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Diagnosis of Inherited Metabolic Disorders Based
on Their Diverse Clinical Features and laboratory Tests

Han-Wook Yoo, M.D., Ph.D

Medical Genetics Center, Department of Pediatrics, Asan Medical Center,
University of Ulsan College of Medicine, Seoul, Korea

Inherited metabolic disorders are individually rare but as a whole, they are nor rare, Since Archibald
Garrod introduced a concept of "inborn error of metabolism" or "chemical individuality”, more than
600 diseases are currently known, affecting approximately one in 500 newborns cumulatively, They
frequently manifest with acute, life-threatening crisis that requires immediate specific intervention or
they present with insidious diverse symptoms and signs involving multiple visceral organs or tissues
as well as central nervous system, hampering a correct diagnosis, In addition, many pediatricians
are not familiar with all diagnostic and therapeutic strategies for diverse inherited metabolic disorders,
However, the prognosis of affected children are heavily dependent on rapid and effective treatment.
In this lecture, practical guidelines for the specific diagnosis based on diverse clinical features of
inherited metabolic disorders will be described, Many sophisticated laboratory tests are available
for the confirmatory diagnosis of each disease, which is challenging to general pediatricians with
respect to knowledge about biochemical metabolite assay test, enzymatic test and DNA diagnostic
tests, Sample collections, indications, methods and interpretation of results in varying laboratory
tests will be listed as well.

Kew words: Inherited metabolic disorders, Diagnosis based on clinical features, Laboratory tests
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Table 1. Inborn Errors of Metabolism Presenting During Neonatal Period

Types sycrﬁglti)?llqs Acidosis Ketosis Hg&z;:nlfacnc arrll{rr};gr?(rer_nia Most frequent diagnoses
I Neurological - + - - Maple syrup urine disease
distress
I Neurological + + - + Organic acidurias
distress
111 Neurological + + + - Congenital lactic acidemia
distress
IV A Neurological - . — + Urea cycle defects
distress
IV B Neurological - - - - Non—Ketotic hyperglycinemia,
distress sulphite oxidase deficiency, Pe-
roxisomal disorders
Respiratory chain defects
\Y% Hepatomegaly + + + - Gluconeogenesis defects

Liver dysfunction

Galactosaemia
Tyrosinemia type I
al—Antitrypsin deficiency.
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Table 2. Differential Diagnosis of Acute Encephalopathy caused by Inborn Errors of Metabolism

i, A AER] %, boxing

[8]30) MSUD OAuria FAOD ETC defect
Metabolic acidosis 0 + +++ + ++
Plasma glucose N N or | L VAN N
Urinary ketones N T T 0 0
Plasma ammonium Tt N () 1 N
Plasma lactate N N 1 + T
Liver function +N N N () N
Plasma carnitine N N NN I N
Plasma amino acids Abnormal BCAA glycine + T alanine
Urinary organic acids N Abnormal Abnormal Abnormal N
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Table 3. Differential Diagnosis of Acute Metabolic Encephalopathy Based on Age at Onset

Age
Condition
Newborn Early childhood Later childhood

Urea cycle defects ++++ + (girls with OTC) (+)
NKHG ++++ 0 0
Organic acidopathies ++++ + (+)
MSUD ++++ ++ ++
FAOD + ++++ ?

Reye syndrome 0 ++ +++
Drug ingestion + (maternal) +4++ +++

Table 4. Differential Diagnosis of Inborn Errors of Metabolism Based on Body Odor

Odor Substance Disorder/Origin

Animal—like, mouse—like Phenylacetate Untreated phenylketonuria, phenylbutyrate
treatment

Maple syrup, "Maggi" Sotolone Maple syrup urine disease

Acrid (sweaty feet)
Male cat urine

Cabbage

Rancid butter 2—0x0—4-—

Isovaleric acid
3—OH-—isovaleric acid

2—0OH-butyric acid

Isovaleric aciduria, glutaric aciduria II
3—Methylcrotonylglycinuria, multiple
carboxylase deficiency
Tyrosinaemia type I,
Tyrosinaemia type I

methiolbutyric acid

Sulphur Hydrogen sulphide
Methionine
Fish—like Trimethylamine,

dimethylglycine

Cystinuria
Tyrosinaemia type I, cirrhosis
Trimethylaminuria, dimethylglycinuria

_8_
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Table 5. Differential Diagnosis of Inborn Errors of Metabolism Based on Urine Color

Color Substance

Disorder/Origin

Confirmation

Homogentisic acid
(may be pink/red)
Met—haemoglobin

Brown or black

Haemoglobin

Haemoglobinuria

Al

Myoglobinuria

kaptonuria Urinary organic acids

Dipstick
Dipstick, blood picture

Melanin Melanotic sarcoma
Red Erythrocytes Haematuria Microscopy
Porphyrins Porphyrias (not acute
intermittent porphyria)
Various Food colouring, red beet, History

(most common)

External bacteria

Orange sand Urate

(or bright red)

Green—blue Indigotin
Biliverdin

Methylene blue

blackberries, durgs

(e.g. laxatives)

Red diaper syndrome
Hyperuricosuria; physiological

Tryptophan malabsorption

Obstructive jaundice
Ingestion, treatment

Cloth nappies, >24 hrs
Uric acid in blood and urine

Urine amino acids
(Hartnup disease)
Serum bilirubin
History

Table 6. Differential Diagnosis of Hypoglycemia

Ketones "normal" (low) or
insufficiently elevated

ketogenesis

Free fatty acids relatively low :
| counter regulatory hormones, e.g. hypopituitarism
Free fatty acids greatly elevated

Hyperinsulinism,

. Disorders of fatty acid oxidation and

Ketones elevated

"Ketotic hypoglycaemia",

organic acidurias,

| counter—regulatory hormones (after the first year), glycogen storage
disease types III and O

Without Organic acidurias, ketolysis defects, repiratory chain defects, long—chain
Lactate hepatomegaly fatty acid oxidation disorders (especially LCHAD)
elevated
(>2 mmol/l) Isolated Glycogen storage disease, gluconeogenesis defects

Hepatomegaly

Liver disease Fructose

intolerance,

r

espiratory chain defects, long—chain fatty acid

oxidation disorders, tyrosinemia type I
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Table 7. Differential Diagnosis of Hyperammonemia
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th PdW 9 e RS, AEE
28Z, Bol2AEF1Y, €5, Wolman', 4
111, IV¥, hemochromatosis, LCHAD -5 A|%:Hits}
giaparell diolx ket #8715l AR A
tirtold Aoy s FAMAERTA A 2
3 f7) Ak AR
hyperlipoproteinemia type 13} IVellA Extgch?,
5) A% 9 3] gk oSS 9 2

Ak lysinuric protein intolerance,

o =X T70
A5 vl W AEESS FUd 9 golad
4 A3 S EAAEETAAS, FEHIE, 771
A+8% CDG, 3—methylglutaconic aciduria’sollA]

ERbE e e At thabg ool Koy w gt
E}_IS).

%243, Lesch-Nyhan 5%, 7F5498%, TEAA
L7 TelM ks 2] H3Y $dAeS al-

kaptonuria®l|A H.elt}. Punctate epiphyseal calci-

Plasma citrulline Other features

Diagnosis

Low (usually) T 1 Orotic acid

Specific acylcarnitines,

organic acids
| —n Orotic acid

>30 uM T Orotic acid

>50 uM | —n Orotic acid, 1 lactate
100—-300 uM T Argininosuccinate

>1 000 uM T Orotic acid

Ornithine transcarbamylase deficiency

Organic aciduria, e.g. propionic or
methylmalonic aciduria
Carbamylphosphate synthase deficiency,
N-—acetylglutamate synthease deficiency

Lysinuric protein intolerance
Pyruvate carboxylase deficiency (neonatal)

Argininosuccinic acidaemia
Citrullinaemia

Table 8. Differential Diagnosis of Metabolic Acidosis

Acidosis due to

Typical findings

Renal loss of bicarbonate

Normal anion gap, increased CI, urinary pH > 5 (with acidosis); Renal

Fanconi syndrome; Additional signs of renal tubular dysfunction (7

urinary glucose, reducing substances, phosphate, amino acids)

Intestinal loss of bicarbonate

Diarrhea; normal anion gap, increased CT; urinary pH may be elevated

due to hypokalaemia and secondary increase of urinary ammonium

Organic acids
(e.g. lactate, ketones)

Increased anion gap
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oAl s “%04 B3t o]& acylear-
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(2) R CHAREER| UBIHQI MEIsHE AL

D sk 34 Ak g A
WA HelA ds] Al3E 4= Qlet, Table 9)

@ Ferric chloride ¥-3-#A}

7h A Al BEE HAwh], FAIAA, F4
o], HHAA, Ao, oF= T Ak
78-g-oll At

) " 0.02 N HCI 100 mL, 1 g ferric chlo-
ride, 1 g ferrous ammonium sulfate® Y=
AleF 1 mLef] AAs 41 0.5 mls B35k
SA Az WskE PEdith

th g 2N - Fa

e}
=AM —PKU, tyrosinemia, conjugated hyperbili-

[ex

rubinemia

A& — histidinemia

=34 - AT

A=A — salicylates

@ DNPH HH&3A

7h A% 99 R2E Ak AFEE ketosis, 4

AAAA, FTA, deAE A AP

Eig=

) 8 250 ml 1 N HCI, 0.7 g 2,4—dinitro-
phenylhydrazine (DNPH) % Y= A9k 1 mL
o] 1 mLe oj#td W& WHEAIAA 5% F
off MZW3LE gt}

th ¥g: 5 ool Eeel A, B tur-
bidity B4 RolH JAJo
T 17143, PKU, GSD, tyrosinemia,
diabetes, lactic acidosisolA FgHHe-S

I}

@ Nitroprusside JH-ZA}F

7h A& SH719 &34E2 A%, marfanoid fea-
ture, THAET, FAAA, cystine 414 o]
AT BEAfolA Al gttt

) HE 5 mLY Ald e 5 e 55% am-
monium hydroxideE 7}t 414
9] 5% NaCNg 7}ste] 2 411 1083 whs
AlZL & 59 A% 5% sodium nitro-
prussideE 7kste] Az Wg) o

th Wy EEAeA Hepale] WekE Rolw <
o)™ homocystinuria, cystinuria®lA A
S-S Bl

@ Nitrosonaphthol WH&-7AA}

7P A< tyrosine metabolite?] 715, 9Q1E 9]
A Ao} 7k, FH A4 Al St

h) HPH: 2.63 N nitric acid, 2.5% sodium nitrite,
0.1% 1—nitroso—2—naphthol& A]eko & A}
£ 1 mL9 2.63 N nitric acid® A g @] &
a1 WY 2.5% sodium nitrite®} 0.1 mL
9] 0.1% nitrosonaphthol A]°kS &3t3l &

0.15 mLe] AWE 7hato] Aze] Wl #z

th I FE A Hepae] welE o R 3t

3 tyrosinemia, fructosemia, galactose-

mia, severe liver dysfunction®|A %4 W&
S HAth

® CTAB (Cetyl—Trimethyl—Ammonium—Bro-
mide) turbidity RF&-A}

7hH #A-$: sulphated, non—sulphated acidic mu-
copolysaccharide 7A&3l=4]| coarse facies,

dysostosis multiplex7} Q& SxjolA A|3)

Table 9. Differential Diagnosis of Inborn Errors of Metabolism Using Simple Urine Tests

2 g FeCl; DNPH Nitroprusside Nitrosonaphthol CTAB Reducing substance
PKU + + - - -
MSUD + + - — _
Organic acidemia + + - - -
Galactosemia - - - - +
Homocystinuria — - + — —
Tyrosinemia + - - - +
MPS - - - + -
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S Holth

@ Sulfite FHAF

7h A&t Ao} Yl QJobr]e] QIR E

cephalopathy) Tt Z#9] Q&

Rk

W AREglE o] 9l dipstick (Merckoquant

10013, Merck Darmstadt, Germany)2& Al

gk Aol G@7bA Az wigks BEiT)

h

oh $H4: dipstickd] A2 WAg7} 9lom ool
sulfite oxidasedHolv xaAE ZE3H=
molybdenumZ@of| 2Jgt ¥F2] 79 oFgut
S Bl

2) ofn| Ak g A A #4]25)

© 8% opu]AkEA

EDTA tube®l 1-2 mLe] 8745 Zelate] ¥4 =

T 2 AEE SA AR Bfol gtk 7]l

of & zrHsfof gty 24419 A= branched
aminoacid®] E%7F o1 TE ofu| Ak A &
etk whEbA] A1) AR AH A% P ol
AR HARAZE AR Witk g Eo] Qlojof it
AAZF SEHH AN TS AHE 7 A gor =
Al @45 Y U RSttt of27]d (arginine) ¥

£o) Qe 24 aaswd tak o4 Aue] 2
Q8T AAE etz A6 B EAw

™ glutamate, aspartate= 2A| Bt} =4 S4 =1,
glutamine, asparagine, cysteine, homocysteines
2 v 4 @) £3] homocysteines W5y 9%
& AHESt] AARE A1 Bk Al E2d SAE A
7¥et & FEA%it). 18y phenylalanine, tyrosine,
branched aminoacids (valine, isoleucine, leucine)
e},

@ 4H opr| Ak

¢F 10 mL9] a4 2959 chloroform-$
Z A7keto] AR AR R B ¥E BE
AR Bl 2 opn] e AREA S o iete]
Aol A AEFFE7] dizell AAere] ofn] At
B G E AdZ HgdstA ks A g2

Hal xfoli= 7PH3] ol A57t WolkA S
ALEEHE, oS 59 argininosuccinic aciduria, &
9] @ a3|Z Aol oy AJA'I RS lysinuric pro-
tein intolerance oA ATH O T At E-go]
e},

@ HHF opu]AREA

oF 1 mL9| HHFHS SA] YAAA AR B
ek Al AFate] s Eejste] HAMAR 3
Bt} w2 eo/dA opu|eal v7) Fash A3k
HAEA 1224183 (non ketotic hyperglycinemia)
¥ AlAed 4ol (serine biosynthetic defect) & A=}
M Al FER7E 0.06 Kk Zan FApelA
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S gN 4 HHF Rl AP = & gtk 2
2 10 mL< chloroform 2—-3 ¥W-&o°] g9 &7]
of Wb AR EE MR Bk T2v HH
ofl7} AL Al oF 1 mL& TEAIA Rlt) tizl
gas chromatography—mass spectroscopy (GC—MS)
o R SA%tt 34 fUkeFs d oo}
vz} opuAtthalatel, AAtAEE; Al AFA
APl 59 intel] EFo] = s & §l
AEE, AEE, IgRYolES, Aot AELT F
ol A Alggste,

4) Acylcarnitine profile-21%

o] 72| (Guthrie filter paper)e] N 25 Ax
AAA 3-6719 spots HEOE HAMIE Hth
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carnitine®] &5t FFEAL oH U F7IAA
Zoll, AAL Aksh iAol el ek W ~FE]de] w
- EFo] "k

(3) |MAM CHAIEEI| 451 M5ata HAPY
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g 3}et carnitine] A% FHIE <718 %
EE EF 1 mLy ok 5 mLe AWS ALAEE 7
AR Bt A RARS carnitine esterJ Bl E
AFRA R Eo] 2= o]F HslAE acyl—CoA com-
pound? transesterification®] 2 Q3}t}, wpz7FA| =
AR Ao =29 acyl-CoA compound® carnitine
ester [gHE] o] AFIACA AAE o] SO R wjd
Ht} o]23t detoxication I7gel|A] ©]2}4Q] carnitine
Aol zHct AFAIY Co—A activated carbo-
xylic acid tAPgelE Zeish= Al Atsliabdol,
Tk tiabgell, 5711 AkE BEA diabdel 2
73§-olle 0129 carnitine Ag50] ZIBch LA
carnitine 2] 7ol &gt carnitine 2] ZJH,
A58 55 B8] Y8 Y83 total, free,
esterified carnitine®] A#EEA0] 7 = YA
A HQdt) free carnitine -5 AlA| ol A
st g Ak 28y o 3E aclycarnitine

S Ao wjdEnt, 84 carnitine ©1/do] $)

& W Azl ot w5 sg7kehy] Sl X acyl-
jeials

3
carnitine& w4 8R=t F71AtAR ol XA

Z7Heha AANAQ carnitine ol Y& AA =
AEFTF71sel o7k 1 ddlolrh

2) Orotic acid

2% 10 mLE 2-3%29] chloroform .2 & s}
o Aol HAAMIZ itk AR AU carbamyl-
phosphate”t %24 7 Sli= OTCZAFF] zicto] w
% F23l OTCRQIAMY] 79 allopurinol Fo1 $
of S7Fgith ol9lol= AR At A8 Rett 5
7, Lesch—Nyhan FT%elx ZF7istth. HPLCY
MS/MS W o w iAol 7hssttt,

3) AEEAES A}

28t tiAb Sk At A QA E= A = 303
Foll EDTA tubeol 2 mL & Agate] A-2olA 3
AR Btk AR sk WAATIA] Stk

Galactose, galactose—1—phosphate, enzyme, mu-

1

tation®4 & & & Stk

4) Glycosaminoglycan (GAG)

AW 10 mLEs A/dH oA AR Bt 47
FEHHoE off] 7HA e FR/Y GAGE +9E
O % FITA F252 1P Gt Dermatan
sulfatexs FEHEA F25 1 11, VI, VIIFANA #
2™ heparan sulfatei= 1, II, III, VIIlA F7Fst
t}. Keratan sulfatet= 542 & IVH A F7heith
Chondroitin sulfatex VIIZA 2 A3l wZ
VEellA A7 sk TET VEIAE 2R
GAGZ} &% S71al7] witell = zAlelA 254
2dE 1Y itk

5) Oligosaccharides

24 10 mLE chloroform 2—-3W& =2 A2|ske] 4
2482 AARdE Btk Thin layer chromato-
graphy® oligosaccharide® sl H=EAE
sialic acid¥t 7F&$td] o] Salla diseaseolA 57}
sttt 2o 2lAhESHAskeA] A Y oligosac-
charide”} 57Fsk=Hl fucosidosis, a—mannosidosis,

B—mannosidoses, GM1, GM2 gangliosidosis, ga-
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= M= 1 mLe) 8 s @S WEAAA AL
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A1E 1 mLe EDTAE NS A2oA] HAMIE Rk
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g4 1 mLs A4 elA AR Btk Fer-
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=3
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® Axe a4
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7h A A 84 #Hdgehde] >400 umol/L (6
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