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Summary

This is a report of two brothers, six and five years of age, with systemic carnitine deficiency and
cardiomyopathy, whose symptoms were improved after oral administrations of DL-carnitine. They
had had progressive muscle weakness since three years of age. The elder brother’s radiograph on ad-
mission showed cardiomegaly with a cardiothoracic ratio of 60%, and his electrocardiogram showed
left ventricular hypertrophy and tall, peaked T waves in the precordial leads. The echocardiogram
showed slight thickening of the cardiac muscle and decreased ejection fraction. Skeletal muscle biopsy
specimens and sera were assessed for carnitine content. The skeletal muscle specimens revealed lipid
storage myopathy, and the carnitine contents of the skeletal muscle and sera were both decreased.
Myocardial biopsy for the elder brother revealed mitochondrial accumulation. Cardiomyopathy caused
by carnitine deficiency is often fatal, but may be cured. Carnitine deficiency should be considered
whenever a patient with cardiomegaly and progressive skeletal muscle weakness is encountered.
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systemic carnitine deficiency LMLz, ¥z
JL3e & % iz DL—carnitine 05 %17\, [MRE
EEY, ROEHLYE LR D DT, EflE
BELTHEOHBER~, bbETOHICIY
BREMRSOBEERIC > X BREEMR 2.

fiE ]

#B 1 (T.S): 65511 » A, BT

3938, 4,600 g i THAE. RN RF L. 3
DL ETHOMNET 2R, WECTLIEK
sl zoRKREIC HAKRTHAHERL,
BRI EFRAB LI T o eled AL 7.

ABEREE: & 121 cm (—1SD), k& 21.5
kg (—1SD). # 4 WhiEfE £z Levine 2/6
ERHMEUHEIME 2 . OkEBie 11T FH v
B, B, fikdne 3 HEEMFTIRLLT, 250
HREETED Y, HHETHETRICEATH-
fo. EBZEBTETY, RIAMEES (Gowers
BiE) 2Bl FEEHBKEEHEK ARIES

T, BERELEF TH .

¥l hematocrit 27%, hemoglobin 9.1 g/
dl, FmEkE 6000/mmd. KEEE A L. @IS
Hta# (Table 1) Tix, P 7 ET=72 67~
297 pg/dl, WEBERRNGEEAS 1644 pEq/dl & EH-L
Twiz. CPK ik 20~451.U. ©&% - 7-.

a5 (Fig. 1) Tid.Oaspte 60%, &R (Fig.
2) cREERK, EflsEFEgc T koLt
@B Lra—K (Fig. 3) TREZNRE
(LVDd 5.2cm, LVDs 4.2cm), £ EEHZE
(LVEF 0.46), bashfE (IVST 1.1 cm), %
t#%EEE (LVPWT 0.8 cm) 25783 X ) Iz, EEN
fROMER, OFOBRERE, EE#BENKT LR
Liz. ABEt:, BHBGER, OHERS X OERE
R LI b v = F RERIE 21T - 1.

BRAERER (Fig. 4): ZEBR=BHH L W
B L7484k ik, oil red O Hfefaic THIBPNICR
HicEH SO B ERS, BERFRL LTI
Fhigimz, T rar Py 70REER LKA
[FRFED bivic.

O ERRER (Fig. 5): BiiRe0A = p Rl
FAERICE > THONERTIE, BRICTI b
2L RY 70 BREERELEXINRRARBd DI
HFAEARIHIRE L, HETS rol. H
BEICHEST L 7eila 7 — 7 MVREE Tl ZE B IIE R
FEix 18 mmHg & EH LT

BN S V= 5 L J4EE (Table 2): ‘Bi&fEN b
N=F X, a v bure—nh free carnitine
1.02+0.43 pmol/g, total carnitine 2.34+1.00
pmol/g T - l=nizx L, ATk free carni-
tine 0.21 pgmol/g, total carnitine 0.28 gmol/g &,
WTFhLELWETERLE fFrv=F 8
Y, =y hr—/0 free carnitine 52.2+10.4
pmol/l, total carnitine 67.6+11.3 pmol/l iz} L,
Fh#h 11.4 pmol/l, 35.7 pgmolfl &, & b2
LWET&RL 7.

iR 2 (M.S.): Sas» A, BF
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ABERERIE : 55 4 ik e A4 1< BR H 1 U e
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Wichs, Gowers i ix 22 o » 2. BRIl T
hemoglobin 9.4 g/dl, hematocrit 299%, K ifiEkEk
4,400/mm3, MR TIRBEE SR - MIHEFH
iR (Table 1) <k, MmH7 =72 222~
434 pg/dl, ERERSIAER: 877 pEq/dl ¢ LR L,
CPK ¢ 14~149 pg/dl &, Bic bR % RL7.
M5 < MaERte 53%, DERRIEE Th -7k,
O a—F<cix, LVDd 4.0cm, LVDs 2.7 cm,
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7-.

A B v =F L BE (Table 2): BHFHAD
N =F LY4EEIZ free carnitine 0.17 pmol/g, total
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Table 1. Laboratory findings before and after DL-carnitine administration

(Normal value) =
GOoT (840 K.U.)
GPT (5-30 K.U.)
LDH (<400 W.U.)
CPK (<40 1.U.) 2045
Ammonia (20-60 pg/dl) 67-297
FFA (100-540 Eq/l)

Before
24-37
9-16
354427

Case 1 Case 2

After Before After

21-23 20-23 20-26

9-12 7-10 5-8

380441 426 280

17-32 24-149 27-67

14-21 222434 31-89
343 877 258

CTR:60%

Feb. 5 1982

CTR:55%

July 2 1983

Fig. 1. Chest radiographs of Case 1 before and after treatment.

carnitine 0.29 ymol/g T, =y |k m— iz~
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T, I b= RFLLETF LTV
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Fig. 2. Electrocardiograms of Case 1 before and after treatment.
The ECG before treatment shows left ventricular hypertrophy and characteristic, tall and peaked

T waves in the precordial leads.

Feb. 15, 1982 July 5, 1982 Mar. 9, 1983

e - AR

LVDd 5.2 EF 0.46 '
cm 0 LVDd 4.7 EF 0.69 LVDd 4.6 EF 0.77

LVDs 4.2cm

IVST 1.1cem LVDs 3.2 LVDs 2.8

LVPWT 0.8 cm 1VST 1.0 IVST 1.0
LYPWT 9.8 LVPWTO.7

Fig. 3. Echocardiograms of Case 1 before and after treatment.
LVEF =left ventricular ejection fraction; LVDd =end-diastolic left ventricular dimension; LVDs=
end-systolic left ventricular dimension; IVST =interventricular septal thickness; LVPWT =left

ventricular posterior wall thickness.
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Fig. 4. Skeletal muscle specimens obtained from the biceps brachii of Case 1 before
treatment.
Fat droplets (arrow: dark area) are stained by oil red O.

Table 2. Carnitine levels in muscles and sera before and after carnitine administration
for 9 months

Free carnitine Total carnitine

Case 1 Serum Before 11.4 pmol/l 35.7 pmol/l
After 16.9 58.9
Muscle Before 0.21 pzmol/g—wet weight 0.28 ymol/g—wet weight
After 0.30 0.35
Case 2 Serum Before 12.3 36.0
After 32.4 61.8
Muscle Before 0.17 0.29
After 0.15 0.29
Control Serum 52.24+10.4 67.6+11.3
(30 cases) Muscle 1.02+0.43 2.34+1.00
ekt L, #hFR1H 3g o DL-carnitine #§% 2) LiEERORTR (Table 1): jAMERIEE 1 457
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Fig. 5. Results of electron microscopic examinations of the cardiac muscle of Case 1.
The specimen before treatment shows the mitochondrial accumulation.
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Fig. 6. Pedigree of the family.
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8) MMM =F E (Table 2): 9 » A
BITAT - e ER T, BRGNS V= F VIREER,
total carnitine 0.35 p#mol/g, free carnitine 0.30
pmollg T, rbiT LAY ERE BihoT.
fid = F L J4EF X, total carnitine T 58.9
pmol/l L E#{b L7cas, free carnitine Tix 16.9
pmol/l C, BEREFRLICEBEICE .

fEBY 2

1) EERER: E<ERB I IR T.

2) MmiEFHETR (Table 1): FEREARNIMRILIE
#L, 7 =7 CPK L EFITESW
T& 7.

3) LEX, WE: 144#%, LLIREFOEX
<, ODMgRti: 51% Td o 7.

4 Dxa—[F: LFHOESELIALNA
ol

5 BHBERITR: R LR JERE OB
rRD I

6) A s =5 EE (Table 2): HiRT
X, BRGNSV =F U BEEIZ, total carnitine
0.29 ymol/g, free carnitine 0.15 pmol/g T, %
{Ehsfedote. ML # V= F o ¥4 EE X, total
carnitine Tt 61.8 gmol/l LIEHF KL z. Free
carnitine ¥ 32.4 pmol/l L AL 7245, IEH W
ICIEEG b ol

% #

Hh=Fi3E L LTHETEL L, MKk
Y KERSR~E T, B X v anNicaTh
LTwaY, BRITILHERELIEL, 2T
FERFAREC BRI VL HFET S Iv=F Vv
FRESIEENAI by FY 7THEZEBT 5 &
WIELBRLYETHY, INV=FUBRZThH
i, PERSEHETH 5RHET v CoA BEHE
&h, IbaFYT7HTO B BLIZEESL
3. ¥E#M7 v CoA BREEhhE, BF
GERCENSh ATP 0 ra v FY 74k~

B =F v RIBIE

DEERIHEZF A LbAbATEY, =X
NE—FRAICKEREELRVES. Ir=F
RIBAERY, 1973 4E, Engel &2 33EHRAFN O TV
=F UPBENE L <JET L7 lipid storage myo-
pathy & L CEMICH#E LTUR, HATE» 2
D DIEGINH B, FITRDIKLIH, iy
N=F LGB DET Lk Reye SEER O 1 RG]
L LT, AEBRTH - AR D ZEMN 2 #HE
LTW3. FEicizB#E DiMauro 5992 X 34y
ERELLTHEREATWS. Tabb, WEN
BRI D AHIZIRE LIz myopathic form L, &
T2 LIRS (I, A, Mmiksl) ks L&
systemic form 2431, BAMyiciE, =
FUBENER THELOEHE, ETLTWS
LD E%HE L LTW5. Myopathic form 3147
PeofFAHET 244K & L, systemic form (3%
hizhnx, LiEZLixEFEMED Reye SEGREERR O/
PERE SR 5. RIRCHER, MLVWEBZR
BL+5z Lngwn. FE, AFHICTIE myo-
pathic form T Y 72435, systemic form DfE
REBETBHAL WMESh TS KWERE LT,
BicR g 3RIN, AFicRis4ERK, Bicki o8k
i, FEBEARE A EhORIELLTLEYHITORT
W3, EFHALATEAV. SEbabhE,
AT O HIET & OEKIC THRBE L 72 Lo filic
%L, ‘B ER 1TV, lipid storage myopathy
2B, BRGNR XML B L= F VIRERIE
PLIRER, LLRELWMET 2389 2 0 T,
systemic form D H ) = F > KR {BJE carnitine
deficiency L@BWrL7-. ¥ 7MEHF 11X 27l
WEEMFE-> TV

Hv=F RIBEICLDRE R ff - & &3,
1975 £ Vandyke % »381% T L TLE, W
KOPDHEND B H, FEEDLW. BIEH L
LTix, 1976 4, Boudin 59, 19774¢, Cornelio
57, 19784, Hart 59, 1978 4£, Ware 593
TR ERE L, IR HHIL LT, Van-
dyke &3 n R4 LIS 2 ix, 1980 42, Chapoy 510,
1981 42, Tripp 5!V, 1982 4g, Waber 12 333
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HRIREEDO N V=5 RIBEICOIRE 2 -
B0 LBbh 5.

AFET LiF Lid HRafLEaar & L
5. BAOPIIRBVBEHBFTHEDHET
RN, HSEBRBROBENELLLS.

FEHBICR T B LREORHHTH B, HET
EBEORED L Ba DIEFIE BT 5 L, »
2YOIERE ATz eNTES. Thbb,
Vandyke 59 DIEFI&ZBRE, Fxoflzgwic4
DDEEIE systemic form TH Y, WFh L L
HEROFERFE L LTLENBOTERIZE S b0
ThHhY, DHIBEECEELTWS. LERTIX
Chapoy 509 Dl &< &, ERBRFTRICMZ,
Mo i R 72 T RO RFELBD bh .
S, BLIDOLHERIC X Y H1 TLIRE O
FHRBEITo e, ZofER, BEIZTOHI
EHRLI bar Y 7 0EHEB X OKNRFE»E
Hohi.

OFFIE T3 B ARAE A TRERERIT W & 12T &
ATRLY, MEREEELTVWSORERT
% 3. Carnitine deficiency Z& 84 L 72.0MBAE X
¥hTRHBH, LELEFEEHTHS. —F,
BRICEVEETIZLLEL, TOBHBEE
THd. DFEDCEE CHETHEOHNETEEL
TWa5A, LIARRBLSBERANTE» 2T
Tk b .

B, i ORBIT IV TUBIRNRSE O EE
HEEHT? RER LORB LS K- TEE.
1971 &£, Challoner &3 3@#EERT, 757
TOHRICH LI NV=F PR TH B LBR
Lz, A cdb T, BHnkETasc
HBONBLIEREIINV=F o RZVEELTWS
EEE L, /ARG 3 MR B I R E S B0
EURERR, rr=F BECIVEDTS L
B|E L. S8R0 93 BEOTEBE OFH
o, HHLELDHBRNO I L =F L EEMETFTLT
W LBRELTWS. Fx OREFIZFEME KRS
TiH B, Hh=FURZITE VLG OIER

WHBEESNHEE, BESETEELLEL
Exbh 5. FERRCHAE RBICH T 5K M08 o
TEL, BHRELEETH Y, SHOFEM K
FRKELEbhi.

7B, FEFZREY BVERGREE LT
TRBELTVWSR, MEEL LTORKRBIZA
HTRELMOATRS Y, 4E, BREFNL
Fih b DBE L BMRE L iz

¥ #

L. #ITHOHAET LOFEEZ LS REH %
RERL, BRHBERRKOEERHANZ LT b
=F VIRERIEIZ X Y, systemic carnitine defi-
ciency & 2L 7.

2. EF1ZH BN BLHIER, #BEONWLS
DOIEFRIH L L, WL S>hDEBOFTR
FHLTWE. BOERClREtEicsiTs T
BEORGFILIIFEHITH - 72

3. EH 1 icH LT - iR T, ZHA
I Py 7 oEEBBED I,

4. JEH 1, 2 ¢ 4 iz, DL—carnitine D5z
L0, BEE, DEH OV L ER R 0%E
BREO LI

5. AIEXENARPOERET EREE Lo
—%, WRTEBZLMIEL LTEETDH 3.

E #
6L SBOREBIT, LHE & £ - 7z sys-

temic carnitine deficiency ##4&L7-. L i
DL-» v =5 v off 054, iEROEH etk
Bl WfEd, IBREXVETEOHNE
TERD, ABER, R3O0 60% L0 K
L, LDERTEZRKLWHFLET T ko
RPULEBD . Dz 3 —TE, L OREE
ELEERHROERT 2RO . HTEHRGA
B LB ROMSE 2 A =F L EEREIC X V1T
> 7. BRWAGLEMRTIE lipid storage myopathy
DETR &/ s r=F VBEIERG - ML
LB L Tnie. Rizs LIT - 20 ER T
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