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High Signal Intensity of Globus Pallidus on
T1-weighted MRI in Liver Cirrhosis Patients:
Clinical and pathological study

Hiroko Ihara

In some patients with liver cirrhosis, the globus pallidus
shows high signal intensity on T1-weighted MRI. The rela-
tionship was examined between high signal intensity on T1-
weighted images and pathological conditions such as liver
function, portal venous pressure and metal concentrations
in brain. The signal of the globus pallidus on T1-weighted
imaging became highly enhanced in accordance with pro-
longation of prothrombin time, deterioration of ICG Rus, or
decrease in choline esterase and the Fisher ratio. Further-
more, the high signal intensity was also seen in patients with
high portal pressure and large varices. In histopathological
study, remarkable atrophy and loss of nerve cells were ob-
served in globus pallidus with high signal intensity on T1-
weighted imaging, changes that were similar to those in with
patients with manganese poisoning. The manganese concen-
tration in autopsied globus pallidus with high signal inten-
sity on T1-weighted imaging showed a 9.5-fold increase com-
pared with that with normal intensity.

In conclusion, the deposition of manganese in the globus
pallidus, which is accompanied with the nerve cell
deciduation, brings about the high signal intensity of the globus
pallidus on T1-weighted MRI in patients with liver cirrho-
sis.
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1. MR T15833% TORBERDESHE & THERE

A ST FFREZ B 556 (B41, 14, FHERST.6%)
T, WFRZEOIREL, Child ADS120, BAT1461, CH29%]
Thot:. BREBRIEY AV AM496] (BRI 8 5, CEI28%I,
BB L U'CH136]), Budd-ChiarifiEflE 2 #, 7L a—v
%, Wilsondi, JEFEMEEE, REAHEE 1 HITH-
7o R DBEED D B D ssEIP 1B TH o 72, £
7z, FFSEREREE O % WIET 9 BI(5 4, &5, FIEHS.8
W) A ATHREEE LT WA,

v /oMRZE 8 IIMRT-200FEX (Toshiba, 1.5T)C, 46T
Spin echo{#T15##% (TR/TE = 500msec/15msec) 1 £ U°T2
5% (2800/80) D14 & TEIREN & % #Rf% L 72, Field of
view (320 x 20em™T, matrixl£224 x 256, slice/Z 8mm,
gap2mm, HNEEIFIITIHFE T 2 [, T258FR%E T 1 [T
Hotz,
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Table 1 Characteristics of autopsy cases in this study.

REREE O 5 WM RERIRED BE T, M5

e A A DA
MR JFEREREE+H 4 2 5 BITILRI S~13

A2, T19#A% (500/15~20) & T25E31% (3000~
2800/80~~100) DAElF & 5 W IZTRIHE 2 WE L, TI

SR COREROBE S ORE # KINEK &l
T, 3 BRI L (BIERIES, BERES,

WAEH). T/, MRIZHATL TRV 1 6L, FrH
REMEED: (, RBFRIILEFHES EHE L.

BRI, FEfR 3~9 WERICHEAT L7z A DLERIC
SV, —REKIE, YRR, AR, ATEEEEE R YIAE

L, £#BEE5WETE T-80°CTHEHEL, -0
6 Bl D~ >4 > (Mn), $0(Cu), % (Fe),
ANV 5 (Ca), HER(Zn), w7 AT 7L Mg)DE

Case Age/Sex complication Child's
classification
1 63/M Liver cirrhosis C
HCC
2 53/M Liver cirrhosis C
HCC
3 60/M Liver cirrhosis C
HCC
4 66/M Liver cirrhosis B
HCC
5 59/M Chronic hepatitis A
HCC
Cereb. hemorrhage
6 18/F Anorexia nervosa
Cereb. contusion

BEARTICPEIES A EEE HCHlIE L 7=,
ELELEEBEIIOWT, £FTHEEIh T

HCC: Hepatocellular carcinoma, Cereb: Cerebral

TURAERITE T, REREEOL L v AHOESHE
(S1) L HTHHEAE DEFHMAE (S2) 2 TN ENDEFIZD
&, A% 1EHEL, ZOE5HEE(S1/S2) DFEHEE
BEFLOBEL L. I LZROIOKE &iF, £
18.5mm* THo7:. ¥, ZORBMEELIZONT, FFkhe
EFEEHELREE L B LA, K2, E5MERE
Childs3%8, FFERNAEREEOAEE, FFHfEMiRAE[ 7o »
OrECEE, 3 I AFI—¥, FAMTIY, TUE
=7, Fisherlt (5HSHT X / BR5EET X /BR), 1CG15%
fE(ICGRis)], FIRRIE, SRiGHEGIOABHIRERRTT RO
TERE(FO ; BRIRAE 2 L, F1; EARM MR, F2 ; EEk
ROPERZOMIRE, F3; HHRD 2V IEERO LS
IRfE) & DEEIZOWTHRE L7z, 2d, MIRE, BN
IRAEBIZ S 7 —F N EFEALTHE L7222 AN22nT, #
DEZ24mmHg LT OB (P1, n=11) £25 mmHgbl EO#:
(P2, n=11)IZ5F THT L /2.

MEHLEE LT, 2 BEETIR o
5E, 3WMTIIAEOHT, Z0fhiza
BomeACTREL, wihibp<
0.05THEL L7-.

SCRREYIEH 1 (Table 2)7-149 L B L, T1MFAETO
IREBROEETORE &L OB Z R L 7.
finbERIT AL <) Y EERIC, RERK, B, A
JHIEH'E 22T, Hematoxylin-eosin#efiy, Kluver Barrera
4ett, Sudan IITHfE, Bodianifeth # 47V, Hilll, HIKAL,
FERHZE, A 7= kB OFE, ML 7)) 7HEo
WEzHEL .

w R

1. MR T13EERM& T OREERDIESIERE & FTikae

FHEBMR T1SEFR(E T, JFEZEEESSHIh436) 2 g Bk
LR, WAL S BET 2RO 7205 (Fig.1), T25RFE
TRIEFBETHo7:. —F, FREEEETRVTRY
EEREIRD Lol REROESHEL (S1/52) DF
¥ifEid, FFZEB#EC1.187 £0.088 (n=55), IFHfEIEE %
T0.987+0.062(n=9)TH Y, FHELELETEEIIE»-
7= (Fig.2).

Table 2 Mean metal concentrations of human brain in the literatures (ug/g wet weight).
Dry weight values were converted to wet weight using freeze- dried to wet ratios:
Whole brain 0.211'%, globus pallidus 0.230'¥, putamen 0.203'¥, and white mat-
ter 0.276'". Reference numbers were showed in parenthesis.

2. TG TORBRDIESHE Whole brain Globus pallidus Putamen White matter

ERNEEE, FRIEEE Mn 0.32-0.74 (7) 0.32 (9) 0.39 (9) 0.184 (10)
AHIE, HEEET LA 6 H(H 0.30-0.51 (8) 0.382 (10) 0.518 (10) 0.31 (11)

5, &1, EH18~661) T, FHZE Cu 2.89-8.03 (8) 7.68 (9) 9.58 (9)

BE 4H(ChildB ; 1 i, ChildC ; 8.05 (12) 8.93 (12)

360), MEMERFEESE 1 6I(Child A), BF Ca 109.2-147.7 (8) 54.4 (9) 60.2 (10)

PEREREE 2 LA 1 BITdH - 72 (Table 131.3 (13) 124.0 (13)

1). FFifeRE4 A3 20005 6L Fe 35.6-54.2 (8) 178.5 (9) 123.4 (9) 77.0 (13)

b FMIRRE % ABF L CH Y, Child 1604 (12) 1189 (12)

B, CO 4 BlAJFAR%T, Child AD 1 Zn 10.3-17.2 (8) 15.9 (12) 15.2 (12) 15.6 (13)

BlEREEE A & TR L7, fRe Mg 92.8-140.3 (8) 144.0 (12) 150.0 (12)
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Fig.1 Bilateral globus pallidi of liver cirrhosis patients showed
markedly high signal intensity on T1-weighted image.

JFRRZEREE 2DV, Child53HDE VI X 581/82% [l
95 &, Child A, B, CEECTEFMNFNLIST +£0.105 (n=
12), 1.172+£0.082 (n=14), 1.207£0.083(n=29) T -
72, 3BEMICHERIEIED LD o7 (Fig3).
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Fig.2 Comparison of $1/S2 ratio between normal control and liver
cirrhosis patients. In liver cirrhosis patients, it showed significant
high value. S1/S2: Signal intensity of globus pallidus/white mat-
ter on T1-weighted image. #+: p < 0.01

1048 A 25 H

Fig.3 Correlation of $1/S2 ratio with Child's classification. There
was no significant correlation between S1/S2 ratio and Child's
classification.

D OFECTHIEIZE D - 72 (Fig.4).

TR E & OBRCIE, 70 O E /B (¢
=-0.452, n=55), ICG 155 (r=0.526, n=48), =)
YIAFTF—+¥ (r=-0.313, n=55), Fisher It (r=-
0.326, n=46) &ESIS2OMIZAHE LML RDIH, Tv
71V (r=-0234, n=55), T»E=7 (r=0.236, n=
54) £S1/S2 & DMIZIXAARY % 82& % H> o 72 (Fig.5-A~F).
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Fig.4 Comparison of S1/S2 ratio between liver cirrhosis patients
with and without hepatic encephalopathy (HE). In those with HE,
it showed significant high value. #: p < 0.05
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Fig.5 Relationship between S1/S2 ratio and liver function parameters. (A)prothrombin time (PT), (B)ICG Ris, (C) choline esterase, (D)
Fisher ratio, (E)albumin, and (F)ammonia (NHs). There was significant relationship between S1/S2 ratio and PT, ICG Ris, choline esterase,
and Fisher ratio.
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Fig.6 Correlation of 51/S2 ratio with portal vein pressure level:
P1 = 24 mmHg, P2 2 25 mmHg. In patients with higher portal
pressure, S1/S2 ratio showed significant high value. #: p < 0.05

PR CERME © 7-12mmHg) & #ll5E L5 7222060 0 ¥l
i, 253+5.2(n=22)TH-o72. MIREES1/S2E DK%
&5 &, Pl(24mmHglh F)# &£ P2 (25 mmHgb 1) BEDS1/52
I EFNEN1.184£0.078 (n=11), 1.247+0.053(n=11)T
HY, PAHTHEICEETD - 72 (Fig.6).

BRI EDOFODIEGNL 2 A2 - 7295, Fl, F2, F34%
FRENTH, 1161, 7HTH-o7. SYS2IEENENLLS
+£0.062, 1.217+£0.051, 1.242+0.061C, F1£F2, F1&F3
OB THEERERRD:. FREFOBICITEERZEIIFD
Tdro 7z (Fig.7).

2. TIARE TORBIRDESHE C NS ER, FIBEE

R % fifT L1872 6 B 5 Bl A RTMRIC DV TR
L7:& 25, Child CHFEZED 3 BIETIRFIE CARMEE &
HARTHEERRD HHHR, NPT THERESEEL,
Child BFFREZED 1 Bl IR EERA R S{E S Th o7z, Child
ABHEIFEEE O | BUEBEIAPEG R M ASE - 7245, FEfli%k
ERIEFETTH o7, SHE DT25ENE TILIRETRICSR
HBEFEIEDLPo7,

REHIEFEESEMELL 1 Pl ED 7 6 BlOHREERO
m;{.;.ﬁ‘@ﬁ}ﬁ&‘.HLEV‘?%EELOWT&Z—) & (Table 3, Fig.8-
A~F), BEERO~< I FREOHEL, BERRESH,

BESESH, EEESFITFNLEFNI03£0.38, 1.56,

0.48 (ug/g wet weight) TH V), BEBEFTH CEETH -
7o, BEBRTIE, FhEN2.12£037, 1.24, 0.47 (ug/g wet
weight) C, FETIE, #M#N1.38+£0.24, 097, 0.34(ug/
g wet weight) Tdh o 7z, T 5 OfE % SCHKAYIEH il (Table 2)
EHRET B L, IERESHITIRRERR, W AEEDIE

FH. 1048 H 25 H

Fig.7 Correlation of $1/S2 ratio with the endoscopic findings of
esophageal varices. There was significant relationship between
F1 and F2 as well as F1 and F3. F1: Thin varices with linea shape,
F2: Moderate varices with rosary shape, F3: Thick varices with
nodular or tumorous shape. #: p < 0.05, #=: p < 0.01

FETHo1z05. BERFESPITE, IEFHEOH2(BE) ~
4 7% GRIEER), BEBEFHITIE, H4.5(EH) ~9.54% GkE
BR) DR L.

REIROMIMBEDOFH)EIZ, BERESH, BESES
B, EWEEFHITENENI3.20+3.70, 6.28, 5.71 (ug/g
wet weight) Th o 7z, #iTid, £NEN16.27 £ 6.36,
8.69, 4.73(ug/g wet weight) T, HETIZ, #hLNh7.14%
1.17, 4.47, 3.94(ug/g wet welphﬂ'c ol ERYIEHE
Lt 2 L, IEWESH, BERETHIOMIBESR, K
BIR, Hog, HEHELEFMETH 20, SESETHO
WEERE W TIX, EHEOMMETH 7.

RBEROBIRIEOFHEIL, BEREEH, BERES
B, EFESHTENENI872+39.8, 243.74, 78.14 (ug/
g wet weight) TH V), BEERFETH LBESETH TR
REETH - 1H, CHWEFMEE <5 EIEFHFTH-
7o, B, HEIZOWTERESOFEICEL S FIEEE
Th-oi:.

ANy L, W, 7RI LIIOVWTIE, BEFD
BEICHEDOT, REER, ok, BEE L OMWIERET
Hoiz.

B IR IRALR(S 1 35\ T, IRIFERE IS 5 B DIRE K,
HClE, MR ZERE, REsrEHTIzorY T,
7)) TAIM O PR A (7)) A -2 A) o Tz, B
ICRBIRCHE TH o 72, ARSI ZERLT 5 /i % B
EERRD -, \FERFIR ThH o7z, WM, AK{L, B
TR AT = AE RO R h o7 (Fig9).
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Table 3 Relative signal intensity of globus pallidus on T1-weighted image and metal concentrations in the globus pallidus,

putamen, and white matter (ug/g wet weight).

case signal of globus globus pallidus putamen white matter
pallidus on T1 WI
1 markedly high 3.00 2.27 1.17
2 markedly high 2.59 1.62 1.25
3 markedly high 3.51 2.48 1.72
Mn 4 slightly high 1.56 124 0.97
5 normal 0.42 0.47 0.40
B normal 0.53 0.27
1 markedly high 8.28 8.63 6.06
2 markedly high 14,11 15.98 6.60
3 markedly high 17.21 24.21 8.77
au 4 slightly high 6.28 8.69 4.47
() normal 4.71 4.73 5.3
6 normal 6.70 2.58
1 markedly high 67.94 58.60 55.70
2 markedly high 64.72 59.82 60.47
Ca 3 markedly high 178.05 114.01 66.37
4 slightly high 134.54 121.27 74.98
5 normal 103.72 74.26 97.80
6 normal 108.28 103.76
1 markedly high 172.7 183.8 60.70
2 markedly high 241.63 194.55 31.75
Fo B markedly high 147.36 139.69 50.63
4 slightly high 243.74 151.35 47.47
5 normal 63.30 63.30 48.80
6 normal 92.97 46.22
1 markedly high 13.35 16.05 11.00
2 markedly high 20.41 20.22 9.53
7n 3 markedly high 19.42 22.06 8.13
4 slightly high 16.92 17.55 12.16
5 normal 18.46 14.52 10.11
6 normal 13.08 7.95
1 markedly high 114.80 126.30 124.00
2 markedly high 155.48 163.09 145.34
Mg 3 markedly high 178.43 201.77 162.38
4 slightly high 168.44 175.67 174.59
5 normal 161.90 149.70 158.90
6 normal 147.49 146.95

i, BEEROLD, F) =Y RRIEILALALNE
oz, BHERIERETH-7.

zZ =

R EE ORERVTIRRAE CHES L 2T 28A L
LT, B4 TIREEE L FIRGIESRARIRE < FrshehE £ o
72V HFCIREEC & 2o MR, 4RIz~ o H
AYAS B 72 LM ERTVRZI9, S, <7 YD)

12

G E IR CIThIL A -0, FFEZEEE Gt~ »
T RED R EE B CHRTHEEICERLTWS v
IHEDIHLLMERTEL, ZOEESE, b7 vE
ZT7 EDOHMAMNH o2 V) LW, YL EE
DHMADH o722 05 DY L, BB mm, R
DFE, ICGZ VT I A, 70 kay¥ e s
27z E V) D2 GRS ORBIOA X X
EHEND T E VI BEI D HREND.

RAFFETIE, FFREEREEOIRIEL 2 5 M fiRAE & k&
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HEO AT 485
nglg wet weight no/g wet weight
4 - (A) 25 - (B)
3.5 4 | 0]
20 -
3 - a
254 Oop 15 QD
e ol ° 5 o
= = 6]
]
154 © o 104
.ll o oM o normal
11 [ ] O 0 range in
- F— 51 - . literratures
= EFH range in ™
0 . : : literratures 0 . . .
markedly  slightly  normal markedly  slightly  normal
high high high high
Signal of the globus pallidus on T1WI Signal of the globus pallidus on T1WI
©g/g wet weight pg/g wet weight
300 - (C) 180 - O (D)
160 -
250 -
= . 140 - 4
O
200 - y 120 - o
gn A o o normal
] 100 - Eil range in
L 150 - g o S literratures
normal 80 -
range in m a 0
100 + O literratures 601 gom v
40 -
N o
50 4 'a [ L
m " 20 -
O T T T 0 T T T
markedly  slightly normal markedly  slightly norrnal
high high high high
Signal of the globus pallidus on T1WI Signal of the globus pallidus on T1WI
1g/g wet weight 1o/g wet weight
25 - (E) 250 - (F)
)
20 E}o 200 - o}
O
[:l O.D | - |
15 o o normal 150 - E" lﬁ :
c O O range in o normal
N LS literratures = 8" range in
10 lll ™ 100 - literratures
| [ | |
5 50 -
O T T T 0 T T T
markedly slightly  normal markedly  slightly  normal
high high high high
Signal of the globus pallidus on T1WI Signal of the globus pallidus on T1WI

Fig.8 Relationship between signal intensity of the globus pallidus on T1-weighted image and metal concentrations in the globus pallidus,
putamen and white matter. (A)rnanganese (Mn), (B) copper (Cu), (C) iron (Fe), (D) calcium (Ca), (E) zinc (Zn), and (F) magnesium

(Mg). [: globus pallidus, O: putamen, l: white matter
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\IRFEER & W T2MEARE TIRIES, TIFEEZETIIAE L
ZIFFEEFPLL LARESEETHR. —4, vr it
TUEFEIRAIER (R OE AT T, FRREEICTI
MR TEETZ 2T 529, T2MHGTIIFRLESEL
EARET, BN TIIFFICREER & BAMEAGR22) &
72, ABRTIE, REROBESESHOAKEAETH
CHVBRENEBHETH DL I ENFHS I o7, FFEEREDS
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Fig.9 The globus pallidus in the pa-
tient with high signal intensity on T1-
- weighted image showed severe atro-
phy and loss of nerve cells with mod-
. erate proliferation of glia and microglia.
(Hematoxylin-eosin stain, x 200)
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L, 8O~ 7 2WAT BB~ > hFED Tl
A, ECWKEBERICT YA U2NEETHEHmESA T
b, —h, WHEEBETHIMA~ 7 v il iR
BIHRTHBETH L HE SN TWE9D, i
R A P8 R BB S PR RERE E D 72 D122 & ' ¥ DJF T OfiR
BREFET 50 EZON S,

PER, FHERESE ORMEEIL L LT, IREROWS
o EORMIEEE, BREERBIZT A Fay 4 b DRERIE
THBTNIYNAZ—NIHMBITHET2 bR TE
723030 Z OREMILIE T V== 7 ORERKEEICES L,
FFERNE S IR & RS B & SN TWAB DS, T OHEEL
ETIRIRETORESLE DRLEIZ O WTIIARHETH 5.
L2L, 4RBOMETIE, MEfianimv26E, HiEs X
U7 THIRLE 3207 7 ORSEER A D TRAGETO
RFTEEEES, ThbbLRERII—H L TALM, FAEHT
W~ N VREPRETH 272, —J, Yamadad 8~
I W B ORGSO FEALAT R Tk, K
B, 1R OMEHRoOEmCRE, PEE0 ) TH
faotgne 71) 7HREDORENH 72 L LTHH?, 4E0
JFHZEBZEOMMEAT R LML Tw5, LdoT, K
RTEHE SN OZEY: L 7 ) 7Hilaoint~ ~
HRFLHHEEEZOND,

HAERSEE #5584 H9%



HIER 5T 487

Pujol 5 1%, FFEEHE% AT o 7o BE33AFIIANT, JF
ot 4~6 7 ARICTUEIRG CRIBIROIE 5 DL 5 5\
ZIHERERDI- L™, F72, Kulisevsky 513, FFREHILL
HTH, 19ADIFHIZBET 2 EMT 2 ADKREIREES
PHE LA L HE L TwDY, 2oL ICEES T
1ETH 2% 61, BEFIIETEL L 2B D2 L
oW TIHBRDH B L ZATHAH., LA L, Yamadab®
&M~ > A R ORE IR RS, < o kil
Rl G%TEE L~ > H ARt Sh - BORRTH 51
bREDLET, MEEMEOEG R HEI R o722 s
RBE, —BH= 225k Ui e kT k,
<A PR E NS F OB LR TR B L
AbNb,

XA BRI DREERD EDEALI ED X S mIEEET
AT 2P TIE R, @E, [P~ F s 0PE
WIX10~42HTH B 4%, PAMRICERT LH43ERT
53, A BRI T B L, BN O &
BIL, KEEEHO F—983 ML EES 2 2
ECE D HERIRIER A O E B, @t~ > H o hES
BORBERERIE, H), SR, i, AR, A%
EREN L EEFROTH A, Lo LiEKISED &,
FRl®, HEREE, KERES, Rk & O RAER T
b HN—F 2 VEFEHESAR SN SNN Fako X9
IR EER G EOABELRE DAL AT Z DA BRAEIR I Y
HLTWwaEEZLNTBEY, Readb Il & 5 L JFFHHLEEH
D2LANHP 5 NI —F 0 v ViEEEE L LD, B~
>R & IR L ORERI B S o 72 L9,

IN=F 2 VHEERE EFERGE, Thabb, Jid &R
WRITENRE, BEL S EIIR L ERTH B, TE,
I b DRER & WHERT R & OBILEIZO W TOIREH R 3
M, Krieger© 3, FASOELERE & MRt 824213

BEEAT D = 724%, MR TUEFHE CORBEEROEET & Eis
DFFERAE D BAERE & (IR A o 72 L LT B0,
72, Kulisevsky &3, FFRZEHRTHLNZMEND LU
REEROEFE 5L & MEF IR & DR E R LIz & 2
A, ML) XL RE S EORTTHERR R ER RN 2,
REIROEAE 5 | LB HBE B UL 7 & 0 BB B AERE S & BIR
LTwizew)d, SRIOFETIE, REIROBEST L Him
MRRLIBEIIRHT L TRV, ThenZ b Ez
T, REROEE 5 IFHERED ERERE & (XEH AR %
<, MEENRREREE 22 & DO KREEZLEDOZEIC L b % #ifk
MEETEIR L R H A L EbID,

w &

2B TUETUIRME CIRBEROEFRELO LA %

B, FEEEL, PMIREOTE, FiEkiReED5SE 124k
W, FOEFEFEWHICR 7. HHRKOSEERmRORERE L
Y, WClE LIS hho o= v v OWEERAOUE DA
bhiz, TOR YA EEICLD, WMo, Bk
WL, FFREZEEE OREAAEREIR Z B L T v b 1 e
BEZ LN

FELOERIE, 5554, s6HAEERMMFESBSTREL
e

ZOMEDOEREN Y, BRI 2220 P AR LIRS ZBE R
KEPESTREFHE OERFBEIZ g LES. F/2, &
DIFFENZRE LSS L T A 80 72— B O R B a5,
IR O E 256, B X URURESF HEOIER B o
BB LT

X ®

1) Zeneroli ML, Cioni G, Vezzeli C, et al: Prevalence of brain at-
rophy in liver cirrhosis patients with chronic persistent
encephalopathy: Evaluation by computed tomography. J Hepatol
4:283-292, 1987

2) Uchino A, Miyoshi T, Ohno M: Case report -MR imaging of
chronic persistent hepatic encephalopathy. Radiation Med 7:
257-260, 1989

3) Inoue E, Hori S, Narumi Y, et al: Portal-systemic encephalopathy:
Presence of basal ganglia lesions with high signal intensity on

FHOI04ER A 25 H

MR images. Radiology 179: 551-555, 1991

4) Brunberg JA, Kanal E, Hirsch W, et al: Chronic acquired he-
patic failure : MR imaging of the brain at 1.5T. AINR 12: 909-
914, 1991

5) Layrargues GP, Shapcott D, Spahr L, et al: Accumulation of man-
ganese and copper in pallidum of cirrhotic patients: Role in the
pathogenesis of hepatic encephalopathy? Metab Brain Dis 10:
353-356, 1995

6) Maeda H, Sato M, Yoshikawa A, et al: Brain MR imaging in

15



488 B2 A8 OUEMR T 13 (% T O B {5 5 b ok A

patients with hepatic cirrhosis: Relationship between high in-
tensity signal in basal ganglia on Ti-weighted images and el-
emental concentration in brain. Neuroradiology 39: 546-550,
1997
7) Yase Y: Neurologic disease in western pacific islands, with a
report on the focus of amyotrophic lateral sclerosis found in the
Kii Peninsula, Japan. Am J Trop Med Hyg 19: 155-166, 1970
8) Alfassi ZB, Yasui M: Determination of trace elements in bio-
logical samples. (In) Yasui M, Strong MJ, Ota K, Verity MA
ed: Mineral and metal neurotoxicology. 45-59, 1996, CRC Press,
Florida
9) Goldberg WJ, Allen N: Determination of Cu,Mn, Fe, and Ca in
six regions of normal human brain, by atomic absorption spec-
troscopy. Clin Chem 27: 562-564, 1981
10) Markesbery WR, Ehmann WD, Hossain TIM, et al: Brain man-
ganese concentrations in human aging and Alzheimer's disease.
Neurotoxicology 5: 49-58, 1984
11) Smeyers-Verbeke J, Bell P, Lowenthal A, et al: Distribution of
Mn in human brain tissue. Clin Chim Acta 68: 343-347, 1976
12) Harrison WW, Netsky MG, Brown MD: Trace elements in hu-
man brain: Copper, zinc, iron, and magnesium. Clin Chim Acta
21: 55-60, 1968
13) Yasui M, Ota K, Garruto RM: Concentrations of zinc and iron
in the brains of Guamanian patients with amyotrophic lateral scle-
rosis and parkinsonism-dementia. Neurotoxicology 14: 445-450,
1993
14) Andrasi E, Nadasdi J, Molnar Z et al: Determination of main and
trace element contents in human brain by NAA and ICP-AES
methods. (In)Schrauzer GN ed: Biological trace element reseach.
691-698, 1990, Humana, Clifton, NJ
15) Larsen NA, Pakkenberg H, Damsgaard E, et al: Topographical
distribution of arsenic, manganese, and selenium in the normal
human brain. J Neurol Sci 42: 407-416, 1979
16) Krieger D, Kreiger S, Jansen O, et al: Manganese and chronic
hepatic encephalopathy. Lancet 346: 270-274, 1995
17) Hauser RA, Zeiewicz TA, Rosemurgy AS, et al: Manganese in-
toxication and chronic liver failure. Ann Neurol 36: 871-875,
1994
18) Kulisevsky J, Pujol J, Balanzo J, et al: Pallidal hyperintensity
on magnetic resonance imaging in cirrhotic patients: Clinical
correlations. Hepatology 16: 1382-1388, 1992
19) Thuluvath PJ, Edwin D, Yue NC, et al: Increased signals seen
in globus pallidus in Ti-weighted magnetic resonance imaging
in cirrhotics are not suggestive of chronic hepatic encephalopathy.
Hepatology 21: 440-442, 1995
20) Pujol A, Pujol J, Graus F, et al: Hyperintense globus pallidus
on Ti-weighted MRI in cirrhotic patients is associated with se-
verity of liver failure. Neurology 43: 65-69, 1993
20 HIHOA T, e B, RS, i TORRRIC B B
ZE 88 O R e 15 5 Wt © IR 3 & ORTA i
L O, HIEEREE 15 1 78-83, 1995
22) Brugieres P, Combes C, Ricolfi F, et al: A typical MR presen-
tation of Wilson disease: A possible consequence of paramag-
netic effect of copper? Neuroradiology 34: 222-224, 1992
23) Kang YS, Gore JC: Studies of tissue NMR relaxation enhance-

16

ment by manganese: Dose and time dependences. Invest Radiol
19: 399-407, 1984

24) Newland MC, Ceckler TL, Kordower JH, et al: Visualizing man-
ganese in the primate basal ganglia with magnetic resonance
imaging. Exp Neurol 106: 251-258, 1989

25) Suzuki Y, Mouri T, Suzuki Y, et al: Study of subacute toxicity
of manganese dioxide in monkeys. Tokoshima J Exp Med 22:
5-10, 1975

26) Greenberg DM, Copp DH, Cuthberston EM: Studies in mineral
metabolism with aid of artificial radioactive isotopes: Distribution
and excretion particularly by way of bile, of iron, cobalt and
manganese. J Biol Chem 147: 749-756, 1943

27) Pollack S, George JN, Reba RC, et al: The absorption of non-
ferrous metals in iron deficiency. J Clin Invest 44: 1470-1473,
1965

28) Mirowitz SA, Westrich TJ, Hirsh JD: Hyperintese basal ganglia
on Ti-weighted MR imaging in patients receiving parenteral
nutrition. Radiology 181: 117-120, 1991

29) Nelson K, Golnick J, Korn T, et al: Manganese encephalopathy:
Utility of early magnetic resonance imaging. Br J Ind Med 50:
510-513, 1993

30) Norenberg MD: The role of astrocytes in hepatic encephalopathy.
Neurochem Pathol 6: 13-29, 1987

31) Norenberg MD: A light and electron microscopic study of ex-
perimental portal-systemic (ammonia)encephalopathy. Lab In-
vest 36: 618-627, 1977

32) Yamada M, Ohno $, Okayasu I, et al: Chronic manganese
poisoning: A neuropathological study with determination of
manganese distribution in the brain. Acta Neuropathol (Berl) 70:
273-278, 1986

33) Pujol A, Graus F, Peri J,et al: Hyperintensity in the globus pallidus
on Ti-weighted and inversion-recovery MRI: A possible marker
of advanced liver disease. Neurology 41: 1526-1527, 1991

34) Kulisevsky J, Pujol J, Deus J, et al: Persistence of MRI
hyperintensity of the globus pallidus in cirrhotic patients: A 2-
year follow-up study. Neurology 45: 995-997, 1995

35) Mena I, Marin O, Fuenzalida S, et al: Chronic manganese
poisoning: Clinical picture and manganese turnover. Neurology
17: 128-136, 1967

36) Bird ED, Anton AH, Bullock B: The effect of manganese inha-
lation on basal ganglia dopamine concentrations in rhesus monkey.
Neurotoxicology 5: 59-66, 1984

37) Haung CC, Chu NS, Lu CS, et al: Chronic manganese intoxica-
tion. Arch Neurol 461: 1104-1106, 1989

38) Cook DG, Fahn S, Brait KA: Chronic manganese intoxication.
Arch Neurol 30: 59-64, 1974

39) Read AE, Sherlock S, Laidlaw J, et al: The neuropsychiatric syn-
dromes associated with chronic liver disease and an extensive
portal-systemic collateral circulation. Q J Med 36: 135-150, 1967

40) Krieger S, Jauss M, Jansen O, et al: Neuropsychiatric profile and
hyperintense globus pallidus on Ti-weighted magnetic resonance
images in liver cirrhosis. Gastroenterology 111: 147-155, 1996

41) Kulisevsky J, Pujol J, Junque C, et al: MRI pallidal hyperintensity
and brain atrophy in cirrhotic patients: Two different MRI pat-
terns of clinical determination? Neurology 43: 2570-2573, 1993

HAEMEE #5846 H9F



