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YR EEBLICHREMERYBEIEL I LD
SRR L Xidhs. FEF A FED
FETHHANDA VZB L ICIFIHREERT.
EEE FIIREICOBEINE T Vo) Ty
(phencyclidine: PCP) 3B b ICXIH %5 &4
L, KEREHIE - HEICR S ST WEpR
2RT. 20 L) KFEEDIGENROEE
RS, - HEERHRD T FE R & AR
BRI RASRVIIHIRICABI S D,

B OBNS T IREF/ O—= 7
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FEFAY = L TMESW .
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(R, ERDS) BARES

B &RV ORNF

AR (N
TrF¥IVRE)

DAT

757"?‘1:’/4'}‘#

MEEKFOMELS

PRV TFEEZNFEICLIVRIES L
TIAAVRRAY Y TLY IR EDOFREMEER
BRI/ TIVIT v AE—S =Y B R
2AOA YR EOREIRL EA A FEEAD,
KJBEITHAL T2 VIV TVY I VR
SEAE, KERIE S v FE ) A4 FEFEKEERNS
FesprI DAL E R
FETIIEWREORBE D AN AL L
LCOHEMRAICOWTEE L, BbIPHRAE
HBEE DS F AR T REN OV TR T
WL~ T A% EOFTFRIZFNFEE BVTE

INEIVERE
(MEEEDD)

FEHAF

n

T

‘j ZIYYPYIV.

AL

u-R (uZ74k), DA (F/$3), DR (F/830%%4k), DAT (FS3V IV AR—-F—),
nAch-R (ZaF 7L FNT1) v254k), NMDA-R (NMDAZZ4K), CB-1.R (hvF¥ 4 FRERE).
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 ONERRERATE. & ORI RED
) ARETSROBTC L ) RN O
AT, FREOREC B b
BTN TOBE L AT B,

bt fisaxa )
- IR R A U A K EORTE
i, EDOTHRVUBEBYEITI L5
L BRUEEBBREEO Y. CoBBIRE, 4
BRI EDOTHRVMERZE X R L, M
IR E S A EE D TR OZ LR #E S LT
WELDEEL OIS, BRI AR
FEERIE, FNI URIKE R REIRES &
CEXGNTELY. FAIVROBTH M
L BE® (ventral tegmental area: VTA) 25
A IRETS B ARBDARR K83 BB
AR OFI A E L L S ¢ D
Tehb, RECEEREEERLTVA S
CBERLTWA S,
ZITIE, BN RRATAL V7 EORRE
COFCAA FEECHEET S L0, K
CESIOBEHRII K VRICMA T ¥
AL FROEETHS Y. 44 FREL
M b KA R DB F DRI B ALK
LA E T e AN <
T2, 20L& ICHMRICES T A MR,
i~ T % CEBDRL D RAERT B L £ 2
BB, (KRR MY DR L
LTSS 0 /83 AR 5, 3048
AT &R B B R E B 5 T
Z25n5" (B1).
ORI IE A REKEY (bed nucleus of
Stria terminalis: BNST), R0,
BB % SOMEERMA L XiZh s
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LIFRDRERALAS, R EEY OHE 2B -
TV EEEENTWS Y. FEMBEEICR
519 % M A1 BRI =M A R O R BRI, 4
PR RIS 2 MR E BT TA5 ) 35
FEHEOEYBERUCHES L, BZIRE 2%
FWERU R BARE L TV AIREEIIZEE 1R E %
R LTWa,

HERBEOENHT

A

/T IVIIVAR=F I3, MRERE

OB ENLE TIVTHDE FI/8I

(DA), /vzEX7Y ¥ (NE), £a b=
(5-hydroxytryptamine: 5—HT) % #E#FE 2
B AR L, MiEEERT €2 Y (M2).
MRBEE /73 Vb IVAR—F -, FER
RKOMMBEIFEL, Na*/ClIKERIZE) 7
IV e MHRERGRAICEL) AUEERT, 73/
B b T v AR—&—% L L b2 SLC6 (solute
carrier 6) & XN ABEEF 773 —%F
BLTWwBE2 ahfvidE/TIVITY
AR—F—IREE L THRY) AAZHEL, ¥
FTABBRICRE EN2E ) 7 I Y OBE R
MBI EILNFREERIZTT. —F, A
Fr7x8IVIMRRE/ TIVINT A
K= —IZY AENLBIZE ) 7 I Vot
TrEEBI, VFTANMNEDOES T I VB
FYAR=F—IZHERL, ¥+ T AARRA
DE)T IV OMBEANDRE 2 RET 2
2Oo0ERFE DY, VS RNEEST
IV M7V AR—%— (vesicular monoamine
transporter: VMAT) %, DA, NE, o b
=V, BRI VIRTR2ERETLHE—D
BHT, MREERNOY+ 7 A/NEEICELE
L, YF7TANRBTE2FNI) VN T L AR—
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anA v

BT

VMAT
NGV AR—F—

H2 SREERHEOREER

— T AN

AET2EIV

SFTANEBESTIV
b5 AR—%— (VMAT)
ABLTTHEIY

T AN

AHA VFMEE ) TIV T VAR — IS LTEIYAAZEEL, XYy 72533V FTAMID
E)TFIVIIVAR—F—IIUIERL, YFTABBOE/ TIVEHPRT.
(Fleckenstein AE, et al, 2003, Fone KC, et al, 2005 & n)

% — (vesicular acetylcholine transporter:
VAChT) & & % 12 SLC18 (solute carrier
18) & XiIENBEETF 773V 2L T
52 andvoBMLEWMERE/ T IV
NS UAR—I—D—DTHB KNIV T
AR—F —IREEFMEITRIT L, BBEIR
QLR Y (G- R

IV RSURK—E—
FHEVIAES

AHA VNIV NI VAR —
(dopamin transporter: DAT), 1 b = ¥
M5 v A #& — % — (serotonin transporter:
SERT), /VI¥RXTY VTV AR—F—
(norepinephrine transporter: NET) OWiiL
2O ERT 5%, FOEAERITMZEHL H
2T B72DIE/TIV IV AR=F—RIEB

<y 2 EAWTIHA v OEREBFEFRET &N
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729 DAT KB~y AIFER T RIS
RT3I~6BDELOTHERLEHELRL,
F283 Y ER D AHMEREOXRINA, F/NI ¥
EREE, FNIURBEOY YL Fab—
TaviZBLWTHRETE Do/l ERL
Twb. %72, SERT, NET ORBHICHREE
DEALIA SN Dol LL, IHA >,
FUT Y I vORSI L) FERT T ATA
LA EBEOMIERIZ, DAT X<V A

ZBOTRERL TV I ER D, FIRAEER

BEOEB R I DAT AR TH

BT EARBENS Y.

a4 vOHEMIEIBEOE/TIV T
VAR—F—DFTHDAT 2L TWwAHL
W) DATR#H A5 E S T & 724, DAT
RIB= T ATB TGO T BB RER
(conditioned place preference: CPP) @ I 7
A v OEEDIRI- T2 9 UL, CPP
BB anA VOREICE o TEHART YA
¢ DAT R A TIIETOEVDIHRE S



ke A4 CPPREEEYY ATIHERE
L mEEL OISR, DAT Ki~ Y
2 TRBHAEBICBVYTOAALN W, F7-
REEENELS & CPP LB Y RIZT

rbbhrorz. DAT KIB< YT X DEIEEED
- C57BL/6%Y7 % %\~ it DBA/2]™ DR
CosiE (REREER) X0banay
CPP YA LT\ 7z CPP & i3®7% ) DAT

RIET AL IS 3k A VR BIRNE TR

5 (intravenous self-administration (SA)) L

ot ¥,

B, DAT OFEHRZZEERBIELDTIX
RS EEFRET Y XAAER S A
7. DAT #BRERB Sy A TIEI A 4
Y CPP AR LTS, I A VIZk 2%
 PEBNEICRLE b5 S o7 . DAT
REVPOBL B VDAT /v 7 o=y
%, DAT 70 %E— % —EF| O T DAT @
A% B DNA (complementary DNA: cDNA)
FRALTIHEREN,:D DAT /v s ooy
Y ATId DAT BHOE LWiBAI & ) iz
NENRI D7 )T APET L, Mg F
IVEEEDLTMI LA SE. DATEE
B A L IIEBIIC DAT / v 7 ¥y v
YA CRERED T4 1 V5 CRIERED
WIMAR L7205, 344 ¥ CPP IS kAt
o7z
DAT RIB~ 7 A |3 AR AR B D4 F
DRERICERZETIVED, F83 iz
BERE (BLE¥D. BEOREFRELN
EDXD hRELEEFIZR EhVET
YYADMERETEREL Lz, < A DAT ®
TEEBEEOT I BEFIZa N A 0B
B CEERREZ R LTS, 22
POEEBEROT I BRI AR S ¢
YOS S0 BET LT 52 ks
DFERY AMIITE A CHBRRIZS S
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WER DAT EH% 7D DAT a4 1 VIR
™ (DAT- “cocaine-insensitive” (CI)) <7 A
MEEENA P, DAT-CITIZ F/83 VLY
IARENEOEALIIA S, T4 4 VidMREst
FNIVREE ER ST, P VMila0FR
KICHB L b osz. DAT RE~ Y R LM
I FRETORATES R OB INIE DAT-CI
< ATEHREINZH, ah A VIIRFTERE
PRAEE. L L, DATCI®YATida
B4 2IZ& % CPP, BIRNECHESLERIT
Bratah 4 YERETEHOS QIEELT
W7z, DATCI®DRIZBWTIZah A v 59
UG TOMREA /83 V2 ER & ozl
EMG, THA L BREKG T ORI K3
IVOEMABI N A VRICIZEETHL L
ZRLTWAS,
INHDDAT /K18, H5VILERFEH S
B RIEFEESVAETVOBINICEY, O
WA v DIREEIRIZ 1L DAT ORBESEERK
EERI-TZEPHLNE Rz

LD
HEEEROMS

-5, OEI)TIV T AR-F—/KIE
RYUARBIFETHA VOFBIIRIZOWT
\%, SERT, NET »*k#7¥5 & CPPIZ Lk %
WA BRI R o THEINT A REREIES
N7z M9 K512 fluoxetine 12 & % SERT FE
% % 7213 nisoxetine |2 X 5 NET [HZi3 DAT
KRIE<Y A TCPPIZ X 28R E R L 2.
DAT ORBIZMZTHDOE /) 7TIV TR
R—% —DOHEIZ L Y fluoxetine % nisoxetine
HIRBBI R % R L7 #RiE, SERT, NET &
BIC L B304 YRR OBEME —BT 5 H
MTHotz. EBE, SERT OEEEDHZS53a
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1A v L ERRELC, DAT RIB<™ AZBITS
RIAERE 2 &SR [C BV CHIRIS 83
RRMEET. IO D#ERIZ DAT Rig<y
AZBIT B EAEETFTO K33 U ROES)
O b= CHRERATHIE LTV B TR R R
BLTWwh, F2Ivetn b= UEROM
HEERDHRO A = XL ICEE L TW AR
2, I VB LTVRETY ZEF LR
MCLoTHEBLNZ I vEdey 2T
RRRI VDR THT 35 I VEAROERE
BRTHLFOI VL FOFL5—PRRIEX
FTHEBENLD. P8I VBT 2 TR,
DAT R#E~ 7 A & E# 12 fluoxetine IZ & 2
SERT FHZEIZ X 1) CPP IZ X ) $REHRIE AR &
N7z, anh 4 OHmMEHFEIE, DAT, SERT,
NET 25 Z N EnBMIZ/RIBLTD, Masrik
TAHILTRBENBEEZONS. 22Tk
\ZDAT & SERT @ ¥ 7V RIB< 7 2 % 54
LTHET L7z, 304 » OEEIERIE DAT #¢
STEXIE L, SERT #2&KiEB, 5V idHs
RIBLTVARIZE Y ATIAHE LY. L
L, SERT 2S£ KB L TV Th, DAT 5%
ARBOFATIIEREEINS D, ZhoL0OBE
2, ah4 #HBZIZ DAT & SERT A5k 3
IZB85-L, SERT &9 DAT %% Xy ki
EERRELTWABEEION Y K5 lcknk=
¥ 1B ZEMEBRIIINA N X BB R
Wi sSE, FRABEAOR IV NS
®BHIULARENZY. ko b= IBREY
Y AREER L BTN 4 10 L B s
NHEBIENL VL CHML, F8RAETS
BERBRIZBWT 284 »~OHBIAHHEE L
TWAZ EPHEEINS. F/2T7 7243
DEWED 5\VIIFEREC X AITEIBREORE
PHERT T A LTIV RESNLZIED
BEINn.
INEDRIT PN VREE ST S

O M= VR EDMDE ) T I AR AT
AR MR ORREICES L TWwaZ L %
RLTWwE D,

£ FOBHAF

ENVE RMIREINLFEF A FOERHF
ELTHEA A FRBEIEIZFIrO—=v )
&) GERICEBKT 2 7 AEE B EET
773 —0—2L LTREEN:?. 4¥F
A FRIE, u, 6, kE&IFLN3BED
REhL, BENMEo Y FL 7 1Y,
I TTNY, T4 INT 4 v EORRNE
FEFA RRTFF773)—HbED IO,
FEF A FEZEMT, F ¥4 FORNEIR
~NOVEREMITH L EE 2 5N TWwWh. 3EE
DAEF A FZBEEOFTY u BTy -7
3/ E&® ( y-aminobutyric acid: GABA) %
ITEMRE, FEEIBEE ICHET S b GABA #
BERRICEBRL, €T FEINLD u TR
BIREETH Z LI2E ) GABA DA
SNIAER, M VAR EER BB IED L
ZEibhTns,

EHIT, ut ¥t FEFEREBETZY
T, BIRNECHKESHER CPPIcBWT,
ENEADORBMBEIHEL TP Zh
O DEEMRBRDOMERS S 6 B L Uk ZHAEHE
BICRBLTWD u R ATIE, Evki
DFRIRIL 6 D\ 3k SEAETIER L 4T
BEENLTHREZEZONDE. E512, uRk
BT ATIRIAAL VLY ) — VOBBZIR
PR L T2 &id, ELEFRDORE LT
DEIFEEY OB RIZD u + I 1 FRE
BHEEELTWwAZ LR RBLTWSE Y, &
D &) IR HEY OBHSFDORIB< 7 X E
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U A A FRVEWEFORBICES LT 5
ZrARENI

it £ TR

 REEEEEWE FARER LT %) HICKRED
WL - RIS A, ARTFIEERMIC X B HRENED R

Y ELFEINLZEIZLVERSINS
e hb, EMEKFEORBOERL L THRE
BN EELEZONTWS. ERE, BE-
 -$%K%§¢5N>x%wﬂr7xN5¥y
.@ (N-methyl-D-aspartic acid: NMDA) %! 7
LWV X VEBRERRORREORS IEWERED
MR EEET 5. AF 72y IvRah(
Lo ARIERIEER E KRG T AL, B
RSN EETEHSETEICERT SR

L BRTBY, ZOEYRSOMEILTEIRE

‘g(ﬁmﬁﬁﬁ>ttfﬂanfwaw.ﬁﬁm

 RLEAEDELERL TS LA LD

Efﬁ,¢ﬁﬁﬁﬂﬁ¥Tuﬁﬂti<%<i5u
kD, WHEORM L) ERTHRERESR %
S HRTVA,

 TEEE BEHEBRS) o AR ER
- AERIICHEL CHEYERS TESICHEER
N, BIEMASEERLTWEEEZ LRSS,
AR I ERE, B 83 U HEE R

L WESERI XL VEMARERT I N0

MBI TR & N BITIE B3 HHEEE D

WRALEE, REATR S LI S
o A URERIET S AMMEEORETENEAZAL

o LTweatEiohs. 03y, EMEEON
L BB BT, ZOMRBFIRRE S
| EERbNE. REDER IS VEBOE
AREEOIIEETH Y, Bk - MR
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13 B3 VRERRICINZ CRUBHATEF, RbkE, 8
B oRSEE~D TV IV BREBROTEEILH
BEELZEZON TN,

2 bV AZEBEIFORIED A% b TR
WS b o TV Z e Db TV S 3,
A b VADEYEFORBIIES T2 AN =X
L LTAMVAIZEBBEREBEMTAIDIZ
RS EY A EHTAIENEL LN TS P,
7ol 242, REORERCERORER HoHVIZ
HEAEEOST ST 2EBE 2 b EWEFD
REORBUERL 2D ) A2 eHkESH
TW5, BEFNVEBAWIFRETIE, 7y b
Vay reWER EOFEEA VA, HEHE
BB DA N L ADMEEEE OB
OG- EYFERITE L IHT 5 2 L AHRE S
NTWwah, ZORKNA L ARIHEHHEHEER &
LTEMKEDA A= ALIZES LTw5E EE
VAo (W-N

BORDOFFERFIZ LY, TERD HKFHERY
DA RICEEL TV A EEZ SN TV AR
ZEWE (FR3Y, FEIA FRTFF, £ab
=¥, GABA BXUHVFY/AF) 723 Tld%
{, RHAMARIZESLTWAEEZLNST
VFabok AT (corticotropin-releasing
factor; CRF), /VIEAX7) /BLF=a—
O~7F FY (neuropeptide Y: NPY) IH
DIEBEFRUCE D o TV B I EATR ST 637,
WA OB S LRI R BRI e
% FR &, CRF "3 28R TE-TZ4&—5
BREBAA ML ARISROFHZEEL, &KF
HEMOSHEBRED, F7RFRZ (BNST) T/
VIR v ORBEENSE, REORH
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BONPY 2B &€2 2 EDHLNE o7,

) L1 KizkB
VT S AR

EMEFOREERE LT, NEAWETH D
RS A CRIENER LS 2. &
EHERVEYERFEOREICES T4 2 Lid)
EREEFHIRL Lo oHRS N, RIRES
HED—FERIT IR RIC R T—EiMED S
VS HIIZETHIED S, EXIEWREFEDE
Fid, %9 Thwd ORI O RIER
WBEWIZ EPRMENT WS, BB EE
B\ ZAOMBHEICBNTDH, RFEETK
FHEWNT A RSPR2 5 Z EBHM5NT
W5, EYERFEORRE L 2 5BIEZERIL, o
SHREELARIENSFE2I—-F T2 HE—0
BIZF72ITII%L, BROBEFIHESLT
WBHEEZLNS B BEERYEOI LI
DB DRI D L D DTIFR WV,
2%, REEROEKRT L LA, %
FERLZED) b TREREDEMIRE L £ 2
LNABRIZHESEELEL DL Bbh b,

AT IVKEFERETIIE/ TIVE
ERF (SBHE, V5V AR—F— REWE)
ZHROIZT ) ADOBREFEEPET I TN
20 E)T7IVABRREMEEBLTNS
PHRER LD K ERY DVER ¥ 5 Fi R 12 B8
BT2bD, X572y I UhMREEYT
T L OB ERICEbL 5 RIZTFRE, EYW
RECBD 2 BIZFHE, € L CHIRARRIEEE
FEARR & A TE & OSBRI D & R
SNHBEFHZECKNSNG, wFhUlE
Wb B X2 EPOREF CHEKESED Sh
TBY, MOBWERLEPCEERDH S &
ZZONBRIGFIZOVTIRAY Y72y
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L BIZFEE L OEBIBVWEEDRS,
% D NFETHAT SN BIEFIID VA, 2
T & AT SRTL 20 K93 ¥ D, %
&1 (DRD2) &f=FTh%. DRD2 EIzF%
BIIHAANLBEANTIEAY V725 I VKHF
& OB btz 42 K5 | CERRRBIE
IZHEE SN2 ENTEY, DRD2&E
BEFRAEMER > S EMREEEREE TO
EEIC, DAT IZHEETFH# Y 12, catechol-O-
methyltransferase (COMT) BIEFIZBERE
Wiz &L OREEN 49 2gHE s N T B 89,
BRI OBRIZFLENIER LB TIEE <
DBIZFIZONTHRDL Z LICBERBH 512
O, 7 AehERELBIFEEFNTY
7z, AIBOFFE 7 )V — 7 (Japanese Genetics
Initiative for Drug Abuse: JGIDA) & % HE
I REWIRAF R FEFT (National Institute on
Drug Abuse: NIDA) & ®OFREAFERIZL Y &7/
LT A FAEBI#EENT (genome-wide association:
GWA) #iZsfrhbh, ThETEEShTS
Lol B BORTFIIAY VT 25 I VKEL
OHREBARD SN, T T4 K
FEBREATIC X ), WD F T AT, iR
BRBEESF, MR EMRES T, MR
BAEMES T2 COMBEERRET L LOR
SN, EMERFEREONSEMSEIR, ChoEl
DBIZFIEELTWwELEEZONS.
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White Matter Abnormalities as a Risk
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Objective: Delirium is a common and critical clinical syndrome in older persons. The
autbors examined wbetber any abnormalities in the white maiter (WM) assessed by
diffusion tensor imaging (DTI) predisposes patients to develop delirium after cardiac
surgery and also analyzed other risk factors for delirtum. Method: In 116 consecu-
live patients wbo underwent scheduled cardiac operations, fractional anisotropy
(FA) values obtained by DII before the surgery and pre-, peri-, and Dostoperative
Jactors were evaluated. The postoperative delivium was diagnosed according to
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, criteria for
delirium. Results: Delivium developed in 19 of 116 patients (16.4%). Eighteen of the
Datients with delirium (94.7%) were older than 60 years. A multivariate logistic
regression analysis showed that advanced age and poor performance on a4 semantic
Sluency task (the Word Fluency test animal) were important predictive indicators of
the delirium. In addition, a voxel-by-voxel analysis using the Statistical Parametrical
Mapping 2 revealed that the FA values of the patients with postoperative delirium
were significantly lower than those of the nondelirium patients in the bilaterally
widespread deep WMs and bilateral thalamus, whereas the analysis treating age as
a nuisance variable indicated a significant change in only four clusters of the brain
areas, e.g., the left frontal lobe WM, and left thalamus, when compared with the
nondelirium group. Conclusion: The abnormalities in the deep WMs and thalamus
that were mainly accelerated by aging may account for the vulnerability to postop-
erative delirium, and the semantic word fluency could be a useful predictive indica-
tor of delirium. (Am ] Geriatr Psychiatry 2010; 18:743-753)
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White Matter Abnormalities As a Risk Factor for Postoperative Delirium

Delirium is a neurobehavioral syndrome associ-
ated with disturbances in consciousness and
attention.? The symptoms of delirium involve an
acute generalized impairment of cognitive function
(orientation, memory, and abstract thinking), behav-
ioral and psychomotor abnormalities (ranging from
apathy and agitation), an altered slcep-wake cycle,
and disorganized thinking>®

Delirium occurs in older hospitalized patients at a
higher rate of incidence. The prevalence of delirium
at hospital admission ranges from 14% to 24%, and
the incidence of delirium during hospitalization
ranges from 6% to 56% among the general hospital
populations. In particular, delirium occurs in 15%—
53% of older postoperative patients.’ The etiology of
delirium may be a complex and multifactorial syn-
drome.>® It has been reported that the postoperative
delirium can be attributed to precipitating factors,
e.g., surgery and intercurrent illness, and risk factors
predisposed to individual patients including older
age, cognitive impairments, sensory impairments,
and coexisting medical conditions.®*! Circumstan-
tial evidence suggests that advanced age, decline
of the cognitive functions, and increased vascular
changes are primarily involved in the vulnerable
conditions to delirium.>'#*?

Magnetic resonance diffusion tensor imaging
(DTI) is a noninvasive in vivo method for character-
izing the integrity of anatomical connections and
white matter (WM) circuitry and provides a quanti-
tative assessment of the microstructure of the WM,
e.g., myelin sheath and intra-axonal structures.’® The
diffusion properties that are sensitive to water diffu-
sion can be assessed by means of two indices: frac-
tional anisotropy (FA) and mean diffusivity (MD).
FA is a quantitative measure of the anisotropy cal-
culated from the DTI and reflects the degree of di-
rectionality of cellular structures within the fiber
tracts, whereas MD is a measure of diffusion in the
nonlinear direction or free diffusion.’” FA rather than
MD had been used in many studies examining an
age-related change in the WM DTI in normal healthy
adults,***! with correlation to a decrease in the cog-
nitive function.””* The changes in the WM shown
by the FA studies suggest that a deterioration in the
cortical circuitry with aging are attributed to the
age-related cognitive decline.>2

This study had two primary aims. The first was to
examine whether any changes in the WM indicated
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by FA were predisposed in the patients who devel-
oped to delirium after cardiac surgery. We assumed
that abnormalities in the WM is involved in the
vulnerability to the development of postoperative
delirium. The second aim was to investigate whether
pre-, peri-, and postoperative risk factors for delir-
ium reported in previous studies®*? also behave as a
risk factor in this study.

This study demonstrated that there were a wide-
spread reduction of the FA values in the brain of
patients with postoperative delirium compared with
the nondelirium patients and that advanced age and
a neuropsychological test, the Word Fluency test an-
imal (WFTA) were evaluated as important indicators
of postoperative delirium. In addition, we analyzed
relationships of the age between the FA values, be-
cause an age-related linear decline of the FA values
was indicated by several studies.!”"%%-2

METHODS

Subjects

Subjects were 119 consecutive Japanese patients
that underwent scheduled cardiac operations be-
tween August 2005 and August 2006 in the Depart-
ment of Cardiothoracic Surgery, Tokyo Medical and
Dental University, University Hospital Faculty of
Medicine (Tokyo). Patients who were admitted for
an emergency operation in this period were excluded
from this study. Approval was obtained from the
ethics committee of Tokyo Medical Dental Univer-
sity, and all patients gave written informed consent.

All the patients received an assessment battery for
preoperative conditions and a magnetic resonance
imaging (MRI) study, whereas 18 of the subjects who
did not accept to be examined by a neuropsycholog-
ical test battery were evaluated by the preoperative
assessments excluding the neuropsychological tests.
After the operation, all the patients were assessed
daily not only by the medical staff of the Department
of Thoracic Cardiovascular Surgery but also by a
well-trained psychiatrists (either the principle inves-
tigator [AS] or a coauthor [TT]) until discharged. The
presence of delirium was determined by the psychi-
atrists according to Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition-TR criteria for
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delirium.'?”?® The severity of delirium was evalu-
ated using the severity items of the Delirium Rating
Scale—Revised-98.%

Preoperative Evaluations

The preoperative evaluation included medical his-
tory, impairments in their physical condition, hand-
icaps, alcohol consumption, and smoking habits.
Neuropsychological tests, i.e., the Mini-Mental State
Examination,® the Trail Making tests A and B! the
Stroop Color-Word interference test,*” Word Fluency
tests of animal and letter,*® digit spans of forward
and backward, and the Beck Inventory Depression
Scale,* were examined on the day after the admis-
sion for surgery. For the WFTA, participants were
asked to name as many animals as possible for 60
seconds. For the Word Fluency test K, participants
were asked to name as many words as possible be-
ginning with the letter “Ka (in Japanese)” for 60
seconds.

Peri- and Postoperative Evaluations

The operating procedure, operation time, anes-
thetic time, use of extracorporeal circulation, amount
of blood loss, and requirement of blood transfusion
during the surgery were obtained from the flow
chart. The postoperative medical factors for the in-
tensive care and any cardiopulmonary complications
were also included in the analyses for the risk factors
of delirium. No subjects in the study received opioid
analgesics or dexmedetomidine (a,-adrenergic ago-
nist)* during the peri- and postoperative period.

Magnetic Resonance Imaging

DTI was performed using a 1.5-tesla General Elec-
tric Signa (General Electric, Milwaukee) with a stan-
dard head coil. Diffusion weighted echo planar im-
ages were acquired in the axial plane (repitition time
[TR] = 8,000 milliseconds, echo time [TE] = 78 mil-
liseconds, matrix = 128 X 128, field of view [FOV] =
24 cm X 24 cm, slice thickness = 5 mm, interleave,
number of excitations [NEX] = 4) providing whole
brain coverage. Six noncollinear directions were
sampled using b values from 0 to 1,000 s/min and
one additional image with a b value of zero. The
imaging time for the DTI examination was 7.5 min-

Am ] Geriatr Psychiatry 18:8, August 2010

Shioiri et al.

utes. The images were corrected by the GE worksta-
tion for eddy current disorientations. Conventional
axial T1 and T2-weighted images were also per-
formed to assess WM lesions or lacunar infractions.
All subsequent sequences were aligned with the an-
terior and posterior commissure (AC-PC) plane.

FA was calculated from the diffusion weighted
images using the method proposed by Pierpaoli and
Basser.?*”” The FA data were normalized to the Mon-
treal Neurological Institute space using the general
linear deformation by Statistical Parametrical Map-
ping 2 (SPM2, Wellcome Department of Cognitive
Neurology, London)*® as described in the previous
reports.*® The FA maps were smoothed with a
Gaussian kernel of 12 mm full width at half maxi-
mum. The resultant FA values were compared be-
tween two groups (patients with or without postop-
erative delirium) by a voxel-by-voxel analysis using
the SPM2. First, to estimate the population effects
(diagnostic effects), we used a single subject condi-
tion (nondelirium or delirium) and covariate (no co-
variate of interest) model for the SPM analysis. We
next applied the single subject condition (nonde-
lirium or delirium) and covariate (age). For the anal-
vses, we used the one-tailed p <0.001 (uncorrected)
as a statistical threshold to search for significant dif-
ferences between the groups, as we hypothesized
that there were reductions in the FA values of pa-
tients with postoperative delirium. The voxel-by-
voxel analysis in the stereotactic space can provide
an unprejudiced view of the result, whereas a region-
of-interest technique is limited by the fact that the
selection of sample depends on the observer’s priori
choice and hypothesis. However, image misregistra-
tions from spatial normalization in the voxe-by-voxel
analysis can mimic FA alterations, if there are large
variations of brain shape in older subjects.'**! Thus,
we set the masking threshold for the FA values of 0.2
to exclude voxels containing the partial volume of
WM and other tissues and to minimize the effect of
the misregistrations.

Stadstical Analysis

We compared the pre-, peri-, and postoperative
factors and the neuropsychological assessments be-
tween the delirium group and the nondelirium
group. The continuous variables are expressed as the
mean * SD, and the categorical data are expressed as
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White Matter Abnormalities As a Risk Factor for Postoperative Delirium

proportions. The two-tailed Student’s t-test or the

TABLE 1. Comparisons of Pre-, Peri-, and Postoperative . .
Variables net:ee:':h:;‘:m'::l Goonip and the Mann-Whitney U test was used for the continuous
Nondelirium Group (Univariate Analysis) variables. The comparison of proportions was ana-

Delirium Nondelirfum lyzed by the x* tests. If the expected cell frequencies

Preoperative Data Group (n = 19) Group (n = 97) were <5, we used Fisher’s exact test for the analysis.

Age 73.1 + 6.4 625+ 11.8* The variables with a p value <0.05 were entered into

!S;::l (male) o 2112 (f‘;-‘:)%) ) 362 &675-%93) a backward stepwise logistic regression analysis re-

Hypim:l 18 (94.7%) 65 (67.1%)° quiring a p value less than 0.05 to remain. In addi-

Diabetes mellitus 6(31.6%) 40 (41.2%) tion, a comparison between the two groups using

gcmodi:(l,)lrist . Zg?g:g 3; 262;69):) analysis of covariance (ANCOVA) with the age of

Cerebral vascular disease 2(10.5%) 15 (15.5%) the patients treated as nuisance covariate and a cor-

Smoking (cigarette/day X o . relation analysis with the age were performed. A

year) 725389  433.2% 7137 . .

Al iy vae 9 (50%) 32 G34%) correlation w1th the age was analyzed b‘y the Pears'on

Visual disturbance 1(5.3%) 5 (5.2%) test. The statistical analyses were carried out using

Auditory disturbance 2(10.5%) 2(2.1%) the SPSS version 16.0 (SPSS, Inc., Chicago, IL).

History of cancer 3 (16.7%) 12 (12.4%)

Cognitive tests®
Mini-Mental State

Examination 263+ 34 27.2+27
Trail making test
B-A (seconds) 1559 £ 1315 823 % 125.2° RESULTS
Color Stroop
test (scconds) 214 * 143 189 * 15.9
Word fluency test animal 13.4 + 4.1 18.6 + 5.8 General
Word fluency test "Ka (in . L. .
Japanese)” 76%34 10.0 + 4.2° Of the 119 patients, we eliminated three patients,
Digit span forward 78224 92524 who had a cerebral vascular embolism after the sur-
Digit span backward 52*19 59+23 - .

Mgc,?;:c d:m gery, from the statistical analyses of this study. The
Operation time (minutes) ~ 4047 £ 89.2  408.6 * 1135 mean age of all the patients (F/mean = 38/78) was
Anesth:;c‘:)dmzc (minutes) 5109 = 928 515.4 = 117.0 64.3 (27—84 years). Nineteen of the 116 patients

circulation (on) 10 (52.6%) 60 (61.9%) . (16.4%) developed delirium after the cardiac surgery.
Blood loss (mL) 797.7 £ 559.4 Pl = S8 The mean *= SD of the severity score of Delirium

TYBP? g? O"Pm"m;o“:" 12 (66.7%) 0125 Rating Scale—Revised-98 was 24.3 = 6.0. Eighteen of
Coronary artery bypass the patients with delirium (94.7%) were older than 60
v :"‘ﬁ (CABG) . ;‘gg-g:) ;Z gg-;"z) years, whereas 60 of 97 nondelirium patients (61.9%)

e replaceme! s T% .
CM‘;G +p VR " 5515‘8%; 9(9'3%)) were older than 60 years. The patients underwent
Thoracic aortic aneurysm 3 (15.8%) 9(9.3%) five types of cardiac surgery (number of patients):
The others 1639 Bia-Ey coronary artery bypass graft surgery (54), valve re-

Postoperative data ’

Incubation period (days) 1516 13+18 placement surgery (29), coronary artery bypass gr. aft

Intensive care unit surgery and valve replacement surgery (12), thoracic
+ + A

c s"r’;‘(’i‘“xzmw 42x21 $6x83 aortic aneurysm surgery (12), and the others (9). The

complication 11 (61.2%) 59 (60.8%) cardiac surgery using extracorporeal circulation was

Notes: Continuous variables are expressed as mean * SD, and carried out on 70 patients (60.3%).

categorical data are expressed by the number of patients. The two-
tailed Student’s t-test or the Mann-Whitney U test was used for the

continuous variables. The comparison of proportions was analyzed Pre-, Peri-, and Postoperative Variables

by the x* tests. If the expected cell frequencies were <5, we used

Fisher’s exact test for the analysis. The results of the comparison of the pre-, peri-,
*p <0.001. . L
bp <0.01. and postoperauYe data between the delu'.mm group
p <0.05. and the nondelirium group are shown in Table 1.

“The resuits of the cognitive tests were obtained from 17 patients There was a staﬁstically signiﬁcant difference be-
with delirium and 81 patients with nondelirium (see Methods). p i :

tween the two groups in age, body mass index, high

blood pressure, hemodialysis, and blood transfusion
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during the operations. Based on the neuropsycholog-
ical tests, a significant difference between the two
groups was observed in the WFTA, the Word Flu-
ency test K, and the Trail Making test B-A, but not in
the Mini-Mental State Examination, Color Stroop
test, or digit span tests. There was no patient who
had a depressive syndrome checked by either the
Beck depression scale or a preoperative interview.
Neither alcoholic nor dementia was diagnosed by the
preoperative assessment in the subjects of the study.

The multivariate logistic regression analysis, in
which the significant variables with a p <0.05 based
on the univariate comparison test were entered, re-
vealed that advanced age and low WFTA score were
important risk factors of postoperative delirium (Ta-
ble 2). The analysis using ANCOVA with the age of
the patient treated as a nuisance covariate showed
that the WFTA score of the delirium group was
significantly lower than that of the nondelirium
group (F = 5.82, df = 1,95, p <0.05, Fig. 1).

MRI Study

The comparison of the FA values between the
delirium group and nondelirium groups using a sin-
gle subject condition without the covariate model for
the SPM2 is shown in Fig. 2 and Table 3. There was
a significant reduction in the FA values of the delir-
ium patients in many sections of the bilateral WM,
i.e,, frontal lobe, temporal lobe, parietal lobe, limbic
lobe, and the bilateral thalamus.

The SPM2 analysis between the two groups with
treated age as the covariate demonstrated a signifi-
cant decrease in the FA values in four clusters of the
brain area, i.e., left subgyral of frontal lobe, right

TABLE 2. Predictive Factors of Delirium After Cardiac
Surgery Resulting From the Multivariate Logistic

Regression Analysis
95% Confidence
Variables Odds Ratio Interval ]
Age (per year) 1.163 1.044-1.296 0.006
WFT A (per number) 0.827 0.707-0.966 0.017

Notes: Variables with significantly different changes between the
delirium group and the nondelirium group (p <0.05), i.c., age, body
mass index, high blood pressure, hemodialysis, Trail making test B-A,
WFTA, WFTK, and blood transfusion, were entered into a backward
stepwise logistic regression analysis requiring 2 p value <0.05 to
remain (Wald y? test, df = 1).
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FIGURE 1. Scatter Plots of the Word Fluency Test Animal
(WFTA) With Age in Patients With Delirium and

Without Delirium
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The WFTA score of the delirium group was significantly decreased
(F = 5.82, df = 1,95, p <0.05) compared with that of the nonde-
lirium group. The analysis was performed by ANCOVA with the age
of the patient treated as a nuisance covariate.

cingulate gyrus, left ventral anterior nucleus of the
thalamus, and corpus callosum (Fig. 3 and Table 3).
The analysis using ANCOVA also indicated that
the FA values of the delirium group was significa-
ntly decreased in the four brain regions compared
with the nondelirium group (left thalamus (ventral
anterior nucleus): F = 1113, df = 1,113
p <0.01, left frontal lobe (subgyral): F = 11.87,
df = 1,113, p <0.001, right cingulate gyrus: F = 11.94,
df = 1,113, p <0.001, corpus callosum (splenium):
F = 10.00, df = 1,113, p <0.01). In addition, a statis-
tically significant correlation between the FA values
and the age was found in all four areas of the
nondelirium group (left frontal lobe [r = 0.394,
df = 95, p <0.0001], right cingulate gyrus [r =
0.376, df = 95, p <0.0001], left thalamus [r = 0.488,
df = 96, p <0.0001] and corpus callosum [r = 0.398,
df = 95, p <0.0001]) but not either of the brain
areas of the delirium group (Fig. 4).

In a subgroup of the subjects older than 60 years,
the analysis using ANCOVA also indicated that the
FA values of the delirium group was significantly
decreased in the four brain regions compared with
the nondelirium group (left thalamus (ventral ante-
rior nucleus): F = 14.6, df = 1,74, p <0.01, left frontal
lobe (subgyral): F = 10.8, df = 1,74, p <0.01, right
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White Matter Abnormalities As a Risk Factor for Postoperative Delirium

FIGURE 2. Comparisons of FA Values Between the Delirinm Group and Nondelirinum Group by a Single Subject Condition

Without the Covariate Model for the SPM2

The SPM{t} values (one-tailed p <0.001, uncorrected) are displayed on the axial FA template images. A significant decrease in the FA values
for the delirium group was observed in many brain areas including the bilateral thalamus, bilateral deep white matters of entire cerebral cortices,

and corpus callosum.

cingulate gyrus: F = 7.4, df = 1,74, p <0.01, corpus
callosum (splenium): F = 9.9, df = 1,74, p <0.01).

DISCUSSION

This study demonstrated a significant reduction in the
FA values of the WM in many areas of the brain pre-
disposed patients to delirium after the cardiac opera-
tion. However, a comparison of the FA values between
the delirium group and the nondelirium group analyz-
ing age as the nuisance covariate revealed a statistically
significant change in only four clusters of the brain
areas. Consequently, it seems that the majority of the
brain areas which exhibited a significant decrease in the
FA values of the delirium group were involved in
the age-related changes in the WM.

Histological studies of postmortem brains have
reported age-related alterations in the WM, such as a

748

decline in the volume, number, and length of the
myelinated fibers.**~** Many cross-sectional, longitu-
dinal, and structural MRI studies showed age-related
volume increases in the cerebrospinal fluid (CSF)-
filled space that primarily occurred at the expense of
cortical gray matter and with most showing little
volume change in the WM,!® whereas a few studies
reported that there was a steady decline in the WM
volume.*** However, DTI studies including this
study indicated age-related declines in the FA values
of WM in normal healthy adults in whom volume
declines were not necessarily detectable,’®"2* which
may be attributable to the changes in the WM ob-
served in the postmortem brains.*>**

The core features of delirium are disturbances in
consciousness and attention.'” The integrity of the
WM in CNS is required to control consciousness and
pay attention to objects. The brain states of vigilance
are controlled by a system that originates in the
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TABLE 3. Decreases in the FA Values of Patients With Delirium

MNI Coordinates t
Anatomical Regions x y z Model 1* (df = 114) Model 2° (df = 113)
Thalamus :
Left ventral anterior nucleus -8 -6 6 496 3.37
Left ventral lateral nucleus -10 =12 8 4.42
Left pulvinar =20 -28 12 431
Left ventral posterior lateral nucleus -16 -16 8 3.62
Left lateral posterior nucleus -20 -20 12 3.76
Right anterior nucleus 6 -4 8 4.04
Right ventral anterior nucleus 12 =6 8 3.39
Right pulvinar 16 =32 12 4.08
Right ventral lateral nucleus 16 -16 12 3.28
Temporal lobe
Left superior temporal gyrus WM —-36 —40 8 4.44
Left middle temporal gyrus WM —-56 -36 10 3.21
Left subgyral WM —44 -36 -4 3.85
Right superior temporal gyrus WM 38 -38 8 3.50
Right subgyral WM 42 -36 —4 3.51
Frontal lobe
Left inferior frontal gyrus WM —36 32 8 3.46
Left precentral gyrus WM —36 —4 36 341
Left subgyral WM =22 -32 34 4.86 3.46
Right subgyral WM 40 0 22 3.53%
Parietal lobe
Left supramarginal gyrus WM —48 -42 34 3.42
Left precuneus WM -20 -56 36 361
Left subgyral WM —22 =52 38 353
Right subgyral WM 34 -52 32 3.23
Limbic lobe
Left cingulate gyrus WM -20 -10 42 3.86
Right cingulate gyrus WM 20 -24 36 4.75 3.47
Left anterior cingulate WM -12 24 22 3.60
Corpus callosum (splenium) -6 —34 20 458 3.18

Notes: The FA values were compared between the two groups (paticnts with or without postoperative delirium) by a voxel-by-voxel analysis

using the SPM2. MNI: Montreal Neurological Institute.

“In Model 1, to estimate population effects (diagnostic effects), we used a single subject condition (nondelirium [n = 97] or delirium [n = 19])

and covariate (no covariate of interest) model for the SPM analysis.

“In Model 2, we applied the single subject condition (nondelirium [n = 97] or delirium [n = 19]) and covariate (covariate of interest; age).
For the analyses, we set the masking threshold for the FA values of 0.2 for excluding voxels containing partial volume of WM and other tissues.
We used the one-tailed p <0.001 (uncorrected) as a statistical threshold to search for significant differences between the groups.

brainstem and projects through synaptic relays in the
thalamus to the cerebral cortex,””*® and neural net-
works composed of a number of brain areas includ-
ing the cerebral cortices (e.g., posterior parietal cor-
tex, frontal eye fields, and cingulate cortex) and
subcortical areas (e.g., thalamus, striatum, and the
reticular activating system) play an important role in
visuospatial attention.**~*! It is also suggested that
there is widespread disruption of higher cortical
function involving the several brain areas in deliri-
um.*? Consequently, it is likely that the alterations in
the microstructure of the WM underlay a vulnerabil-
ity of the patients to develop postoperative delirium
in this study.

Am J Geriatr Psychiatry 18:8, August 2010

All the subjects of this study had a minimal impair-
ment of cognitive function. A sensitive decline in the
delirium group was observed in the executive func-
tions such as the Trail Making tests and the word
fluency tests, in accordance with a recent study report-
ing that the mildly impaired cognitive performance can
be an independent risk factor for postoperative de-
lirium."® The decrease in the functions with normal
aging is supposed to be paralleled with the anatom-
ical changes of the frontal lobe and its connection with
other brain areas. > Moreover, the multivariate stepwise
logistic analysis indicated that the lower WFTA score was
an important predisposed risk factor for the postoperative
delirium. It has been reported that the semantic fluency
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FIGURE 3. Comparisons of FA Values Between the Delirium and Nondelirinm Group by a Single Subject Condition With the

Covariate (Age) Model for the SPM2

The SPM(t} values (one-ailed p <0.001, uncorrected) are displayed on the axial FA template images. A significant decrease in the FA values was
observed in four clusters of the brain area. The area of maximum change in each cluster was @ the left thalamus (nucleus ventralis anterior)(the Montreal
Neurological Institute (MIND coordinates; x = —8, y = —6, z = 6), @ the left frontal lobe (subgyral white matter) (MNI coordinates; x = 22, y = —32,
z = 34), @ the right limbic lobe (cingulate gyrus white matter) (MNI coordinates; x = 20, y = —24, z = 36) and @ the corpus callosum (splenium)
(MNI coordinates; x = —6, y = —34, z = 20) (Tablk 3). The brain area is marked by an arrow with the number.

task such as WFTA was more useful than the letter flu-
ency task for discriminating between healthy aging and
mild dementia of the Alzheimer type.*** Thus, this study
suggests a similar usefulness of the word fluency tests for
predicting a risk for postoperative delirium.

A number of limitations of our study ought to be
mentioned. Because this study was carried out in a
limited number of patients who underwent the
planned cardiac operation, further examinations car-
ried out in a larger group of subjects or with any
modification to the design of the study, such as a
noncardiac operation, are required to confirm and
generalize the observation of this study. Secondary,
although the assessment by the T1 and T2-weighed
images could not find any quantitative difference
between the two groups in this study (data not
shown), it is likely that small and silent insults of
cerebrovascular arteriosclerosis observed in the older

750

persons interfere the FA values of the WM. Thus, the
relationship between the fiber integrity and the
pathological changes needs to be explored further.
Another limitation is the spatial normalization of
WM regions in the voxel-based analysis of FA data,**'
whereas many studies using the analysis have al-
ready provided an important insight into microstruc-
tural WM abnormalities in neuropsychiatric disor-
ders.®~*1°5% Large variations of brain shape in
older subjects might limit an ability to achieve the
normalization across the subjects. The FA values in
some regions surrounding the ventricles (Figs. 2 and
3) could be distorted by the misregistrations of image
and underlying variation of brain shapes.

In conclusion, this study revealed that the advanced
age and the cognitive decline were important predic-
tive indicators of the postoperative delirium and sug-
gests that the abnormalities of the microstructure in the

Am J Geriatr Psychiatry 18:8, August 2010
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FIGURE 4. Scatter Plots of the FA Values With Age in Four Brain Areas
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[A] The left thalamus (nucleus ventralis Anterior), [B] the left frontal lobe (subgyral white matter), [C] the right limbic lobe (cingulated gyrus
white matter), and [D] the corpus callosum (splenium). The FA values of the delirium group were significantly decreased in the four brain areas
(left thalamus [nucleus ventralis anterior): F = 11.13, df = 1,113, p <0.01, left frontal lobe [subgyral]: F = 11.87, df = 1,113, p <0.001, right
cingulate gyrus: F = 11.94, df = 1,113, p <0.001, corpus callosum: F = 10.00, df = 1,113, p <0.01) compared with those of the nondelirium
group. The analysis was performed by ANCOVA with the age of the patients treated with as a nuisance covariate. The linear regression lines
between the age (x) and the FA values (3) of each brain area for the nondelirium group (the thalamus [y = —0.001 X x + 0.383, r = 0.488, df =
95, p <0.0001], the frontal lobe [y = —0.001 X x + 0.352, r = 0.394, df = 95, p <0.0001], the cingulate gyrus [y = —0.001 X x + 0.465, r =
0.376, df = 95, p <0.0001] and the corpus callosum [y = —0.002 X x + 0.465, r = 0.398, df = 95, p <0.0001)) and the delirium group (the
thalamus [y = —0.001 X x + 0.352, r = 0.346, df = 17, p = 0.147], the frontal lobe [y = —0.002 X x + 0.51, r = 0.396, df = 17, p = 0.0936],
the cingulate gyrus [y = —0.001 X x + 0.394, r = 0.089, df = 17, p = 0.716], and the corpus callosum [y = —0.004 X x + 0.685, r = 0.431,
df = 17, p = 0.0656)) are indicated by the dotted lines and solid lines, respectively.

deep WMs and thalamus are predisposed in the pa- delirium. On the other hand, the FA values in the four
tients with delirium and putatively account for the brain areas such as left ventral anterior nucleus of the
underlying mechanism of age-related vulnerability to thalamus may be affected by factors other than aging,
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supported by the additional analysis in the subgroup of
the subjects older than 60 years indicating that the
decreased FA values of the brain areas in the deli-
rious patients were also statistically significant.
Thus, further DTI studies to clarify factors other
than aging affecting the microstructure of the WM,
e.g., arteriosclerosis, can provide a new insight
into the brain condition vulnerable to delirium.
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