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Application of Carglumic Acid in the Prevention and Treatment
of Hyperammonemia Caused by Organic Acidemias*
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Abstract: Objective Isolated methylmalonic acidemia, propionic acidemia and isovaleric acidemia are classic organic acidemias. In severe cases, urea cycle
defect occurs due to insufficient synthesis of liver N-acetylglutamate resulting in hyperammonemia and metabolic crisis. Rapid reduction of
ammonia and correction of metabolic acidosis are keys in the treatment of metabolic encephalopathy. The main purpose of this study was to
investigate the effectiveness and safety of carglumic acid in the prevention and treatment of hyperammonemia caused by isolated methylmalonic
acidemia, propionic acidemia and isovaleric acidemia. Methods The study included 22 patients of isolated methylmalonic acidemia, propionic
acidemia and isovaleric acidemia with hyperammonemia from seven hospitals of China. They were divided into acute metabolic crisis group
and long-term observation group. All patients received oral carglumic acid. Their blood ammonia levels, the safety and efficacy of carglumic

(F—1FE] =XREE, &, TBEMN, TEHRRAA: BERERIFERZERBHENS E-mail: li_dongxiao@sina.com
CERIEE] 173810, &, &, TEMRAA: I BEERFEEENHRE. 2858, E-mail: organic.acid@vip.126.com



FOERRS 2024568 $315 £ 6 1 851798

acid were monitored. Resufts Among 22 patients, 14 were male and 8 were female, with a median age of 18.5 months and a median weight
of 9 kg. The average annual frequency of metabolic crisis was 3.1 times. 14 patients had isolated methylmalonic acidemia caused by MMUT
gene defects. Seven patients had propionic acidemia. One patient had isovaleric acidemia. The average annual frequency of decompensation
attack of 14 patients in the acute metabolic crisis group were 3.5 times. The average annual acute metabolic decompensations of 8 cases in the
long-term observation group were 2.6 times. The average doses of carglumic acid in the acute metabolic crisis group was 85.9 mg/(kg-d). Their
average blood ammonia level was 175.3 umol/L before treatment. At an average period of 28.9 hours after treatment, their blood ammonia level
decreased to 45.8 umol/L. Their average treatment duration was 3.3 days. The average doses of carglumic acid in the long-term management
group was 14.4 mg/(kg-d). Before treatment, their average blood ammonia level was 69.8 umol/L. After treatment, the blood ammonia
level decreased to 51.5 umol/L at average of 50.4 hours. Their average follow-up period was 55 days. All patients showed improved appetite
and increased body weight, with no adverse events reported. Conclusions Carglumic acid exhibited optimal effectiveness and safety in the
management of hyperammonemia of the patients with organic acidemias during the stage of metabolic crisis and stable period.
Keywords: Organic Acidemia; Methylmalonic Acidemia; Propionic Acidemia; Isovaleric Acidemia; Hyperammonia; Carglumic Acid

ENROER—AMENELR, HP—LRRAR,
RFMERPE. SRULENZHSBNEERNHEBTENEERHA,
MEUIRBRAYET RMEREMENXHE, FaBRE—
N-ZEr B R ER LMY, 2003FEERUN L/, MWATFN-ZE
ARMREMBHMZE. BaRBER "M (methylmalonic
acidemia, MMA). FRERINJE(propionic acidemia, PA). J®/X
ERIMfE (isovaleric acidemia, IVA)EZEREREHEN AT, WTe
SMERKEERNPANKEAFEREFNFX ", REF
2023F6cALEFRRER T, RZTENN-ZCEHARER S RESH
ZEMBNRIERNGTER, All, FENREEHREENER
MEEHERMEEREFNEIENL2E. NARYESRA
RARRATNENBRIESREH{T 7TAN, UWHRASYELD
TEFT & R MERR A R,

1 NRE5#

ARRAZ RO, EXNB. B, EENARR. 220
B BIMESE R MR MMA 1461, PA 76, IVA 16, EE4L
2. OAE. A BB WK BR. ITRENET, F2023E
10822024 E3B S OREAERAT, PIETRERHLR
AFE—ER. LAETER. TEE) | EER. EDEAS
WEHEER. EEAZHE/NER. IMHAL) | EET+
ORESRT) L BERIEZ IS, A,
1.1 ZE5ENAZECRHEERZE OEaERNBER
B IE 23 A S PR R B BB BRI F A (API 3200, Triple Quad 4500,
Applied Biosystems, mMFl@EIL, *(E), RNEMRERNITERN
FAChemoview##™", RRBHNERINRASIEEERILEESD
Zf})ﬂi?ﬁ(GCMS—QP 2010, Shimadzu Corporation, &8, H4x)™

ERZH: ENBERENTHET, REBERERXSI DR
Bkin, 12EYDNA, RZFSangerlF XS @8 NFERARTERS
i, MAAREERTSHEE. ClinVarfiiBE. gnomADEIRRE
E5HITHN, RIEZEESREYSEREY YR HNTER
RISEH T BRI D

BARMMA mutB B E MR, FREPR/ 2B
B, REEF_R. PEMBE. -RERARESES, IR
YHEMIES, MMUTEREA2ATERAATR., PAREN
AEL. AEE/ZBRRLS, RI3-ZERR. FEOBR
SEEE PCCAPCCBEASARATRRAATR, VARE
MBREAE. BREAE/ZEARLS, ROSABEERE
s \DEREALATRILATR.
1.2 FHEREREFABBEN £HEEaR8aT Zaieim
5. MEEBRLRBENE. RENE. IEN. REA. F5I)
Be. MiE. AB. Bk, 5. MF2MEATHES, EOR
EREBME12~T2NEENS, WFREHLSTEE, EOR
EREBETRA~1IMNAEENE. IMBEEENSERBREHE
. RAEVE. MEM. REM. FEHeE. mig 08, 4
B, EE. IS5

220 BERISFIEI LA, THHERAST, FiERER
BEFLIFEfE, SWERBRAHEATAF Y, BIYFRE

RiBkRFo

WTHERATHIEREEREE, BUNEEFRKRFE
e, REHRIENEENR. TZAANIELNNHEREE
LN ISR B ERIEREIT LR, N TREMSTHEE, F1IR
BHIAREE, MEEAEELX,

St BERENBRRELERY, NFRIBWULNEE
HESFAHBRRERR(NBHERRIESRE/F).

24 R

2.1 RRWART —MENBRMESRERL20, B14%1, &8,
RAIFERA18.5ME, PAEERNI kg, FHESERBBREE
3.1R. BIRZENHNREARDIESHER. ERET. &
HEFBRESDHEAT, TREFTR,

2.2 EAEBAT 262EPUGEEERBBRATIARE
888, BEFYHSERRRREIES.SR, 8FlFRIEEMTR
. EREEENRAFSER, MREHERE, REFYE
FEREEREE2.60. BERBRRAFARRTIATHER
85.9 mg/(kg-d), AFFAIMATIKFHRN1T5.3 umol/L, TEAST
[EFRTE28.9/ N\ EEME, MEFIKFHEZES5.8 umol/L,
FHATEIEIA33R, REMERAARSSRTETHEAR
14.4 mg/(kg-d), AT RIMEFIHKFHR69.8 umol/L, TEAST
[EFRTE50. 4/ N EEME, mMEFHKFEREZESLS umol/L,
7877 I B 955K (K1),

23 M FrERTEHERFARBNEERMIINE, KB
K. 6612/ B EARERATEERIFATNE, RRESERS
R, FIEEEWRREFTRE M. 3 TFEEHTHIMMANE
PRNISR k) 522

33 8

BNBIES—ATSNRERERK, MR, RERMAERT
SMENBER, SRR, LN, K. F. SE255502"
Yo VA, PARIMMARZEMENRINE, SRESHELFER
R, thEENN LXK EE) L FENE SRR, VAKE
RNERBHEAN SSRGS, SHEaROMIE, PARHTHEE
HEBARLER L Z BUR. MMABLEE! rh B B K — BisisA TS (B iR
BAFRBImutE! 4 A 25, PARIMMA mutB a2 Ine S a .
Mk, EEBNAFaBRnAs". SHENBIET TS NER
MER &SR, PERRRENE BEAR, THERHRNRESS
MfE. REIHEETS, hEMRRRZITSRRE, 3RRMt, 125
W, 1R, TEEE, S, MARENTH, 2SRTENkE, &
e, RSN EETAERL. BEARNE. EES.
PSR SRERES TRESMRSEIRER, SEME. KT
SEENRIE2 M RESNTEAHE"

BEIERT, SEFREVIRE, BIREHELEEN. &
AEBBARBIRVREERIFNE—%, SREEMNXESE,
HBEREE", N-ZEHASRERBRUN-ZEASBOFR,
N-ZEBi B M2 a PERR MM EER, E=FEyBNnE
BEGRN, RRORBHEA. BER_BIBBANSXEHIEA
IEIRFREN-Z BE A S B A MESThAL. FWEIBISAN R ER —EiH



JOURNAL OF RARE AND UNCOMMON DISEASES, JUN. 2024 Vol.31, No.6, Total No.179

R1 26BN RN BERIERRE MR

RERBRMESA4E ARIE SREBME SiH/F9
2] 8 6 0 14
z 6 1 1 8
SHRATEIE(AN) 8 6 0 14
REHRFERGIE(A) 6 1 1 8
ERPAERB)
SHRGERA 1 / 1
REHERA 6 3 1 6
FR{LRE (kg)
SERHERA 13,5 33 / 7
REHAERA 11 20 15 13.5
BERBERTHRE
SHREERA 2.6 47 / 3.5
REHRFERA 2.5 5 1 2.6
Rk ARSI PGSR (B)
%’I&ﬁiﬁﬁﬁgéﬁ 34.5(2~96) 2.2(1~8) / 45
RS 19.5(1~163) 84 33 30
-E@‘ﬁ@&ﬂ’]?ﬂ 2(mg/(kg-d))
SHERHERA 90(14~217) 80.3(20~140) / 85.9
REHRFERA 15.3(6~40) 10.0 13.0 14.4
B FifE (umol/L)
SHREER4A 190.5 155 / 175.3
REHGERA 74.0 70.0 57.0 69.8
JATT iEmE (umol/L)
SMRETERA 43.9 48.0 / 458
REHRFERA 49.0 36.0 56.0 51.5
Hhsx BMNKE, AEEMN, MEUE, TFARRM
A a=K,

AR EEN-ZEI A SR A RFFENZBLEEEA, MEIREBIF
W RN R RN RN SR SETL NS SERS RN
e, SHAGBBOKTERE, mEkFEEE", BEaMnR
BAEHWERNESR WW%%%%FWEMFLI% A,
R ENESEBNESEEATHNESY
m%mrm%%érzﬁﬁ%ﬁki,wﬁ BAREAS
. AERNTELREERERKRNEG, XFRHSHERES
Fu%ﬁﬁﬂﬁﬁmﬁ,xTM%%%ﬁM&%@R&mZM%&
BrERHE AN, ETRMAIMEASERESR, MASEREE
SENBRIERRSaMENESEENNG>— Rit, XTEH
RRERAFENRBIESHSEMENET Y. EAEBEN-Z
RN YA ﬂiM%,lﬂ,m rﬁmmmrA#mamrm
BRMTFEN, ATaTE A
Eﬁmr,u&MkMMAﬂMﬂtm%§MFug
EAERBETRIN-Z B A SEN & LR EL & AR A 89 E
RAREERARRT, @EREERIES, MEKEHRERE
1l Emwﬁi,ﬁyﬁm SREESERAERTREGNEMN
AR ﬁﬁmﬁmﬁwm”“orﬁMMmrA#aﬁmrm
S04, £ARMEEERER100-250 me/(kg- d)?, BaE
K%ﬁﬁﬁﬁ)gtu)mOmngdfzo$ﬁ +§§\A
FEWRENTFEYHRERE, 2HPTHETHIER85.9 mg/
(kg-d), BUEFEIEMEIEE AT E,mrmgmﬁ¢ﬂma
KER175.3 umol/LEEEE, HIERA/NFEIMEEAFTH
MEAER, TENBIESHSamE2HRE/RY mju
RERELS. ETFEMIRHKE, KEORESEBNES,
KRB R & ERBFEE41%~51% 27, KRB ELATFIEN
14.4 mg/(kg-d), AFEEHMEKTERATHIFE18.3 umol/
L, 6BIBER 4N ARHETMAERERER, HPEASEATY
RETREHNEER, NFBRBRREEE—EER.
BAEMREEAEREE NN T REMEERSRE, KL,
. 2R, BkiEA. R, HHER, 5. BIRAML

R

BE"Y, ARRPEIGIMMANG) L EHIY, B) | FEbEL
i, EEFESER). EHELETRNER, MEEASR
BOFREMF, Bit, SHRERETEASRATENEIE
RLMERT,

ARRE—ENRHYE, $—,
ERRBNFOREL, B ARKRSERR, FANHEFHZH
MR, 8B)LERES EREESHT SN, £, BT
HRATFHRIEI SR Y BE KRBT ES, HRIETRZLSATIE
IRBHB, RIVBIFENH, #ITEHR0. AR, HELTHE
IS , SRR A EREREENBIESRE
BRI RENR 2%,

BE R

[1]Tummolo A,Melpignano L,Carella A,et al.Long-term continuous N-carbamylglutamate

BT A VERMENF IR,

treatment in frequently decompensated propionic acidemia: a case report[J].J Med
Case Rep, 2018,12(1):103.

[2]Burlina A,Bettocchi I,Biasucci G,et al.Long-term use of carglumic acid in
methylmalonic aciduria, propionic aciduria and isovaleric aciduria in Italy: a
qualitative survey[J].Eur Rev Med Pharmacol Sci,2022,26(14): 5136-5143.

[3]Kiykim E,Oguz 0,Duman C,et al.Long-term N-carbamylglutamate treatment of
hyperammonemia in patients with classic organic acidemias[J].Mol Genet Metab
Rep, 2021, 26: 100715.

(4] AL FPy B2t A B T 5 4561 % b & B3 A Lt Ut i A4l ¥ £ LiF B R
W% AL & FAER ], e A LR 4R (B 3650, 2023, 38 (7) £ 385-394.

[SIApILi%, YK, HED, % AM G- A SR RS AAIBR N £ KL R U], FD KR
2£%,2022,29(8): 1-5.

[6]Mizuno T, Abe N, Teshima H,et al.Application of a gas chromatography mass spectrometry
computer system for clinical diagnosis[J].Biomed Mass Spectrom, 1981, 8 (12): 593-597.

[7]Forny P,Horster F,Ballhausen D,et al.Guidelines for the diagnosis and management of
methylmalonic acidaemia and propionic acidaemia:first revision[J].J Inherit Metab
Dis, 2021, 44 (3): 566-592.

[8]Mutze U,Reischl-Hajiabadi A,Kolker S.Classic isovaleric acidemial[A].
In: GeneReviews ((R)) (Adam MP, Feldman J,Mirzaa GM et al.,eds).Seattle (WA),1993-2024.

[9]Yamaguchi S.Organic acid disorders: cerebral organic acidemial[J].Ryoikibetsu Shokogun
Shirizu, 2002, (37 Pt 6):162-168.

[10]Najafi R,Hashemipour M,Mostofizadeh N,et al.Demographic and clinical
findings in pediatric patients affected by organic acidemia[J].Iran J Child
Neurol, 2016, 10(2): 74-81.

[11]Dionisi-Vici C,Deodato F,Roschinger W,et al.’Classical’ organic acidurias, propionic
aciduria, methylmalonic aciduria and isovaleric aciduria: long—term outcome and
effects of expanded newborn screening using tandem mass spectrometry[J].J Inherit
Metab Dis, 2006, 29 (2-3): 383-389.

[12]Chakrapani A, Valayannopoulos V,Segarra NG,et al.Effect of carglumic acid with or
without ammonia scavengers on hyperammonaemia in acute decompensation episodes of
organic acidurias([J].Orphanet J Rare Dis, 2018,13(1):97.

[13]Diez-Fernandez C,Haberle J.Targeting CPS1 in the treatment of Carbamoyl phosphate
synthetase 1 (CPS1) deficiency,a urea cycle disorder[J]. Expert Opin Ther
Targets, 2017, 21 (4): 391-399.

[14] R [ 2 2t A BRI BT G450 2 & RAH A LR &% 41, P E Efiths
FENE R, EAGRE 2L ERR RS 28R
HEFRERO]. P E LR AR, 2024, 39 (4): 241-248.

[15]Cudre-Cung HP, Zavadakova P,do Vale-Pereira S,et al.Ammonium accumulation is a
primary effect of 2-methylcitrate exposure in an in vitro model for brain damage in
methylmalonic aciduria[J].Mol Genet Metab, 2016,119 (1-2): 57-67.

[16]Braissant 0,McLin VA, Cudalbu C.Ammonia toxicity to the brain[J].J Inherit Metab
Dis, 2013, 36 (4): 595-612.

[17]‘#[El}ﬂ?’ﬁr/ﬁ\@%iﬁ%l’ﬁWﬁ’f}\\ﬁf}ﬁi%%ﬁk%/\r,‘4”
4, o B4R L ERR Ao R i o 2 it (sF
#agE J]. F 48 L2 %, 2022, 60 (11): 1118-1126.

[18]Haberle J. Carglumic acid for the treatment of N-acetylglutamate synthase deficiency
and acute hyperammonemia[J].Expert Rev Endocrinol Metab, 2012, 7(3):263-271.

[191Ah Mew N,McCarter R,Daikhin Y,et al. N-carbamylglutamate augments ureagenesis and
reduces ammonia and glutamine in propionic acidemial[J]. Pediatrics,2010,126(1):e208-214.

[20]Alfadhel M,Nashabat M,Saleh M,et al. Long-term effectiveness of carglumic acid in
patients with propionic acidemia (PA) and methylmalonic acidemia (MMA):a randomized
clinical trial[J].Orphanet J Rare Dis, 2021,16(1):422.

[21]Burlina A, Cazzorla C,Zanonato B,et al.Clinical experience with N-carbamylglutamate
in a single—centre cohort of patients with propionic and methylmalonic acidurial[J].
Mol Genet Metab Rep, 2016, 8: 34-40.

[22]Valayannopoulos V,Baruteau J,Delgado MB,et al.Carglumic acid enhances rapid ammonia
detoxification in classical organic acidurias with a favourable risk-benefit
profile:a retrospective observational study[J]. Orphanet J Rare Dis, 2016, 11: 32.

[23]Yap S,Lamireau D,Feillet F,et al.Real-world experience of carglumic acid for
methylmalonic and propionic acidurias:an interim analysis of the multicentre

observational PROTECT study[J].Drugs R D, 2024.

HARMERS E
4, %. FRLEFERD

2B F o B AR
#- o (B f 3 1 PR A T 9 T A

(UefEEEA: 2024-03-25)
(Bxg4mig: FEIR)



