Chapter 11 Recommendations for the measurement of urine organic acids 
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Background: 

The measurement of urine organic acids is an important component of the investigation of inherited metabolic disease. If utilized appropriately, this one assay is capable of identifying abnormal metabolic profiles that occur in approximately 150 distinct genetic disorders. A significant number of metabolic diseases can only be identified using this procedure. Early diagnosis before repeated episodes of metabolic decompensation occur is likely to result in better patient outcome for a number of disorders. For other, presently untreatable conditions early diagnosis enables genetic counseling to be provided before multiple affected siblings are delivered. 

We recommend that urine organic acid analysis using the procedures identified below be made readily available to all patients (children and adults) in whom a metabolic disease is suspected.

Pre analytical concerns:

Time of sample collection: Many disorders of organic acid metabolism present with abnormal metabolite profiles at all stages of clinical severity. These disorders should be readily identifiable in affected patients irrespective of time of sample collection. However, some disorders of energy metabolism only present with abnormal organic acid profiles during periods of metabolic decompensation. Samples collected after the acute illness may not demonstrate significant abnormalities for these patients and the diagnosis may be missed. Frequently, samples of urine are collected in the emergency room for infection and toxicology investigations from patients with metabolic decompensation. 

Concurrent therapies:  Certain therapeutic modalities can produce urine organic acid profiles that may mask underlying metabolic disease. Examples of therapeutic interference include seizure treatment with valproic acid and caloric supplementation with medium-chain triglycerides. If an acceptable infectious or toxicological etiology for the acute presentation is identified metabolic studies including urine organic acid analysis may not be necessary.    

Therefore, we recommend that whenever possible urine for organic acid analysis should be collected from patients at the same time.

Sample storage: Urine organic acids are stable for long periods of time (several years) if stored at minus 70(C and for several months at minus 20(C. 

We recommend that samples be stored at minus 20(C prior to analysis unless analysis is immediate when freezing is not necessary.

Analytical concerns: The only acceptable method of analysis for urine organic acids is by capillary gas chromatography-mass spectrometry.

Sample preparation: A volume of thawed, thoroughly mixed urine equivalent to a constant amount of creatinine is aliquoted for extraction. This is typically the equivalent volume containing around 1-2 (mol (0.1-0.2 mg) of creatinine. For most samples this results in between 0.5-3.0mL of urine to be extracted. 

For extremes of concentration we recommend that the minimum volume to be extracted is 0.5mL and the maximum is 3.0mL. 

To this volume of urine a fixed volume of internal standard is added. It is also acceptable to aliquot a fixed amount of urine and add to it a variable amount of internal standard to achieve the same ratio of the two components. The internal standard chosen should not be a metabolite that might be detected in normal or pathological urine, nor should it co chromatograph with significant metabolites. Typical internal standards include heptadecanoic acid, 2-phenylbuyric acid, and dimethylmalonic acid.  The final concentration of internal standard should be chosen to generate a peak on the total ion chromatogram that is similar in height to the highest detected organic acids.

Oximation: The addition of an oximating regent such as ethoxylamine hydrochloride serves to preserve ketoacids that are present in urine. Important ketoacids include the 2-ketoisocaproic, 2-keto-3-methylvaleric and 2-ketoisovaleric acids present in maple syrup urine disease. In the absence of oximation, a significant proportion of ketoacids is converted to the corresponding 2-hydroxyacid. 2-hydroxyisovaleric acid is an important indicator of maple syrup urine disease, which is readily identified in non-oximated urine samples.

Method of sample extraction: Urine plus internal standard should be acidified to pH 1-2 and extracted into an equal volume of an organic solvent. Ethyl acetate extraction is most commonly employed. The sample may be extracted up to three times for greatest efficiency. The addition of saturating amounts of sodium chloride prior to the extraction process may reduce the extraction efficiency of urea, which can interfere with the identification of other organic acids. Solid phase extraction using silicic acid mini columns has also been employed successfully for sample extraction.

We recommend that information regarding all concurrent therapies be provided with the patient order for urine organic acid analysis.

Method of sample derivatization: Most data bases for organic acid spectra are based upon spectra generated from trimethylsilyl (TMS)-derivatives. 

Gas Chromatography-mass spectrometry:

 We recommend that TMS derivatives of extracted urinary organic acids be prepared for GC-MS analysis.

Instrument tuning: It is critical for mass assignment to ensure that the analyzer is tuned on a regular basis. Most bench top GC-MS systems have an auto tune capability. 

 We recommend that an auto tune is performed daily and that analysis only proceeds if the tune falls within the specifications provided by the instrument manufacturer.

Choice of column: A variety of capillary GC columns are used for separation of organic acids with equivalent efficiency of separation. Columns are typically 25-30meters in length, 0.2-0.5mm internal diameter and coated with a 0.1-1.0 (m layer of an OV1, OV5 or OV17 comparable liquid coating. Each manufacturer has a proprietary brand. Overloading the column can cause difficulty in peak identification. 

We recommend that sample injection onto the column is in the split mode with a 1-2 (L injection and a split ratio of at least 1:15 to prevent column overload.

Running conditions: A temperature ramp is important to elute organic acids with low volatility. Typical and recommended GC temperatures are Injection port 240-250(C, Initial oven temperature 70-100(C, temperature ramp 3-8(C per minute, final oven temperature 270-295(C.  

We recommend that the temperature of the mass spectrometer interface be equal to or greater than the highest column temperature The initial oven temperature, rate of temperature ramp and highest temperature will determine the total run time, which is typically between 30-60min.

Data acquisition: Data acquisition in the mass spectrometer should not begin until the solvent front has returned to the baseline. Data should then be acquired in scan mode with a full scale scan every 0.5seconds. Depending upon the mass range of the mass spectrometer we recommend that the range of ions scanned be from m/z 50 to m/z 500-650. This data should be presented as a total ion chromatogram

Peak identification: Peaks should be identified both by retention time and by spectral match in an appropriate library of TMS-derivative spectra. Spectral match should be greater than 80% in the presence of a known co -chromatographing peak to provide positive identification.

Several commercial libraries are available for purchase but we recommend that centers measuring urinary organic acids also build their own in-house library based upon experience and availability of samples from patients with organic acidurias.

Calibration: The analytical system should be calibrated using a solution of multiple organic acids of known concentration that elute at various points during the chromatographic run. 

We recommend that 10-15 analytes be used in this calibrator mix and that they consist of significant compounds of diagnostic interest.

Data Interpretation: 

Quantitative versus qualitative data analysis: Some laboratories provide extensive quantitative reports whilst others generate a qualitative interpretation. There is no consensus as to which format is most favorable. 

For quantitative reporting, most analytes are quantified as a unique ion ratio for that compound to an ion specific to the internal standard. 

We recommend that for this purpose standard curves encompassing the reportable range for an analyte be generated at frequent intervals. 

For concentrations of organic acids less than 100mmol/mol creatinine:

We recommend that quantitation is by isotope ratio mass spectrometry utilizing stable isotope labeled internal standards. 

Data collection for this purpose should be in the selected ion mode using at least two ions for both internal standard and native compound. Experience in interpreting both quantitative and qualitative reports is essential. The rarity of some organic acidurias means that very few laboratories have a great depth of experience. 

We recommend that laboratories measuring urine organic acids participate in CAP activities and in addition, also exchange abnormal samples to extend their experience.
Identification of minor pathological components: We recognize that there are some urine organic acid components that have critical diagnostic value but are only present in small amounts, often hidden in the background noise. These components may be identified in a total ion chromatogram if selected ions are investigated. Compounds that should be sought in all organic acid chromatograms include:

1.   n-Hexanoylglycine, an important marker of medium-chain acyl CoA dehydrogenase deficiency.    

Ethylmalonate, a marker for multiple disorders which frequently co-chromatographs with phosphate a quantitatively more significant compound. 

 Orotic acid, a marker for a number of urea cycle disorders, which frequently co-chromatographs with aconitate. 

4-Hydroxybutyrate (gamma hydroxybutyrate) a marker for succinic semialdehyde dehydrogenase deficiency. 

3-Hydroxyglutarate a marker for glutaric acidemia type 1.
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