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Abstract: Objective: To compare complete neuroendoscopic and microscopic microvascular decompression (MVD)
in primary trigeminal neuralgia (PTN) and their impacts on the microstructure of the trigeminal nerve. Methods:
Eighty-seven PTN patients admitted in our hospital from July 2017 to December 2019 were selected for this pro-
spective study and divided into the endoscopic group (n=45) (complete neuroendoscopic MVD) and the microscope
group (n=42) (microscopic MVD) according to the treatment method each patient underwent. All the patients un-
derwent MRI scanning, and the fractional anisotropy (FA) scores and the apparent diffusion coefficient (ADC) values
of the neurovascular compression (NVC) sites were measured. The operation times, the treatment efficacy, the mi-
crostructural changes in the trigeminal nerve, the complications, and the recurrence and mortality rates at one year
after the operations were compared. Results: The endoscopic group observed a superior therapeutic effect com-
pared with the microscope group one year after the surgeries (P=0.046). After the surgeries, the endoscopic group
observed a greater increase in their FA values and a larger decline in their ADC values than the microscope group
did (P=0.014, 0.015, 0.011, 0.002). The complication rate in the endoscopic group was 11.11%, and the complica-
tion rate in the microscopic group was 30.95% (P=0.022). One year after the surgeries, we found a lower recurrence
rate in the endoscopic group (P=0.001). The perforator vessels from the offending vessel to the outlet area of the
durmedulla, the distances between the front edge of the bone window and the inner surfaces of the petrous part of
the temporal bone > the distance between the duration > the duration of conventional MVD were independent risk
factors for complications after MVD in the hemifacial spasm patients (P=0.001, 0.037, 0.023, 0.005). Conclusion:
Complete neuroendoscopic MV yields better long-term treatment outcomes than microscopic MVD, and it is more
effective at improving the microstructure of the trigeminal nerve and has fewer postoperative complications.
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Introduction

Primary trigeminal neuralgia (PTN) is mostly
diagnosed among adults, with an approximate
incidence of 70%-80% in individuals over 40
years old and is more common in females [1].
Microvascular decompression (MVD), the pre-
ferred surgical treatment for PTN patients who
are intolerant to drug side effects or whose
conservative treatment is ineffective, not only
relieves clinical symptoms but also preserves
the neural function of the trigeminal nerve [2].
However, the visibility of the surgical field of

microscope MVD is relatively poor, resulting in
a poor long-term relief effect in some patients
and more complications. Complete neuroendo-
scopic MVD enjoys a bright and clear panoram-
ic visualization which can reduce the traction of
the cranial and cerebellar nerves, lessen the
occurrence of complications, and ensure better
safety [3]. Studies have shown that neurovas-
cular compression (NVC) is the main cause of
PTN [4]. A diffusion tensor imaging (DTI) se-
quence can observe the microstructure of the
trigeminal nerve and quantify the data to reflect
the microstructure, which is of great signifi-
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cance for the further study of PTN’s etiology
[5]. However, there are no studies on the micro-
structural changes after MVD for the treatment
of PTN, and whether the efficacy of microsco-
pic and complete neuroendoscopic MVD for the
treatment of PTN is apparent or not is still poor-
ly understood. In view of this, the efficacy of
complete neuroendoscopic versus microscopic
MVD for the treatment of PTN and their effects
on the microstructure of the trigeminal nerve
were analyzed and reported as follows.

Materials and methods
General information

This trial is a prospective study. Eighty-seven
PTN patients, including 40 males and 47 fe-
males, who were diagnosed in our hospital
from July 2017 to December 2019, were re-
cruited as the study cohort. Inclusion criteria:
(1) Patients whose PTN was diagnosed using
MRI and CT, and patients who met the Chinese
expert consensus for the diagnosis and treat-
ment of trigeminal neuralgia [6]. (2) Patients
with paroxysmal pain in the forehead or face
lasting from a few seconds to 2 min. (3) Patients
with trigger points in the painful area with peri-
odic recurrences. (4) Patients with a unilateral
onset of the disease. Exclusion criteria: (1)
Patients whose nerve fibers were damaged by
surgery, drugs, or electrocoagulation. (2) Pa-
tients with malignant tumors in their other sys-
tems or organs. (3) Patients unable to tolerate
MVD. (4) Patients who were lost to follow-up or
who quit the study. The patients were divided
into an endoscopic group (45 patients) and a
microscopic group (42 patients), depending on
the treatment method each patient underwent.
All the enrolled patients signed an informed
consent form. This study was certified by the
ethics committee, and the ethics approval
number is 2016-12-14.

Clinical trial registration: https://clinicaltrials.
gov/, ClinicalTrials.gov Identifier: NCT031314-
65.

Methods

The endoscopy group was administered com-
plete neuroendoscopic MVD (Model: PE184A,
AESCULAP). The patients were generally anes-
thetized in a prone position, with their heads
and necks parallel to the ground and their bod-
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ies and heads fixed. After routine disinfection,
the retrosigmoid keyhole approach was per-
formed. An internal oblique incision of 6 to 7
cm was made near the hairline behind the ear.
The incision was done layer by layer until the
transverse sinus and sigmoid sinus were ex-
posed. The dura mater was incised in a “Y”
shape to release the cerebrospinal fluid, and
then the cerebellopontine cistern was opened
for the exposure of the corresponding cranial
nerves. The neuroendoscopy was employed to
explore the trigeminal nerve roots to identify
the compressed location and direction of the
offending vessel. The operations were perfor-
med lightly and gently to avoid damaging the
blood vessels and nerves. Teflon cotton was
placed in the space between the nerve and the
offending vessel, then the dead angles such as
the pontine and the front of the nerve were
explored under the neuroendoscope, and the
incision was sutured after hemostasis.

The microscope group was administered micro-
scopic MVD (model: M40OOE, LEICA). General
anesthesia was administered to the patients
after they were placed in a supine position.
After routine disinfection, the craniotomy was
performed, the cerebrospinal fluid was released
to reduce the intracranial pressure and to fully
expose the corresponding cranial nerves, and
the root area of the trigeminal nerve was sur-
veyed. The arachnoid membrane around the
nerve roots was opened to expose and target
the offending vessel. Teflon spacers were used
for separation. If only the local arachnoid bun-
dle around the nerve root was found and no
offending vessel was targeted, neurolysis was
performed and the trigeminal nerve was given
decompression to promote the recovery of the
trigeminal nerve. The intraoperative blood loss
volume was measured: the apparent blood loss
during the operation = the difference in gauze
weight before and after the operation + the
amount of fluid in the drainage tube-the amount
of saline flushing during the operation.

Outcome measures

The duration of the surgery, the clinical treat-
ment at two weeks and one year after the sur-
gery, the microstructural changes in the trigem-
inal nerve, andthe occurrences of complications
were compared between the two groups.
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Table 1. Comparison of the general data between the two groups (X +s; n, %)

Number Sex

group
of cases male female

Years (years)

Disease duration Site of onset
(months) left right

Endoscopic group 45 20 (44.44) 25 (55.56)
20 (47.62) 22 (52.38)

Microscopy group 42
t/x? value 0.088
P value 0.767

48.96+6.46
49.56+6.22

6.51+1.81 25 (55.56) 20 (44.44)
6.44+1.67 24 (57.14) 18 (42.86)
0.441 0.187 0.022
0.661 0.852 0.881

Clinical outcome measures [7]: Complete re-
lief: the pain symptoms disappeared complete-
ly and there was no need to take medication.
Partial relief: the pain symptoms were alleviat-
ed with an occasional need for medication. No
relief: no improvement or even worse clinical
symptoms appeared.

Microstructural measurements: A signal pio-
neer 3.0 T magnetic resonance scanner (GE,
USA) with an 8-channel head quadrature coil
was applied. The scan plane was set parallel to
the cisternal segment of the trigeminal nerve,
the scan range was the entire pons, and the
acquisition of the microstructural images was
performed using a DTl sequence with the fol-
lowing scanning parameters set: a TR of 7100
MS, a TE of 94 MS, and a 20 cm %20 cm field
of view, 160x160 matrices, 2.0-mm slice thi-
cknesses, we selected 1000 s/mm? as the B
value, and the gradient field direction was set
to 30. The DTI images were uploaded to the
AW4.4 workstation, and the microstructure was
analyzed using functool post-processing soft-
ware. The regions of interest (ROI) were out-
lined to measure the fractional anisotropy
scores (FA), the apparent diffusion coefficient
(ADC), the ROI, and the colony-stimulating fac-
tor (CSF) while avoiding the cerebrospinal fluid
surrounding the trigeminal nerve as much as
possible, with consistent areas. The trigeminal
nerve was segmented and measured in tripli-
cate from the brain touch to the Meckel’s ca-
vity, and the average value was taken as the
outcome of the measurements, with three
repeated measurements as the final outcome.

The complications include nausea and vomit-
ing, hearing impairment, facial numbness, and
cerebrospinal fluid leakage. One year after the
operations, the two groups’ recurrence rates
were counted and compared.

Statistical methods

All the data were expressed as the means +
standard deviation. The calculations were per-
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formed using SPSS 26.0 statistical software
(SPSS, Chicago, IL, USA). The single-factor anal-
yses were performed using ANOVA. Multivaria-
te logistic regression was used to analyze the
complications after the microvascular decom-
pression. P values <0.05 were considered sta-
tistically significant. GraphPad Prism 8 was
used to plot the graphics.

Results
Comparison of the clinical data

There were no significant differences between
the two groups in terms of gender, age, disease
duration, or site of onset (P>0.05, see Table 1).

Comparison of the operation durations and
the clinical treatment efficacy

The operation duration times in the endosco-
pic group were (165.89+25.38) min, which was
not statistically different from that the times of
(156.57+£24.27) min in the microscopic group
(P>0.05). The MRI images of two groups of pa-
tients before and after surgery are presented in
Figure 1. No evidence of differences was found
between the two groups at two weeks after sur-
gery (P>0.05) (Table 2), yet the endoscopic
group had better clinical outcomes than the
microscopic group at one year after the surgery
(P<0.05) (Table 3).

Comparison of the microstructural changes in
the trigeminal structure

Before the surgery, the two groups showed no
significant differences in their FA and ADC val-
ues (P>0.05). The two groups’ FA values wit-
nessed a surge one year after the operations
(P<0.05), with a higher result in the endoscopic
group than the microscopic group (P<0.05,
Figure 2). The two groups’ ADC values saw a
slump one year after the operations (P<0.05),
and the endoscopic group was significantly
lower than the microscopic group (P<0.05)
(Table 4, Figure 3).

Am J Transl Res 2021;13(11):12905-12912



Microvascular decompression in primary trigeminal neuralgia

Endoscopic group

Microscopic group |

Figure 1. A comparison of operation times between the two groups and MRI
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images of the two groups before and after the surgeries.

Table 2. Comparison of clinical treatment efficacy between the
two groups at two weeks after surgery

Number complete Partial No
group of cases remission remission  remission
Endoscopic group 45 38 (84.44) 6 (13.33) 1(2.22)
Microscopy group 42 30(71.43) 10(23.81) 2(4.76)
Z-scores 1.112
P value 0.292

Table 3. Comparison of the clinical treatment efficacy between
the two groups at one year after surgery

Number complete Partial No
group of cases remission remission remission
Endoscopic group 45 42 (93.33) 3(6.67) 0 (0.00)
Microscopy group 42 31(73.81) 8 (19.05) 3(7.14)
Z-scores 3.990
P value 0.046
12908

Comparison of incidences of
complications

The patients in the endoscopic
group had a lower incidence of
complications compared to the
microscopic group (11.11% vs
30.95%, P<0.05) (Table 5).

Comparison of the recurrence
rates

One year after the surgery, the
endoscopic group had a nota-
bly lower recurrence rate com-
pared with the microscopic
group, which recorded two
deaths (P<0.05, Table 6).

Multivariate logistic regression
was used to analyze the com-
plications after the microvas-
cular decompression

The results of our multivari-
ate logistic regression ana-
lysis demonstrated that the
perforator vessels from the
offending vessel to the outlet
area of the medulla, the dis-
tance between the front edge
of the bone window and the
inner surface of the petrous
part of the temporal bone
> edulla, subdural operation
time > edulla, and conven-
tional microvascular decom-
pression were independent
risk factors for complications
after microvascular decompre-
ssion in patients with hemifa-
cial spasms (P<0.05). See
Tables 7, 8.

Discussion

The trigeminal nerve starts
from the anterolateral side of
the pontine, travels forward,
downward, and outward in the
subarachnoid space of the
prepontic cistern, and enters
Meckel's cave from below the
free edge of the tentorium to
form the trigeminal ganglion.
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Figure 2. Comparison of FA values between the two
groups before and at one year after the surgeries.

There are currently two theories for the patho-
genesis of PTN [8]: 1. Peripheral theory: it is
believed that the sensory root of the trigeminal
nerve is compressed by the capillary to cause
PTN, and local lesions and hyperplasia of the
sheath of the trigeminal nerve root cause axon
short circuits and cause pain. 2. Central theo-
ry. This theory believes that the blood vessels
compress the trigeminal nerve and cause
excessive excitement and pain. At present, de-
spite the feasibility of both surgery and drugs
for the treatment of PTN, surgical treatment
is more preferred, as the drug treatment is
undermined by its side effects and poor thera-
peutic efficacy.

The MVD treatment is minimally invasive, safe,
and has a high cure rate, and it can cure PTN
and retain nerve function and vascular integri-
ty. The microscope is the earliest application
in the MVD, but its operational space is rather
small, and the trigeminal nerve root is deep
in the brain stem. Moreover, during the opera-
tion, the peripheral blood vessels, auditory
nerves, cerebellum, etc. need to be stretched
to fully expose the surgical field of vision,
which can easily lead to the omission of the
responsible blood vessels, cause traction
damage, etc., reducing the surgical effect [9].
Later, neuroendoscopy is also gradually appli-
ed to MVD. Complete neuroendoscopic MVD
uses artificial dura mater to suspend the com-
pressed trigeminal nerve vessel, thereby sepa-
rating the trigeminal nerve root from the
responsible blood vessel and eliminating the
oppressive stimulation, thereby alleviating the
pain [10]. In this study, there was no differen-
ce between the operation durations and clini-
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cal treatment efficacy at two weeks after the
operations between the two groups. The rea-
son may be that the repeated flushing and
wiping of the endoscope in neuroendoscopic
MVD increased the operation time. However,
this is related to the proficiency of the sur-
geon, which means the time can be shortened
when the surgeon masters the techniques.
Therefore, there was no significant difference
between the two groups [11]. Neuroendosco-
pic MVD can expose the three-dimensional
structure of the cerebellopontine angle from
different angles, observe the junctions of
nerves and blood vessels at close range, and
can more clearly observe the blind spots that
cannot be seen in the microscopic MVD
operation. During the treatment process, the
trigeminal nerve can be more fully exposed to
view abnormal blood vessels, so that the tri-
geminal nerve and the offending vessel can be
more completely separated, and the oppres-
sive stimulation can be eliminated, which
therefore results in a better long-term treat-
ment effect [12].

ROl is an image area selected from the image,
which is the focus of the image analysis, and
the DTl sequence can non-invasively evaluate
the integrity of the myelin sheath in vivo. By
measuring FA, ADC, and other parameters, it is
possible to quantitatively analyze the changes
in the microstructure such as the demyelin-
ation of fibers caused by neurovascular com-
pression and the breakage of the shaft. The FA
value reflects the direction and integrity of the
white matter of the brain. The decrease of the
FA value in patients with PTN indicates that
vascular compression leads to the loss of ner-
ve fiber axonal or demyelination [13]. The ADC
value reflects the degree of diffusion of the
tissue water. The long-term compression of
blood vessels causes chronic hypoperfusion of
nerve roots and increases the permeability of
cell membranes. The diffusion of local water
molecules also accelerates, which ultimately
leads to an increase in the ADC value [14]. The
FA values of the two groups witnessed a
surge one year after the operation, with higher
values in the endoscopic group than in the
microscope group. The results of this study
also showed a lower incidence of complica-
tions (11.11%) in the endoscopic group com-
pared with 30.95% in the microscopic group.
The reason may be that the neuroendoscope
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Table 4. Comparison of the microstructural changes in the trigeminal
structures between the two groups before the operations and at one

year after the operations (X +s)

The safety is relatively high
[15-17]. At the same time,
the endoscope can be

rotated at a small angle,

group point of time FA values ADC (x10° mm?/s) _ _
Endoscopy Group (45)  Preoperative  0.34+0.08  2.02+0.25 which can clearly view the
1 year after surgery 0.39+0.02 1.67+0.17 blood vessels and ner\-/es
of the cerebellopontine

t 4.067 7.766 .

F? <0.001. <0.001 and reduce traction. It can
a also reduce the release
Microscopy group (42) Preoperative 0.33+0.09 1.97+0.26 of cerebrospinal fluid and
1 year after surgery 0.37+0.05 1.8210.27 prevent complications su-
t, 2.518 2.593 ch as subdural hematoma
P, 0.014 0.011 and intracerebellar hemor-
t, 0.549 0.914 rhage, and its safety is
P, 0.585 0.363 relatively higher [18-20].
t 2.480 3.123 One year after the surgery,
|:: 0.015 0.002 a notably lower recurren-
: ce rate in the endoscopic
group was obtained in
== Endoscope group comparison with the microscopic group which
s Microscope group recorded two deaths (P<0.05). The results of
our multivariate logistic regression analysis
P>0.05 demonstrated that the perforator vessels from
=z the offending vessel surrounding the outlet
E ] area of the medulla, the distance between the
E front edge of the bone window and the inner
S surface of the petrous part of the temporal
2 " bone > edulla, subdural operation time > edul-
< la, and conventional microvascular decom-
0 pression were independent risk factors for

Before surgery 1 year after surgery

Figure 3. The preoperative and one-year postopera-
tive ADC values in the two groups.

has a small cross-section, but the endoscope
is elongated, so it is easy to operate in a long
and narrow cavity, with better illumination. It
also enjoys a positive panoramic field of vision
and can detect hidden areas and abnormal
blood vessels outside the nerve root. The neu-
roendoscope has a small cross-section, but
the endoscope is elongated, easy to operate
in the long and narrow space, and the endo-
scope has a strong deep illumination and a
good panoramic view. It can detect the hidden
area and abnormal blood vessels outside the
nerve root and can rotate at small angles, so it
can clearly view the vessels and nerves of the
pontine cerebellum and reduce traction. It can
also reduce the release of cerebrospinal fluid
and prevent complications such as subdural
hematoma and intracerebellar hemorrhage.
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complications after microvascular decompres-
sion in patients with hemifacial spasms.

In conclusion, complete neuroendoscopic MVD
and microscopic MVD have comparable surgi-
cal durations and short-term treatment out-
comes for PTN, but long-term treatment with
complete neuroendoscopic MV is better than
microscopic MVD, and it is more effective at
improving the microstructure of the trigeminal
nerve and has fewer postoperative complica-
tions. However, this study is limited by the
absence of a large cohort, so this will be
addressed in future studies. Furthermore, fu-
ture studies will be conducted to investigate
the preoperative and postoperative imaging
changes, and the degree of PTN nerve myelin
damage at the different stages, to reflect the
patients’ postoperative recoveries through the
microstructure.
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Table 5. Comparison of postoperative complications between the two groups

Number of Nausea & Hearing Facial Total
group o ) . CSF leak L
cases Vomiting impairment numbness complications
Endoscopic group 45 2(4.44) 1(2.22) 2 (4.44) 0 (0.00) 5(11.11)
Microscopy group 42 6 (14.29) 2 (4.76) 4 (9.52) 1(2.38) 13 (30.95)
x° value 2.52 0.421 0.873 1.084 5.212
P value 0.112 0.517 0.35 0.298 0.022

Table 6. Comparison of the one-year postoperative recurrence rates and the mortality between the
two groups

group Number of cases Recurrence No recurrence Death
Endoscopic group 45 3(6.67) 42 (93.33) 0 (0)
Microscopy group 42 9 (21.43) 33(78.57) 2 (4.76)
X2 1.365 5.362
P value 0.001 0.998

Table 7. Single-factor analysis of the complications after the microvascular decompression

Complications No complication

Index (n=18) (n=69) X2 P

the perforator vessels from the offending vessel to the outlet area of the medulla 18 1 2.365 0.002
'[));sttz:zepzcrsttv(\)/ff;et?een:g:;ngﬁ;fztizial:zne window and the inner surface of the 17 o 277 0.001
Subdural operation time > ubdura 18 2 5.365 0.003
Conventional microvascular decompression 16 2 4.654 0.005

Table 8. A multivariate logistic regression analysis of the complications after microvascular decom-
pression

Index B SE Wald P OR 95% Cl
the perforator vessels from the offending vessel to the outlet area of the medulla  0.865 0.364 6.345 0.001 2.37 1.32,4.26
Distance between the front edge of the bone window and the inner surface of the 0.82 0.366 3.41 0.037 213 1.36, 3.99
petrous part of the temporal bone > istanc

Subdural operation time > ubdura 0.768 0.322 4.82 0.023 2.06 1.32, 3.68
Conventional microvascular decompression 0.748 0.268 8.362 0.005 211 1.16, 3.99
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