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Patients with Trigeminal Neuralgia

Toru SATOH", Megumi OMI”, Mutsue NABESHIMA", Keisuke ONODA?, Hideaki SHIGEMATSU? Hiroshi KOSAKA?,
Takashi AGARI?, Isao DATE?

1) Department of Neurological Surgery, Ryofukai Satoh Neurosurgical Hospital

2) Department of Neurological Surgery, Okayama Red Cross Hospital

3) Department of Neurological Surgery, Okayama University Graduate School of Medicine, Dentistry and Pharmaceu-
tical Sciences

The 3D MR cisternogram/angiogram fusion imaging was applied to assess the neurovascular contact (NVC) in pa-
tients with trigeminal neuralgia. According to the MR findings assessed by means of the inner view of the fusion im-
aging, the NVCs were classified into four groups, including severe (contact more than 20% of the circumflex of the
nerve axis), moderate (contact less than 20 % ), simple (slight contact) and none. The frequency and degree of the
NVCs detected at the root entry zones of the symptomatic trigeminal nerves (n=32) were compared with those of the
asymptomatic nerves (n=32) in the contralateral sides, as well as normal trigeminal nerves (n=76) in the control sub-
jects. The NVC was observed more frequently in the symptomatic trigeminal nerves (88% ), as compared with those
of the asymptomatic contralateral (41% ) and normal (32% ) trigeminal nerves (P=<0.01). The degree of the NVC was
more severe in the symptomatic trigeminal nerves (moderate 34%, severe 34% ), as compared with those in the as-
ymptomatic contralateral (moderate 3 %, severe 0 % ) and normal (moderate 8 %, severe 0 % ) trigeminal nerves
(p=<0.01). Additionally, the degree of NVC in patients treated with microvascular decompression surgery was more
severe than that with medical control (p=0.03). Assessment of the severity of the NVC with the 3D MR cisternogram/
angiogram fusion imaging may be useful for the treatment planning in patients with trigeminal neuralgia.

Key Words: MR angiography, MR cisternography, neurovascular compression, trigeminal neuralgia

(Received May 28, 2008; final revision receieved June 21, 2008; accepted June 24, 2008)
Correspondense to Toru SATOH, M.D., Department of Neurological Surgery, Ryofukai Satoh Neurosurgical Hospital,
5-23-23, Matsunaga-cho, Fukuyama-shi, Hiroshima 729-0104, Japan. E-mail: ucsfotrc@urban.ne.jp

. _ nance (MR) cisternogram % MR angiogram 7 &

I " ‘i l/ &b “- sS4 —
MRI B 2547b I, = A#E root entry zone (REZ)
AR, AR OWERZMIZIX, magnetic reso-  LETOMIKE L MY & O Hfil (neurovascular con-

1276 RS BERER  vol.18 no.10 2008.10.



iticle

figinal

Table Demographics of study population and MR findings of neurovascular contact in patients with trigeminal neuralgia and
normal control subjects

Descriptor Trigeminal Neuralgia Normal Control
No. of Subjects 32 38
Age, yr (mean % sd) 64.5+12.6 66.1+£12.3
Sex, female (no., %) 9 (59) 24 (63)
Symptom, right (no., %) 16 (50) -

Nerve Category (no.) Symptomatic *1 (32) Asymptomatic *2 (32) Normal %3 (76)

Treatment (no.) MVD *4 (20) Medical *5 (12) None (nh = 32) None (n = 76)
MR Findings of NVC
None (no., %) 3 (15) 1 (8) 19 (59) 52 (68)
Simple (no., %) 1 (5) 5 (42) 12 (38) 18 (24)
Moderate (no., %) 8 (40) 3 (25) 1 (3) 6 (8)
Severe (no., %) 8 (40) 3 (25) (0) 0 (0)
NVC on Image (no., %) 28 (88) 13 (41) 24 (32)

*1: symptomatic trigeminal nerves, *2: asymptomatic trigeminal nerves on the sides contralateral to the lesions, *3: normal trigeminal nerves
in the control subjects, *4: microvascular decompression surgery, *5: medical control, NVC: neurovascular contact, sd: standard deviation
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echo sequence) £ MR angiography (3D time-of-flight
spoiled gradient-recalled sequence, Hifli, W) %
%L, 3D MR cisternogram, 3D MR angiogram 8
LTS D FMi % FEAK L7 fusion 3D MR cis-
ternogram/angiogram % PR L7217 1 2020,

= AR REZ 3L 6 T 0 NVC o % i 45 76 412,
3D MR cisternogram/angiogram fusion imaging % |
W7z virtual reality (X 0, AR O WA WS N
P OEIET 5 BN (birds-eye view) R Tl 7 71
—F I SR L 72 simulation Mif% (surgeon’s-eye
view) ZAER L, NVC KR O 2R E B R 2
3D PR IS {5 T LRI I EE L 72, MVD F4l7 20 41
Tlid, NVC 2 W CHERR L, i simulation M
& & OB 2 Biat L 72,

NVC EALTOFALMAE 1 & 2 = L ke o JE 82 B
i, fusion imaging 2 & % inner view (posteroanterior
projection from intraparenchymal and/or intraneural
viewpoint along the nerve axis to the Meckel's cave)
EFCEEL THEEHIE L7z, 3 4bb, =ik
OFRED & AT M & O AL E BRI H
L, JREAE R o = i AN E N & 5 I3 iRl
WEEATT 2 ZLRENICRENBIRE N2 E &,
Meckel JET5 1AL, = XAEEICH - T, &HEIJTHIC
T % inner view & 3D FHHEK L7z, ZOHEE, in-
ner view TlZ, NVC ZBALTORRE & M4 & 3 il
PR HESHIC & B kDL R/MER &, NVC TD
MM O RE L E, Mgz ikdEe LT, 3D
FRER IR TR S % C LA L oo 72 (Fig.1).
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Fig.1 Schematic illustration in the assessment of the severi-
ty of the neurovascular contact. The NVC was classified into
four groups, including severe (contact more than 20% of the
circumflex of the nerve axis) , moderate (contact less than
20%) , simple (slight contact) and none.

Bl B, 48, B X O normal control FINZNZEIT,
B (x *MoE), O (Mann-Whitney U B5E)
IZoWT, HRAELMATLIL7:. 72, =R
BB TIE, MVD T4l & W E# B <D NVC ©
HEEFEEE (Mann-Whitney U #UE) O % st L7z,
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Table [Zf5 R 2R L7z, Z XA REZ I8 TH NVC
1%, 3D MR cisternogram, 3D MR angiogram 33 & ¥
fusion 3D MR cisternogram/angiogram (2 & 9, 4
BT Z DR 2 AR I WHREHE S 5 2 LS RET D
- 7z. MVD F4ii %2 iifr L7z 20 ICix, #nio MR
Wi {%C 17 %1 (85%) 1= NVC @ Hh, Wi
T, T simulation BIfRIZHIML L 72 NVC %317 )
EPNER SNz, L2 L NVC oRER, WMtk
ZHAT MR B RO ASEBEICEHE S h 5 811
botz. F7z, WET MR HR T NVC 258D bz
-72361 (15%) Tix, WA < EEFEmE X
RN holz, Lzd5-T, MVD F i 20 #ic
BlF 5 MRIIZ X 5 NVC O B %51 1, sensitivity
100%, specificity 100% CT& - 7-.



SARRIERER) & IEH H B COMER, ARk A
MR Rh o7 (P=081, x M), =i 32 i
PO BMTIE, NVC I 28/32 (88%) IC@BDHdh, ZD
21X simple 6 (19%), moderate 11 (34%), severe
11 (34%) THh-o7z. ZDHH D MVD F4if 20 I TIE,
17/20 (85%) (ZNVC 253 dh, ZDFREX simple 1
(5%), moderate 8 (40%), severe 8 (40%) THo7:.

CHITH LT, EWiEHEEIT-72 1261TI1E, NVC
111712 (92%) I2#d b, ZOREX simple 5 (41
%), moderate 3 (25%), severe 3 (25%) TdH - 7.
F 7z, 2R 32 E B oM Tk, NVC 11X 13/32(41
%) RO BRI, Z oML simple 12 (38 %),
moderate 1 (3%), severe 0 (0%) Th-o7z. —Hh,
normal control 38 # 76 =X & Tix, NVC iE 24/76
(32%) WD N, ZOREIX simple 18 (24%),
moderate 6 (8%), severe 0 (0%) TH-7z.

NVC OHEICOWTIE, ZXMRRAER O BH (88
%) T, T (41%) B £ T normal control 1 (32
%) WCHLTHRICEEETRD b (P=<00],
2 PBOE). F72, NVC ORI, =AMl
DM B £ O normal control BIIZIRT, BMICEE
DHON%LABD BN (P=< 001, Mann-Whitney
U#E). L L, Ml & normal control £ & DRJIZI,
NVC D#ifE, HELDAREEIROLN LN o7 &
5T, ZAEEE 32 9E BT NVC O JF 8 12 B i,
MVD F485 20 FlCl%, FEWiH#E 12 FlICHET, mod-
erate, severe ZEHELRDDIVARILRED LN
(p=0.03, Mann-Whitney U ¥5€).

V. NVC E:B# 2K severe, mod-
erate, simple M Xz A9%E i

EH1 (87, B) : EERHEHERNOBMAICER
& 5 1 7= superior cerebellar artery (SCA) rostral-
and caudal-branches (2 & % severe NVC (Fig.2)
SEROE=ZMBWT, 1 » AWMLV AELEICH
WIR R, g (V-2) M B L, carbamazepine

Qigino| Avicle

(400mg/ H) OWIRIEE % %1F 7245, control A4
THANEE 2o /2720, FINALD DB KB
MVD #igi## & LC, 3D MR cisternogram/angio-
gram fusion imaging # {7 L, BMOE =X
REZ 358 To NVC % FMlCBE L7z

MR cisternogram minimum intensity projection
image, MinIP Hif® (Fig.2A), #lliAs) ZENOBIEEH
B STE L 72T o simulation Hif§ (surgeon’s-
eye view, Fig.2C ~E) Tid, SCA trunk %S rostral-,
caudal-branches % 43I 3 % i Ar ©, BWAAEP A9 1/3
DL T, superomedial J5 1] A & 38 AT I 45 A B ik
3% NVC (RfuklH, Fig2E) ooz, 2hb
i fusion imaging T3 5 M7z NVC iR I 545 4%
¥, MVD #% (Fig2 B) T» NVC (krfaRi) 1k
<HIE L Cw7z. MinIP EifR (Fig.2A) O GREHID
B SBIZ L7 inner view (Fig.2F ~H) T, M
WA O = U AFRARER 2> & Meckel BEG NS, Pz
o 72 IANSHRE AT 2SR 2 &, NVC OBAELE
1%, SCA trunk Tix7%<, SCA caudal- 3 X T rostral-
branches T®H % Z L B AFWIZERSI N (RRfar
UH). JEMAFRMAE IS X Y, fikIEREE inferolateral
FINCRAMZER L, P (red dotted line) 1
¥ PH (white dotted circle) ® 40%BTH Y, se-
vere 7 NVC & Wi{EFHii L7 (Fig.2G).

MVD F4i <, =k L B EETIME Tdh 5 SCA
complex Z T3 ICHME L MEREH 2T 5 LT, f
BOEHBIZMHEEL, 2bATOW2MEkEIscL,
FeoulEhE & EVEAE S, BRI IC X % =LA
ROIEBEZ SIS 2 2 LA TE . kil
BT, Wil X DR OReRmMsfoh.
R 2 (771, k) : BEEXAHEREG O BB
2 ® 5 h 7= SCA trunk, rostral- and caudal-
branches |- & 3 moderate NVC (Fig.3)

10 4Ek D A = AR (V-3) T, carbamazepine
(600mg/ H) PIIRT % D control R1557%720, FHlf
W dH Y K.
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Fig.2 Left trigeminal neuralgia, 87 y.o. male; severe NVC.

A: Minimum intensity projection image of MR cisternogram, superoinferior direction, showing the viewing position (curved red
arrow) for the preoperative simulation images (Fig. 2C-E) and the virtual viewpoint (yellow empty arrow) for the inner views
(Fig. 2F-H) . B: Operative photo: CN-V-s; sensory portion of the trigeminal nerve, CN-V-m; mortar portion of the trigeminal
nerve, SCA-c; caudal branch of superior cerebellar artery, SCA-r; rostral branch of superior cerebellar artery. Green arrowheads
indicate the NVC (Fig. 2B, E, H) (-E: Simulation images (surgeons’s-eye views) (C, D) and a schematic drawing of the NVC (E)
, showing the offending SCA caudal- and rostral-branches complex. F-H: Inner views (F, G) and a schematic drawing (H) of the
NVC, showing the 3D architecture of the nerve (white dotted circle) and vessel (red dotted line) consisting of the severe NVC
(more than 20% of the circumflex of the nerve axis). The caudal- and rostral-branches of the SCA severely compress the nerve
from the right superomedial direction.

Fusion imaging |2 & % F 7 simulation Bj {8 (sur-  1/3 OEHT NVC 25380 S, i simulation Mif4
geon’s- eye view, Fig.3B, C) TIiX, SCA trunk % TEHN, =LA, SCA B X U superior petrosal
rostral-, caudal-branches Z 73 5555, FM  vein (SPV) 12X 5 NVC Hi#ix, MVD 4% (Fig.3A)
Z N ® branch 2%, left medial /725, BAEAHR  ICXKHIR LTz fFEEIHY > T Meckel E)TTANC
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Fig.3 Right trigeminal neuralgia, 77 y.o. female; moderate NVC

A: Operative photo. B, C: Simulation image (B) and a schematic drawing (C) of the NVC (green arrowheads) , showing the offend-
ing SCA complex. D-F: Inner views (D, E) and a schematic drawing (F) of the NVC, showing the 3D visualization of the nerve
(white dotted circle) and vessel (red dotted line) consisting of the moderate NVC (less than 20% of the circumflex of the nerve axis) .
The trunk and caudal- and rostral-branches of the SCA complex moderately compress the nerve from the left medial direction.

e ¥ N7z inner view (Fig.3D ~F) Ti&, NVC OFE
E: 1 4% 1%, SCA trunk B & OF SCA-caudal, rostral-
branches 7% &8 complex Td 0, PIHIEEA & Bl L,
MR RE right lateral T NCHMARE L Tz #
fil #PH (red dotted line) (X #M#EJHPH (white dotted
circle) @ 20%%5Ta Y, moderate 72 NVC & i {§ 3¢
fliL7: (Fig.3E).

MVD F4i & fiifr L, HEAEMLIME TH 5 SCA
trunk B X "I # complex B E)+ 5 2 & T, &
DT FERH T DT
fEHI 3 (70 1%, B) : E=RiFREGORE (A1)
(2528 5 h /= SCA trunk (2 & 3 simple NVC(Fig.4)

6 » HRDA=SMFR (V2>3) TR

Fusion imaging inner view T, f@fllo4 =X
¥ REZ 4T, SCA trunk 2= XAk &, superior

Ji S, WAL 1/3 O#BAL THM$ 5 NVC %
w7z, Inner view (FigdA ~C) Tix, = LMk
BEROLERZED T, MM (white dotted cir-
cle) 12h3 2#fl (red dotted line) DOFEEE - HiPH &
L L FNTH Y, simple & NVC & Wi & Al L 72
(Fig.4B). M Ml T1x SCA caudal-branch i & % se-
vere 7% NVC % #8# 72795, carbamazepine (400mg/ H)
WIRIC X D, FE RAFIC control S M7z,

V. 2 B

SRR, AT, Rl L amEIC LY, =X
#& REZ A8 S NWHRAE S 2 R I 45 B R O 1
DTHY, HHE LT, Wi BRI
FeE AT, MVD, gamma knife 7% & ® radiosurgery A%
fibhp T s T, RRE IR E TR
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Fig.4 Asymptomatic trigeminal nerve at the side contralateral (right) to the lesion in patient with the left trigeminal neuralgia,
70 y.o. male; simple NVC
A-C: Inner views (A, B) and a schematic drawing (C) of the NVC (simple contact, green arrowhead)
right SCA (red dotted line) running in contact with the trigeminal nerve (white dotted circle) from above slightly.

Inner View

radiosurgery #° lesional procedures T& % ® i*f L
T, MVD =30 % BAEMAE 12 & 4 87 55
\Zf#BR$ 5 etiological therapy TH V), = i#m D
HUGRIGHE & L TR 2 RIGEEE S HE S Tw
% 2, 7, 24, 25).
sUR $0) MRI 2 & % g% 3 X O workstation 12
R software DHEAIZ L b vy, ZSURIEE
Jii > MRI Bi{EES W TIE, MO =3 Mg REZ 5512
NVC 5@ o s, Ll &b NVC OELENEE
bNBREBINS L, ORI 76 ~100% & i S

MTung b s> M09 L g MRT BT R
LLTHRLNL NVC I, =XARHHIER T o B

Ao, TORM, 25ITE=MEREED R

EEHZPNZL LIZLIERO NS, ZLMEmIcBL
5 NVC & MRI Bi{§ir Hi21x, % < @ false positive,

false negative BIS&E ENTWAH EEZ BN, FIED
JFINCTH 5 symptomatic NVC DA, & 5 W IZHAK
IZHE R ¥ 7z asymptomatic NVC = D%, D
(556 AEURE Fad T AVAS (T A

= SUANREE T O MRI BRI AI25 T, Anderson
5 Y 1E, MVD #FEI A O H, BT NVC A8
42/88 (88%) IR bHN, ZORBEEIBREOD D
21/48 (44%), WREE~HEEZR D D 21/48 (44%) T
Ho7eh, EETIE, BEDO L DOHEL L 26/48 (54%),
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F 31 B DWW T MRI THeaT L, I CIE = 50k
DOEMFT AP AERICEHETRD b Nz Ll L.

INLDZ ENS, ZCMFEIERES O MRI li{§T
BHoHN L NVC OFLEEE, FARIMAE I X 2 A0
DRI L, PEE~HEOLMETIE, Mkdo
Rz, 7ebAeXUh, KM, iz L=IHEOR
A LR &2 epEZON LerL, 2ThET
@ MRILIZ & 5 NVC O Wi {§EFHMtNX, JTCHIERD 5\ id
% J7 10 F B B (multiplanar reconstruction, MPR)
W7 &, bW 2D WO % {, ik
JeREZ L %E & & 7% 9 NVC % 3D Wif§ TaEfl L 72355
YN AN NS &1 2 0% 31 PNy
LI & OFFH AL E BIARICE H LT, NVC Ol
FEMAEHESE 2 3D TR (R C, AR LSRR L 72
WM IT M5 2w,

bivbiix, MRIB{RTRED 5N 5 NVC AT LA
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NVC TH 2 0H» %M T 572012, 3D MR cisterno-
gram, 3D MR angiogram 3 & U fusion 3D MR cis-
ternogram/angiogram % i\ T, = X Ali#% REZ ¥ %
TO NVC Z AR REFAT L 7z

Arlal, AR O = AR AR S, & B\ I3
N % BT % = SCAREN 2 5 Meckel FEJ RIS, Al
R/ > T2 3 % inner view # Wb 2 & T,
NVC OJEMAREEE, FAT M A3 = S kel 5 PR & 2
filld 2EAEICL D, severe (= 20%), moderate (<20
%), simple (slight), none ® 4 DIZHHL T, =X
FhREEh & SEEAT AT & OMH A E B4R % 3D
TS 1 15 CRFAG L 72

ZORER, NVCIZ, =38R B o BT,
M 3B X O normal control FIZ I L T B RHE
(88%) TRH LNz (P=<001). LA2L, =Lk
REZ ¥ T, M 3B X U normal control #1112 %
NVC 341 ~ 2% @B b iz728, NVC ODFLERT

o &5, symptomatic NVC & 1ZWiE TE %,
F 72, SRR BMTONVC ORE L, R

normal control # & It# L C simple (19%) 7Z& 3 Dl
A7 {, moderate (34%) =X severe (34%) 7 JLiL
MEEZR NVC A RIS Sl bz (P=<001).

NS DOKERL S, symptomatic NVC Tld, as-
ymptomatic NVC (2T NVC BEDOEE LR D DA
% <, =R RE B O B TR EE O NVC %
O, symptomatic NVC Tdh 5 Z & o5
WSNiz, LaLBAs, ZSUMRIEEG o B TR
HHNDBNVCIE, NVCOREZ»2b ST, BE
TH o T symptomatic NVC T 5 W HEEIZEE T
i * M NVC & RRIER & o B
W EE 2B LE L EZ S/,

512, ZCMEERRESI T, MVD FAlifHl & £
HHBIT o BMNVC O AR EORE TIX, MVD
TABITIE, SEWRBEPICIRT, EELR NVC DB
DH% LR LN AMIIZDH - 72 (p=0.03). MRI
WG TR SN S NVC DRFEDP S, 7272512 MVD @

Y Qo Auce

FHREISZTET S EIXHEETH 258, HYHHEIC
X % control 234145 7% = X ARHWIE R T, HEWE
JED NVC i A5i8 e & N7z 34121&, MVD Fiiai
SO EEEIRZ§ 5 EC, AR 2R R E Bbh:.
S OERRME A5, 3D MR cisternogram/angio-
gram fusion imaging inner view (2 & % NVC O EJEE
fEATIX, =L RER OB B X HERINE ZE
T592T, AHGHEREZRET2bDEEZ SN

V. B 2

A OB R TiE, 3D MR cisternogram, 3D MR
angiogram, fusion 3D MR cisternogram/angiogram
% Hva 72 3D BRI (RS & 5 virtual reality 12X 0,
=S AR E B B X U normal control BIZ BT 5 =
SAHE REZ 3285 T NVC O MRS IOV T,
R ZOEMEOBEEL, N AR IS EHREH 3 %
CEDRETH o7z,

Sk, symptomatic NVCIZ2oW T, B EHF M5 (B
Ik & #k T D AHE), DR, AR J51h) &
rr‘ﬁiﬂﬁ’i’?é*ﬁﬂf"i& k@ﬁfﬁ‘if‘«lﬂ( BT, hEE
B X ORERE & MRI IR & OB ICD W
TS 22 Eng P g 2y
0 RE B T 13 MRI B R FA I W CTH B & 20 2
NVC 2 BD B WEBAHShTWw 5 " 20k
Meckel JFE7> & B AR AR 3 2 = XS R ok
TIRE%E, VARKYIC MRI W&l % & & AT g L
Zzbhi.

= X M9 @ pathophysiology % B % 9 2 T,
NVC 0A% 5T, < FEOMIE R & & NVC LA
Offi% DENIZ X 2, MO, 72bAae L Lh,
fFE OB ME, FEEALRZEME % &= Uk DT REZM L
EPRIE & ORI O W T E SITHRE L TAzw.
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