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Part III
 Recommendations for Analyses of Ethyl Alcohol and Other Toxic Alcohols

The measurement of alcohol in body fluids and/or breath is an important test in the management of patients who present to the emergency department.  A given ethanol concentration is difficult to interpret because clinical symptoms do not correlate well with any given serum concentration due to individual tolerance and possible co-existing ingestions or conditions.  Nonetheless, an abnormally high result may be helpful in determining the cause of presenting signs and symptoms.  A negative alcohol result may be even more important to the ED staff as it directs attention towards other possible etiologies and diagnostic procedures.  Ethanol is also used as a therapeutic agent for patients with toxic alcohol intoxications, and also for ethanol withdrawal syndrome.  The availability of another inhibitor of alcohol dehydrogenase (fomepizole) for the former condition, the use of benzodiazepines for the latter, and the notorious difficulty in maintaining a given ethanol concentration may end the hospital use of intravenous ethanol. When in use, frequent ethanol determinations are needed.  

While the concentration of whole blood alcohol is important from a law enforcement viewpoint, e.g., the determination of driving under the influence, forensic cutoffs (e.g., 0.08 or 0.1%) have no relevance from a clinical management viewpoint, i.e., there is no number that consistently defines clinical intoxication.  This justifies the use of other samples besides whole blood, including serum, plasma, saliva, and breath.  While there are subtle differences in results between these specimens, the magnitude of these differences, i.e., 10-20%, are also without clinical significance.  Therefore a laboratory or ED has choices regarding the optimum specimens and testing methods that best meet their clinical needs.  As such, many hospitals have implemented alternative samples for alcohol testing due to their low cost and convenience.  

A.
Need for a Breath Alcohol QA/QC Program

Portable and bench-top breath alcohol devices have been available for many years and are widely used for traffic law enforcement.  Current alcohol breath analyzers are accurate, precise, and inexpensive.  As a result, many emergency departments have adopted breath meters for determining bedside alcohol concentrations in intoxicated patients.  Currently, the Health Care Finance Administration (HFCA) and the Clinical Laboratory Improvement Act 1988 (CLIA 88) do not regulate breath alcohol testing because a discrete sample is not collected and separately analyzed (the exhalation of breath directly into a device does not constitute a sample collection).  Thus in the manner that a pulse oximeter measurement is not subject to CLIA 88 regulations, neither is breath alcohol measurement.  Nevertheless, due to the importance of alcohol measurement, the Committee feels that laboratory oversight is necessary.  The recommendations that follow were formulated by a Task Force of the American Association for Clinical Chemistry, Therapeutic Drug Monitoring and Clinical Toxicology Division (47).  The Task Force does not necessarily endorse the substitution of breath alcohol measurements for the serum alcohol test.  

Recommendation:  Clinical breath alcohol testing is point-of-care testing (POCT) and must meet the same quality assurance (QA)/quality control (QC) requirements as any POC test.  As a part of the laboratory’s ongoing QA effort, a program must be in place to monitor and evaluate policy, protocols, and the total testing process so that breath alcohol results are accurate and reliable.  The clinical laboratory should be involved in the design, implementation, and monitoring of the quality assurance program. Degree of consensus: A

Discussion


Elements of an effective QA program include monitoring and evaluating the overall quality of the total testing process (pre-analytic, analytic and post-analytic steps) as well as the evaluation of effectiveness of policies and procedures, identification and correction of problems, assurance of accurate, reliable, and prompt reporting of test results, and affirming the competency of operators.  It is necessary to have a comprehensive up-to-date accessible Standard Operating Procedure (SOP) manual, operator training and evaluation of competency, and a QC program.  Each device must be checked for accuracy each day by use of a dry gas standard and an air blank. The recovery of alcohol must be within the tolerance established by the manufacturer.  The essential operator procedures are listed in Table 4.

B. Selection and Validations of Breath Alcohol Devices

Given that breath alcohol analyzers are point-of-care testing devices, the same requirements and principles and responsibilities that govern POCT should also be applicable.  Clinical laboratory personnel are the most experienced, trained, and qualified to evaluate analytical performance such as precision, accuracy, reliability, sensitivity and specificity. 
Recommendation:  The laboratory should be involved in the selection, validation, and deployment of the breath alcohol devices used. Degree of consensus: A

Discussion


The selection of breath alcohol devices should be based on performance and features that meet the requirements of clinical services.  Only devices listed in the National Highway Traffic Safety Administration (NHTSA) Conforming Product List should be used (48).  Table 5 lists the Committee’s recommendation for specific device specifications and desirable attributes for breath alcohol measurements in the ED.  


The clinical laboratory has the responsibility to validate that the device performance meets or exceeds specifications prior to release of the technology for clinical use at near-patient sites.  This includes familiarization with the technology using vendor-supplied educational materials or programs, and adjustment of manufacturer’s guidance to clinical service requirements.  Verification of device performance characteristics requires use of NHTSA-approved breath alcohol simulator and certified alcohol solutions or certified dry gas alcohol standards.  The analytical performance should be evaluated against experimental protocols established by the National Committee on Clinical Laboratory Standards (NCCLS)(49).  The accuracy and precision studies should be performed at clinically relevant alcohol concentrations.  The specificity should be challenged with aqueous solutions of volatiles (acetone, methanol, isopropanol) at concentrations likely to be encountered in clinical settings.  The calibration stability should be verified with suitable QC materials for each day the device is used.

C.
Reporting Units for Ethyl Alcohol

The reporting of ethyl alcohol testing has been the source of much confusion over the years between individuals in the health care field and those who use alcohol results for forensic purposes.  In most states, the accepted limit of alcohol concentration is typically defined as 0.10 gram percent in whole blood.  Some clinical laboratories measure alcohol concentrations in serum or plasma and report values in milligrams per 100 milliliters (mg/dL).  Because ethanol is very water soluble, its distribution in various body fluids is dependent on the water content of those fluids (50).  The water content for serum is typically 98% while for whole blood, the water content is about 86% (with a normal hematocrit).  Therefore whole blood alcohol concentrations are lower than serum or plasma values.  However, a constant conversion factor cannot be applied because the hematocrit can dramatically change from individual to individual.  It should be noted that these legal definitions have little or no clinical meaning in the emergency department.  

Recommendation:  Alcohol concentrations should be reported in units clearly defined by the laboratory, with a notation as to the sample matrix that was tested (serum, plasma, urine, whole blood, breath).  Degree of consensus: B

Discussion


A wide variety of technologies are available to quantify alcohol in biological fluids.  The laboratory, with advice from the ED, should clearly identify the type of technology used, the specimen of choice, and the report units.  The vast majority of clinical alcohol assays is the alcohol dehydrogenase enzymatic assay in serum.  An absolute conversion of serum to whole blood alcohol concentration should not be made. 


There was some discussion on the applicable reporting units for breath alcohol.  It is most scientifically correct to express the breath concentration per 210 liters of expired air.  Use of this unit will also make it more obvious that a breath sample was tested.  Most physicians, however, are unfamiliar with the subtle differences between mg/210 L and mg/dL, and are likely to only remember the actual number.  The Committee has decided to keep the mg/dL designation, because these are the units used in law enforcement applications where breath alcohol testing is most frequently used.  In Europe and Canada, reporting units of mmol/L are appropriate as these countries have endorsed SI units more universally.  Data in mmol/L also facilitates osmolality calculations if this were to be performed.

Other types of samples, such as saliva and sweat, have been used for workplace drug testing applications.  For clinical toxicology, the Committee felt that there is insufficient experience or peer-reviewed evidence in a clinical setting to render a recommendation regarding these matrices at this time.

D.
Assays for Methanol and Ethylene Glycol

Methyl alcohol and ethylene glycol are substances that are not toxic by themselves, but produce metabolites that can produce significant morbidity and mortality.  Methyl alcohol metabolizes to formaldehyde and then to formic acid which produces a significant metabolic acidosis (51).  Ethylene glycol breaks down to oxalic and glycolic acids, both of which contribute to a significant metabolic acidosis (52).  These metabolites also contribute to significant renal tubular necrosis.  Porter et al. recently showed that all patients who had glycolic acid concentration exceeding 10 mmol/L developed acute renal failure (53).  Detection of these intoxicants in blood is important for therapeutic management.  A new antidote, fomepizol (Antizol), a competitive inhibitor of alcohol dehydrogenase (enzyme responsible for the initial step in both methanol and ethylene glycol conversion), is FDA-approved for the treatment of ethylene glycol (54) and methanol (55).  Hemodialysis also may be indicated at concentrations above 25-50 mg/dL, even in the absence of a metabolic acidosis, which develops later. 

Direct laboratory tests for methanol and ethylene glycol are needed because toxicities can occur without clinical signs of inebriation.  Due to the unavailability of these tests in many medical centers, surrogate markers, particularly for ethylene glycol exposure, have been proposed.  These include examination of urine for the presence of dihydrate calcium oxalate crystals and observing for urine fluorescence due to the presence of fluorescein added to some commercial antifreeze products.  Both of these surrogate markers suffer from false positive and false negative findings.  Rhomboid oxalate crystals are only found in about 33-50% of known ethylene glycol cases while the urine fluorescence is only observed within the first few hours of ingestion and only of antifreeze products that contain the dye (56-58).

Recommendation:  Clinical laboratories should provide direct measurements for methyl alcohol and ethylene glycol in serum or plasma.  If gas chromatography is used, the assay should target glycolic acid, the toxic metabolite in addition to the parent intoxicant, ethylene glycol. Degree of consensus: B

Discussion


The most definitive method for methanol and ethylene glycol is gas chromatography. While this technique is not widely available in most clinical laboratories, the Committee recommends its use for delivering stat results.  However, enzymatic procedures for methanol and ethylene glycol are available that can be adapted to chemistry analyzers that are “open” (i.e., where non-vendor or ‘home brew’ reagents are prepared and assayed on the instrument).  Due to the low volume of testing for these analytes, there are no prepackaged commercial reagents for these tests.  In the assay of Vinet et al., methyl alcohol is converted to formaldehyde by alcohol oxidase (59):

                                alcohol oxidase

methanol + oxygen ---------------------( formaldehyde + hydrogen peroxide

                                              formaldehyde dehydrogenase

formaldehyde + H20 + NAD+ --------------------------------( formic acid + NADH

In the modified assay of  Ochs et al., ethylene glycol reacts with glycerol dehydrogenase (60):

                                        glycerol dehydrogenase

ethylene glycol + NAD+ ------------------------------( hydroxy-acetaldehyde + NADH

This assay requires removal of the endogenous triglyceride concentration with the addition of lipase to the reagent.   The presence of high concentration of l-lactate dehydrogenase and lactic acid interferes with this assay producing false positive results (61,62).  Because the endogenous triglyceride concentration constitutes the blank and must be substracted from the signal, high triglycerides can produce a imprecise result.  A microdiffusion procedure for methanol and ethylene glycol in plasma has also been developed (63). 

Part of the rationale for this recommendation is to provide the clinical justification in order to encourage the in vitro diagnostics manufacturers to develop rapid and more specific assays for methanol and ethlylene glycol for use on automated clinical chemistry analyzers.  Figure 3 illustrates the history of one hospital, which initially imposed impediments (such as requiring a minimum osmolal gap, arterial pH, and discussion with a clinical toxicologist) prior to approval of testing for methanol and ethylene glycol.  When these roadblocks were removed, the volume for these tests, using enzymatic procedures, rose substantially.   This experience suggests that even if the prevalence of toxic alcohol ingestions for a given geographic location is low, the requests for these tests can be substantial as symptoms and signs consistent with toxic alcohol ingestion are frequently due to other clinical conditions.
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Figure 3.

E.
Osmolality Measurements for Toxic Alcohol Surveillance 

The Committee recognizes that many laboratories may not have instrumentation where non-commercial reagents can be placed, or are not capable of preparing and validating home brew reagents.  Surrogate markers, e.g., measurement of the serum osmolality and calculation of the osmolal gap have been studied as alternative to direct assays of these alcohols (64,65).  The osmolality of a fluid is defined as the number of omoles of solute dissolved in a kilogram of solvent. Osmolality is typically measured using the freezing point depression method, and has a serum reference range of 275-295 mOsm/kg.   In normal serum, the major contributing components are the monovalent electrolytes, glucose, and blood urea nitrogen.  The calculated osmolality is based on the contributions of these components, and the gap is the difference between measured and calculated:

Calculated osmolality = 1.86 [Na, mmol/L] + [glucose ( 18, mg/dL] + [BUN (2.8, mg/dL] Osmolal gap = measured - calculated

Many other formulas have been proposed for the calculation of osmolality (64,66).  None of them account for the presence of ethanol, a common finding in the ED population that is typically being tested.  Note however, that the 95% confidence interval for osmolal gap, as shown in Figure 4, ranges from –14 to +10.  The one given above appears to produce a normal osmolal gap, i.e., close to zero, as any of the formulas.  The gap is increased in the presence of methyl and ethyl alcohols, acetone, ethylene glycol, and mannitol, proportional to their 
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Figure 4.

millimolar concentrations in blood.  The higher glycol ethers have a minimal effect on the osmolal gap (67).  Measurements for ethyl alcohol are readily available, and should be considered in cases where there is a significant increase in the gap (e.g., >0 mOsm/kg).  

Recommendation:  Inherent problems with the measured osmolality and calculation with the osmlal gap reduce the reliability of these measurements in patients with the differential diagnosis of volatile and ethylene glycol alcohol intoxication.  A very high osmolal gap (e.g., >50 mOsm/kg) requires investigation of a toxic alcohol or other agents that can raise the osmolality.  Degree of consensus: B

Discussion

Although an increased gap in the presence of a metabolic acidosis suggests the presence of methyl alcohol or ethylene glycol, there are other conditions that are associated with an elevated osmolal gap.  In a patient who has an established metabolic acidosis from toxic alcohol ingestion, a normal or low osmolal gap can occur if blood is sampled after the volatile alcohols have been converted to the acid metabolites (68).   Increases in the osmolal gap can occur in patients with multiple organ failure and other unmeasured osmolal entities (69,70), and falsely suggest a toxic alcohol exposure. A low osmolal gap is a poor discriminator, as well.  Although a markedly negative gap (e.g. < -10 mOsm/kg) in a patient without metabolic acidosis essentially rules out recent toxic alcohol ingestion, this is a very rare finding.

F.
Isopropyl Alcohol and Propylene Glycol Intoxication

Isopropyl alcohol, also termed “rubbing alcohol”, is used as an antiseptic agent.  It is not as toxic as methanol or ethylene glycol because this alcohol does not metabolize to an acid.  While there is wide availability of this alcohol in the U.S., its distribution is more limited in other countries.  Intoxicated patients will present with some degree of central nervous system depression, slurred speech, ataxia, and gastritis.  Nevertheless, diagnosis of isopropyl alcohol abuse is important for patient management decisions. Serum isopropyl alcohol concentrations of 50 mg/dL are associated with signs of intoxication, and concentrations exceeding 150 mg/dL are associated with coma (71).  The major metabolite of isopropyl alcohol is acetone. Although spot tests are available for determination of ketones in serum and urine, these tests have limitations in sensitivity and specificity. 

Propylene glycol is found in activated charcoal products, as a diluent for several therapeutic drugs, and as an alternative to ethylene glycol in antifreeze.  It can cause CNS toxicity, lactic acidosis, and increased plasma osmolality.  In general, this entity usually appears as the cause of a mild metabolic acidosis and source of developing osmolal gap in the intensive care unit setting (72-75).  Patients with propylene glycol exposures usually respond to supportive care and discontinuation of medication infusions made with propylene glycol diluents.   

Recommendation:  Quantification of isopropyl alcohol and propylene glycol by gas chromatography is the preferred approach to their identification.   Measurement of lactate acid is appropriate for monitoring patients exposed to propylene glycol as this is the major metabolite.

Degree of consensus: A

Recommendation:  As propylene glycol is used as a vehicle in some drug preparations, and there can be inadvertent exposure of propylene glycol, this alcohol should not be used as an internal standard for the gas chromatographic analysis of volatile alcohols. Degree of consensus: A

Recommendation: In the absence of GC testing for isopropanol, use of the "Acetest" may be used as an insensitive surrogate, as there is some reactivity of this reagent towards acetone.  However, the name of the test should be listed as “acetoacetic acid” and not “ketones,” “ketone bodies,” or “acetone, ” as this test has the highest sensitivity towards acetoacetic acid. Degree of consensus: A

Discussion


Quantification of isopropyl alcohol by gas chromatography is the preferred test to identify isopropyl alcohol exposure.   However, it is recognized that many clinical laboratories do not have this technology.  Where such technology is not available, identification of ketone bodies may be a useful alternative.  Ketone bodies - acetoacetic acid, acetone, and (-hydroxybutyric acid - are derived from acetyl CoA and are released into blood and excreted into urine after excess breakdown of (-fatty acids.  The nitroprusside reaction for ketones, first described in 1883 (76), is approximately 10-fold more sensitive for detecting the presence of acetoacetic acid than for acetone, and has no reactivity towards (-hydroxybutyric acid.  Typical detection limits for acetoacetic acid, which is not produced in isopropyl alcohol intoxication, is in the range of 5-10 mg/dL.  Due to the higher detection limit for acetone, false negative results can occur in patients with small ingestions of isopropyl alcohol.  The nitroprusside test can also produce false positive results, in the presence of phenylketones, bromosulfophthalein, and sulfhydryls (77).   
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