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Leigh Syndrome: Serial CT
and MR imaging findings

Hisanori Ariga', Shoki Takahashi',
Shigeaki Miyabayashi®, Akira Ohnuma®,
Shuichi Higano'’, Noriko Kurihara"
and Kiyohiko Sakamoto"

Serial CT and MRI findings in five patients (two boys and
three girls) with Leigh syndrome were retrospectively re-

years. The two boys were found to have cytochrome ¢ oxi-
dase deficiency and one of the girls to have mitochondrial
DNA mutation, while the remaining two girls had no detect-
able enzyme deficiency.

CT and MRI revealed symmetrical involvement of the brain
bilaterally in all cases. The focal lesions were found most
frequently in putamina and caudate nuclei (four cases each),
followed by thalami (three cases), globi pallidi, and midbrain
(two cases each). In addition, diffuse white matter and/or
cortical lesions were disclosed in three cases.

MRI and CT at an early stage of the disease revealed
swollen, symmeirical lesions which showed shrinkage in size
accompanied by the adjacent brain atrophy on later images.
Some lesions were detected only in the early stage and were
not shown in later images.

Thus, careful reading of sequential changes appears to be
required for accurate diagnosis of Leigh syndrome.
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viewed in a follow-up period lasting from six months to 10 |
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LeighfEMEREL, AR A RS0 2 S5/ N R 0l
EHEMEBTH YYD, I bay F) 7THEERFPEE L
FERZAONTWDY, REDHIKREGIIZHTHRENEEICZL
{, TOHEFZERHICIEHRIS M (MRI), CT% DM
A AR EIAVNE (v, LA L, LeighfEEREOM
BATRIIZHET, P ORRENICELT AL dFMESNT
BYY, FEEHEOCT, MRIFFA & Z OERZELOFEN 2
RSB L B,

Aalbivbiug, REEICLeighfEBEEEO BN #1572 5 4E
BIOMRI, CTZHME L7z, 4, FEwRE9 124Dl o migik
FEMRMEAT SN, 2 EF IR b7 D iEaERE L
RI2DOTEHRET 5.

MWHRETE

WiR(E, BARTR, B X OISR & V) LeighfiEfGlE & it
ST STz s AER) (B 2 B, bk 3 ) IcBVT, BRI
BEAOIETT S M7-CT, MRIFTH Zretrospective (ZB%T L7z,
SOFIEFERNL3 WAL S0 YS9 #A)THY, &
LT, EBlcBiih, MikhoIE - ELE VERO -
ADRONT, AR - SRR TR X B RS
PRI LY, 2 BI(FERL 4, 5)1Zcytochrome ¢ oxidase (CCO)
DIEMHETAS, 1 BIGEESI 2)12 3 b 2 >~ F1J) 7DNA@mutation
& TCAREEOTFVEI T 2588 S 7z (Table 1).

EEEEIEE & LT, 1 WFRMEWEEOHEE, 56, Bt
g, 2. FOMOEGETROAE, 3. GFIZ(Lo 3 KICE
EAEEWZ, CTEMRIDFZERHEEIZENH D Z L HHEE
aEhzizeh, 1, 21 L TIZ(CT, MRIZ D h 6 T)FELE
T b BB LA L 7oA OB AR $RA L7z, AERERZE(LICD
W CIEE B9 L [F—SE B T HeE S A modality 25— L,
MRILCTE % T 2854 5, MiEEDRWH RIS T 5701
BB 2 L OIS L7z, & 5 1SRRI i o & i
CBILTIE, BEAARBRE 2o TL AL D DORERIL
fiti, signal changeH*& IUIXPTRATERAF L T4 &Ik L7,

MRIZEE L, FHAIZIE Bruker #4735 0.14-T BNT 1000J
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Table 1 Clinical and laboratory findings in patients with Leigh syndrome:

case 1 2 3 4 Lt
sex female female male female male
onset age 3mos. 10mos. 5yrs. 9yrs. 9yrs.
follow-up period 7mos. Byrs. 10yrs. 14mos. 6mos.
initial symptons poor sucking hypotonia ataxia psychomotor- gait disturbance
convulsion ataxia nystagmus retardation
cerebrospinal fluid
lactate* 14.7 30 28 26.7 21.3
pyruvate 1.4 1.6 1.6 1.5 0.9
enzyme deficiency normal TCA cycle CCO* normal CCO

* : normal range in our hospital; lactate 9-16mg/dl, pyruvate 0.3-0.6mg/dl in cerebrospinal fulid
## : mutation of mitochondrioal DNA (heteroplasmic) was detected. ### : cytochrome ¢ oxidase

A H & MCarr-Purcell-Meiboom-Gill (CPMG) {12 L 2T254
Wi%3000/12 (TR/TE) 2%R(& S 7z, #1213Siemensit BBz
#1.5T Magnetom H15, ¥ 85H{Z3#0.5-T MRT 50A %
V), spin-echoi% (2T, T1##{% & L T500/15-20/2 (TR/TE/
excitations), T25HFHE L L 12000-2500/90-120/1-2 THf& =
N7z, BIEEEE TIEAT {4 AE 4-9mm, AT 1 A B
Imm, 7—#UE~< F1) v 7 2256 x 256, 4P THifTEHE,

FEBUNC & 1) AR, TERITE AR Sz, CTidSiemensth

%iSomatom DRH, HZ#900S, Phillipst:#.Tomoscan? i
HaEn, A9 4 AE5-10mm T S,

BRETIZH\W:CT, MRIOBRER %, KREHIOFFER % 42
SAZTable 20278 L7z, fER 2, 3, 4 TidHE AN (s

KA & D RBEHEEE IC X - T, fE6 1, 5 TIEe BT

BB I L o Tlfg S 7z, S\ 1 OFHE 1 5 BIEMRI,
REG 2 DEEFE 6 # B, 347 4 HEROD CT TIX, EFHKRE
b A THAT L 7.

Table 2 Sequential CT and MR findings according to time of imaging from onset of the disease

Time l_frrnoa:giﬁgset © Sites of involvement and their serial changes
(age of onset) cT MRI LN CH TH MD WM Cbll Atrophy
Case 1 4d + + +
(3m) 1m 1ms t ) (=)
2m | } + (frontal)
6m l - 1
8m 8m } o -
Case 2 3m + + * + +
(1om) 6me | : + } +
2y | | + ! )
2y9m 2y11im ! -+ + (-)
3y7ms= — - — + (frontal)
4y8m — - - 1
7y2m By1im — e — #
Case 3 Sy -) - ()
(5y) 5y + v +
Sy10m -) -) =) + (frontal horn
6y&m — - . dilatation)
7y5m — — . —
8y1m — — — —
14y6m — — — %
15y6m +( 4 yan +{ | )#s - s
Case 4 6m + 4
(9y) 1y2m 1y | {
2y2m — — n
2y2m - — + + - + (brain stem)
Case 5 5y + 4
(9y) 5y6m - -

LN: lentiform nuclei:  CH: caudate head;  TH: thalami;  MD: midbrain:

BS: brain stem;  'WM: white matter;  Cbll: cerebellum

+:ovbious involvement;  +: subtle involvement; 1 :aggravation; | : shrinkage; — : evident without any change:  (=): unrecognizable
* 1 Underwent imaging with and without contrast medium == : Lesions undetectable on CT were depicted on follow-up MR images
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Table 3 Distribution of lesions on MRI and CT

case 1 2 3 4 5
age of onset 3mos. 10mos. Syrs. 9yrs2mos. 9yrs.
imaging period after onset 4d-8m 3m-7y2m Sy-15y11m 6m-2y2m 5y-5y6m
sites of involvernent putamen putamen putamen® thalamus putamen
caudate thalamus caudate* midbrain caudate
globus pallidus caudate pons*
corpus callosum® globus pallidus medulla’
midbrain dentate nucleus

cerebellar cortex

frontal white matter  frontal white ratier deep white matter
atrophy frontal lobe frontal lobe midbrain midbrain
midbrain vermis

# : Undetectable on CT but depicted on MR images

FOMOWHEHTR & LTI, AISHEARQ M), REAK

" * (160), /ARG B, X UEAMOSHERIT2E

Table 2, 3 (275 F Z& {, MRITIEAFRMEIFRE O IS B%, CTEIINE LA R 6Nz (Fig2(a), (C), (D),
SHERITEIEE S h 7z, LA L, fEF 3 TlRFEBHEICHHT S Table 2). AiFAEEE BOARZ L 2 ) & R —BMEIZ A5
NI EZEDT, CTTIEHEEERE F o BT ET M, TOHBOBATIEHE L Tz (Table 2). MRIT[[4HE

(Fig.1(A),(B)), #&fRISETT HMNEATAOILK, e
- DR OZERFFFROADFED SN, O XD RMRIEE
BT L SN o o0REIE, fRERIT L INE, 15,
MERE, BEEHEICRDLN
(Table 3). JHLIE, MRITIITI
SRR CIES, TG CTH
EH%RL, CTIZTERNZ 82
L CHEFR BB 2 A2 & L CHlith
Sh7:(Fig.2, 3). fEBIT L OFF
RO Table 31278 T T8 T
»Y, &56h, #Ek, BIREO
WD 4B, HRIRZEDS 3 FlIC
o, i, RIFEROFZEL
2602, X5ICHNR, 1§, I
ll, BEIRBEORTEEHE | BITHRH
Shic, BEZEIZERT, #
R, PEEEIIREEAL S AT 5
HEBI D B &7 (Fig.d).

Fig. 1 Case 3. A patient with onset of
Leigh syndrome at the age of 5 years.
(A)CT obtained at 5 years after onset
shows no definite abnormality.
(B)T2-weighted image obtained with a
0.14-T imager at almost the same pe-
riod as (A) shows mild hyperintense in-
volvement of putamina, caudate heads
and thalami, bilaterally.

(C, D) T1-weighted (500/20) and T2-
weighted (2000/120)images obtained
with a 0.5-T imager at 15 years after
onset, reveal that the anterior horn of the
lateral ventricle has enlarged bilaterally,
with shrinkage of the lesions in the cau-
date heads and putamina.
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(D
Fig.2 Case 1. A patient with onset of Leigh syndrome at the age of)fi: months.
(A)CT scan obtained at 4 days after onset of the disease shows swollen hypodense lesions in bilateral putamina and caudate heads.
(B, C)T1-weighted (50/15)and T2-weighted (2500/90)images obtained with a 1.5-T imager at 1 month after onset of the disease show
bilateral involvement of the putamina, globi pallidi, and caudate heads. Swelling of the lesions of the caudate has partially been resolved.
(D) T2-weighted image at the level of centrum semiovale shows increased intensity in the frontal white matier relative to that of the pari-

etal white matter along with hyperintense cortical foci(arrows).

(E, F)Postcontrast T1-weighted images show slight enhancement in basal ganglia lesions (arrowheads)and marked cortico-subcortical

enhancement along the high frontal cortices.

BRIV IER 1 TlE, T28E
#ELTRELH IICEETEL TB Y (Fig.2(D)), Gd-
DTPA¥Z G & ) B FREE 5512 —3 L TRV B SR%h At
R (Fig2(F)). fER 1| OMRIEER 4 H A0 L D
THY, T2RMEDATHEORE OAME % IEHEIZEF T
B LI o 7o, MELHHEOREHRRS L Oho
éﬁmii«fzwfwﬁ%%ﬁtt:t%%%¢%&
BIBAEEAE D B R EI DI AL WREDEENEZ 6N
2. S6IC 4 BITHHERSBIE S, ER 1, 2 (XRTTHEE
BB 2Rz, JER 3, 4 I3RS % AU C ERE AT &
., MOMORMEZ BRI T, TEER
AT 2 BIHEAT S AL7H%(Table 2), FEH 1 DFHE 4 7 AMRI
TIX, A ORTEIER B OB VIR OBEEREN R & 4k
(Fig.2(F)), ZLEMWHEDDHFIIC &mﬁﬁﬁ%%ﬁmt
(Fig.2(E)). fEI2 DFAE 144 HH, 445 #ADCTT
(3B S A HEERAD SR IZTRD SN o 7.
FERFHYBRZE T, HRMERIEOKR & SO L KZEHD
HEATATRS b7z, Table 210 E DL 2 IR L7

5% B 5 MRS
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, TEHIID B HIMERRY ISR L, EOBR—E L 2D (I
JMI: MEMA R SNz, fEF 1, 2 OREEEEEIURZE, fEF
2 OHEIHZZ, EIRETOARD LR, WWﬁﬁﬁﬁw
MRI, CT T3 T & %A > 72(Table 3, Fig.2). MEDE

BRI DR SIS & D Ra b, BIREIEAZE 3
i1 CikenH, EF2 TIE3ET HATIRTEFRLLT
W7zAs, ER] 3 TIX104E LA O FSE TR OB i/ hs
Aoz, S OITHEE | ELINIIERDHAT S iz 3 6 (fE
W1, 2, 4)TiE, FBOPITHFEEDOIEAMEZE LA —EME I8
3 N7z (Table 2, Fig.2(A),3(C),(D)). F7:[F—fERT
b A OREBEMIZ L D IREO MR, ETEICHED
RoNnbbOHHY (Figs.2, 3), iER 2 TIFREI HHD
CT Tl L > XH40BHME 2 B0 & M IR ARAZEERS, &
Fh i O e B S A F20 72 5% (Fig 3 (A), ( )), SEfE6 A
ATV ¥ ABRMREIEREREREZR L, —F, TR
AETEES, PR OB LT IHIEM t L Tv:7-(Fig.3
(C),(D)). Z&%E 7 4 9 H ARFMRIDT2HMIL T, HHH
AR L2255 D WABRICERD S oS, RBIRBIZE 2k

H A= £

&Ek 56k H12%
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(B) (D)
Fig.3 Case 2. A patient with onset of Leigh syndrome at the age of 10 months
(A, B)CT scans obtained at 3 months after onset of the disease show swollen hypodense lesions in bilateral lentiform nuclei. Subtly hypodense
lesions are also noted in bilateral caudate heads, medial portions of the thalami and right side of the midbrain (arrowheads).
(C, D)CT scans 3 months later reveal that the lesions in caudate heads and the midbrain has become more apparent associated with
swelling.
(E, F)T2-weighted (2000/120)images obtained with a 1.5-T imager at about 7 years after the onset show very hyperintense lesions in
bilateral putamina and medial thalami, and slightly increased signal in caudate heads. The midbrain foci are not identified this time. There
is marked decrease in volume of the frontal lobes along with enlargement of the anterior horns of the lateral ventricles and third ventricle.

WEESE LTOABESR, DREEEIRHETE 2h
-7z (Fig.3(E), (F)).

LeighfEEEEOFREX I b3 > N 7TREIZ X5 b
RO ANF—{BEEFEEEZLNTBY, Ibar kY
TIROVEDIIHEENEY, BhAABEREERT I L
AL ARSI k3 K1) TDNA@mutation |2 & A B
(EAEFI DM SN TWEY, BIEE T, ¥V VBEKER

z =

LeighsiE e I 35BN OALMRAEROAT R & ) FESZ SN7ZIRE
HAIcHh Y, FHEAENEZNT% TH S subacute necrotizing
encephalomyelopathy (Leigh's disease) & L CH —f%I25Z1T A
NENTWVAD, Leigh SEBEHOBMIAI, L ERRA - AERE
ZH LD SEbh s 2 EHE L, HIRZE T ED T
REBERO DL VBB EEZONS.

FER 8 4F 10 A 25 H

%3 (pyruvate dehydrogenase complex : PDHC), 7 h 27 1
— LCHE{LE% 3 (CCO), NADH-CoQbLETtREFR DRI
HEPRE SN TWAY Y, BEREPRIEESNLIDIRE
HhD15-20% £ FhN?, HIRATZENIC BT S EEZE O1%
IR E W,

AEFEREO MY 2 CT, MRIDFTIRIE, fEANMEIIT

37
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(B)

(D)

Fig.4 Case 4. A patient with onset of Leigh syndrome at the age of 9 years.

(A, C)T1-weighted (500/15)images, (B, D) T2-weighted (2500/90)images obtained with a 1.5-
Timager at 2 years after onset. MR images show tiny lesions in the medial portion of the thala-
mus (arrowheads)and in the midbrain (arrows)with mild enlargement of the third ventricle and

TWaY, ZO5MHINSHE LS
PN, Montpetit 5 @ E 5l % &
7250FR B O SCRRIGRREN T T,
Mi#£98%, #H{i74%, K67
%, HRIER63%% CATEHEREICE
Shabt@EShTWAS, bhb
NORETTIIEEHEHI S
PSR SR i 2 1, AR - HERE 1
BITH 7. BURFEHIZIZbI
b & FAIRERRED S g S
NTH Y Medina 5 i3,
LeighfiEfE: 7 1 (CCORAE 3 i),
PDHC/KH8 1 5, BERIEE 3 Bl
MRIFF 2 BE LT, #dmss
P 2 WEERI T Id LeighfE ERE D
ZWFIEED LWELTWB, =
D X ) \ZHEEFT ROHE L R
B 2R & Tl, AEBDIRES
MHETOHESRE SN B A, b
NN OB TIXEIEZHTIZ BT
B W LIS DFFZE O e L3 ARRT
HICH LA REEAH B L E2 5
N, WRHREIZOABINESY
BT A LIITERVWEEDbR
7. Z0O8ME LTI, 1 22
FEG) 3, 4 D &9 ICCTR B4R
REDKVMRI THRH T & 22 Vi
ASBIEEMRI Tl M T X 7%

Fa

atrophy of the midbrain. Note that the putamen is not involved in this case. Hotel b, 2B L LTER 4

I BBRBARLHETH Y, EY - % iR
Do, EEAREHREREZVESbRTNEIS),
ARIOBETHIZIZFAETH Y, FEFHOCTEMRIL %%
T L72bI Tl 2wt LEToRE0-19.05 2 3 2 ¥
9 EMRIDH D HREBRMEEN BN TV AL TH o 72, K
BEITIE, 20MoOmRE LT, BEERLE LU TA
PERZE & AT E R TR b, BICHERE kT
CEDRBSINTVEH W KHETH 3FIICEDO B
7o, ASHEREHREORD bR 2 BIFEF 1, 2)I3812H
BB PO, BB AMENL Td o 7-5EB] 4 (2R
CEREERL, HEOFINE & B2, BBIEFONERE
ERTEEZERON ER 1 TIIEETIHHARICT, K
IR, BEREODLFBIZED £ (CHME RIS T b
N7zH3(Fig.2(E), (F)), [FARDBTRIZCT 1 $IiZ T periph-
eral enhancement" & L THRE XN TV 510, 2 5] & & £REERY
REEREIINIT SN TV AR WD, EEMRNESTRL,
HEBIVIEE AN L2 EEBTH L, AMHo—B1H
ZALTH o - TREMET BV L ICBbh b,

LeighfiEfeBE OIEAI AR, MHESMIIINER O
HEAML - HERIRIETH Y, BHME - LS ORI % k-
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D &) LHGBRIRIED T EBI D
HEOWAShEZ LW, F-43 HE LTER 2 OBhR
ZD LI, FEHEFHIZCTTHRD b NI HEDHROMRIT
YRERFICAHBE 22 BENHB L, BETLND,

RERFRIBIERIC L D, 3 BNSIREDO— B AATRD S
7, FERkD AT R RIZIER O round caudate™'?, FHERHZ
DK, HiZD "target lesion"'® & LTHE S THY,
LeighfEEMESSEFIIC B 2 MBI TH L LEZ LR
L. ENEN3 A, 8 #H, 3HAMOFRE T, TER
NEET LA LRREN TS, EERROSE RN
ZAL & LeighfEEREDIFY & § 5 RAEATH & M99 Koch b
1%, LeighfEEHOREOPIZIZE & ABEOMEHE
ZHEIRENRELTWAELD, HIE, MLEEICHRS D
D, UHTLHHOV0H ), WEOHH, HkirLipkr%
HLERELEET AL LTWA, KIRE 5 HIOEERER
DRIt LoD L, BHMOREDHE - K,
NIZH| &t CRBEORE/D, BEHOR/ L REOBEEL
EREMOBITE V) B L 2B S5 LS5 ICBbA
72. LA LIEBI 2 OFRIRED & 9 IZHEFEEICH &3,
B EHET BRI B BN KEETIX, EZLE
DIFEDZAL, WEMEOETHEILENIC L ) BhoTw

HAEEREE £563% H125
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7o, LBl ZEH T, EEREIC X AN SN
ToREBIEII A 2 K BBIEICZ LWAs, BRNE(LO#ES,
BEICEEAZEN L LHEHs NG, Z2HLYE,
PDHCZARREBIZ DT, FERD EAERE I SBER O RIEHE (A
ELTEY, KEFREORNFIDLeighfERFICBITTS &
LTWa, BRETOREPREOREIERIZL o TR
el FHIRET EERLE L TOLEMED, s OH
&BT R & RIS R S LT A TRt ATERI S
5. o T, E{bENFRHCENOEMRIEDE, FEFIC
Lo TR LA OHBGHTROGHE - #BHOWEEL 250
b Litiew,
T B AR IR SR R BT A BRI R EEAL LT
12, BMRBELTAY /- - —BLRER E o,
acute infantile bilateral striatal necrosis, viral infection, Jpi{#
AR W LIEHEER L L TWilsoni, Wernicke/fi
ﬁ, familial striatal necrosis, Hallervorden-Spatz disease, Leigh
EEFHUNDOI Pay FUTRIERESHIFONE, #
R - BRERIRZE 2L S T D B B LeighfEBRE &, infantile
striatal necrosis @D & 9 \ZIREDL » A, MERIRFT 5

A fbe # 845

FE L OERIEE LTI, EEFROME, BRE S0
HMEBREYAEN LA LD LBbIE, FEL D%
B3, Eily - FKIRE - BREIRE OMOERIER, SAnT
RezZBIhEERONRERLIEHLHVES ITED
Nb. L LLeighfEBREEOBMTHMAIZ, WA RE&DT
LREFHEITEL L. BALOMREMDOAESIZ LY MR
spectroscopy tZ & & JiPICHE Y O 15 S RERMR B & L <
VThEE 2> TETWA, LeighfEBEEDHE CTIXFLEME
O LAPHRESNTEY, #EOMRICINZ TMR spectros-
copy DFEATABMTDLHE 127 B & Bbh b2,
LeighfERIEOBERIERIZIFFRYTH Y, WETR, 4%
WEBENREDOMRIMEE L FEOMRIDSBHI OB L 2 5 Z L8
L lv, UL, BBLAE )1, LeighfEREEDCT,
MRIFTRIE, FRIC€DOFRAERITIRE LB SR IZE
ﬂwa%T%ﬁﬁ%h F - BIE TR EON/IB X
UM EROERAT R EAHBT LI N DL, fEo
T, REEOWIEBMTIC BV TIL, HEG DS RMER R
LA B A PO ER L EZ 5N 5.
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