because we mostly per-
formed MVD+PSR on patients who could not be completely
decompressed, there were more patients in the MVD+PSR
group than in the MVD group who could not be decom-
pressed completely due to nonpure arterial compression.
This may be why the results of our study are different
from those of previous studies. In addition, 50.5% of the
patients in our study had venous compression, which was
consistent with the venous involvement rates (17.5%—68%)
reported in other studies.™'****> We believe that the adverse
effect of venous compression on the long-term outcomes
may be caused by incomplete decompression, so careful
intraoperative exploration should be performed to avoid
missing veins, and patients should be treated with MVD or
MVD+PSR according to the degree of intraoperative
decompression.

Many studies have reported some prognostic factors
associated with long-term outcomes after MVD, but the
conclusions are different. These factors included sex,®’
age,”'>'® distribution of pain,’ types of TN,'*'>!%19 hjs.
tory of previous ablative procedures,'? and immediate
postoperative outcomes.® However, in our study, we did
not find that these factors were associated with long-term
outcomes after MVD or MVD+PSR.

Patients who underwent MVD+PSR had a significantly
higher probability of facial dysesthesia than patients who
underwent pure MVD, but only a few people thought that
facial dysesthesia had an impact on life.

Limitations

There are several limitations to our study. First, this study
was a retrospective study, which forces us to exclude
patients with incomplete follow-up data. Second, the
patients in this study were not randomly assigned to the
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different treatment groups (MVD or MVD+PSR) so their
treatment choice was subject to bias. We cannot rule out
the possibility that the differences in the observed out-
comes in this study were due to differences in the baseline
characteristics between the two groups. Third, the sample
size of this study was small, and we hope to conduct
a study with a larger sample size in the future. Finally,
our study only included patients with primary TN, so our
results are not applicable to patients with secondary TN
and patients with concurrent cranial nerve disorders.

Conclusion

In our study, some patients who were not suitable to undergo
pure MVD were treated with MVD+PSR, and these patients
were able to achieve similar outcomes to the patients who
underwent MVD. No factors were associated with long-term
outcomes after MVD. For MVD+PSR, patients with a long
duration of symptoms may have poor long-term outcomes,
while patients with pure arterial compression may have
favorable long-term outcomes. We suggest that the appro-
priate surgical procedure should be selected based on the
opinions of the patients, preoperative MRI evaluation and
the specific conditions identified during the operation. For
patients who are not suitable to undergo pure MVD, MVD
+PSR can be considered an effective alternative.
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