K5, IR0, ESI, WANRESIETH, PI/BYER

NRELITHhET,

HBaEuE (2 AMLLIR) 1T,
ERHEE, SL{RFELILVEBROBEZALTVET, Fi @

LT Con)

LEF/AbA |

neER(E
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1. FRLOFMRRIEE S DEL

QLT OERAAT ML & 2 LRI T A v
ALK BEA2EMELEORNIH 3 MEIZ, SR
FAAWICRES TESPOMRERELETT. Thil
TR (2 8MEn) LSRRG THOCBEIE, ®
HMBRRIEE (PPN) A2 h i+, 2HEAl e
0, B, AR OBITAE S G E TS
Bzl S L HETT.

2. #SIXILF—&

QEMMRI LD FLF ML LTOMROESRIEIL,
MR L PO 10~ 12%RETY. izl
MEPHTSZ ET, 1,000~ 1.200keal # O A0E 5
T (). AW, FFom-TI o MEARICE
PRI LM G h, IRESRLANA R A G4 S L
T, BHzILY—REMSAIZEHS, 0L
Szt THA S LIRT AT HAD, JeRa M
DEFEE LTI ARREROS S ik w2 T

Ol 5 R RENME LE WN A 2 N LR o M & AR
T, ThEL LBl G P ORI - 2 ) £
MG Y LTk, R FW, WRemibie, Al
Rl LOpSIE RN T, SO HIR L HEMA S
IZERR G, WM, W - iHMIRE O RN R
PIBR g% X2 & ot - FHO L S OMIFER, SOPR

DTREW) WG, MO0 PLBRAT—F L2
BLZWIZIHFRVWEELGLLMSLETT (B2,
R B (TES MEOERNMEMHCRER L 2dh s
OEENE E Tz FAF-BENLRL TV AMTIE,
LAHREREPHIBE ML RAE T, 24, mATwR
HOHGERROSRE S S LB LW, KAMEHEAL B
. MRS L S0 2GR RD S 0%
WA MG T (#2), 7, BOMMS LV E v
AT, ZMicH ) BT T <A Tizh ) A,

4. ARERA

OFMMIREEOH A B L FHL LB L4 F TS TS
D, ORI AS D LD AU b, e
W RO S IFHEAE RIS P v T LRI
nEF. t4, NS OBREREBIZHOWE AT —F
M-, T =T RS R S R R
MBS, FOlEL EOREIEE A PR EnT
LHlED—2 T, MAT, WMRECTItdvizs, dlm
TR SEMGERY = A &30 % W L 42 FEBRGERR S & B0 v O
ELEITSRET (R3).

@KW EM RO A LI, HSuvid PO A MoK
SR D 4. WO LT RIS 6y
TESG, BHELZACESTHEIREOERMY S0 1.
£ BAS S L YA D LSy, MWE L P
BAEIZ D S L, DRTBIERE O S &M TILERAE R
T, 275 BNEANL, pH ANEE O 0 I E
BHazEamn T+ (%3).

FHICSWURBEE QLA



1 WELHH

TS5~ 10%RROMNIC, I%OFI/MENA, 20408

X3 FHRREEE
SUmMOELIDY —RENT

B E 200 ~ 400mL KA T 3 &, ZMMWEHD S 1,000 ~
1,200keal DFEBBAVFIMET S 5.
daus (10 ~20 kealkg/ B

g R
L

1) EREWMEMSA (7 ¢ 357 1,000mL
2) MNMMR7 : /BNFE (E—7U-F" 1,000mL
3) 10%EERILH (1 b3UEY K10%% 200mL

I

s 2200mL
EHO) -1 :1,020kcal

i

Na 70mEq L= 0]
K 40mEq N
Cl 73mEqg M®
TN
T4 InSie
E2 FHBREBZONRESR
CHOMBA NSRRI ESCSSEARTHROSRER
(BEFEH SN, CBREAIRE Y
BOMNORESOMTE
MMELET, POMBHF—FLOTMER T A0EBE
AR, W - RO RN
CBENBRT EIC LS - THOBOMESRN
- BEOREREH
BEZFLADSOERMBL Y TIZLE-MEOREL TV AH
CAUDLEYMENETOECERNO R RESFUAELH
CRBICHASRROLELH
i RKAMEEET 56
H{LEOEEER (2MMLIA%5)
- WEEM
A
< PPN
-BOWMOFEEMS
cHOBRATF-FLEERTEL L
4 Croge g
MM - 8% M
mEMERIISCIE, BEFLEE 3 1) A& P.E. N : Board of directors : Guidelines for the use of par-
LT (HEOREELOABSERED anteral and enteral nutrition in adult and pediatric patients. JPEN
utioniades 17 : 15A-525A, 1993
3BLT) LFF30HARAT. B 2) (RS : RSN E MR RAOMI. WO - 5 OBIFES
Me L TN - OB0A R Wii2o" EX— WM. FLME, pp179-187, 2002
TY. FLENNCE AUNDE: 3) EAEE WREEENS, ME, ST IR0 ORFE
A HAT, WAL <UEATSES PME20" REEZ W, PIUNE, pp210-223, 2002
> V L HADTT. 4 HE W WREEE FWEAST 0640, 2005
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2 ¥ROAYN— ¥ EFEONHE 17

SRt

&{%EtAl (antropometric method) (FBET, BROSREICHS LD ORE
FHEDR 2 ) ——vJ/EE UTIR<BALSNTWS. GlElTHY v/ VHRZ
RRTDEDIEENDD.

1

HIERRD% < |3 FIE & LTHBRENT WS T EN'S, HIEOIICIEE T

EIHEAEIESND(E ).

OEHRIERAT IFEm A 2 R (R = B3 ) OO _E B IO =mH 8 (PR =8AEEE A8
AhE : triceps skinfold thickness: TSF)&E/XEHRE TE8 (subscapular
skinfold thickness: SSFHHALSNS. EHAERFEEOSIREFIF@EmED
HHELSNS.

@TSF [FUMFFEMT, £ EROPR (BiEgs REMEEOmEOPR) B
T 2cm EAO=EHMOEME S TiEhZEDFHH; LIF, SHRIZE(R 1 TI3—f&
BICERENTWVWDPTA A=Y EFER) T ICRELHE LS.

AHIEREOBVDAESNRES CETHRBaOBENELDTEN DAY, B
—BET, B—OBRETCHEEINSCENEE—EICEDCHICEERTHS.

@EHAIE S FEEE (p30 5 FMmEHDRSE| OBEER) EHEUT%ISF ZH L,
BERSOD MR B IRBEEHTETS. BTSF K 80~90%TIHEE, 60~
B80%Tl3hER, 60%LTIEEEDHFIEHOEFRIIEEH1ET .

—

DLMOPOEHS 1em BN R EEB S BEAEIRTDLSICDEH EIFS.
@QPFARA—ROOGEHEICEECYT, EHRNI—ERCLIETRES,

SHRICHABERMLES.
QBE@YIE2mm OFLEE THRA &Y, PTARA—200%p 3%, 2005
AxTS.
L @BEH dmm LAOBE € OFEHEIRRT S, =

1 _ER=ERAGBEE TRRRGMOREFR
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A hig s
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o T 3,7
‘? \1.‘--4 31! 4*‘&"{

2w

18 T ®BEOLERE FRFMH

B szuoan )

B\ OBBERMTZEDELT, A8, tHEBE, tRHENDD. I
ELU—RICHEENED T HESEBERSIURY /I (OEROFEZEEL, @8
THESFFE LTEROBNERMTDEEITEL.

a 4 ®

BREAEIBROBEUTLSEGHEHAIATSH D, REREBOELICEDREFE
LT3 ENSFABRFIEREREICSITDRBHMOBRAS LD, BERPERD
TEHEBEHTENEWVWESEIMEIENEE > C—HBICHESTHICED, RCHMBhED
DFEEELSIC.

1) FEZER

HEZ(EHFEBOMGE (usual body weight: UBW) [CHEL T, 2% E/
18/, 5%LLE/1nB, 7.5%LE/368. 10%LIE/60BADIBE, RO
FLEWFETSD. Fo, BUABRELTHEVEEICEC oIcEMEETOEEIZ
BETCHS.

EEZ{LEE (%WT change) (3% 1 DL DKRHEND.

B SEHAORNE

@HEE(LE (% WT change)
% WT change = (mmmﬁtl—ﬁmm —-ml:Mx 100(96}
O AN (BM) : :
BMI ={&H (kg) /(&8 (m) )2 '
MEEE ko) = [(BEM]Ix22
@ _LBR&RE (AMC) :
AMC (cm) = AC (cm) — Tt (3.14) X TSF (cm) -

2) {FH51E¥ (body mass index: BMI)

BRCAGEHSHEICHHTES BMIY, BEL<BVLSNS. BMI (X8RS
BAABT S EHHISNTSD, EROHEICALSNS T ENSL).

BMI 3& 1 DS ERLDRDEND. BORETRELSINDIBEETHD
BMI 22 £ > THEABEABHLTLSD. FERNBEEBHETR 20~25, it
Tld 19~24 &1, BMI 25 LIEEIEAE LTINS,

b. tREABERS LU LRGE

Y IO EOMEFIRER, MEHNDRECHETHDICERINS.

LIREEEE (arm circumference: AC)DEHRIIX TSF LEIVUBTEERZRA
WTIS(E2  —BNICBLSNZA Yy Y—FT—T%ER). tRABRREET
EOEREZFNIOT, IRINF—HNZRIKLT SH. LBAHE(arm muscle
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2 HEOALY—= ¥ EFMinEFE 19

circumference: AMC) (3% 1 DEHBILLD TSF RO SXTEHRT D

AMC HHE#E(E (p30 5 FFEFHMOEE| DIRZHE) SHE LT B0~90%D
BEICIFEE, 60~80%DBSICIEFHEE, OB TFOBRSICEBEDHY
INOEOMEFEREZETY LHET D.

oLHEBROAENRIZREY (B DEHRAGIEERE DI (C AT
#*) B (RBOBR) OB WEERTS.

DOPDRICES.
DA EEREQLCSHICREON
WEEEY 3.

A Y —F—TORWEPDORET

b
PF—7 X LtRERICBESYE, B
. BEEBLABVLEEICHDS.
QA U —F—TOR(BFHRIC DA UH—F—TEERICH D,
TATOZR)EEL, MEEH F_TJOEBYERHED,
ZOBFEHNEShE oo EHDPD
mlcied,

@ LRABROMELEIRES N
A —T—TERLTREAT.

2 EtHRBEOAZEOFER
gk P BoERO12THO LOMEOEy chirrENZ &
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20 1 FEEOLEREFRFMH

3 PN -3

SREGRERETIERTHD BEFAED BMI ESICABEIXRILF—ROR
HHEECHAVSND. Fo, RERMICDI/NETISROSFEES EBICRREFMEO
BEGEREED.

EERRBETCIEUTERIVRENS L, TORSRBEDF T <OE@IFIT
WIRETHRAD SHE TOEMZES ST ETRADTENTES.

4 =

R, BIC3MLITTREAZMOREZERRLTHED, RBIHMOERET
D, FEUEBEDERIREEELNDEBTCTRECDHCENBVLTEBHHAIDRET
HdD, A FKEEDERTMETE TRBEFATED, MOERA2WIHE
ERUERSELETIRNELES.

HITRRSER (FEC3EE) S R EBREEH T ES L DICRIET 5.

W‘ e ;

4SBT 1 E—¥ % (bioelectrical impedance analysis: BIA)B W
FBIEHATEEEEINS.

BERRZEER L Ve A RO (BREERAER) (ZASAHEE & D DCEM D K < BRIEND
INEW, —A, BB EEICS O BIENIDNAEL, TOTEENRLTEED
BTN (A Y E=F V2D O HENBEEEUET DHLETHS.

NFEHEFEHROH THESNTVEC EN SAERGFICED@EN N T LBIERE
TlaEh o feh, AEZERN TN T 2BBHMESN, FEHKREIDTTEL,
FHEECER, $kSBESICOIA Ny THP AMC, BMI B ED EIRICRE
[CEHRITTEETa D, BBICKDBEPEUICKVEVSHRNGD.

LU, BIERRE, B8, BHE, AALEORHEY, EBICK>TIRBRKPE
B BKEEDEBER TH0REMN DD, AEICH>TIRREMBEERHE
E—FEICLTRET 3 (EENICITRNREWEE) CEHBEETHD. Flo, BBLLZ
PN HHBSICIE, AEBLEBEEICEEDEINETHD.

(k)

DET idh FRKBONGEE, SRRt me BRERET, ik HEdh
(&), WM, d5, p75-143, 2003

2) MG T KT ERA Y, FEODORFTESRE 20 SM: - WL,
BCEHSE T (), (PILAERE, MORT, p57-65, 2002

3) BB S EFR (R OFFE. WEEENA F 7 2 (METHD, HAEMREE
L (@), AF4 ANV a—f, EH, p57-60, 2003

(g, $hA—%)
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W EFEN
ISENHREAIRETHEESENELWDNEL. RBETREZDISILE
HOFLAN?

mdlS! Bt 170cm, 75kg. AST60IU/L ALT 80 IU/L,
r-GTP 150 IU/L. JUVIAFS—ERil

HFREOEBECI - TABREIETRRDETY, BFENICR/I(ZA0EN

BB, IRh5, BUKEW Bl SEWLEITRL, EIZVPIRIINCH
REED, TFEFLAVETAVCARHFBETY. RRCRETAPMEETOESE,
EMETED LS, BEM] BHROTSECEREHERD ANZIONIVTYT. BEDS
DESICIHER - ARRVCTEL, NMELARORTELRAABETINENHDET. B
HMEFRJBICEA/ED - BAODU—HBLELWDhTEELEY, BROBRELDODATAL
VIRATIE, BEOABH Y TICEES  ®RHAOU—ICR->TWLWAZ EABD, +oaBEsE
NTLSEMUTNSORG, HEDEED -RHAOV-—ZBMT I &, TLAHTAY
BRBHFARETY. L, U< HHHDILSTLES, EHHBALAEECLRLTERD
FtA MBICTEZICELELT, BEOOWIIERTLSICLT, #€it, AIPLEZBIC
LET.

Mnswer o [@oint

l key words @BEME BSAART, NASH ]

1. BEFZOERICONT

RETHHEREMEENSBSIC, WEOBELVERBIE, NASH (nonalcoholic steatohepa-
titis : EZ L DO—LEEERGRT S (Q51 28)) =S OEM, WERE, —BCHRER N5 5,
i@ RERBODLTSH D, REREEERORXELZD. ABRREIOBRXG/ Sy A0ENLR
B, Thbb, KLY, B, BOELSHTRL, 9 UPIXINCHEBLE, SEEER
BHAFVCABENEETSHS. LAL, aRBESHE0C L THD, BESAFHDEERAICLD
PBTFLEEBREEDICRAVIRVL L4535 ERCRETABREIZTOBSHE ERaTEL
SHB{l, ENRITcETETLAMEREDANZONIVTH D, T, FBTCLRBEIN
OEEBSEMENCERL, RRUTHO0ERETS C LENNRE LS5 5ATERTS .
TRTCOFEBBELALHL TABREIVETH DN, T LIC, NASH =SCRETIF L@
ETIEEL RS

2. BERGHT « NASH & ZDRBRE

RERART I E B EMOBKALIC & DEFRNL TLS, BEOKH TRETHZRESEEON 3
BCOEBLENTVS, BETH 0RKELD, UHETRMERL D ZOBIESNBNT 2. RBIHHT
FMIRELOBRET THILI TR, WFEA LR BENECENTE LHEL, ThTho
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il

#®&7-1 [GHAHT - NASH ORBRE

@I RILF— 25~ 30kcalrkg/ B WMEHSE (BMI =22) Erzn
@EFEOW : 1.0~129/kg.
OERIILF—HIZ 20 ~ 25%EE
OENERS . mE
BMI : ((FBHE) =l (kg) /BB (m), EME25~18T, 250 L2EH
WECE=8K" (m) X 22
BRI 170 cm T 75 kg MERTR, BMI=75/1.7 X 1.7 =25.9 THOETEBMEINSHS.
WMEEW=17x17X22=636kgTHD, COBSOUEIFILF—RIA 25 X 63.6=1,590
kcal ~ 30 X 63.6 = 1,908 kcal OE#E.
EHEWIE 64~ 77 g (256 ~ 308 keal) OWEBED.
BRI F % 20~ 25%ET5EEBHELTOIRE—RIZ 318 ~ 447 kcal TRifE &
L Tid# 35~ 50 g @& 2D
BUKEMORBHEIRLF - NoSEERWEBHOIRILY - BEELS|I< ETRHD.
AENICHBEN LY  MBEZENS TSRS MBEESLD 25 keal/kg/ HORETHNT S,

FEZBEEETS. &, BOCECREEFROMETORBLARES L2 HELHD
FRBELEE LD AR LTINS - A%%. 73—V, ERLEZECHEES.

EIRIFOEIEORIC NASH A3 5. BRBREOLVLET, EEEICFILI— IR Ic8EmiiL e
HEZERdFETERFCELESY, FHEZESIURBEDESGHASNET ELDFEHENT
(B3

NASH #Z0 ERFOERICEAEEOEN - 8BRRANERA THS BERECOLT, BE
FEBEHEL 4N IRLEEORLVVERLSBEGHEEZTS L, FEERL DEhYTEE AL
Ao TR EEBE I eNBDEREET S,

AERART DR ABEEE (BMI = 22) 370 25~ 30 keal/ B, EBHERF 1.0~ 1.2 g/kag. BB
BIRILF—LE 20~ 25%EEORBEEE (R7-1) &L, BREIRETS. NESELTIRER
REFICH T D/IISYAQENLABBIECEL TUS, BIRCAL TIHERZERHIRGES
HESY I YOFRRICORASCEMSTET 5. PICEABHEOSHBEREMEPILZAFO0-IL%
tR&EESIEMG, 19—, 9, BMAMIFIET 3.

NASH ESBOBENREHINTSD, FIECHAHFIEEH NASH CHLTHLEEHTH ST
ENRETNTULNS,

3. HEEEZORERE

R dEE (2 Bk FRERE HEBEme SE280 5ENRETEE E2honi il
MUEFEZECTIoND. BB TEABERESV I TaLESEROUENS Y, LRET
LIRMAICBTLEVLSIENT S,

a. —ReEN

ZEEEY () CHOWLWTR BEEBICGETLEGYS, k>R 7I+—EENEE (200
IU/L BLE) offsi@8@Em % E, EBWEoETH D, HEEFTEAORSGVEET, [Euad
HETEZD| MEEYTS FERETCRFNDARMETLTSD, BElE 0 HEEBUERICTZCE
AEwentunsg ., EFEOABELFMAROETERLOEINEDRISNETHD.
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W 55

72 WUEFRECHT SRBEM FFEBH1 FS-1>— ESPEN)
FRWRTHILF— (keal/kg/B) | EWEE - P /M (g/kg/ B)

FOTHETHNE, WEWEQR®

25~35 1.0~1.2
REREHD 35~ 40 15
B (1 ~1D 25~35 —BNIC 05 FO®10~15

DEWRT /8 (BCAA) EMF
4 (1li~1V) 25~35 05~1.2

N BCAA MiRNAHES
BRIELTEOE-IERRREWEL T, BREBIEBEES BT TEBLEECT.
PREABHOBRET FOMEBRICLOHRGEL, kBETILF—BO 35 ~ S0% %N
THIET D REEANIGESERVTERO7 = /BREETHLS, SEEESGEER
(AN (Plauth M, et al. Clin Nutr 16 : 43-55, 1997)

b. BER%

BRENSVADEN-ABELDL5E0T 3. ERCBLTIE BEFLPESEADSERDS
{RBCEBLTEMETESLSCIXRTS. BESABSHANGNLRLLS BEHOBEISE
[BUATHBHEHERS L, £, RPOUENBEEZASEB TR ESICRE, BRBYECH
ERMUIRN%EBIUENDH S,

HEECHT SRBMENR— LI vtEvH R FbHMECREL LY, RIIBIREBRERS
(ESPEN) TIE 1997 FLFFEBHA RS1 v E LTTCCHERENTHD, bHECLBNENT
Wa (R7-2). ESPENOHA RS+ VEEFAOBEED 5EZ THESNABRTILE B
FEORSEY PPV, £BENIRLF-BOREOHHRIBEET A NF—E4->TEH, B@
BEOAETEERIRILY-RICES (BF) BOSTUTRCENTVBIEHNB L, FELCOWL
TREIEEEYT D,

ESPEN @A FS1 v b EC L, —MNGHBECHToRBESRIZ

@ THRILF—HEW ; BEEBUD 30 ~ 35 keal’kg/ B

Q@ HEVER  EOTHE (/7 »E-7ME) ARVBER 1.0~ 1.50/kg/ B. EEFHIE
TIREHSR (05~ 12 g/kg/ B) CHEM7 S /B (BCAA BSEOFTLHREMEE
AIEHET S EOTRESMLVHT EECNEZRHIESICIE BCAA TN E#ET .

@ FEEVEN  TRILE—2ED 20 ~ 25%.

@ RERTR: E@%E 10 g/ BEEXEE WX - 7B @EEELSD) Mizs5~7 o/ BRE
ClT 3T ENZEL LN, BRAOKNFOBRRBATHN, BMEXTEBINTLDL
5% 1 ~3 9/ BEWSRBRIESHIEEN X > TARERLEE B EhSEH SN,

® #AOU—-4&0 200 kcal BEESEIL, BA (R+v7) ELTHBAICEDT LR
ha (15 L28).

s, BHEAEPEFEEXSHEEETCLZEY00SHERNSRTHS.

{hEE ®WE>
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=1

QT asa ]

AR A EERGE (late evening snack : LES)

FESBOFECIE U TAYGEN0U — 2857 3 L 3HEE FEETH . MEREBRAEE (n-
direct calorimetry) [ZSBEAOFBCIHU L IRLY —HEREU 7 LS A ATHSI LN TES.
MERRREIC L3285 T FERTOIRILF-KBEESORHH L L TREZESOEROMRLLE
DENMREEhTVS TORFEL L THEEEORLCHES T I—F VEBROETRS AU
EAUSHMNEISNATSD, CORRIMVEO IDEOERKEICESTIEVDATVS. Ch
CHLT, 8HOU—L0 200 kcal BBAESBIL, B (RF92) ELTHUBAIICHES (LES) T
ET, CONBICELUL-RRACHRESMYES NI LAMBEETNTVS, 3-0yv/BRERTHE

£ (ESPEN) TH 72 UHBIERREPES (ASPEN) THIFEFZICHL T LES ZS»Hiodias
HRaATVS, BEHENCESCED 1BCIHy 1 BLEUVSLEBEOMELLOTLLN, BHIC
AREITRATSICH MR2) OMEBLHDLEHMEHELL. BE L TOFTEARBRER EHA
TETEHERCRMTIOVTHES. T, SETE>TLERBIC 200 keal BEZSRIC FHEE
THREEB/EBLENBD, HLETHRHAQU—OPHSHETITENKBTHS.

(EE R

25



HE



Metab Brain Dis (2008) 23:265-274
DOI 10.1007/s11011-008-9092-7

Selective alterations of brain dopamine
D, receptor binding in cirrhotic patients: results
of a "'C-N-methylspiperone PET study
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Abstract Alterations of the brain dopamine system have been implicated in the
neurological complications of chronic liver failure. The present study was aimed at
the measurement of dopamine D, binding sites in cirrhotic patients by positron
emission tomography (PET) using ''C-N-methylspiperone as ligand. The regions of
interest (ROI) were designated on a three-dimensional stereotaxic ROI template
(3DSRT). The pixel values of twelve ROIs corrected by the pixel value of the
cerebellum after 80 min static scanning were used to quantitate changes in binding.
D, binding sites were significantly decreased in the hippocampus and thalamus of
cirrhotic patients and were positively correlated with serum bilirubin levels and
Child-Pugh scores and were negatively correlated with prothrombin times
(thalamus). Loss of D, sites was greater in thalamus and hippocampus of alcoholic
cirrhotics compared to non-alcoholics. Statistically significant correlations were also
observed between D5 binding sites in hippocampus, thalamus and lenticular nuclei
and history of overt encephalopathy. These findings suggest that D; receptor binding
in some regions of brain in cirrhotic patients is influenced by factors such as the
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severity of liver damage and history of alcohol dependency or overt encephalopathy.
Alterations of D, receptor sites indicative of dopaminergic synaptic dysfunction
could play an important role in the pathogenesis of the cognitive and motor
disturbances associated with chronic liver failure.

Keywords Dopamine D, receptor - Positron emission tomography - Liver cirrhosis -
Hepatic encephalopathy - '' C-N-methylspiperone - Alcohol dependency

Introduction

Neuropsychiatric complications of chronic liver disease include sleep patterns and
levels of consciousness as well as motor symptoms similar to those observed in
Parkinson's disease. These extrapyramidal symptoms are generally believed to be
attributable to disorders of dopaminergic neurotransmission in the basal ganglia
(Weissenborn and Kolbe 1998; Weissenborn et al. 2000). Previous studies have
revealed increased levels of dopamine metabolites (Bergeron et al. 1989) in the
brains of cirrhotic patients dying in hepatic coma and reduced dopamine D, receptor
sites in this same material (Mousseau et al. 1993). However, studies to assess the
brain dopamine system in cirrhotic patients in vive have so far been limited to a
single case report using SPECT (Weissenborn et al. 2000).

In the present study, we examined dopamine D; receptor binding in cirrhotic
patients using Positron Emission Tomography (PET) and the dopamine D, receptor
ligand ''C-N-methylspiperone (MSP). Receptor binding in these patients was
assessed as a function of the severity of liver disease, patient age, prior episodes
of hepatic encephalopathy (HE) and clinical laboratory parameters,

Subjects and methods
Subjects

Twenty eight patients with biopsy-confirmed cirrhosis who presented at Iwate Medical
University hospital, between April 2002 and April 2005, were included in the study.
Three healthy individuals served as controls, the limited number of healthy controls in
the study results from the inherent high cost of PET investigations. Consequently, a
stratification paradigm comparing cirrhotic patients with or without exposure to alcohol,
prior episodes of HE or ascites was used in the present studies. Informed consent was
obtained from all subjects (patients and controls). No patients manifested overt
encephalopathy at the time of the study. Patients with overt psychiatric or neurological
disorders or receiving treatment with neuroleptic drugs or with any history of exposure
to psychoactive/neuroactive medication known to affect the dopaminergic system
(antidepressants, antipsychotics, amphetamines, etc.) were excluded. Alcohol depen-
dence was defined as alcohol intake of 75 g per day for five years or more.

Patient profiles are shown in Table 1. The age did not differ significantly between
the healthy control subjects (mean+SD: 51.7+16.3; range 34 to 66) and the cirrhotic
patients (mean£SD: 58.0410.2; range: 41 to 75).
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Table | Characteristics of the

28 cirrhotic patients Characteristic n (%)" [Range]
Age (years) 58.4£10.2[36-66]
Male 18 (64)
Etiology
Alcohol 9 (32)
Hepatitis C (HCV) 12 (43)
Hepatitis B (HBV) 1(4)
Alcohol and HCV 4(14)
Primary biliary cirthosis 1(4)
Unknown 14
Laboratory parameters
Serum albumin (g/dl) 3.03+£0.52
Total bilirubin (mg/dl) 0.86:0.55
Prothrombin time (%) 59.4+20.5
Platelet count (x10* pl) 9.1£5.2
Blood ammonia (pg/dl) 76.8+36.7
Tyrosine (nmol/ml) 136.4£45.6
Phenylalanine (nmol/ml) 91.5224.5
Branched chain amino acids (nmol/ml) 352.1=166.5

Severity of liver disease
(Child-Pugh score)

A 9(32)
B 14 (50)
(& 5(18)
History of overt hepatic encephalopathy 6(21)
History of ascites 11.(39)

" Values are means+SD

The study protocol was approved by the Human Ethics Review Committee of
Iwate Medical University, Morioka, Japan.

Methods

Blood samples were collected from all patients in the moming after an overnight
fast. Biochemical parameters including serum total bilirubin (T.Bil), serum albumin
(Alb), platelet count (Plt), blood ammonia (NHs), prothrombin time (PT%) as well
as branched chain amino acids, BCAA (valine, leucine and isoleucine) and aromatic
amino acids, AAA (phenylalanine and tyrosine) were measured. The severity of the
hepatic function impairment was evaluated according to the Child-Pugh classifica-
tion (Hanje and Patel 2007).

Dopamine D; receptor binding was measured in each region of brain between
cirthotic patients and healthy subjects. Patients were subdivided into groups
according to the presence/absence of a history of encephalopathy, alcohol
dependence or ascites.

Measurement of biochemical parameters

Peripheral blood counts were measured by routine auto-analyzer (Siemens, ADVIA
120 Hematology Analyzer). Biochemical parameters (T.Bil, Alb, NH;) were
measured by routine auto-analyzer (Biomajesty JCA-BM 2250, JEOL, Ltd.) using
commercial kits (Total Bilirubin E-HA; Wako Pure Chemical Industries, Ltd., Aqua-
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auto KAINOS: KAINOS Laboratories, Inc., Ammonia-L; Serotec Co,, Ltd,
respectively). PT was measured by automated coagulation analyzer (ACL-TOP,
Mitsubishi Kagaku latron, Inc.) using a commercial kit (RecombiPlasTin,
Instrumentation Laboratory, Ltd.). Plasma amino acids were measured by high
performance liquid chromatography on Amino acid analyzer (L-8500, Hitachi,
Lid.).

Measurement of D5 binding sites and designation of ROIs

A SET-1400W 10 PET scanner (Shimadzu. Japan, at the Cyclotron Research Center,
Iwate Medical University) was used for the study. Static scans were obtained for
80 min after intravenous injection of 75 Bq of ''C-N-MSP. Regional brain site levels
were divided by those in the D5 receptor-free cerebellum. The pixel values in twelve
ROIs corrected for the pixel value of the cerebellum were measured to determine
dopamine D» receptor binding.

ROIs were analyzed using three dimensional stereotaxic ROI template (3DSRT),
3DSRT is a fully automated ROI-based analysis program wherehy ROIs grouped
into 12 segments are designated on each hemisphere of the brain by computer
processing, and the use of this template program has been shown to allow ob-
jective and reproducible assessment of SPECT data in the designated ROIls. The
template is described in detail elsewhere (Takeuchi et al. 2002). A typical image
using ''C-N-MSP PET with 3DSRT in a healthy control subject is presented in
Fig. 1.

Statistical analvsis

Mann-Whitney’s U test was employed for testing the significant of the differences
between subgroups of cirrhotic patients. Correlation analyses were carried out for the
biochemical data, prothrombin data, amino acid analyses, dopamine D, receptor
binding as well as other laboratory parameters (Alb, T.Bil, NHy, PT%. Plt, Tyr, Phe,
BCAA), Child-Pugh scores and age. For analysis of continuous variables, Pearson’s
correlation coefficient was used, and p<0.05 was considered to indicate statistical
significance. For the two continuous variables which cannot be considered to follow
a normal distribution (T.Bil and NH;) values were log-transformed prior to the
analysis. For discrete variables (Child-Pugh score and age), Spearman’s rank and
sum correlation coefficient was determined, and p<0.05 was considered to indicate
statistical significance,

For multivariate analysis, linear multiple regression analysis was carried out, with
the binding of dopamine D, receptors in each ROl of the brain serving as the
dependent variable. The following were adopted as independent variables based on
the results of the simple correlation analysis: Alb, T.Bil, NHs, PT%, Plt, Tyr, Phe
and BCAA, age, sex, history of alcohol dependence, encephalopathy and ascites. For
multivariate analysis, dummy variables were incorporated into the history of
encephalopathy, history of ascites and gender of the patients.

Statistical analyses were carried out with Dr SSPS Il for Windows 11.0.1.J
standard version (SPSS Inc.).
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Fig. 1 Positron emission computed tomography, (PET) images using 11C-N-methylspiperone in a healthy
volunteer subject with ROI delineation (white) by 3DSRT. Number (red) shows each region of the brain

I: Callosomarginal, 2: Precentral, 3; Central. 4; Parictal, 5; Angular, 6; Temporal, 7. Occipital. §

Perscallonal 0 Fentenka Nuclnes 100 Flabomie. 11 Hipposanmpn

Results

Dopamine D, receptor binding in each ROI of the brain in healthy controls and liver

cirrhosis patients

The dopamine D- receptor binding was lower in cirrhotic patients compared to that
in the healthy controls in all ROI's investigated and in the thalamus and
hippocampus these reductions were statistically significant (Table 2).

D, receptor binding was also lower in cirrhotic patients with a history of alcohol
dependence where, again, the difference was statistically significant in thalamus
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Table 2 Comparison of regional brain dopamine D; receptor binding in cirrhotic patients and healthy
controls

Region of interest D5 receptor binding P
Cirrhosis (n=28) Control (n=3)

Callosomarginal 0.71£0.15 0.81£0.17 0.24
Precentral 0.90£0.15 1.00£0.18 0.26
Central 0.36+0.23 0.50£0.27 023
Parietal 0.3620.26 0,45+0.20 0.26
Angular 0.63+0.48 0.80£0.59 0.23
Temporal 1.07+0.09 1.16+0,09 0.09
Occipital 0.93+0.23 1.03+0.18 0.42
Pericallosal 0.66+0.29 0.72+0.27 0.18
Lenticular nuclei 1.74+0,21 1.9640.18 0.12
Thalamus 0.86+0,13* L1011 0.01
Hippocampus 0.88+0.10* 1.04=0.05 0.01

Values are means+SD
*p<0.0] by Mann~Whitney U test, significantly different from control

(»<0.01) and hippocampus (p<0.02) (Table 3). Dopamine D, receptor binding was
higher in all ROI in cirrhotic patients with history of overt HE and the difference was
statistically significant for the pericallosal region and the hippocampus (Table 4). On
the other hand, receptor binding between cirrhotic patients with a history of ascites
was not significantly different from patients with no such history (data not shown).

Correlations between D5 binding sites and clinical biochemical data in cirrhotic
patients

Simple correlation analysis was performed in the 28 patients except for plasma
amino acid analysis where data was unavailable in nine of these patients.

Table 3 Brain D, receptor binding in cirrhotic patients with or without alcohol dependence

Region of interest History of alcohol dependence P
Yes (n=13) No (n=15)

Callosomarginal 0.68+0.11 0.73£0.17 0.39
Precentral 0.86%0.16 0.93x0.15 0.45
Central 0.30+0.20 0.41+0.26 0.32
Parictal 0.29+0.22 0.41£0.28 0.28
Angular 0.51%0.52 0.73+045 028
Temporal 1.04+0.08 1.10£0.09 0.15
Occipital 0.85+0.24 1.01+0.20 0.11
Pericallosal 0.560.30 0.74£0.26 0.20
Lenticular nuclei 1.69+0.16 1.78+0.24 0.27
Thalamus 0.80+0.10* 0.92+0.14 0.01
Hippocampus 0.82+0.07* 0,92£0.10 0.02

Values are means=5D
*Significantly different from patients with no history of alcohol dependence by Mann-Whitney U test (p
values shown in right hand column)
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Table 4 Brain D, receptor binding in cirthotic patients with or without history of overt hepatic
encephalopathy

Region of interest History of overt hepatic encephalopathy P
Yes (n=6) No (n=22)

Callosomarginal 0.81+0.24 0.68+0.10 0.16
Precentral 1.00=0.18 0.87+0.14 0.07
Central 0.55=0.35 0.31£0.17 0.07
Panietal 0.57+0.37 0.30£0.19 0.06
Angular 0.98+0.31 0.53£0.49 0.12
Temporal 1.1320.11 1.06+0.08 0.15
Oceipital 1.12+£0.20 0.88+0.22 0.12
Pericallosal 0.92+0.29* 0.59£0.25 0.02
Lenticular nuclei 1.89+0.24* 1.70£0.18 0.05
Thalamus 0.96=0.19 0.83£0.11 0.12
Hippocampus 0.97+0.12* 0.85+0.08 0.02

Values are means<SD
*Significantly different from patients with no history of hepatic encephalopathy by Mann-Whitney U test
(p values shown in right hand column)

Dopamine D, receptor binding in thalamus and hippocampus showed significant
positive correlations with serum total bilirubin and negative correlations with
prothrombin times. D, receptor binding in thalamus was positively correlated with
serum phenylalanine levels and Child-Pugh scores whereas D, receptor binding in
callosomarginal, precentral, central, parietal, occipital, pericallosal cortices and
hippocampus showed significant positive correlations with the age of the patient
(Table 5). Using multiple linear regression analysis, D, receptor binding in
hippocampus was significantly associated with two variables (plasma tyrosine
concentrations and a history of HE). D, receptor binding in thalamus revealed a

Table 5 Correlations between clinical and laboratory parameters and D receptor binding in cirrhotic
patients

Variables Region of Interest Cormrelation coefficient P
Child-Pugh scores” Thalamus 0.452 0.016
Serum bilirubin Thalamus 0.431 0.022
Hippocampus 0.419 0.027
Prothrombin time activity Thalamus —0.480 0.010
Phenylalanine (plasma) Thalamus 0.457 0.049
Age® Callosomarginal 0.408 0.031
Precentral 0.439 0.019
Central 0419 0.027
Parietal 0.392 0.039
Oceipital 0.402 0.034
Pericallosal 0.429 0.023
Hippocampus 0.451 0.016

No significant correlations were observed between D, receptor binding and serum albumin, ammonia,
tyrosine, branched chain or aromatic amino acids or platelet count.

Order Correlation coefficient. Association of other continuous variables to cerebral D; receptor binding
activities was examined by Pearson’s correlation coefficient

" Association of Age and Child-Pugh scores to D, receptor binding was examined by Spearman Rank
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