Organic acids

Dr J R Bonham, Sheffield Children’s Hospital, UK




Where do difficulties arise?

Pre analytical
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Post analytical
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Pre — analytical
Samples taken at the right time

oieans (HO) £x
»NpOPUERO) (HO! UL T
OHD siounddiy B
wodipy (HO) £ " "
» NSNS 3 RGOS e ——
OWHE =
!U*.E_m - rl||4

smdipy ) peieboiky

+suop] sodiPy (MO} £

sioiking [HO) € =
8IDIOX) o

Analogous to the poisoned patient



Analytical
TThe challenges

e Biochemically heterogeneous

o Small amounts of key compounds
are Important

o Small sample size

e Episodic excretion

e Often performed only once

e \Very often on Friday afternoon



Analytical
S0 how dorwe perferm?

MMA

MCAD

MMA

Ornithine aminotransferase deficiency
Hunter disease

Ethylene glycol intoxication
Glutaric aciduria type 1
Cystinuria

D-glyceric aciduria

2-OH glutaric aciduria
Malonic aciduria
4-hydroxybutyric aciduria
Hurler disease

100°%%6
100°%6
100°%%6
100°%6
100°%%6
9696
9490
93%%06
9396
92%0
92%0
91%0
87%0



Analytical
S0 hew do we perform?

Blotinidase deficiency 82%

Morquio disease 82%06

Hypophosphatasia 699067
Homocystinuria 68906
Fumarase deficiency 53%*
Peroxisomal disorder 46967
Prolidase deficiency 38% >

Sialidosis 27%0*



Analytical
S0 how dowe perferm?

e In optimal conditions with specialist
laboratories in straightforward samples

e 93906 of laboratories identify disorders
1 1n 14 are missed

e There are particular problems with less
common or unusual biochemical
presentations BUT we know that in
practice heterogeneity Is marked and QA
samples are treated with extra caution



Analytical
Some laboratories do well and others do not

Score vs SD

ERNDIM urinary
organic acid scheme

e 3 urine samples sent 3
times pa
e Scored as 2,1,0 or -2

e Maximum score 18




Analytical
Tlechnoelogy dees not selve the problem

e No correlation with equipment
o Type of GCMS
e Type of column
» Method of extraction
e Software

e No correlation with analytical method
o Type of extraction
e Oximation
e Use of extracted ion chromatograms
e Use of internal standards

e No correlation with the organisation of staff
e Rotation or not
e Type of staffing
e Group or individual interpretation
e Turn around time



Analytical
EXpernience Is iImportant

Score vs Workload
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Analytical
Attention tor detail Is/ impoertant
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Analytical
Education and awareness are important

e Attendance at meetings

e mean score non-attendees 3.1
e mean score attendees 4.4
- P= 0.08



The ERNDIM
profriciency scheme
- 2005




Samples in 2005

Patient 05.1

A 20 year old patient, who was born to non
consanguineous parents. He is slightly retarded
(stopped school at 12) but Is working as a gardener.
From 17 years old, he presented with opthalmalogical
symptoms ascribed to allergy and from 18, palmer
keratosis ascribed to verucca

This sample was obtained from a patient with tyrosinaemia type 2
Patient 05.2

A male aged 3 years, unexplained recurrent
hypoglycaemia

This sample was from a healthy child of one of the laboratory staff

Patient 05.3

Male aged 6 years, rickets, ? Cause
This sample was obtained from a patient with tyrosinaemia type 1



Samples in 2005

s Patient 05.4
A male aged 13 years with dorsal kyphosis

This sample was obtained from a patient witii MIPS type 4 aged 13 yrs
s Patient 05.5

A female aged 27 years with osteoarthritis

This sample was from. a patient with alkaptonuria

m Patient 05.6

A female, aged 30 years, severe osteoporosis

This sample was obtained from a 30 yr old woman with
classical homocystinuria



SCcong

Analytical results : 2 points
Interpretative conclusions: 2 points
Further testing advice: 1 point

No return or O points

Incorrect findings
Maximum obtainable 30 points



Sample 05.1
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Results

Sample 05; 1

Returns were recelved. from all or the 26 participants

n  All 26 participants noted an increased excretion of tyrosine

s 16/26 participants quantitated the excretion, mean tyrosine
87 pmol/L, SD 8.0 umol/L

m 16/26 reported succinyl acetone not present or not detected

m  25/26 participants concluded that the most likely diagnosis
was tyrosimaemia type 2, the remaining lab suggesting liver
dysfunction

m 25/26 recommended quantitative plasma aminoacid analysis

m 3/26 advised enzyme assay on liver biopsy material,
13/26 commented that this may not be indicated

= THIS WAS THE COMMON SAMPLE



Results

Sample 05.2

Returns were recelved. from all or the 26 participants

m 22/26 laboratories clearly reported “no abnoermality detected”

s Glven the history of hypoglycaemia 25/26 laboratories
Indicated that further laboratory or clinical investigations were
Welggelgli=le

m 20/26 would have advocated blood/plasma acyl carnitine
profile

m 9/26 Indicating the need to obtain a urine sample during or
shortly after a period of documented hypoglycaemia

m 5/26 laboratories would have recommended a controlled fast



Sample 05.3
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Results

Sample 05.3

Results were recelved from al or the 26 participants.

m 24/26 commented upon an increased excretion of tyrosine
s 2/26 reporting a generailsed aminoaciduria
s 15/26 quantitated tyrosine, mean= 331 umol/L, SD 65

s All participants noted an increased excretion of tyrosine
metabolites on urinary organic acid analysis

m 23/26 commented on a significant excretion of succinyl
acetone or derivatives, 3/26 did not comment on succinyl
acetone, one of these specifically indicating that this was “not
deteced”

m 23/26 participants concluded that the patient suffered from
tyrosinaemia type 1. 2/26 (both had not detected succinyl
acetone) felt that tyrosinaemia type 1 was possible



Sample 05.4

Fabent 05/ O7196 .2,
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\

Keratan
sulphate




Results
Sample 05.4

Results were receivea from all 26 participants

s All 14 participants who made quantitative measurement of
GAGS noted an increase

m 9/26 commented specifically on the excretion of keratan
sulphate

m 24/26 participants, on the basis of laboratory findings or
clinical description, considered that an MPS disorder was likely
or possible

m  13/26 specifically considered MPSIV (Morguio disease) as a
possibility

m 16/26 laboratories would have recommended enzyme analysis



Sample 05.5
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Results

Sample 05.5

Results were receivead from all 26 participants

n  All 26 participants reported an increased excretion of
homogentisic acid

s All concluded that the patient suffered from alkaptonuria

s  10/26 participants reported a generalised increase in
aminoacid excretion

= All 6 participants who reported guantitative MPS noted an
Increased excretion, possibly due to interference

» 5/26 would have recommended that other family members
should be investigated



Results

Sample 05. 6

Results were recelved from all 26 participants

s 25/26 reported an increased excretion of homocystine,
mean concentration 59 umol/mmol cr

s Al participants who noted an increased excretion of
homocystine concluded that CBS deficiency was the
most likely diagnosis

m 24/25 participants asked for plasma aminoacid analysis
and 20/25 would have requested a sample for total
plasma homocysteine

= Only 9/25 commented directly on or the need to assess
MMA excretion

m 16/25 would have recommended a therapeutic trial with
pyridoxine.



Scores
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Scores

05.1 | 05.2 | 05.3 | 05.4 | 05.5 | 05.6

Total

Score
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The NEQAS
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Performance

Distribution Mean Range Normal | Equivoecal High
pumol/mmol cr umol/mmol cr
Sept 05 1.7 0.5-5.0 13 0) 1
2.1 1.5-4.5 12 0) O
3.0 2.0-6.0 12 0) 0]
Aug 05 51.0 36.0-68.0 0] 0) 13
50.0 40.0-60.0 0] 0) 13
50.0 40.0-64.0 0] @) 11
May 05 2.0 0.5-4.5 10 1 O
4.8 3.5-6.5 3 6 2
5.5 3.5->8.0 3 5 3
Mar 05 1.2 0.5-3.0 9 0) O
2.8 2.0->6.0 38 0) 1
9.8 8.0->16.0 0] 4 5




Performance

Distribution Mean Range Nermal Equivocal High
pumol/mmol cr umol/mmol cr

Dec 04 2.0

4.9

5.8

Oct 04 1.6

.2

9.6

Aug 04 48.9

48.7

50.9

Jun 04 100.9

8.1

37.9

Apr 04 73.8

101.0

51.7

Feb 2004 47.6

48.6

49.0




Perfolrmance
Distribution Mean Range Nermal Equivocal High
pmol/mmolcr umol/mmoll cr

Dec 04 2 0) 1.0-6.0 11 0) 0)
4.9 3.0-7.0 4 7 o)

5.8 3.0-7.0 4 6 il

Oct 04 1.6 0->6.0 9 1 0]
3.2 1.5->6.0 9 1 0]

9.6 5.0->16.0 1 2 7

Aug 04 48.9 36.0-64.0 11 0 0
48.7 36.0-64.0 11 0) 0)

50.9 32.0-60.0 11 0) 0)

Jun 04 100.9 40.0-130.0 11 0 0
8.1 0-12.0 il 4 6

37.9 5.0-60.0 1 0 10

Apr 04 73.8 41.0-91.0 0 0 9
101.0 58.0-116.0 0 0 9

51.7 25.0-62.0 0 0 9

Feb 2004 47.6 8.0-68.0 0) 0) 7
48.6 16.0-66.0 0 0] 8

49.0 16.0-58.0 0 0 8




Conclusions

We know that there iIs a problem in
the range 4.0-10.0 pmol/mmol creat

We don’t know but could find out
whether this Is analytical or
Interpretative

Could things be improved with a
or=1110] =10} I

Could things be improved by adopting
clear guidance for interpretation ?
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