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Abstract

:

This technical clinical and forensic note is designed to interpret the influence that psychoactive (or psychotropic) substances may have on driving. The present interpretation is restricted to the four groups of substances (i.e., cannabinoids, cocaine and metabolites, opiates and amphetamines and derivatives) outlined in Annex V of Ordinance No. 902-B/2007 of 13 August and it is expected that can be extrapolated to other jurisdictions besides Portugal. This work is presented in a pragmatic and objective way, avoiding the clinical, physiological, pathophysiological, and toxicological aspects that would hinder understanding and impair the usefulness and applicability of its content. The evaluation of the state of influence by psychotropic substances is a complex clinical and forensic subject especially due interindividual variability and concomitant consumption of other substances that may predispose to pharmacological interactions.
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1. Introduction


The legal framework for driving under the influence of psychoactive substances varies worldwide, but three approaches have usually been used: (i) zero-level tolerance laws—consider that road driving with any quantity of substances present in the body is illegal; (ii) laws that favor the state of influence (or homologous designations)—consider road driving illegal when the capabilities to do so are impaired by the action of psychoactive substances; and (iii) laws that favor minimum cutoff values in concentration—they consider road driving illegal when exceeding certain blood values of psychoactive substances. In Portugal, the zero-tolerance regime applies to cannabinoids, cocaine and metabolites, opiates and amphetamines and derivatives, which means that influence is not a necessary condition [1]. However, in any case, this regimen can only be applied to substances that are pharmacologically active, and the law incorporates others that are not. In other words, if it is reasonable and acceptable that the presence of a substance may imply influence, this is only potentially true for pharmacologically active substances. It is therefore justified to clarify this in detail. In other countries, such as the United Kingdom and Norway, a system that defines a critical concentration which is considered to be of influence is applied [2].




2. Methods and Applicable Legislation


This technical interpretation was based on the physiological and pathophysiological principles of medicine, pharmacology and toxicology, and was always complemented by the scientific literature of the specialty and Portuguese legislation in this subject: (i) Decree Law No. 44/2005, of 23 February—regulates the Portuguese Road Code; (ii) Law No. 72 of 2013 of 3 September–amends the Portuguese Road Code; (iii) Law No. 18/2007 of 17 May—approves the regulation of surveillance of driving under the influence of alcohol or psychotropic substances; (iv) Ordinance No. 902-A/2007 of 13 August—approved the fees to be charged when driving under the influence of alcohol or psychotropic substances; and (v) Ordinance No. 902-B/2007 of 13 August— it sets out the requirements that quantitative analyzers must comply with, the procedures for collection, packaged and dispatched of blood for laboratory analysis, the procedures for laboratory analysis and the types of medical examinations to quantify the blood alcohol concentration (BAC) or detect the presence of psychotropic substances in blood. It is worth to be highlighted the inaccuracy, from the scientific point of view, of the title of the Law No. 18/2007 of 17 May. The inclusion of the conjugation “or” gives the idea that ethanol is not a psychotropic substance, which is not the case. Indeed, for the purposes of the Law and in comparison, to other psychotropic substances, ethanol follows a different forensic interpretation (i.e., with cutoff levels for BAC). The specific case of ethanol was not object of the present analysis.




3. Specific Aspects of Legislation


Driving under the influence of psychoactive substances is a major public health problem. For the purposes of the application of the Law on Road Surveillance under the Influence of Psychotropic Substances (Article 8 of Law No. 18/2007 of 17 May) and the provisions of Article 81 of the Portuguese Road Code, the following groups of compounds are specifically evaluated: (a) Cannabinoids; (b) Cocaine and metabolites; (c) Opiates; (d) Amphetamines and derivatives. The saliva screening test is considered positive when it reacts to one of the four groups of compounds mentioned above. Urine screening tests are carried out in public health facilities. The substances and concentrations provided in Table 2 of Annex V to Ordinance No 902-B/2007 of 13 August are taken into account, and the results are considered positive when the values obtained are equal to or greater than the cutoff concentrations indicated. Blood screening tests, carried out by the National Institute of Legal Medicine and Forensic Sciences (INMLCF, I.P.), when the previous tests are not performed, are considered positive when they show the presence of the substances present in Table 1 of Annex V (Article 17 of Ordinance No. 902-B/2007 of 13 August). However, in order to declare that psychotropic substances are present, a positive result in the confirmation blood test must reveal the presence of any of the xenobiotics provided for in Table 1 of Annex V to Ordinance No. 902-B/2007, of 13 August (Article 12 of Law No. 18/2007, 17) or any substance or product, with an analogous effect, capable of disturbing the physical, mental or psychological capacity of the person examined while driving safely (Article 8 of Law No. 18/2007, of 17 May, and Article 23 of Ordinance No. 902-B/2007 of August 13). The declaration that someone is being under the influence of psychotropic substances can also be made following a medical examination (Article 25 of Ordinance No. 902-B/2007 of 13 August).



In contrast with alcohol consumption, for which the legislation defines a certain BAC to forbid driving, positivity in the screening test for the above referred four groups of psychotropic substances does not automatically mean that we are in the presence of a very serious offence and as such does not automatically imply inhibition of driving for the expected legal period (2 to 24 months, Article 146(m) and Article 137(2) of the Portuguese Road Code). However, drivers, if the screening test is positive, are prevented from driving for a period of 48 h, unless, before that period, they have a negative result in a new screening test (the 157th of the Portuguese Road Code). Another difference between the penalty for alcohol consumption and that of other substances is the absence of a concentration cutoff limit for which psychotropic substances affect the capacities for driving. In other words, the law applies a zero-tolerance regime; that is, the positivity/presence of one of the four groups of psychoactive substances is a sufficient condition for the individual to be considered under the influence. Although this is legitimate and acceptable for illicit substances, the consumption of which is prohibited by Law No. 30/2000 of 20 November (which defines the legal regimen applicable to the consumption of narcotic drugs and psychotropic substances, as well as the health and social protection of persons who consume such substances without a medical prescription), the truth is that this pragmatism of the Law contains limitations because the state of influence that is intended to be evaluated depends on several factors, which transcend this technical note.




4. Specific Interpretations


Although urine is an excellent sample for toxicological screening, there is no correlation between urinary concentrations found and the level of influence [3,4]. In other words, the presence of xenobiotics or their metabolites in urine indicates only previous exposure/consumption. Therefore, the concentrations presented for urine in Table 2 of Annex V of Ordinance No. 902-B/2007 on 13 August are in no way related to level of influence. Only a positive qualitative analysis for these xenobiotics in the blood can be related to sensory changes, since the blood is in close contact with the central nervous system (CNS). However, it is also important to note that there is no well-established correlation between the concentration of psychoactive substances in the blood and changes in performance.



Regardless, in several other jurisdictions, blood concentrations of certain substances have been used to assess the level of influence, but the interindividual variability is so great that they only represent approximations of function. It should also be noted that the positivity/presence of some of the substances referred to in Table 1 of Annex V to Ordinance No. 902-B/2007 of 13 August does not automatically means illicit consumption, since some of these are used in therapy and, as such, may be under medical prescription, such as morphine and, more recently, medicinal cannabis [5]. In the following highlights, a pragmatic interpretation regarding major psychoactive groups is presented to better serve the purpose of the technical note and its scientific application.



4.1. The Cannabinoids


Cannabinoids are the most prevalent illicit substances among influenced drivers, and their effect is dose-dependent [6]. In particular, cannabinoids increase the risk of accidents, cause drowsiness, euphoria or dysphoria, changes in memory, perception, stability, decision-making capacity, reasoning and reaction time, synesthesia, disorganized thoughts, confusion, paranoia, agitation, among other effects on the central nervous system [7]. The following are major technical aspects to be considered:




	
The law defines Δ9-tetrahydrocannabinol (Δ9-THC) and its metabolites 11-hydroxy-Δ9-tetrahydrocannabinol (THC-OH) and 11-nor-9-carboxy-Δ9-tetrahydrocannabinol (THC-COOH) as illicit substances.



	
While Δ9-THC and THC-OH are pharmacologically active (i.e., they can influence cognitive abilities for road driving), THC-COOH is not, and as such, does not influence function.



	
THC-COOH has a long half-life (t1/2) and a large detection window, far beyond the manifestation of acute effects [8].



	
In fact, in occasional cannabis smokers, THC-COOH was found up to 7 days after the last use [9].



	
Therefore, THC-COOH is the compound within this group that is most often detected.



	
Nevertheless, although it can be detected, its presence should not be used for the assessment of the state of influence, because it has no affinity for the cannabinoid receptor and therefore has no recognized psychoactive effect [10].



	
In other words, it may be said that an in-control has concentrations of 18 ng/mL THC-COOH or 18 ng/mL Δ9-THC in blood.



	
However, it should be clarified that the THC-COOH positivity, undoubtedly means that a driver consumed Δ9-THC.



	
Tolerance to Δ9-THC can be developed, meaning that for equal concentrations of Δ9-THC, regular consumers may be less influenced than occasional consumers [11].



	
Influence may occur 1 h after smoking or within 1 to 2 h after oral administration [12,13].



	
Some studies have proposed interpretations based on blood concentrations that are listed below because the state of influence is largely dependent on biological concentrations [14].



	
In occasional consumers and in the case of recent consumption, Δ9-THC concentrations of 2–5 ng/mL are usually associated with states of influence [15].



	
Concentrations greater than 5 ng/mL are equivalent to an accident risk approximately equal to the alcohol rate of 1.5 g/L [16].



	
Concentrations of 7–10 ng/mL Δ9-THC in serum (3.5–5 ng/mL in whole blood) cause a state of influence similar to BAC of 0.5 g/L [17].



	
The state of influence increases 2.4, 2.5 and 3.2 for concentrations of Δ9-THC in the blood of 3.0–4.8, 4.9–10.1 and >10.2 ng/mL, respectively [11].



	
Values below 2 ng/mL indicate no influence [14].



	
For concentrations greater than 2 ng/mL, performance impairment was seen for some, but not all, driving-related tasks [14].



	
For concentrations of 2–5 ng/mL Δ9-THC, 71% of influenced individuals; for 5–10 ng/mL, 75–90% of individuals are influenced, and for concentrations greater than 30 ng/mL, 100% are influenced [14].



	
In some countries, such as the United Kingdom, limits of 2 μg/L for Δ9-THC have been set so as not to accidentally penalize drivers exposed to passive consumption and due to the inherent analytical difficulties associated with enforcing a 0.0000 μg/L limit.









4.2. Cocaine and Metabolites


Among the effects of cocaine that may influence driving, the following stand out: mydriasis, convulsions, tachycardia, euphoria, increased self-confidence, anxiety, increased reaction capacity followed by a marked reduction of this cognitive capacity, hallucinations and sudden death [18]. The following are major technical aspects to be considered:




	
Cocaine use is associated with an average of 2 to 10 times higher risk of serious injury or fatality in road accidents, according to the findings of the Project Driving Under the Influence of Drugs, Alcohol and Medicines (DRUID) [19].



	
This risk is similar to driving with a BAC between 0.5 g/L and 0.8 g/L [20].



	
Cocaine is mainly metabolized by 2 pathways: major benzoylecgonine and ecgonin methyl ester metabolites and several other minor metabolites.



	
For the purposes of Law No. 18/2007 of 17 May, only cocaine and its main metabolite, benzoylecgonine, which comes from spontaneous hydrolysis or the action of human carboxylesterase 1, were analyzed [21].



	
Since benzoylecgonine is inactive this is a method of detoxification and lacks psychoactive activity [22]. Thus, if this compound is found (and with negative cocaine) it does not mean that the individual is under the influence of this psychoactive substance.



	
However, it should be clarified that benzoylecgonine positivity undoubtedly means that the driver is a consumer of illicit substances, specifically cocaine.



	
Reported concentrations of cocaine in the blood range from 0.076 to 0.109 mg/L [23,24].



	
Benzoylecgonine is more likely to be found in the blood than cocaine because it has a higher t1/2 (i.e., 4–7 h versus 0.5–1 h of cocaine), depending on whether the consumer is a naïve or chronic user [21,25,26].



	
In other words, while cocaine may be absent from a blood sample after 4 to 6 h, benzoylecgonine may be present for up to 6 days after cocaine administration, especially in chronic users.



	
In some countries, such as the United Kingdom, limits of 50 μg/L benzoylecgonine and 10 μg/L cocaine have been defined so as not to penalize accidentally exposed drivers, because of passive consumption.









4.3. Opiates


Among the effects that may alter driving by opiates, the following stand out: drowsiness, increased reaction time, confusion, agitation, fear, hallucinations, lack of motor coordination, mood alteration, myosis, tremor and convulsions [27,28,29]. The following are major technical aspects to be considered:




	
The law defines the presence of a subset of opiates, morphine and 6-acetylmorphine as illicit compounds [30]. In other words, morphine and 6-acetylmorphine are surveilled [31,32,33,34].



	
Consideration should be given to the fact that many pharmaceutical formulations (e.g., used as analgesics and antitussives) have codeine and morphine, and therefore may produce a positive opiate but not due to illicit consumption. Despite being an omitted legislation, in these cases, the licit consumption can be easily attested by a medical prescription.



	
For example, codeine undergoes O-demethylation, catalyzed by CYP2D6 and 2D7, resulting in morphine. Thus, morphine is present when patients are administering codeine [31]. It is even plausible that morphine has been administered per se, especially in hospital for the for severe pain in cases of extensive traumatic injuries.



	
In this case, it is necessary, when possible, that the collection of biological samples be made before starting therapeutic measures.



	
The presence of 6-acetylmorphine (6-AM) is evidence of recent heroin use, since it results from hydrolysis of heroin catalyzed by human carboxyesterase-1 and 2 in the liver and brain and plasma butyrylcholinesterase [31].



	
Both heroin and 6-acetylmorphine reduce t1/2 by 1–2 min and 10–25 min, respectively [35,36,37,38,39,40].



	
This means that the metabolite is no longer relevant for documenting heroin use because it is not found after 8–10 h in urine and 0.5 to 2 h in the blood [35,36,37,38,39,40].



	
The very reduced t1/2 of heroin means it cannot be used for analysis to document its consumption.



	
For morphine, its t1/2 of approximately 1 to 3 h extends its blood window of detection to 10 to 15 h after ingestion [41].



	
In some countries, such as the United Kingdom, even applying a zero-tolerance regime, the limit of 5 μg/L for 6-acetylmorphine is used so as not to penalize accidentally exposed drivers, because of passive consumption or high values of 80 μg/L for morphine because of its large therapeutic application [42].









4.4. Amphetamines and Derivatives


Among the effects that may alter driving after the administration of amphetamines and derivatives the following stand out: mydriasis, irritability, convulsions, insomnia, euphoria, impulsivity, confusion, psychoses, and aggressive behavior [43,44]. The following are major technical aspects to be considered:




	
The interpretation for this group is more obvious, since the compounds considered in Law No. 18/2007 of 17 May are all pharmacologically active.



	
Nevertheless, it is important to highlight the fact that methamphetamine is metabolized to amphetamine and 3,4-methylenedioxymetamphetamine (i.e., MDMA or ecstasy) and 3,4-methylenedioxyethylamphetamine (MDEA or MDE) are metabolized into 3,4-methylenedioxyamphetamine (MDA) [45], which is more potent than the former [46].



	
Therefore, the assessment of these compounds may give rise to erroneous presumptions regarding the type of substance that was consumed.



	
1,3-benzodioxolil-N-methylbutanamine (i.e., 3,4-methylenedioxy-N-methyl-α-ethylphenylethylamine; MBDB) has little or no expression (including compared to other substances not included in the law) and is metabolized to its active metabolite 1-(3,4-methylenedioxyphenyl)-2-butanamine (BDB) [47].



	
Blood-cut-off concentrations, ranging from 20 to 600 ng/mL for amphetamine, from 20 to 200 ng/mL for methamphetamine and from 20 to 300 ng/mL for MDMA have been proposed [48,49].



	
In some countries, such as the United Kingdom, even applying a zero-tolerance regime, a limit of 250 μg/L for amphetamine has been established by recognizing its therapeutic applications (e.g., attention deficit hyperactivity disorder and narcolepsy). Despite the potential therapeutic application, it should be highlighted that it does not mean they are safe in terms of driving. For methamphetamine and 3,4-methylenedioxyamfetamine, minimum limits of 10 μg/L were set so as not to be penalized due to accidental exposure.










5. About the Inclusion of Other Compounds


The problem with the inclusion of other substances, in addition to the abovementioned illicit substances, arises because there is disagreement among experts, lawyers and judges, regarding whether these substances are legal [50]. It should be noted that although the law includes other substances, screening tests are performed to analyze only the substances in the four groups referred to above. More surprising is the fact (justifying reflection) that when screening indicates the presence of other compounds, such as benzodiazepines, this does not require further confirmatory analysis, because it is erroneously considered that these substances are not prohibited when driving. Indeed, it is important to highlight that in addition to the four groups of substances described above, the law also considers that individuals may be declared influenced by psychotropic substances or products, with similar effects capable of disturbing the physical, mental or psychological capacity of the examinee when operating a motor vehicle driving safely, are present in the blood (Article 8 of Law No. 18/2007, 17 May, and Article 23 of Ordinance No. 902-B/2007 of August. However, this does not invalidate a blood test ordered by the court if blood was previously obtained (e.g., for the purpose of supervising alcohol or the four groups of psychotropic substances described above) and stored in the forensic toxicology services of INMLCF, I.P. This analysis can be carried out to exclude the presence of other illicit psychoactive substances (e.g., lysergic acid diethylamide (LSD)) and several other licit substances. Indeed, there are many possibilities for substances (many of them drugs/medicines) that, alone or in combination, may influence cognitive abilities when driving a motor vehicle, such as opioid analgesics, antitussives, anxiolytics, sedatives and hypnotics, antidepressants, antipsychotics, central stimulants, antiepileptics, antihistamines H1, antiarrhythmics, eye drops, anti-parkinsonian and antimigraine drugs, psychedelics, and dissociative anesthetics, among others. The review of these references [50,51] aims to summarize several of the other psychoactive substances that may influence driving due to the effects they have on the central nervous system. In some countries, such as the United Kingdom and Norway, limits have been set for some drugs and are adjusted to relatively high levels to avoid the noncompliance with prescribed therapy [52]. The individualized interpretation of each of the substances provided for in Article 12 of Law No. 18/2007 of 17 December 2007 was not the objective of this technical note.




6. Conclusions


The evaluation of states of influence by psychotropic substances is a complex clinical and forensic subject. The present Portuguese legislation has some limitations and adjustments are needed when addressing, for example, the detection of inactive substances such as THC-COOH, for the evaluation of states of influence. The success of this will always be much greater if the collection of the blood samples is rapid, if information is available regarding the time interval between surveillance and collection [3] and if more studies aimed at clarifying blood concentrations most related to states of influence are available. Indeed, it was demonstrated a significant decrease of Δ9-THC concentrations in samples that were taken more than 2 h after the incident [52]. The minimum concentrations reported in the literature as cut-off values when determining that an individual is effectively under a state of influence do not take into account the phenomenon of tolerance/desensitization, concomitant consumption of other substances and possible interactions, and the genetic polymorphisms in metabolism and pharmacodynamic targets, among other factors. The zero-tolerance regime is at this stage the fairest and least susceptible to error, considering the knowledge we have. This does not invalidate that for some substances with more robust scientific data, cut-off concentration values can be established, some of which were discussed above.
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