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Newborn screening of some urea cycle disorders has little benefits because of early severe symptoms
before the result, low sensitivity (especially hypocitrulinemia) and poor prognosis, But in case of citrulli-
nemia, citrin deficiency and argininosuccinic aciduria diagnosed as elevated citrulline, newbom screening
is helpful for early diagnosis and treatment before the symptom, Distinction between the clinical forms
of these diseases is based on clinical findings and biochemical results, however, they may not be clear-
cut, Treatment is different from each other, so exact diagnosis is essential, Here, the diagnostic algorithm
for elevated citrulline after tandem mass screening has been proposed, Minimizing total process time
from sampling to report of the results is important in Korea for diagnosis and treatment of these dis-

orders,
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OMIM 215700) ¢] th3EA o]}, Citrullinemia type 2
(CTLNZ2; OMIM 603471), Neonatal intrahepatic
cholestasis by citrin deficiency (NICCD; OMIM
605814), Argininosuccinate lyase deficiency
(Argininosuccinic aciduria, OMIM 207900), Py-
ruvate carboxylase deficiency (OMIM 266150) 5
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acetylglutamate synthase deficiency (NAGSD;
OMIM 237310), Hyperornithinemia—hyperammo-
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1. Citrullinemia type 1 (CTLN1, Argininosucci-
nate synthetase (ASS) deficiency, Classic

Citrulllinemia)
Atz A o7 FAEH, 9q34.11 Aol ¢
X8k ASS1 f-A7F ool 71918 @ 48] 7 ef|A]

=

citrulline®} aspartateZ argininosuccinate® %3}
o Fag ASS7F A o] BAsk &4 ZAY 4
Tof we} vheFet I S-S vERATE ti7) Severe
5+ neonatal forme WER SAAloll = Ao
Z4 7L el o 29, 3k FE, 13 7], 2
As}, BE, £4 59 ngdryolde] FAo] LRt
t}. Subacute ¥+ mild form 4% o, 2k &,

e A, Az 2 7, % =

=
[e)

o
CES

ol A3 veR 4, e, e, e S
59] intercurrent catabolic stated] TR YoldE

oF WA F AW BB -
o] 2gd 4 Utk A AAF AL TS 24327
A} 2 1Ry old S-S vER e 9 of
u] = A B249004 citrulline =317} 1,000 pmol/L (3

32| <50 wmol/L) o= wl-g- A UERdTE AW
orotic acid®] WAL S7Fsh=tdl HAF Wiel whet 1l
e S = 9tk Alanine, glutamine, glutamate
= Z7Fskal, galactoses g% W$Io]al arginine}
ornithine& /go]lAvt 7hagich 31 9] o8 %29
ASS g4 BT} AstEo] glo HGAola A
o] Babst FHA; HAARR Zddo] ThsatEE dA A
o Ago] Pt ASSI fralA 24
o] 7hsstth fAAE el wek Ae 23

A=
ol A5

Nl

5 x o

H

bl
PN
T <]

jatil

Ay

2. Citrin

30 2|

[}

=

Citrin 4852 ¢ H|Z 3 Fol|otellA E5
Ago g defA 9, H e TN T B of
AAAZQ Agrelo] W& A I, Citrin (aspar-
tate—glutamate carrier protein)< 7+2] AFFA| whoj
LAk aspartates AEAUE o] A& 2HE&
3t} Aspartate® citrullines argininosuccinic acid
2 Wgehed Zestng o] gdl EAZF AUIY
citrulline®] & %7 ), o] Aot ASS BT
£ "ol 1, o) citrin AYFo] 7+ Y ASS
messenger RNA9] translationg Walist7] wj&el A
o FHAT. ASS1 FHA wol BEEA g

o} 7q21.3 Gl $1A18 SLC25A13 37k o]

H is

]

o

o
o)
s

L

T

A citrin AgFo] ws” 27149 mHYoE 1}
ERAl Aek A= AAo] A154R] B BAA

a2 Uel)= neonatal intrahepatic cholestasis
by citrin deficiencyo]x, FHAlE= A7)0 1R
Uold5 0 LERR= adult—onset type 2 citrulli-
nemia®|t}. Citrin 2% A2 7l ey, 14
W Ao) & A3stal IRGEHE 2o doshe o]

Az E7 g,



1) Neonatal intrahepatic cholestasis by citrin
deficiency (NICCD)
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2) Failure to thrive and dyslipidemia caused
by citrin deficiency (FTTDCD)
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3) Adult—onset type 2 citrullinemia (CTLN2)
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3. Argininosuccinate lyase deficiency (ASL
deficiency, Argininosuccinic aciduria)
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4. Pyruvate carboxylase deficiency
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Fig. 2. Suggestion of diagnostic algorithm of 'elevated citrulline' in tandem mass screening.
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Citrullinemia type 1, Argininosuccinate lyase
deficiency (ASL deficiency, Argininosuccinic
aciduria)
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Table 1. Recommended Daily Nutrient Intakes for Infants with Urea Cycle Disorders?®

Age Protein (g/kg) Kcal (kcal/kg) Energy (kcal/kg) Fluid (mL/kg)
0—3 months 1.25-2.2 100—150 125—150 130—-160
3—6 months 1.15-2 80—100 120—140 130—-160
9—12 months 0.9-1.6 75—-80 110—-120 120-130

Table 2. Recommended Daily Nutrient Intakes for Children and Adults with Urea Cycle Disorders?®

Age Protein (g/day) Kcal (kcal/day) Energy (kcal/day) Fluid (mL/day)
1-4 yr 8—-12 800—1,040 945-1,890 945-1,890
4=7 yr 12-15 1,196-1,435 1,365—2,415 1,365—2,445
7-11 yr 14-17 1,199-1,693 1,730—-3,465 1,730—3,465
Female 11-15 yr 20—-23 1,575-3,150 1,575-3,150
15-19 yr 20—-23 1,260—-3,150 1,260—-3,150

19 yr— 22—25 1,785—2,625 1,875—2,625

Male 11—15 yr 20—23 2,100—3,885 2,100—-3,885
15-19 yr 21-24 2,200—4,095 2,200—4,095

19 yr— 23—32 2,625—3,465 2,625-3,465
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