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Intended Use: The ACTM method is an in vitro diagnostic test for the quantitative measurement of acetaminophen, an analgesic and antipyretic, in human serum and plasma on the Dimension Vista® System. Acetaminophen measurements may be used in the diagnosis and treatment of acetaminophen overdose.
Summary: Acetaminophen is an analgesic found in many “over-the-counter” pain remedies. It is rapidly and completely absorbed from the gastrointestinal tract. After oral administration, peak plasma concentrations are reached in less than an hour. Approximately 90% of a therapeutic dose is eliminated by conjugation with glucoronic acid (and to a slight extent, sulfuric acid) in the liver. Another 3-5% is catabolized by the P-450 mixed function oxidase enzyme system to the acid and cysteine conjugates. All of these metabolites are excreted in the urine. Only a slight amount of the drug is excreted unchanged. Intermediate metabolites of uncertain structure formed during the biotransformation in the liver are believed to be responsible for the hepatotoxicity. After a therapeutic dose of acetaminophen, the biologic half-life in normal adults is 
2–3 hours. Metabolism is more rapid in children (except newborns). Because the hepatic conjugation is the rate-limiting step in the catabolic pathway, the half-life is prolonged in patients with liver disease, alcoholics, or in the presence of other drugs which compete for the hepatic conjugation mechanism. Acetaminophen does not have anti-inflammatory activity and it does not affect blood clotting (hemostasis). It is preferred over aspirin when the hemostatic side effects of aspirin must be avoided. Severe liver damage in adults is generally associated with ingestion of 15 grams or more. Since the drug is catabolized in the liver, hepatoxicity will result in elevated plasma drug levels and prolonged half-life. The availability of a rapid accurate plasma acetaminophen assay is of extreme importance in cases of suspected intoxication because effective antidotes are available. Therapy with N-acetylcysteine (NAC) must be started within eight hours after ingestion to prevent hepatic injury as signified by elevations in AST and ALT.1,2
Principles of Procedure: The methodology for ACTM is based on the enzymatic hydrolysis of acetaminophen producing acetate and p-aminophenol. The p-aminophenol is determined colorimetrically by reaction with o-cresol and ammoniacal copper sulfate. The amount of aminophenol produced is proportional to the acetaminophen concentration and is measured using a bichromatic endpoint technique.






Amidase


Acetaminophen + H2O



p-aminophenol + CH3COOH


p-aminophenol + o-cresol/ammoniacal copper sulfate 


 indophenol (absorbs at 600 nm)
Reagents

	Wellsa
	Form
	Ingredient
	Concentrationb

	1 – 4
	Tablet
	Enzyme
	0.04 U/mL

	5 – 8
	Liquid
	Copper Sulfate
	0.7 mM

	9 – 12
	Líquid
	o-Cresol
	17.2 mM


a.
Wells are numbered consecutively from the wide end of the cartridge.

b.
Nominal value per well in a cartridge.

Risk and Safety:

Harmful.  Contains cresol.

Harmful in contact with skin and if swallowed.

Irritating to eyes and skin.

Wear suitable protective clothing and gloves.

Safety data sheets (MSDS/SDS) available on www.siemens.com/diagnostics

Precautions:  Used cuvettes contain human body fluids; handle with appropriate care to avoid skin contact or ingestion.

For in vitro diagnostic use.

Reagent Preparation:  Hydrating, diluting and mixing are automatically performed by the Dimension Vista® System.

Store at:  2 – 8 °C

Expiration:  Refer to carton for expiration date of individual unopened reagent cartridges. Sealed wells on the instrument are stable for 30 days.

Open Well Stability:  3 days for wells 1 – 12

Specimen Collection and Handling: Recommended specimen types: serum or plasma (lithium heparin).

Serum and plasma can be collected using recommended procedures for collection of diagnostic blood specimens by venipuncture.3
Follow the instructions provided with your specimen collection device for use and processing.5
Each laboratory must determine its appropriate sample timing/collection protocol.

Complete clot formation should take place before centrifugation. Serum or plasma should be physically separated from cells as soon as possible with a maximum limit of two hours from the time of collection.4 Specimens should be free of particulate matter.

The purpose of specimen storage information is to provide guidance to users; however, users may validate their own procedures for storing patient samples.

Procedure

Materials Provided

ACTM Flex® reagent cartridge, Cat. No. K5088

Materials Required But Not Provided

DRUG 2 CAL, Cat. No. KC420

Quality Control Materials

Test Steps

Sampling, reagent delivery, mixing, and processing are automatically performed by the Dimension Vista® System. For details of this processing, refer to your Dimension Vista® Operator’s Guide.

Test Conditions

	
	Blank
	Test

	Sample Volume
(delivered to the cuvette)
	1.875 µL
	1.875 µL

	Enzyme Volume
	0 µL
	37.5 µL

	Copper Sulfate Volume
	30 µL
	37.5 µL

	O-cresol Volume
	30 µL
	37.5 µL

	Temperature
	37.0 °C
	

	Reaction Time
	6.4 minutes
	

	Wavelength
	600 and 700 nm
	

	Type of Measurement
	Bichromatic endpoint
	


Calibration

	Calibration Material
	DRUG 2 CAL, Cat. No. KC420

	Calibration Scheme
	2 levels, n=5

	Units
	µg/mL [µmol/L]c
(µg/mL x 6.62)=[µmol/L]

	Typical Calibration Levels
	Level 1 (Calibrator A): 0 µg/mL [0 µmol/L]
Intermediate level/levels automatically prepared by the instrument.
Level 2 (Calibrator B): 305.0 µg/mL [2019.1 µmol/L]

	Calibration Frequency
	Every 90 days for any one lot
Calibration interval may be extended based on acceptable verification of calibration.

	A new calibration is required:
	•
For each new lot of Flex® reagent cartridges

•
After major maintenance or service, if indicated by quality 
    control results

•
As indicated in laboratory quality control procedures

•
When required by government regulations


c.
Système International d’Unités [SI units] are in brackets.

Quality Control

Follow government regulations or accreditation requirements for quality control frequency. At least once each day of use, analyze two levels of a Quality Control (QC) material with known acetaminophen concentrations. Follow your laboratory internal QC procedures if the results obtained are outside acceptable limits.

Results: The instrument calculates the concentration of ACTM in µg/mL [µmol/L] using the calculation scheme described in your Dimension Vista® Operator’s Guide.

Results of this test should always be interpreted in conjunction with the patient’s medical history, clinical presentation and other findings.

Analytical Measurement Range (AMR): 2.0 – 300.0 µg/mL [13.2 – 1985.4 µmol/L]

This is the range of analyte values that can be measured directly from the specimen without any dilution or pretreatment that is not part of the usual analytical process and is equivalent to the assay range.

•
Samples with results in excess of 300.0 µg/mL [1986.0 µmol/L] should be repeated on dilution.

Manual Dilution: Dilute with Level 1 (0 µg/mL) of DRUG 2 Calibrator, or drug-free serum to obtain results within reportable range. Enter dilution factor on the instrument. Reassay. Resulting readout is corrected for dilution.


Autodilution (AD): The autodilute sample volume is 25 µL (dilution factor = 2) for serum/plasma. Refer to your Dimension Vista® Operator’s Guide.

•
Samples with results less than 2.0 µg/mL [13.2 µmol/L] will be reported as “less than 2.0 µg/mL [13.2 µmol/ L]” by the instrument.

Limitations of Procedure

The instrument reporting system contains flags and comments to provide the user with information regarding instrument processing errors, instrument status information and potential errors in acetaminophen results. Refer to your Dimension Vista® Operator’s Guide for the meaning of report flags and comments. Any report containing flags and/or comments should be addressed according to your laboratory’s procedure manual and not reported.

Interfering Substances

The ACTM method was evaluated for interference according to CLSI/NCCLS EP7-A2.6 Bias is the difference in the results between the control sample (without the interferent) and the test sample (contains the interferent) expressed in percent. Bias exceeding 10% is considered interference.

	Substance
	Test Concentration
	SI Units
	Bias %

	Bilirubin (unconjugated)
	5 mg/dL
	86 µmol/L
	-59.1

	Bilirubin (conjugated)
	10 mg/dL
	171 µmol/L
	-11.2

	Immunoglobulin G (IgG)
	5 g/dL
	50 g/L
	-18.9

	Protein: Total
	12 g/dL
	120 g/L
	-24.8


Therapeutic Range

Therapeutic acetaminophen concentrations vary significantly depending on the individual patient. A range of 
10.0 – 30.0 µg/mL [66.2 – 198.5 µmol/L] may be an effective sample concentration for many patients; however, some individuals are best treated at concentrations outside this range. The physician must determine the appropriate therapeutic range for each patient.

Acetaminophen concentrations >150.0 µg/mL [992.7 µmol/L] at four hours after ingestion and 50.0 µg/ mL 
[330.9 µmol/L] at twelve hours after ingestion are often associated with toxic reactions.1, 2
Maximum Observed Repeatability

The expected maximum observed standard deviations for repeatability (within-run precision) using n = 5 replicates at the following acetaminophen concentrations are:

	ACTM concentration
	Acceptable SD Maximum

	15.3 µg/mL [101.3 µmol/L]
	3.0 µg/mL [19.9 µmol/L]

	152.5 µg/mL [1009.6 µmol/L]
	9.0 µg/mL [59.6 µmol/L]


A system malfunction may exist if the acceptable SD maximum is exceeded.

Specific Performance Characteristics

The following data represent typical performance for the Dimension Vista® System.

Precision7, d
	Material
	Mean
µg/mL [µmol/L]
	Standard Deviation (% CV)

	
	
	Repeatability
	Within-Lab

	DRUG CAL 2
	18.2 [120.5]
	0.7 [4.6] (4)
	1.1 [7.3] (6)

	Multiqual® Control
	
	
	

	Level 2 & 3 Blend
	148.5 [986.4]
	2.3 [15.2] (2)
	2.7 [17.9] (2)


d.
CLSI/NCCLS EP5-A2 was used. During each day of testing, two separate runs, with two test samples, for each test material, were analyzed for 20 days.
Multiqual® is a registered trademark of Bio-Rad Laboratories, Irvine, CA 92618, USA.

Method Comparison8
	Regression Statisticse

	Comparative Method
	Slope
	Intercept
µg/mL [µmol/L]
	Correlation Coefficient
	n

	Dimension® RxL System
	1.00
	2.5 [16.6]
	0.998
	104f


e.
CLSI/NCCLS EP9-A2 was used. The method used to fit the linear regression line was ordinary least squares.

f.
The range of 104 values in the correlation study was 3.0 – 295.0 µg/mL [19.9 – 1952.9 µmol/L].

Specificity

Hemolysis, Icterus, Lipemia (HIL) Interference

The ACTM method was evaluated for interference according to CLSI/NCCLS EP7-A2.6 Bias is the difference in the results between the control sample (without the interferent) and the test sample (contains the interferent) expressed in percent. Bias exceeding 10% is considered interference.

	Substance Tested
	Substance Concentration
	Acetaminophen
µg/mL [µmol/L]
	Bias* %

	Hemoglobin
(hemolysate)
	Hemoglobin (monomer)
1000 mg/dL [0.62 mmol/L]
	32 [211.8]
	<10

	Bilirubin (unconjugated)
	2 mg/dL [34 µmol/L]
5 mg/dL [86 µmol/L]
	32 [211.8]
32 [211.8]
	<10
-59.1

	Bilirubin (conjugated)
	5 mg/dL [86 µmol/L]
10 mg/dL [171 µmol/L]
	32 [211.8]
32 [211.8]
	<10
-11.2

	Lipemia (Intralipid®)
	3000 mg/dL [33.9 mmol/L]
	32 [211.8]
	<10


Intralipid® is a registered trademark of Fresenius Kabi AG, Bad Homburg, Germany.

* Analyte results should not be corrected based on this bias.

Non Interfering Substances

The following substances do not interfere with the ACTM method when present in serum and plasma at the concentrations indicated. Inaccuracies (biases) due to these substances are less than 10% at acetaminophen concentration of 32 µg/mL [211.8 µmol/L]
	Substance
	Test Concentration
	SI Units

	Amikacin
	15 mg/dL
	256 µmol/L

	Ampicillin
	5.3 mg/dL 
	152 µmol/L

	Ascorbic Acid 
	5 mg/dL 
	227 µmol/L

	Caffeine
	6 mg/dL 
	308 µmol/L

	Carbamazepine
	3 mg/dL 
	127 µmol/L

	Chloramphenicol
	5 mg/dL 
	155 µmol/L

	Chlordiazepoxide
	1 mg/dL
	33.3 µmol/L

	Chlorpromazine
	0.2 mg/dL 
	6.27 µmol/L

	Cholesterol
	500 mg/dL
	12.9 mmol/L

	Cimetidine
	2 mg/dL 
	79.2 µmol/L

	Creatinine
	30 mg/dL
	2652 µmol/L

	Dextran 40
	6000 mg/dL
	1500 µmol/L

	Diazepam
	0.5 mg/dL 
	17.6 µmol/L

	Digoxin
	5 ng/mL
	6.15 nmol/L

	Erythromycin
	6 mg/dL 
	81.6 µmol/L

	Ethanol
	400 mg/dL
	86.8 mmol/L

	Ethosuximide
	25 mg/dL 
	1770 µmol/L

	Furosemide
	6 mg/dL 
	181 µmol/L

	Gentamicin
	12 mg/dL
	251 µmol/L

	Heparin
	3 U/mL
	3000 U/L

	Ibuprofen
	50 mg/dL 
	2425 µmol/L

	Lidocaine
	1.2 mg/dL 
	51.2 µmol/L

	Lithium
	2.3 mg/dL 
	3.2 mmol/L

	Nicotine
	0.1 mg/dL
	6.2 µmol/L

	Penicillin G
	25 U/mL 
	25000 U/L

	Pentobarbital
	8 mg/dL 
	354 µmol/L

	Phenobarbital
	10 mg/dL
	431 µmol/L

	Phenytoin
	5 mg/dL 
	198 µmol/L

	Primidone
	4 mg/dL 
	183 µmol/L

	Propoxyphene
	0.2 mg/dL
	4.91 µmol/L

	Protein: Albumin
	6 g/dL
	60 g/L

	Salicylic Acid
	60 mg/dL
	4.34 mmol/L

	Theophylline
	4 mg/dL
	222 µmol/L

	Triglycerides
	3000 mg/dL
	33.9 mmol/L

	Urea
	500 mg/dL
	83.3 mmol/L

	Uric Acid
	20 mg/dL
	1190 µmol/L

	Valproic Acid
	50 mg/dL
	3467 µmol/L


‡ The following substances do not interfere with the ACTM method when present in serum and plasma at the concentrations indicated. Systemic inaccuracies (bias) due to these substances are less than 10% at acetaminophen concentration of approximately 50 µg/mL [330.9 µmol/L].

	Substance
	Test Concentration
	SI Units

	Acetylsalicylic Acid
	50 mg/dL
	1.67 mmol/L

	Amitriptyline 
	20 mg/dL 
	721 µmol/L

	Amobarbital 
	10 mg/dL 
	442 µmol/L

	Codeine 
	10 mg/dL
	334 µmol/L

	Dextran 75
	2500 mg/dL 
	333 µmol/L

	Heparin (Porcine)
	8000 U/L 
	8000 U/L

	Imipramine 
	20 mg/dL 
	713 µmol/L

	Methadone HCL
	20 mg/dL 
	578 µmol/L

	Methionine 
	20 mg/dL 
	1340 µmol/L

	Nortriptyline 
	1000 ng/mL 
	3797 µmol/L

	Penicillin V 
	80 mg/dL
	2247 µmol/L

	Phenylephrine 
	10 mg/dL 
	491 µmol/L

	Potassium Oxalate 
	500 mg/dL 
	30 mmol/L

	Procainamide 
	20 mg/dL 
	736 µmol/L

	Quinidine 
	20 mg/dL 
	616 µmol/L

	Rheumatiod Factor 
	375 IU/L 
	375 IU/L

	Secobarbital 
	5 mg/dL 
	210 µmol/L

	Sodium Fluoride 
	400 mg/dL 
	4 g/L


Cross-reactivity ‡

The following method specific compounds (metabolites/crossreactants) have no measurable effect on the ACTM method at the concentrations indicated:

	Substance
	Test Concentration
	SI Units

	Acetaminophen Cysteine 
	20 mg/dL 
	740 µmol/L

	Acetaminophen Glucuronide 
	20 mg/dL 
	573 µmol/L

	Acetaminophen Mercapturate 
	20 mg/dL
	640 µmol/L

	Acetaminophen Sulfate 
	20 mg/dL 
	743 µmol/L

	Acetanilide
	10 mg/dL 
	740 µmol/L

	Acetophenetidin 
	10 mg/dL
	558 µmol/L

	N-Acetylcysteine 
	20 mg/dL 
	1225 µmol/L

	N-Acetylprocainamide 
	20 mg/dL 
	721 µmol/L

	Salicylamide
	10 mg/dL 
	729 µmol/L


Analytical Sensitivity: 2.0 µg/mL [13.2 µmol/L]

The analytical sensitivity represents the lowest concentration of Acetaminophen that can be distinguished from zero. This sensitivity is defined as the mean value (n=20) plus two standard deviations of the level 1 (0 µg/mL) [0 µmol/L] Drug 2 Calibrator.

‡ The Dimension Vista® ACTM method (REF K5088) and the Dimension® ACTM (REF DF88) method utilize the same reagents under equivalent reaction conditions. Interfering substances and Cross-reactivity were tested using Dimension® ACTM (REF DF88) and the results are representative of both methods.
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