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QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

* Overview of Sheffield current (CS)

* Overview of Heidelberg current (CL)

* Why do we measure organic acids (clinical reasons) (CS)

* Analytical preparation of the samples (CL)

*  Analytical pitfalls and problems (CL)

* (when to use Quantitative- CR)

* Interpretations and scoring (pitfalls and tricks to look for) (CS)
* Scoring and appeals (CS & CD)

* Problem Cases : (CS & CD)

Further chromatograms for the cases, interpretation and analytical problems discussion time
permitting
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Sheffield Team

Scientific Advisors — meet
the team

* Mrs Camilla Scott

* Dr Jane Dalley (retd)
Deputy Scientific Advisor
* Miss Sharon Colyer
Administrator

Mrs Lynne Wolstenholme



Heidelberg Team

Scientific Advisors — meet the team
* Dr Claus-Dieter Langhans
* Dr Verena Peters

* Prof. Dr Georg Hoffmann

Deputy Scientific Advisor
 Prof. Dr Nenad Blau



Scheme overview

Nine heat treated samples per year
To be analysed in 3 batches of 3

Results submitted currently by paper —
nopefully for 2018 by website

nclude normal and abnormal samples

Wide range of disorders or abnormalities
commonly observed in the laboratory

We are severely restricted by quantity, crisis
samples, quality of samples



Participants

Number of participants in Sheffield 107 with one
educational participant

Number of participants in Heidelberg ...
Wide geographical representation

Educational participants are participants who wish to
participate in an EQA scheme to assist in setting up a
new test who are not currently offering a clinical
service for that test. Educational participation is
limited to 2 years.



Workshop

* Why do we measure organic acids in urine?

Workshop to answer...



Clinical

As a general screening tool to rule out metabolic
causes of a common dysfunction, e.g. developmental
delay, epilepsy, autism, hypoglycaemia

To prove the hypothesis that metabolic disease is the
cause of the clinical presentation e.g.
hyperammonaemia, severe metabolic acidosis,
hyperalkalotic states.

To confirm abnormalities in other investigations, e.g.
NMR, burst suppression EEG abnormal MRI

To monitor known patients
To investigate families of known disorders



1. Analytical



P d f I
rocedure for JERND|M

sample preparation

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

1. Determine creatinine in urine sample (Jaffe method)
2. Use an aliquot equivalent to 1umol creatinine

3. Add: 100 pl 2-oxocaproic acid (1.25 mmol/l)
100 pl 4-nitrophenol d, (1.25 mmol/l)
100 yl PFBHA (50 mg/l) for oximation
300 pl 5N HCI
500 pl NH,CI (saturated)

4. Reaction time for oximation: 60 min at RT

5. Extract twice with 5 ml ethyl acetate
Centrifuge for 5 min at 3500 rpm

6. Add solid sodium sulfate to the ethyl acetate phase
After 30 min centrifuge for 5 min at 3500 rpm

7. Remove ethyl acetate under a gentle stream of nitrogen at 40 °C

8. Dissolve in 200 ul dry ethanol
Transfer ethanol in 1 ml GC vial

9. Remove ethanol under a gentle stream of nitrogen at 40 °C
10.  Add 50 pyl MSHFBA for silylation

11.  Reaction time for silylation: 60 min at 60°C

12.  Add 50 pl n-hexane

13.  Use 1 pl for injection into GCMS

www.erndim.org
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sample preparation

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

e Urine volume equivalent to 1 umol creatinine

* |nternal standards:

100 pl 4-nitrophenol-d, (1.25 mM)
100 pl 2-oxocaproic acid (1.25 mM)

OH
D D 0]
H3CM
COOH
D D
NO,
4-Nitrophenol-d, 2-Oxocaproic acid

www.erndim.org
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sample preparation

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

 Oximation of oxoacids:
100 pl PFBHA (50 mg/I)
Reaction time: 60 minutes

» improve recovery of oxoacid R\)S<COOH R\)ﬁ/COOH
H H H
» Keto-Enol-tautomery Keto® Enol
E E
» Reagent: Pentafluorobenzylhydroxylamine (PFBHA) H2NOQ7F
F F
. PFBO_

» Oxime formation: % N
R COOH 4+ HN-O-PFB — R\)\/COOH



P d f I
rocedure for JERNDlw

sample preparation

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

e Acidification:
300 pl HCI (5N)

O o)
| + |

C |
= -
R™ 0 < v

» Converting polar carboxylats to non-polar, more lipophilic carboxylic acids

www.erndim.org
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sample preparation

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

* Increasing ion strength:
500 pl NH,CI (saturated solution)

» Large amounts of inorganic salts ,bind“ water
» Salting-out effect: decreasing solubility of organic metabolites in aqueous

solution
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sample preparation

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

* Liquid-liquid extraction: = solvent extraction
2 x 5 ml Ethylacetate

Prerequisite 2 immiscible liquids

Distribution according to the partition coefficient

organic vortex . phase separation
agueous "

www.erndim.org



Procedure for
sample preparation

* Solvent drying:
solid anhydrous Na,SO,

» Removing of water

» Anhydrous sodium sulphate binds water

[ERNDIM |

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

Solubility of water
Ethylacetate 2.9%
Diethylether 1.5%
Methylacetate 8.0%

www.erndim.org
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sample preparation

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

e Solvent evaporation:
with a stream of nitrogen at 40°C

» Sample concentrator

NN
i l-l—m '”r - -

| ‘|“| !| }‘
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sample preparation

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

* Derivatization:

50 pul MSHFBA
Reaction time: 60 minutes

» Synthesis of volatile derivatives

» Masking of the polar parts in the molecules (OH groups)

* Reagent: N-methyl-N-trimethylsilyl-heptafluorobutyramid (MSHFBA) )S%}\
F.C N

0 IO TH3
R\/U\ s = RVJ\ /?i_CH3 TMS ester

o] =

3

www.erndim.org



Gas Chromatography Mass ERN D|M
Spectrometry (GCMS) n

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

TRACE GC Ultra
DSQ Il Quadrupol mass spectrometer

Thermo Fisher Scientific

Mass spectrometer Gaschromatograph

www.erndim.org



Gas Chromatography Mass ERN D|M
Spectrometry (GCMS) n

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

* Gas chromatography - Parameters:

Column: DB-5 MS, 30 m x 0.25 mm ID, 0.25 um df (J&W Scientific)

Injector temperature: 260°C
Transfer line: 280°C
Split injection: 1 ul sample
2 min 50°/min 10°/min

A\

A\

80°C 80°C >150°C 300°C



Gas Chromatography Mass ERN D|W
Spectrometry (GCMS) i

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

 Normal pattern of organic acids:

100
95
90
85
80
75
70
65

Urea-3TMS
Urea-2TMS

X : known artefacts

U : unknowns

PFBHA-1TMS
125mmolimolKrea

2-Oxocaproic (IS 2)

Relative Abundance
(5]
=]

4-Nitrophenol-D4:

Citric-4TMS

Myristic- 1 TMS

2-hydroxyhippuric-3TMS

2-Oxoglutaric-2TMS

-
wm
Oxalic-2TMS
Hippuric-1TMS
Palmitic-1TMS
Stearlc-fTMS

3-(3-hydroxyphenyl)-3-hydroxypropionic-3ThS

2 3-dihydroxybutyric-3TMS
i Lauric-1TMS
i Aconitic-3THMS
Qleic-1TMS

4-hydrexyhippuric-2TWS

=
(=

FBHA-AMt

Succinic-2TMS
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% Relative Abundance

Reproducibility N ERN D|M

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

Untargeted > Targeted

— Material Beschreibung +- _ Ergebnis St tvorwl NormV__NermB__Einheit Vorvert Vi
§ § Urin 3-0H-Isovalerat § 5 2 0 214 mmaol/molkrea -
3 & Urin 2-Methyl-3-0H-Butyrat § 10 0 33 mmol/molkrea
T3 E Urin Malonat § 5 0 14 mmel/melkea
| 9 Urin Methylmalonat § 11 0 18 mmol/molkrea
B | i Urin 2-Ethyl-Hy draaylat § 15 0 21 mmol/molirea
‘ Urin 2-0H-Isocapronat § 1 0 1 mmol/molKrea
Urin 2-0H-3-Methylvalerat § 1 0 2 mmol/molkrea |
“ I Urin 4-0OH-Butyrat § 1 0 14 mmolfmolKrea
| e Urin Glycerol § 25 0 225 mmol/molkrea
20 || | g Urin Ethylmalonat s 10 0 19 mmalfmalkrea
Urin Phenylacetat § 2 0 2 mmol/molkrea
| L g Urin Succinat + 5o 0 142 mmol/molkrea
I! + 2 % Urin Methylsucdnat § 3 0 5 mmolfmolkrea
:I H § 8 Urin Glycerat § 10 0 12 mmol/molkrea
15 i ! g 9 Urin Uradl + 75 0 29 mmol/molKrea
| e a Urin Fumarat § 12 0 21 mmol/molkrea =
" \ S% g Urin Propicnylglydn 5 1 0 2 mmolfmalkres
| 2t ; NN Urin 2-Methyl-2,3-DiOHButyret § 4 0 6 mmol/molkrea
[ B £ b & urin Mevalonolacon § 3 0 5 mmol/molkrea
I | E\ 2 3 g, ] _g Urin Thymin § 1 ] 1 mmol/molkrea
10— | g‘ |‘ é N | ;_‘3 E . i QF“'—W Urin Glutarat § 5 (i 8 mmol/molkrea
| 3 e C I E gi g 3 8 Urin 3-Methylglutarat 5 5 0 10 mmol/molkrea
| 2= ||B ] 5 8 _ ‘g“. §E 2 B £ Urin 3-Methylglutaconat § & 0 15 mmol/molirea
38 | I B v 3% e %R . Mo & Urin Mandelat 5 ; 0 1 mmol/molkrea
& T3 ,.g. g:g §_.| 3 . § . g g i £32 : Al g EE I %"% i Urin Malat 5 10 0 % mmolfmolkrea [
i \q,i LR §|L § ¢ iF iR g 5 25| 38 5 Urin Dihydrousd 5 i 0 7 |mmolimolkes
i:a & Fe "§_|; ? g‘:'§_}|'o ) | gk 5'%. er gl g N & ?,ﬂ; ; Urin Dihydrothymin 5 1 ] 1 mmol/molkrea
HBIEE 5 5 i 2|¥ ! 38, mEr 33 31 4 &l 4 1 urin Isovalenighan § 1 0 17 mmolfmolea
AN £ e IHE: 2| ?»I. BI% 25| liwigd 33 3708 ! ' urn adipx 5 1 ) 0 mmoljmoke
[ -Il &l ol Iy 2l Rl R L \ | ll £ W1 R Urin Pyruvat 5 10 0 118 mmol/molKrea
I W A RN LRI NN R .Y AL P X Urin 5-Oxoprolin 5 75 0 a0 mmolfmolkrea
. T L o Urin 2-Oxoisovalerat § 2 0 3 mmol/molkrea
5.661min 7.6%nin 108450 13.176qin 15.910min Urin Tiglylglycn § 1 0 6 mmol/molirea
Seite 1 von 4 Urin 3-Methylerotonylglydn § 2 0 z mmaol/molkrea
Urin 2-OH-Phenylacetat 3 2 0 2 mmol/molkrea
Urin 2-0H-Glutarat + |60 0 30 mmol/molkrea
Urin 3-0H-Gluterat 5 3 0 8 mmol/molKrea
Urin Acetoacetat 5 7 0 150 mmol/molkrea L.
G 5 ‘ 2 ? i '

www.erndim.org



Reproducibility N ERN D|W

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

Method evaluation

For 73 most relevant metabolites

Intraday with N = 10
Interday with N =10

www.erndim.org



Orotic
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QUALITY ASSURANCE IN LABORATORY TESTING FOR [EM
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Reproducibility N ERN D|W

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

MCAL

Product certificate Special Assays in Urine

Product name Control Special Assays in Urine
Product code Level Product code Colour cap
1 SAU-01.1 Green
2 SAU-01.2 Red
Date of issue 12-12-2016
Batch numbers and g Batch number Exp. date stored
Expiry date at +2°C to +8°C
1 2016.0091 ¥ 2020-09
2 2016.0092 ¥ 2020-09
Calculated
Consensus Values
Level 1 Level 2
Analyte Unit Calculated Calculated
Consensus Range Laboratories * Consensus Range Laboratories *
Value * Value *
Orotic acid pmol/L 18.6 143 - 228 87.0 726 - 101

S~

= 4.7 mmol/mol crea

Cut off (orotic acid): < 3 mmol/mol crea

www.erndim.org
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QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

Reproducibility

pmoliL

50

45

40

35

30

Orotic acid - Special Assay Urine SAU-01.1

Mean 18.9

TS +SD 4.8

TS TS = technical service
v Cleaning ion source

\ v" Change column
‘ v' Change inlet liner

T T T h T T T
[x] — o N —_ o N — w
(=2} (%] (2] a £~ w nN - -
= S S S S S S B =
- - w =~ (o] a0 0 - N
S . S S .- S S .- S
- e — — s —_ — —_ —_
(2] ~J -~ ~ ~J ~J -~ ~J ~J
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Reproducibility

[ERNDIM |

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

Orotic acid is highly sensible to impurities in GCMS

pmoliL

45 -

40 -

35 1

30 1

25 1

20 A

15 A

10 A

5 41

0

viedlri

+SD

10.9

4.8

gl/LLee

LULO/S A

L1/€0/90 A

LUFO/SE A

L190/yL N

L1/80/€0

LI/B0/ZT A

LU LU A

LUZLILE

TS = technical service

v Cleaning ion source
v" Change column
v' Change inlet liner
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Analytical problems

 Workshop to answer



Possible Pitfalls

* Solvent evaporation |

[ERNDIM |

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

>

loss of metabolites at higher temperature

arearatio

Evaporation at 40°C and 60°C

0.2000 ~

0.1800 -

0.1600 -

0.1400 -

0.1200 -+

0.1000 -

0.0800 -

0.0600 -

0.0400 -

0.0200 -

0.0000

m40°C
W 60°C
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Possible Pitfalls

[ERNDIM |

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

* Solvent evaporation Il

>

blowing nitrogen on dry samples might result in sample loss

arearatio
o
I

1

0.14 ~

0.12 A

0.1 A1

o
®

0.04 -

0.02 -

Evaporation at 40°C

m short time

M long time

Lactic Glycolic

2-Me-3-OH-BA Orotic Mevalonic

www.erndim.org

Short time:

- Samples just dry

- Nitrogen flow stopped
on time

Long time:

- Samples just dry

- Nitrogen flow continues
for longer

time



Possible Pitfalls N ERN D|W

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

e GC column deterioration

> Wall-

Relative Abundance

coated GC column deteriorate with time due to contamination and phase bleeding
IS 1

New GC column

5-oxoproline  Baseline separation

Used GC column
Peak overlap

0+ T T T T T T T [ T T T T T T T T T T T T T T e T T T T T T T T T T T T T T LI N
6.4 6.5 6.6 6.7 6.8 6.9 7.0 71 7.2 7.3 74 75
Time (min)
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Possible Pitfalls

* GCMS performance

[ERNDIM |

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

Peak Area Internal Standard
800000000 900
System Maintenance

700000000 - 800

600000000 .\/M - 700
[e]
- - 600 %
£ 500000000 2
8 L s00 §
© 400000000 T
© - 400 2
T 300000000 K
& . L 300 E
F s &

200000000 = | 54

N il
100000000 e 100
4
0 T T | T T T T T T T T T T T 1 T T T 0
10 13 14 15 16 17 20 21 22 23 24 27 28 29 30 31 3 4 5
day
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Recommendations | N ERN D|M

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

o  GCMS requires regularly scheduled maintenance

lon source
GC column

Inlet liner

N N NN

Leak check

o Method re-evaluation

Careful examining of all crucial steps in sample work-up
Solvent evaporation

Silylation (reagent, derivatization time)

DN N NN

In GC: inlet liner style and packing

www.erndim.org



Recommendations I N ERN D|M

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

o Define your own criteria for system performance

o  Monitor performance of

v" Gas chromatograph
v Mass spectrometer

v' Sample work-up

www.erndim.org



When to Quant



Interpretation

* Analytical issues must be checked first
* Check abundance
* Check internal standards



* Essentials to interpreting organic acid chromatograms

— Good laboratory technique
— Good library

— Knowledge of:
« Exogenous Compounds
« Ambiguous results
« Pitfalls and problems

« Characteristic patterns aid diagnosis, however diagnosis
can rarely be made without additional tests



Key points to pattern recognition

Look at the whole chromatogram

Carry out initial checks by looking at macros or extract ions for
low excretion compounds e.g. acylglycines

— Note that small peaks will be present in normal urines. Look
closely at anything >10K

Be aware of

— Drug interactions

— Post mortem changes
— Bacterial degradation
— Feeds

Unusual patterns due to these factors are much more common
then ‘inherited metabolic diseases’ — always act the
detective and look for clues in the chromatogram



Pattern Recognition

Essential to know what’s normal
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Working through the Chromatogram

Pattern Recognition

Glutarate

Hexanoyl glycine

Thymine

Methylmalonic

2 Ketoglutarate

3 —Methylglutaconate

3-OH isovalerate
4 OH Butyrate

N acetyl aspartate

|

Orotic acid

Homogentisic acid

2 OH isocaproic

|

Lactate
Oxalate

Adipate

Ethymalonate

Methyl citrate

Pyroglutamate

3-OH propionate

Ketones

4 OH phenyl lactate
3 OH Sebecate

Glycerol

3 OH Glutarate

Uracil

2 OH Isovalerate

(31LVONVDOIAV.1dIH) QYVYANVLS J@me_.rz_
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Problems and pitfalls with
Interpretation

* Workshop to discuss



Problems and Pitfalls

Missed peaks — due to low excretion (mevalonolactone)

Miss identified peaks ‘look alike peaks’ (example citramalate, 2-
hydroxyglutarate and 3-hydroxyglutarate)

Incomplete pattern recognition

Unknown compounds/incomplete library (e.g. Pyrrole 2 carboxylic
acid glycine)

Inadequate interpretation — scientific knowledge e.g. MCT/GA2
Mixed peaks



Problems observed in the over the last
few distributions

* Orotic Acid — mainly an analytical problem
* Mevalonic Acid — low excretion/small peaks

* Hyperprolinaemia type 2 —inadequate
library/unknown compound

* MCT - inadequate knowledge of exogenous
compounds



Orotic Acid — Mass spectrum | ERN D|M

T: +c Full ms [0 00-650_00]
1005 TS

Relative Abundance

100

(D

254

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

Mass spectrum of orotic acid 3TMS
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—T T L e B e e T T — T T T
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Orotic Acid — normal control | ERNDiM

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM

RT: 8.59-9.21 @

100 Orotic ** . S
E Normal control Aconitic hing

50-_ l 9.10
4 860 8.67 8.70 8.74 8.78 883 886 8.91 8.94
" 9.01 NL
9.90E5
0.6 mmol/mol crea 283.80-
500000 254 50 MS
B 861 864 868 869 872 875 877 879 8.84 888 890 891 895 9.07 9.12 916 9.19
9.01 NL
3.82E5
300000 miz=
356.50-
200000 357.50 MS
100000
8.61 8.66 868 870 874 876 879 8.83 8.87 890 8.95 9.05 909 9.11 9.15 9.18
0= Trr ¢ rrrr ¢4 rrr r.Tsrr1rrrJp¢r+rrrrrrorrrr1rjrrrryprr rr Jr.r¢tr[rrrt 1 10T T T
8.60 865 8.70 8.75 8.80 8.85 8.90 8.95 9.00 9.05 9.10 9.15 9.20
Time (min)
#600 RT:9.01 AV:1 SB: 4 8.98-9.01 NL: 7.23E5 -
T: + cFull ms [50.00-650.00] !

254
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Orotic Acid —QOA H234 | ERND]M

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM
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Orotic Acid—QOA 238 | ERNDIM | |

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM
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Relative Abundance

Orotic Acid — Overlay

[ERNDIM |

QUALITY ASSURANCE IN LABORATORY TESTING FOR IEM
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Small but significant peaks
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Mevalonolactone

Mass ion spectra
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Mevalonate Kinase deficiency

 Mevalonic aciduria: Dysmorphism, dystrophy,
ataxia, recurrent crises, skin rashes,
hepatosplenomegaly. Mevalonic acid,
mevalonolactone (>500 mmol/mol creatinine)

* Hyper IgD syndrome: recurrent febrile attacks
much lower amounts in hyper-lgD syndrome.
May be normal outside of febrile attacks.



Unknown compounds/inadequate
library
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Hyperprolinaemia type 2
N — (pyrrole 2 carboxyl) glycine

Mass ion spectra tri TMS




Hyperprolinaemia type 2

Pyrroline-5-carboxylate (P5C) dehydrogenase
deficiency

Associated with epilepsy, intellectual disability,
maybe asymptomatic

ALDH4A1 gene



MCT Feeds

MCT feeds:
adipate<suberate<sebacate

+ 7 Hydroxyoctanoate
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Hexanoyl glycine
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Interpretations and scoring

Interpretation is an educated opinion based on a recognisable
pattern, prior knowledge, experience and taking all factors
into consideration, including clinical details.

It Is acknowledged that in real life urine organic acid analysis
form only part of the diagnosis.

However, we do sometimes only get requested for this test
and have to interpret in isolation in real life.

Scoring is based on the Scientific Advisors experience and
requires a team discussion. It is not based on an individuals
knowledge or opinion.

In tricky/controversial cases the scientific board is called upon
for a collective expert opinion.



Educational Samples and Critical Error

A sample is educational when at least 20% or greater of the
participants fail to identify the abnormal metabolites or the
significance of the metabolite — this is discussed on a case by
case basis at the SAB

A critical error can be made on a single sample in which the
abnormalities are very clear and missing the diagnosis will
have a significant effect on the patient. A critical error will
generate unsatisfactory performance even when the overall
score is above 70%

Part of the role of the scheme is educational, this includes
sometimes education of the SA by the participants

This is always a two way process



