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Part I.  Recommendations for Drug Testing to Support Emergency Department Toxicology

A.
Immunoassays

Immunoassays, which have become the mainstay of stat urine drug testing, have significant limitations in sensitivity and specificity.  Many emergency physicians are unaware of these limitations, and will order all available immunoassay tests for every patient suspected of drug use, irrespective of the presenting signs and symptoms, lack of clinical significance for some drugs, availability of management measures, and local prevalence for use and abuse of that drug.  Given the degree of cross-reactivities that many of these drug assays have, the accuracy of testing for a drug with a low prevalence can be very poor.  The limited number of available immunoassays to drug classes also limits the utility of this approach.  Furthermore, many clinicians are not even aware of what their own laboratory drug panel might cover (5).

Recommendation:  Optimum use of urine drug testing assays for ED patients requires an understanding of the limitations of existing commercial immunoassays for drugs of abuse.  A close relationship between the clinical laboratory and emergency department staffs is necessary.  The laboratory should clearly communicate to the ED the extent of the toxicology services available to them, such as the menu, target turnaround times, cross-reactivity data, contact information for consultations, etc. Degree of consensus: A

Discussion


The Committee feels that it is the joint responsibility of the emergency department and clinical laboratories to provide initial education and continuing education on the limitations of drug testing to new house officers and to maintain a continuous medical education program to existing practitioners.  It is clear that this knowledge is not adequately taught at the medical school level, and it is inappropriate to expect that senior residents or attending staff will have sufficient understanding of these limitations to effectively educate their junior house staff.  The laboratory must inform the ED staff when there are changes made to the specificity and performance of commercial drugs-of-abuse immunoassays.  They should also discuss the availability of new drug assays or assay platforms (e.g., point-of-care devices), and the appropriateness of implementing such assays in that institution.  On the other hand, ED physicians must inform the laboratory staff of changing drug utilization patterns, the appearance of new drugs or analogs such as designer drugs (6,7), or testing and reporting needs that are not currently being met.

B.
Tier I Toxicology Testing

Due to significant limitations in resources and existing technology, it is impossible for any clinical laboratory to provide a full spectrum of toxicologic analyses for the impaired or overdosed patient in real time.  Given this limitation, it is appropriate to make recommendations as to which serum and urine tests have the greatest impact on patient management, and can be realistically delivered.  

Recommendation:  The clinical laboratory should provide two tiers of drug testing.  The first tier includes stat testing of selected target quantitative tests in serum (Table 2) and qualitative tests in urine (Tables 3). If the patient is in no acute distress, additional or even most initial toxicology testing may be unnecessary. Degree of consensus:  A for Table 2., B for Table 3.
Discussion

The basis and inclusive requirements behind the tests listed under the first tier are: clinical relevance, available analytical assays for stat testing, and results that may have an immediate impact on subsequent management decisions patient care.   Management decisions need not necessarily relate to acute overdose therapy, as results of urine drug testing are also used to determine admission to psychiatric wards.  Given the problems with existing immunoassays with regards to sensitivity and specificity, the need for drug testing is questionable if the patient is not in any acute distress.  Both falsely positive and negative results can lead to unnecessary investigations.

The need for the stat quantitative serum assays was not debated during the sessions presented, with the exception of the toxic alcohols (discussed under Section III).  In contrast, the need for stat qualitative urine assays was questioned by a number of emergency department physicians and clinical toxicologists, not only in terms of which assays should be included or omitted, but the need for urine drug screening itself, given the inaccurate data that many immunoassays provide and a perceived lack of impact on acute patient care.  The finding of a positive result in urine may be completely incidental to the presentation, given the lack of an association between clinical impairment and the presence of a drug or its metabolite in urine, and considering the long duration of time that a urine sample remains present (2-30 days or more depending on analyte and use pattern).  As such, this document is in disagreement with the Laboratory Guideline for the Investigation of the Poisoned Patient prepared by the Alberta Medical Association, Alberta Canada, who recommended that “A non-specific toxicology screen is of limited value in the majority of cases and is rarely indicated” (8).  While the NACB Committee agrees in principal with the Alberta Medical Association Guidelines and the comments made by others, the Committee is also of the opinion that few emergency departments and clinical laboratories will abandon their reliance on urine drug screens on the basis of these recommendations.  This may be particularly true in small or rural hospitals that do not have the availability of clinical toxicology specialists who understand these analytical limitations.  Therefore, if urine drug testing is inevitable, ED physicians, clinical laboratories, and the in vitro diagnostic industry should take steps to improve methodologies and the quality of the services provided so that the test results are reliable as reported for the identified class.  

There was considerable debate as to the wisdom of including tricyclic antidepressants to the tier 1 test list, given the poor specificity of existing immunoassays for TCAs.  Despite these problems, TCA overdoses are highly toxic and inclusion of this assay is justified.  Therefore, a qualifier has been included in Table 3, to indicate that this is an area where ongoing education of clinical staff is necessary for the optimum utilization of this test.  In the absence of this, the ED staff might consider this test to be too inaccurate for naïve users and choose to omit it in the tier 1 panel.  Another issue with TCA testing is the appropriate urine cutoff concentration that should be used.  If the intent is to determine therapeutic and toxic concentrations a low cutoff might be appropriate, such as 300 (g/L.  More likely from the ED is the intent to determine toxic concentrations, and a cutoff of 1000 (g/L may be more appropriate.  This latter cutoff might also reduce the number of falsely positive urine drug results due to non-TCA drugs.  A clinical evaluation of TCA cutoff concentrations in urine to justify these statements has not been published to date.

During the open discussions of these Guidelines, a participant questioned the applicability of the Tier 1 test menu for pediatric patients.  It is the opinion of the Committee that individual hospitals and medical centers should revise this list as appropriate to handle special populations and needs. The prevalence of drug use within a geographic region could also be considered as a special population.   For example testing for LSD might be indicated in a pediatric population if this drug has some prevalence and has been shown to contribute to the presentation or subsequent management decisions.  However, LSD is not usually accompanied by clinical problems that prompt an ED visit for acute care.  Proproxyphene use can contribute to significant toxicities including cardiac arrhythmias, possibly delayed in appearance.   Nevertheless, a laboratory may choose to exclude propoxyphene from the tier 1 list if the prevalence of this drug is low.  It should be noted that drugs that show geographic variability may change over time, requiring reevaluation by the clinical and laboratory staff.


It is also important to note that the list of tests shown in Tables 2 and 3 are analytes the laboratory should make available on a stat basis, allowing the causative agent to be identified when a patient presents with signs and symptoms suggesting exposure to one or more of these drugs.  Tables 2 and 3 do not imply an ED panel of tests that should be ordered on all patients.  The ED physician and toxicologist must decide on the most appropriate plan of action based on the clinical presentation on a case-by-case basis.
C. Assay Turnaround Times for Tier I Tests


The recommended turnaround times (TAT) for reporting of assay results is a consistent theme among the previous NACB Laboratory Medicine Guidelines because it is readily quantifiable and is an area where most laboratories can find improvements.  Among the factors important for achieving acceptable TATs for laboratory tests are the availability of resources, cooperation with the house staff, efficient specimen delivery systems, reductions in the number of steps and complexity of the pre-analytical processes, effective laboratory and hospital information systems, and the establishment of a priority list of analytes that are considered critical to patient care.    

Recommendation: The ideal turnaround time for tier 1 toxicology tests is 1 hour or less except where noted on Table 3. Degree of consensus: B

Discussion


The issue of reporting turnaround time for laboratory tests continues to be a major issue for all stat testing, not just for drugs of abuse.  The overwhelming majority of participants were in favor of the 1-hour TAT.  The major issue, however, is the appropriate definition of reporting TATs.  Some felt that this should be defined from the time of specimen receipt within the laboratory to the availability of results, either by phone or via electronic reporting to the record.  Others felt that the TAT should be defined as the time the test is ordered to the reporting time, even though laboratory personnel may not have the responsibility of specimen collection and delivery to the laboratory.  Nevertheless, proponents of this definition argue that the laboratory should take on this role or at least have some influence on this practice.   An important part of meeting this expanded definition is the availability of a rapid specimen delivery system to the laboratory, i.e., a pneumatic tube or use of point-of-care testing within the ED.  Without these conveniences, it is unlikely that clinical laboratories can meet the 1-hour TAT as defined from the time of ordering, and the 1-hour TAT might be better applied to the time of specimen receipt definition.  While toxicology data may impact on the efficiency of ED triaging decisions, most acute management decisions are based on the patient’s vital signs and mental status, irrespective of what the laboratory data shows and when it is received.  

A continuing issue that was raised in several sessions is the potential legal impact for institutions that are unable to meet the 1-hour TAT.  These guidelines were developed as goals in hopes of providing justifications for hospitals and laboratories to improve their testing services.  The Committee re-emphasizes that these recommendations are not standards of care and may not even be a consensus of the current practice.

D.
Tier II Testing


A second tier of tests are recommended for patients with continuing medical problems from toxicologic exposure to drugs and chemicals not identified in Tier I.  The tests in this tier are more complicated and time consuming.  The availability and recommended turnaround times are different than for Tier I testing, given that fact that all clinical laboratories have limited resources.

Recommentation: The second tier of drug tests is for patients admitted to the hospital who remain intoxicated, obtunded, or comatose, where a broad spectrum (“comprehensive”) screening panel is necessary to cover drugs and substances that may have clinical significance, and are not attributed to the findings of the first tier of lab tests.  The turnaround time goal for reporting results is 24 hours.  Results of these tests might be used for more long-term management and/or counseling of patients.  Laboratorians should work closely with intensivists to determine the appropriate menu of tests that are necessary. Degree of consensus: B

Discussion


A two-tiered mechanism allows a laboratory to put the majority of their resources in providing for the needs of the sick ED patient.  The Committee has excluded certain drugs from the first tier of testing because they do not contribute to significant toxicities, or, are difficult to measure on a stat basis.  Some of these include the phenothiazines, calcium channel blockers, beta blockers, hypnotics and tranquilizers (chloral hydrate, ethchlorvynol, glutethimide), some anticholinergic drugs (e.g., atropine), muscle relaxants (carisoprodol, cyclobenzaprine), some antidepressants (e.g., fluoxetine), behavorial drugs (clonidine, methylphenidate), date rape drugs (gamma-hydroxybutyrate(GHB), flunitrazepam), certain anesthetics (e.g., ketamine), and analgesics (fentanyl and analogs).  Many of these drugs will be detected on the broad-spectrum tier of testing.
  The issue of GHB testing was specifically raised during one of the sessions, i.e., ‘if a commercial  immunoassay were available would there be requests for this test?’ The majority of the participants at the AACC meeting thought that the test would not be widely ordered within their institution.

Once the patient has stabilized, and if the etiology of the original clinical problem is still unknown, it may be appropriate for the laboratory to perform additional tests.  In this situation, the turnaround time may not be as critical as for the tests in the first tier.  Techniques for a comprehensive urine drug screen profile include thin-layer chromatography (9), liquid chromatography with rapid scanning spectrophotometric detection (10), gas chromatography (GC), GC with mass spectrophotometry (11), and liquid chromatography/tandem mass spectrophotometry (12).  (A comparison of the advantages and disadvantages of each technique is beyond the scope of these guidelines.)  Hospitals that do not have adequate resources to perform a broad-spectrum screening panel can elect to send these specimens to a reference laboratory or regional toxicology laboratory. (See Part IV:I)  In this situation, laboratory personnel should determine the reference laboratory’s methodologies used, expected turnaround time, and assay limitations, and communicate this information to the attending physician, as this may have impact on the interpretation of results.

E.
Broad Spectrum Testing

General screening for a broad spectrum of toxins is generally not necessary for patients who are asymptomatic or clinically improving in the ED.  Stat testing for specific toxins listed in Tables 2 and 3 are adequate to support evaluation of acute toxicity carried out in the ED.  The laboratory should be advised if there is a need for a broader panel of tests.  If these are not available locally, they may be provided by a reference or regional toxicology laboratory.

Recommendation:  Testing for toxins beyond those outlined in Tables 2 and 3 should be performed only after the patient is stabilized and the attending physician has received toxicology input from a poison control center or preferably bedside evaluation by personnel trained in medical toxicology. Degree of consensus: A

Discussion

The toxins identified in Tables 2 and 3 represent the common agents that will cause a patient to experience adverse effects to the extent that it leads to an ED visit.  Tables 2 and 3 represent those agents that can be readily recognized by experienced ED staff, supported by stat testing provided by the clinical laboratory, for which a specific therapy or antidote is available.  In the event that a patient presents either in coma or with clinical signs that cannot be explained by one of these toxins, further evaluation by a trained clinical toxicologist is indicated.  These evaluations usually occur outside the ED setting.  The clinical toxicologist may select from among a broader assortment of tests for toxicants and tests that are usually provided by a reference or regional laboratory.

F.
Selectivity of Testing

It is not appropriate for the clinical laboratory to provide test results for all classes of drugs, simply because an automated and inexpensive immunoassay is available.  Certain tests may not be indicated because they do not contribute to significant toxicological sequelae, or have little or no prevalence in that particular geographic location. There is an additional problem of diagnostic inaccuracy if used on a general drug screen panel (particularly with PCP and tricyclic antidepressants, TCAs) because existing immunoassays exhibit significant cross-reactivity towards other drugs (e.g., dextromethoraphan, diphenhydramine and sertraline for PCP (13) and phenothiazines, cyclobenzaprine, diphenhydramine for TCAs (14)).  As shown in Figure 1, even if the assay has a accuracy of 99%, when it is tested on a population of subjects where the prevalence is 0.1%, the rate of false positive findings exceeds the rate of true positive findings by 10-fold. 

Recommendation:  Stat testing for the following drugs is not recommended for ED patients presenting with acute symptoms: tetrahydrocannabinol, lysergic acid diethylamide (LSD), methaqualone, ibuprofen, and cotinine (nicotine metabolite).  Testing for some other drugs such as PCP and propoxyphene should be conducted in areas where these drug exhibits notable prevalence.  Degree of consensus: B

Figure 1.
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Discussion

The prevalence of methaqualone and phencyclidine (PCP) abuse is very minimal in the U.S. today.   In one recent study of drugs used in cases of alleged sexual assault, ElSohly et al. found no cases of methaqualone and PCP use among 1179 submitted urine samples (15).  A very low incidence of these drugs was also reported by 877 homosexual men (16).   While tetrahydrocannabinol (marijuana) and lysergic acid diethylamide (LSD) are more widely abused, many clinical toxicologists do not want to know if a patient is positive for these drugs because they do not contribute to major acute clinical problems (17).  THC testing may be useful in drug compliance and rehabilitation programs that are outside the usual objectives of ED testing.  Of course, testing for some of these agents (e.g. PCP, THC) may well be indicated in the evaluation of the child with altered mental status, where intoxication may be difficult to discern by history alone.

G.
Drug Panels by “Toxidromes”

Patients who are drug intoxicated or overdosed often present to the ED with a collection of physical findings and symptoms that are consistent with a particular drug or class of agents.  Recognition of these “toxidromes” can be important in the effective clinical management of that patient while in the ED (18).  Proper identification of a particular toxidrome could be used to exclude some drug classes as the cause of the symptoms without performing the urine drug testing.  Drug testing panels can be established that link specific symptoms to a particular menu of tests (e.g., sympathetic: cocaine, amphetamines; sedative: benzodiazepines, tranquilizers, barbiturates; hallucinogenic: marijuana, lysergic acid diethylamide, phencyclidine).  Although implementation of such an approach could reduce the unnecessary utilization of laboratory tests, the opportunity of identifying the causative agent could be missed if the initial clinical impressions were in error.

Recommendation:  Clinical laboratories should not set up specific drug testing panels based on toxidromes.  The failure to recognize a particular toxidrome may lead to the failure to order an important drug test.  Availability of the spectrum of tests defined in Tables 2 and 3 is recommended. Degree of consensus: A

Discussion


Although the clinical laboratories are under tremendous pressure to reduce costs and utilization of laboratory services, elimination of a few drug tests that are already available (i.e., regularly calibrated and quality controlled) on the menu of tests on an automated testing platform on urine collected and sent to the laboratory will not greatly impact the cost of delivering laboratory services.  On the other hand, a delay in the triage and management of the overdosed patient due to inappropriate laboratory orders can greatly affect the cost for treating that patient, and may have an adverse effect on patient outcomes.  There has been at least one study that examined the potential success of linking toxidromes to particular ED drug screening patterns (18).  When ED nurses, clinical pharmacists and medical residents were asked to choose among eight toxidromes, the diagnostic accuracy ranged from 79-88%, with the medical residents scoring the lowest of the group.  Although these figures indicate a reasonable degree of performance, the critical question is the clinical and fiscal impact for the 12-21% of patients incorrectly diagnosed, if the toxicological causes of these cases were not identified.  The inaccuracies in the assessment of toxidromes may be due to presence of polydrug overdoses, delayed-onset toxicities (20), or clinical inexperience.  The importance of clinical experience in the ED is a major factor in the success of toxidrome accuracy and the potential use of specific drug panels.  In a study of periodicity of drug overdose presentations, Raymond et al. concluded that EDs are most likely to encounter overdosed patients in the early evening (21).  This is also a time of peak activity in the EDs, when both resident supervision and tolerance of delays in patient management may be critical.

H. Gastric Samples

A gastric lavage is used on rare occasions to remove the contents of unabsorbed toxic substances.  Gastic contents can be sent to the laboratory for identification of orally-ingested drugs.  This practice is now discouraged because of the potential of aspiration, esophageal perforations in the case of ingestion of corrosives, and the possibility of lavage-induced convulsions.  Administration of activated charcoal is treatment of choice for decontamination of toxins and poisons.

Recommendation: There is no role for the testing of gastric contents in clinical management, although premortem collection and retention may be important for cases with medicolegal considerations. Degree of consensus: A.

Discussion


While the collection of gastric contents is discouraged for the purposes of drug testing, gastric contents are sometimes available and should be retained in the event this information can be useful in analyses for forensic purposes, such as post-mortem investigations.

I.
“Universal” Acetaminophen Screening

Acetaminophen overdose is a common clinical problem, with over 111,000 exposures reported to U.S. poison control centers and 40,000 associated ED cases per year.  Following therapeutic dosages, the majority of acetaminophen is detoxified by conjugation and excreted in the urine.  Ingestion of toxic amounts of acetaminophen results in more of the drug being metabolized by the CYP2E1 isoenzyme of cytochrome P450 to N-acetyl-p-benzoquinone imine, a highly reactive intermediate (22).  Accumulation of this metabolite leads to fulminant hepatic failure.  Therapy with N-acetylcysteine is most effective when initiated within 8-12 hours after ingestion.  Unfortunately, the early stages of acetaminophen toxicity are usually asymptomatic or when present, are nonspecific, and can be easily missed (23).  Once the first signs of hepatic injury become apparent (right upper quadrant pain and tenderness, and increases in the concentration of serum aminotransferases), treatment may be less effective.  In those few patients who develop fulminant hepatic failure, orthotopic transplantation may be the only remaining therapeutic option.

Determination of a single serum acetaminophen concentration will confirm ingestion and with the Rumack-Matthew nomogram, allows for the initiation of appropriate therapy (24).  This nomogram takes into account the variability of the assay and uncertainty of the time of ingestion.  It is best used when there is accurate knowledge of the time of ingestion.  If this information is not known, repeat testing over 2-4 hours may be helpful to demonstrate completion of absorption after overdose.  Serial testing on a 4 to 8 hour basis may be used to estimate the elimination half-life.  This may have some prognostic value when the time of ingestion in unknown (25,26).   However, in most cases, it is unnecessary to monitor acetaminophen concentrations to document a zero concentration.  The nomogram is not useful for overdose management of patients who present with chronic overuse of acetaminophen.  

Recommendation: All emergency department patients who present with intentional drug ingestions, and chronic overuse secondary to chronic pain, should be screened with a quantitative serum acetaminophen assay.  A qualitative urine acetaminophen assay followed by a quantitative serum assay if positive may be a cost-effective approach, since the majority of samples will be negative.  Degree of consensus: A for quantitative serum screen, B for need for qualitative urine screen

Discussion


In the absence of specific symptoms to suggest the presence of a disorder, the introduction of a screening test for a particular population requires careful consideration before implementation.  In the case of acetaminophen screening, the cost of testing many patients to identify a small number of acetaminophen-overdosed patients must be weighed against the cost of treating missed acetaminophen ingestions that progresses to fulminant liver failure.  The incidence of detectable acetaminophen in blood of patients with suicidal intent or mental status changes ranges from 6-11%.   There have been a few studies conducted to determine the number of patients who deny ingestion of acetaminophen and yet had a potentially hepatotoxic acetaminophen concentration.   In the study of Sporer et al. (27), only 5 out of 1820 patients (0.3%) had a negative history and an acetaminophen concentration of >50 mg/L. On the other hand, Ashbourne et al. (28) found 7 of 365 (1.9%) of patients with acetaminophen ingestion at potentially toxic concentrations.  While both studies suggest that routine screening is warranted, there have been no outcomes studies to show that this approach is cost effective or provides medical benefit.  Nevertheless, the Committee felt that assessment of acetaminophen concentrations was appropriate.


There was some discussion in the open forums about the utility of screening for acetaminophen testing using a qualitative assay in urine.  The rationale is that if the results on the majority of samples tested are negative, the costs for performing this test would be diminished.  Figure 2 shows the distribution of serum acetaminophen concentrations at one hospital.  In 84% of the tests, acetaminophen was undetectable and the results were under 50 mg/L in the majority of the cases (94%). If a urine assay were used, positive tests would require followup with a quantitative acetaminophen level in serum.  An important aspect of this would be determining the most appropriate cutoff that differentiates between therapeutic use for potentially toxic exposure. Such a cutoff would require validation in a clinical study that has yet to be conducted.  As such, there was no consensus for this recommendation among the audiences pooled.


Contrary to the recommendation for acetaminophen screening, the Committee does not endorse routine screening for the presence of salicylates.  The finding of an “unexpected” positive serum salicylate result is less frequent than for acetaminophen (0.16 vs 0.3%) (27). Salicylate screening is a low cost test that is warranted in patients with altered mental status.  In an alert patient, the  clinical findings of tinnitus, tachypnea, and the presence of a mixed respiratory alkalosis and metabolic acidosis should suggest the need for salicylate testing.  These symptoms and signs may provide sufficient evidence of salicylate toxicity to begin treatment 

Figure 2.
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without a quantitative serum salicylate determination. Further, a quantitative serum result has little bearing on prognosis compared to the clinical and acid/base picture.  Although important historically and representing the first recognition of the importance of time since ingestion, the Done nomogram (29) should never be used to assess toxicity or to guide therapy in isolation.  Done’s initial small retrospective study has not been prospectively validated (30). A qualitative urine assay for salicylate may be useful in some clinical settings, but again the determination of a proper cutoff concentration has not been studied
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