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(figure that reveals
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https://link.springer.com/chapter/10.1007/978-3-031-24958-7_6

Quality assurance measures
are needed
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Various types of EQA are offered

• Quantitative EQA schemes (QA)

• Qualitative EQA schemes (QL)

• Hybrid proficiency tests (HP)

An interpretative EQA scheme, 
which does not require physical 
samples, represents a new 
approach.
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https://link.springer.com/chapter/10.1007/978-3-031-24958-7_6

Amino acid interpretation
scheme
1. Reporting
2. Interpretation
3. Recommendation

Physician Laboratory

Laboratory Physician

reported in studies on diagnostic errors in primary care and in the
emergency departments [41–44].

3. Testing errors in primary care

Hickner et al. reported data from a survey involving 243 clinicians
and office staff of the surgeries of 8 family practitioners. Participants
submitted 590 event reports with a total of 966 testing process errors,
the most common types being related to reporting results to clinicians
(24.6%), implementing tests (17.9%), general administrative errors,
such as filing and chart availability (17.6%), and test ordering (12.9%).
No analytical errors were reported, and the Authors underlined that
“analytic errors representb10%of testingprocess errors and are unlikely
to be observed in primary care offices” [41]. Table 3 summarizes
the results obtained. Practices that usedmore than one laboratory were
much more likely to experience errors in test ordering (17% vs 5%),
but much less likely to report errors related to test implementation
(18% vs 30%).

Practices with a specific system for monitoring the testing process
reported amuch lower percentage of errors related to test implementa-
tion (15% vs 33%). Considerable variationwas found in the types of error
reported by each practice. For example, test ordering errors accounted
for 28% of the errors reported by one practice, but only 4% of errors
reported by another. Importantly, this suggests that each practice must
examine its own testingprocess to discover itsweak links. Regarding the
adverse consequences of, and harm caused by, these events, delay in
care (24%), time/financial (22%) and pain/suffering (11%) were the
most frequent, while there were no consequences in 26% of cases. No
harmwasobserved in 54%of cases,while emotional (6%) and temporary
physical harm (11%) were the most frequently recorded types of
damage.

Gandhi et al., who investigated missed and delayed diagnoses in
the ambulatory setting by reviewing 307 closed malpractice claims
[42], reported that 181 out of 307 claims (59%) were judged to involve
diagnostic errors leading to adverse outcomes. Fifty-nine percent
(106/181) of errors led to significant or major physical adverse
outcomes and 30% were associated with death. The missed diagnosis
was cancer in 59% of cases of error, infections in 5%, fractures in 4%,
and myocardial infarction in another 4%. The leading breakdown
points in the diagnostic process are listed in Table 4.

Pre–pre-analytic errors, namely failure to order appropriate diag-
nostic or laboratory tests,made up55% of observed breakdowns. Among
failures to order diagnostic tests, most tests involved were from the
imaging (45%), while blood tests made up 14% of the total. Adequate
diagnostic or laboratory tests being ordered, but not performed, which
accounted for 9% of breakdowns, were also classified as a pre-analytic
problem. The rate of analytical breakdowns was 8%, confirming data
previously reported in literature. The most frequent type of error
was post analytic breakdown. In particular, the frequency of errors in
transmitting diagnostic or laboratory test results to patients or to the
clinician responsible was 25%. Finally, a large number of errors in the
post-post-analytical phase were due to the incorrect interpretation of
diagnostic or laboratory tests (37%), an inappropriate or inadequate
follow-up plan (45%), and failure to refer (26%). The leading factors

contributing to errors were inadequate judgment (79%), vigilance or
memory (59%), knowledge (48%), patient-related factors (46%) and
handoffs (20%), but the most interesting finding was that delayed or
missed diagnoses were of a multifactorial nature. In 43% of errors, 2 or
more clinicians contributed to the missed diagnosis, and in 16%, 3 or
more clinicians contributed. The mean number of process breakdowns
per error was 3; 54% of errors depended on 3 or more process
breakdowns and 29%, 4 or more. The multifactorial and complex nature
of diagnostic errors suggests thatmeaningful reductionswill hinge upon
prevention strategies targetingmultiple levels in the diagnostic process,
andmultiple contributory factors. However, particular attention to the 3
vulnerable points identified by the Authors (ordering decisions, test
interpretation, and follow-upplanning) shouldbe a useful startingpoint
for reducing the number of missed diagnoses.

Another interesting survey, involving 198 providers, assessed the
frequency of missed results and resultant treatment delays encoun-
tered by primary care providers [43]. The survey was completed by
106 out of 198 providers (54%), who encountered 64 patients with
missed results during the 2 week period leading up to the study, and
52 patients with treatment delays. Thirty seven percent of survey
respondents reported that they had found at least one patient with a
missed result. The most common missed results included imaging
studies (29%), laboratory testing (22%), anatomic pathology (9%), and
other studies (40%). Clinical laboratory tests and imaging studies thus
accounted for 51% of all missed results. Importantly, prostate specific
antigen (PSA), faecal occult blood test (FOBT), glucose, lipids and
glycated haemoglobin were the most commonly involved laboratory
tests, while the most common diagnostic delays occurred in cases of
cancer (34%), endocrinal (26%), cardiac (16%), and other (24%)
conditions.

4. Testing errors in the emergency department

Kachalia et al. reviewed 122 closed malpractice claims for 4 liability
insurers inwhich patients complained of amissed or delayed diagnosis in
the Emergency Department (ED) [44]. Failure to order appropriate
diagnostic tests (58% of errors) in the pre–pre analytic phase, incorrect
interpretation of diagnostic tests (37%) and failure to order appropriate
consultation (33%) in the post–post-analytical phase were the most
frequent errors observed in the study. Among failures to order appropriate
diagnostic tests, radiographic signs were the most frequently missed
(22%), followed by computed tomography signs (17%). However, errors
involving the request for cardiac enzymes (15%) and haematologic
laboratory tests (11%) were common.

Radiographic scans were the most frequent source (66%) of failure,
due to incorrect interpretation, but a relatively high rate of incorrect
interpretation was found for laboratory tests (14%), namely blood cell
counts (11% of errors). In 1 out of 6 missed diagnoses, test results did
not reach the correct clinicians; this highlights the problem of

Table 4
Breakdown points in diagnostic processes leading tomissed or delayed diagnoses (from
reference [42], modified).

Phase Percentage of all
missed diagnosis

Pre-Analytic
-Failure to order appropriate diagnostic or laboratory tests 55
-Adequate diagnostic or laboratory tests ordered but not
performed 9

Analytic
-Diagnostic or laboratory test performed incorrectly 8

Post-Analytic
-Incorrect interpretation of diagnostic or laboratory tests 37
-Responsible provider did not receive diagnostic or
laboratory test results.

12

Table 3
Summary of testing process errors in primary care (from reference [41], modified).

Testing process phase Type of error Frequency (%)

Pre-Analytic -Test ordering 12.9
-Implementing tests 17.9
-General administrative errors 17.6

Analytic 0
Post-Analytic -Reporting results to clinicians 24.6

-Clinician responding to results 7.0
-Notifying the patient of results 7.0

19M. Plebani / Clinica Chimica Acta 404 (2009) 16–23

In Plebani 2009 
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Physician Laboratory

Interface 1: Optimal situation

• What symptoms does the patient have?
• Acute or chronic?
• Which ward is the patient in?
• Is there a clinical suspicion of a diagnosis?
• …………

Physician Laboratory
staff

No question –
no answer!

7

The diagnosis of inborn disorders of metabolism is complex.

https://www.alamy.com

• Different languages
• Symptoms vs. pathways

8

Laboratory Physician

Interface 2: Optimal situation

• KISS (keep it short and simple)
• Sometimes an explantation is needed
• …..

Physician Laboratory
staff
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Amino acid interpretation scheme
1. Reporting
2. Interpretation
3. Recommendation µmol/L

Taurine 27 19 - 130
Threonine 186 33 - 130
Serine 273 24 - 178
Asparagine 142 25 - 150
Glutamic Acid 23 6 - 80
Glutamine 666 200 - 600
Proline 517 51 - 185
Glycine 286 56 - 308
Alanine 698 99 - 350
Citrulline 28 5 - 24
Valine 92 57 - 270
Cystine 22 0 - 40
Methionine 631 3 - 29
Cystathionin/Alloisoleucine 3 0 - 0
Isoleucine 31 26 - 94
Leucine 36 45 - 155
Tyrosine 547 11 - 120
Phenylalanine 125 23 - 70
Homocystine n.d. 0 - 0
Ornithine 57 10 - 107
Lysine 207 45 - 144
Histidine 69 24 - 112
Arginine 56 11 - 75

amino acids in plasma, done with ion exchange 
chromatography with ninhydrin detection

reference range

n.d. not detected

clinical information

age at time of sample 
collection

sex

pregnancy

birth

family history

initial symptoms

treatment

miscellaneous

Case 2025 - 4
noticeably tired and pale for 
several weeks,  hypochromic 

1.5 years

female

normal

normal

none
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Amino acid interpretation scheme
1. Reporting
2. Interpretation
3. Recommendation

Part. No. Case 4 abnormalities Case 4 diagnosis Case 4 further testing recommendations

Each 1 point: elevated tyr and met, maximum 2 points
Tyrosinaemia type I 2 points, liver failure (due to other IMD 
like galactosaemia, mitochondrial d., etc.) 1 point, 
tyrosinemia type II 0 points, maximum 2 points 

each 1 point (maximum 2 points): alpha-fetoproteine, 
organic acids (urine, inclusive succinylacetone), 5-
aminolaevulinic acid/ porphobilinogene synthase acitivity, 
molecular genetic analysis of FAH  gene

X

High levels of Tyrosine, Methionine and slightly increased levels of 
PheAla.
High levels of Alanine, Proline and Lysine (Lactic Acidosis) and 
slight increses on Glutamine, threonine and serine. Leucine levels 
are low or borderline (Ile and Val) related with liver disease.

Tyrosinemia Type I (high levels of Tyr, Met, PheAla). The anemia is a 
symptom between altered enzymes and coagulation test.
Lactic acidosis (threonine and serine) could due to an hepatic 
failure and Glutamine by the secondary urea cycle failure.
Other causes: mithocondrial diseases or liver failure 

urine organic acids with succynilacetone, DBS succinylacetone, 
serum alpha-fetoprotein, transaminases, coagulation test. Urine 
aminoacids. Ammonia
FAH gene or exome sequencing searching for another diseases like 
mithochondrial diseases.

An example for the answer (anonymously for
scorers, no ERN number):

11

Amino Acid Interpretation 
scheme

• since 2023 full scheme
• 6 (2x3) cases per year
• 6 (3x2) points per case

(findings, interpretation, 
recommendation)

• 56% cut off for poor
performance

• concept of critical error

12
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Amino acid interpretation scheme

Sabine Scholl-Bürg
Apolline Imbard
Olivier Braissant
Rachel Carling
Alistair Horman
Daniela Karall
Anke Schumann
(Mary Anne Preece
Brian Fowler)

13

Nearly 2000 inherited
metabolic disorders are
known!

(a classification to get an 
overview is therefore
necessary)

14

http://www.icimd.org

• hierarchical, group-based collation of
(all) currently known inherited metabolic
disorders

• includes any primary genetic condition in 
which alteration of a biochemical
pathway is intrinsic to specific
biochemical, clinical and/or
pathophysiological features

• aims to facilitate an improved
understanding of the interconnections
between conditions that share
functional, clinical and diagnostic
features

International classification of inherited metabolic disorders

15

ICIMD
• > 1450 IMD known
• Classification in 6/23 groups

• Intermediary metabolism

• Lipid metabolism and transport
• Metabolism of heterocyclic

components
• Complex molecule and organelle

metabolism
• Cofactor and mineral metabolism

• Metabolic cell signaling

• Of these, approx. 17% have a 
treatment option.

http://www.icimd.org
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Primary changes (examples)

Amino acid profiles of

- Primary aminoacidopathies
- Classical

aminoacidopathies
- Rare 

aminoacidopathies

- Secondary chances

- Healthy persons

Performance > 92%

Performance < 92%

CPS deficiency
OTC deficiency
ASS deficiency
ASL deficiency
ARG deficiency
HHH syndrome
Citrin deficiency
MSUD
E3 Dihydroliponamid Dehydrogenase 
BCKD deficiency
BCAT 1 deficiency
PKU
tyrosinemia type I
tyrosinemia type II
tyrosinemia type III
MAT1A mutation
AHCY mutation
homocystinuria
MTHFR deficiency
remethylation defects
molybden cofactor deficiency
histidinemia
tryptophanemia
serin deficiency
NKG
gyratatrophia
hyperprolinemia
LPI
hyperlysinemia (AASS)
cystinuria
Hartnup disease
prolidase deficiency
P5C (pyrroline 5-carboxylase) synthase deficiency
glutaminase
PNPO deficiency
hypophosphatasia

primary 
amino acid 
changes (= 
diagnostic)

disorders of aromatic AA 
metabolism

disorders of sulfuric AA 
metabolism

other disorders of AA 
metabolism

urea cycle disorders

disorders of BCAA 
metabolism

17

Some of the 2024 
cases

18
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Case 2024-1

µmol/L
Taurine 130 10 - 95
Threonine 83 33 - 128
Serine 108 24 - 178
Glutamic acid 341 6 - 93
Glutamine 1711 200 - 550
Proline 506 52 - 277
Glycine 263 70 - 430
Alanine 555 99 - 380
Citrulline 589 0 - 29
Valine 68 57 - 262
Methionine 77 3 - 41
Isoleucine 3 26 - 53
Leucine peak overlaid 46 - 109
Tyrosine 142 11 - 112
Phenylalanine 71 23 - 110
Ornithine 56 10 - 151
Histidine 156 25 - 114
Lysine 246 45 - 240
Arginine 11 10 - 85
Argininosuccinic acid detectable

amino acids in plasma, done with biochrome 30
reference range

n.d. not detected

clinical information

age at time of sample collection

sex

pregnancy

birth

family history

initial symptoms

treatment

miscellaneous

Case 2024 - 1
deterioration in general condition on the 
second day of life, suspected sepsis, antibiotic 

three days old

female

normal

normal

unremarkable

19

Case 2024-1: further details

admin@erndim.org 20

scores 
(points)

elevated 1
elevated* 1
low 1

2
0
1
1
1
1

critical error Overlooking an inborn disorder of metabolism is 
considered a critical error.

argininosuccinic acid

genetic analysis of ASL  gene
enzyme studies in erythrocytes/fibroblasts

comments

As the detection of argininosuccinic acid is typical for 
the diagnosis of ASL (argininosuccinate lyase) deficiency, 
other urea cycle defects are not recognised as 
differential diagnoses and are therefore not awarded 
points. In addition, the mention of molecular genetic 
analysis (ASL  gene) without additional metabolite 
diagnostics (such as determination of orotic acid) was 
only awarded one point. 

diagnosis, maximum 2 points
argininosuccinic aciduria (ASL deficiency)
citrullinemia type I (ASS deficiency)
ASS and ASL deficiency

further tests  (if molecular 
genetic recommended specify 
the gene), maximum 2 points

orotic acid in urine (organic acids in urine)

findings, abnormalities, 
maximum 2 points (*has to be 
mentioned for 2 points)

gln, cit, met

arg

interpretation

https://www.newenglandconsortium.org/argininosuccinic-acid-lyase-deficiency-asa

20

Case 2024-2

admin@erndim.org 21

clinical information

age at time of sample collection

sex

pregnancy

birth

family history

initial symptoms

treatment

miscellaneous

Nothing

No treatment

2 older siblings without particularities

Nothing

Case 2024 - 2
Speech delay, mental retardation, eating difficulties, 
foot edema with lameness

5 years

F

No particularities. Born by ce-section due to medical 
antecedant of the mother (sevral ce-sections)

µmol/L
Glutamine 1032 334 - 666
Alanine 296 122 - 456
Glycine 354 135 - 274
Proline 196 57 - 266
Valine 129 158 - 310
Threonine 179 66 - 170
Lysine 59 94 - 224
Serine 238 75 - 179
Glutamic Acid 87 14 - 106
Leucine 54 68 - 168
Taurine 29 42 - 134
Histidine 62 48 - 112
Ornithine 12 27 - 93
Arginine 22 47 - 123
Tyrosine 31 38 - 94
Phenylalanine 35 33 - 74
Isoleucine 33 37 - 89
Cystine 41 48 - 120
Methionine 18 11 - 43
Citrulline 41 16 - 40

reference range
amino acids in plasma, done with LC-MS/MS

21

Case 2024-2: further details
• during hospitalization: detection of anaemia due to a 

homozygous sickle cell disease, biological work-up also 
revealed a hyperferritinaemia and increased LDH

• after diagnosis treatment with protein restricted diet, 
ammonia scavenger and citrulline

• persistant feeding difficulties - gastrostomy
• really hard diagnosis (but as often for LPI) - probable 

malnutrition and unspecific decrease of some amino acids, 
but

à importance of asking for amino acids in urines if there is any 
doubt

admin@erndim.org 22
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Lysinuric protein intolerance (LPI)

admin@erndim.org 23
Noguchi et al., J of Hum Genetics 2019

23

• presentation at all ages (neonatal àadult)

• classic hepatobiliary presentation with spontaneous avoidance of protein in diet
and secondary malnutrition
– nausea, vomiting, and diarrhea
– hepatosplenomegalia – hypotonia
– altered consciousness (NH3)

• Complications (may lead to diagnosis)
– growth retardation, osteopenia
– hematological and immunological abnormalities: cytopenia, macrophage 

activation syndrome, susceptibility to infections
– renal involvement: tubulopathy, renal insufficiency, glomerulonephritis, 

nephrocalcinosis, proteinuria, hematuria
– pulmonary involvement: interstitial alveolar pneumonia

admin@erndim.org 24

Lysinuric protein intolerance (LPI)

24
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• plasma amino acids
– $ of Lys, Orn, Arg
– +/- non-specific signs of hyperNH3: #Gln + Glu +/- Ala

• urine amino acids
– # Lys, Orn, Arg, without associated cystinuria

• increased urinary orotic acid
• cytopenia: anemia, thrombocytopenia
• increased ferritin, LDH, TG
• hyperammonemia (variable)
• genetics (AR): mutations only in the SLC7A7 gene, not in SLC3A2

admin@erndim.org 25

Lysinuric protein intolerance (LPI)

25

• complex pathophysiology that
is still poorly understood

• intracellular accumulation of 
arginine in macrophages/ 
monocytes disrupts their
activity à immune damage

• Arg = substrate of NOS 
àneurotransmission, 
vasodilation, inflammation

• role of malnutrition

admin@erndim.org 26

Ogier de Baulny et al., MGM, 2012

Lysinuric protein intolerance (LPI)

26

Case 2024-2: Results

Case 2 abnormalities

elevated Gln or Cit 1 point
Reduced Lys, Arg, Orn 1 point
Maximum 2 points 

admin@erndim.org 27
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0 1 2

Case 2 diagnosis

Lysinuric protein intolerance (LPI) 2 points,
Malnutrition 1 point
Maximum 2 points

20

4

119

0

20

40

60

80

10 0

12 0

14 0

0 1 2

Case 2 further testing recommendations

each 1 point, maximum 2 points: orotic acid
(organic acids) in urine; amino acids in urine; 
ammonia, ferritine, triglycerides; molecular
genetic analysis SLC7A7 gene

4 9

130

0

20

40

60

80

10 0

12 0

14 0

0 1 2

critical error If elevated Gln concentration doesn´t lead to further 
action or if the findings are quoted as unspecific. N=1
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Case 2024-2: Results

Case 2 abnormalities

elevated Gln or Cit 1 point
Reduced Lys, Arg, Orn 1 point
Maximum 2 points 

admin@erndim.org 28
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Case 2 diagnosis

Lysinuric protein intolerance (LPI) 2 points,
Malnutrition 1 point
Maximum 2 points

20

4

119

0

20

40

60

80

10 0

12 0

14 0

0 1 2

Case 2 further testing recommendations

each 1 point, maximum 2 points: orotic acid
(organic acids) in urine; amino acids in urine; 
ammonia, ferritine, triglycerides; molecular
genetic analysis SLC7A7 gene

4 9

130

0

20

40

60

80

10 0

12 0

14 0

0 1 2

critical error If elevated Gln concentration doesn´t lead to further 
action or if the findings are quoted as unspecific. N=1

Kwashiorkor or low protein intake
glutamine synthetase deficiency
glutaminase deficiency
ornithine transcarbamylase deficiency
carbamoyl phosphate synthetase I
BCKD kinase deficiency

28

Case 2024-3

admin@erndim.org 29

clinical information

age at time of sample collection

sex

pregnancy

birth

family history

initial symptoms

treatment

miscellaneous

/

IUGR (intrauterine growth retardation)

Case 2024 - 3
Cutis laxa, axial hypotonia, IUGR (height and weight <-
3SD), microcephaly, joint hyperlaxity, inguinal hernia

4 months

male

µmol/L
Glutamine 873 515 - 651
Alanine 670 258 - 400
Glycine 337 190 - 268
Proline 78 144 - 220
Valine 140 174 - 246
Threonine 147 91 - 167
Lysine 116 129 - 191
Serine 189 110 - 168
Glutamic Acid 127 44 - 80
Leucine 92 117 - 142
Taurine 37 36 - 82
Histidine 73 63 - 91
Ornithine 19 43 - 83
Arginine 33 64 - 92
Tyrosine 69 51 - 85
Phenylalanine 53 46 - 82
Isoleucine 36 48 - 80
Cysteine 19 72 - 100
Methionine 25 21 - 33
Aspartic Acid 13 5 - 13
Citrulline 5 18 - 42

reference range
amino acids in plasma, done with LC-MS/MS

29

Case 2024-3

• The results are from a 4 months-old boy from a non-consanguineous family. 
• He presented an intrauterine growth retardation and joint hyperlaxity, inguinal 

hernia and cutis laxa at birth. 
• At 2 months he presented a neurological deterioration with axial hypotonia, 

pyramidal syndrome and a cataract on the left eye was diagnosed. 
• His growth was also severely impaired leading to naso-gastric feeding. He died at 7 

month of age.

• Decreased Cit, Arg, Orn, Proà De Barsy syndrome due to D1-Pyrroline-5-
carboxylate (P5C) synthase deficiency (ALDH18A1 gene). 

• This is an ultrarare metabolic disorder, but with the clinical symptoms (and 
pubmed search) and the description of the amino acid changes, the diagnosis 
could be made. 

admin@erndim.org 30

30



03/11/2025

6

P5C synthase deficiency
1 gene = different diseases and transmission

Coutelier et al., BRAIN 2015: 138; 2191–2205

1 gene: ALDH18A1
enzyme: P5C synthase

31

Coutelier et al., BRAIN 2015: 138; 2191–2205

1 gene: ALDH18A1
Enzyme: P5C synthase

P5C synthase deficiency
1 gene = different diseases and transmission

32

• severe form: cutis laxa & 
hyperammonemia

• = de Barsy syndrome
– AD or AR (mutation dependant)
– symptoms

• severe psychomotor retardation
• cutis laxa

• joint abnormalities
• small size

• cataract
• microcephaly
• rare (< 20 cases)

• very severe (early death ++)

• adult form: spastic paraparesis
• autosomal dominant or autosomal 

recessive (mutation dependent)
• symptoms

– Pyramidal syndrome with paraparesis and 
spasticity

• found by exome sequencing in large 
cohorts of families with spastic
paraparesis

Fisher et al., Molecular Genetics and 
Metabolism 112 (2014)

P5C synthase deficiency
1 gene = different diseases and transmission

33

• probably very «slight» pattern in the adult form of P5C synthase deficiency
• unmasked in fibroblast with loading test

admin@erndim.org 34
Coutelier et al., BRAIN 2015: 138; 2191–2205

P5C synthase deficiency
1 gene = different diseases and transmission

34

Case 2024-3: Results

Case 3 diagnosis

P5C synthase deficiency (de Barsy syndrome) : 2 
points
Proline metabolims abnormalities 1 point
Maximum 2 points

admin@erndim.org 35
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0 1 2

Case 3 abnormalities

Elevated Glu, Gln 1 point
Decreased Cit, Arg, Orn, Pro: 2 points
Maximum 2 points

Case 3 further testing recommendations

Molecular genetic analysis of ALDH18A1 gene: 2 
points Organic acids, IEF transferrine; ammonia 
each 1 point
Maximum 2 points

4 0

139

0
20
40
60
80
10 0

12 0
14 0
16 0

0 1 2

9 10
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Case 2024-3: Results

Case 3 diagnosis

P5C synthase deficiency (de Barsy syndrome) : 2 
points
Proline metabolims abnormalities 1 point
Maximum 2 points

admin@erndim.org 36
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Case 3 abnormalities

Elevated Glu, Gln 1 point
Decreased Cit, Arg, Orn, Pro: 2 points
Maximum 2 points

Case 3 further testing recommendations

Molecular genetic analysis of ALDH18A1 gene: 2 
points Organic acids, IEF transferrine; ammonia 
each 1 point
Maximum 2 points

4 0

139

0
20
40
60
80
10 0

12 0
14 0
16 0

0 1 2

9 10

124
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20
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60

80

10 0

12 0
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Cystathionine beta synthase deficiency ?
P5C = Pyrroline-5-carboxylate reductase
Urea cycle disorder
lysinuric proteine intolerance (LPI)
Clinical manifestation indicative of CDG.

36
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Case 2024-4
clinical information

age at time of sample collection

sex

pregnancy

birth

family history

initial symptoms

treatment

miscellaneous

ammonia 79 µmol/L (15-70 µmol/L)
Laboratory results

Case 2024 - 4
anaemia, liver failure with disturbed clotting in the age of eight 
months

8 months-old

male

normal

normal

unremarkable, two healthy brothers

icterus

µmol/L
Glutamine 576 200 - 550
Alanine 279 99 - 320
Glycine 188 56 - 308
Proline 174 51 - 185
Valine 97 57 - 262
Threonine 195 33 - 128
Lysine 196 45 - 150
Serine 109 24 - 178
Glutamic Acid 24 6 - 70
Leucine 58 45 - 155
Taurine 17 10 - 130
Histidine 61 24 - 112
Ornithine 82 10 - 107
Arginine 75 11 - 75
Tyrosine 222 11 - 112
Phenylalanine 55 23 - 70
Isoleucine 29 26 - 94
Cystine 49 10 - 40
Methionine 174 3 - 29
Aspartic acid n.d.  - 
Citrulline 48 5 - 24

amino acids in plasma, done with biochrome 30
reference range

n.d. not detected

37

Case 2024-4: further details

admin@erndim.org 38

scores 
(points)

elevated 1
elevated 1
elevated 1

1
1
2
1

1
2

critical error
If the participant does not recognise that the liver failure is due 
to a metabolic disorder, this is considered a critical error.

cit

citrin deficiency

organic acids (urine) inclusive succinylacetone 1

galactose-1-phosphate, GALT activity
moleculargenetic analyses (SLC25A13 )

comments

This is a rather difficult case, as the changes in the plasma aminogram are not very 
pronounced (therefore the concentrations of threonine and citrulline have been slightly 
adjusted). Nevertheless, it is important to consider this metabolic disorder in the case of 
liver failure in infancy, as the therapy consists of a fat/protein-defined diet and not a 
carbohydrate-defined diet as in the case of other congenital metabolic disorders with 
liver failure.

diagnosis, maximum 2 points

liver failure
tyrosinaemia type I

galactosaemia

further tests  (if molecular genetic 
recommended specify the gene), 
maximum 2 points

findings, abnormalities, maximum 2 
points

met, tyr

thr

interpretation
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Case 2024-5

clinical information microcephaly, psychomotor 
retardation, failure to thrive

age at time of sample 
collection 5 years

sex male

pregnancy

birth born preterm (gestational 
week 35+6)

family history consanguineous parents

initial symptoms

treatment

miscellaneous

MRI: enlargement of the 
peri-cerebral spaces of the 
lateral ventricles and 
delayed myelinisation

admin@erndim.org 39

amino acids in plasma, done with LC MS/MS
µmol/L reference range

Glutamine 541 334 - 666
Alanine 313 122 - 456
Glycine 190 135 - 274
Proline 126 57 - 266
Valine 49 158 - 310
Threonine 127 66 - 170
Lysine 174 94 - 224
Serine 131 75 - 179
Glutamic Acid 66 14 - 106
Leucine 16 68 - 168
Taurine 69 42 - 134
Histidine 59 48 - 112
Ornithine 61 27 - 93
Arginine 54 47 - 123
Tyrosine 79 38 - 94
Phenylalanine 57 33 - 74
Isoleucine 7 37 - 89
Cystine 44 48 - 120
Methionine 19 11 - 43
Citrulline 18 16 - 40
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Case 2024-5

• The sample was taken from a five-year-old boy who had microcephaly, mental 
retardation and a failure to thrive. 

• In the extended work-up, cerebral MRI showed enlargement of the peri-cerebral 
spaces of the lateral ventricles and delayed myelinisation. 

• The analysis of amino acids showed isolated reduced concentrations of branched-
chain amino acids.

• à BCKDK deficiency

admin@erndim.org 40

40
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Leucine Isoleucine Valine

2-ketoisocaproic ac. 2-keto-3CH3-n-valeric ac. 2-ketoisovalérique ac.

Isovaleryl-CoA 2 Methylbutyryl-CoA Isobutyryl -CoA

Branched Chain amino acids transaminase (BCAT)
B6

2 isoforms
- BCAT1: cytosolic, limited

expression (brain, ovaries…)
- BCAT2: mitochondrial, ubiquous

Branched chain alpha-keto acids dehydrogenase
complexB1, NAD 

Branched chain
alpha-keto acids
dehydrogenase
kinase (BCKDK)

Branched chain alpha-
keto acids

dehydrogenase
phosphatase

-

+

Branched chain
alpha-keto acids
dehydrogenase
phosphorylated

complex

Acetyl-CoA Succinyl-CoA
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Leucine Isoleucine Valine

2-ketoisocaproic ac. 2-keto-3CH3-n-valeric ac. 2-ketoisovalérique ac.

Isovaleryl-CoA 2 Methylbutyryl-CoA Isobutyryl -CoA

Branched Chain amino acids transaminase (BCAT)
B6

2 isoforms
- BCAT1: cytosolic, limited

expression (brain, ovaries…)
- BCAT2: mitochondrial, ubiquous

Branched chain alpha-keto acids dehydrogenase
complexB1, NAD 

Branched chain
alpha-keto acids
dehydrogenase
kinase (BCKDK)

Branched chain alpha-
keto acids

dehydrogenase
phosphatase

-

+

Branched chain
alpha-keto acids
dehydrogenase
phosphorylated

complex

Acetyl-CoA Succinyl-CoA

42
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Case 2024-5

• First description of BCKDK deficiency in 2012

• Large cohort (17 patients) described in 2023

admin@erndim.org 43

43

admin@erndim.org 44Tangeraas et al. 2023
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Case 2024-5

• !!! Sample must be taken while fasting

admin@erndim.org 45

Tangeraas et al. 2023

45

Case 2024-5

• Possibly treatable disease if treatment is started early

• Neonatal screening ?

admin@erndim.org 46Tangeraas et al. 2023

Tangeraas et al. 2023
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Case 2024-5: Results

Case 5 abnormalities

Decreased BCAA (Ile, Val, Leu): 2 points 

admin@erndim.org 47

Case 5 diagnosis

BCKDK (branched-chain 2-ketoacid 
dehydrogenase kinase) deficiency 2 points, 
Glucose infusion/anabolism(hyperinsulism) 1 
point
Maximum 2 points

Case 5 further testing recommendations

Repetition of the determination of amino acids 
in plasma;: 1 point
Molecular genetic analysis of BCKDK : 2 points
Maximum 2 points
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Case 2024-5: Results

Case 5 abnormalities

Decreased BCAA (Ile, Val, Leu): 2 points 
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Case 5 diagnosis

BCKDK (branched-chain 2-ketoacid 
dehydrogenase kinase) deficiency 2 points, 
Glucose infusion/anabolism(hyperinsulism) 1 
point
Maximum 2 points

Case 5 further testing recommendations

Repetition of the determination of amino acids 
in plasma;: 1 point
Molecular genetic analysis of BCKDK : 2 points
Maximum 2 points
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MSUD in treatment
 Congenital hyperinsulinism
Denutrition 
lysosomal or peroxysomal diseases
treated organic aciduria
Autosomal recessive microcephaly
Hartnup disease
Leigh syndrome

48
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Case 2024-6
clinical information

age at time of sample 
collection

sex

pregnancy

birth

family history

initial symptoms

treatment

miscellaneous

ASAT
ALAT
g-GT
alkaline phosphatase
Ammonia
Lactate

< 20 U/L (R: 48 - 406)
14 µmol/L (R: 31 - 104)
18 mg/dL (R: 1 - 26)

24 U/L (R: 10 - 50)
7 U/L (R: 3 - 38)
96 U/L (R: 0 - 265)

Laboratory results in plasma

Case 2024 - 6
seizures (beginn 6 days old), responsive to 
pyridoxine

7 days

female

uneventful

normal

unremarkable

mmol/mol Crea
Glutamine 157 52 - 205
Alanine 205 75 - 244
Glycine 825 283 - 1097
Proline 194 21 - 213
Valine 20 3 - 26
Threonine 52 20 - 138
Lysine 44 22 - 171
Serine 132 80 - 282
Glutamic Acid 15 0 - 30
Leucine 20 3 - 25
Taurine 442 8 - 226
Histidine 199 80 - 295
Ornithine 6 0 - 19
Arginine 5 0 - 14
Tyrosine 27 6 - 55
Phenylalanine 16 4 - 32
Isoleucine 4 0 - 6
Cystine 15 24 - 78
Methionine 4 7 - 27
Aspartic acid 7 2  - 12
Citrulline 5 0 - 11
Phosphoethanolamine 705 n.s. - n.s.

reference range
amino acids in urine, done with Biochrome 30

49

Case 2024-6: further details
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scores 
(points)

elevated 2
decreased 2

2
1

1
1
1
2
1

critical error
If the participant does not recognise that an inborn 
metabolic disorder is present.

determination of vitamin B6 metabolites
alkaline phosphatase (AP) in plasma

moleculargenetic analysis of ALPL  gene
moleculargenetic analysis of ALDH7A1  gene

comments
The participant should recognise that it is a case of 
vitamin B6-dependent epilepsy and begin further 
clarification of the cause.

diagnosis, maximum 2 
points

Hypophosphatasia
Pyridoxine-responsive seizures

further tests  (if 
molecular genetic 
recommended specify 
the gene), maximum 2 
points

Phosphoethanolamine (P, CSF, U)

interpretation

findings, abnormalities, 
maximum 2 points

PEA
AP

order author CE

level of 
difficulty (1-

easy, 3-
difficult)

estimated 
overall 

proficiency

hypophosphatasia 2024_6 SSB, 98% no CE 1 > 90%
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Take to work message

• The aai aims to improve the interpretation of
complex laboratory results.

• Real-life cases are used.

• The performance of the participating laboratories
is generally good.

• Errors arise from overlooking a relevant 
laboratory result, misinterpretation, or a lack of
recommendations for further investigation (the
term ‘molecular genetic analysis’ as the only
recommendation is insufficient).

• We hope that the cases have been instructive for
you so far.
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Thank you for your
attention!

52


