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Abstract

Trigeminal neuralgia presents significant challenges in neurosurgery, with patients responding variably to Microvascular
Decompression (MVD). Advanced neuroimaging techniques, specifically MRI using the Constructive Interference in
Steady State (CISS) sequence and Diffusion Tensor Imaging (DTI), have emerged as promising tools in predicting
the outcomes of MVD. Aim of the study was to determine neuroimaging predictors of successful microvascular
decompression surgery in patients with classical trigeminal neuralgia. Material and methods. This retrospective study
analyzed 58 patients who underwent microvascular decompression for classical trigeminal neuralgia at the Federal
Neurosurgical Center in Novosibirsk, Russia, between January 2017 and December 2021. Outcomes were assessed
by the Barrow Neurological Institution (BNI) scale. Preoperative neuroimaging with CISS and DTI was used to
evaluate neurovascular conflict severity, nerve diffusion and other criteria. Results. 79.3 % (BNI I & II) of patients
were practically free of pain postoperatively, in which 65.5 % (BNI I) had successfully completely recovered from the
procedure with no pain, and 13.8 % (BNI II) had a good outcome. And the study found a significant correlation between
favorable MVD outcomes and higher Sindou grades 2 and 3, indicating more severe neurovascular conflict (p < 0.001).
Also significant differences were observed in outcomes based on fractional anisotropy values on symptomatic nerve
(p = 0.029). Discussion. Anatomical factors which measured by MRI had limited impact on outcomes, while Sindou
grading showed a significant correlation with surgical outcomes, and higher fractional anisotropy values were associated
with poorer outcomes. Conclusions. The investigation of neuroimaging predictors for MVD surgery outcomes in patients
with trigeminal neuralgia, received from CISS-sequence imaging and pre-treatment DTI, indicates the importance of
estimation of severity of vascular compression in surgical planning and the predictive value of fractional anisotropy
values from DTI for preoperative assessments.

Key words: trigeminal neuralgia, microvascular decompression, neuroimaging, Sindou classification, neurovascular
conflict.

Conflict of interest. The authors declare no conflict of interest.

Correspondence author: Alzeeralhouseini A.F., e-mail: abedallahalhussini@gmail.com

Citation: Alzeeralhouseini A.F., Moisak G.I., Filimonova E.A., Rzaev J.A. Predictors of successful microvascular
decompression surgery in patients with classical trigeminal neuralgia according to the neuroimaging data. Sibirskij
nauchnyj medicinskij zhurnal = Siberian Scientific Medical Journal. 2024;44(5):145—-154. [In Russian]. doi: 10.18699/
SSMJ20240517

IIpeauKTOPHI YCHCIIHON ONePANMA MUKPOBACKYJISAPHOM

AEKOMIIPECCUM Y MALUEHTOB € KJIACCHYECKON HeBpaJrueu
TPOMHUYHOIO HEPBA MO JAHHBIM HEPOBU3YyAIU3ALMHT

A.®. Amsupanxyceiinn', .. Moiicak" >3, E.A. ®uiumonosa'?, JI.A. P3aes" >3

CUBWPCKMN HAYYHBIV MEOULIMHCKWI XXYPHAT 2024; 44 (5): 145-154 145



Alzeeralhouseini A.E. et al. Predictors of successful microvascular decompression surgery in patients ...

! Hosocubupckuil 2ocyoapcmeennbvlil Meouyunckuil ynusepcumem Munzopasa Poccuu
630091, e. Hosocubupck, Kpacuwiii np., 52

2 @eoepanvuoiii yenmp netipoxupypauu Munzopaea Poccuu

630087, e. Hosocubupck, y1. Hemuposuua-/lanuenxo, 132/1

? Hosocubupckuil 2ocyoapcmeentbviil yHusepcumem

630090, 2. Hosocubupck, ya. Illupozosa, 1

Pe3rome

TpuremMuHanabHas HEBPAITHsl MPEJCTABIsAET 3HAYUTEIbHbIE TPYAHOCTH B HEHPOXUPYPTHM, MPU 3TOM MAIEHTHI MO-
pa3HOMY pearupyroT Ha MUKpOBacKyiIsipHyto aekommpeccuto (MBJI). CoBpeMeHHbIE METONIbI HEMPOBU3YyaIU3alluu, B
yactHoctd MPT ¢ ucnons3oBanueM mocienoBaresibHOCTH constructive interference in steady state (CISS) u diffusion
tensor imaging (DTI), cTanu nepcrekTHBHBIMU HHCTPYMEHTAaMU JUIsl IporHo3uposanus ncxonos MBJI. Llesbto uccie-
JIOBaHMUs1 ObLIO ONPEeNINTh HEHPOBU3YyaIN3allMOHHBIE IPEAUKTOPBI yernenHoit MB/l y nanneHToB ¢ KjlacCHuecKoi He-
BpaJIrueidl TPOMHUYHOrO HepBa. MaTepuaJjl 1 MeTobl. B JaHHOM peTPOCIEKTUBHOM UCCIIEI0BAaHUY IIPOaHAIN3UPOBAHO
58 manueHToB, nepexnecmux MB/I o moBoay kiaccuyeckoil HeBpairuu TPOMHUYIHOTO HepBa B PenepaabHOM HEMPOXHU-
pypruueckom nenrpe (HoBocubupcek, Poccust) B nepuon ¢ stuBapst 2017 . o nexadpp 2021 . Mcxozpl o1ieHUBaINCh 11O
IIKaJle MHTEHCUBHOCTH TPUreMUHa bHOW Oosin MHcTuTyTa HeBposorun bappoy (Barrow Neurological Institute (BNI)
score for trigeminal neuralgia). /Iyl OLEHKH BBIPQXKEHHOCTH HEWPOBACKYJISIPHOTO KOH(IHMKTA, AU(PPYy3Ur HEPBOB U
JPYTHX [apaMeTpoB UCIIOJIb30BaIach joonepaionHas Heiiposusyanuzanus ¢ CISS u DTI. Pesyabratbl. 79,3 % (BNI
I u II) nanmeHTOB NpakTU4YeCKH HE UCIBITHIBAIM OOJIM TOCIie onepanuy, u3 Hux 65,5 % (BNI I) ycnemHo nosiHocTbio
BOCCTAHOBHJIMCH TOCJIC Tporeaypbl 6e3 6omu, a 13,8 % (BNI 1) umenu xopomuii ucxoa. B xonme ucciienoBanus Bbi-
sIBJICHA 3HAYMTEIIbHASI KOPPEJLSILUS MKy OnaronpusiTHeIMU ucxogamu MBJL 1 Oosee BEICOKMMU OLieHKaMu 2 U 3 110
mkasie Sindou, 4TO CBUIETENBCTBYET O Ooliee TshKesIoM HellpoBacKyisipHoM KoHpuukTe (p < 0,001). Taxoke 3HaYnMBbIE
paszinuusi HaOIIoaCh B UCXO/aX B 3aBUCHMMOCTH OT 3HaueHUi (DPaKMOHHOW aHU30TPONUHM Ha CUMIITOMHOM HEpBE
(p = 0,029). Obcy:xaenne. Anaromuueckue GakTopbl, U3MEPEHHBIC ¢ TOMOIIBbI0 MPT, nMenu orpaHn4eHHOE BIMSHUE
Ha UCXOJIbl, B TO BPEMsI KaK rpajanys 1o mkaie Sindou rnokasana 3HaYuTEIbHYI0 KOPPEISILUIO C XUPYPrHYeCKHUMHU HC-
X0J1aMu, a OoJiee BHICOKHE 3HaYeHHsI (PPAKIIMOHHON aHN30TPOIUHU OBbUIN CBSI3aHbI C XYIIUMHU UCXOAaMH. 3aKII0YeHHe.
M3yuenne HelipoBU3yaIu3allMOHHbBIX IPEIUKTOPOB UCX0A0B onepauuu MB/l y nanneHToB ¢ HeBpairuei TpoOHUYHOTO
HepBa, Moay4eHHbIX Ha ocHoBe CISS-nocnenoBarensnocTu Busyanuzauuu u DTI 1o neyenus, CBUAETENBCTBYET O BaK-
HOCTHU OILIEHKHU TSKECTH COCYAMCTON KOMIPECCUH MPH IUNIAHUPOBAHUU XUPYPrUUE€CKOr0 BMEIIATEIbCTBA U IPOTHOCTH-
YeCKOM LIEHHOCTH 3HaueHHH PppakiroHHON aHu30Tporuu no nanHeiM DTI jy1st mpeonepaioHHOM OLEHKH.

KuroueBble cii0Ba: TpUreMiHAIIBHAS HEBPAJITHS, MUKPOBACKYIISIpHAs IEKOMIIPECCHS1, HEHPOBU3yaIH3allHs, [IKaia
Sindou, HelpoBacKyISAPHBINH KOHPIUKT.
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Introduction patients likely to benefit from MVD, as emphasized
by Y. Zhang et al. [1], is underscored by the need for
high-fidelity data from advanced MRI techniques for
accurate predictions of nerve-blood vessel conflicts
[2]. Prior research demonstrates that sophisticated
imaging methods can forecast MVD surgery
outcomes, potentially preventing further procedures
and enhancing quality of life [3-5]. According to
L. Amaya Pascasio et al. [6] the variability in patient's
responses to MVD highlights the complexity of TN
treatment, pointing to a possible gap in understanding
the neuroanatomical aspects of the trigeminal nerve.

Decision-making on the type of surgical
intervention for trigeminal neuralgia (TN) is currently
based not only on clinical data and characteristics
of neurological manifestations, but also definitely
on neuroimaging data. The classical trigeminal
neuralgia is treated by performing Microvascular
Decompression (MVD) implying that the cause
is compression of the nerve by an adjacent vessel.
However, it still remains debatable what factors,
features and signs can be predictors of good outcomes
in this surgery. The significance of identifying
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The aim of this study is to seek out the predictors of
successful microvascular decompression surgery in
patients with classical trigeminal neuralgia using the
preoperative neuroimaging pictures, addressing the
knowledge gap in the neuroanatomical relationship
of the trigeminal nerve.

Material and methods

At the Federal Neurosurgical Center in Novosi-
birsk, Russia, a retrospective study was conducted
on a group of 208 patients who underwent MVD for
TN between January 2017 and December 2021. This
study included a diverse mix of 121 arterial com-
pression cases, 26 cases of pure venous compression
and 61 cases of mixed compression cases. Of these,
a specific subset of 58 TN patients (27.8 % of the
total) who had the results of both MRI sequences, the
diffusion tensor imaging (DTI) and the constructive
interference in steady state (CISS) sequence and un-
dergone MVD surgery was closely examined.

Inclusion criteria: all ages; all genders; presence
of clear neurovascular compression as shown by
MRI; diagnosis of classical TN due to arterial, pure
venous, or mixed compression; the first-time MVD;
history of TN, paroxysmal and constant pain. Exclu-
sion criteria: previous MVD surgery; secondary TN,
attributed to tumors, multiple sclerosis, or vascular
malformations; no evidence of vascular compression.

Parameters of MRI sequences: MRI sequences,
leveraging both 1.5 T and 3 T MRI units, encompass

a variety of sequences such as 3D turbo field echo
(TFE), 3D turbo spin echo (TSE), 2D TSE, 3D SE,
CISS, and 3D echo planar imaging (EPI) tailored
for T1-weighted imaging (T1WI), T2-weighted im-
aging (T2WI), fluid-attenuated inversion recovery
(FLAIR), 3D time of flight (TOF), and DTI. These
sequences are carefully chosen to maximize the ef-
ficiency of neurovascular conflicts and trigeminal
nerve morphology recognition, important for the pre-
operative assessment in the treatment of TN (tab. 1).

In this study, two primary neuroimaging tech-
niques were employed for a detailed evaluation of 58
cases of TN, focusing on the symptomatic trigeminal
nerve prior to surgery:

1. MRI with the CISS sequence (the initial method
applied) — the technique is particularly effective
for obtaining detailed images of cerebrospinal
fluid and surrounding tissues. It played a crucial
role in identifying issues with the trigeminal nerve
and distinguishing between arterial and venous
compressions. Possible predictors such as the (root
diameter, root area, root length, trigeminal pontine
angle, inter-trigeminal angle, prepontine cistern area,
sagittal angle, and petrous ridge angle) were assessed
and measured in accordance with the MRI CISS
sequence in axial, sagittal, and coronal view [7—14]
(figure).

2. Diffusion tensor imaging (DTI) was used for
examination of TN microstructure. DTI is a type of
MRI-based technique that maps and characterizes the
three-dimensional diffusion of water as a function of

Table 1. MRI data from the 1.5 T (Avanto, Siemens, FRG) and 3.0 T system (Ingenia, Philips, Netherlands)
Taonuya 1. /lannvie MPT, nonyuennsie ¢ nomowwto cucmem 1,5 T (Avanto, Siemens, @®PI') u 3,0 T (Ingenia,

Philips, Huoepranowt)

| Tiwi | T2wI | FLAIR | 3DTOF | CISS | DTI
1.5 T system
Sequence type 3D TFE 3D TSE 2D TSE 3D SE 3D TSE 3D EPI
TR, ms 1650 5000 7500 25 1200 2700
TE, ms 3 91 92 7 263 94
Flip angle 15 150 150 25 150 90
Matrix 256x192 384x261 256x224 256x241 320x324 128%128
FOV, mm 187%250 208%229 201x230 180x180 200x200 1150x1150
Slice thickness, mm 1 5 5 0.93 0.6 2
Number of slices 176 25 25 146 72 260
3.0 T system
Sequence type 3D TFE 3D TSE 2D TSE 3D SE 3D TSE 3D EPI
TR, ms 6.6 3000 11000 23 1500 8513
TE, ms 3 80 125 3.5 180 89.4
Flip angle 8 90 90 18 90 90
Matrix 240x240 420x344 352x211 500%333 352x350 112x109
FOV, mm 240 230 230 200 170 224
Slice thickness, mm 1 4 4 1.2 0.8 2
Number of slices 192 28 28 140 55 9158
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Area=0.06066 cm?

A . =

1,89 mm

0,40 mm

Measurement of the TN root diameter (axial view) (a), of the TN root area (sagittal view) (b), of the TN root length the
pons until the entrance of the Meckel cave (axial view) (c), of the trigeminal pontine angle between the TN root and
anterior surface of the pons (axial view) (d), of the inter-trigeminal angle (axial view) (e), of the cross-sectional area
of cerebellopontine angle cistern (axial view) (f), of the sagittal angle of the trigeminal nerve at the porus trigeminus
(sagittal view) (g), of the angle of the petrous ridge (sagittal view) (h)

Hzmepenue ouamempa xopewxa TH (axcuanvhuviii 6uo) (a), niowaou xopewxa TH (caeummanvuuiii 6uo) (b), onunul
xopewika TH om Baponuesa mocma 0o éxooa ¢ newepy Mexkens (akcuanvhwiil 6uo) (c), yena medcdy xopeuwkom TH u
nepeoHell nogepxHocmoto Baponuesa mocma (axcuanvhuolii 6uod) (d), mesxcmpueceMunanbHo2o yena (aKcuanbHulil 6uo) (e),
NAOWAOU NONEPEUHO20 CEHEHUsl YUCTNEPHb MOCHIOMO3JICEUK08020 Yeid (aKcuanbHblil 6uo) (f), cazummanvhozo yena mpoti-
HUYHO20 Hepea y porus trigeminus (cazummanbhblil 6Uo) (g), yena kamenucmozo epedens (caeummanvHoiil 6uo) (h)

spatial location. It is particularly useful in assessing system, as previously described (P.R. Leal et al.)
the integrity of white matter tracts in the brain. [15]: grade 1, simple contact; grade 2, a displaced

Neurovascular conflict (NVC) severity in TN  or distorted nerve; and grade 3, marked indentation
was graded in accordance with the Sindou grading of the nerve root. The Sindou grade represents an
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objective measure of NVC severity, which is essential
for an analysis of the potential correlation between
NVC grade and surgical outcomes.

DTI data processing was performed using the
FMRIB Software Library (FSL) (https://fsl.fmrib.
ox.ac.uk/fsl/fslwiki/) after converting DICOM files
to the NIfTI format. First, artifact correction (motion
and eddy current) was performed. The individual
mean fractional anisotropy (FA), axial diffusivity
(AD), radial diffusivity (RD), and mean diffusivity
(MD) maps for each patient was calculated with
DTIFIT (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FDT/
UserGuide). After that, the diffusivity measurements
were performed manually in ImagelJ software (https://
imagej.net/ij/ ) by placing small size round-shaped
Region of Interest (ROI) at the site of trigeminal
nerve root.

Subjective clinical outcomes were analyzed
using the Barrow Neurological Institution (BNI) Pain
Intensity Scale [16] in two categories: a favorable
outcome of BNI I and II represented successful
treatment of TN symptoms following MVD surgery;
an unfavorable outcome was represented by BNI
III, IV, and V, representing the failure of the surgical
treatment.

The statistical analysis for this study was
meticulously designed to assess the relationship
between various factors and the outcomes of MVD
surgery. Fisher’s exact test was used to examine
the relationship between the Sindou grading of
trigeminal neuralgia and the outcomes of MVD
surgery; continuous variables were examined in
detail for variances in the distribution using the non-
parametric test called Mann-Whitney U Test. This
approach was employed to evaluate the distribution
of various parameters, including FA of symptomatic
(lesioned), age, gender, side of the face affected,
type of trigeminal neuralgia, duration of pain, and
several anatomical factors delineated by the CISS
MRI sequence: root diameter, root length, trigeminal
pontine angle, inter-trigeminal angle, sagittal
angle, petrous ridge angle, prepontine cistern area,
and the root area, across two independent groups.
Logistic regression analysis was done to estimate
the contribution of demographic, clinical and
neuroimaging variables to the prediction of BNI
outcomes. Chi-squared test was used to determine
the statistical significance of individual predictors.

Results

This study analyzed demographic profiles of
58 patients undergoing MVD for TN, focusing on
age, gender, affected side, pain type, neurovascular
compression, affected branch, and symptom

CUBUPCKUIA HAYYHbI MEANLMHCKUIA XKYPHAI 2024; 44 (5): 145-154

duration. The cohort predominantly consisted of
females (65.5 %), with ages ranging from 36 to 82
years (average 59.34 years). Most patients (81 %)
experienced paroxysmal pain, with 60.3 % suffering
from right-sided TN, particularly affecting the V2-V3
nerve divisions (25.6 %). Symptoms lasted between
1 to 44 years, averaging at 9.73 years. Despite the
comprehensive demographic analysis, no significant
correlation was found between these variables and
the success of MVD surgery, as indicated by p-values
over 0.05, suggesting these factors do not predict
surgical outcomes (tab. 2).

During the 1 to 5-year follow-up, the 58 patients
studied showed promising pain management post-
MVD for trigeminal neuralgia, with an average
follow-up duration of 3.55 years. A significant
46 (79.3 %) of patients achieved pain relief, with
65.5 % experiencing complete pain relief (BNI I)
and 13.8 % reporting mild pain without the need for
medication (BNI II). However, 12 (20.7 %) did not
see satisfactory results (BNI III — 7 cases, BNI [V — 3
cases, BNI V — 2 cases).

The NVC severity in TN was rated using the
Sindou grading system which defined the degree
of conflict in 58 patients as follows: 25 instances in
Grade One, 15 in Grade Two, and 18 in Grade Three.
A critical analysis of our findings reveals a statistically
significant correlation between the Sindou grade and
MVD outcomes. Patients classified under Sindou
grades 2 and 3 experienced markedly more favorable
outcome, with a higher incidence of BNI I and II
results (n = 32), compared to those classified under
Sindou grade 1 (n = 14) (unfavorable outcome,
BNI IIL, IV,V — 1 and 11 cases, respectively). This
distinction underscores the effectiveness of MVD
in patients with more severe NVC, as indicated by

Table 2. Demographic information about the patients
(n=2358)

Tabnuya 2. /lemocpagpuueckasn ungopmayus o
nayuenmax (n = 58)

36 to 82 years

Age at MVD (mean: 59.34 years)
Gender 38 women, 20 men
Affected side Right — 35, left — 23

Paroxysmal and
continuous pain
of TN

Affected branch

Paroxysmal — 47,
continuous — 11

V2-14,V3-8,V2-V3 -15,

VI1-V2-8,VI-V3 11

Pain duration 1 to 44 years (mean: 9.73 years)
Note: V1 — the first division of TN, V2 — the second division

of the trigeminal nerve, V3 — the third division of the trigeminal
nerve
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higher Sindou grades, highlighting the grade’s utility
as a prognostic indicator for surgical success. The
statistical significance of this correlation, supported
by a p value of less than 0.001 obtained through
Fisher’s exact test, reinforces the predictive value of
the Sindou grading system in surgical planning and
patient counseling.

This comprehensive analysis underscores the
Sindou grade as a crucial predictor of MVD surgery
success, delineating its significance in preoperative
evaluations and suggesting that the severity of NVC
plays a critical role in determining postoperative
outcomes. Furthermore, our study delved into the
relationship between FA values in the symptomatic
nerve and the outcomes of MVD surgery. We
discovered that higher median FA values are
associated with poorer MVD outcomes, specifically
categorized as BNI III, IV, and V (0.308) compared
to favorable outcome (BNI I, II) (0.227) (p = 0.029).

The investigation into various anatomical factors
measured by the CISS MRI sequence such as root
diameter, root length, trigeminal pontine angle,
inter-trigeminal angle, sagittal angle, petrous ridge
angle, prepontine cistern area, and the root area did
not find any statistically significant differences in
influencing microvascular decompression (MVD)
outcomes. This analysis was conducted to discern the
significance of these factors between the outcomes
categorized as BNI I and II versus BNI 111, 1V, and
V. However, these elements exhibited p values more
than 0.05, indicating their limited predictive value
regarding surgical success. Thus, while extensive,
the investigation across both symptomatic nerves,
as well as the range of anatomical measurements
provided by the CISS MRI sequence, underscores that
these factors do not significantly affect the efficacy of
MVD in treating trigeminal neuralgia, guiding future
research to focus on more indicative predictors of
surgical outcome. These data underscore the pivotal
role of preoperative imaging in optimizing the
management and surgical outcomes for patients with
TN. Specifically the study illuminates the impact of
NVC severity, classified by the Sindou grade, and
FA values on the efficacy of MVD surgery based on
imaging findings.

Logistic regression and the chi-square test
highlighted the Sindou grading system as a crucial
predictor. A higher Sindou score correlated with
more successful outcomes (p = 0.035), emphasizing
its importance in surgical planning and predicting
MVD success.

Discussion

Analysis of neuroimaging anatomical predictors
for MVD outcomes in classical trigeminal neuralgia:

150

This study examined Sindou grading, FA values,
and other factors to predict MVD surgery outcomes
in TN. In our study using the CISS MRI sequence,
we examined various anatomical factors including
root dimensions and angles. These parameters
have been extensively documented in previous
academic literature, according to H. Pang et al., a
sharper trigeminal-pontine angle may worsen nerve
degeneration in trigeminal neuralgia [7]. M. Parise
et al. noted that smaller cerebellopontine angle
cistern area and short trigeminal nerve length affect
neurovascular conflict in trigeminal neuralgia and
could impact treatment outcomes [8]. P.P. Suthar
et al. found a correlation between the trigeminal
nerve’s sagittal angle and neurovascular conflict
grade, potentially influencing treatment outcomes
[12]. Finally, A. Brinzeu et al. discussed how the
acute angle of the petrous ridge and the trigeminal
nerve’s angulation contribute to trigeminal neuralgia
pathogenesis and treatmentsuccess [ 14]. Our study did
not reveal significant variations in these anatomical
variables’ impact on microvascular decompression
results for trigeminal neuralgia patients.

Value of pre-surgical CISS sequence imaging
for assessing TN compression

The relationship between Sindou grades,
indicating the severity of NVC, and the outcomes of
MVD surgery in patients with TN is a pivotal aspect
of contemporary neurosurgical research. Our study’s
findings, which suggest that higher Sindou grades are
associated with better outcomes of MVD in TN, offer
a nuanced perspective that both aligns and contrasts
with existing literature on the subject. This discussion
seeks to compare our results with those of previous
studies. M. Sindou et al. established a foundational
understanding of the impact of compression
severity and the presence of focal arachnoiditis on
MVD success rates. Their findings underscore the
significance of anatomical considerations, showing
that higher severity of compression correlates with
better treatment outcomes [23]. This aligns with
our observations, reinforcing the notion that the
degree of NVC plays a crucial role in predicting
MVD efficacy. M. Sindou et al. study also noted the
negative impact of focal arachnoiditis, a factor not
directly addressed in our study but important for a
comprehensive understanding of surgical outcomes
[23]. The findings of R. Loayza et al. further support
our results, indicating that patients with severe NVC
(grade 2-3) experience better surgical outcomes [21].
This direct correlation between NVC severity and
post-MVD improvement is a key component of our
study’s conclusions, offering additional evidence that
more pronounced neurovascular conflict facilitates a
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more definitive surgical intervention and subsequent
relief.

Conversely, P.R. Leal et al. present an intriguing
counterpoint to our findings. They reported that
higher grades of NVC severity, especially Grade 111
with clear-cut and marked indentation on the root,
could lead to worse outcomes. This discrepancy
raises important considerations about the potential
for certain types of severe compression to pose
challenges to successful decompression, possibly
due to more complex surgical requirements or the
extent of nerve damage [15]. Our study, focusing on
the general trend of higher Sindou grades leading
to better outcomes, may need to further delineate
the nuances of NVC characteristics that influence
surgical success.

M.A. Hughes et al. and F.A. Hardaway et al. both
highlighted the predictive value of severe NVC for
excellent surgical outcomes, echoing the general
sentiment of our findings. M.A. Hughes et al. revealed
that severe NVC greatly increases the likelihood
of being pain-free post-MVD. F.A. Hardaway et
al. associated higher scores in a prognostic scoring
system, indicative of severe NVC, with better pain
relief outcomes [24, 25]. These studies collectively
underscore the utility of preoperative NVC
assessment in forecasting MVD success, aligning
closely with our observation that higher Sindou
grades, which denote more severe compression, are
predictive of favorable surgical outcomes.

The study by A.S.S. Andersen et al. adds another
layer of complexity by emphasizing the role of NVC
with morphological changes in predicting better
surgical outcomes [22]. While this study does not
directly contradict our findings, it suggests that the
specific nature of NVC, beyond its severity, plays a
critical role in determining the effectiveness of MVD.
This points need for further research to understand
how different characteristics of NVC, including but
not limited to its severity as classified by Sindou
grades, influence MVD outcomes.

Our study’s assertion that higher Sindou grades
lead to better MVD outcomes in TN patients finds
substantial support in the broader body of literature,
particularly in studies emphasizing the importance of
NVC severity. However, the nuanced discrepancies
and additional factors highlighted by other research
underscore the complexity of predicting MV D success
and the multifaceted nature of TN pathology. These
findings collectively advocate for a more detailed
preoperative evaluation of NVC characteristics,
including Sindou grades, to refine surgical strategies
and optimize patient outcomes in the treatment of
trigeminal neuralgia.
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Predictive accuracy of preoperative DTI imaging
metrics for classical TN treatment outcomes

The exploration of the relationship between FA
values and outcomes following MVD surgery for
TN presents a compelling avenue for understanding
the nuances of neurosurgical prognosis and patient
management. Our investigation into the significance
of'higher FA values correlating with poorer outcomes,
juxtaposed against the non-significant results
associated with lower FA values for better outcomes,
adds a nuanced layer to the current understanding of
MVD efficacy.

This finding, supported by a p value of 0.029,
introduces FA as a significant predictor of surgical
outcomes. It suggests that elevated FA values
are potentially indicating the preservation of the
microstructural changes of the nerve. We suppose
that it can be in situation when the development of
TN is not associated with the influence of vascular
compression, and it can be related to other reasons
of pain. This assumption also took into consideration
that low efficiency of the surgery was observed
with a mild degree of nerve compression when
nerve structure probably was not damaged. The
preservation of the microstructure of the nerve may
be associated with a lower likelihood of achieving
favorable outcomes post-MVD because vascular
compression can be not relevant to the pathogenesis
of TN development in this group of patients. In the
same key, the high effectiveness of surgery after
elimination of the severe degree of compression
with low FA values probably confirms the vascular
compression as a main factor in pathogenesis of the
development of TN in this cohort of patients.

Incorporating FA measurements into diagnostic
protocols can enhance predictive accuracy of
surgical outcomes and help clinicians develop more
tailored treatment strategies. Future research should
further explore the mechanisms underlying these
correlations and investigate additional imaging
and anatomical factors that could refine surgical
candidacy and outcome predictions. This discussion
aims to contextualize our findings within the broader
spectrum of existing literature, especially focusing
on the studies [17-20], to elucidate the complexities
and potential prognostic implications of FA values
in TN patients undergoing MVD. F. Chen et al.
highlight the predictive value of declining FA
proportions in determining the success of MVD in
patients with type 2 trigeminal neuralgia, suggesting
that a significant reduction in FA is indicative of
favorable surgical outcomes [17]. This assertion
is supported by W. Chai et al., who observed that
lower pre-surgical FA values were associated with
better post-surgical outcomes, as evidenced by
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improved FA ratios on follow-up MRI scans [18].
Similarly, Y. Wang et al. found decreased FA values
in the affected side of trigeminal neuralgia patients,
indicating microstructural changes that could reflect
axonal demyelination or neuro-inflammation, with a
postoperative recovery in FA values associating with
a potential improvement in surgical outcomes [19].

Our study’s observation of higher FA values
correlating with worse outcomes introduces an
interest in the interpretation of FA as a prognostic
marker and emphasized of the complexity of
trigeminal neuralgia pathology and the multifactorial
nature of MVD outcomes. M.S. Willsey et al.
contribute to this discussion by noting that lower FA
values in the trigeminal nerve root in TN1 patients
might be indicative of a better prognosis post-surgery,
emphasizing the variability in FA’s prognostic value
depending on the TN subtype [20].

The potential association between lower
FA values and higher grades of neurovascular
compression, as posited in some literature, could
serve as a bridge between our findings and those
of previous studies. If lower FA is indeed linked
with more severe neurovascular conflict, this could
explain the improved outcomes following MVD, as
more severe cases of compression are likely to have a
more pronounced surgical relief post-decompression.
This theory aligns with the findings of R. Loayza et
al. and A.S.S. Andersen et al., who both emphasize
the importance of neurovascular conflict severity in
predicting MVD success [21, 22].

Our findings push us to take into account broader
consideration of patient-specific factors, including
the extent and nature of neurovascular compression,
the presence of demyelination, and the surgical
technique employed. It underscores the importance
of a tailored approach to MVD, where preoperative
FA values, alongside comprehensive neuroimaging
and clinical assessment, guide surgical planning and
prognostication. This fact underscores the need for
further research to explore the intricacies of FA as
a prognostic tool in MVD in conjunction with other
clinical, anatomical and pathophysiological factors.
Such investigations should aim to elucidate the
underlying mechanisms that govern the relationship
between FA values and surgical outcomes, potentially
paving the way for more nuanced and patient-
specific approaches to the management of trigeminal
neuralgia.

It’s obvious that the differences between 1.5 T
and 3 T MRI scanners play a crucial role in obtaining
detailed high-resolution images for diagnosing
neurovascular issues in trigeminal neuralgia patients.
The use of 3D sequences in various modalities
enhances anatomical imaging, aiding in the detection
of vessel abnormalities and nerve problems.
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Including DTI evaluations at both field strengths is
essential for assessing nerve integrity before surgery.
These careful imaging choices aim to maximize the
diagnostic potential of MRI for predicting surgical
outcomes with microvascular decompression.

Conclusions

This study examines the predictors of successful
microvascular decompression surgery in patients
with classical trigeminal neuralgia using the
preoperative neuroimaging pictures, in particular
the predictive capabilities of pre-treatment
diffusivity patterns and CISS-sequence imaging for
MVD surgery outcomes in patients with TN. The
significance of Sindou grading in surgical planning
and the predictive value of FA values derived from
DTI in enhancing preoperative evaluations were
emphasized. Sindou grading assesses NVC severity,
while FA values provide insights into the trigeminal
nerve’s microstructural integrity can indicate surgical
outcomes. Considering these two criteria improves
surgical decision-making and opens avenues for
future research to refine diagnostic criteria and
treatment planning for TN. The study underscores
the potential of advanced neuroimaging techniques
in improving patient care and quality of life.
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