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Assessment of Neurovascular Compression in Patients with Trigeminal Neuralgia with a
Boundary Fusion Three-dimensional Magnetic Resonance Cisternogram/Angiogram

Toru Saton ), Megumi Omr ¥, Chika Onsako ), Keisuke Onopa ? and Isao DAtk ?

Key words : Precise assessment of the complex nerve-vessel relationship at the root entry zone (REZ) of
neurovascular compres-  the trigeminal nerve is useful for the planning of the microvascular decompression (MVD) in
sion, patients with trigeminal neuralgia. We have applied a boundary imaging of fusion three-dimen-
cranial nerve, sional (3D) magnetic resonance (MR) cisternogram/angiogram. The boundary imaging allows
MR cisternography, virtual assessment of the spatial relationship of the neurovascular compression at the REZ of
trigeminal neuralgia the trigeminal nerve. The boundary images depicted complex anatomical relationship of the of-

fending vessels to the trigeminal nerve REZ. The presence of offending vessels, compressive
site, and degree of neurovascular compression were assessed from various viewpoints in the
cistern and virtually through the brainstem and trigeminal nerve per se. The 3D visualization of
the nerve-vessel relationship with fusion images was consistent with the intraoperative findings.
The boundary fusion 3D MR cisternogram/angiogram may prove a useful adjunct for the diag-
nosis and decision-making process to execute the MVD in patients with trigeminal neuralgia.
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Table Summary of 12 cases of trigeminal neuralgia treated with microvascular decompression

Case Age/Sex Side Neuralgia Vessels Direction Degree  Outcome
01 72/M Lt I>0 AICA medial grade Il good
02 59/F Rt I SCA-t, ¢ superior grade I good
03 71/M Lt I SCA-c superomedial grade Il good
04 76/M Rt [>0O>IT SCA-t, 1, C superomedial grade I good
05 80/F Rt I<II SCA-r, ¢ superior grade Il good
06 73/F Lt I SCA-r superior grade I good
07 72/M Rt I<II SCA-r/SPV superior/ inferior grade Il good
08 73/F Lt I<II SCA-r/SPV superomedial/ inferior  grade [ good
09 74/F Rt I>0 PICA/VA inferomedial grade 1 good
10 73/F Rt m SCA-t, 1, C superomedial grade I good
11 36/F Lt itk SCA-t, 1, ¢ superomedial grade II good
12 55/M Lt I SCA-r superomedial grade I good

Degree of severity of the neurovascular compression was graded as: grade I : vessel in contact with the

nerve but without any indentation, grade II : with a displacement and/or a distorsion of the nerve, grade Il :

with a clear-cut and marked indentation of the nerve. [Abbreviation) SCA: superior cerebellar artery,
SCA-t: trunk of SCA, SCA-r: rostral branch of SCA, SCA-c: caudal branch of SCA, AICA: anterior inferior
cerebellar artery, PICA: posterior inferior cerebellar artery, VA: vertebral artery, SPV: superior petrosal vein.
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1. Boundary image of the 3D MR cisterngram @
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MR cisternography (£ MR & (HiSpeed 1.0T,
General Electric Healthcare, Milwaukee, WI, USA)
C quadrature-head coil % f#i f L, T2-weighted 3D
fast spin-echo (FSE) sequence TH#f% L7z 4%, i
R4, 4000/ 160/ 1 (TR/ TE/ excitation), echo
256 X 256 matrix, 0.6-mm
thickness, 16-cm field of
view, voxel size 0.625 X 0.625 X 0.6 mm, total
scan time 13 4323 ¥ C, 96 ML ? e L 72§l fi2 7¢
0] 1% % U L7z,
medical visualization software % ¥4 3 L 72 commer-
cially available workstation (Zio M900 Quadra:
AMIN, Tokyo) % M L, 7€M {% @ volumetric
data % 3D volume-rendering data set (96 data) Z%2
1L, mILHH volume-rendering 3 C % T 1
L7z.

= SCAHE REZ T OIS, IME, MWEthTh
DIEEW OBER & 7% 5 5 WML, TTHEHIETOD
MR 1 75 58 & 43 #i  (arbitrary unit distribution) @
histogram % Z3#F L T L7z,

Boundary 3D MR cisternogram (&, 1575 & 55
@ opacity curve 2* 5, B 350 ~ 400(100% opaci-
ty level) | peak %453 % spiked peak curve (width
40) VT, IRTONEHRD SHEREOE 5 R
BEAER L, HtHH 7 — TFHKAR L7, Boundary
3D MR cisternogram Ti%, Bfiifs, Bk, #FIRk7Z%
EDRAENEEY B & OBHF GG, MR, N
¥ 70 & Ot E PRI S 2 2y < b IR e
AL & 3 2 HLEESE S 78— O ring R IZHH
H&ENA720, ring & ring DFEN S, T HHE
Y OFTRTHEM S N ICFR S N7z,

train length 128 times,

0.6-mm section interval,

3D MR cisternogram (&, computer

2. 3D MR angiogram D{ERL
MR angiography (H.#f) (X, MR cisternography
& [F) U FER & ] L, 3D time-of-flight (TOF),
spoiled-gradient recalled (SPGR) sequence C # £
L 720 #2413, 35/4.0/2 (TR/ TE/ excita-
192 X 128 matrix,

tion) , flip angle 20°, 1.2 mm

thickness, 0.6 mm slice interval, 16-cm field of
view, voxel size 0.83 X 1.25 X 1.2 mm, overlap 8 %,

total scan time 8 43 49 # (2 slabs) T, 104 AL

e L 7zl A oG R 5 6 7z, Steady-state con-
trast-enhanced MR angiography (G&32) (&, Al

(meglumine gadopentetate, 0.1 mmol/kg) i’ HUH?E}H‘
IR & 0 HFIcHS1%, LilofwskttTha
EJE L7z, TS5 D volumetric data ($ workstation
T 0.6 mm @ 3D volume-rendering data set (0.6 mm
&, 207 data) (ZZS32 1 7-.

3D MR angiogram (&, 3% i #% % volume-render-
ing AR LT, {55 5mERME 150 ~ 170 (0%
opacity level) 7* 5 170 ~ 190 (100 % opacity lev-
el) 1ZHEINS 5 L0 B (width 20) 2w T
R L, R TFIR L7z, 3D MR angiogram (H
f) T, BIRPARVEIRAY, 723D MR an-
giogram (i%32) T, X D AIVEINR, &Ik, &
WRIE O FEATIEEDS ARBYIZ IR S 7z,
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Boundary fusion 3D MR cisternogram/angiogram
1%, 55 COFMEE L7 3D MR cistenogram @
boundary image () & % D%FEE 3D MR an-
giogram (FRff) % workstation | CHEE L TIERK
L 7z. Boundary imaging ® 5 1 B (12 L 72
opacity curve ZfR{F L THB L 2 & T, HEOTFHR
B L UHEPIERI T D boundary image O FE A&
fEIZTTHETd o 72. 3D MR cisternogram, 3D MR
angiogram, fusion image # & " boundary image %
NENDOWE 1 ZNERT A I121E, MRI scan #%
T30 ~ 50 FOREf % 2 L 72, Boundary fusion
3D MR cisternogram/angiogram % ffi fj L T, =%
Mg, HALIMAE & 5 12 neurovascular compression
DFEAN & ISR, = XN ORI S
B\ I/NAF A ERINAE N O\ A A AR S
2L, MR & T L 7.

v. #% =2

TRTOEHIT, METICIER L 72 3D MR cister-
nogram, 3D MR angiogram, 3D MR cisternogram/
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Fig. 1 A 72 y.0. male, left trigeminal neuralgia (Case 1). A, B: Source axial MR angiogram (A) and MR cisternogram
(B), showing the contact of the left AICA (offending vessel) at the REZ of the left trigeminal nerve. C: Operative pho-
to, showing the nerve-vessel relationship at the REZ of the left trigeminal nerve. The REZ was compressed by the left
AICA (offending vessel) from the inferior direction. D-F: 3D MR angiogram (D), 3D MR cisternogram (E), and bound-
ary fusion 3D MR cisternogram/angiogram (F), viewed from the left (arrowhead-blue in A and B). The REZ of the tri-
geminal nerve is compressed directly by the left AICA (offending vessel from the inferomedial direction.

angiogram fusion image 3 & ("% @ boundary image
D WGET RAZHIE L 72 FAii it A5 5 7z (Ta-
ble). AFal {5 Tl & L7 8 AT (A p
i C—3 L CRRO b7z, MVD T3, RNHEH
EOW | R/ N DFED |70 & DFAFRIEIC & 0 fifik
MOBEDEL L7280, L £ o7z CR—2Al
BRI ST, T pT R S L Ol 72
THEDFED 7z, L2 L, boundary image T
SARBIIZFIR STz, Z3MHE REZ TOREEH
{F: 1L %, neurovascular compression O # {7, T8
Hial, RO B & U S & O 7
R BRI, TR e L (—F L Twi.

MVD 12 & 2 GPFEIR % <, 26T R 2% T
RAMED N7z, ZAEREZ T OB ELINAE 1,

superior cerebellar artery (SCA) 7% 10 5] (SCA-trunk
D BE5-4 ], SCA-rostral branch 8 f5], SCA-caudal

branch 6 ) & 3 % {, SCA (SCA-rostral branch)
& superior petrosal vein (SPV) 2 #l, anterior infe-
rior cerebellar artery (AICA) 11, PICA & verte-
bral artery (VA) 251 I TdH - 7.

V. RKRBEFI DR

GEFI 1) 72 BN, L sCEsE  (Fig. 1)
LRI & ) ZERTARER B & O/ 3R I i v LT,
WEREASHEL L, ¥EEIC T carbamazepin (400 mg/
H) ONREEE ZIT TV 728G %720, Fiif
WD Y LEHES L 7 o 72, MR angiogram (Fig.
1A), MR cisternogram (Fig. 1B) T (X, /& AICA
PSRRI L CHEAT L, =X A#E REZ & £l

T AHET RS N7z, MVD T4 (Fig. 1C)
T, /& AICA 73 =LA AT TES T, inferior
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Fig. 1 continue G-I: 3D MR angiogram (G), 3D MR cisternogram (H), and boundary fusion 3D MR cisternogram/an-
giogram (), viewed virtually from the brainstem directed to course of the trigeminal nerve (arrowhead-red in A and B).
Compression of the REZ of the left trigeminal nerve at the rootlet of the brainstem by the left AICA (offending vessel)
is clearly visualized. J-L: 3D MR cisternogram (J) and boundary fusion 3D MR cisternogram/angiogram (K) of the
contralateral healthy side (right side), viewed from the right, and boundary image (L), viewed virtually from the rootlet
of the brainstem. The right SCA runs close to but away from the right trigeminal nerve along the course without any
contact between them. (Abbreviation) AICA: anterior inferior cerebellar artery, BA: basilar artery, CN-V: trigeminal
nerve, PICA: posterior inferior cerebellar artery, VA: vertebral artery. Empty arrowhead indicates the site of neurovas-

cular compression.

i & D AR LT, S REZ TO
AE — M4 OV ARIIHESEIZ, 3D MR angiogram (Fig.
1D), 3D MR cisternogram (Fig. 1E), boundary fu-
sion 3D MR cisternogram/angiogram (Fig. 1F) 2 &
O, #EREBAE M (Fig. 1A, arrowhead-blue) 75
BEE L7z T2 VA X043 L7z AICA 1E, =
FERNEE A L1358 C hairpin curve JRIZ iz L, infero-
medial /5[0 & = SCHRFRERN 5 A 15 D 4xis CHEfil
LIEA LTz, £72, MNEiisEE N o8 e
. (Fig. 1A, arrowhead-red) 75, = il )7
) A& BHE & L ikt & 1A & ORISR B B4R
% B1%% L 72 3D MR angiogram (Fig. 1G), 3D MR
cisternogram (Fig. 1H), boundary fusion 3D MR
cisternogram/angiogram (Fig. 11) TI%, EAT M

12 & 2 = AR R AT REZ T O neurovascu-
lar compression 28BS ICHIN S L7z, T b b,
AICA {3 VA 7> 5 73 U TSR 3R IC 82 L CHEAT
L, =X A DS TREE L, =X Mkt
REZ, fi# % medial J71A 70 550 < FEaH L, i
WS D2 TR 2SFAD S 72728, grade I O
HREEEEZ LN, IS 0% R,
MVD i pT 5, (Fig. 1C) (ZAHIG L Tw /e,

F72, RBNCHBEIT 28 (HM) TiX, MR
cisternogram C, 77 SCA 2¥Meckel FE3T 4% CTJE R L,
=R & B U NN 2 EAT S A T RO
bz, Lo, $EREAHROREN S 5
L 7z 3D MR cisternogram (Fig. 1J) B X " % @
boundary fusion 3D MR cisternogram/angiogram (Fig.
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Fig. 2 A 59 y.o. female, right trigeminal neuralgia (Case 2). A, B: The selected maximum intensity projection (MIP)
image of the MR angiogram (A) and the selected minimum intensity projection (MinIP) image of the MR cisternogram
(B), showing the right SCA (offending vessel traversing the cisternal portion of the right trigeminal nerve. C: Opera-
tive photo, showing the nerve-vessel relationship at the REZ of the right trigeminal nerve. The REZ was compressed
moderately by the right SCA (offending vessel) from the superior direction. D-F: 3D MR cisternogram (G), 3D MR
angiogram (H), and boundary fusion 3D MR cisternogram/angiogram (), viewed virtually from inside of the trigeminal
nerve per se directed to course of the trigeminal nerve (arrowhead-red in A and B). Compression of the REZ of the
right trigeminal nerve at the cisternal portion by the caudal branch of the right SCA (offending vessel) is clearly visual-
ized. (Abbreviation) SCA: superior cerebellar artery, SCA-r: rostral branch of SCA, SCA-c: caudal branch of SCA,
BA: basilar artery, CN-V: trigeminal nerve. Empty arrowhead indicates the site of neurovascular compression.

1K) TIE, M & & O MICIEREIC X 2
B O 2027 ANR—ADTFRD B AL, Mk & 8 & 138
ikl TWwnwZ LR Nz, S 612, =3
FEP DRI R 2 © = 3Ll 5 1A I g L 72
boundary fusion image (Fig. 1L) TI¥, #iifE & M
E DN E R VARIIZERE N, SCAIT=X
MAE L BT 5 2 & e (R ET L TV,

CREGI 2) 59 ek, 4 =3 Mfe (Fig. 2)

2AEHT & DA FHEEICE AT BLL, 1 AER
5 IE R 12 T carbamazepin (600 mg/ H) D WIRIA
P T TV AEIRHAE T, FINOREND
D4R eI ZH L.

Selected maximum

intensity projection (MIP) MR angiogram (Fig.
2A) B X U selected minimum intensity projection
(MinIP) MR cisternogram (Fig. 2B) Tl, 45 SCA
A N T = AR MR L CEAT L T

MVD T i Tl (Fig. 2C), 45 SCA 7% i1t 4
T=3UAHE & superior JTA1 & D Bl L, AR LT
HSNWTHNOGRESEERO Sz, =k
REZ T ® neurovascular compression (¥, 3D MR an-
giogram (Fig. 2D), 3D MR cisternogram (Fig.
2E), boundary fusion 3D MR cisternogram/angio-
gram (Fig. 2F) 12X 1), =3 AEN OREAIHE
(Fig. 2A, arrowhead-red) 7°5, —SCAffEshJ7 w2
SARIIIZEEE L7z, 45 SCA 13 SCA-trunk 7° SCA-
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rostral branch % 43I L 72 5.4 @ SCA-caudal branch
HIIAE N C = AR & BRI L, superior JiTE 2> &
il L Tw/z, = M#E (% SCA-caudal branch (2
IV EAPEEASNERLTBY, grade TD

HERRE L E 2 b, ThH»5 / 72 MVD fif i
i (Fig. 2C) TIE 2 MICHIET 2AFH 2SS

7z,

VI £ £

AL, SCA, AICA, PICA 7 & DBk &
%\ 3 SPV DI EEHIRIZ & ) = S AhikE REZ 231
18 S NIEHE T B MRS T EREED 1 D TH 5
SRIO = AR ORGE B & LTI, neu-
rovascular compression % f#Fx 9 5 MVD 234 < e
T, BHZBHEEEI#REINLTYDS
5-7,12,16,18).
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raphy %> MR cisternography 25 H\» 51, = S i
REZ i3 COEEEMLIME 2 M 2 2 L ava]
B & 72 o Tun % 14811820 3D TOF SPGRIH| 5 (MR
angiography) T, A AN BRI LS 5 R e
T, Wi, MSERIISHE T IRET, BRA &0
I HE S P 13 inflow & 2R 12 & 0 @5 5 M TFK
RSN D720, =AE REZ i CORALIME
DEFTHED ITHE S LB W80 7= 7).
weighted 3D FSE sequence 7 & C#3: 5115 MR cis-
ternography Cl&, MAl NI E LS5 5 om e,
A & IS B I35 5 R, IMAERE (13 flow
void IZ & N HEDREFHWET, TNTNEL -
7AZ IR T S L SIS0 20y 7e
BRAAE, MBS EDY) 2 & O RIS N REE Y R IS E,
R - 5 R 7 & O A R DH A S 13 i &
RIS SN, NS EEY DYV VEETZRED R
ICFREING.

= S AP#EYE 12 B 1T 5 neurovascular compression
1%, Z# % T MR angiography %> MR cisternogra-
phy DILHIE T, &5 WwidZFn 5D MPR FiE
J (% B TR & AT & 72 891829 Yoshino 5
0%, EZOCHIE, JIRME, EERETICINZ T=X
MAEREZ AT B & OV E 72 TR R % 2 ],

M D% % HH 3 A& % cranial, caudal, medi-
al, lateral O 4 Ji[ANZ 5340 L TRERAEIR & OB %
Fat L7z, 2 ORER, FI0 =3 g I A I
& % FEBI D 89 % Tl neurovascular compression 2%
medial site |2, MAZMEILO ;A 121X 76% T lateral
site ICREO LNz LA, LaL, 2k0%K
ROICH{% R MPR B[{%Tld, =3 ifk & e
L O AL E AR 2 AR ISR T A 2 &
EREEE Wb &2 2/ B IS, Z3EDS
neurovascular compression % 52V 72 ER AL T, fil
RTINS A L B 56055 ), e & B
BEOIBRWEZFFT 2 ) A CHEELET 5.

I3 @ computer medical visualization software ¢
HHTZ LD, MR angiography £ MR cisternography
T3 5 172 volumetric data 7> 5, parallel & %\ 3
perspective volume-rendering algorithm % fi i L C
3D [ {4 % FREE TR T 5 2 LA hEE &2 o
7z 10ILIID O F 7= fusion imaging technique (2 & 1),
MR angiography & MR cisternography @ [#] {£ & i
bHED Lol Al fEEY OB S % SR
IZ ## i 97 % boundary imaging % 3D MR cisterno-
gram & co-registered 3D MR angiogram & % MH{% &
B L 72 fusion 3D MR cisternogram/angiogram'!!*'®
I L, = L A#5#89% 12 B 1) 5 neurovascular com-
pression % [{&EFAM L 7245, A B 2 M50 5
ni:.

AN 7% D K5, boundary fusion 3D MR cisterno-
gram/angiogram Tl&, BEF M % ring RIZHIE T %
Z LT, NI R MR 2 E AL L CI S 12
& % neurovascular compression % FEAli 55 2 & 2%
TEETho7z. Tabb, NI
REZ C O H B 3 i #p i S EH N O IR B B 20 5
MEE 2 EH LT, 5\ ITIAE A = S AkE
REZ T @ [ H T FRE P O AR AR B 2 &t &
# B L C, neurovascular compression % #1%2 9 %
ZEDUHETH o7z, = AFEDS Meckel FED &
N & EAT L T AEAR 12 3 5§ X T O#iPH
T, HARIME I & 2 0E O R RILASEHiffi 7T /e ©
@ - 7. Neurovascular compression @ [T 38 J5 [6] &
FIWT I, FAHTET R CEFARAL R FARIE IR
HEEY OBENIZ X0, FHE L 7% B TIHME 4 DE
BT 5. LA L, boundary imaging TlE, =
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