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Where do difficulties arise?Where do difficulties arise?

Pre analyticalPre analytical

Analytical

Post analytical



Pre Pre –– analyticalanalytical
Samples taken at the right timeSamples taken at the right time

Analogous to the poisoned patient



AnalyticalAnalytical
The challengesThe challenges

•• BiochemicallyBiochemically heterogeneousheterogeneous
•• Small amounts of key compounds Small amounts of key compounds 

are importantare important
•• Small sample sizeSmall sample size
•• Episodic excretionEpisodic excretion
•• Often performed only onceOften performed only once
•• Very often on Friday afternoonVery often on Friday afternoon



AnalyticalAnalytical
So how do we perform?So how do we perform?

MMAMMA 100%100%
MCADMCAD 100%100%
MMAMMA 100%100%
OrnithineOrnithine aminotransferaseaminotransferase deficiencydeficiency 100%100%
Hunter diseaseHunter disease 100%100%
Ethylene glycol intoxicationEthylene glycol intoxication 96%96%
GlutaricGlutaric aciduriaaciduria type 1type 1 94%94%
CystinuriaCystinuria 93%93%
DD--glycericglyceric aciduriaaciduria 93%93%
22--OH OH glutaricglutaric aciduriaaciduria 92%92%
MalonicMalonic aciduriaaciduria 92%92%
44--hydroxybutyric hydroxybutyric aciduriaaciduria 91%91%
Hurler diseaseHurler disease 87%87%



AnalyticalAnalytical
So how do we perform?So how do we perform?

BiotinidaseBiotinidase deficiencydeficiency 82%82%
MorquioMorquio diseasedisease 82%82%
HypophosphatasiaHypophosphatasia 69%*69%*
HomocystinuriaHomocystinuria 68%*68%*
FumaraseFumarase deficiencydeficiency 53%*53%*
PeroxisomalPeroxisomal disorderdisorder 46%*46%*
ProlidaseProlidase deficiencydeficiency 38%*38%*
SialidosisSialidosis 27%*27%*



AnalyticalAnalytical
So how do we perform?So how do we perform?

•• In optimal conditions with specialist In optimal conditions with specialist 
laboratories in straightforward sampleslaboratories in straightforward samples

•• 93% of laboratories identify disorders93% of laboratories identify disorders
•• 1 in 14 are missed1 in 14 are missed

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



AnalyticalAnalytical
Some laboratories do well and others do notSome laboratories do well and others do not

ERNDIM urinary 
organic acid scheme

• 3 urine samples sent 3        
times pa

• Scored as 2,1,0 or -2

• Maximum score 18



AnalyticalAnalytical
Technology does not solve the problemTechnology does not solve the problem

•• No correlation with equipmentNo correlation with equipment
•• Type of GCMSType of GCMS
•• Type of columnType of column
•• Method of extractionMethod of extraction
•• SoftwareSoftware

•• No correlation with analytical methodNo correlation with analytical method
•• Type of extractionType of extraction
•• OximationOximation
•• Use of extracted ion chromatogramsUse of extracted ion chromatograms
•• Use of internal standardsUse of internal standards

•• No correlation with the organisation of staffNo correlation with the organisation of staff
•• Rotation or notRotation or not
•• Type of staffingType of staffing
•• Group or individual interpretationGroup or individual interpretation
•• Turn around timeTurn around time



AnalyticalAnalytical
Experience Experience isis importantimportant



AnalyticalAnalytical
Attention to detail Attention to detail isis importantimportant



AnalyticalAnalytical
Education and awareness Education and awareness areare importantimportant

•• Attendance at meetingsAttendance at meetings

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



The ERNDIM The ERNDIM 
proficiency schemeproficiency scheme

20052005



Samples in 2005Samples in 2005
Patient 05.1Patient 05.1

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

This sample was obtained from a patient with This sample was obtained from a patient with tyrosinaemiatyrosinaemia typetype 22
Patient 05.2Patient 05.2

A male aged 3 years, unexplained recurrent A male aged 3 years, unexplained recurrent 
hypoglycaemiahypoglycaemia

This sample was from a healthy child of one of the laboratory stThis sample was from a healthy child of one of the laboratory staffaff
Patient 05.3Patient 05.3

Male aged 6 years, rickets, ? CauseMale aged 6 years, rickets, ? Cause
This sample was obtained from a patient with This sample was obtained from a patient with tyrosinaemiatyrosinaemia typetype 11



Samples in 2005Samples in 2005
Patient 05.4Patient 05.4

A male aged 13 years with dorsal A male aged 13 years with dorsal kyphosiskyphosis

This sample was obtained from a patient with MPS type 4 aged 13 This sample was obtained from a patient with MPS type 4 aged 13 yrsyrs

Patient 05.5Patient 05.5

A female aged 27 years with osteoarthritisA female aged 27 years with osteoarthritis

This sample was from a patient with This sample was from a patient with alkaptonuriaalkaptonuria

Patient 05.6Patient 05.6

A female, aged 30 years, severe osteoporosisA female, aged 30 years, severe osteoporosis

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



ScoringScoring

Analytical results : Analytical results : 2 points2 points
Interpretative conclusions:Interpretative conclusions: 2 points2 points
Further testing advice:Further testing advice: 1 point1 point
No return or No return or 0 points0 points
incorrect findingsincorrect findings
Maximum obtainableMaximum obtainable 30 points30 points



Sample 05.1Sample 05.1



ResultsResults
Sample 05.1Sample 05.1
Returns were received from all of the 26 participantsReturns were received from all of the 26 participants

All 26 participants noted an increased excretion of tyrosineAll 26 participants noted an increased excretion of tyrosine
16/26 participants 16/26 participants quantitatedquantitated the excretion, mean tyrosine the excretion, mean tyrosine 
87 87 µµmol/L, SD 8.0 mol/L, SD 8.0 µµmol/Lmol/L
16/26 reported 16/26 reported succinylsuccinyl acetone not present or not detected acetone not present or not detected 
25/26 participants concluded that the most likely diagnosis 25/26 participants concluded that the most likely diagnosis 
was was tyrosimaemiatyrosimaemia type 2, the remaining lab suggesting liver type 2, the remaining lab suggesting liver 
dysfunctiondysfunction
25/26 recommended quantitative plasma 25/26 recommended quantitative plasma aminoacidaminoacid analysisanalysis
3/26 advised enzyme assay on liver biopsy material, 3/26 advised enzyme assay on liver biopsy material, 
13/26 commented that this may 13/26 commented that this may notnot be indicatedbe indicated
THIS WAS THE COMMON SAMPLETHIS WAS THE COMMON SAMPLE



ResultsResults
Sample 05.2Sample 05.2
Returns were received from all of the 26 participantsReturns were received from all of the 26 participants

22/26 laboratories clearly reported 22/26 laboratories clearly reported ““no abnormality detectedno abnormality detected””
Given the history of hypoglycaemia 25/26 laboratories Given the history of hypoglycaemia 25/26 laboratories 
indicated that further laboratory or clinical investigations werindicated that further laboratory or clinical investigations were e 
warrantedwarranted
20/26 would have advocated blood/plasma 20/26 would have advocated blood/plasma acylacyl carnitinecarnitine
profileprofile
9/26 indicating the need to obtain a urine sample during or 9/26 indicating the need to obtain a urine sample during or 
shortly after a period of documented hypoglycaemiashortly after a period of documented hypoglycaemia
5/26 laboratories would have recommended a controlled fast5/26 laboratories would have recommended a controlled fast



Sample 05.3Sample 05.3



ResultsResults
Sample 05.3Sample 05.3
Results were received from al of the 26 participants.Results were received from al of the 26 participants.

24/26 commented upon an increased excretion of tyrosine24/26 commented upon an increased excretion of tyrosine
2/26 reporting a 2/26 reporting a generailsedgenerailsed aminoaciduriaaminoaciduria
15/26 15/26 quantitatedquantitated tyrosine, mean= 331 tyrosine, mean= 331 µµmol/L, SD 65mol/L, SD 65
All participants noted an increased excretion of tyrosine All participants noted an increased excretion of tyrosine 
metabolites on urinary organic acid analysismetabolites on urinary organic acid analysis
23/26 commented on a significant excretion of 23/26 commented on a significant excretion of succinylsuccinyl
acetone or derivatives, 3/26 did not comment on acetone or derivatives, 3/26 did not comment on succinylsuccinyl
acetone, one of these specifically indicating that this was acetone, one of these specifically indicating that this was ““not not 
deteceddeteced””
23/26 participants concluded that the patient suffered from 23/26 participants concluded that the patient suffered from 
tyrosinaemiatyrosinaemia type 1. 2/26 (both had not detected type 1. 2/26 (both had not detected succinylsuccinyl
acetone) felt that acetone) felt that tyrosinaemiatyrosinaemia type 1 was possibletype 1 was possible



Sample 05.4Sample 05.4

Keratan
sulphate

Chondroitin sulphate



ResultsResults
Sample 05.4Sample 05.4
Results were received from all 26 participantsResults were received from all 26 participants

All 14 participants who made quantitative measurement of All 14 participants who made quantitative measurement of 
GAGS noted an increaseGAGS noted an increase
9/26 commented specifically on the excretion of 9/26 commented specifically on the excretion of keratankeratan
sulphatesulphate
24/26 participants, on the basis of laboratory findings or 24/26 participants, on the basis of laboratory findings or 
clinical description, considered that an MPS disorder was likelyclinical description, considered that an MPS disorder was likely
or possible or possible 
13/26 specifically considered MPSIV (13/26 specifically considered MPSIV (MorquioMorquio disease) as a disease) as a 
possibilitypossibility
16/26 laboratories would have recommended enzyme analysis16/26 laboratories would have recommended enzyme analysis



Sample 05.5Sample 05.5



ResultsResults

Sample 05.5Sample 05.5
Results were received from  all 26 participantsResults were received from  all 26 participants

All 26 participants reported an increased excretion of All 26 participants reported an increased excretion of 
homogentisichomogentisic acid acid 
All concluded that the patient suffered from All concluded that the patient suffered from alkaptonuriaalkaptonuria
10/26 participants reported a generalised increase in 10/26 participants reported a generalised increase in 
aminoacidaminoacid excretionexcretion
All 6 participants who reported quantitative MPS noted an All 6 participants who reported quantitative MPS noted an 
increased excretion, possibly due to interferenceincreased excretion, possibly due to interference
5/26 would have recommended that other family members 5/26 would have recommended that other family members 
should be investigatedshould be investigated



ResultsResults

Sample 05.6Sample 05.6
Results were received from all 26 participantsResults were received from all 26 participants

25/26 reported an increased excretion of 25/26 reported an increased excretion of homocystinehomocystine, , 
mean concentration 59 mean concentration 59 µµmol/mol/mmolmmol crcr
Al participants who noted an increased excretion of Al participants who noted an increased excretion of 
homocystinehomocystine concluded that CBS deficiency was the concluded that CBS deficiency was the 
most likely diagnosis most likely diagnosis 
24/25 participants asked for plasma 24/25 participants asked for plasma aminoacidaminoacid analysis analysis 
and 20/25 would have requested a sample for total and 20/25 would have requested a sample for total 
plasma plasma homocysteinehomocysteine
Only 9/25 commented directly on or the need to assess Only 9/25 commented directly on or the need to assess 
MMA excretionMMA excretion
16/25 would have recommended a therapeutic trial with 16/25 would have recommended a therapeutic trial with 
pyridoxine.pyridoxine.



ScoresScores
ERNERN

Lab NoLab No
05.105.1 05.205.2 05.305.3 05.405.4 05.505.5 05.605.6 Total Total 

ScoreScore

004004 55 55 55 33 55 55 2828

010010 55 55 55 55 55 55 3030

011011 55 33 44 33 22 55 2222

021021 55 44 55 44 55 55 2828

029029 55 55 55 22 55 55 2727

032032 55 44 55 22 55 55 2626

042042 33 33 33 33 55 55 2222

060060 55 55 55 33 55 55 2828

066066 55 44 55 55 55 55 2929

099099 44 44 55 22 55 55 2525

100100 55 44 55 55 55 55 2929

104104 55 44 44 55 55 55 2828

107107 55 44 44 55 55 55 2828



ScoresScores
ERNERN

Lab NoLab No
05.105.1 05.205.2 05.305.3 05.405.4 05.505.5 05.605.6 Total Total 

ScoreScore

110110 55 44 55 22 55 55 2626

114114 55 55 55 55 55 55 3030

117117 55 44 55 55 55 55 2929

142142 55 44 55 55 55 55 2929

149149 55 44 55 33 55 55 2727

158158 55 44 55 00 55 55 2424

175175 55 55 55 22 55 55 2727

194194 55 44 55 55 55 55 2929

240240 55 33 55 33 55 55 2626

251251 55 44 55 22 55 00 2121

284284 55 55 33 00 55 55 2323

285285 55 44 55 22 55 55 2626

293293 55 44 11 22 33 55 2020



The NEQAS The NEQAS 
OroticOrotic acid schemeacid scheme



PerformancePerformance
DistributionDistribution Mean Mean 

µµmol/mol/mmolmmol crcr
Range Range 

µµmol/mol/mmolmmol crcr
NormalNormal EquivocalEquivocal HighHigh

Sept 05Sept 05 1.71.7 0.50.5--5.05.0 1111 00 11

2.12.1 1.51.5--4.54.5 1212 00 00

3.03.0 2.02.0--6.06.0 1212 00 00

Aug 05Aug 05 51.051.0 36.036.0--68.068.0 00 00 1111

50.050.0 40.040.0--60.060.0 00 00 1111

50.050.0 40.040.0--64.064.0 00 00 1111

May 05May 05 2.02.0 0.50.5--4.54.5 1010 11 00

4.84.8 3.53.5--6.56.5 33 66 22

5.55.5 3.53.5-->8.0>8.0 33 55 33

Mar 05Mar 05 1.21.2 0.50.5--3.03.0 99 00 00

2.82.8 2.02.0-->6.0>6.0 88 00 11

9.89.8 8.08.0-->16.0>16.0 00 44 55



PerformancePerformance
DistributionDistribution Mean Mean 

µµmol/mol/mmolmmol crcr
Range Range 

µµmol/mol/mmolmmol crcr
NormalNormal EquivocalEquivocal HighHigh

Dec 04Dec 04 2.02.0

4.94.9

5.85.8

Oct 04Oct 04 1.61.6

3.23.2

9.69.6

Aug 04Aug 04 48.948.9

48.748.7

50.950.9

Jun 04Jun 04 100.9100.9

8.18.1

37.937.9

Apr 04Apr 04 73.873.8

101.0101.0

51.751.7

Feb 2004Feb 2004 47.647.6

48.648.6

49.049.0



PerformancePerformance
DistributionDistribution Mean Mean 

µµmol/mol/mmolmmol crcr
Range Range 

µµmol/mol/mmolmmol crcr
NormalNormal EquivocalEquivocal HighHigh

Dec 04Dec 04 2.02.0 1.01.0--6.06.0 1111 00 00

4.94.9 3.03.0--7.07.0 44 77 00

5.85.8 3.03.0--7.07.0 44 66 11

Oct 04Oct 04 1.61.6 00-->6.0>6.0 99 11 00

3.23.2 1.51.5-->6.0>6.0 99 11 00

9.69.6 5.05.0-->16.0>16.0 11 22 77

Aug 04Aug 04 48.948.9 36.036.0--64.064.0 1111 00 00

48.748.7 36.036.0--64.064.0 1111 00 00

50.950.9 32.032.0--60.060.0 1111 00 00

Jun 04Jun 04 100.9100.9 40.040.0--130.0130.0 1111 00 00

8.18.1 00--12.012.0 11 44 66

37.937.9 5.05.0--60.060.0 11 00 1010

Apr 04Apr 04 73.873.8 41.041.0--91.091.0 00 00 99

101.0101.0 58.058.0--116.0116.0 00 00 99

51.751.7 25.025.0--62.062.0 00 00 99

Feb 2004Feb 2004 47.647.6 8.08.0--68.068.0 00 00 77

48.648.6 16.016.0--66.066.0 00 00 88

49.049.0 16.016.0--58.058.0 00 00 88



ConclusionsConclusions
We know that there is a problem in We know that there is a problem in 
the range 4.0the range 4.0--10.0 10.0 µµmol/mol/mmolmmol creatcreat
We donWe don’’t know but could find out t know but could find out 
whether this is analytical or whether this is analytical or 
interpretativeinterpretative
Could things be improved with a Could things be improved with a 
calibrantcalibrant ??
Could things be improved by adopting Could things be improved by adopting 
clear guidance for interpretation ?clear guidance for interpretation ?


	Organic acids
	Where do difficulties arise?
	Pre – analyticalSamples taken at the right time
	AnalyticalThe challenges
	AnalyticalSo how do we perform?
	Analytical So how do we perform?
	Analytical So how do we perform?
	AnalyticalSome laboratories do well and others do not
	AnalyticalTechnology does not solve the problem
	AnalyticalExperience is important
	AnalyticalAttention to detail is important
	AnalyticalEducation and awareness are important
	The ERNDIM proficiency scheme2005
	Samples in 2005
	Samples in 2005
	Scoring
	Sample 05.1
	Results
	Results
	Sample 05.3
	Results
	Sample 05.4
	Results
	Sample 05.5
	Results
	Results
	Scores
	Scores
	The NEQAS Orotic acid scheme
	Performance
	Performance
	Performance
	Conclusions

