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ABSTRACT:

Background: Trigeminal neuralgia may be “classical” or
“symptomatic”. The term classical refers to trigeminal neuralgia (TN)
of unknown cause. While the secondary or symptomatic trigeminal
neuralgia is due to other causes such as tumors or demyelinating
lesions. The pathogenesis of TN and the effect of the different surgical
procedures are not completely understood until now. However, the
neurovascular conflict theory is a cause widely accepted and can also
explain other cranial rhizopathies. Treatment options for the
trigeminal neuralgia include medical treatment, ablative procedures
(Gasserian ganglion percutaneous techniques, gamma knife surgery)
and non-ablative procedure (microvascular decompression).
Microvascular decompression is associated with the most favorable
outcome.

Aim of the study: the study aims to evaluate the effectiveness of
microvascular decompression in patients with primary trigeminal
neuralgia regarding pain control, recurrence rate, and procedure-
related complications.

Patients and Methods: We conducted a prospective
observational study on 20 patients with primary trigeminal neuralgia,
operated upon for microvascular decompression with follow up period
at immediate post-operative, 6, 12 months period regarding pain
control and recurrence.

Results: excellent outcome with complete pain resolution has
been observed in 75%, and only 5 % no pain control at immediate
post-operative month follow up, there is a 5% incidence of transient
facial palsy and CSF leakage.

Conclusion: Although MVD surgery is an effective remedy for
cranial nerve rhizopathies. Emphasis on operative skills, safety focus,
and pre-plans for managing postoperative complications is critical to
improving patient outcomes. As these cranial nerve hyperactivity
disorders per se are not life-threatening, a safe surgery should be the
priority of MVD

Keywords: trigeminal neuralgia, vascular compression,
endoscopic, internal neurolysis.

INTRODUCTION:

Trigeminal neuralgia is also coined with
‘tic douloureux’: a syndrome characterized

by paroxysmal

attacks

myelinated A-fibers, it is caused by non-
nociceptive stimuli such as yawning,
chewing, light touch, and other transmitted
Via stimuli. Trigeminal neuralgia may be

of pain. ) )
P “classical” or “symptomatic”. The term
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classical refers to trigeminal neuralgia (TN)
of unknown cause. While The secondary or
symptomatic trigeminal neuralgia is due to
other causes such as tumors or
demyelinating lesions®. The pathogenesis of
TN and the effect of the different surgical
procedures are not completely understood
until now?. However, The neurovascular
conflict theory is a cause widely accepted
and can also explain other cranial nerve
rhizopathies®. Facial pain is a complex issue
that may originate not only from the nerves
but also from other facial structures. The
most important issue is the sound clinical
diagnosis of the trigeminal neuralgia, as the
importance of investigations is limited to
reveal secondary causes or compressing
vascular loop. Treatment options for the
trigeminal  neuralgia include  medical
treatment*®, ablative procedures (Gasserian
ganglion percutaneous techniques, gamma
knife surgery)®,’and non-ablative procedure
(microvascular decompression)8,°.

AIM OF THE WORK:

The aims of the work to evaluate the
effectiveness of microvascular
decompression in patients with primary
trigeminal neuralgia regarding pain control,
recurrence rate, and procedure-related
complications.

PATIENTS AND METHODS:

A prospective observational cohort of
20 patients with primary trigeminal
neuralgia operated upon in the Ain shams
university hospital and Wisconsin university
hospital in the period between 2016-2019.
All patients met the inclusion criteria:
primary trigeminal neuralgia with no
previous percutaneous procedures.
Preoperative clinical assessment involves the
assessment of the pain regarding quality,
side, distribution, duration of symptoms
before the surgical intervention, type of pain
based on Burchiel classification, associated
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other cranial nerve rhizopathy, any previous
surgical or percutaneous procedures. Also,
radiological assessment involving thin cuts
posterior fossa MRI combined with MRA.

Intraoperative assessment involves a
determination of the offending vessels,
preservation of the superior petrosal vein,
the role of the endoscope. Postoperative
assessment of the complications: CSF
leakage, hematoma, cranial nerve
dysfunction, mortality. All patients had been
followed up in an outpatient clinic or
contacted by a phone call to assess pain
control at immediate post-operative, 6, 12
months follow up post-operative pain
assessment using Barrow neurological
institute pain intervention (BNI). Failure
considered if pain persists beyond one year.

RESULTS:

There were 12 females and 8 males in
this series. The ages if the patients ranged
from 21-84 years with a mean age of 58.3
+/- 17.03 years, (Table 1). No patient history
of multiple sclerosis, all patients had been
refractory to medical therapy. The majority
of patients had pain in the second and third
division of the trigeminal nerve (Table 2).
most of the patient had type 1 trigeminal
pain (Table 3). Endoscopic-assisted surgery
is done in 15 % of cases. Superior cerebellar
artery represents the most common
offending vessels (65%), while the basilar
artery represents (10%) (Table 4). The mean
duration of symptoms before the operation
was 13 months. Pain assessment reveals at
different  follow-up  periods including
immediate post-operative, after 6 months,
one year follow up as shown (Table 5).
There is a trend but not statistically
significant suggesting better outcomes with
type one trigeminal neuralgia. (Table 6).

Complications: There were no operative
deaths or major strokes in this series of
patients. Csf leakage noticed in 5%, and one
patient (5%) experienced transient facial
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palsy and hearing loss till one year of
follow-up

Patient demographics:
The age ranged from 21 till 84 years with
a mean age of 58.3 +/- 17.03

Table (1): age distribution in the population group.

Age range (years) Number of patients | Percentage (%)
<50 4 20
50-70 11 55
>70 5 25

Clinical characteristics:
Table (2): Distribution of pain in different trigeminal nerve branches.

Trigeminal branch affected | n %
V2 5 25
V3 4 20
V23 8 40
\%W) 2 10
V123 1 5
Table 3: vessels involved in the conflict.
Vessels n %
SCA 13 65
SCA and vein 2 10
Basilar 2 10
Negative exploration 2 10
vein 1 5
Table 4: characteristics of pain.
Type of pain N %
Type 1 17 85
Type2a 2 10
Type2b 1 5
Table (5): follow up assessment immediate, after 6 months and at one year follow up.
Post-operative | Excellent Good (BNI | Fair (BNI | Poor (BNI IV, V)
period (BNI'D) i) 1)
Immediate 15 (75%) 3 (15%) 1 (5%) 1 (5%)
6 months 16 (80%) 2 (10%) 1 (5%) 1(5%)
lyear 16 (80%) 3 (15) 0 1(5%)
Table (6): Relationship between the type of pain and pain relieve after 6-months follow up.
Type of | Number of | Excellent | Good Fair Poor
pain patients.
Type 1 17 16 (94%) | 1(6%) 0 0
Type2a 2 0 1(50%) | 1(50%) | 0
Type 2 b 1 0 0 0 1(100%)
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DISCUSSION:

Trigeminal neuralgia is primarily an
adult disease with an average age of onset
ranging from 57 to 61 years!®, with only
1.5% of trigeminal neuralgia patients
younger than 50 years’. In our series, the
average age of patients at the onset of pain
was 60 years. The proposed theory
underlying the later age of onset is likely due
to atherosclerosis and arterial elongation
leading to the repositioning of the arterial
vessel. Remodeling and repositioning of the
vessel ultimately place it in contact with the
trigeminal nerve??,

The incidence of trigeminal neuralgia in
the general population is about 27/10000,
while the incidence increases with age to
around 1/1000 patients older than 75 years®®,
Herein the patients older than 70 years
represent 25% of the study population.

Safety of MVD in elderly patients has
been a concern and has prompted some
neurosurgeons to apply an “age cutoff”
when recommending the procedure and
advocate for ablative procedure as an
alternative. More recently published series in
older age groups indicate that fitness, rather
than age, should be considered in the
decision to recommend MVD! 4, In this
study, the  preoperative  anesthesia
assessment of the involved older adults
showed a good score based on ASAPS
(American Society of Anesthesiologist
Physical Status Classification). Patient age
showed no significant impact on pain relief,
recurrence, hospital stay, or complication
rates. These findings are in agreement with
the previously published series!? 14,

Previously published series reveals the
incidence of trigeminal neuralgia is more
common in females than males'® 8. Our
results are consistent with this finding (F: M
ratio 1.5:1). One proposed explanation for
this sex difference is that women have
smaller nerve volumes than men.
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Trigeminal neuralgia pain IS
characterized by unilateral pain with the
involvement of one or more of the
trigeminal nerve branches; the mandibular
and maxillary branches are most commonly
affected™'’. In our series, the most common
distribution of symptoms was V2 and V3
divisions, followed by V2. The preoperative
pain assessment corresponds to score 1V, V
based on the Barrow Neurological Institute
(BNI) Pain Intensity scale. This distribution
can be explained by the large peri-oral
somatotopic fiber distribution!® along with
its high concentration of larger fibers (AP
and Ad fibers) when compared with the
lateral zones of the face. The same AP and
Ad fibers are located in a more superior
position in the REZ and consequently are
more vulnerable to compression, mostly by
the superior cerebellar artery (SCA), which
represents the most common offending
vessel®®,

Although trigeminal neuralgia outcome
is variable, many reports have shown that
shorter duration of symptoms corresponds
with favorable short and long-term outcomes
following MVD?* 2. However, there was no
consensus regarding this issue?l. We did not
find evidence of this relationship in our
series.

Pain character is another known
prognostic factor for the outcome of MVD.
Patients with typical pain (unilateral,
lancinating, electric episodic) corresponding
to Burchiel type 1 group are known to have
better outcomes!® " compared to patients
with atypical pain (constant dull aching)
corresponding to Burchiel type 2b group.
Atypical pain is mostly associated with a
secondary cause such as multiple sclerosis or
tumors. In this study we noticed a trend for
better outcome associated with type 1
(typical trigeminal pain) group of patients.

The superior cerebellar artery is the
most common offending vessel in our series,
representing 60-80% of cases. This finding
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agrees with most of the published series® 7.
It is believed that the superior cerebellar
artery compresses the ventromedial aspect of
the cisternal segment of the trigeminal,
causing mostly typical trigeminal pain in the
distribution of the maxillary and mandibular
division of the trigeminal nerve. Venous
compression as the cause of TN is a
relatively rare pathology and occurs in 7—
13% of the cases®* 2224 We found that
venous compression was detected in 5% of
the cases and was associated with atypical
type of trigeminal pain (Burchiel type 2)
(persistent, burning pressing pain).

The  vertebrobasilar  dolichoectasia
represents an infrequent cause of trigeminal
neuralgia, accounting for approximately 2—
5.7% of all known cases. Involvement of the
vertebrobasilar dolichoectasia IS
characterized most commonly by significant
dilation, elongation, and tortuosity of the
vertebra-basilar arteries®™ 26, We had two
cases (10%) of basilar artery dolichoectasia
with trigeminal neuralgia in which patients
presented with a typical trigeminal pain in
the distribution of V2,3 branches of the
trigeminal nerve.

The surgical management of
vertebrobasilar artery related trigeminal
neuralgia  varies from  retro-sigmoid
approach with either separation technique or
isolation technique with a sling or anterior
petrosectomy (Kawase approach)?’. We used
the retrosigmoid approach in both of our
patients, with application of silicon sling for
separation of the vessel from the nerve. The
role of nerve monitoring is essential in such
case as there may be some degree of traction
over the facial nerve. However, it is not
essential in every case of microvascular
decompression; we found it of added value
in case of a sling separation of dolichoectatic
basilar artery related trigeminal neuralgia.
The second case underwent pure endoscopic
retro-sigmoid  approach and  surgical
exposure with separation of the basilar artery
using a piece of cigar-like Teflon.

In the evaluation of the cause of
trigeminal neuralgia, gradient echo imaging,
such as CISS (constructive interference in
the steady state) or FIESTA (Fast Imaging
Employing Steady-state Acquisition), in
addition to MR angiography, is usually
useful to assess the existence of offending
arteries with a very high level of certainty
(96% sensitivity, 90% specificity)?. Since
the incidence of trigeminal neuralgia is
1/10000, it is estimated that 99.9% of
individuals with neurovascular compression
do not have trigeminal neuralgia, while
28.8% of patients with Type 1 TN exhibit no
neurovascular compression?®.  Thus, some
cases of trigeminal neuralgia have no
vascular compression.

Herein we encountered the situation of
negative exploration with no offending
vascular loop. Although the patient
presented with typical trigeminal neuralgia
pain. There was a thickened arachnoidal
band surrounding the nerve distorting its
course, there was no history suggesting the
origin of this arachnoid band (e.g., previous
history of meningitis or head trauma). The
microsurgical release was performed with
internal neurolysis.

Arachnoid thickening or granulomatous
adhesion between the root and surrounding
structures can cause an abnormal course of
the trigeminal nerve root, which causes root
angulation and/or torsion, as well as the
pulsatile movement of the trigeminal nerve
root. This tethering effect can promote
abnormal root stretching force, especially at
the REZ, which might promote the
hyperexcitability of the nerve. This
theoretical mechanism suggests that it is
important to make the root free along the
entire length, especially at its distal portion
in cases with no offending vessels?®.

Although we attempted to avoid missing
the wvascular loop using the 30-degree
endoscope to see the blind spot, we could
not identify any offending vessels. Instead,
we identified an arachnoid adhesion and

619




Walid H Elshamy, et al.,

performed microsurgical release, which
ultimately led to an improved outcome. In
the other case, internal neurolysis was
performed and the patient showed improved
symptoms throughout the follow up period.
The marked improvement during the post-
operative period in these two cases is
consistent with the published series of the
internal neurolysis in case of negative
exploration as a salvage pathway, in
addition, releasing the arachnoid band
around the nerve with internal neurolysis®.

We found the use of endoscope useful
added value in this series, we used it in 3
cases, and conjunction with a microscope in
2 cases. The endoscopically assisted
procedure gave us the advantages of better
exploration of the cisternal trigeminal nerve
underneath a prominent suprameatal
tubercle. One advantage, the endoscope
provides is that it eliminates the need to drill
the suprameatal tubercle if it is prominent
and obscuring the cisternal segment of the
trigeminal nerve. This approach is, therefore,
an effective way to shorten operating times
and improve safety®!.

The initial exploration of the trigeminal
nerve may be negative, especially in a tight
posterior fossa. Every effort should be done
to ensure a hidden vascular loop is not
present. Several publications have shown
that endoscopically assisted MVD revealed
arterial compression in cases where initial
exploration was either poorly seen (25%) or
not at all (8%)%2. Herein we experienced this
situation of initial negative exploration;
bringing the endoscope to the surgical field
revealed an anteromedially situated vascular
loop of the superior cerebellar artery. This
experience can explain why poor outcomes
after MVD results in specific cases, as
missing the offending vessel due to poor
visualization is detrimental®.

Preoperative assessment of the anatomy
of the petrous bone and suprameatal tubercle
is essential. We encounter such situation in a
single case (5%) of this series with
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prominent suprameatal tubercle, obscuring
the cisternal part of the trigeminal nerve but
with the use of endoscopic assisted surgery
hidden cisternal segment had been explored
with successful separation of the vascular
loop. The average size of the suprameatal
tubercle is 1.4-1.7 mm in height, and 5.2%
of them were higher than 3 mm. The
preoperative  assessment allows better
planning either through drilling or the use of
endoscopically assisted technique for better

visualization of the cisternal trigeminal
nerve root® 3,

Superior petrosal vein (SPV)
sacrifice remains a controversial issue in

neurosurgery, as the neurosurgeon needs to
consider whether the vein is the offending
cause of trigeminal neuralgia or maybe
accidentally injured during a procedure.
Because the SPV intervenes between
the trigeminal nerve and the surgeon, SPV
sacrifice may be necessary to expose the
cisternal trigeminal nerve, particularly in
the brainstem. Although SPV sacrifice rarely
leads to significant  consequences®,
cerebellar venous infarction may result and
cause serious complication®® 7. Herein we
sacrificed the superior petrosal sinus in 3
cases with no sequelae.

Reported sporadic cases of familial
trigeminal neuralgia have been known to
occur®®; however, the mode of inheritance
remains unknown. In our study, we had a
single case with familial occurrence in three
generations affecting the grandfather, father,
and this patient. In this case, the patient
presented with typical trigeminal pain at the
age of 29 years; workup revealed no
associated cause except for a loop of
superior cerebellar artery indenting the
nerve. This patient underwent MVD and
showed improved symptoms during follow

up.
Trigeminal
associated  with

compression
hemifacial

neuralgia may be also

other cranial nerve
syndromes, including
spasm and glossopharyngeal
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neuralgia®. Herein we had 2 cases of
associated nerve neuralgia: one case was
associated with hemifacial spasm whereas
the other was associated with
glossopharyngeal neuralgia. In the former
case, the patient presented with both
trigeminal neuralgia and hemifacial spasm
with no associated posterior fossa pathology
as is typical in cases of the dolichoectatic
basilar artery, posterior fossa AVM, small
posterior fossa, and Chiari malformation
type “° Few reported cases of primary
combined  trigeminal  neuralgia  and
hemifacial spasm to exist in the literature.

The incidence and severity of MVD
associated complications seem largely
dependent on the surgical experience,
knowledge of local surgical anatomy, as
well as the size and shape of the implants.
The incidence of CSF leakage following
MVD has been reported to be in the range of
0.9-12% of patients undergoing this
procedure®!. This relatively high incidence
of CSF leak can be explained by dura mater
contraction, possibly because of reduced
hydration or bipolar coagulation resulting in
less redundancy compared to other surgical
procedures  (e.g., tumor  removal)*.
Therefore, even when a watertight dural
closure appears to be successful despite the
contracted dura mater, there is a possibility
that the needle piercing through the dura
mater makes pinholes that result in CSF
leakage. To overcome this problem, dural
repair with muscle pieces can be of value. In
our series, we experienced a CSF leak that
occurred in only 1 case (5%) and was treated
conservatively by lumbar puncture and a
compressive bandage.

Trigeminal neuralgia is a functional
disorder with many alternative treatment
options, including medication or other
ablative procedures. Major complications
should not be accepted, and safe surgery is
the primary concern.

Although neurological deficit and
cranial nerve dysfunctions are rare and often

transient, we had a case of transient facial
nerve deficit grade 2 house Brackman
classification with improvement after one
week.

Conclusion:

Trigeminal neuralgia diagnosis is a
diagnosis of exclusion and relies on the
clinical assessment to exclude secondary
causes. 3-D T2-weighted steady-state free
precession  sequences  represent  the
workhorse of evaluating the cisternal CN
segments and their relationship to the
adjacent vessels. Age alone should not be a
contraindication to MVD surgery; instead,
health fitness assessment is the rate-limiting
step. Typical trigeminal pain is associated
with the best outcome and endoscopically
assisted MVD is the method of choice for
improving  visualization and  surgical
outcome. The most important factor
associated with good outcomes is the typical
type of pain. Although MVD surgery is an
effective remedy for cranial nerve
rhizopathies, it  remains  technically
challenging and may result in significant
sequelae. Emphasis on operative skKills,
safety focus, and pre-plans for managing
postoperative complications is critical to
improving patient outcomes. As these
cranial nerve hyperactivity disorders per se
are not life-threatening, a safe surgery
should be the priority of MVD

Disclosure:

The authors confirm that this paper has
not been published in its current form or
substantially  similar  form  elsewhere
including on a website and also it has not
been accepted for publication elsewhere.

The authors disclose no conflict of
interest.

REFERENCES:
1. RUSHTON JG, OLAFSON RA.
Trigeminal neuralgia associated  with

621




10.

11.

622

Walid H Elshamy, et al.,

multiple sclerosis: report of 35 cases.
Archives of neurology 1965;13:383-386.

Duransoy YK, Mete M, Akcay E, Selcuki
M. Differences in individual susceptibility

affect the development of trigeminal
neuralgia. Neural regeneration research
2013;8:1337.

McLaughlin MR, Jannetta PJ, Clyde BL,
Subach BR, Comey CH, Resnick DK.
Microvascular decompression of cranial

nerves: lessons learned after 4400
operations.  Journal of  neurosurgery
1999;90:1-8.

Taylor J, Brauer S, Espir M. Long-term
treatment of trigeminal neuralgia with
carbamazepine.  Postgraduate = Medical
Journal 1981;57:16-18.

Bendtsen L, Zakrzewska JM, Abbott J, et
al. European Academy of Neurology
guideline on trigeminal neuralgia. European
journal of neurology 2019;26:831-849.

Toda K. Operative treatment of trigeminal
neuralgia: review of current techniques.
Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2008;106:788-805, 805 e781-
786.

Mendelson ZS, Velagala JR, Kohli G, Heir
GM, Mammis A, Liu JK. Pain-Free
Outcomes and Durability of Surgical
Intervention for Trigeminal Neuralgia: A
Comparison of Gamma Knife and
Microvascular  Decompression.  World
Neurosurg 2018;112:e732-e746.

Obermann M. Treatment options in
trigeminal neuralgia. Therapeutic advances
in neurological disorders 2010;3:107-115.

Laghmari M, El Ouahabi A, Arkha Y,
Derraz S, ElI Khamlichi A. Are the
destructive neurosurgical techniques as
effective as microvascular decompression in
the management of trigeminal neuralgia?
Surg Neurol 2007;68:505-512.

Bahgat D, Ray DK, Raslan AM, McCartney
S, Burchiel KJ. Trigeminal neuralgia in
young adults. J Neurosurg 2011;114:1306-
1311.

Resnick DK, Levy EI, Jannetta PJ.
Microvascular decompression for pediatric
onset trigeminal neuralgia. Neurosurgery
1998;43:804-807.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sekula RF, Marchan EM, Fletcher LH,
Casey KF, Jannetta PJ. Microvascular
decompression for trigeminal neuralgia in
elderly patients. Journal of neurosurgery
2008;108:689-691.

Hall GC, Carroll D, Parry D, McQuay HJ.
Epidemiology and treatment of neuropathic
pain: the UK primary care perspective. Pain
2006;122:156-162.

Sekula RF, Frederickson AM, Jannetta PJ,
Quigley MR, Aziz KM, Arnone GD.
Microvascular decompression for elderly
patients with trigeminal neuralgia: a
prospective study and systematic review
with meta-analysis. Journal of neurosurgery
2011;114:172-179.

Cruccu G, Finnerup NB, Jensen TS, et al.
Trigeminal neuralgia. New classification
and diagnostic grading for practice and
research 2016;87:220-228.

Tyler-Kabara EC, Kassam AB, Horowitz
MH, et al. Predictors of outcome in
surgically managed patients with typical
and  atypical  trigeminal  neuralgia:
comparison of results following
microvascular decompression. Journal of
neurosurgery 2002;96:527-531.

Kabatas S, Karasu A, Civelek E, Sabanci
AP, Hepgul KT, Teng YD. Microvascular
decompression as a surgical management
for trigeminal neuralgia: long-term follow-
up and review of the literature. Neurosurg
Rev 2009;32:87-93; discussion 93-84.

Truini A, Galeotti F, Cruccu G. New insight
into trigeminal neuralgia. J Headache Pain
2005;6:237-239.

Sindou M, Howeidy T, Acevedo G.
Anatomical observations during
microvascular decompression for idiopathic
trigeminal neuralgia (with correlations
between topography of pain and site of the
neurovascular conflict). Prospective study
in a series of 579 patients. Acta
neurochirurgica 2002;144:1-13.

Sarsam Z, Garcia-Finana M, Nurmikko TJ,
Varma TR, Eldridge P. The long-term
outcome of microvascular decompression
for trigeminal neuralgia. Br J Neurosurg
2010;24:18-25.




Evaluation of microvascular decompression Surgery for treatment of primary trigeminal neuralgia.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

Bederson JB, Wilson CB. Evaluation of
microvascular decompression and partial
sensory rhizotomy in 252 cases of
trigeminal neuralgia. Journal of
neurosurgery 1989;71:359-367.

Matsushima T, Huynh-Le P, Miyazono M.
Trigeminal neuralgia caused by venous
compression. Neurosurgery 2004;55:334-
339.

Zhong J, Li ST, Xu SQ, Wan L, Wang X.
Management of petrosal veins during
microvascular decompression for trigeminal
neuralgia. Neurol Res 2008;30:697-700.

Dumot C, Sindou M. Trigeminal neuralgia
due to neurovascular conflicts from venous
origin: an  anatomical-surgical  study
(consecutive series of 124 operated cases).
Acta Neurochir (Wien) 2015;157:455-466.
Yang X-S, Li S-T, Zhong J, et al
Microvascular decompression on patients
with trigeminal neuralgia caused by ectatic
vertebrobasilar artery complex: technique
notes. Acta neurochirurgica 2012;154:793-
797.

Yoshimoto Y, Noguchi M, Tsutsumi Y.
Encircling method of trigeminal nerve
decompression for neuralgia caused by
tortuous vertebrobasilar artery. Surgical
neurology 1995;43:151-153.

Yoon S, Mascitelli JR, Mooney MA, et al.

Kawase Approach for Dolichoectactic
Basilar Artery Macrovascular
Decompression in a Patient  With
Trigeminal  Neuralgia: Case  Report.
Operative  Neurosurgery 2019;16:E178-
E183.

Lee A, McCartney S, Burbidge C, Raslan
AM, Burchiel KJ. Trigeminal neuralgia
occurs and recurs in the absence of
neurovascular compression. Journal of
neurosurgery 2014;120:1048-1054.

Ishikawa M, Nishi S, Aoki T, et al.
Operative findings in cases of trigeminal
neuralgia without vascular compression:
proposal of a different mechanism. Journal
of clinical neuroscience 2002;9:200-204.

Ko AL, Ozpinar A, Lee A, Raslan AM,
McCartney S, Burchiel KJ. Long-term
efficacy and safety of internal neurolysis for
trigeminal neuralgia without neurovascular

31.

32.

33.

34,

35.

36.

37.

38.

compression. Journal of
2015;122:1048-1057.

Oiwa Y, Hirohata Y, Okumura H, et al.
Bone drilling in microvascular
decompression for trigeminal neuralgia:
High morphological variety of the petrous
bone. No shinkei geka Neurological surgery
2013;41:601-607.

Teo C, Nakaji P, Mobbs RJ. Endoscope-
assisted microvascular decompression for
trigeminal neuralgia: technical case report.
Operative  Neurosurgery  2006;59:0NS-
E489-ONS-E490.

Peris-Celda M, Perry A, Carlstrom LP,
Graffeo CS, Link MJ. Intraoperative
Management of an Enlarged Suprameatal
Tubercle During Microvascular
Decompression of the Trigeminal Nerve,
Surgical and Anatomical Description: 2-
Dimensional Operative Video. Operative
Neurosurgery 2019;17:E247-E247.

Rao G, Primiani C, Sack J, Ashour R,
Agazzi S, van Loveren H. To Drill or Not to
Drill: Prominence of the Suprameatal
Tubercle and Its Impact on Microvascular
Decompression for Trigeminal Neuralgia—
A Proposed Classification System. Journal
of Neurological Surgery Part B: Skull Base
2017;78:P006.

Xia Y, Kim TY, Mashouf LA, et al. 106
Sacrificing the Superior Petrosal Vein
During Microvascular Decompression Does
Not Increase Vascular Complications:
Experience From  One Institution.
Neurosurgery 2018;65:82-82.

Ward C, Corns R, Offa-Jones B, Cheserem
J, Hardwidge C. Cerebellar infarction
following division of Dandy's vein in
microvascular decompression for trigeminal
neuralgia. Journal of Neurological Surgery
Part B: Skull Base 2012;73:A380.

Xia L, Liu M-X, Zhong J, et al. Fatal
complications  following  microvascular
decompression: could it be avoided and
salvaged? Neurosurgical review
2017;40:389-396.

Cervera-Martinez C, Martinez-Manrique JJ,
Revuelta-Gutierrez R. Surgical management
of familial trigeminal neuralgia with
different inheritance patterns: a case report.
Frontiers in Neurology 2018;9:316.

neurosurgery

623




39.

40.

624

Walid H Elshamy, et al.,

Muhammad S, Niemeld M. Surgical
management of coexisting trigeminal
neuralgia and hemifacial spasm. Surgical
Neurology International 2018;9.

LiuJ, YuanY, Zhang L, Fang Y, Liu H, Yu
Y. Hemifacial spasm and trigeminal
neuralgia in Chiari’s I malformation with
hydrocephalus: Case report and literature
review. Clinical neurology and
neurosurgery 2014;122:64-67.

41,

42,

Park JS, Kong DS, Lee JA, Park K.
Intraoperative management to prevent
cerebrospinal fluid leakage after
microvascular decompression: dural closure
with a "plugging muscle" method.
Neurosurg Rev 2007;30:139-142;
discussion 142.

Li S-T, Zhong J,
Microvascular
Springer, 2015.

Sekula Jr RF.
decompression  surgery:




Evaluation of microvascular decompression Surgery for treatment of primary trigeminal neuralgia.

el Ao ) arall Caddty Al Al Cuasll e‘zf\l ol 3l s
RRTSIY PPN , LS e, VB g ) daa O e Gl daaa , abddl Al g
o (e dzala il IS CliacY) 5 aall dal ya aud - )

Y A yaY) aaial)l Y gl ¢ genile ) iS5 Amala lac V) 5 Gl da) ja aud -

tdadial) g hagd)

LS pall Al 5 aa ol dpua) 3l) e Ll 5 usal) 4 )1 all Gliac i aal sa Guelaldl A Caasll
i)l G Lad 0585 Le sale 5 Jla )l e ST pluall Chnns Ll il pall il 85 2S5 pucaall Cilliae (jaxdd
SalSY) sl o (el Ganid adingy % ¢+, el Gisaa Jare Bl perdl e pudadls al

el i VA e 53K g ¢ Al Ciled a5l A 5oL Gualal) celeal) uasl) Al 20ke aidsdall 5 58l
ae Alla 8y Gan Yl Sl sa Lalasiind 490 sall claladl iS5 a3l (e B sana B 538l ol g B il ) 5l

YT e 8 (5 enall e sl Jaaall wd 5] s jall g Slall ddlad a1 Al )l o3 8 Cangd she jal) i
ol A Cuaall

i) b 5 sl

el Gaelil) Adia s Gl 5o sala (e s uad e Aaals Chidiae Gl Al Al 2 Sadl 1 @
A e ) Baaiall LY 6l () puiSny 5 Aaals (Ale g el Apde

AnzY) ) sea s dphall (5 5Sal Jiai e Ayl Liay e Yo 213l i@

VAl (g A alsad) Uil Aleiu¥] ae V) aliee 8 al el oS Suall aladin) 23 @

LSS (g pall Al 5 58 DA a1 e ) Jane s i Liaall Jane 5 Al Gund a0 agii a3 3 daglial)

e

T e ol e %t s sball G %T e 5 Gualdll uaally ol G silay 1S o pall (10 %) 0 @
A A DA Y)Y Gy eadl dla Ll

VA a1 & Tl 138 (e Jgmaal) s (g slall Auiall gyl a5 85 @

AT e IV g il (& Juadl asl an g 35 sl o Aol ol g oY) Ao gy ST Jagi e A1 (s Jies @

it 2n 52 Y90 — Jsiie %0 — 2m %) 0 — Jlias %V : dal jall a8 il ) st Jars @

(et 02 5 V%0 — Usiie %0 — 3 %) ¢ — Jlhas %A o el T alY) s Jarse @

omend 2a 5 V940 — 2 9410 — e %A abiall el a¥) e dis e V) Guad Jaee @

A

e sl brall Cadaty Gaalall Caasl) WY1 230 sl jall Jaail ol ja) e aslill &5 dul )l sl 4 @
Aol all ol Al jUaidl alasial dpeal o aSU) aa ddled 5 Al dlis g yiing (5 el

el oall Janll 2l Claal aal e ey (el Caandl 2V SKY) Ganidll @

625



