Why Hospital Blood Tests Are Not an Accurate Measurement of Blood Alcohol Content
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Clinical and hospital laboratories commonly conduct alcohol [ethanol] determinations but typically do so with serum rather than whole blood. This is because clinical laboratories are engaged in diagnostic testing, which is focused primarily on a vast universe of substances in serum. Ethanol is simply an additional analyte for testing by use of existing instrumentation. As contrasted to forensic lab testing where gas chromatography instrumentation (GC) is used, hospital and clinical laboratories use the enzymatic method to distinguish and quantify ethanol in serum. The enzymatic method is the most common chemical process in hospital laboratories. The main purpose of utilizing the enzymatic method rather than GC is to obtain the quickest result possible. A GC run may require up to eight hours while the enzymatic method can be accomplished in as short a time as 20 minutes. However, the enzymatic methods lack the exactness (accuracy) of the GC method, with an average of 10% – 20% deviation common in analysis, as well as a lack of specificity for isopropyl and butyl alcohols. 

Using the enzymatic method, alcohol dehydrogenase (ADH) is an enzyme which is used to measure the concentration of alcohol in biological specimens. In the reaction, alcohol is oxidized to acetaldehyde by ADH in the presence of a coenzyme, nicotinamide adenine dinucleotide (NAD), which is reduced to NADH. [Ethanol + NAD = Acetaldehyde + NADH + H]. Enzymatic testing is actually the measurement of NADH, one of the enzymes used in oxidizing ethanol to acetaldehyde, and not a measurement of ethyl alcohol itself. Gas chromatography, by contrast, is a whole blood measuring test. Gas chromatography is the preferred method for the analysis of ethanol because, among many other advantages, it employs separation technology to discriminate the target analyte. 

The Alabama statute on point requires whole blood testing, and not a derivative of whole blood. Code section 32-5A-194 states: “(a) Upon the trial of any civil, criminal or quasi-criminal action or proceeding arising out of acts alleged  to have been committed by any person while driving or in actual physical control of a vehicle while under the influence, the evidence of the amount of alcohol, controlled substance, or other impairing substance in a person’s blood at the time…”(emphasis added). 

Serum is not whole blood, but plasma with the fibrinogen (clotting material) removed. When plasma or serum analysis is used, the blood alcohol content will appear on average 14% to 16% higher than whole blood, but that range could vary by as much twenty percent (20%). In a study of the difference between whole blood ethanol and serum ethanol and plasma ethanol reported in the Journal of Analytical Toxicology, Vol. 11, November/December 1987, “Comparison of Plasma, Serum, and Whole Blood Ethanol Concentrations” by forensic scientists Charles L. Winek and Mark Carfagna, fifty subjects who had consumed alcohol were tested by taking a whole blood sample and simultaneously taking a second sample for blood serum. The average relative difference in reported ethanol concentration between whole blood and serum or plasma was 1.14 ± 0.02 across all fifty subjects. In other words, the plasma-serum series of tests showed a higher ethanol result by 14% as compared to the whole blood tests, with both samples measured by direct injection gas chromatography.

As Winek and Carfagna noted: “A person with an ethanol concentration of 92 mg/dL in whole blood could have a reported concentration above 100 mg/dL if either serum or plasma is analyzed.” In other words, according to Winek and Carfagna, a reported hospital lab result of 0.10 % BAC [mg/dL] using blood serum would be actually 0.092 % BAC if whole blood was analyzed. In view of the significant penalties for a conviction of alcohol related traffic collision, it is imperative that competent counsel understand which method - whole blood or blood serum/blood plasma - was used to determine the subject’s reported blood alcohol level.
A second scientific treatise, Clinical Chemistry, Volume 39, No. 11, 1993, confirmed the earlier Winek and Carfagna study by running tests of blood samples taken from 211 persons. Professor Petrie M. Rainey of the Department of Laboratory Medicine, Yale University School of Medicine, using the gas chromatography method of analysis at the Yale University School of Medicine laboratory facility, determined the median ratio to be 1.15. The common range of deviation among the 200+ individuals examined was 1.14 to 1.17. While the report stated the range was 1.14 to 1.17, and the median ratio of all subjects was 1.15, Professor Rainey also noted:
“Clinical laboratories have traditionally measured ethanol concentrations in serum or plasma. All state laws that define driving while intoxicated are written in terms of whole-blood concentrations. Because treatment of injuries takes precedence over collection of evidence, alcohol concentrations obtained in the emergency department are often the only measurements available on injured motorists. These measurements may be used as legal evidence in both civil and criminal proceedings. However, differences between serum and whole-blood alcohol concentrations have created difficulty in interpreting serum concentrations under legal statutes.”
Professor Rainey’s study determined, on average, the correct method to convert serum or plasma into grams per cent by weight calculation was to divide by 1.15. “The median whole-blood alcohol concentration can be calculated by dividing the serum alcohol by 1.15 for a result in mg/dL or by 1150 for a result in weight percent.” However, this computation is not precise for all persons, and there is a degree of variance in the concentration of ethanol between whole blood and blood plasma. Clinical Chemistry, Vol. 39, No. 11 at pages 2288-2292.

A more recent third study of the same scientific issue – conversion of hospital laboratory serum to whole blood levels – was conducted in 2006 at the University of South Alabama College of Medicine by Drs. Barnhill and Herbert of the faculty of the University of South Alabama. According to Barnhill and Herbert, the average values range from 1.12 to 1.18, and is wider than the previously published report by Dr. Rainey (dated 1993). See, Comparison of Hospital Laboratory Serum Alcohol Levels Obtained by an Enzymatic Method with Whole Blood Levels Forensically Determined by Gas Chromatography, Journal of Analytical Toxicology, Vol. 31 January/February 2007, pp 23-29. 

Conclusion: The results of a hospital lab report should never be accepted as an accurate forensic measurement of ethanol in any blood alcohol litigation, whether civil or criminal. The hospital lab result is, at best, within 10% of a forensically accurate result. Once the standard “conversion” of the hospital blood sample is completed by dividing the lab result by 1.15 and then applying a 10% deviation to both the high and low results, the range of numbers that remains is the approximate correct result.  However, the lab test result may be further skewered if isopropyl alcohol was used as the cleaning method prior to venipuncture or if the individual from whom the blood sample was taken was given Ringer’s lactate as a blood expander due severe injury (common in any car crash case). A hospital lab report blood test result is unacceptable in any criminal case since the criminal law requires proof beyond a reasonable doubt. There will always be reasonable doubt in the use of hospital blood tests as compared to the scientifically accurate gas chromatography result. 

