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Assessment of Offending Vessels of the Idiopathic Trigeminal Neuralgia for Microvascular
Decompression with 3D MR Cisternogram/Angiogram Fusion Imaging

by
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We applied 3D MR cisternogram,/angiogram fusion imaging to 9 cases of the idiopathic trigeminal neuralgia for
the preoperative assessment of the offending vessels for microvascular decompression (MVD). Fusion images of
the 3D MR cisternogram/angiogram were reconstructed by a perspective volume-rendering algorithm from the
volumetric data set of MR cisternography (black blood image), obtained by a T2-weighted 3D fast spin-echo
sequence, and composed with the co-registered MR angiography (bright blood image), obtained by a 3D time-of-
flight sequence with and without contrast medium. The complex anatomical relationship of the offending vessels,
including superior cerebellar artery, anterior inferior cerebellar artery, posterior inferior cerebellar artery, verte-
bral artery and superior petrosal vein, to the root entry zone of the trigeminal nerve was preoperatively assessed
on the fusion images from various viewpoints in the cerebellopontine angle cistern and through the simulated surgi-
cal approach. The 3D visualization of the nerve-vessel relationship with fusion images was comparative to the
intraoperative findings. Fusion imaging of 3D MR cisternogram/angiogram may prove useful in preoperative
assessment of MVD for the idiopathic trigeminal neuralgia.
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Table 1 Clinical features of microvascular decompression in patients with
idiopathic trigeminal neuralgia

1 59/F Rt SCA superior good
2 76/M Rt SCA superomedial good
3 80/F Rt SCA superior good
4 71/M Lt SCA superomedial good
5 73/F Lt SCA superior good
6 72/M Rt SCA/PV superior/inferior good
7 73/F Lt SCA/PV superomedial/inferior ~ good
8 74/F Rt VA/PICA inferomedial good
9 72/M Lt AICA inferomedial good

SCA ;5 superior cerebellar artery, PV ; superior petrosal vein, VA ; vertebral artery,
PICA ; posterior inferior cerebellar artery, AICA ; anterior inferior cerebellar artery

(TOF) bright blood image & % E&#TRT % 3D MR cis-
ternogram,/angiogram fusion imaging'® ~19 2 J&fH L, finf
WCRRRE & IE & O REISARIAL B B (R & SR (ST
L, FHmR LML, 2R, =t REZ TD
BEMEOEE, FEFHMN LS NicEEBEL T 2
I AT, BRABAREROTHRET 3.

PO

2005 5 1~12 A % T 1 4EfHic MVD FHEH % i
7 L 7 Rtk = AP o fl 2 N & L 72 (Table
1). FHid 59~80 & (F¥g 72.2 1%). MERNIZ B 4 4,
M 5 Blc, BHNIA 560, £4WTHo7 . MVD i3,
suboccipital retrosigmoid approach I TEW L 7=, £HIT
#7RIZ MR cisternography & MR angiography % fEf7 L,
o DEEEZEEAKT % 3D MR cisternogram/
angiogram fusion image % B L, =X ## REZ TD
BAEIME OERIRDE 2 NS AR RIE A D> 5 2 72t
By L% Lz, F72, MVD F4#i approach HFEH 5 D
3D simulation & % prospective IZ fE& L, MVD i
digital videotape |2 Z08% X 17 Wi PR & A HLMEaT L 7=,

I
3D MR cisternogram D{ER
MR cisternography /& MR i K#% (HiSpeed 1.0T, Gen-
eral Electric Healthcare, Milwaukee, WI, USA), quadra-
ture-head coil % L, T2-weighted 3D FSE sequence
T A& L & ¥ S E, 4,000/160/1 (TR/TE/
excitation), echo train length 128 times, 256 X 256 matrix,

0.6—mm thickness, 0.6-mm section interval, 16—cm field
of view, total scan time 13 47 23 #C, 96 ¥ D EHE L 7=

W CEIS % B L 72, 3D MR cisternogram |3, worksta-
tion (Zio M900 Quadra, AMIN, Tokyo) CJGEI#R D volu-
metric data % 3D volume-rendering data set (0.6 mm J%,
96 data) (2B L, ETEE volume-rendering 1% {#
L CHERERL L 72, JLHE{&R TD MR {5556 (arbitrary unit
distribution) @ histogram % 7347 L, {85 385746 @ opac-
ity curve 75, BE 400-430 (100% opacity level) 2> 5
420-450 (0% opacity level) {23849 5 T b #KEIEK (width
20) 2T, RESBERNTMEMEUNDTRT
DfEHEEIR L ERTERL %, 3D MR cisternogram ¢
1, BXEDAR, ERAR, BERER L EoMERRESw L, EE
EERG, TR, DN, XSRS oRKE RS L
IV FRR I N,

3D MR angiogram D{ER

MR angiography (Hiff}) i3, MR cisternography & [F] U
HHEMH % i L, 3D TOF, spoiled-gradient recalled
(SPGR) sequence TR L 7z, #RE4ME14, 35/4.0/2(TR/
TE/excitation), flip angle 20°, 192X 128 matrix, 1.2 mm
thickness, 0.6 mm slice interval, 16—cm field of view,
overlap 8 #, total scan time 8 47 49 # (2 slabs) T, 104
B U 7 87 LM 23% & 4172, Steady-state con-
trast—enhanced MR angiography (&) (32919 fEEH
(meglumine gadopentetate, 0.1 mmol/kg) % Hii i & ARk
KO HFWNICEE L, 398 FRlOREEFTEMHE
L7z, Z#5 D volumetric data 13, workstation T 0.6
mm @ 3D volume-rendering data set (0.6 mm J&, 207
data) 1281 7. 3D MR angiogram 1, =ITEE volu-
me-rendering ¥5 % A L ¢, 55 ERIME 150-170 (0%
opacity level) 2>5 170-190 (100% opacity level) (2387
9% EDIREER (width 20) Z W THBKL, RET
TR
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Fig.1 A 59 y.o. female, right trigeminal neuralgia

A, B : Source axial contrast-enhanced MR angiogram (CE-MRA) (A) and MR cisternogram (MRC) (B),
superoinferior projection, show the compression at the root entry zone (REZ) of the right trigeminal nerve by
the right superior cerebellar artery (SCA). White arrowheads indicate the viewing position for D~FE

C : Operative photo, shows the compressive site at the right trigeminal nerve REZ by the branching portion of the
offending SCA.

D~F: 3D-MRA (D), 3D-MRC (E), and 3D MR cisternogram/angiogram fusion image (F) through the simulated
operative approach, show the 3D view of the offending SCA to the trigeminal nerve REZ, in correspondence to
the operative findings. Dotted lines in F show the courses of the trigeminal nerve in white, SCA in orange and

petrosal vein in blue.
G~1: 3D-MRA (G), 3D-MRC (H), and fusion image (I). A bird's—eye view, shows the spatial relationship of the

right trigeminal nerve, SCA, petrosal vein (PV) and sinus at the Meckel's cave, with the surrounding basilar
artery (BA), brain stem and cranial base. Dotted lines in I show the courses of the trigeminal nerve in white,

SCA in orange and superior petrosal vein in blue.
BA ; basilar artery, SCA ; superior cerebellar artery, SCA-br; branch of SCA, Vein; superior petrosal vein,

CN-V ; trigeminal nerve, Site ; compressive portion.
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3D MR cisternogram/angiogram fusion image
DIERR

3D MR cisternogram/angiogram fusion image (%, & & 7>
U &R L 72 3D MR cisternogram & % O %5 {2 3D
MR angiogram (Hiffi - &%) & % workstation L CTHE
LR L 72, 72, Bk - BREE OHZ %5 %
72 ®, 3D MR cisternogram ¢ opacity % 15% (& fa),
3D MR angiogram % 100% (#x€2) & L 7z MRA ##H ®
fusion image % ff{f L 7z. 3D MR cisternogram/angiogram
fusion image % Hi\>C, =%, BEME, BLIUHE
LM I & 2 =R i REZ O HEIRIL 2 IE N OV 5
WA LRENH R SBIE L 7. £/, MEICHET S
3D simulation HIfRZ MTBTICEREL L, #iRAr R & 5 Hoieas
L7,

e R

T RTORERFT, MiAifERK L 72 3D MR cisternogram/
angiogram fusion image (X & U 72 FMHIFT R 238 & 117z
(Table 1), HEBEOMEFCTIX, BNEBER DS /NxsHk
HOFEG] 7% & FRHREIC K VEEYOBREBEL 7272
&, i 3D simulation i & MfEF & 13 AP ICHHE L T
Wiz, L L, fusion image THRWICER I NZX
fit REZ TORTME, HHEker, MERE LR & oFd
ROUE, FHATRE X —2 U %, B - &5 MR angi-
ograms 12 B C, MEMIEY O 5HRE DL 38
MR % v I3 ERARE & it e &I O ETTEEE X LT
T 5 2 & T, XA REZ B O MEREY 0Bk T H
LEIRTH 2% MM L 72, =Xk REZ TOEEE
fEIMAE X superior cerebellar artery (SCA) Bifili 5 4], SCA
& superior petrosal vein (PV) 23B45. L 72 % @ 2 #, verte-
bral artery (VA) & posterior inferior cerebellar artery
(PICA) 23BH5 L 7% @ 14, anterior inferior cerebellar
artery (AICA) »BIGE L Ab D 1HITHo7. £/, =
XAE REZ 12817 % BAEIME O MRF1 20 73 R 1,
superior aspect 3 7, superomedial aspect 2 i, inferome-
dial aspect 2 fll, superior 8 & U inferior aspects 1 4,
superomedial ¥ & O inferior aspects 1 I TH - 72, itk
X, 161 (Case3) CTEMEEMETIIED&HEARS N
Betl, ZXHREIZ LTI TRIFREIENE
57z,

ARAVES DR

[EEB 1]

B OEI59 K, Wi, AEXERE (Fig. 1)

2AERT L DA SN HRESHIR L, 1 #Hid) 5FEI
T carbamazepin O NARIGH % % 1 T 7 SEIBIE R E
T, FMOAEND D UEHEN L 2o 7z, ¥E¥ MR angi-
ography (Fig.1A) & MR cisternography (Fig.1B) D7
Wi T, A SCA D= L, % D k% T
LCAETT AR SN, SCA VHAETIME &% 2
Stz THIMTE (Fig. 10) TiX, =XMWEREZ ITE
W, BEMID 5 0 SCA 12 & BIEHEDEE D 51, HEET
WAL EEZ 5472, Fig. 1A D empty—arrowhead J5 %>
% &7z, 3D MR angiogram (Fig. 1D), 3D MR cisternogram
(Fig. 1E) 8 X 1" # ® 3D MR cisternogram/angiogram fus-
ion image (Fig. 1F) |2 X % 3D Ffiff simulation & T3,
SCA 3% D3I T2kt & Bl LB L b =
e REZ D3LPE S -l Rs& s s, £7z, b
Ti & Bk 72 = e REZ # 3D MR angiogram (Fig.
1G), 3D MR cisternogram (Fig. 1H) ¥ X ¢} fusion image
(Fig. 1) JSHHCIx, =XM% REZ TORRE L SCA &
DZERIREED A7 59, Meckel B £5 T D = Lk
& PV B X X2 #icfit v 7 superior petrosal sinus, & 5
IITRRIREIAR, MR, BEBREHEEL CRREEY L
fEEI A EEE (R DS HHIR I Sr (AR E -, MVD T,
3D MR angiogram, 3D MR cisternogram & & I8 # @ 3D
MR cisternogram/angiogram fusion image (= HJ& U 72 F4ii
PR o0, =X ke L FEBTINE TH 5 SCA £ %
PRI HIEE L, SCA ZIRf X ¥, -1 2L L 7=,
MEREHHIEZ <, MIEE X D XM IZ B2 ITER L
7.

[EEB 4]

B OEI TR, B AR (Fig. 2)

2R E D AR MRHEOHE L, TEI T carba-
mazepin D NIRIGEE % 5217 2 ERUEE T, TilEK
12 Y BHE A & 7% o 7. MR cisternography ¢ minimum
intensity projection (MinIP) H £ (Fig.2A) T &, /&
SCA HEZAMEIGERE L, MW L BT T 2T RS
5, SCA 2 HBEEATLME &% 2 & iz, FHmiEr iz,
E XML NS C SCA B XUV PV ICHL ) £
L (Fig. 2B), =X #i#& REZ 12 SCA Iz X b NI &
HCHHEI N, SCA ORIBEZ X b ML 7=TEIED S
. (Fig. 2C), FEBELIAL & % 2 5472, Fig. 2A @ emp-
ty—arrowhead /711> 5 # 7z, 3D MR angiogram (Fig. 2D),
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Fig.2 A 71 y.o. male, left trigeminal neuralgia
A : Minimum intensity projection (MinIP) image of MR cisternogram (MRC), superoinferior projection, shows
the offending superior cerebellar artery (SCA) crossing along the left trigeminal nerve. White arrowhead
indicates the viewing position for D~F.

B, C: Operative photos show the compressive site at the root entry zone (REZ) of the right trigeminal nerve by
the offending SCA.

D~F: 3D-MRA (D), 3D-MRC (E), and fusion image (F) through the simulated operative approach, show the
3D view of the offending SCA to the trigeminal nerve REZ, in correspondence to the operative findings. Dotted
lines in F show the courses of the trigeminal nerve in white, SCA in orange and petrosal vein in blue.

G~1:3D-MRA (G), 3D-MRC (H), and fusion image (I). A bird's—eye view shows the spatial relationship of
the right trigeminal nerve, SCA, petrosal vein (PV), facial and vestibulochochlear nerves at the internal auditory
canal, with surrounding brain stem and cranial base. Dotted lines in I show the courses of the trigeminal nerve
in white, SCA in orange and superior petrosal vein in blue.

BA ; basilar artery, SCA ; superior cerebellar artery, Vein ; superior petrosal vein, CN-V ; trigeminal artery,
CN-VI; facial nerve, CN-VII ; vestibulochochlear nerve, Site ; compressive portion.
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3D MR cisternogram (Fig. 2E) ¥ & UF 3D MR cisternogram
/angiogram fusion image (Fig. 2F) I & % 3D F4ff simu-
lation FIHE TI%, ZXAHEAT SCA 12 X V) # DINBIEEE
oML ENALL D EFES N -EBFTRBSE o0, o
DEBEEBEETM EEZ oNT, £/, X hEE
L 7% =X ##% REZ ¥ 3D MR angiogram (Fig. 2 G), 3D
MR cisternogram (Fig. 2H) ¥ X U} fusion image (Fig. 21)
B CIE, =X REZ TO =Mk L SCA, PV &
DZEFPIEE, I 5ICIFNEEA N TOBmEEE, 8
JEM AR R K OB, SHEIR B C RS &
DFEFIAIAIE B (ROSZIRIICF R Sz, MVD T3,
3D MR angiogram, 3D MR cisternogram ¥ & O\ fusion
image & RRZFMATRLB SN, ZXMHFEE SCA 2 #
HEL, MR- 2T L. Wi e e {, S
B HEPIc R L 7,

Z B

Rtk = b o BT IS 1213, EEBIRE L
T, SCA, AICA, PICA, VA, basilar artery (BA), &HfT
##R & L C, superior petrosal vein ¥ X U8 % D4 AE S
NT 2901 BTN TLE, SCA BfiuC X 2 H5E8
b L\, EHIRD A DEECEIIR & Bk SEB O
BOEBIEETZZELLIFLIEASNS, 2D,
R = AR OB W & X O MVD Ot % 37 T
%9 2Tk, “XMEREZ CORAEFNEZREL,
Z OEREA AR 2 &g & M & DS Ar
BERARZ M O IICIBE T 2 Z LR E L 1 B,

= XA O EIRETT 12 /X, MR cisternograhy T& &
1% black blood image 23> 54, Z DOF A MELHE X
T\ ZVIOVDI~2D~2) - MR cisternograhy 12 13,
constructive interference in steady-state
(CISS) V10102223 fast imaging employing steady-state
acquisition (FIESTA)®®, true fast inflow with steady-
state acquisition (true FISP)V, balanced fast-field-echo
(Balanced FFE)?V 7 & gradient-echo & spin-echo ® &
AR, & % \» 1% 3D fast asymmetric spin—echo (3D-
FASE)'9, T2-weighted 3D FSE?19~19 2 k 2 spin-echo
i &, %o DR o 7 scan sequence DMEA X N,
BEYRZNZNE0EEEEL2 TR T, ZofT, T2-
weighted 3D FSE % f# F§ L 7z MR cisternograhy T iZ,
TR, TE Ol % BEICHTHET 2 2 & T, BN
TR ESEOREEBECHE I, MEREEY D
R L INEE & 2 S EREE T, MEBEY %
flow-void 1= X ) REDEEETE (black blood) TX

LUCHI T 2 2 ETTRETH 2999 Zauc kb, |y
TN Z TS 2 BehkE, MEREY O S B RE I e
WICEET 2IFE, BEGE & R B GEY o s e
ABHBICRRINS,

— 77, 3D TOF SPGR MR angiography T & & #1 %
bright blood image Ti&, WNRENRKERERDSRE DEES
MET, WNEHE, NS EERET, WEBEYH
EEDOESSE (bright blood) THERENS7:0, §
IROETEPEDICHRBE 998 Ly, =
K% REZ 3EFE 1L, SCA 72 EERD AT/ £ superior
petrosal vein ¥ & N2 Dt &, BINR & &fiRkD> 5K 2
BEHAZMEBE TR EENR T3, BEHOEIRAR
ERIIRIRT 5 steady-state contrast-enhanced MR angi-
ography??'9 T, T1-shortening effect 12 X U, ##lIR,
BRI S 2 > 1% AICA, PICA DRMIFLOEIIRE: &,
HERTEDE W IME OEFREHmETR SN, Ik
Z & IMEREYH & D EE5ME M L i
5. Ld L, MR angiography THER I N5 MEFEEY
X EDERE Tk % <, inflow effect T2 & 11 % peak
inflow velocity IZBHE L 2 IMEEHRTH 2, 2070, F
fEMAE & gk & ORIl % MR angiography T 2Ffi ¢
LRRICE, MREROFFOREMAE RS L ICER L 2T
T 5 RO~

= X AR#E REZ JEF5 T ok & il & o ffF122 16 &
BRIZEMTH Y, 2 KOV D ITEBR D & OFHli72 T
T, N5 DEMEBELZHENICIEET 2 2 L2
WMEFSOLIBZ I\, LEdoT, BRM= iR
REFICIE, EEEFEMEOREEIZS &£ XD, 200
PP EERREE 24 & % TR WAL L, =% REZ ¢
DR - 1ME ORI % SLAEICEG@ENT T2 2 &8
RAER k7 5N SR computer medical visualiza-
tion software % #&# L 7= workstation DiESI2 Lk D, MR
imaging, computed tomography, digital angiography 7 &
T4 5 #1172 volumetric data % volume-rendering data set
I2Z5#1 L T, parallel % % \> i3 perspective volume-ren-
dering algorithm Z ] L C 3 ROGHEB&R 2 HER T2 2
EDEZ o WY £, BEEFEMICEREL, T
NTD data set 225 BELEEYEZREL GERT L2 L
T, BEYZEH L TEEY OBRERO A % I AFER
¥ % boundary imaging b FIfE & - 7217, X 5z, R
%> modality @ 272 % volumetric data # —2 @ H|f§
ICHEERRT % fusion imaging ¥ L  BIfEE T w»
51 Zh o omGMATEM 2GR T 5 LT, T2-
weighted 3D FSE T & 17 MR cisternography 9 JG [Hj

4 volumetric data %> &, perspective volume-rendering al-
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gorithm % F\>T, Z“XAi#E REZ TOMfE & BTN &
DZEEIREE 2 FBRETR L, T o OEEIERAER
REARMICEHE T 2 2 EDIATRB & Ar o Tz,

R = Y AEEEE R T 3D MR cisternogram T,
S AHFE REZ JE6E COMRE-IME MG % suboccipital ret-
rosigmoid approach /5 A2 5 #2325 Z & T, MVD D
3D Ffi simulation 23T HETH 5, #EH, /MEOFES[, 7
THEOHEE, MERR O 7% z’:, MVD O Ffi i
L OBEYOBELEL B 72, i L H— DM HE]
simulation i35 5 N 1?, L L, MEFIARIREE
Yz 6 ORI BRI ANICERRIND
&, M ICAHLIL 72 simulation FifR % AIET 5 Z L T,
FHTHERIEZ M Z 7 IREE T AR 4 O 22 AIRESE 2
HEMIG 2 2 &5CTES, Fi, = XA REZ 65 % /MK
ALK LA WA REE»S, MIETFTIRES AWy
RABRRS D 5, & 2 WIS TIEIMA & 7 2 FRIOM
BB L BT 2 2 LT, XM REZ LTHE
I8 & DALERIRZ STARIZEA S 20§ % L o3a]RE
L%,

Slnl, FEFM = SURRIER] I FSE black blood image
& TOF bright blood image % EHEB#/R 7 % 3D MR cister-
nogram/angiogram fusion imaging % J& A L, = X i #%
REZ TOEIMNE O AR 2 SRR I BHERFFMG L 7.
ZORE, PEHEFNEOREIXD & LD, ZOHEUE
P HEBE R EE2MaNciET 2 2 LT TH -
7. Fi, To OFEMEME I K BRI, MVD

WCHIBLZFRiFT R & LCHER T2 2 L3 C&E K. 3
MR cisternogram/angiogram fusion imaging T %, X Tﬁ
P - BRI B O BRiER, INSRE, MBS
TR & 7z 3D MR cisternogram @ #1722 5, 3D MR
angiogram TREICRRINSEIR, BIR FBEIRELE

BREY X L“C?ﬁwéf N, Truckyh, =X
W?fu: REZ TOEFLIMEIZ X 2 “XFED R NAL
RN HUYE S e,

Bbbl(C

T F 0 = PR E 51 12 3D MR cisternogram/angio-
gram fusion imaging % &9 % Z &£ T, 3D MR cisterno-
gram TR S N7 - IE O Z2RNEE %, 3D MR
angiogram O I ER % 2R L CHRMET T2 2 & ﬁm‘[
BThh, ZHERROZME XU MVD IR I
AEEZON, Fo, ZXHREBOLHITIE, REZIC
BH & 2 7 HESELIAS % 3200 72 VIR b 1 5 LT 299, K
HTiE, MERE-MEOMNERIRDO AL ST, REZ TOM

BROEN, MREOFENPETRER L, Mg aRR
225 Meckel 2122 2 R N C© 0 = MR RE 2 YLK 1Y

WIS B LS EE R T2 0, = SRR R BRI O 8
BZW B OERERIF s b0 L Bbik, 5
%, FEFlZER TR L\, ¥ 512, 3D MR cisterno-
gram/angiogram fusion imaging % BEMMREEE, &AM,
HiEEIR A AR X 2 HIR D - BEUREE, miglithe

ML 75 & i op AR IS FESERE AR BEY 1122012 17 2 i

R OB RS 2 2 LR S5,

KX OBEED—EFIL, & 64 [ AL BIESBS, (2005
10 A 5~7 H, i), % 29 A HARRBAEE C1 2ake, (2006
F1H 27~28 H, H5) LU 61 [0 HARMEARIES FE
PUE SRS, (2006 4E 4 A 1~2 H, &) KBV TLHIEHR
FL7.
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