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MRI for reading mind :
An fMRI study of recognition of self and others
Yoshiya Moriguchi

Department of Psychosomatic Medicine, National Institute of Mental Health,
National Center of Neurology and Psychiatry

—( Abstract )

Alexithymia, proposed as a common personality trait in psychosomatic patients, is
characterized by difficulty in identifying and describing the feeling of the self. On the other
hand, alexithymia has also been found in a broad spectrum of psychiatric disorders featured by
a dominant disability of recognition of others’ mental states or intentions, suggesting common
(neural) components of representing self and others. Using fMRI, we investigated the neuronal
basis of 1) mentalizing, 2) empathy (observing and judging others’ pain), and 3) the mirror
neuron system in alexithymia. The results from the mentalizing study showed an attenuation of
activity within the right medial prefrontal cortex (MPFC) in the group with high alexithymia.
Across subjects, activity within the MPFC correlated positively with the mentalizing score and,
most prominently, the ‘perspective-taking’ score. In the pain-perception study the alexithymia
group showed attenuation of cerebral activity within the dorsolateral prefrontal cortex (DLPFC),
dorsal anterior cingulate cortex (dACC), dorsal pons and cerebellum in response to painful
pictures. Furthermore, alexithymic participants scored lower on the pain ratings and on the
scores related to mature empathy. The alexithymia group showed rather stronger activity in
mirror neuron network, suggesting that individuals with alexithymia incline to a more basic
level of understanding of others’ intentions. Together these studies highlight a common neural
component supporting the understanding of the self and others.

Keywords : Alexithymia, fMRI, Mentalizing
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fMRIHZ2W T LA EWHE R BRI A, A KON % B
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T2 FENEKXLDDH S, FFITHBERN X
Jngmffk (IMRD) 1, @O B REE & 22/ 53
fREEZE & B, WM RELBRELEE ShTnh5,
fMRI %, BOLD (Blood Oxygen Level Dependent)
IR ETHIN B FEAMAL, MORKGELE
7RI T CMFE A ZEAL L 72 Z i & BT EZEAL
EWRATHS. Daik D, T KR RE iR
1 (single photon emission computed tomography :
SPECT) X B T4 Wi k5 (positron emission
tomography : PET) 7& & A G #RHiiic v &
NTW722, IMRLE, HHEYE sS4 % 145
ZEal, —MRENICE K LT b MRIZEEIZT
IR IZHMAFTRETH O, PET, SPECTIC ML
U CIRE] - ZE[E o iRRe (FHEE) 2E <, 72 RiE
MENBEZGTHEENIDOPIRKOERTH 5.

— 7 S/NI/INE L, RIS 2 1L.5T DGE
T2~ 3%F2%E O MRIE S DO ZAIC K O RdlkG
AR LAETNEES AN EXFITE LTHT
5. 7z, RMSWREIZHIE L T3 684
MHmEATDH % 72D HALTH D, Magnetoen-
cephalography (MEG) X Event-Related Potential
(ERP) &\ 72 2 ) B HAL D S RRED & DIZI3 K
Emw, &7, MERPhELEIcis7-5F77
7 FR, BlRREOGEREET S Z L2k ik
By —F 772 O, REFTGEY, i/ A
RMRIEESRE 2 & OE SRS N L Z &2 D 5.
% 7z, PETAMILFE % ELZHIE LT3 DICxtL,
fMRI T L FE DO Z 1t 2 BOLD b5 % F v T $
FHZHIE LTS EAET 6 h 5.

fMRI D JRIE

fMRI @D JF B T & % BOLD (blood oxygen level
dependent) ZHIFRIL, 19904F-1Z Ogawa 512k > T
FRENZY, METIE, BEEMA LT
ravy (BMAE's oy ; Oxy-Hb) &, #
ALTOWEWATZOL Y (ElAEsaL Y ;
Deoxy-Hb) 23F1£¢ 5. Deoxy-Hb (2 g4k T,
JERI P DA & DN RESS AYS—1E &4 C (T2 %A
#iEHE), MRIDES 2K T &5, ZifR T,
N D EFIRIMIZ » % Deoxy-Hb 12 &k 0, HRIGHFIZ
AR IZMROESAMET LTS, ZZT,
BEERE D e A B 2 DB a2 T 575 E L
T, MRS 2 Al » RS &, SR % 9447

L7z0§ % &, Rt OBIRILAENT 5. Z DE,
MPEDIHNA U T, BRHE ROBINIA 250
728, BN ~ &Ik T I3AHXIY 12 Deoxy-Hb 2%
W35, Ko TRFRDOEFRENEML, MRS
I AL T & 5. MRUFAROD ke LT,
(%D O & DD EPI (echo planar imaging)
FEERND Z kD, 2o 3XITTO T2 * iR
GBI Z L &S BB REETHE LS.

EF581, TO MRl Z AV 7= BIE D ERE

Sk oMY, MR, & 2 FllE A 520 72 %
FRREHELT IRE D T AT D BB 12 P 5 et in 4 4%
FICHIET 22D ThD. TOFHC, BE L
WEBOIMRI T — & & HEHIC 32 Z &1
X0, EEIZEDZNEAE - SRR EICES
ZENHEETH S, £<1E, ObsHE - flEE
MBS 2 HE MK T LT 5 22D IR E AR
5, HENHLTTI2@IERELITES RFUT L -
T L T3, TeulERL, IEEDRE
MEE S LISBERTHT L0,

MWEDOTHA v & LT, BN AlETZ & Dk
MEOZAL A ME ST 5 ERHETH 1~ (event
related design), KT, WERKPETZAE TLH i
ENTEETHA LT, b5 ERFHIZHER
A X H 7z block Z & D MIEEI O IREE & Wl E §
571y 2 7% A v (block design) 733 5.

F72, ED KD LWMARI KR E T 2 212D0n
T, categorical design (subtraction), parametric
design, factorial design D 3ffiA % 5. categorical
design i3 i & AWM 2 FikT, FEFELa Y
P LEHRETESIEDOEEADZEDTH 5.
parametric design TI&, FRHAIAY / E B EA % fiEg
TS BTGNS L S, Z2D/87 2 -4k
MRfE5 & DIHBI % MiEl 3 %. Factorial design i3,
Bl Z X EAEH % A& % 2 X 2 ANOVA model %z £,
»H B0 EDOBERBMOBERNR L TRIE T
5 EDOFHHIZHW S 5.

fMRID F — Z i OWTIE, BHESE - &3
% fibh T\ % DH SPM (Statistical Parametric
Mapping, Wellcome Department of Imaging
Neuroscience, London, UK) &WH 71— =7
T®» 5. SPM 2 MATLAB (Mathworks 1) &t
ITHEIRY 7 b o~v s o LTS R



DT, MATLAB 73 &) E 0] 8 72 BR 52 C & 1113 OS
ERbTHATETH 5. ORI, &2
FyyZEOMETNEMIEL (Realignment),
il N TR 2 MO IRE, FEYER (Montreal
neurological institute (MNI) template) (2229 %
(Normalization). S/N It % &9 % 72 8 I filter
12X > THD S 2 EMmEIZL (Smoothing), Bk
Z L Dtime course (2 - 72, &MD, #BEAEHO
EPI {4 O series % 4 %. Seriesid, &H1 27 kL
voxel (% Komm Z &2 2N & S X5 72 B
) ZEITEM b, R - FISICAHIB LT
g5 &NE L7227 4 ~ (Design matrix) 121>
T, WMETIZHTZIZBOLDE 5 DOEBIN H 5 i
AMIRIE AL & LTt a3,

fMRI % B =T %261
— HCDIEEIERHDEEICH T B,
hEFEEICDOWT

MREOE=R

HC - hEm o0& BR$ 2 Z &3, BRIRIIZIE
WICHEAZ L THhS. A, HOEDOLOPEE
i, NELLEREORETH D, HEOHIER
Z MV ZIA-EVTITRURTH S, 612, fib
FHOOLOMRZ, 2 - AR LI I 2=
=33 VERDEDIZEL TR AL ENEDT
B, AVEILANILZADSIF 6 & EE L RHIN
ZFNLTHB. LT, T5L7-BEHORME,
FERIRIE - OB R 220 2 R O R - HERE - g
IZBG- LT iR ah s,

TLEIHA ITYZ, DAREICED B PERREE
P UCHIRIIZHEE X h =& T, HODKE
DRI XRELOWHEH L5, ACOE B LR
EARHMETALDTHS. ZOTLF YA 3
T B 2o - DEEEE AT A EEE, LM
FERICIRPIM DS 2 Z Mo TS, 7L E
VA I T, EEEEL D BEREO S O
@<, HHUPOEE AW L T, LYDIERD
FIE - MEIZBE b > ThWBEEhs., 7TLERVY
4 3I713, HOCRRICED IS TH 228, fh),
S F I MR RICIIME R R OREE L RD 5
N3, Kz, ABEZAXZ b5 48T, Do
il D KD s fthFH OO BRR O R 2 PHE 1 Z5E 8
BB L ENY, X SITHAKIE BIRG, »
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A4 XA B EOFEBFIZE T, DO
& EOMEMEOa YR -3 v P REEFEIRT
WA ZLEAHE TR TV Y.

—7Ji, AQ - hHEOBMOREE EHEMIZE A
3L, ANEMETS 0D Z L Lt & PR
L0 TR, Me2ORMEND S Z LM
BEESMcPETES. 2808 TH, &FFEh
EELPACOMEIRT S5 =2—F 1y b7 —
I D—EWEHNTUTI LD ZEAREGEh (B
123 9 —= 12— " R shared representation”) ,
Bt RO BEOMBIBNH 2 Z LB bh 5.
FEREOBEE - PRI 7 2 E W BITESE L T
WBER2 S, AL - hE RO R IIRE
hkEeFEzohs. DLED, 7vFIHAITO
JERZ 3 M35 PR - RREETIDOREFE DR 5 HE4
B, 5 LML, 7TLvFRIYA ITICE
B ERERAMORE, PO+ RiE§
BT (ASD, MAKRIME, BRI, ¥4 38
Z25EE) IZBIB3ETLVF VYA I AR E»
bektahs?,

TLVF YA I T O EE T 58 BT
(TAS-20) % FW 72628 Tid, 1012 5 305%M%
T, FEEDITH > TZOFRELEA LTy
RZEMWREIN, HEOREOR I X R £R,
ZLTERNICEELZT LR VY4 2 TOK
i, BEMLEEREZEODLDOTHD I ENPHEX
h3. k-7, HEIZBITIHCD - hBEOERD
EEHEEEZZ 2L, TLER VY I TSk A1
HHMOEELELONSE. ZOZ LD TH
HaETBHZEIE, VWTIAC &t ORIFO I
BENED X ) BHERKIZKS>TKD o> TWBEH»
EIRULRNTEDEEBLEELZONS.

ZZTIE, TRV ITIIBIT A ESFE
A EE (DO, K&, I7-=2-1vV)
DMREEN R A S Z L I2 Xk - T, AfthoR2E
DIEDHIEN ED &K 5 BERICK > TKD >
TWBDOMZDNTHRE L 7.

Fi&

Z OMFEOFEFEIZEEL TiE, EE - mi
VA —-DMHEERZOERE[/TED, 5108
BRI+ RSHOE &, AV T xr—LFavk
Vb EETIT S 7.
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B

9, 310 ADfdE KA Is, Bl LB
Toronto Alexithymia Scale (TAS-20*) #% Jiiif7 L
72, ZFOWHT, TLFERVHAL ITICEHLTE S
RLEKREWTEESS X512, Lfi25% (fFe>
60, n=20), F(i25% (f§1<39, n=18) ##
U, 2D 38 AZxt L CEMRI, &5 H Al A K (T
F0), % L THS&ELIR#E [modified edition of the
Beth Israel hospital psychosomatic questionnaire
(SIBIQ? Fir£H4), the mini international neuro-
psychiatric interview (MINI'Y) ] % 47 L 72. X
TOREREEMINIZ TOE OB & Rz sl &
WHERE N, XHICSIBIQIZTTLHR IS A IT7D
HHEIZBH Uil TERE L, SIBIQ & TAS-20D
R OF LTl & 5 tE T (5 TAS-20 T
KW SIBIQ D444, M OMEWTAS-20 Tty SIBIQ
DAL BRI L, 70— TRIHEROBREIZ W
TE, ZO27L—=TF[7TLFH¥43I7 (n=16
ALEX) &2V Fa—JL(n=14 NALEX)] % F\ 7=,
AL BIETA R BE

TVFIHA I TOFERE & LT, Hidk
DEOE LT, TAS-20%" (HAFEM"™?) %3N
L7z, ZHIE20[5» 5 &0, 5RO Likart scale
TRl h, 320 FMuREA A9 5. M bm
$ & LU TIESIBIQ % fitifT L 72.  Z 7113 the Beth
Israel hospital psychosomatic questionnaire™® % %
IZULT, DEREDEN % H T 5 H5EICZ DIE
KANDKFEB 2R TZAATHL TN EDTH
5. FROSIBIQIZEEHEZ WL LT HEDTH
50T, RIS WL, RIS S MEETX
5&512, KAWREELZZF4 74 XY b TOR
FibaA 2o —33Nc8&E L TLF
UHA ITICHBL ZZBENA v A a— Lz b
T, BCOWEHORHA - RACBT 2R BET
% 12 H ISl W T 7EREORHI & 17V, Z DA GE
B (Z LR YA 2 7R &R 72,

&P o R & U Tid, The interpersonal
reactivity index (IRI'" ; H AZEMR™) % i L
7. UTO4DOTFRRELD %%, 1) empathic
concern (fth1#& D LK EH L), 2) perspective
taking (& DO AHIG S %), 3) fantasy (1%
), 4) personal distress (il A3 @ g O
WANDR AT 4 THERIB). 1) &£2) &, &bHEE

HZ 3t NBATRICBIE T 2 L b,
fMRI

TLFIHALI7 (n=16ALEX) &3V bu—JL
(n = 14 NALEX) O #5# % 5 L1 MR & N,
=5 BRAR 12 B 4 B 3D DR T D ik 2 e L
7z. MRI 3 1.5-T Siemens Magnetom Vision Plus
System % Fvy, BOLD ® Ji# % T, gradient
echo-planar imaging (EPI) DI R%| 57 — % %5
72, |6 B 12 % X% 14 % 4 magnetization-prepared
rapid gradient echo (MPRAGE) sequence (TE/TR,
4.4/11.4 ms ; flip angle, 15 degree ; acquisition
matrix, 256 X 256 ; 1 NEX ; FOV, 31.5 cm ; slice
thickness, 1.23mm) % W THHR L, BEERE Ok
187 — & OGRS L 72, SRS S -
7= A= 3 v - HJEOHRICIE blocked design
S, JRTICIZSPM2 2 i L 7=
<P > fhE B (COO B M (Y B )

EDOLOB X 2L 220, thEI A D&
FEIBEEH T3 nWS ZEA#HRL
-0 5HEE4, [DOBE (Theory of Mind) |
[mentalizing| &35 7. K/N2DD =A% 5
T FORICEAVIIRmAERD LR 68H< &0
SEEHDOT = A —v 3 VEHIRL, HEREIZIE,
2OD =R BHNIMEEZE AL, flELTn5
D) K =AFONTINEEX - B4 -
A A EEMERLANLRTE S5, MRI
fifr sk, MighpicEABZEEEZ 2L VR
Ya—L, “ABOEXD AHD DEEWE
a7{b L7z 2y be— LI, 2Oo0=fA
LM EAREL SV A LB 7= =Y 3V
& W=,

EPIDfi% /% x — %1%, TR 4000 ms ; TE 60
ms ; flip angle 90 ; in-plane resolution 3.44 X 3.44
mm ; FOV 22 cm ; 64 X 64 matrix T, 4mm® gapless
254 2T, 120fH D450 EPL % 4 15 7=.
<P >WHMYI F—=2—u PE 0 BM)

I5—=—a—uai, YILOF (Fu—7 @
MIOFEBHTEIZHY) TUHYIRWEZEh, A
HE)$ 25 & ZITHEHT 57200 THL, € TS
Al @A R Cns & =12 s U CobdEi4 5 f
¥, MTEOMEBHIEON SIkEEL, BSO
WHORREM > TIN—HNLT5T & THIEL
THEAR L, fEDTEID X OO IERE L 75 -



TWBHEMEREZEZ LN TWA, FEE LTI,
NXyRayFensZHHEMCFE2MILTO2
O LT A2HMEAEZHNERESRTESL S &
WOMBETH 2™, 3V bu— LFEE, [F U
M EOREIS, FREEFECAE-FTEH<YYy
2NV FOBIEEZFHL 72 %55 2 — 21358
1L TH S.
<FHHL3 >t F DIEAN DA H R VB K
HEAB RIS 3T, BHAM (OF
) DM S DREA BRI - IR - HETIRY)
A2 TW5H 5 -HFHE” 2URL, Thhid
DFEER NP AR TAr =) v 7 LTE 65
EWVWIHIEDTHAB. Ty u—LFEIZIEZE F
EEPROMEBRIEFEC TH 22, WAER
KR TOEVERE W, RO /3T 4 —
£ 13 TR 4000 ms ; TE 40 ms ; flip angle 90 ¥ ; in-
plane resolution 3.44 X 3.44mm ; FOV 22 cm ; 64 X
64 matrix ¢, 3mm (0.3mm gap) DX 74 2T, 208
fifl o> 4= o> EPI {5 % £5 7=,

BER
<1 >
fhE R (DDOBEE) I E T = A — 3 Vi
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Mk WTE, 7= A4A—3Y a3 vyD=AFEDEKN
DL AHY D 23713, ALEXEED 2 AH B
o7z ([P | NALEX -4 17.2 (FEHE(R 2% 1.9)
> ALEX 14.9 (3.5) , T=2.31,p=0.030 : [@tJM:]
NALEX 9.5 (1.7) >ALEX7.9 (1.9) ,T=234,p=
0.026). =¥ b v — )Lk & IMRI oG 8 % e
#5945 &, ALEX, NALEXD2fHIc@L T,
AR i T, AN — SETEAS A, (0 SRR - R Pk A
JAM AR AmE AR o h, fEROME L K
L7- (Figla). X527 — T THKT 3 L,
ALEX {2 35T, A S i B OO SRR EG T A3 &
57z (Fig.Ab). X 512 Z DAL OMkiG B % IRI O
perspective-taking & 1E.D Bk % 528 7= (Fig.1c).
<@ >

IF-—Za—urvEHIIBNTUE, 3V he—
LR & iR B &, RiEE)EE, & B\ IZUETHE
EARILOHET S IS5 —= 12—y BEEEED
WG AR 672 (Fig.2a,b). ALEX T2 Z DOfH
WUINALEXIZHEL T, D LAXDIRIELTHD
(Fig.2c), % @ M6 812 IRI D perspective-taking
EFXADHBI %R LTz (Fig.2d).

<3 >

25 DA A R4 2 R FRA 0O SR L 2 B

o
<

. 06

Rt MPFC activity
o o
o & 2

'
s

'
°

-06
10

Perspective-taking scale

Fig.1

Brain activation in response to a
mentalizing task and its attenuation
in alexithymia (adapted from'®)

a : Brain activation in response to
a mentalizing animation task.
MPFC : medial prefrontal cortex
TPJ : temporo-parietal junction
TP : temporal pole

b: Lower neural activation of
MPFC in alexithymia group.

c : Positive correlation between
neural activity in MPFC and
perspective-taking scores.

r=0.48, p=0.0012

20 25
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LTI, ALEX®D /i, NALEXIZ bR T A%
AR < 3l L TuZ=. (NALEX -4 23.8 (fi
fM7£3.0), ALEX 21.0 (4.3), T=2.08, p<0.05).
fMRI % FHWC, RIS 3 haG8i4, 2> b
O — LIS B T h e ik B &, PR
R BRI, B/ NAMARTEETE, O S
(LRIESEYY), TUATESE QUORTER), IR, Mk
W (WS / k), MMz £, FEICHC A A
%22 T % & 9 7 pain matrix (2 35V TR YE
ik b7z (Fig.3a). D pain matrix DH T,
ALEX TiZ, NALEX!ZIU T, miikmE], 255
RITBERATEP 22 £ O & 0 GRRI0 CTIATH 2 WS BHLEE D
THIRIZ 51 B BREIK T 23580 67z (Fig.3b). &
BB/ TaivEE 2 ETHENCBI DD O e Z A,
W)X ALEX C & 0 JU#E L Tu7z (Fig.3c).

£

ZZ Tk, BRI AR, 51585 h &0 0
LT, HCOEHORA - ZRMOMEETH 57
LEYHA I 7 2 ACRANIORED —DDET I
LLb A, TLVRIYHA ITERRIHKRA Sfh#
BROa YK =3 b (LOMG, g 37—
S -0 V) ORI AL Z 12k 5T,

(b) ALEX

© =24 -18 68)

Neural activity in ROl (center
Lt superior premotor cortex

10 s 2
IRl perspective taking score

F OO IEOERIZ OV THE L. F
F, DOHGMEICEVTL, TLERVHA 3T
TiX 227 BEZITIK L, mentalizing D BEHEK
THRHBZ N, X5IZOKEIK NG
O P EERTE O R B O MK T2 &k - T
HXh, X5ICERBNIX, perspective-taking DRE
HEmEBRAE D 72, ZhE, AT - ERM
DODIFEDAVR—F Y PERLTWEEELLN
5. PEROWME D 5 & [FEBAI 23 ARk - XA
BEEIZHb-TOBHRAAH DY, KiFETIO
BV A3 perspective-taking f 513 E MBI & » 72 Z
LiE, EbvTrYhIELILNS. HC,
BROMFEOLERR T S Z &%, [A5 &Ik
7= i perspective 220 | pilZlBWTHEL T
B, 2F0, HEORMOREE (7TLvHv 43
7)d, HEO [FR(E] XU [ 2 & 58H meta-
recognition| DOFEFIZEHEETNZ DTV, &
FBABHZELETELS.

iy, 39 —=—a—vyEIIEL T, kD
WHAE T LT 39— 2 —a ik, B
Sh-hEOEEL, MANOHCOIEICET S
dv b —sEERADESLZEIZLD, O
AR ZALIZKBMHEPETH D, A%

Fig.2

Brain activity regarding mirror
neuron system in alexithymia
(adapted from')

Neural activity during observa-
tion of movies of goal-directed
hand movement in (a) control
group and (b) alexithymia group
(premotor and parietal cortex)
¢ : Increased neural activity in
premotor and parietal cortices
. in alexithymia group.
! | d: Negative correlation between
¢ neural activity in the left pre-
motor cortex and perspective-
taking scores.




DB LV FIEMEIC ST, KO FEBNE LD
ThirEEbNE. TLFIHALITT, 2O
WIS —=a2—avnkdk, Hfizdtr—/3—
Ty TEEDL, KOFIRRY - AP 2 PR
DAHNZZLIZFO R B TH B LD T LI, i
1B perspective-taking, & 2 WME A X ERD LS
T, KO AMORXEE DT 2 ERHINEES] & I3
580DEEZLND. X 51T, ZOMBONKGTEE)
7’ perspective-taking & IZEDOMHEAEZFHE > L2 5
BEiATE, ZOHMNIT—=2—a v, HiE
BRIz 3\, mikD mentalizing DHEN) & HEFS 4
3 7= DHIEKE LI D55 28, K0 IR 2 fh
FHROIYR—F Y N TH B LS éhé
fMRI % A 7208 AU 53 2 G AT 7 JL I By
LTiE, KEBURZENZ &12, fili#OR A D%
AR UZEA, BOPEAERZITTOELTE
(B2 S &) AR AZ 2T 72 & 2 ICHGE)
9% % v b7 —2 (pain matrix) 2MEE)§ 5 Z LA
R o, ZHIAMOEROIEE (shared
representation) #& L CTW3 &L 65N5. 7L
FUHAITOIN—-T T, BEHAWAZTT
W B8 A O RN MK <, TAICB T 5 4%

(a)Pain > No pain

() ALEX < NALEX

ﬁ.m

Wo@ §

(c) ALEX > NALEX

Vol.24 No.1, 2008 9

BREDM S DK T RH B I nbhrb. X5HIC
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Fig.3

Brain activation during observing

and judging of pictures depicting

persons under painful conditions

(adapted from*")

a: Brain activation during
observing and judging of
pictures depicting persons
under painful conditions

b : Brain regions showing
decreased activation in
alexithymia

¢ : Brain regions showing
increased activation in
alexithymia

DLPFC : dorsolateral prefrontal

cortex

spi Ins : insula

Al : anterior insula

Pl : posterior insula

IFG : inferior frontal gyrus

Thal : thalamus

cACC : caudal anterior cingulate

cortex

S1: primary sensory cortex

S2 : secondary sensory cortex
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Prenatal diagnosis using fetal MRI
Hirokazu Yorioka, Hideharu Kanzaki

Department of Obstetrics and Gyneclogy, Kansai Medical University

—( Abstract )

Ultrasound is undoubtedly the first choice for screening of fetal anomalies. However
some cases will remain undiagnosed without magnetic resonance imaging (MRI). Since the
development of fast imaging techniques, MRI has been used to evaluate fetal anomalies. Due
to its high soft-tissue contrast and its variety of view, MRI has become an important modality in
their evaluation. No harmful effects of MRI on the fetus have been demonstrated, but current
guidelines of the Society of Magnetic Resonance Imaging recommend that pregnant women
undergo MRI only when essential. This article offers a pictorial overview of fetal anomalies that
are detectable by MRI examination. Especially, MRI is a more effective modality than ultrasound
for prenatal diagnosis in neural tube disease, congenital diaphragmatic hernia, congenital cystic
adenomatoid malformation and urologic disease. Technological advances, improvement of
images and advances in reading images based on anatomy are expected in the near future. Thus
modalities such as MRI and Ultrasound will become more important. We hope this will be some
help for the affected fetuses.

Keywords : MRI, Fetal, Ultrasound, Prenatal diagnosis

MRI D&REM

HARTZIIC 31 52 MRIOZR MBI L T4 T
DR X N TWE b TiEs s, 157 2 7L
TOE TiITbh T3 MRIICBWTREADA
ERPBIPE LLBHEZTOLEIA L NWESE
AN THDY, 3 =YW\ T1L5T-MRI &
HF7244 A/ (35 N:1~37%, 9 A:8~9ik)
D¥EE, TEVE, U A BEREHN L 72855, MRIIC
KT 2B G AR > WE I T\ B?.

MRI D& s

MRID )5 & LT Society of Magnetic Resonance
Imaging T3 fth DB @IE % F WV 8 WA T,

BB ohasne 2isfFbhaNET?,
FE R MR #5 B G4 ] % i & 72 AR A% 18 3 DA 12
FR - CThifr L CTw 3. R MRITO AL % 1T
5 Z RN, KO MRIZHRATH S &%
Z BN AMNEMNER L LTI RDER,
Wi B i ~ )L = 7 congenital cystic adenomatoid
malformation (CCAM) & EAZET 5 h, MhizHilh
e UTHRMamEE UTRBRIEEDY &
5. T OGN O LM BHA D F 11
Ko TERROBWREENRE S BRTS. T4k
H B DR AR ARE RHARIZ B Wi E
WA TR Z L 235 %2, MRIIZEHW
TIERHADZMCEDH O L BIWRETH 5.
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A. HIREE BRI

SAEVE 0 A HE S IEENE o EHEIC R X
SEAEVE Sy EHEDO T THES DIERA A K D A
R U - B IR L IR S E NS e D%

RO &, AR S B E N5 & O % ThEMIRE
Ly, —JEE OIEEA RIS K D EED—
EHMEH U W THW 72 & TS IR RIZEE
T2 DOEEHWAE NS AIEGNIKIERE &2 &
Of L - Bftini 2 & 2l L 72 (Fig.1).

B. A1 I B he

ARTIAE X, 16,000 A2 1 AO#EIGTHAEL,
HRWEE 2001 1l o#EIAG TR 6 h, % DA
3% ThH 5.

ERIRMRFEUE, B IEPIBOEREETH 5.
BRI, BH, OHA, SdfExE, AhX
6, WIRZ & Th 5. KGRI TIERMEEERIZ S
HLTH67, HRSEAZWDTED, Alober
type & 2l L 7= (Fig.2).

gk B

e 35 RE R MY RE S B U T R L R e
TIHER LIZ< WIFRZMRI %2179 & i HICH
Wins o< Z &g HE &k RRBRd 5.

Fig.1 a: Axial T2-weighted image shows significant ventriculomegaly.
b : Sagittal T2-weighted image. White arrow indicates the skin defect.
¢ : Ultrasound images (coronal) showing the expanded space between vertebral arches.
d : Shows skin defect and exposed neural tube.
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C. CCAM Z OIERNIATHR 330 Z A & 0 [l DN % R
ARE L 2 ERAEEE MR E T d 5. ¥, il s -7 (Fig.3).
MRI % JitifT L 7z & T A e Oty T OfE 5 58%

DEWH DD, MO L3I DO F5E D. Bochdalek~\ V=7

ARETH D, THEICRFLZZCCAMAE X 5 Bochdalek ~JL = 7 O R4 #1013 2,000 ~ 4,000 A
ni-. IZIALEEDbhTCnE, IR~ 108 I giE fLo

Fig.2 a: Axial T2-weighted image. A monoventricle cavity is shown. The
thalamus is fused in the midline.
b : Ultrasound images (coronal).19 weeks of pregnancy.

Fig.3 a: Coronal T2-weighted image. Slightly heterogeneous high-signal-intensity mass a |b | ¢

(white arrow) is shown originating from the left lower lobe. The normal lung (black
arrow) is visible in the upper portion of the chest and is notably lower in signal intensity
than the CCAM.

b : Axial T2-weighted image shows that the normal right lung (black arrow) is notably lower in
signal intensity than the left lung, which includes a large cystic lesion.

c : Sagittal ultrasound scan demonstrating a comparatively hyperechoic lesion including a
large hypoechoic part.
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Fig.4 a: Coronal T2-weighted image shows the stomach (S) and multiple
bowel loops (arrow) above left hemidiaphragm.
b : Coronal T2-weighted image shows the stomach (S) protruding
through the esophageal hiatus.

Fig.5 a,b: Coronal and axial T2-weighted image shows dilated
intestinal loops.
c : Diaphragm occlusion type of the intestinal lumen.
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R B BRICHEN IR 2 Z ISk > THET %
EEZONTD. NHEDOIIEN DB D47 HED
MERBIX I TH 5. NG, & B 5 RERI T P13
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Mxhs (Fig.d).

E. 28
FANRONGEPAZEDIRK & L TiREZVEDT
H5. K3,000FIC1IANESEbI T3, LHME
SRR U 72578 2 ik, B E R A T IR DT
M ZIRBEI A SN D. FARDIE & il 7
WZ kb HB. KEGNITEIT L, MR Z
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w7720, fEUIR A TV, BRI ESES T
i % faf7 L 7= (Fig.5).

F. B~V =7

W5fh, MR, REORMZE > TS T oh
BLHERERIETH 5. Z ORISR & FlEH 6 &
LECEDLDNS. HUFRE L L O3 REkR s
AR EDARHEN L. BT NEHEBRE LT
MERER L7 &3 d DAY, SFEARWEANBLH U 72155 %
RO IUIANE % % 5 (Fig.6).

REBRER
G. KB
B EN10mAE AL 5 DIEAKRIEEEED. 7

Fig.6 a: Axial T2-weighted image shows a large omphalocele that contains
predominantly liver.
b : 3D image shows a bulging omphalocele.

: Appearance of newborn baby.
: Roundshaped liver covered by membranous sac.
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Fig.7 Coronal T2-weighted image shows
the dilated renal pelvis and calices.

YLIBEE L AR W OEIG & B RS 5 (Fig7).

H. Z#RESBRE

JRETAZE & 1E S BB OMIE T, KE S DFEK
DOEREN N TH 5. HIE I3 1,000 ~ 4,000 A
IZ1IATH 5. HAEROMERERRETIZ2&/HIC
%\ (Fig.8).

I ¥
W 0D B ik 43 OF & AR IS P X B B S R
Th5.
HRFRERNT G R B IEETH D, N1
ANZIADHETH . THIFARTHS (Fig9).

HEYE MRIIZ & 2 HYAE RITR I 12 D Cbif§ 4 I E
U, Mo, HEE RIRES R % &) ORE &
EZOWTENTHIEREER L A0 5 Z DA
PE& ATz, B ORI O Y — L& LT
—EIRE B L TE 2 WD, BEFRRETAY
V==V LR, lBRORE DN 5
1272 OBEBOEE RGNS Z &N %0,
WX R O PERR R B IE A~ L = 7, CCAM
W TCIERICRBN WG 28R o h 5 2 &
by, TOMIZEIREEEELELHHTHAS.
Z AU A THEARAD & & DS T RO 5

Fig.8 a, b: Axial and coronal T2-weighted

images show multicystic lesions
(arrow).
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Fig.9 a, b: Coronal and axial T2-weighted images show bilaterally enlarged
kidneys with multiple renal cysts of varying size replacing most
of the renal parenchyma.

¢ : Axial Ultrasound image shows two slightly hyperechoic lesions,
which are the kidneys.

BHEOBEBWTEIRICHATS 5. AR @ik
HEOBWICED B 51, TBROBRR R 1) Hubbard AM, Harty P : Prenatal magnetic
B OBBRE O 50 X4 725101d, k0 5 resonance imaging of fetal anomalies Semin

Roentgenol 1999 ; 34 : 41-47.
2) Kok RD, de Vries MM, Heerschap A, et al : Absence
of harmful effects of magnetic resonance exposure

ICIEME AR MAERTZM 2179 S e PR EEREE X
THy, BERREICIMRIBEZHFHLTXD

Y SR AT A2 LT, 1LATEEZLD at 1.5 T in utero during the third trimester of
BEOHE, THROWESRNIUE - Tk E pregnancy : a follow-up study. Magn Reson Imaging
0 2004 ; 22 : 851-854.

3) Shellock F, Kanal E : Policies guidelines and
recommendation for MR imaging, safety, and
patient management. ] Magn Reson Imaging 1991 ;
1:97-100.
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Ultrasound diagnosis of the fetus
Haruhiko Sago

Division of Fetal Medicine, Department of Perinatal Medicine and Maternal Care

National Center for Child Health and Development
—( Abstract )

The advances in ultrasound technology have enabled us to evaluate a fetus in the womb.
Ultrasound diagnosis has become essential for obstetric care. The present and future state of
ultrasound diagnosis in perinatal medicine is discussed. Many fetal anomalies can be diagnosed
prenatally by the usual 2D mode ultrasound. Nuchal translucency has been introduced to
calculate the risk for a fetus with Down syndrome. Measurement of peak flow velocity of the
middle cerebral artery is useful to detect fetal anemia. New technologies such as 3D/4D,
STIC(Spacio-Temporal Image Correlation) and TUI(Tomographic Ultrasound Imaging) have
been used in clinical practice. Ultrasound diagnosis is also essential for fetal therapy. Innovation
and appropriate use of ultrasound can promote good perinatal care.

Keywords : Ultrasound, Fetal imaging, Fetal diagnosis, Prenatal diagnosis, Fetal therapy
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IZDWTHiR 3B,

fa REBE KZH ORI
BRI & K % 21225 % & Table 1

18

DEIIZHB. WEORANIZIE, BE—F -2D
Wi Hgh L F 72805 5. 04, HRIETYE
EREEE AN S K512k D, WHO2D
JEEI{RIZ &0 % < OIRTUEREEE D2 W A i
IZHREE o T & 72

5 YT 0 O I R & e R PR iR~ L = 7,
CCAM (e RVEZE IR AT TE) , MAE & v o

Table 1 Ultrasound Technologies
Standard
- Bmode : 2D

- Doppler (color/pulse/power) : Flow

New/Advanced
- 3D/4D : volume data

- TUI (Tomographic Ultrasound Imaging)
- STIC (Spatio-Temporal Image Correlation)
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LA 3 RTAR R & 5.
HEYNERE D EH G & IERER AL, A~ L =7 D
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Fig.1
Ultrasonograpy of fetal
thoracic abnormalities

a : Normal four chamber
view.

b : Diaphragmatic hernia.

¢ : Congenital cystic
adenomatoid malfor-
mation (CCAM).

d : Pleural effusion.

Fig.2 Ultrasonograpy of fetal ventral wall defects
a : Normal abdomen
b : Gastroschisis
¢ : Omphalocele
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Sagittal section of the fetus
at 12 weeks of gestation
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Fig.4 Ultrasonography of a case of parvovirus B19 infection alb

b : Doppler assessment of middle cerebral artery.

a: MRI
b : 3D ultrasound

Fig.5 Images of a case of fetal sacrococcygeal teratoma alb
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Fig.6
Tomographic ultrasound imaging of a
case of fetal sacrococcygeal teratoma

Fig.7
Tomographic ultrasound imaging of a
normal heart using STIC method



Table 2 Methods of fetal therapy

invasiveness Maternal Drug

Low  Ultrasoud Guided

Shunt : Hydrothrax, CCAM (macro cyst)
LUTO

Coagulation : TRAP

Catheter/dilation : AS/PS

Fetoscopic Surgery
Laser ablation : TTTS, LUTO

Ballon : CDH
Open Surgery
v Resection : CCAM, SCT
High Repair : MMC

AS : aortic stenosis, CCAM : congenital cystic adenomatoid
malformation, CDH : congenital diaphragmatic hernia, LUTO :
lower urinary tract obstruction, MMC : myelomeningocele, PS :
pulmonary stenosis, TRAP : twin reverse arterial perfusion,
TTTS : twin-twin transfusion syndrome, SCT : sacrococcygeal
teratoma
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Up-to-date fetal neuroimaging

Ritsuko K. Pooh
CRIFM Clinical Research Institute of Fetal Medicine PMC

—( Abstract )

Imaging technologies have been markedly improved recently and contribute to the prenatal
evaluation of the fetal central nervous system (CNS) development and assessment of CNS
abnormalities in utero. Introduction of high-frequency transvaginal transducers has contributed to
establishing “sonoembryology” and the recent general use of transvaginal sonography in early
pregnancy has facilitated the early diagnoses of major fetal anomalies. Combination of transvaginal
approach and three-dimensional (3D) ultrasound has established ‘3D sonoembryology’, producing
more objective and accurate information on early embryonal and the fetal development and
the natural history of fetal abnormalities. In middle and late pregnancy, fetal CNS is generally
evaluated through the maternal abdominal wall. The brain, however, is a three-dimensional
structure, and should be assessed in basic three planes of sagittal, coronal and axial sections.
Sonographic assessment of the fetal brain in the sagittal and coronal sections, requires an
approach from the fetal parietal direction. Transvaginal sonography of the fetal brain has
opened up a new field in medicine, “neurosonography”. Transvaginal observation of the fetal
brain offers sagittal and coronal views of the brain from the fetal parietal direction through the
fontanelles and/or the sagittal suture as ultrasound windows. This method has contributed to
the prenatal assessment of congenital CNS anomalies and acquired brain damage in utero.

Keywords : Fetus, Central nervous system, Three-dimensional ultrasound
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Neural tube

,/‘ e

Fig.1 3D reconstructed image of the yolk sac and
5.5mm-CRL-embryo (6 weeks of gestation)
Normal 6-week-embryo (CRL 5.5mm) and
yolk sac. Occipital view shows the neural
tube on the embryonal back.

9 weeks

6 weeks 8 weeks

) ‘

13 weeks 15 weeks

Fig.2 3D reconstructed image of developing
vertebrae (6 to 16 weeks of gestation)

Embryonal sizes are 5.5mm, 18.3mm and
26.3mm. Premature spinal cord can be
visible at 6 weeks of gestation. At 9
weeks of gestation, the spinal cord is
demonstrated as a thin line, compared
with that at 8 weeks of gestation.
Vertebral structure is developing during
the first half of gestation. Closure of the
bilateral laminae from the cervical towards
caudal region is seen at 16 weeks.
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Fig.3 3D maximum mode image of normal cranial
structure at 13-14 weeks of gestation

(left upper) Oblique view. (right upper)
Frontal view. Anterior fontanelle (AF),
sphenoidal fontanelle (SF), frontal suture
(FS), coronal suture (CS) are gradually
formed according to cranial bony
development. (lower left) Occipital view.
(lower right) Magnified view. Note the
premature occipital bone appearance.
Midline crack is demonstrated.

S ; Sagittal suture, P ; Parietal bone, PF ;
Posterior fontanelle, O; Occipital bone,
Cla ; Clavicula, Sca ; Scapula, LS ;
Lambdoid suture.
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Fig.4 Normal brain development by mid-sagittal
3D US section between 8 and 12 weeks
of gestation)
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Fig.5 Normal brain at 31 weeks
Tomographic ultrasound imaging of sagittal (left upper), coronal (right upper) and
axial (lower) sections. Formation of sulci and gyri is clearly observed from around
30 weeks of gestation. Sylvian fissure (arrows) is formed as lateral sulcus.

Fig.6

3D angiography of normal cerebral circulation at
31 weeks

(upper) 3D sonoangiogram of sagittal and coronal
sections. (lower) Normal medullary veins.

sskulp

Cranial bone

Fig.7

Subarachnoid space in normal
25-week-brain

(left) Posterior coronal image.
Asterisks indicate subarachnoid
space. (right) Parasagittal image.
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Fig.8 Myelomeningocele with severe kphosis detected at 20 weeks of gestation
(left) Black-white pictures show three orthogonal view of vertebral structures and
myelomeningocele with severe kyphosis. 3D reconstruction bony structure in the
sagittal section clearly demonstrated the vertebral bodies. (middle) 3D surface
reconstruction image of fetal back shows a large myelomeningocele from T12. (right)
Macroscopic picture of the same baby born at 37 weeks.

Fig.9

Encephalocele at 18 weeks of gestation
(upper) Tomographic sagittal imaging
of encephalocele. (lower left) 3D
reconstructed image. Microcephaly and
occipital encephalocele are demonstrated.
(lower right) 3D maximum mode of the
occipital bone defect. Ectopic cerebrum
extrudes from this defect.

S ; sagittal suture, L ; lambdoid suture.
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Fig.10
Atrial width measurement for
ventriculomegaly screening

Fig.11 Ventricular structure of hydrocephalus due to aqueductal obstruction (left) and Chiari

type Il malformation (right)

(left 4 figures) Hydrocephalus due to aquedactal obstruction detected by transvaginal
scan at 19 weeks of gestation. Upper left ; axial section, upper right ; parasagittal
section, lower left ; anterior coronal section, lower right ; posterior coronal section.
Bilateral ventriculomegaly with dilated foramen of Monro and llird ventriculomegaly, with
dangling choroid plexus. Note that ventricle is round.

(right 4 figures) Hydrocephalus due to myelomeningocele and Chiari type Il malformation
demonstrated by transvaginal scan at 17 weeks of gestation. Upper left ; axial section,
upper right ; parasagittal section, lower left ; anterior coronal section, lower right ; posterior
coronal section. Note the ventricular shape is trianglar compared with the ventricle in the
left figures, and especially posterior coronal section, triangle shape of enlarged ventricles
(arrows) is often seen in cases of Chiari Il malformation in the second trimester.
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Fig.12 Hydrocephalus due to amniotic band syndrome (20 weeks)

(left upper) Tomographic ultrasound imaging in the axial section of fetal brain at referral.
Bilateral atrial width was 17 and 21mm respectively. From the observation of enlarged
ventricles, simple hydrocephalus due to Monro obstruction was suspected. However, the
fetus was complicated with cleft lip and, amputation of fingers, and an amniotic band was

detected by an extra CNS scan.

(lower) Small cephalocele (arrows) were seen with a remnant of the amniotic band (arrowhead)
(middle upper) Fetal face by 3D surface mode. Cleft lip is apparent. (middle lower) Fetal
cranial bone from parietal direction. Partial cranial bone defect with irregular sutural formation
is visible. (right) Macroscopic view of the face and extremities after termination of pregnancy.
In this case, cranial bone defect and cephalocele due to amniotic band may result in
hydrocephalus. (Macroscopic pictures courtesy of Dr. Ozawa, Tohoku Kousai Hospital)
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Fig.13 Chiari type Il malformation. Schema, macroscopic picture and ultrasound

(upper left) Schema of Chiari type Il malformation and macroscopic picture of specimen
from aborted fetus at 21 weeks of gestation. P ; pons, M ; medulla oblongata, C ;
cerebellum. (lower left) Normal cerebrospinal region demonstrated by ultrasound in the
sagittal section at 19 weeks. C ; cerebellum, CM ; cisterna magnum.

(upper right) Sonographic picture in the sagittal section of Chiari type Il malformation at 19
weeks of gestation. Herniation of the cerebellum and medulla oblongata (arrows) into the
spinal canal is clearly demonstrated. (lower right) Sagittal ultrasound image of medullary kink
at 19 weeks (arrowhead) occasionally seen in some cases of Chiari type Il malformation.
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Fig.14 Lemon sign and banana sign of Chiari type Il malformation at 16 weeks of gestation

(left) Typical lemon sign of cranial shape. Indentations of anterolateral parts (arrows) are
conspicuous before 26 weeks of gestation. (middle) Typical banana sign. Disappearance
of cisterna magna and cerebellar deformity (arrows) due to cerebellar tonsil herniation
into the spinal canal form a banana sign. (right) Macroscopic picture of lemon sign from
aborted fetus at 21 weeks of gestation. Asterisks indicate anterolateral indentations.

Fig.15 Dandy Walker malformation
Left figure shows the median section of the brain. Corpus callosum (CC) is normally
demonstrated and Dandy Walker cyst (DWC, arrows) is seen in the posterior fossa.
Right upper figure is a tomographic view of the axial section and right lower is the
posterior coronal section. Hypoplastic vermis of the cerebellum is seen.
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Fig.16 Vein of Galen aneurysmal malformation

(left upper) Sagittal 2D ultrasound image. (left lower) coronal 2D ultrasound image.
(middle upper) 3D B-flow angiogram. Note the arterial-venous direct shunt. (middle lower)
Power Doppler image. (right) Fetal MR images of sagittal and axial sections.
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Utility of coronary MR angiography and myocardial MR imaging for patients
with Kawasaki disease

Atsuko Suzuki
Department of Pediatrics, Tokyo Teishin Hospital

Coronary arterial aneurysms caused by Kawasaki disease may often develop into obstructive
arterial lesions. This may lead to myocardial ischemia or sudden death, which can occur from the early
to the late phase. Patients have therefore been followed up throughout their lives by frequent X-ray
coronary angiography. Although X-ray coronary angiography is considered to be the gold standard for
the detection of coronary lesions, it is an invasive, hazardous, and expensive procedure. As a noninvasive
examination, magnetic resonance coronary angiography (MRCA) has developed remarkably over the
past few years. Up to now, we have performed non-contrast enhanced, free-breathing MRCA for 635
patients with Kawasaki disease. Their ages ranged from 4 months to 37 years. MRCA proved to be a
useful method for evaluating all types of coronary arterial lesions and intimal thickening, for all states
of the disease. MR myocardial imaging was also performed for 57 patients with obstructive lesions, and
proved to be useful for detecting even small myocardial infarctions and thin subendocardial infarctions
which were not detectable detected by radio-isotopic imaging. MR imaging can thus reduce the amount
of diagnostic catheterization and radio-isotopic myocardial imaging.

MR coronary angiography, MR myocardial imaging, Coronary aneurysms, Intimal thickening,
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KN & EEIROBIE A BEIZ > TETNS Y,
7o, BMEHNCHE AR LA 5 7= lic T i
P& 1% DRE R N IRAEE R0 N A R s 52 3 B R AL
PERTZE N &I 2 WS A R 2 5 TH D 7,
A 2 B O NIRRT &, EBINREZE D5
WO BEMESM b T 5,

ZOED LIRS, FEISHRTITA IR
BB E LT MR coronary angiography (MRCA)
NAHBLL, BHARFER T CEEAS M L 20 iRis
HENFRE Y. ka3, kA LD 50
NN Z & TN G HERR T TMRCA A A HE &
o722 LICFHHALY, 20004ELI3K, 6351101
WA (4 Ao & 375%) 12 MRCA %47 - 7=.

% 72, NP & RIBEA /O A > > F O R MR HY

Fig.1 Image processing : 3-year-old boy
a : Maximum Intensity Projection (MIP)
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KE AT AWAY, MROMEFEOAHMEL
RANEIMERICB W TEH SR TETED, FE
5 % 20054F & 1 5715112 MRCA 125 % #t % MR /D
s %17 - 72.

MR EE) ik E 1% (MRCA)

fifi F %% & X 1.5T Gyroscan Intra Master R.9
(Philips Medical System) ¢, ffifi> —7 v 24,
% 914 ¥ 12 Steady-state free precession (SSFP) ¥
?® whole heart imaging” T3WILAY 2 — 4 F —
2 &4, IR CEE T ISR Z fiH L
7z, ZOMAEFHEIZN205THS. Hoh
7o T — 8 % IWICAHEREEE (P4 4V 7 M 4b) (2
& ) Maximum Intensity Projection (MIP) (Fig.1a,

2y
C

b : Curved Multi Planner Reformation (Curved MPR)

¢ : Volume Rendering (VR)
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Fig.2b, Fig.3a), Curved Multi-planner Reforma- WT,  BAZERE OO PIE R SV EE 2 IR OEHIPH TleqT L
tion (Fig.1b) = Volume Rendering ¥ (Fig.1c) ®3 CETT 2 MO FRBIGE I DRl % 5 A 7z

T TR IR A MER L7z, & HITAL BV H WAPHZER NIENLE 2 B 5 22012, KIS
bt I N 2 111K S G T T B 1117 L ) F Tl B Ik W% % 3 5 M2D Black blood-Turbo
Soap bubble MIP#%: ' (Philips #14) (Fig.3b) %  Spin Echo' (BB-TSE) (Fig.2c) % JHu>, mif§Hs

Fig.2 Occlusion : 8-year-old boy after aorto-coronary bypass surgery alblc
a: X-ray coronary angiography : Occluded aneurysm of left anterior descending artery is
invisible but calcification on aneurysm is detected (arrow).
b : SSFP : Occluded aneurysm with an extremely high signal. The arrow points to a black line
of calcification.
c : BB : TSE : Occluded aneurysm with a signal higher than that of blood. The arrow points to
a black line of calcification.

Fig.3 a: SSFP : Huge aneurysms of right coronary artery at 3 years of age. alblc
b : Soap bubble MIP : Braid-like lesions at 4.5 years old. The tortuous vessels are recanalized
through the thrombus in the aneurysm.
¢ : Spiral-BB : Braid-like lesions on cross-sectional imaging, which shows “artery in arteries”
like a cross section of lotus.
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133 point plan scan £ T, efBIR D Fdili b i %
Hi L 7=,

253D 14:13 2D Black blood- Spiral k-space order
TFE'" (Spiral BB) (Fig.3c) # 3 point plan scan 3
CREENNROAE I A 815 L 72, HRI N OF F g
Th 5728, RO RS 5 3]
Sh, A EE & I A A BRIEC 530l U 2= i 4
THETH 5. TN ERAERONTEL NIEITE, &
IR, BAZE, FRSREIMAS o M P #T AR A o 8l
2212 ¢ 51172 Y. BB-TSE % Spiral BB D14 ¢
WFEARIEI T 4 2D E 1553082000, Mk
ZIETIIN24 M TH 5.

MR /O BEERS
DVERSEBIBILLD 72912 > % MR 133E 841 %

WS, 1041 (20-50 phase) TSSFP % vy, iRl
Wi i Ak, R, 4 v VN —CBIET 5.
MR/ODAERIC K 2 DG, 28, ORERED
MY, % 3 Perfusion MRI C & fif i & e i
2B B EREFEHO A OYIRIEER A Blgkd 5 Z a
TOAFRE M % 175 . 2 D% 15571 -

SEALNE 5 MRTY CO R % O A T*E%%EIO)
RO VREREE & Thlit ¥ 5.

i > — 7 ~ Z i Perfusion MRI T3 SSFP |
MO THER 2 FH L 72> — o v 2T, #F
)= AEFA] (0.1ml/kg% 4nl/ T THA) i‘ﬁ
L, ATP (0.16m¢/kg/5r X 6 57[8) FEUEWE M

T4, gradient echo % T1 A E{§ 20 A; O T1 Tl_
PR L2y —r v 2T, RSRBHIR IS Al
#5150 %Th 5.

&% D e EN R FE=E

JIEHR O UF R fini 4L F 1A RS %
W IR IO BEG A 2 < 0, ST R R
iR~ T MRCA A il g & i&ot%@@ hE N
kg, A CIEEIIR, SRR, IR, A2 2R
57, RoETEEMITEN, KEXLREET
HigoEILTLES, % SZ% R EAL
THHRAELN AR L W EOHN A H 0,
MR 4155 Z LIENEETH 572, ZHITHL,
B I R E%%@%t@@ﬁﬁ:%»%¢
ék\{ZM‘% 1242 TFlex-M coil 12 U, I [A] 74
2B A EHO 7 — 4 W%@ gatmg window
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+3mmE K< LT, BERREORIEO R WTHE
bt X ILEXERIZH LTI, R
TR EVLAAD 72 8 O IE R 23 PR R\ i
W7 — 2 WEAITS %, T v T L% /WL
N3 2 Mt # Ehrz. 72 OHH4 » Ay
5 6% F TOIBRFIOMENTIHWT, eBIIROHH
I8 ~97% &k, T < KMWAREIZIZTAIK
P TTREL 7 57219,

JV WP O ek B MR B 55 et B RS, = AT 1k ke
PAZE, Ifike, PIRSARIE, PREGEILE, 3% L0Aalk
L ERHREEDONE L, ThbDRHZEDMRCA
FROR AR S Z L IS VETH 5.

BBk TE

it B RS D P ZE MR ZE N D HEE D T % 13 TE R
D 4 212 X D HEHI X, IR RLREEE O
strategy AR 5N B 728, TE 57T RHOIE
REMERR L L S TW 5,

JER MR A T d 5 MRCA L ZVE I 2 e
K& % -7 RRTOEREERAWRETH D, #Hf
BOFEFITHE T % S8k & fit T ae T
»H5.

MRCA & CAGIZH T 2DV 4 ZiT R < MHE
LCHn ™Y, ¥%6 DSSFP & CAG DG T
1M B G $0120.978, Bland-Altman plots C mean
difference 13 0.0 T, 95 % confidence interval (&
— 147 5+15TH 7",

BT RE

EERA I NIEARE LS & B IR AT EpAE 2 B U AR
REMRTHEITT S, MEBEMHRSE, fixi)7
D A7 & $HlkE O k%E O BT O BB B »
WBETH 5.

#E 5 D180 CAG EDR/ArHAEIZ B\ T,
SSFP DHUIE 12 94%, FFRIEIZIT% TH 72",
SSFP Tl CAG & 0 BRAEFEE 23R R0 i K ATl &
i A A 5 4, BB-TSE T SRAEREE 13568/ ET
XA sTH 7", Bl TIRRERAEDIT
TN TH DIEOFALL, FH 1% Spiral BB i
& 2 1R 2> 5 O IfiAE NIPER NIRITE O % &
ATHRAERFHM L, AR 2 75% L Lol
MR L& 2T LT 5.
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Bl =

JUIRERROPHZEL, FEREA BRI T BT 5
JEO M ERAZE L, ERREIC IR, #1755 R
PESRZE DS EHZEANER L 72 8 DB(EET 5. SSFP
THZEIZ3 2 4 TIHET 5. 1) BEBESOHW
& LTt & B ke kP ZE (Fig.2b) &, 2) i
#E L 72 el B & ARINILAT I 1S & D 2 O F A
XNBED, 3) Myt DEAZET “Hit X il
Wi D3FETH B, 3)1F CAG & #/x ) MRCAD
W 2 I BE I ORRA 2, BHORAZE» & WED 5
Z XN TH . SSFP & BB-TEF Dy /5 ) H
THUIIEIE94.1%, L 99.7% Th > 72",

PRAERHIEIRATRIZ LIE LIEE L < B AR
LEPES OB NEHROREDO—D>TH 5. MRCA
TR IE R OIKE 5 OO E LT
Hi X3 (Fig.2b,c), CT® X 512 acoustic shadow
R & FAREDBE NI TH 5™,

DM BEZERT 3 Fujiwara 5 (31185 0O BRIE: O
FRZERT L & U, DEREN M A& D BEEE R
ROBEDE, TOELLPRHITOLI2RED R
WED L, AFLEROBENVEDDLDDEAT
NdH0, FHEEONERFE & BN BIIREE LD O
WZEDWSEER AR AR 2 R LT B 2,

[m+e & ARKAEE

FE N MUSTE I 22 RV RS OV D < WIREPE A
728, WEEE L ORI R D AN
MEOFEMEBERT LN D 5.

IMFeid CAG TIIEERIL 25 B R AR 3 B Al DI
CATHERINILE S & 50, lifedD2kGg%
WA ZEEATHEETH S, £ L TROHEDAREE
JEOFHIIZ W25 Cid, BN I —2ME—D )5
HTh 7. Z % MRCAD Black blood 3 11
TR HL DRHMNS 0L BE R AIE A S H TRE C b
2% WEDLZ A, kL MEREOMRCA
FOMm{$ DTS Tl <, FriEfg
e 5 OB L REEIL & U, NIRATR IR
WoER)EXOTEEESREDORE LT
WoTnn 9,

BB E
FHOAME X CAGHHIZB W T A v Mk
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EEHDFERTNEY,
ZOBREIL3DIZA A Thfch, 24 72k
D BRSPS R 5 729" MRCAIZ B0
THEHHENhD ZenMETHE. LirL, BD
B0 &l A 2 efT L, L TERT LT
O MRCATIZFM AN RETH S, 44
T 1E SEIARN A I A > CETS 5 RS I
% ¢ braid-like lesion” ¢, NG N O Hi A ILE
2FEE L (Fig.3b) “BUARNEIAR” & U CTHREINmIE
SEDORERIZ > T 20088 X5 (Fig.3c).
24 7203 “PAZE U 7298 O BE IR - TG 2 i
BB 2 OmAD LR OE2BEL LT
V) % bridging lesion” Td 0, lEIAREE D3 0
BRBEELLZABRFTRELTHWIONRERLN
5. 24 T3IIPHE L D REE O & RN 4
B TE—f B R R O EI I 1T 1% T “Pericoronary
communications” & #Z{Hi} 54, MRCA Ti3bHZ%E
& LTH¥EL T\ 5. Braidlike lesion i 5 Ifil X
DREZED BB 2 D12 K <, R ifiL2s (Al
154 24 & @, Pericoronary communications
Al MEAMEEhznws 4 T TH 5™,
MRCAIZ ¥} % braid-like lesion & bridging lesion
DX H1Z Soap bubble MIP #:%° Spiral BB % % iy
THREE &£ D), TR ZFNOFTEED O E I
MR DG TRl s h s .
Db E O BREHZ 51T, Braidlike lesion &
Bridging lesion T i KB D Y BAE IZZE 2 X
<, BIEER TR, RIDHHA X — Y v 7 Tl
SN N0 DJAH 2 D IR T ATTE R /Mg
Wk e h, HEELETIHEIZ0% LGS,
FEFERE O B 12 8 2213380 Sk i 5 721,

AC/NA INZATDBEILRTE &
fiiTay, vt O/O 8

AC /34 73 Z 45T O FAEIB O Y, itk sl
& HOBBIZIZMRCAE MROFEE S ERTH 5.
757 b ORFOEED AL 6T, WETFHKIED
HHERLINA 782 5 b DI & 52T 5 KRS O Bk
M HEHTH 5. Wittlinger 5 13385 Fisp-3D
V=V A TR RO SBZE 4%, T
HEI% LWMELTHDY, HFHELDY —F v
2 TN D 2561 28 KD/ A 182275 7 b ]
(FOPUEILIT%, TREEIX67% Th 722,



itk g 4 ¥ =iz ) v 7k E DKk
NEBIZEET7—F 772 L D728 MRCATD
R NEE A B e 5. Bl 213585 Ot
DSSFPTIE, MHIAXY—T—F 772 D7z
OIZHEIRE 2 ZIWaSh7=27 7 b RFL
SEHLFEARRETH 57~ 1L r ) v 70
T—FT 72 NETFTT VAT THISRET
B RRICH 9 5. LA ULBBTSE T34 @ 7 —
F7 70 NOEEIDRLT ) S8, WilikE b
H4 % Z & Ttk D MRCA O E B2 RE ) Dt
EafEEh 3.

—J5, AC/3A 73 Z o 5s s P 12 13 ek B IR Bk
EROAL ST, OFIEMTRE 2 D0HD/S
A7) T 4 —OHEMEPBETH S, MROSE
R 36\ R L 5 A D FERE R HHCHERE &
DFSA T T 4 =B IESE R THI X B,
DAIIE D TEEE OFEE A 50% DL i/ v 4 7 &
VT4 =ML, ZRAMOONE T EIZE T3 N4
7YY T 4 — HMEAE UilitR 12O RE O 0115 2% 1%
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TELLHEER TS Y,

FH D ORERTIE, HTHTIZ 50 % A D VREE D
THZEEAT TI3hi % D Perfusion MR M2 CHER/RE
BRI N4 7S 2 & DT % 521 Tk
TEDNRREN=H, 50% LI EDVEERE O T
(iR HER RO R AE A A S 72 (Table 1). Wu
513 MR /DA & *F-FDG PET/201T1 SPECT %
LT, RO MRLDATA X — ¥ ¥ 7 Ttk D
DEBEOUEREAE TIIL 25 LML T1E Y,

LU EMREGOA MM 2 <727, MR & L
THrFEDES LD HIFoN%.

MRCA DfERE =

1) PHEERZS 2 5500, MIEINILAT S > & DIl & 52
EAZE FROIE 2 S 5. F A TER
HICT&H 0, SSPFD A TIZEHZED B Iz E§
DLENH 5.

2) Spiral BB {376 #l1 ik < 3 1 W7 i TR U e &

Table 1
. - Delayed enhancement Cine
patient | AC Perfusion MRI perfusion defect (transmular extent %) | (Ejection fraction %)
ass
P LV wall Pre Op. Post Op. Pre Op. Post Op. Pre Op. Post Op.
LITA-#7 | anteroseptal + +=>— 25~49 25~ 49
46.5 52.6
20y RITA-#2 none 0 0
LITA-#7 | anteroseptal + +=>— 25~49 25~49
o7 RITA-#3 inferior + +=>4 75= 75= 52.0 57.0
y LITA-#13 posterior + +=>— 0 0
16 RITA-#7 | anteroseptal + +=>— 0 0 54.7 55.2
Y LITA-#6 | anteroseptal +=>— 0
25y RITA-#2 inferior +=>— 0 62.6
12y LITA-#6 | anteroseptal +=>+ 50~ 74 48.6
anterior +=>— =24
LITA-#7
24y septum +=+ 50~ 74 58
RITA-#2 inferior +=>+ 75=
LITA-#6 | anteroseptal +=— 0
21y L 485
RITA-#3 inferior +=>+ 50~ 74
10y LITA-#7 | anteroseptal + +=>— =24 =24 61.5 58.3

LITA : left internal thoracic artery
RITA : right internal thoracic artery
+ : perfusion defect
— : no perfusion defect
Transmural extent more than 50% means no viability.
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Imaging diagnosis of acute encephalopathy in childhood

Masashi Mizuguchi

Department of Developemental Medical Scences, Graduate School of Medicine, the University of Tokyo

Abstract | The pathological substrate of acute encephalopathy is diffuse or widespread, non-

inflammatory brain edema. This article reviews the neuroradiologic findings in many syndromes of acute
encephalopathy, by classifying them into four major categories according to their pathogenesis.

A. Encephalopathy due to metabolic error : Various metabolic disorders may present with acute
encephalopathy. Many of them show diffuse brain atrophy, and some exhibit symmetric lesions of the
deep gray matter. Reye syndrome shows diffuse brain edema.

B. Encephalopathy due to cytokine storm : Reye-like syndrome, hemorrhagic shock and encephalopathy
(HSE) syndrome show early-onset, vascular edema affecting the whole brain or cerebral cortex. Acute
necrotizing encephalopathy (ANE) is characterized by symmetric lesions affecting the thalamus, deep
cerebral white matter, brainstem tegmentum and cerebellar medulla.

C. Encephalopathy due to excitotoxicity, such as acute infantile encephalopathy predominantly affecting
the frontal lobes (AIEF) and hemiconvulsion-hemiplegia (HH) syndrome, is characterized by late-onset,
cellular edema affecting localized areas of the cerebral cortex. These areas show edema and hyperperfusion
from the 4th to 7th day of illness, and atrophy and hypoperfusion during the subsequent weeks.

D. Encephalopathy of unknown pathogenesis : Clinically mild encephalitis/ encephalopathy with a
transient splenial lesion has recently been described.

Reye syndrome, Acute necrotizing encephalopathy,

Acute infantile encephalopathy predominantly affecting the frontal lobes

TH5. WIFEOREFE L LT, Mat:y2iE (cellular
or cytotoxic edema) & Ifil % V¥ E (vascular or

L &IC

SVERGRE & 1&, I U 72 AHE P o b 1
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(2L DA, U4 AEGYE) ek E LTET
% Z B, MREIR O AL TSRS L S
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SERRHC DWW THEIT 5.
1. ERRHERE
a. EREK - 7RI - fRRE
HEEVEOBERRIEIZ & & D < B RRHHEFERED
% <IF, EARMICIEMETEOREAZWS. Ly
UNRE RGBS (WL =F VIS ML S5V
27 =7 — ¥ MR, H#7 2L CoAli KR
R RAIE S E), AR, R,
JRF‘EH A 2 IVEE 70 EO—OFEETIE, EGYE
RAEK A AR E U C R A R U, kR,
WAz &S ERE ISR IR G #2952 &
NEL<HDb., ZTHCIEBARRICK HHE - Rz
ROZAIT A, T 3L ¥ — LR JIENE Y A
N A VOB K ZEARLOTUELE S LT
W5 Z ENLN,
HADA v 7))L T v HRRE T, FEFORI5%

Motor disability

————

Intellectual disability J

ﬁr T&R. g

CT (b) CT (c)

Fig.1 Clinical course and neuroradiologic findings in a case of a probable metabolic
disorder, infantile bilateral striatal necrosis

During infancy and early childhood, motor and intellectual disabilities gradually
worsened with progressive cerebral atrophy on CT (a and b). At the age of 6
years, acute encephalopathy occurred with loss of consciousness (LOC) and
appearance of basal ganglia lesions on CT (c) and MRI (d, T2-weighted image).
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Fig.2

Early-onset brain edema involving the
whole brain (a, Reye-like syndrome) and
entire cerebral cortex (b, hemorrhagic
shock and encephalopathy syndrome).
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Fig.3 Serial cranial CT findings in acute necrotizing encephalopathy

On the 2nd day of illness (a), there were symmetrical hypodense lesions in both
thalami, deep cerebral white matter, cerebellar medulla and pontine tegmentum. On the
8th day (b), these lesions became more hypodense. Tiny hyperdense spots were noted
in the center of the thalamic lesions. The brain became slightly atrophic. On the 41st
day (c), the lesions became smaller and cystic, but the brain was severely atrophic.
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Fig.4

encephalopathy

resulting in a concentric appearance.

Early seizure Late seizure
(status) (cluster)

Aphasia

Loss of sponteneity
Fever Stereotypy

Y | | | |
1.2 3 4 5 6T 7 8 9 10 30 50 100 300
MRI (a) MRI (b) SPECT (c)

Fig.5 Clinical course and neuroradiologic findings in acute infantile encephalopathy
predominantly affecting the frontal lobes

Seizures and postictal LOC showed a biphasic course. After the late seizure,
there were clinical signs of cerebral cortical dysfunction, with bilateral edema of
the frontal cortex (a, T2-weighted MRI). One month later, the frontal lobes showed
atrophy (b, T2-weighted MRI) and hypoperfusion (c, SPECT).

Serial cranial MRI findings in acute necrotizing

On the 4th day of illness (a), there were
symmetric, T1-hypointense and T2-hyperintense
lesions affecting the thalami, internal capsule
and putamina. On the 23rd day (b), the center
of the lesions showed T1- and T2-shortening,
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Fig.6 Clinical course and serial CT findings in a case of hemiconvulsion-hemiplegia
syndrome

CT findings were normal after the early seizure (a). Immediately after the later
seizure, the entire left cerebral hemisphere showed cortical edema (b). Two months
later, the left cerebral hemisphere had become atrophic (c).
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Fig.7 MRI findings in a case of clinically mild
encephalitis/ encephalopathy with a
reversible splenial lesion

In the splenium of the corpus callosum,
there was an oval lesion, hyperintense on
T2-weighted (a), FLAIR (b) and diffusion-
weighted (c) images, and hypointense on
an ADC map (d). The lesion completely
disappeared one month later.
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Practice of pediatric nuclear cardiology

Kensuke Karasawa
Department of Pediatrics and Child Health, Nihon University School of Medicine

Abstract | In pediatric cardiology, nuclear medicine is useful in diagnostic imaging due to the use of

various tracers, the development of diagnostic software and the progress of the equipment. However, the
appropriate stress testing, the choice of the most useful tracer, the imaging condition and characteristic
diagnosis of the child have not been established, due to the small number of cases at each facility.
Quantitative gated single-photon emission computed tomography (QGS), which performs the kinetic
analysis of cardiac function, '*I Metaiodobenzylguanigine (MIBG), and '®I betamethyl-iodophenyl-
pentadecanoic acid (BMIPP) imaging are used for clinical diagnosis in pediatric nuclear cardiology.
Nuclear cardiology in children is a clinical diagnostic method using the appropriate tracer and imaging
protocol in consideration of the image quality and irradiation exposure. Especially, for the severity and
prognosis of coronary artery lesions in Kawasaki disease, it is a less invasive diagnostic method. As
a precaution, the diagnostic imaging should take into account the characteristic artifacts of the child
(such as body movement, small heart and the contiguity of accumulation in the liver). For the clinical
diagnosis, the evaluation of the image data for single photon emission computed tomography (SPECT)
reconstruction is always necessary.

Nuclear cardiology, Myocardial perfusion imaging, Kawasaki disease
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)
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Stress image

Stress . 0.5-1hr,
I;I(Ieal T
me
< 1.5-2hr. >
Tc-99m iv

M Imaging protocol : One-day stress-rest sequence

Tc-99m iv (stress dose x 2-3)

E Tc-99m tetrofosmin dose stress : 10 MBg/kg (upper limit 370 MBq)
B Tc-99m tetrofosmin dose rest : 20-30 MBg/kg (upper limit 740 MBq)
M Data acquisition : 180-360° anterior arc, 6° intervals

30-40 seconds per frame (adolescent)

20 seconds per frame (infant and child)

Rest image

0.5-1hr.

Meal
tume

Fig.2

Optimum protocol for
Technetium-99m (**"Tc)
labeled myocardial perfusion
imaging in young patients

Table 1
Comparison of pharmacological stress methods
. Adenosine®,
Dobutamine Dipyridamole**
. Exercise Coronary
Mechanisms simulating vasodilatation
Coronary steal — +
Perfusion Ischemia Maldistribution
defect in all cases and ischemia
Biological . Very short”,
half-life 2min. 24.6min.**
Adjustment of . Possible”,
stress level Possible Difficult **
Arrhythmogenic B .
. ronchial
Contraindications tendency, asthma

Hypertension

HOWBPTHVVEN T AR TH B, i, DI
PRI A L LT 7 v v O AEEAT &
N7=728, %IV FE—I, ATPORDD
277 v VERPERIZE S, NRIZET5E
fiDIA L UTCIEBWN AT T b B E A % 5
T RETHDH, % Dtk B & B
XIKCHRE L Bk 2Bk T 5. D) ¥ E—0L,
7TV EFATPAM I, K B HT
i SIAEAEIE DA IHELS S D, MAATOME, §E
LHREETH D, £, THT4V Y, BT A
v EHRB ORI BT+ 5312 20 6 28 7z
W, fhoBEMENELRENS.

3. IR EEBREEE O/ OBHIMR A X —2 > T
ORI T, ARRHR THEROMK M 58

i B ) REFIE1S T Z OEBLL DR ET 5
i (Te 8UAI T fill-in, *'"TICIA 506 & £
B) »R»ehb. ZOFRIZK ST, REIBAM
XL TS EBIROAEIEEL BT E 5.
Fig.3 13 1 CHRE BN 2 4 el B RS J6 0 F 2 PAZE
HHEBEOREEIC L B OFIMROZEL &2 L 72
LEDTH 5. OAFMFESPECT AT L & LT, f
RO D RS K > THEFEVERRZ A B PR 48 12
3 LT3, Figdild, IR Bk E O O
AR ZE R 1% 35 & OSREBIAIR N 4 /S 2 i % oD 0 A 1L
WSPECT Z/R L7=. 3o F 7 & 3 v AHL
1L SPECT Cid, #Hi4 (SA) , AF-Riilifg (VLA)
B K OTEE RIS (HLA) THGIS T 2380 55 -
72, SRR D AEZER O P Te BLANC & B Lifig
ORI SPECT T e S HiTEE A & D bR D
JEEDH 25 R R &2 58, JERil FATELREIR O
FE%E L M L 7= TRk EEIIR S 4 28 2 i1
JAT U 7 3 Bl €14 /O 75 1L 3 SPECT T AEZE L D
AR OGE UEBIEMIC K > TR MERIK T 2320
h o7z BEERIRAELLON (viability b D) &
[ L 7=,

4. LB SPECT Dk

ARG SPECT DERAIZ I 1) 5 F s g I
DWT, PTICHEE L. 1) oy Bfio g
SNTVSAh 7« ZHER (O GEBIILHE) ©
25,000 7% ChROBGE, HEHyH o fERE AR
IERELZ 2 0 R0 ¢ H R a8 170 [l 4y
PbEzHET), 2) 74V b — T ORI EN
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3) MRAGHF O RN RSN I A, 4) AR, &
R ORATHE A TE %2 lEAUERLL 72
RE L T2 CHRNEE) & 58 728 Y) 2§ o
H&IZH 5, 5 fFoNBDhy v Fi+5rd b
7, 6) A, /5 DORFEERGE 1 200 A, 7) AR,
DR E O BERGIR 2 QHITEL, &L

Raw image TR 4 5 Z L NMETH 5. FRIL
T, A L RRRICAEE, FAICK ST AL F —
WELEETHLEADH 5. Small heart i, L

Table 2 Artifact factors of myocardial perfusion
imaging

Th5b.

ZOHMTIRSEELRLE, 7T—F 772 LD
flicd 5. Table 21 YFE/NARHCIT -7 158 2
MEFOT —F 7 77 FVEREF L DL DER
3. kN E) (Figh) IFHER DG (Fig.e) 23

scans

B Small heart

M Body position movement in obtaining

B The contiguity of the liver accumulation
B Attenuation by breast or obesity
B The high accumulation of the gall bladder

B Inadequate stress test

11.3%
8%
8%
9%

1.9%
1.4%

L ZORETHERTNETH D, SUERTIC

213 cases of 15 years old and under an examination

in Nihon University (**'TI and *"Tc¢ tetrofosmin)

Mpyocardial perfusion image (Thallium-201)

S QRN ©

stress delayed stress delayed
11yr. old 13 yr. old
Right coronary artery angiography

3yr. old
Dobutamine
Stress image

Syr. old
Rest image
in acute
myocardial
infarct.

Tyr. old
Exercise
stress image
after CABG.

Middle SA

Basal SA

54

Fig.3

Alteration in myocardial
perfusion image due to
development of coronary
occlusion with recanalization

The myocardial infarct image
of the RCA territory (white
arrow) shows improved
myocardial perfusion with
the development of recanali-
zation in the ischemia image.

Fig.4

Alteration in the myocardial
perfusion image (Thallium-
201) in Kawasaki disease
after coronary artery bypass
grafting

AMI ; acute myocardial
infarct, CABG ; coronary
artery bypass grafting, SA ;
short axis, VLA ; vertical long
axis, HLA ; horizontal long
axis
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X7 191,07 SPECT 0L RE RFAlG €4 12 T 1 * I ERCDR - T ALK - eem2ie U
D, NRTIEEKLL T OFEDHIZ R RIZU 725 THWSHAICIE, HAAMS 720 OHLD A
BICHERPBETH S, AT A5 5 HOME T 2L D AR > T
N VNRBIO R ORIz 2D, 7 —F BRI TIIED JABK T & [F] U
T 7Y P TRECVHTFERPBETS B. BichbZ &ML TS (Fig?). LEEL

Fig.5
Artifact of body position movement
while obtaining scans

7yr. old. RCA 99% stenosis with
Kawasaki disease

SA VLA HILLA | SA; short axis, VLA ; vertical long
axis, HLA ; horizontal long axis
Fig.6
Increased liver accumulation in technetium-
ATP l@ labeled myocardial perfusion image
stress
4 ; Syr. old. Coronary aneurysms in Kawasaki
Apical SA Middle SA Basal SA | disease
SA ; short axis
Decreased uptake Normal uptake and difference Fig.7
in wall thickness 8.

Scheme of partial volume effect

99my

Tc myocardial perfusion image Bull’s eye image

Fig.8
Extension of the membranous
septum

3yr. old. Ventricular septal
defect, coronary dilatation
SA ; short axis, VLA ; vertical
long axis, HLA ; horizontal
long axis
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DEEE RNy £ 7213 EKEB o DNERE, I
MEPEAMET U 72882 T3 & D BLD 3A
AEFDO &I IZRHi E 5. ANETIRIBERRES
RO, e KM DEB R C R
VRETH % (Fig.8). szl D/ LEFHEDI
Bk L OEM, RHHEOMmEG % kT %
ZETT—FT7 77 FOHENTRTH 5.

5. Quantitative gated single-photon emission
computed tomography (QGS)

AR, R X [A] O A L3 SPECT @ =k IEH
AT (QGS) BEA X, L HTHH 6D =IRIT
5 & 2 EEEBIEHG ¥ K OO NEEO I &K B
FERER, RO A THI R 5729 JIg
W2 BT K A DAEZEGNZ 551 5 QGS B IO
# stunning” 5 & OHEZE0 D viability (2 BH 3 5 5F
Mz et A THEIC 2 %Y. N QGS IR 5 [
BRE LT, QGS D MRS 23412 25 512
L7225 THILT 5729, 6iLL T small heart
(WRR AT TR 50me LIT) Bl CII A FBRA 28 &
%. Fig.913 % TREDRRIH MO Wi ZE R D QGS Fr
WCh 5. WHEOQGS MG Tk I EEDEEHH) 1
WA, BAMBRIGEO T BLEFEGIZ b REEE
Ho (R2 I #% /0 ) stunning) a8 72, ILYRER %
A 72 QGS + Wi{g T, IR A * — ¥ OfEZES
IZ— U CREEHRE N D D Z ENHENTH
5. 20O &S DAL SPECT 3 4E 3k D i 1) 75
A B QGSIZ K 2 BN A Fisik o & h
KO KEE OB OHEEEZ LI L 5 72, QGSIF/)

FUZH T L —F VI R E T H 3.
DRBRERREEA A -V 2T

B X 49— FRY UL T =YY (P
MIBG) &, /AT Ex7 ) YOLERNT oy
TH Y, DRREARHEAEICBE S 2 BRI HAE 5
N5, EIEDARS, ORI KO0 AEZE% IS
DRI O ESRD b h 5. F72, Lk
FLDAER 7 ¥ b 794 2 ) U RPUEANZ & 5.0
kI & B DA DO EIEE 6 K O PRI &
Ao hTna,

J7 I RT3 H B O WARF L T — L o i 3
ATV, MEELEHIEIC T MIBG % 8 5- L 157314,
JWEMEIf2 I planar i 2 17 5. £ 72, YB/NREE
TR —F VIfT > TOEWBR, JFTKNZE O
A3 B 25 BB IZSPECTHS 2 475 . FEBRIZIZ
planarffIZ ¥ 3 E &N & LT, O LiEk
B H/M), L= (% WR) 257H¥5. /h
VDA O LHEBOE DO fERIA 1 & LT, FRUEG
DH/M<18%7213% WR=48% S H %125 5.
W NEHELT, P MIBG &, DR
%<, /NRUZEWTZOE O ROTFEE I IEAMO
OFEIVBETH S, Fig101d, ERIEL =45k
RULARE, O HID 10750 1 MIBG i 7. %
AU 7z, P MIBG & & W R T~ E AR
WO T LR LDOTUGERH D, 6 5 HEDFKE
MBS TP MIBG & & 1 5l 23 AL 4 5 Fi AL %
R 7=

Stress Rest
QGS

Stress Rest
QGS +

Fig.9 Quantitative gated single-photon emission computed tomography (QGS)
The white arrow shows the region of abnormal wall motion.
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First imaging

Second imaging
6 months ago

ol s
:

Early image

»

Delayed image

H/M=2.01
%WR = 38.8%

H/M=1.76
%WR = 48%

Fig.10

2| MIBG image in a case
of late cardiac death due to
dilated cardiomyopathy with

10 yr. old
ventricular tachycardia

DHEBBRHA X -2 T

PHEERO MR TH D B A F LT — FX
v 275 vk (PIBMIPP) &, KRG & Ak
IZOAT T AL F —JEHOMENEE L LCOANIZED
AEN S, PIBMIPP X OHHICHDAENITE B
WAl 252102 < < DANIZEERT 2 728, DFHO
M4 x —o v 7 LTHWS RS, P
BMIPP (3 DR 2 54 % & i<, BRI 7%
NEEND. T E O 2MHERINRGE A 175 Z &
T, WHED I AV y FHBTIE, DAL G

KF) %38 % 20 A % G 2 BRI R AR
HEEAM L EZ OND. I A~V FHEBOINIZ,
/i Viability DA, FHZERI#AHL & LT Area
at risk Z#[FE L) Z 7 DA T E LR =D X
NDAEEETE 2. FCRMATE S0
EEE (%0 FL IR T B O AR IR SPECT O G
ELTEHHAmEGZINETHEEEL 5. £7-,
DN TAERHE 2 £ 5 MO SE O EiE &
BHIZ & VTV B,

3T 3 H O NIRFHIL T — L O fif %3
ATV, AR I P BMIPP & 2Tl & 0 2 8%

Pre-surgical operation

Postoperative 1 month

Postoperative 18 months

1 yr.11m. old

2] BMIPP

Fig.11
2'T] and '®I BMIPP dual
myocardial images in a case of
anomalous left coronary artery
arising from the pulmonary
artery

The mismatch of ?'TI and '#|
BMIPP is understood to be
due to the decreased uptake in
the large area from the anterior
to the lateral wall before the
operation. Improvement is
shown after reconstruction of
the coronary circulation.
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Fi%& 5 U 15~ 2057 %120 SPECT #1715, %
TP G LA LIRS E Y b B A1TIE, A
IRA 2 DFH L TR EI ORI AR hTr b
%552 EET 5. Fig1113, L@kt
BhRACAENE (Bland -White - Garland SEf5EEE) D51,

B F5 F B el B AR P Gy i 1 0D /o i Mt e £ A
A=V YT TH5H. HENZFRD & THE TR
EE D FEFAL T & I BMIPP % C[RIEBAT O 1A 75
IZARy FEBRDI. ZORTHIEEDBETRILT /S
S — %, Feel BRI B RS AGE OO B 25 iy B

1231

BMIPP

VLA

Fig.12

21T and | BMIPP dual

myocardial images in a case
of late cardiac death due to
hypertrophic cardiomyopathy

Extensive mismatch of
uptake is seen in hypertro-
phic regions.

SA ; short axis, VLA ; vertical
long axis, HLA ; horizontal
long axis

17 years old.

( Approach of pediatric nuclear cardiology )

Probable ischemia Prol?ab]e
myocardial damage

< Probable ischemia ’

Probable
myocardial damage

TL-BMIPP MIBG

dual SPECT H/M & %WR
MIBG TL-BMIPP

H/M & %WR dual SPECT

Exercise

impossibility

Pharmacological stress

Exercise
available

Exercise stress
myocardial perfusion
imaging

TL-BMIPP
dual SPECT

Exercise or
Pharmacological
stress myocardial perfusion,
imaging

myocardial perfusion
imaging

Fig.13 Approach of pediatric nuclear cardiology
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CHF ; Congestive heart failure, TL ; °'TI, BMIPP ; '*°| betamethyl-iodophenyl-pentadecanoic

acid, MIBG ; '**I Metaiodobenzylguanidine
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Symmetrical central tegmental tract (CTT) lesion on MR imaging
in children — preliminary study

Shoko Yoshida”, Katsumi Hayakawa", Akira Yamamoto”, Souzo Okano?
Hiroko Matsushita?, Toyoko Kanda®, Yuriko Yamori®, Naoko Yoshida®, Haruyo Hirota”

Department of Radiologyn, Pediatrics?, Kyoto City Hospital
Department of Pediatric NeurologyS), St.Joseph Hospital for Handicapped Children

The central tegmental tract (CTT) is mainly the extrapyramidal tract connecting the red
nucleus and inferior olivary nucleus. There are only a few case reports describing CTT abnormalities on
magnetic resonance imaging (MRI) in congenital metabolic disorders. Our purpose was to evaluate the
frequency of CTT lesions and characteristics on MRI, and to correlate MR imaging with the clinical aspect.

We reviewed the MR imaging of 347 children (172 boys and 175 girls) retrospectively at ages ranging
from 38 post conceptional weeks to 15 years. To evaluate symmetrical CTT hyperintensity lesions, we
defined the CTT lesion as bilateral symmetrical hyperintensity in the tegmentum pontis on both T2-
weighted images and diffusion-weighted images in more than two slices. We measured the ADC (apparent
diffusion coefficiency) values of symmetrical CTT hyperintensity, and compared this with normal CTT.

Among 347 children, CTT lesions were detected in 11 cases (3.2%). The mean ADC value of the 11
children with CTT lesions was significantly lower than that of normal CTT (p<0.005). On MR imaging,
associated parenchymal lesions other than CTT lesions included : none (n=3), periventricular leukomalacia
(n=3), thin corpus callosum (n=3), mild ventricular dilatation (n=1), and polymicrogyria (n=1). Clinically,
cerebral palsy was the most frequent clinical diagnosis (n=6) among the 11 children. Metabolic disorder
was not detected among the 11 children with CTT lesions.

In conclusion, CTT lesions were detected in 3.2% of all cases. The mean ADC value of CTT lesions was
significantly lower than that of normal CTT. Cerebral palsy was the most frequent clinical diagnosis.

Central tegmental tract, MRI, Cerebral palsy

RS H 2 20079 H 21 H, w4 H ¢ 2007411 H 8 H
ARIEERSE © T 604-8845 sttt X ARSI 1 — 2 siEfdiombe SHET
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DR (central tegmental tract ; LR CTT)
BRETHNCAE L, RiEE T4 Y — T E 2/
F& U THMRMMEROBHETH », —EihE
etk o HRICE 5 HTHERME S &Y. CTTiR
B2 R FHE 0B OB TH D,
B9 5 AD ST 2 b Tn3?. Fho
A, /NEOFEEEMRIIZ 35T CTTIR IEH OB,
SN TR & 554 2 UIREICEE LAz
W (Fig.1a,b) . T2 @ FE G0 LA E TSI B W CER
®»EN5 CTTOXMNFMEREFFHEIZONTIEI N
FC, INROFE RV R R e S VR R L
IRE 78 E1Z 850 B T R & U CTRBARI D FEBIER TS A3 25
INTEXENTY, ZOHERCHEBICHT S &
F o W, 7 2 TR A 1IN O BEE MRI
1281 % CTTIRZE OB TR, & S IZHERAT L
& DRI DO W TP IBRGT %17 > 72.

MR EFHE
2005 4F-4 F 7» 5 2007 45 A O, 4Bl THY

L7/ (FERG 38~ 155%, HiNd1724, 4175
%) OUHEFRMRI 347 15 % x5 & L, retrospective (2

Vol.24 No.1, 2008 61

M 247 - 72, 3476irh, SEE— o NRAR A S
1HEA 273651l AR B HH YL AR (Vojta k) A
5 ORI THEAT L 728 DM T4BITH 5. i
P13 1.5T MRI (Siemens £f;, Symphony) T® 5.
FE7a b a—- L@ ToEsD TH 5. KK
T158341% (repetition time (TR) =560, echo time
(TE)=15, 25 4 AJE5mm, ZF 4 A [iFH1.5m),
il 37 I6r T1 55315 (TR =560, TE=15, 274 ZAJ&
5mm, A7 A AfFE2.5mm), HALE T2 58385 (TR
=4010, TE=89, Z74 ZAJZ5mm, Z 74 X[k
2mm), EEIRWTT238381% (TR = 5560, TE =110,
254 A)E5mm, AT A ARIFE2.5mm), AL
HoRFA% (b=0, 500, 1000, 27 4 ZJZ5mm), i
N T2 5 g (2 7 4 2 5m), Wihi~ b
1) w27 213256 X 256, field of view (FOV) = 200 X
200mm~ 250 X 250mm T » 5. CTTIRZEDHHAEL L
T, [T25F 8 % &K CIEEERFABEOMHFIZTAS
na@ToOdFMtEE S TH D, »D, 227
A2 LIZh>TRDEND D] #HE AT
REFE L7z (Fig.2). bACHHE% Wiz $hER %
flit U, 2 OBERRE, A0 2 MRUTR, B
R e OBEIZOWTHRE 27572, X51C

a

b

Fig.1

a: On this figure, both central tegmental tracts can be identified in the tegmentum pontis
(arrows) (from reference (1)) . CST : corticospinal tract, PoN : pontine nucleus, CN V : fifth
cranial nerve, ML : medial lemniscus, PPRF : paramedian pontine reticular formation, SThT :
spinothalamic tract, CTT : central tegmental tract, MLF : medial longitudinal fasciculus, LL :
lateral lemniscus, RF : reticular formation, LC : locus ceruleus, 4V : fourth ventricle, SCP :
superior cerebellar peduncle, Vme : mesencephalic nucleus of trigeminal nerve.

b : On T2-weighted MR imaging, normal CTT shows isointensity signal that cannot be identified.
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CTTRZ R ZREHZDOWT CTT ? apparent diffusion
coefficiency (ADC) izl L, CTTIE#E 25
T L 722044 (age matching #4174 F v & 4124
i) & iR L 7.
B R

347HIh, CTTINZEDROSEN/zDiF1iE1 » H
75 5% 10 » AFTD1164i(3.2%) Th -7 (Table)
PEZEIFRRD 6 s o 72 (BILSHI, U6, 11
Bl TCTTIRZ I AP 2> MRIFTRE L
T, ISR AT R A NG DA 31(27 %) (Fig.3),
o = 51 VA LIE 23 3451 (27 % ) (Fig.4), M=)
[ VLR LAE % PE b 2 D IRIEE L A3 31 (27 %)
(Fig.5), BREMEIAL 1B (9%), Z/INKIEHLE
11 (9%) (Fig.6) TH-7=. £7z, CTTIRZ D ADC
fitii (74.8 £10.0) 1, CTTIEH#HIZH1F 5 CTTD
ADCili (83.1£9.1) IZHARTHEIE» - 72 (p<
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0.005, two tailed Student’s t-test). W g d, %
BLXUOTAH) —TRBOREFZIIRO LD >
72 ERIRZM & OBEIZ OV TE, PERE A 6
B(55%), F&EENEA 2651 (18%), IKERTR 1%51(9%),
EOERERE 16 (9%), MGRE 165 (9%) TH b, 1
PERRIZERD b N b > 7. CTTHNZE 11451 9 15
AR B R 2 B OFETRER, 205158 24 b
— i/ NERE & DERPEIERI T H > 72, BRAEH
VHERIERNC 36 F 5 CTTIRZ O HBUAE (12.1%)
E, MENEREA S OARFERERIIC #5117 5 CTTHE
ZOHBHEE (0.7%) 123 L THEEICE WL O
BB 5N 72 (p<0.005 Chi-square test). 73,
BRI I K OVIIE O SE BN ERIR 11— m P DA%
WAENYD, ZOHOIEIZOWTAEL L
Pl EDEGEREEEIZ BT B 2 e i i B &
D IE o 7.

Fig.2

Symmetrical CTT lesions can be
detected in a two-year-old boy
by MR imaging

CTT is identified as bilateral
hyperintensity on both T2-(a,b)
and diffusion-(c,d) weighted
imaging in more than two slices.



Table Symmetrical CTT lesions on MRI in 350 cases

Vol.24 No.1, 2008 63

age sex T2WI DWI (rigl?llt) /(l:e ft) Other MRI findings Clinical diagnosis
1IYIM | F high high 78/75 thin corpus callosum Cfg&?ggtﬁﬂsgpli?:g st;ll
1Y2M | M high high 76/78 thin corpus callosum hypotrophy
1Y7M | F | mild high high 60/75 bil.polymicrogyria cerebral palsy epilepsy
1YIOM | F | mild high high 76/73 focal thin corpus callosum developmental delay
2YIM | F high high 88/77 None seizure
2YIM | M | mild high | mild high 94/98 periventricular leukomalacia cerebral palsy
2Y3SM | M high very high 62/75 periventricular leukomalacia cerebral palcy epilepsy
2Y3M | M | mild high | very high 52/76 periventricular leukomalacia cerebral palsy
2Y6M | M | very high | very high 72/68 None cerebralpalsy
3YSM F high high 82/74 mild ventriculomegaly encephalopathy
5YIM | F | veryhigh | very high 69/63 None mild developmental

delay, autism

alb
d
Fig.3

mality

Two-year-old boy clinically
diagnosed as cerebral palsy,
without any metabolic abnor-

CTT lesion is identified as
bilateral hyperintensity on both
T2-(a,b) and diffusion-(c,d)
weighted imaging, without
other abnormal findings.
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3 ~ | Fig.4 Two-year-old boy clinically diagnosed as cerebral
¥/ palsy (spastic diplegia)

On MR imaging (a,b), CTT lesions are identified as
bilateral hyperintensity on both T2-(a) and diffusion-
(b) weighted imaging. The volume of myelinated
white matter is diminished, associated with thin
corpus callosum and ventriculomegaly with irregular
margin (c,d).

Fig.5 One-year-old girl clinically diagnosed as cerebral palsy associated with mental a \ b \ c
retardation and epilepsy

On MR imaging, CTT lesions are identified as bilateral hyperintensity on both T2-
(a) and diffusion-(b) weighted imaging, associated with thin corpus callosum (c).
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Fig.6 One-year-old girl clinically diagnosed as cerebral palsy associated with epilepsy

alblc

On MR imaging, CTT lesions are identified as bilateral mild T2- shortening (a) and
hyperintensity on diffusion weighted imaging (b). T2-weighted imaging shows abnormal tiny
gyri with thickened cortex around both sylvian fissures, diagnosed as both polymicrogyria.
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Reduced regional cerebral blood flow in patients with Kawasaki disease
detected with *™Tc-HMPAO brain SPECT

Toshiyuki Hikita”, Suguru Wakita”, Tatsuro Kaminaga”, Shin Kawagoe®
Kaori Ogita”, Kaori Amakata®, Natsue Nakamoto®”, Yasushi Fujii”, Hiroshi Oba?
Yukishige Yanagawa®

Department of Pediatrics”, RadiologyZ), Teikyo University School of Medicine
Department of Occupational Therapym, Mejiro University Faculty of Health Sciences

Kawasaki disease (KD) is an acute febrile disease. It is a mucocutaneous lymph node
syndrome associated with systemic arteritis, which has been demonstrated histologically. Abnormalities
of the cerebral arteries have also been noted as a complication of this disease in the central nervous
system. There have been previous reports of brain single photon emission computed tomography (SPECT)
demonstrating localized cerebral hypoperfusion without abnormal neurological findings or clinical
symptoms. The aim of the present study was to observe cerebral blood flow in KD with and without
neurological symptoms, using SPECT.

Fifty-four patients had acute KD on admission to our hospital between April 2004 and May 2007.
Neurological symptoms were observed in three cases (one case reporting disturbed consciousness and
two cases of convulsions). The mean ages of the patients with and without neurological symptoms were 7.7
and 28.4 months, respectively.

SPECT (*™Tc-hexamethylprophylene amine oxime) was performed on 13 patients with KD from day
6 to day 30. Their parents gave informed consent for their participation in the study. SPECT showed
reduced perfusion in the frontal lobe in three patients with neurological symptoms, and abnormal
localized reduced perfusion in five patients without neurological symptoms.

SPECT is a useful tool for detection of brain perfusion abnormality in patients with KD.

Kawasaki disease, Cerebral blood flow, Single-photon emission computed tomography
(SPECT), *"Tc hexamethylprophylene amine oxime (*"Tc-HMPAQ), Magnetic resonance

imaging (MRI)
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5h7z (Fig.d~3). HHXEEIRD 20 1065l
5GINZ & RTINS T 2580 5 17z (Fig. 4,
5). HOAXAREEE IR 2 P - 72 3651 & PSR 4+ ML
KRR, AR IR0 6 ALz W AR I i I
T2 & M7z 54 & MFcfi TR, AT i
TWIK T 23888 & e 20 - 72 5 & JEIMLRIK TR &
L7,

FRAEIR + MR RO A3 » A 6 14 »
ATE¥E37.7 » A, MK RO Himid1 » H
7631 5 HCF14.2 » H, JEMAEIE F#EOH
EE7 » A5 533 5 HTF913218 » H T, &F
MR D 572, ZOIEISAFRREIR I
PRI AR, MRS TR, JEI R T AR o CRP,
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N7z, PE5 T2 SPECT % fiifT L, %D O 1261 CTid#%
B E LC13BIeflicfyizra sy v &2g/ 5%18»526H, #9925 HIZSPECT % fiifT
kg /day TH%5-L 7z, Case 3D ARIELI T T ¥~ L7

Table 1 Clinical data and radiological findings
SPECT was performed on the day indicated in the table.

Case Age CRP | ANP | BNP SPECT
number | (months) Sex | Symptoms (mg/de) | (pg/mé) | (pg/ml) | day hypo perfusion
1 3 M |Disturbed 4o ) 466 | 18 |bilateral frontal lobes
consciousness
9 6 M | Seizure 18,52 167 991 7 bilateral frontal lobes and left
temporal lobe
3 14 F |Seizure 2.51 47.3 13.4 7 | bilateral frontal lobes
4 1 M 14.79 351.9 30 bila.te.ral frontal lobes and parieto-
occipital areas
5 10 M 14.04 83.1 91 12 |right internal carotid artery territory
6 14 M 9 | 153.8 75.4 10 | multiple
7 15 M .33 377 529 12 right temporal lobe and left parieto-
) ’ ’ occipital area
3 31 M 91 815 26.4 6 right parieto-occipital area, right
’ ) : frontal and temporal lobes
9 7 M 823 | 135.2 | 2583 12 | no significant abnormality
10 18 M 13.31 74.6 39.2 20 | no significant abnormality
11 25 F 11.24 86.4 46.1 18 | no significant abnormality
12 26 M 6.09 | 107.5 60.5 11 | no significant abnormality
13 33 F 13.64 30.4 18 | no significant abnormality
@
Fig.1 SPECT of Case 1 on day 18 Fig.2 SPECT of Case 2 onday 7
The scan shows reduced perfusion in both The scan shows reduced perfusion in both
frontal lobes (arrows). frontal and left temporal lobes (arrows).
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Fig.4 SPECT of Case 7 on day 12

Fig.3 SPECT of Case 3 on day 7 . The scan shows reduced perfusion in right
The scan shows mildly reduced perfusion temporal lobe and left parieto-occipital
in both frontal lobes (arrows). area (arrows).

PRI + MLFRAK T 33 O LA T SR A 13 1
MIRTHEEA T Th > 72 (Figd ~3). IHIE FEf
CHTHESE I FTVEE O MR F AR 5 2 0id
145 Cftid Table 11278 L 72 & 3 0 FHIZHAL O FF
BUIA S N2 > Tz, AR+ MFRAK T D 2
il k5 & OV IMLHRAK T D 1451 ¢ SPECT % B al4T L
72738, Case LixF8)E24 » H (4827 » H), Case
2136 » H (112 » H), Case4i311 » H (HE#%
12 » H) T3 BRI RG IS T 23 FERk I EE
57,

13 il T HEE MR % FE1T L 72 O3 APRERE IR +
MK T#E % &2 4151, Case 1 TIX42W H D
MRI C i {1 K i~ Bk i 2 L2 P PR T I e 7% 5
O ENIZAMRAIZIER TH -7z, 24 » HOMRI

”

X TISEPATHEE S O MIZER 380 5 7z, Case 2
TR 17 HIZ MRIAMFEAT & Al 36 15 o0 9% & 2%
Fig.5 SPECT of Case 8 on day 6 ARSI, 6 5 H MR IRl O FEiE &
The scan shows reduced perfusion of FeiE I3 T2WI, FLAIRIZ CE{E 5 Tl B {biE
the right parieto-occipital area, and L#% 5 h7-. Case31355%HI- MRL MRA
mildly reduced perfusion of right frontal, ) ~ L ’
and temporal lobes. The arrows indicate Case 4132 » H\& 11 7 1= MRIZ Jiafr U S 13
the area of reduced perfusion. Bh o7z, Wi g SPECT DML T A7 1

FHE I RIXEED SN 5 72,
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reversal sign on CT
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The reversal sign on CT of hyper-acute diffuse traumatic brain swelling
in an infant

Reiichi Ishikura, Kumiko Ando, Masayo Ogawa, Yoshihiro Takada, Shozo Hirota
Department of Radiology, Hyogo College of Medicine

We present the case of a 6-month-old boy who underwent brain CT and MR imaging
within 90 minutes after traumatic injury. CT image obtained within 1 hour of trauma showed the so-called
reversal sign on CT, with reversal of the relatively greater density of the cerebellum compared to that of
the cerebrum. The diffusion weighted images (DWI) of MRI obtained 90 minutes after onset showed pan-
cerebral restricted diffusion, whereas T2-weighted and FLAIR image findings were normal. In our case,
the image finding of the reversal sign on CT was equally diagnostic as DWI of MRI for diffuse traumatic
brain swelling in the hyper-acute state.

Reversal sign on CT, Diffusion weighted image on MRI, Infant, Traumatic diffuse brain

swelling

Introduction

Diffuse brain swelling (DBS) due to closed
traumatic brain injury is a kind of malignant
brain damage observed mostly in infants and
children under five years old"?. Early and accurate
diagnosis, where imaging plays a primary role, is
important.

We present a case of 6-month-old male infant
with head trauma who underwent both CT and
MRI within 90 minutes after the traumatic event.
The so-called reversal sign on CT was equally

diagnostic as hyper-intensity on a diffusion-
weighted image (DWI) of MRI in this case.

Case report

A 6-month-old male infant with an unremarkable
birth and medical history was brought to the
hospital after a car accident. He was on his mother’s
lap without a seatbelt in the front seat of the car,
which was hit by another car from behind. The
car was pushed forwards and hit the car in front,
and the infant was caught between his mother’s
chest and the air bag. He exhibited generalized
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convulsions when the ambulance reached the
hospital 15 minutes after the accident. He was
intubated immediately and initial SaO, was 85%.
During the transfer, there was no apnea attack or
cardiac arrest.

He was presented to our hospital 30 minutes
after the accident. At that time, Sa0O, was 100% but
blood pressure was low (60/20mmHg) with a low
heart rate of 70/min, and his Glasgow coma scale
was 7 (E2V2M3). His anterior fontanelle exhibited
swelling, suggesting elevated intracranial pressure.

CT scan was performed 1 hour after the accident.
On CT images, a shallow subdural hematoma was
observed in the left side. The entire cerebrum
exhibited slightly lower attenuation than that of
the cerebellum, which is the so-called reversal
sign on CT? (Fig.1a, b). Cortical and white matter
interface is slightly obscure.

MR scan was performed immediately after CT
examination to confirm the area of brain damage.
MR images (Philips, Intera, 1.5T unit) including
T1-weighted images (not shown), fast spin-echo

V'

V'

Fig.1 CT images 1 hour after onset

T2-weighted images, and FLAIR images reveal no
signal changes in the cerebrum (Fig.2a, b). Fast
spin-echo T2-weighted images showed motion
artifacts (Fig.2a). On DWI (spin - echo echo - planner
imaging with diffusion encoding in 6 axes, B=0,
1000s/ mit ) , the entire cerebrum, predominantly
gray matter, exhibited marked hyper-intensity,
except for the right insular cortex and both anterior
medial temporal regions (Fig.2¢). Thalamic
regions were also spared (not shown). There was
a faint hyper-intense area in the dorsal brainstem.
The cerebellum exhibited normal signal intensity.
The ADC map (not shown) exhibited restricted
diffusion. MR angiography was also performed, but
there were no remarkable findings (not shown).

Despite intensive care with low-temperature
therapy and steroids, CT examination performed
after 24 hours revealed pan-cerebral low attenu-
ation with diffuse brain swelling (Fig.3).

His electro-encephalogram showed a flat pattern
on the next day, and he died 12 days after the
accident.

a : A shallow subdural hematoma was observed on the left side (arrows). Cortical and white

matter interface is slightly obscure.

b : The entire cerebrum exhibited slightly lower attenuation (arrows) than that of the cerebellum
(arrowheads), which is the so-called reversal sign on CT.
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Discussion

DBS, generalized cerebral swelling, or traumatic
cerebral edema is a malignant finding associated
with traumatic brain damage or asphyxia which
is often observed in infants and yound children
under five years of age”. This generalized cerebral
swelling probably results from a combination of
extracellular and intracellular edema and decrease
in vascular resistance, resulting in vasodilatation
and increased cerebral blood volume”. Recent
reports suggest, according to the DWI findings,

Fig.2 MR images 90 minutes after onset.

a, b : T2-weighted image (a) and FLAIR image
(b) show no abnormal signal change. T2-
weighted images showed motion artifacts.

c : On DWI, the entire cerebrum, predominantly

gray matter, exhibited marked hyper-intensity,
except for the right insular cortex and
both anterior medial temporal regions and
cerebellum. There was a faint hyper-intense
area in the dorsal brainstem.

the dominant contribution of intracellular edema
in DBS*?. In our case also, restricted diffusion
suggested intracellular edema. DWI is well
established as a sensitive MR technique in the
detection of intracellular edema in acute brain
ischemia.

The CT features of DBS are diffuse brain swelling
and the so-called reversal sign on CT". The reversal
sign consists of a diffusely decreased density of
cerebral cortical gray and white matter with a
decreased or lost gray/white matter interface,
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Fig.3 CT image obtained after 24 hours shows
typical diffuse brain edema

or reversal of the gray/white matter densities
and relatively greater density of the cerebellum,
brainstem, and thalami. In other words, this
finding is described as “white cerebellar sign” 7.
It probably represents a diffuse brain edema as a
result of anoxic/ischemic cerebral injury®”®.

It is noticeable that the reversal sign was
observed on CT 1 hour after the injury in our
case. To our knowledge, this is the first report
of reversal sign on CT detected 1 hour after the
traumatic event. In our case, the reversal sign
on CT was observed only in the cerebellum,
and thalami and brainstem were not white. On
DWI, cerebral white matter and dorsal brainstem
showed restricted diffusion, whereas deep white
matter, thalami and cerebellum showed normal
diffusion. From these findings, the reversal sign
on CT in this case may reflect mainly the contrast
between hypo-dense cerebral cortex with edema
and normally dense cerebellar cortex. We suggest
that this is why the reversal sign was not observed
in thalami or brainstem in our case.

As shown in our case, the reversal sign on CT

may be a subtle change in attenuation. We should
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therefore look carefully and may need to observe
the images in narrow window width (under 60
H.U.).

Prognostic value of the reversal sign on CT in
pediatric traumatic events has not been discussed
fully. In anoxic/ischemic cerebral injury, Hans et
al reported that patients with the reversal sign had
a poorer prognosis than those without it”. On the
other hand, Lang et al. evaluated the prognosis of
DBS after head injury and reported a better outcome
in children than in adults'”. The reversal sign on
CT in pediatric traumatic events may therefore
suggest a poor prognosis, but not always.

Recent studies have suggested that MRI may
be useful for blunt head trauma in the pediatric
population. Sue et al reported that of 18 children
with presumed non-accidental trauma who
underwent MR imaging studies within 5 days of
presentation, 16 (89%) demonstrated abnormalities
on DWI/ADC”. Sigmund et al evaluated CT within
24 hours and MRI study 7 +/— 4 days after injury
and concluded that CT is inconsistent in lesion
detection and outcome prediction in pediatric
traumatic brain injury'”. However, they also
suggested that CT has an advantage in that the
information is quickly obtained and aids in the
rapid treatment of neurosurgical emergencies. We
suggest, too, that CT is the brain imaging modality
of first choice evaluating pediatric trauma, but
that if the finding is not clear or the patient’s state
is more severe than the imaging findings, MRI
including diffusion-weighted images should be
considered.

Conclusion

We present CT and MRI images of a case in the
hyperacute stage of DBS. The reversal sign on CT
was subtle but equally diagnostic of DWI as MRI in
our case. We should not miss this sign on CT.
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