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•• Potential and Limitations of Newborn ScreeningPotential and Limitations of Newborn Screening

•• Necessity for selective (symptomatic, high risk) screeningNecessity for selective (symptomatic, high risk) screening

How to detect the great majority of disorders not detectable How to detect the great majority of disorders not detectable 

by NBSby NBS

•• Overview of diagnostic approachesOverview of diagnostic approaches

•• The role of the IEM diagnostic laboratoryThe role of the IEM diagnostic laboratory

•• Examples of specific cases: discussion of diagnostic Examples of specific cases: discussion of diagnostic 

approachapproach

•• EQA = ERNDIMEQA = ERNDIM

Strategies for Screening for Amino Acid DisordersStrategies for Screening for Amino Acid Disorders
Selective versus Population ScreeningSelective versus Population Screening

systematic
done or acting according to a 
fixed plan or system; 
methodical. 
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Tandem Mass SpectrometryTandem Mass Spectrometry

NBNB--Screening Screening -- Amino acidsAmino acids

ControlControl

PhenylketonuriaPhenylketonuria
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IEMsIEMs currently investigated by Tandem MS currently investigated by Tandem MS 
(Munich group)(Munich group)

IsovalericIsovaleric acidaemiaacidaemia GlutaricGlutaric aciduria type Iaciduria type I

Methylmalonic Methylmalonic acidaemiaacidaemia PropionicPropionic acidaemiaacidaemia

MethylcrotonylMethylcrotonyl CoACoA carboxylasecarboxylase def. def. ßß--KetothiolaseKetothiolase def.def.

33--Methylglutaconyl Methylglutaconyl CoACoA hydratasehydratase def.def. 33--OHOH--33--MeMe--glutaryl glutaryl CoACoA lyaselyase defdef..

33--OHOH--Isobutyryl Isobutyryl CoACoA HydrolaseHydrolase def.def.

Short Chain Short Chain AcylAcyl CoACoA DeHDeH def. def. Medium Chain Medium Chain AcylCoAAcylCoA DeHDeH. def. def

Very Long Chain Very Long Chain AcylAcyl CoACoA DeHDeH. def. . def. Multiple Multiple AcylAcyl CoACoA DeHDeH. def.. def.

Long Chain 3Long Chain 3--HydroxyHydroxy--Acyl Acyl CoACoA DeHDeH. def.. def.

Carnitine Carnitine PalmitoylPalmitoyl TransferaseTransferase def. Idef. I CarnitineCarnitine PalmitoylPalmitoyl TransfTransf. def. II. def. II

CarnitineCarnitine TranslocaseTranslocase def.def.

Organic acid disordersOrganic acid disorders

IEMsIEMs currently investigated by Tandem MS currently investigated by Tandem MS 
(Munich group)(Munich group)

PhenylketonuriaPhenylketonuria TetrahydrobiopterinTetrahydrobiopterin deficienciesdeficiencies

Branched Chain Branched Chain KetoacidaemiaKetoacidaemia (MSUD)(MSUD) TyrosinaemiaTyrosinaemia I, III, II

NonNon--KetoticKetotic HyperglycinaemiaHyperglycinaemia Homocystinuria CBS def.Homocystinuria CBS def.

Methionine Methionine AdenosylAdenosyl TransferaseTransferase def. def. ((MethyleneTHFMethyleneTHF ReductaseReductase def.)def.)

(Methionine Synthase def.)(Methionine Synthase def.) (Cobalamin C/D defect)(Cobalamin C/D defect)

CitrullinaemiaCitrullinaemia ArgininosuccinicArgininosuccinic aciduriaaciduria

Amino acid disordersAmino acid disorders
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Amino Acid Metabolism and DisordersAmino Acid Metabolism and Disorders
21 amino acids found in proteins21 amino acids found in proteins

1.Monoamino 1.Monoamino monocarboxylicmonocarboxylic acidsacids
a) Aliphatica) Aliphatic
b) Aromatic b) Aromatic -- phenylalanine and tyrosinephenylalanine and tyrosine
c) Heterocyclic c) Heterocyclic -- tryptophan and tryptophan and histidinehistidine

2. 2. MonaminoMonamino dicarboxylicdicarboxylic acidsacids

3. 3. DiaminoDiamino monocarboxylicmonocarboxylic acidsacids

4. Sulphur4. Sulphur--containing amino acidscontaining amino acids

5. Acids containing an 5. Acids containing an iminoimino groupgroup
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Amino Acid Metabolism and DisordersAmino Acid Metabolism and Disorders

21 amino acids found in proteins21 amino acids found in proteins

NonNon--protein amino acidsprotein amino acids

Formed by intermediary metabolism of amino acidsFormed by intermediary metabolism of amino acids

Ornithine Ornithine 
ββ--aminoisobutyricaminoisobutyric acidacid
taurine taurine 

homocystinehomocystine

Disorders of metabolismDisorders of metabolism of varying severity from benign to of varying severity from benign to 
incompatible with lifeincompatible with life

Amino Acid Metabolism and DisordersAmino Acid Metabolism and Disorders

Invention of amino acid analyser in1950s (Stein and Moore) Invention of amino acid analyser in1950s (Stein and Moore) 
started investigation of inherited metabolic disordersstarted investigation of inherited metabolic disorders

�� diagnosis, monitoring of treated patientsdiagnosis, monitoring of treated patients

Steady improvements of reliability and sensitivity needed for Steady improvements of reliability and sensitivity needed for 
minor changes in some disorders and CSF investigationsminor changes in some disorders and CSF investigations
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Amino acid analysis ca. 1970Amino acid analysis ca. 1970

Run time 18 
hours

Amino acid Amino acid 
analysis 2000analysis 2000
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• Protein amino acids – low renal loss 
disorders � hyper-aminoacidaemias

e.g. phenylalanine

• Non-protein amino acids – higher renal loss
disorders � hyperamino acidurias

e.g. argininosuccinic aciduria 

• Transport defects
� renal amino aciduria

e.g. cystinuria – cystine, lysine
hartnup disease – all neutral and acidic amino acid

Amino Aciduria in Amino Acid disordersAmino Aciduria in Amino Acid disorders

Amino acids associated with disturbances ofAmino acids associated with disturbances of
•• nutritional statenutritional state

••Organ functionOrgan function
-- liverliver
-- kidneykidney
-- intestineintestine
-- musclesmuscles
-- tumourstumours

Secondary metabolic changes in Amino acidsSecondary metabolic changes in Amino acids
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1. N1. N--AcetylglutamateAcetylglutamate synthase deficiency synthase deficiency plasmaplasma
2. S2. S--AdenosylhomocysteineAdenosylhomocysteine hydrolasehydrolase deficiency deficiency plasmaplasma
3. 3. ��--AminoadipicAminoadipic semialdehydesemialdehyde dehydrogenasedehydrogenase deficiency deficiency plasmaplasma urineurine
4. 4. ��--Aminoadipic aciduria Aminoadipic aciduria plasmaplasma urineurine
5. Argininemia 5. Argininemia plasmaplasma urineurine
6. Argininosuccinic aciduria6. Argininosuccinic aciduria plasmaplasma urineurine
7. Aspartylglucosaminuria 7. Aspartylglucosaminuria urineurine
8. 8. ��--Aminobutyric acid transaminase deficiency Aminobutyric acid transaminase deficiency urineurine, , plasmaplasma,,csfcsf
9. 9. ��--Aminoisobutyric aciduria Aminoisobutyric aciduria urineurine
10. 10. ��--Aminolevulinate dehydratase deficiency Aminolevulinate dehydratase deficiency urineurine
11. Carbamyl phosphate synthase deficiency 11. Carbamyl phosphate synthase deficiency urineurine
12. Carnosinemia 12. Carnosinemia urineurine
13. Citrullinemia type 1 13. Citrullinemia type 1 plasmaplasma
14. Citrullinemia type 2 (citrin) 4. Citrullinemia type 2 (citrin) plasmaplasma
15. Cystathioninuria 15. Cystathioninuria urineurine
16. Cystinosis 16. Cystinosis urineurine(renal Fanconi)(renal Fanconi)
17. Cystinuria 17. Cystinuria urineurine
18. Dicarboxylic aminoaciduria 18. Dicarboxylic aminoaciduria urineurine
19. Formiminoglutamic aciduria 19. Formiminoglutamic aciduria urineurine

Amino acid disorders, Amino acid disorders, M. Duran, Lab Guide Methods in IEMM. Duran, Lab Guide Methods in IEM

20. 20. ��--Glutamylcysteine synthase deficiency Glutamylcysteine synthase deficiency urineurine
21. 21. ��--Glutamyl transpeptidase deficiency Glutamyl transpeptidase deficiency urineurine
22. Glutamine synthetase deficiency 22. Glutamine synthetase deficiency plasmaplasma
23. Glycine N23. Glycine N--methyltransferase deficiency methyltransferase deficiency plasmaplasma
24. Hyperglycinemia 24. Hyperglycinemia urine, urine, plasmaplasma,,csfcsf
25. Hartnup disorder 25. Hartnup disorder urineurine
26. Histidinemia 26. Histidinemia urineurine, , plasmaplasma
27. Homocarnosinosis 27. Homocarnosinosis csfcsf
28. HHH28. HHH--syndrome syndrome plasmaplasma
29. Hawkinsinuria 29. Hawkinsinuria urineurine
30. Homocystinuria/CBS 30. Homocystinuria/CBS plasmaplasma
31. Homocystinuria/MTHFR 31. Homocystinuria/MTHFR plasmaplasma
32. Homocystinuria/Cbl E or G 32. Homocystinuria/Cbl E or G plasma plasma urine urine FIGLUFIGLU��
33. Hydroxykynureninuria 33. Hydroxykynureninuria urineurine
34. Hydroxylysinuria 34. Hydroxylysinuria urineurine, , plasmaplasma
35. Hypophosphatasia 35. Hypophosphatasia urineurine
36. Iminoglycinuria 36. Iminoglycinuria urineurine
37. Iminopeptiduria (prolidase deficiency) 37. Iminopeptiduria (prolidase deficiency) urineurine
38. Lowe syndrome 38. Lowe syndrome urineurine

Amino acid disorders, Amino acid disorders, M. Duran, Lab Guide Methods in IEMM. Duran, Lab Guide Methods in IEM
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39. Hyperlysinemia 39. Hyperlysinemia urine urine plasmaplasma
40. Lysinuric protein intolerance 40. Lysinuric protein intolerance urineurine plasmaplasma
41. Methionine adenosyltransferase deficiency 41. Methionine adenosyltransferase deficiency plasmaplasma
42. 42. ��--mercaptolactatemercaptolactate--cysteine disulfiduria cysteine disulfiduria urineurine
43. MSUD 43. MSUD plasmaplasma
44. Ornithine carbamoyltransferase deficiency 44. Ornithine carbamoyltransferase deficiency plasmaplasma
45. Ornithinemia 45. Ornithinemia plasmaplasma
46. Hyperphenylalaninemias 46. Hyperphenylalaninemias plasmaplasma
47. 347. 3--Phosphoglycerate dehydrogenase deficiencyPhosphoglycerate dehydrogenase deficiency plasmaplasma,,csfcsf
48. Phosphohydroxylysinuria 48. Phosphohydroxylysinuria urineurine
49. Prolinemia type 1 49. Prolinemia type 1 plasmaplasma urineurine
50. Prolinemia type 2 50. Prolinemia type 2 plasmaplasma urineurine
51. Pyrroline51. Pyrroline--55--carboxylate synthase deficiency carboxylate synthase deficiency urineurine
52. Saccharopinuria 52. Saccharopinuria plasmaplasma urineurine
53. Sarcosinemia53. Sarcosinemia urineurine, , plasmaplasma
54. Sulfite oxidase deficiency (+Mo54. Sulfite oxidase deficiency (+Mo--cofactor) cofactor) urineurine plasmaplasma
55. Tyrosinemia type 1 55. Tyrosinemia type 1 plasmaplasma urineurine
56. Tyrosinemia type 2 56. Tyrosinemia type 2 plasmaplasma urineurine
57. Tyrosinemia type 3 57. Tyrosinemia type 3 plasmaplasma urineurine

Amino acid disorders, Amino acid disorders, M. Duran, Lab Guide Methods in IEMM. Duran, Lab Guide Methods in IEM

Laboratory Guide to the Methods 
in Biochemical Genetics
Blau, N.; Duran, M.; Gibson, K.M. 
(Eds.) 
Springer -Verlag Berlin Heidelberg, 
2008
ISBN 978978--33--540540--7669776697--11
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Acute  Metabolic Disorders: major symptomsAcute  Metabolic Disorders: major symptoms

•• Acidosis / AlkalosisAcidosis / Alkalosis

•• HypoglycaemiaHypoglycaemia

•• Liver dysfunction:Liver dysfunction: hhepatomegalyepatomegaly
liver enzyme synthesis disturbanceliver enzyme synthesis disturbance

•• CardiomyopathyCardiomyopathy:: arrhythmia, arrhythmia, heart insufficiency heart insufficiency 

•• Neurological symptomsNeurological symptoms
lethargy, feeding problems, vomiting lethargy, feeding problems, vomiting 
seizures, comaseizures, coma

�� Unspecific symptomsUnspecific symptoms

Inherited Metabolic DisordersInherited Metabolic Disorders
Clinical PresentationClinical Presentation

A. early days / weeks of lifeA. early days / weeks of life

Newborn Child Newborn Child �� ddeterioration after feeding or eterioration after feeding or 
catabolismcatabolism

Symptoms mostly unspecific !Symptoms mostly unspecific !

�� feeding problems, vomitingfeeding problems, vomiting
breathing, neurological problemsbreathing, neurological problems
jaundice, jaundice, cardiomyopathycardiomyopathy, sleepy, coma, , sleepy, coma, 
dysmorphicdysmorphic featuresfeatures

��Unusual smell:Unusual smell: -- maple syrup (maple syrup (maggimaggi): MSUD): MSUD
-- sweaty sweaty odourodour: : IsovalericIsovaleric aciduriaaciduria
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““healthyhealthy”” child child �� Deterioration after diet change or Deterioration after diet change or 
catabolic state (e.g. infection)catabolic state (e.g. infection)

�� unspecific symptoms !unspecific symptoms !

e.g. e.g. growth delaygrowth delay dysmorphicdysmorphic featuresfeatures
neurological abnormalities neurological abnormalities hepatomegalyhepatomegaly
cardiomyopathycardiomyopathy

Typical example: Typical example: hereditary fructose intolerancehereditary fructose intolerance
�� change from breast milk to modified milk feedingchange from breast milk to modified milk feeding

(contains sucrose):(contains sucrose):
vomiting, vomiting, hypoglycaemiahypoglycaemia, , hypophosphataemiahypophosphataemia, , 
fructosaemiafructosaemia, later poor growth, seizures, liver disorder, later poor growth, seizures, liver disorder

Inherited Metabolic DisordersInherited Metabolic Disorders
Clinical PresentationClinical Presentation

B. InfancyB. Infancy

Chronic appearance of:Chronic appearance of:

•• Mental retardationMental retardation

•• Growth retardationGrowth retardation

•• DysmorphicDysmorphic featuresfeatures

•• OrganomegalyOrganomegaly

•• Neurological features, seizuresNeurological features, seizures

•• Etc. etc. etc. etc.Etc. etc. etc. etc.

Inherited Metabolic DisordersInherited Metabolic Disorders
Clinical Presentation Clinical Presentation 

C. after first year of lifeC. after first year of life
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Inherited metabolic disorders Inherited metabolic disorders 
Laboratory diagnosisLaboratory diagnosis

Ammonia Ammonia →→ increased in Urea Cycle defectsincreased in Urea Cycle defects

Blood gas analysisBlood gas analysis →→ metabolic acidosis (organic acid defects)metabolic acidosis (organic acid defects)

Glucose  Glucose  →→ hypoglychypoglycaeaemimiaa (energy metabolism defects)(energy metabolism defects)

LactateLactate →→ increased in energy metabolism defectsenergy metabolism defects

Uric acid Uric acid →→ indication of indication of glycogenosesglycogenoses, fructose intolerance, fructose intolerance

UrineUrine →→ Reducing substances (Reducing substances (ClinitestClinitest), ), ketoneketone bodiesbodies

odour (smell) ! odour (smell) ! 

RoutineRoutine--Laboratory parameters as also in other patients Laboratory parameters as also in other patients 

(Blood film, electrolytes, Ca, Mg etc.) (Blood film, electrolytes, Ca, Mg etc.) 

GuthrieGuthrie--cardcard →→ AcylAcyl carnitinescarnitines (Tandem(Tandem--MassMass Spectrometry)Spectrometry)

→→ Amino acidsAmino acids, organic acids, organic acids

DiagnostiDiagnosticc ParameterParameterss

Methods for Diagnosis of Amino Acid DisordersMethods for Diagnosis of Amino Acid Disorders

Spot TestsSpot Tests

CyanideCyanide--NitroprussideNitroprusside
Sulphur amino acids  Sulphur amino acids  

Ferric Chloride Ferric Chloride 
Phenylalanine metabolites Phenylalanine metabolites 
e.g.e.g. phenylpyruvicphenylpyruvic acidacid

DiNitophenylhydrazineDiNitophenylhydrazine
ketoketo acidsacids

branch chain amino acid branch chain amino acid 
derivativesderivatives
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Urine Urine –– PhenylalaninePhenylalanine--metabolitesmetabolites:SpotSpot--TestTest

Patient Patient 
UrineUrine

Normal Normal 
UrineUrine

PhenistixPhenistix

FeCl3 FeCl3 
TestTest

PhenylpyruvatePhenylpyruvate

DinitrophenylhydrazineDinitrophenylhydrazine (DNPH)(DNPH)--Test Test 

MapleMaple SyrupSyrup Urine Urine 
Disease Patient UrineDisease Patient UrineNormal UrineNormal Urine

MSUD: SpotMSUD: Spot--TestTest



16

Methods for Diagnosis of Amino Acid DisordersMethods for Diagnosis of Amino Acid Disorders

Semi quantitative (Urine)Semi quantitative (Urine)
OneOne--, two, two--dimensional paper chromatographydimensional paper chromatography
thin layerthin layer--chromatographychromatography
Electrophoresis, Electrophoresis, 

NinhydrinNinhydrin detectiondetection

Amino acidAmino acidNinhydrinNinhydrin

AminoacidsAminoacids-- HighHigh--voltage electrophoresisvoltage electrophoresis
apparatusapparatus
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AminoacidsAminoacids-- HighHigh--voltage electrophoresisvoltage electrophoresis
Urine from patients with various disordersUrine from patients with various disorders

ASAuriaASAuria

GlycinuriaGlycinuria

CystinuriaCystinuria

CitrullinaemiaCitrullinaemia

AntibioticAntibiotic

NormalNormal

22--Dimensional thin layer chromatography of urineDimensional thin layer chromatography of urine

HomocystinuriaHomocystinuria
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22--Dimensional thin layer chromatography of urineDimensional thin layer chromatography of urine

Branched chain amino Branched chain amino 
acidaemiaacidaemia

22--Dimensional thin layer chromatography of urineDimensional thin layer chromatography of urine

TyrosinaemiaTyrosinaemia
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22--Dimensional thin layer chromatography of urineDimensional thin layer chromatography of urine

ProlinaemiaProlinaemia

22--Dimensional thin layer chromatography of urineDimensional thin layer chromatography of urine

Ornithine Ornithine TranscarbamylaseTranscarbamylase
deficiencydeficiency
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22--Dimensional thin layer chromatography of urineDimensional thin layer chromatography of urine

CitrullinaemiaCitrullinaemia

22--Dimensional thin layer chromatography of urineDimensional thin layer chromatography of urine

HistidinaemiaHistidinaemia
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Methods for Diagnosis of Amino Acid DisordersMethods for Diagnosis of Amino Acid Disorders

Semi quantitative (Urine)Semi quantitative (Urine)
OneOne--, two, two--dimensional paper dimensional paper phromatographyphromatography
thin layerthin layer--chromatographychromatography
Electrophoresis, Electrophoresis, 

NinhydrinNinhydrin detectiondetection

Specific reagentsSpecific reagents
IodoplatinateIodoplatinate Sulphur amino acidsSulphur amino acids
EhrlichEhrlich’’s reagent Citrulline, tryptophan and s reagent Citrulline, tryptophan and 

derivativesderivatives
PaulyPauly reagent reagent ImidazolesImidazoles, , phenolicphenolic acidsacids

QuantitativeQuantitative Methods for Diagnosis of Amino Methods for Diagnosis of Amino 
Acid DisordersAcid Disorders

Amino Acids in Plasma, Urine, CSFAmino Acids in Plasma, Urine, CSF

•• Automated IonAutomated Ion--Exchange Chromatography, Exchange Chromatography, NinhydrinNinhydrin
•• Tandem MSTandem MS
•• Gas ChromatographyGas Chromatography
•• High performance liquid ChromatographyHigh performance liquid Chromatography

Full spectrum Full spectrum precolumnprecolumn derivatisationderivatisation
Specific Phenylalanine/ Tyrosine (blood spots)Specific Phenylalanine/ Tyrosine (blood spots)
Total homocysteine (mild hyperhomocysteinaemia)Total homocysteine (mild hyperhomocysteinaemia)

•• Specific assays Specific assays 
FluorimetricFluorimetric PhenylalaninePhenylalanine
Enzyme Enzyme PhenylalaninePhenylalanine
Immunoassays Immunoassays HomocysteineHomocysteine
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Amino Acid Analysis: Sample PreparationAmino Acid Analysis: Sample Preparation

Urine, CSF (0.5 Urine, CSF (0.5 -- 1.0 ml) collect in plain tubes.1.0 ml) collect in plain tubes.
Store frozen, Store frozen, --2020°°C if longer C if longer --7070°°C C 

Urine overnight, 24 hour or early morningUrine overnight, 24 hour or early morning
Plasma Blood (1 ml.)by Plasma Blood (1 ml.)by venepuncturevenepuncture, lithium heparin tube, , lithium heparin tube, 

overnight fast / preovernight fast / pre--prandialprandial
Capillary thorough cleansing of skinCapillary thorough cleansing of skin

Centrifuge 2000 g best at 4Centrifuge 2000 g best at 4°°C.C.
DeproteiniseDeproteinise within 30 minutes of collection with within 30 minutes of collection with sulphocalicylicsulphocalicylic

acid acid / store SNF at / store SNF at --2020°°C (C (--7070°°C)C)
Plasma stored at Plasma stored at --2020°°C up to 2months, if longer C up to 2months, if longer --7070°°C but C but 

cystinecystine / / homocystinehomocystine lost. lost. 

BiochromBiochrom Amino Acid AnalyserAmino Acid Analyser
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BiochromBiochrom
Amino Acid Amino Acid 

AnalyserAnalyser

AutosamplerAutosampler cooledcooled

BiochromBiochrom Amino Acid AnalyserAmino Acid Analyser

buffer pumpbuffer pump

ninhydrinninhydrin pumppump
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BiochromBiochrom Amino Acid AnalyserAmino Acid Analyser

ColumnColumn

PhotometerPhotometer

Reaction coilReaction coil

IonIon--exchange chromatogram 1: Plasmaexchange chromatogram 1: Plasma

Bio 02051 (Bio 02051 (BonicBonic))

Elution time in minutesElution time in minutes
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HyperglycinaemiaHyperglycinaemia
Glycine
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IonIon--exchange chromatogram 2: Plasma exchange chromatogram 2: Plasma 

Bio 03094 (Kara M.)Bio 03094 (Kara M.)

Elution time in minutesElution time in minutes
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BranchedBranched--chain chain aminoacidaemiaaminoacidaemia

Valine

Allo-IsoLeu

Leucine

IsoLeu

IonIon--exchange chromatogram 3: Plasmaexchange chromatogram 3: Plasma

Bio 03070 (Bio 03070 (HeizmannHeizmann D)D)

Elution time in minutesElution time in minutes
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PhenylketonuriaPhenylketonuria, Treated, Treated

Phenylalanine
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IonIon--exchange chromatogram 4: Plasmaexchange chromatogram 4: Plasma

Bio 02046 (Pfeifer J)Bio 02046 (Pfeifer J)

Elution time in minutesElution time in minutes
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ArgininoArginino--succinicsuccinic aciduriaaciduria

ASA anhyd. I

ASA

ASA anhyd. II

IonIon--exchange chromatogram 5: Urineexchange chromatogram 5: Urine
��--aminoamino--isoiso--butyricbutyric aciduriaaciduria

�-Amino iso butyric acid
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IonIon--exchange chromatogram 6: Plasmaexchange chromatogram 6: Plasma
CitrullinaemiaCitrullinaemia

Citrulline

IonIon--exchange chromatogram 7: Urineexchange chromatogram 7: Urine
HawkinsinuriaHawkinsinuria

2-cysteinyl-1,4-
dihydroxycyclohexenylacetate
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IonIon--exchange chromatogram 8: Plasmaexchange chromatogram 8: Plasma
HyperargininaemiaHyperargininaemia

Arginine

IonIon--exchange chromatogram 10: Urineexchange chromatogram 10: Urine
HypophosphatasiaHypophosphatasia

Phosphoethanolamine
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Amino acids: Basel DPT 2007 Sample Amino acids: Basel DPT 2007 Sample 55

??

LysLys

Amino acids: Basel DPT 2007 Sample Amino acids: Basel DPT 2007 Sample 55
Expanded ScaleExpanded Scale

CysCys
SaccharopineSaccharopine
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Pitfalls in Diagnosis of Amino Acid DisordersPitfalls in Diagnosis of Amino Acid Disorders
Interferences and InfluencesInterferences and Influences

DietDiet
Specific effects e.g. red meat, poultry Specific effects e.g. red meat, poultry carnosinecarnosine

anserine 1anserine 1--methylhistidine, methylhistidine, ßßalaninealanine
Gelatine rich foods Gelatine rich foods prolineproline, , hydroxyprolinehydroxyproline glycineglycine

IV alimentationIV alimentation
hyperaminoacidhyperaminoacid--aemiaaemia, , --uriauria

DrugsDrugs
paracetamolparacetamol phenylalanine, lysine in aspirin preps.phenylalanine, lysine in aspirin preps.

AntibioticsAntibiotics
penicillin derivativespenicillin derivatives

ValproateValproate
glycine, alanineglycine, alanine

Pitfalls in Diagnosis of Amino Acid DisordersPitfalls in Diagnosis of Amino Acid Disorders

Interferences and InfluencesInterferences and Influences
Sample handling artefactsSample handling artefacts
Urine Bacterial contaminationUrine Bacterial contamination (pH > 7, Nitrite test positive)(pH > 7, Nitrite test positive)

glutamine glutamine ��glutamicglutamic acid, acid, asparagineasparagine �� aspartic acidaspartic acid
losses of e.g. glycine, alanine, losses of e.g. glycine, alanine, prolineproline,  ,  
hippurichippuric acid acid �� glycineglycine
cystathionine cystathionine �� homocystinehomocystine

Faecal contaminationFaecal contamination
increases of all amino acids increases of all amino acids 
especially especially prolineproline, , glutamicglutamic acidacid
branched chain amino acidsbranched chain amino acids
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Pitfalls in Diagnosis of Amino Acid DisordersPitfalls in Diagnosis of Amino Acid Disorders

Sample handling artefactsSample handling artefacts �� ��
Plasma sample processingPlasma sample processing
Haemolysis Haemolysis 

general increase, aspartic acid general increase, aspartic acid ��, , glutamicglutamic acid acid ��
glutathione glutathione ��

Delay in separationDelay in separation
homocysteine increases, arginine homocysteine increases, arginine �� ornithineornithine

Leukocyte, platelet contaminationLeukocyte, platelet contamination
taurinetaurine ��

Storage of plasmaStorage of plasma (even frozen) (even frozen) 
glutamine glutamine �� glutamicglutamic acid, acid, asparagineasparagine �� aspartic acidaspartic acid

Delay in Delay in deproteinizationdeproteinization
cystine and homocystine  bind to protein (also in urine cystine and homocystine  bind to protein (also in urine 
with protein)with protein)

ERNDIM  =ERNDIM  = ualityuality

�������
����������	�������
�����	�����������������
� ���	�
���
��� �
	�� �
��
� !���
��� ������
	�"�
	�
� !���
��� ������
	�!����
� ���	�
���
���#�$�	
�� �
���
	�"�
	�
� ����
���
���#�$�	
�� �
��
� ���	�
���
���%��
	��&�%��
�
�
	��
	�"�
	�
�  ��� '��	
�
	��
� '���
	��
	���
���'�����
� (
�$	���
��%���
�
�	���!������

)��*����������
�
��	�����	$�������+,����+������
������-�
!�������������$�	
.���������
	$���������������
��
�	�
�
���	����$�����������	�����-�
��������
�������������*���
��
�	��/
���+0��
����
�
��	����������
	���1������	����	��
���*���
�����/����/
��-�
����1�)(23�*����4���
�	�
�
�����
����*������	�
������
�������
�����/��5���$������������
������

��������	�������*������������
�����������*�	��
�
����������
�	��-

���������

��	
�
��


����������

�	���
�������

��
���
���

�	��
�
�	�
��
����
�
�	��

�	������

����
��
��� ����
� ���



32

ERNDIM EQA SchemesERNDIM EQA Schemes
Schemes Schemes SamplesSamples Reporting Reporting 

WebWeb--SiteSite
Qualitative Qualitative Abnormal patient and Abnormal patient and Diagnosis &Diagnosis &
organic acids organic acids control urinescontrol urines recommendationsrecommendations

Quantitative Quantitative 8 freeze dried urines8 freeze dried urines OA concentrationsOA concentrations
organic acids organic acids 15 organic acids added15 organic acids added

Quantitative Quantitative 8 freeze dried plasmas 8 freeze dried plasmas AA concentrationsAA concentrations
amino acids amino acids 25 std. + 4 special amino acids25 std. + 4 special amino acids

Special assays urineSpecial assays urine 8 freeze dried urines 8 freeze dried urines concentrationsconcentrations

Special assays plasmaSpecial assays plasma 8 freeze dried plasmas 8 freeze dried plasmas concentrationsconcentrations

PurinesPurines / / PyrimidinesPyrimidines 8 freeze dried urines8 freeze dried urines concentrationsconcentrations

Proficiency Test Proficiency Test 5 abnormal urines/year5 abnormal urines/year DiagnosisDiagnosis
various abnormalitiesvarious abnormalities recommendationsrecommendations

Meeting at SSIEMMeeting at SSIEM

Cystine (WBC)Cystine (WBC) 8 freeze dried plasmas8 freeze dried plasmas Cystine / protein
added added cystinecystine +protein+protein concnsconcns..

IonIon--exchange chromatogram: exchange chromatogram: ERNDIM Sample No. 79
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ERNDIM Amino ERNDIM Amino 
acid QC scheme:acid QC scheme:

Annual Annual ReportReport

ERNDIM Amino acid QC scheme: Annual ERNDIM Amino acid QC scheme: Annual ReportReport

DetailDetail
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ERNDIM ERNDIM 
Amino acid Amino acid 

QC QC 
scheme:scheme:

Annual Annual 
ReportReport

IndividualIndividual
AminoAmino AcidAcid

ERNDIM Amino acid QC scheme: Annual ERNDIM Amino acid QC scheme: Annual Report Report 
IndividualIndividual AminoAmino AcidAcid: : CloseClose upup
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ERNDIM Proficiency Scheme: DesignERNDIM Proficiency Scheme: Design

Clinical pictureClinical picture

Lab results and interpretationLab results and interpretation

PreinvestigationsPreinvestigations

Amino acid analysisAmino acid analysis

Organic acid analysisOrganic acid analysis

Purines/pyrimidinesPurines/pyrimidines analysisanalysis

Mucopolysaccharide analysisMucopolysaccharide analysis

Other analyses performedOther analyses performed

Conclusion (diagnosis)Conclusion (diagnosis)

Advice for follow up investigationsAdvice for follow up investigations

Advice to attending clinicianAdvice to attending clinician

ERNDIM Proficiency Scheme: Sample BERNDIM Proficiency Scheme: Sample B

Clinical pictureClinical picture

The patient was born in December 2000 and had liver failure The patient was born in December 2000 and had liver failure 

and and tubulopathytubulopathy when initially presented.when initially presented.

? Which investigations
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ERNDIM Proficiency Scheme: Sample BERNDIM Proficiency Scheme: Sample B

PrePre--investigations investigations (number of labs 19 / 20)(number of labs 19 / 20)

Amino acid analysisAmino acid analysis (number of labs 19)(number of labs 19)

Organic acid analysis Organic acid analysis (n = 18)(n = 18)

Purines/pyrimidinesPurines/pyrimidines analysisanalysis (3)(3)

Mucopolysaccharide analysisMucopolysaccharide analysis (3)(3)

Other analyses performedOther analyses performed

ERNDIM Proficiency Scheme: Sample BERNDIM Proficiency Scheme: Sample B

PrePre--investigations investigations (number of labs 19 / 20)(number of labs 19 / 20)

CreatinineCreatinine 1.01.0--2.5, mean 1.3mmol/L, pH 62.5, mean 1.3mmol/L, pH 6--9 (8.0)9 (8.0)

nitrite +nitrite +veve (11/20), all others negative(11/20), all others negative

Amino acid analysisAmino acid analysis (number of labs 19)(number of labs 19)

Tyrosine Tyrosine �� (17), Glycine (17), Glycine �� (15), Methionine (15), Methionine �� (12), Normal 1(12), Normal 1

Organic acid analysis Organic acid analysis (n = 18)(n = 18)

See ChromatogramSee Chromatogram
Purines/pyrimidinesPurines/pyrimidines analysisanalysis (3)(3)

NormalNormal

Mucopolysaccharide analysisMucopolysaccharide analysis (3)(3)

Normal Normal 

Other analyses performedOther analyses performed

oxalate (n=1)oxalate (n=1)
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GCGC--MS chromatogram: Case BMS chromatogram: Case B
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SuccinylSuccinyl
AcetoneAcetone

44--OHPhLactOHPhLact

44--OHPhAcOHPhAc

44--OHPhPyrOHPhPyr

ERNDIM Proficiency Scheme: Sample BERNDIM Proficiency Scheme: Sample B

Crucial AnalysisCrucial Analysis

SuccinylSuccinyl Acetone or related compounds by GC/MS or photometric method. Acetone or related compounds by GC/MS or photometric method. 
Presence of tyrosine derivatives only partially correct since itPresence of tyrosine derivatives only partially correct since it cannot cannot 
differentiate other causes of disturbed tyrosine metabolismdifferentiate other causes of disturbed tyrosine metabolism

Organic acid analysisOrganic acid analysis nn
�� 44--OHOH--phenyllactate  phenyllactate  1717

�� 44--OHOH--phenylpyruvate phenylpyruvate 1616

�� 44--OHOH--phenylacetate  phenylacetate  1616

SuccinylSuccinyl acetone or derivative positiveacetone or derivative positive n=15n=15
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ERNDIM Proficiency Scheme: Sample BERNDIM Proficiency Scheme: Sample B

Conclusion (diagnosis) Conclusion (diagnosis) nn

TyrosinaemiaTyrosinaemia type Itype I 1717

TyrosinaemiaTyrosinaemia probably type I probably type I 11

TyrosinaemiaTyrosinaemia type I or type I or hepatorenalhepatorenal tyrosinaemiatyrosinaemia 11

hepatorenalhepatorenal tyrosinaemiatyrosinaemia 11

TyrosinaemiaTyrosinaemia type Itype I

Tyrosine Tyrosine 
MetabolismMetabolism

TyrosineTyrosine

FumarylacetoacetaseFumarylacetoacetase
HydrolaseHydrolase

Phenylalanine

4-OH-Phenylpyruvate 

Homogentisate

Maleylacetoacetate

Fumarylacetoacetate

Fumarate Acetoacetate

SuccinylSuccinyl AcetoneAcetone
SuccinylSuccinylacetoacetateacetoacetate
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ERNDIM Proficiency Scheme: Sample BERNDIM Proficiency Scheme: Sample B

Advice for follow up investigationsAdvice for follow up investigations nn

•• organic acids in urineorganic acids in urine 44

•• succinylacetonesuccinylacetone in urinein urine 44

•• plasma amino acidsplasma amino acids 1212

•• fumarylacetoacetasefumarylacetoacetase in in leucoleuco / fibroblasts/ fibroblasts 1212

•• mutation analysismutation analysis 99

•• ��--foetoproteinfoetoprotein 1010

•• routine biochemical parametersroutine biochemical parameters 55

•• δδ --aminolaevulinicaminolaevulinic acid in urineacid in urine 66

•• clotting factorsclotting factors 66

ERNDIM Proficiency Scheme: Sample BERNDIM Proficiency Scheme: Sample B

Advice to attending clinicianAdvice to attending clinician

•• NTBC therapyNTBC therapy 1717

•• restricted Tyrosine, Phenylalanine intakerestricted Tyrosine, Phenylalanine intake 17 17 

•• liver transplantationliver transplantation 1010

•• family studiesfamily studies 22

•• genetic counsellinggenetic counselling 44

•• possible prenatal diagnosispossible prenatal diagnosis 44

Expert ViewExpert View

a) confirm diagnosis by enzyme or mutationa) confirm diagnosis by enzyme or mutation

b) dietary treatment + NTBCb) dietary treatment + NTBC

c) monitor possible developing c) monitor possible developing hepatomahepatoma, or liver transplant , or liver transplant 
possibility.possibility.
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Support grantsSupport grants
We remind you of the two support grants:We remind you of the two support grants:
Training grantsTraining grants to allow trainees, to spend a short visit to a European ERNDIM to allow trainees, to spend a short visit to a European ERNDIM 
approved laboratory to gain experience and specialised knowledgeapproved laboratory to gain experience and specialised knowledge

Support grantsSupport grants to allow laboratories from European countries suffering severe to allow laboratories from European countries suffering severe 
financial restrictions to participate in ERNDIM QA schemesfinancial restrictions to participate in ERNDIM QA schemes..
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