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RS 7 2V CoA /KRR RIBRED 1 6

7z, 25 BRI THENR L 72155, BEBHIZ & 1 500 keal/ H F2JEE
L2EITE 2V HDH 5 HEt 725505, MHEOSmAH
BIUSATREE & 22 0, BRIt Sz, £ OBIZ CK EA
11,755 TU/L & BHIC B LT\ 727200, BEEUTRLEAE O F
Lz, HIREEZ BHIISYRIANABE & 7o 72,

ABERIT L © 4% 162.2 cm, £ 45.5kg TREMTH 5.
LT 87/37 mmHg, U1 77 [81/55. — M S AT R KRt S
Ze\a, FHEREIYAT LTI (e T R, MR RE A &0
THERRIZR S N o 7. EELR TR EROV S
PR RIEA ST, BIIEA 19kg, /£ 16kg T
Hotz. FEFEHIIT AN CTENEGH KT 225, Wi
DAL ACIESG % 520072, ABEREEHET, SATIXIER & o
TBY, ZOMOMREFEI IR X 20 7.

A BEEE A AL AT BCl, IiE CK 237104 (UE%
fli30~180IU/1) LRE@EMETH o7z, AV =F Y4 E T
AN =F 183 pmol/l (IEFH 45~91 pumol/l), iE#E 7 v
=F  13.1 pmol/l (IEH 1 36~74 ymol/l), 7 ¥ V71V =F
> 5.2 umoll (IEHME 6~23 pmol/l) & WIFNHEMETH -
7ol FUTLAEBRSNM T ClAL 7 YV Vv =F UH
0.84 nmol/m! (IE# 18 <0.4 nmol/ml), C14:1/C2 It 0.253 (%1 v
M4 7 <0.013) &, EBIIEMETH o7z (Tablel). EFE
ORI B RE, BCHUE, LB ELVE VB 7Y ESTIEW
FTNOILEHFAANTH - 72, —fIRHRETIEIA Z7a e VR
e EOREHRIIIER T E 2o 7o RIS CIL R
HHTR A RO Loz SHHENMA CIIEZ AN, £ L
B S C IR | ARG - AT RERRE I 0 B HLAL AL &
FR 7. RN B R P AR T A =R ER L 70% T, BE
SERERE D 7, GIHERBIR BTV IR RERE T
JiiG 2 2,140 mil, % i = 68 % & WEHE O s kB E DT B¢
Hodz HAERIIHIT L Ty, s v =F 2ok
TMAT, ¥y T2 EEgMTClal T I VhIV=F &
C14:1/C2 b EH- 734 L 72 729 VLCAD RIBSE % 5E - 72.
BB RREI ) > 7 3Bk palmitoyl-CoA dehydrogenase i1 % il
ELEZA, EWHEFHED65% LBMMETH 5772720,
VLCAD KABSEDZBHIIZE 572, MEEEZRT, AADLS
LT OFE % 5T ACADVL Bin TRiT # T o7& 25,
exon 13 12 ¢.1332G>A & exon 14 121 ¢.1349G>A (p.R450H)
L) 2 i O 1IRAER LY 2D (Fig. 1A). ¢.1349G>A
X, BEHOFHKHT VLCAD RIBEEHF DK & L TREFROZ
FTHNY, 1332G>A (TOFHIE % £F 5 B BB SEE O & €
BAMBEEDPIE INTVDY, BEET I VEBEIE(L %
WHFEEHL/ZAS, exon 13 D 3 KIFDIHEETH Y, A T7F 14+
Y UANOEENEN S Fo/EEE LT, BEHIMERD
S L 72 RNA 25 random primer % FJ\»C total cDNA %
AHi L, ACADVL exon 11~15 % PCR #jlIE - f58 L, Zh#
N7 57— AR ATRIGHIZEA L7z, ¥k Sohr:
40 7 10— 22D mRNA OFLIEFY % AT L 72455, 24
70— el332G  HE LIRSS, 14 7 10— V3 17 355
BREKLES], 2 70— 48 Bk a R L -EHITH )
(Fig. 1B), c.1332G>AZA T T 1 ¥ v VERTH D Z & D5t
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ANz 17 IR frameshift # 2§ 205, A
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TEPEHERE SR & b, RIEFIE ¢.1349G>A (R450H) B L O
c1332G>A DA ~T A2 & % VLCAD RIBAE & #m
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z =
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RGEH, BBy, T - MEHE e & O NRITERAH I AR 2 0
LIREPAEL B L, SBMAMAEZTIESREI LT, (O
LB, L SRR EHTE U 5. VLCAD KRIESEIL,
TYNANZF YHHTTO Clel @ FH, Cl4:1/C2 o |
7, ACADVL HARFZ85%, RMIULY > 7 SERR K 72 B2 J e
FHPLRERL T O T 2V H IV = F ~ 437 % palmitoyl-CoA
dehydrogenase {H4aFHi 2179 & & THRI S 1146910 FrER
HSET R L) B 58 E R o VLCAD KIEJE L, #LEkIZ XD
RIS IR RERE B CHRIET 5 2 L 3% 09 28, IZSETITIT,
FEMPIEI B ~O RN 2 FR & L 72AR00 M <> 3
FNF =T ETRIET H T LN D. A ORER T,
AR R DIGE 7 3 VA )V = F ¥ 0 TREIT R % 3860 7%
W EDH D0, FEEMONET 2 Va0 =F 2 5HN
ZC, BIZTFHATRLAAYIN ) > 78ER, 55225z 8 A 7
Ex AV IENERAHEEOFMAEE TH Y, IO
D) b= METHIIHEEZW & 2 %Y. KRR TIE,
CKEDS LA L TWAEEITT VANV =F V5l 247\,
Cl4:1 & C14/C2 e LA %2 §R& 72728, VLCAD KIHJE % 5t
I ENTE Tz, AEONL, P HE)RIE EIR DN
JiE733 % b D@, VLCAD RIBJE L G ot miE R =
EB7280, KBOREPERERMGRD 2013005 %kro7:.

AAEBNL, FHAEIML) >~ 7¥EkD palmitoyl-CoA dehydrogenase
M IE & D 6.5% L KAl Td - 72, Palmitoyl-CoA
dehydrogenase {413 VLCAD KIEJE CIRAEZ /R L, R2HNCAT
HTH DI EDREINT VDD, — 12, BERIEE R
13 EFIRDTEALT D@ % & bW, VLCAD KIEJET
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exon 13
intron

1 exon 14 J

e
GCT TCAT GAANGTACAG GACG

ol

c.1332

AGGCAGCC TGGAAGGT GACAGAT GAAT GCATCCAAATCAT GGGGGGTATGGGCT TCATGAAGGAACC TGGAGTAGAGCATGTGCTCCGA

¢.1332G c.1349 A

GGAGTAGAGCHNTGTGCTCCGA

del 48 base

p.R450H (c.1349 G>A)

1 exon 14 J
(1]

c1349G

Fig. 1 Genetic analysis in this case.

A: A compound heterozygous mutation of ¢.1332G>A mutation and ¢.1349G>A mutation in ACAVDL was observed. B: Reverse transcriptase

PCR (RT-PCR) analysis was conducted using mRNA derived from the leukocytes of the patient. The cDNA was amplified using forward primer

targeting exon 11 and reverse primer targeting exon 15. The RT-PCR product was subcloned and isolated plasmids from 40 colonies were

sequenced. Among them, 24 clones exhibited a normal sequence with ¢.1332G, which also had the ¢.1349G>A mutation. Fourteen clones

showed a deletion of 17 bases, and two clones had a deletion of 48 bases, both of which retained the ¢.1349G sequence.

13, WETZEROMIEIC L > THERORFEE ST 5 2
ERHHENTWDH®, KIEFITRED S L7z ¢.1332G>A £ 5
X, REAROBEIIEEICEREESKT L, 308N %
% & 29, VLCAD KIBJETIE, BIZTEROS A T2
OHMABEDLRIZL T, BEORFEEIHAIEDL I L
BHISN TS, c1332G>A ZHRIIFFEECTIEIH DD
D, Arbarirsy yOBEEGHMICMNELTEY, A 7T
A ARF 2B 572 OMBRHUPEEIRTI200L%H
2z, Feqr OREFMOREE, F & LT p.R4S0H ZEHEFEE
CHIR S 2 LHEE SN DTGNS & o T, BEERHEO
WERIG AR L E 2 5.

7z, VLCAD KIEFEIZRB$ 2 LR - HY i o fE B3Rk 25 1%
SCHkARER L 7280 Cld 6 Bl ST 5 (Table 2) 12717,
EPDHET, SHEHEROEALRLHRZ 572 £ < O
B AT E R R, B CK 5% &6 VLCAD
IRIBHE & M ST\ 7228, Murata S I IAEG] & [FRE, )
I® O CK k5% 28%12 VLCAD KIBSE & B & N7z e Bl % #t
HLTWBEY, T kH1Z, KZWro> VLCAD KIRAE A3 IR
A A BT BB H D, EEILETH L. B
L LCIE, 7 NI X A SiEiEER ik L o S a8
Wiz &t PRISEES G, FHEH LR T2l
EETE Tz, sk e LT, VLCAD KIREDIME %
BV B 720, BAKAL R TP ERARRAER O SRR & g
THYW, AHERIT b IR A 0 KA LB % 325 L
BAETAEIR O T A F B L 72,

RIETIE, BRUERBUEREOMEDO O LR AR Y
==V IAThNTBY, 2014 EPDIEY VT ATARAY

Table 1 Acylcarnitine concentration on tandem mass spectrometry.

Acylcarnitine Concentration Control
(nmol/m/) (nmol/ml)
co 7.26 ~10
C2 3.32 _
c3 0.52 <35
C4 0.04 <1
cs 0.02 <1
C6 0.02 <03
8 0.02 <03
C10 0.04 <0.35
Cl4 0.26 <0.40
Cl4:1 0.84 040
C16 0.54 <6.0
C16-OH 0 005
c18 0.27 <3.0
C18:1 0.54 <3.0
C18:1-OH 0.01 <0.05

)= 2 FEDSEA S, VLCAD RIBJE % & T IR HR A
FEIEDFIEANICER END L)Xk Tna, 2L, K
EHRIIT AR ) ==V I CIdefl 281462813 TER
WE SN, REBMO T EWAL R LREBNFEIEL D S7290,
T R AR e A 0 SR E BT, RIS E 2 1L U
LT HEREEESILCHENBITLULENH 5.
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Table 2 Previous reports of very long-chain acyl-CoA dehydrogenase (VLCAD) deficiency associated with pregnancy.
Age at
. A . . . CK peak R
First author Year (yeifs) Gravidity diagnosis Symptoms (IU?;?) Treatment Delivery style
(years)
Mendez-Figueroa H? 2010 21 G1P0 20 myalgia and 437 intravenous vaginal delivery
muscle weakness glucose infusion
Murata KY™ 2014 34 primigravida  undiagnosed heart failure 21,530 treatment for cesarean section
heart failure
Yamamoto H'?¥ 2015 17 not mentioned 12 myalgia 3,388 intravenous vaginal delivery
glucose infusion
Yamada K'» 2019 31 not mentioned 26 fatigue 3,934 frequent juice cesarean section
intake
Endo E® 2021 27 G1P0 21 asymptomatic 274 intravenous vaginal delivery
glucose infusion
Akar HT™ 2021 32 not mentioned 23 asymptomatic 29,703 intravenous cesarean section
glucose infusion
Our case 2023 25 G1P0 undiagnosed myalgia and 11,755 frequent vaginal delivery
muscle weakness carbohydrate
intake

Abbreviations: CK, creatine kinase; G, gravida; P, pregnancy.
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Abstract

A case of very long chain acyl-CoA dehydrogenase deficiency diagnosed due to a trigger
of hyperemesis gravidarum during pregnancy

Wataru Shiraishi, M.D., Ph.D."? | Takahisa Tateishi, M.D., Ph.D.»%, Shotaro Hayashida, M.D., Ph.D.?,
Go Tajima, M.D., Ph.D.?®, Miyuki Tsumura, M.D., Ph.D.? and Noriko Isobe, M.D., Ph.D.?

U Department of Neurology, Kokura Memorial Hospital
2 Department of Neurology, Neurological Institute, Graduate School of Medical Sciences, Kyushu University
9 Division of Respirology, Neurology and Rheumatology, Department of Medicine, Kurume University School of Medicine
4 Division of Neonatal Screening, Research Institute, National Center for Child Health and Development
% Department of Pediatrics, Hiroshima University Graduate School of Biomedical & Health Sciences

A 25-year-old Japanese woman with a history of repeated episodes of rhabdomyolysis since the age of 12 presented
with rhabdomyolysis caused by hyperemesis gravidarum. Blood tests showed an elevated serum CK level (11,755 IU/I;
normal: 30—180 IU//). Carnitine fractionation analysis revealed low levels of total carnitine (18.3 umol//; normal: 45—
91 umol/l), free carnitine (13.1 umol/; normal: 36-74 umol/l), and acylcarnitine (5.2 pmol//; normal: 6-23 pumol/).
Tandem mass spectrometry showed high levels of C14:1 acylcarnitine (0.84 nmol/m/: normal: <0.4 nmol/m/) and a high
C14:1/C2 ratio of 0.253 (normal: <0.013), indicating a potential diagnosis of very long-chain acyl-CoA dehydrogenase
(VLCAD) deficiency. Enzyme activity measurement in the patient’s peripheral blood lymphocytes confirmed the
diagnosis of VLCAD deficiency, with low palmitoyl-CoA dehydrogenase levels (6.5% of normal control value). With the
patient’s informed consent, acyl-CoA dehydrogenase very long-chain (ACADVL) gene analysis revealed compound
heterozygous mutations of ¢.1332G>A in exon 13 and ¢.1349G>A (p.R450H) in exon 14. In Japan, neonatal mass
screening is performed to detect congenital metabolic diseases. With the introduction of tandem mass screening in 2014,
fatty acid metabolism disorders, including VLCAD deficiency, are being detected before the onset of symptoms.
However, it is important to note that mass screening cannot detect all cases of this disease. For patients with recurrent
rhabdomyolysis, it is essential to consider congenital diseases, including fatty acid metabolism disorders, as a potential
diagnosis.

(Rinsho Shinkeigaku (Clin Neurol) 2023;63:656-660)
Key words: rhabdomyolysis, carnitine, very long-chain acyl-CoA dehydrogenase deficiency, hypercreatine kinasemia,
hyperemesis gravidarum




