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ABSTRACT: Scientific opinions differ whether the use of stimulants causes deterioration in driving skills. In 1857 of 8709 cases of driving
under the influence of drugs, amphetamine-like drugs (amphetamine, methamphetamine, and methylendioxyamphetamine) were present either alone
or together with other licit or illicit drugs. In 338 cases, amphetamines were the only psychoactive substance group in plasma at mean, median, and
highest concentrations of 0.18, 0.12, and 1.05 mg/L, respectively. A widespread opinion is that after the consumption of amphetamines, centrally
stimulating effects with corresponding consequences on safe driving are expected. In contrast, many cases were observed that rather suggested an
influence of centrally sedating substances when considering the psycho-physical conditions. Relations between concentration and effect could not be
established. The apparent sedation is probably the consequence of sleep deprivation during an amphetamine binge and the after-effects of the drug.
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Amphetamines are central stimulants and belong to a group of
drugs that include prescription medicines and illegally produced
amphetamines and methamphetamine (1). Ecstasy is a term for a
range of drugs that are similar in structure to 3,4-methylenedioxy-
methamphetamine (MDMA) or 34-methylenedioxyethylamphet-
amine (MDEA) and cause both stimulating amphetamine effects
and hallucinogenic effects. Additionally, there are many further so-
called amphetamine-type designer drugs that are widely abused by
young people (2,3). Amphetamines suppress feelings like tiredness
and hunger, and increase mental alertness and physical energy. In
addition, they stimulate mood and increase self-confidence. The
therapeutic applications of amphetamines include the treatment for
narcolepsy, obesity, and hyperactive behavior in children. However,
it is well known that amphetamines are used by truckers and stu-
dents to stay awake over long periods. MDMA and its analogs act
as both stimulants (“dance pills””) and entactogens (emotional disin-
hibition and increased social communication abilities). It was con-
sidered that the effects of amphetamines/ecstasy are influenced by
a range of factors and therefore can be different for each person.
Things to consider include the quality and dose (there is no quality
control on illegally manufactured drugs so manufacturers may sub-
stitute a wide range of substances) and especially the consumer’s
psychological and physical attributes. A widespread opinion is that
after the consumption of amphetamines, centrally stimulating
effects with corresponding consequences regarding safe driving are
to be expected. It is also known that the so-called come down
effects (e.g., exhaustion, mood swings, and depression) after using
amphetamines may also impair a person’s driving ability. Iten (4)
specified the typical effects of amphetamine analogs which could
have an influence on driving behavior with subdivisions of three
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main categories (Table 1). Some of the desired acute effects after
amphetamine abuse cannot directly be associated with impaired
driving behavior, and a few effects can actually be classified as
positive. Summarized from different sources (4-10) as a general
guide, some of the effects of amphetamines that can affect a per-
son’s driving ability include the following:

attention difficulties and a tendency to fidget;

feeling disorientated;

lack of coordination;

impaired ability to react appropriately and to safely control a

vehicle;

5. aggressive and dangerous driving and an increased chance of
taking unnecessary risks;

6. over-confidence in driving skills, not necessarily supported by
an actual improvement in driving ability;

7. drowsiness as the amphetamine’s effects wear off and the driver

risks falling asleep (rebound fatigue).

el NS

Recently, Raes et al. (8) summarized some studies concerning
amphetamines and driving. According to Silber et al. (11) during
tests in a driving simulator, the intake of dexamphetamine
(042 mg/kg) caused a decrease in the overall simulated driving
performance during daytime by inducing problems such as incor-
rect signaling, failing to stop at a red traffic light, and slow reaction
times. However, it should be kept in mind that the three errors in
driving that were identified were the only three of over 30 mea-
sures of driving that were affected and were probably not signifi-
cant. Brookhuis et al. (12) conducted driving simulator tests in a
group of young people who had indicated that they regularly used
MDMA. They were tested shortly after the use of MDMA, before
going to a party, and then again while sober on a control night at a
comparable time. Under the influence of MDMA, subjects drove
faster, but only in built-up areas with a speed limit of 50 km/h.
Speed variance increased as well, both in the city and on the
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TABLE 1—Amphetamine effects according to Iten (4).

Impairment of
driving ability

Desired acute effects

Enhanced physical performance No
(alertness, stimulation, motivation)
Good emotions (difficult to specify) No
Enhanced ability to communicate No
Enhanced perception No
Expanded consciousness No/Yes
Internal calm, relaxation No/Yes
Enhanced feeling of self-worth Yes/No
Euphoria Yes/No
Altered percipiences (esp. ecstasy) Yes
Alienation of reality Yes
Disinhibition Yes
Increased readiness to assume risk Yes
Undesired acute effects
Perspiration, dry mouth No
Enhancement of blood pressure, No/Yes
heart rate, body temperature
Mydriasis Yes/No
Nausea, vomiting Yes
Headache Yes
Muscle cramps (esp. maxillary cramps) Yes
Agitation, anxiety Yes
Disturbances of concentration and alertness Yes
Confusion Yes
Psychoses Yes
Undesired after-effects
Fatigue Yes
Exhaustion Yes
Physical collapse Yes
Loss of motivation, Yes
failing of impulsion, weakness
Loss of attention Yes
Lack of concentration Yes
Depressive mood Yes

motorway. Lateral control and gap acceptance behavior were not
affected. Crashes occurred during two of the 20 control rides and
four times while under the influence of MDMA—a 100%—
increase. In Norway, Gustavsen et al. (13) studied the concentra-
tion—effect relationship between blood amphetamine concentrations
and impairment in selected cases, with amphetamine or metham-
phetamine as the only drug present in blood samples from impaired
drivers. According to the police physician, 27% were judged as
“not impaired,” while 73% were judged as “impaired.” A positive
relationship was found between blood amphetamine concentration
and impairment, but it reached a ceiling at concentrations of 0.27-
0.53 mg/L. It has to be taken into consideration that suspected
drivers in this study were mostly apprehended as a result of con-
spicuous driving or involvement in traffic accidents, indicating poor
driving performance. This resulted in a high percentage of the driv-
ers being judged impaired compared to experimental studies. In a
Canadian study, it was demonstrated that driving under the influ-
ence of amphetamines is associated with an increased accident risk
of 12.8 (odds ratio [OR]; 95% CI, 3.0-54.0) (14). In a responsibil-
ity analysis by Drummer et al. (15), the risks associated solely with
amphetamines were not calculated; instead, a group of substances
acting as stimulants, namely amphetamine, methamphetamine,
MDMA, ephedrine, pseudoephedrine, phentermine, and cocaine,
were examined. There was no significant association between stim-
ulant use and crash responsibility. However, when truckers were
considered as a discrete driver type, the OR increased to 8.8 and
was of borderline statistical significance (95% CI, 1.0-77.8). In a
comprehensive study, Lamers et al. (16) showed that MDMA
improved psychomotor performance, such as movement speed and

tracking performance in a single task, as well as with divided atten-
tion. However, MDMA impaired the ability to predict object move-
ment under divided attention, which indicated impairment of
particular performance skills relevant to driving. In a further study,
MDMA use appeared to have improved certain aspects of the driv-
ing tasks under consideration, such as road-tracking performance,
but reduced performance in other aspects, such as accuracy of
speed adaptation during car-following performance (17). Nocturnal
doses of MDMA produced impairments of tracking performance
and divided attention throughout the night that were additive to per-
formance impairment produced by sleep loss (18). Furthermore,
stimulants like MDMA moderated the impairing effects of a low
dose of alcohol on road-tracking performance but could not over-
come alcohol-induced impairment on other aspects of driving
behavior (19). It was demonstrated that the central nervous system
stimulant effects of MDMA were never sufficient to overcome
alcohol-induced impairment of impulse-control or risk-tasking
behavior (20).

In our routine laboratory, accredited according to ISO EN 17025
for forensic purposes, we analyze plasma samples for the presence
of various amphetamines in cases of driving under the influence of
drugs (DUID), using a validated gas chromatographic—mass spec-
trometric (GC-MS) procedure. Analytical results were retrospec-
tively compared with further information from police observation
reports and medical examinations.

Materials and Methods
Chemicals

All drug standards and deuterated internal standards were
purchased from Promochem (Wesel, Germany). N-methyl-(V,N-
bistrifluoroacetamide) (MBTFA) was purchased from Macherey—
Nagel (Dueren, Germany), and all other chemicals were from
Merck (Darmstadt, Germany).

Sample Preparation

After the addition of 100 pL of the deuterated internal standard
mixture (200 ng/mL of amphetamine-ds, methamphetamine-d,,
methylenedioxyamphetamine-ds, methylendioxymethamphetamine-
ds, and methylenedioxyethylamphetamine-ds in methanol), 30 pL
of 2 M sodium hydroxide solution was added to 200 pL of plasma,
and the mixture was extracted with 500 pL of n-hexane. Subse-
quently, 160 pL of the organic layer was transferred into a 2-mL
vial. After the addition of 40 plL of MBTFA and trifluoroacetyla-
tion at 70°C for 20 min, the solution was analyzed by GC-MS in
the selected ion monitoring mode.

GC-MS Analysis—An Agilent 5890 Series II Plus GC (Wald-
bronn, Germany) coupled to a 5972 mass selective detector was
used for analysis. Data acquisition and data analysis were per-
formed on the Chemstation software (Agilent). A fused-silica capil-
lary column HP-5MS (30 m x 0.25 mm, 0.25 pm film thickness)
(Agilent) was used with a flow rate of 1 mL helium/min after
splitless injection at an injector temperature of 280°C. The tempera-
ture started at 80°C, held for 1 min, increased by 10°C/min up to
280°C, and then was held for 2 min. The ions monitored were 91,
118, and 140 amu for amphetamine; 110, 118, and 154 amu for
methamphetamine; 135, 162, and 275 amu for methylenedioxyam-
phetamine; 110, 135, and 154 amu for MDMA; and 140, 168, and
303 amu for MDEA. The procedure was fully validated according
to the guidelines for forensic purposes (21,22) and revealed limits
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TABLE 2—Co-consumption in all DUID cases positive for amphetamine-like drugs (n = 1857).

Cannabinoids (%) Cocaine (%) Opiates (%)

Benzodiazepines (%) Methadone (%) Other drugs (%)

59.7 8.2 1.5

2.8 1.1 22

of detection for amphetamine-like substances between 0.003 and
0.006 mg/L and limits of quantification between 0.010 and
0.017 mg/L, respectively.

Samples

Blood samples were taken from apprehended drivers suspected
of DUID using a 10-mL Vacutainer tube containing 25 mg sodium
fluoride and 20 mg potassium oxalate. Sampling was performed in
a time frame of 15-137 min after driving a motor vehicle. Nor-
mally the blood sample is stored at ¢. 4°C until arrival in our labo-
ratory within 1-3 days (via courier). In our laboratory, the samples
are immediately centrifuged and the plasma is stored at —20°C
until further analysis.

Statistics

Data analyses were performed by the use of SPSS version 12.0.1
(SPSS Inc., Chicago, IL). The mean, median, and concentration
ranges were used as descriptive statistics. Potential differences were
examined by the use of the Student’s #-test, chi-squared test, and
Mann—Whitney U-test for nonparametric continuous variables.

Results

Amphetamine-type drugs (amphetamine, methamphetamine,
MDMA, or MDEA) were present in 1857 of 8709 cases of DUID
(21.1 %), either alone or together with other licit or illicit drugs. In
none of the cases, a medical use of amphetamine was claimed by
the person concerned.

When considering the co-consumption of other drugs, cannabi-
noids were found in 59.7% of all cases that were positive for
amphetamine-like drugs, followed by cocaine/benzoylecgonine in
8.2% of cases (Table 2). Other drugs played a minor role in the
present cohort of amphetamine abusers.

The abusers of amphetamine-type drugs were mainly men
(92.8%) and tended to be younger than the whole DUID cohort
(mean 26.3 vs. 28.4 years in all cases of DUID).

In 338 cases, amphetamines were the only psychoactive sub-
stances in the plasma at mean, median, and highest concentrations
of 0.181, 0.12, and 1.05 mg/L, respectively (Table 3). The second
prominent amphetamine-like drug in the present cohort was
MDMA (75 cases without further drugs), followed by MDEA
(n = 12), whereas methamphetamine-positive cases (n =35) were
rare.

In the group who were positive for only amphetamine-type
drugs, all cases (with a blood alcohol concentration < 0.3 mg/kg)

TABLE 3—DUID cases with amphetamine-like drugs as the only
psychoactive substance in plasma.

Substance n  Median (mg/L) Mean (mg/L) Range (mg/L)
Amphetamine 338 0.12 0.181 0.004-1.049
Methamphetamine 5 0.056 0.058 0.015-0.146
MDEA 12 0.13 0.118 0.032-0.42
MDMA 75 0.189 0.223 0.011-1.1

were summarized, and the concentrations of MDMA, MDEA, and
methamphetamine were 1:1 normalized on a molecular basis to the
concentration of amphetamine. Furthermore, several diagnoses of a
police observation report as well as of a medical examination on
the occasion of blood sampling were summarized to allow for the
determination of the disposition of the offenders who were more
stimulated or probably more sedated. A differentiation was compli-
cated because in many cases, the impairment symptoms docu-
mented in the records were not consistent. Symptoms described
were indicative of stimulation simultaneously to symptoms for
sedating effects. The medical examinations were consistently car-
ried out after police examinations with a time difference between
30 and 125 min. The results are demonstrated in Table 4 and
showed no clear concentration—effect relationship. Additionally,
there was no correlation between medical and police examinations.

Discussion

In the present study, drugs from the amphetamine group were
detected in 1857 of 8709 cases of DUID (21.1%) either alone or
together with other licit or illicit drugs. It has to be taken into
account that a cohort of drivers was investigated, who were DUID
suspects. In general, looking at a group of drivers suspected of
DUID, a higher prevalence of licit and illicit drugs can be found
compared to roadside surveys. Detection of this group depends on
the perception of the police officers, and additionally, there are
remarkable differences between countries, probably because of dif-
ferent national road traffic acts and levels of attention to the prob-
lem. The prevalence of in the present study is higher than in most
other reports, with a rate between 0 and 7% (15,23-38), but in
Australia (39), Belgium (40), the Netherlands (41), Norway (42),
and Germany (43,44), a similar prevalence was found of amphet-
amine abuse between 19.7 and 29.3%. In Sweden (45) and also in
a study from Belgium (46), the prevalence was actually reported
with 59.0 and 54.2%, respectively. It has to be taken into consider-
ation that a positive preselection was made in all of these studies.

In the present cohort, polydrug abuse is widespread, and there-
fore, the examination of only amphetamine-typical effects is com-
plicated. As described by Nemecek (47), cannabinoids were the
most common drugs found in amphetamine abusers, and this is
confirmed in the present study followed by cocaine, a further stim-
ulant. It is a well-known phenomenon that amphetamines are used
as so-called uppers, often followed by the consumption of centrally
sedating drugs, with cannabinoids favored as so-called downers.
Similar findings for amphetamine abusers were reported from the
Netherlands (41), and also in Switzerland, more than half of the
cases involved consumption of mixtures of drugs (36).

It is of interest that the concentrations of amphetamines mea-
sured in the present study were lower compared with those of
Scandinavian studies. In a population of 6,613 Swedish DUID
amphetamine offenders, Jones and Holmgren (48) reported about
high amphetamine concentrations in a positive selection with a
mean and median of 0.89 and 0.7 mg/L. An abnormally high con-
centration of 17 mg/L was found without a fatal outcome. In blood
samples from 300 DUID suspects with amphetamines as the only
drug present, mean, median, and highest concentrations were mea-
sured to be 1.0, 0.9, and 3.0 mg/L, respectively (49). In a further
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TABLE 4—Concentration—effect relationship in amphetamine-positive cases (DUID and others like criminal assaults or thievery with mono-intoxication).

Police Observation Report*

Medical Examination*

Concentration range (mg/L) n Sedated (%) Stimulated (%) Sedated (%) Stimulated (%)
0.004-0.025 48 10.4 20.8 29.2 25.0
0.0251-0.05 56 3.6 14.3 21.4 16.1
0.0501-0.1 89 2.2 20.2 20.2 18.0
0.101-0.25 141 2.1 10.6 25.5 12.8
0.251-1.049 96 2.1 28.1 333 35.4
All 430 3.3 18.1 26.0 20.7

*The assessment was made by the authors based on diagnoses of a police observation report as well as of a medical examination. Criteria for stimulation:
abrasive, strangely cheerful, talkative, aggressive, provocative, excited, do not keep distance. Criteria for sedation: calm, dull, lethargic, decelerated, clumsy,

somnolent, impassive, sedated.

study from Norway, the highest concentration of total amphetamine
and methamphetamine in blood was 3.74 mg/L with a median of
0.52 mg/L (13). In 208 DUID cases in the Netherlands, mean,
median, and highest concentrations of amphetamines were found to
be 0.32, 0.22, and 2.3 mg/L, respectively (50). As also described
by Dresen et al. (51), the combination of an amphetamine-based
drug with y-hydroxy butyric acid might be very popular. In Swit-
zerland (36), in cases of DUID, the mean, median, and highest con-
centration of amphetamines were markedly lower and determined
to be 0.063, 0.054, and 0.183 mg/L, respectively. Recently, in a
nationwide study, amphetamine was found in a mean concentration
of 0.145 mg/L (n = 170), and the range was 0.01-3.50 mg/L (38).
In a Finnish population of 153 DUID cases, the median amphet-
amine concentration in blood was 0.455 mg/L, and in this study,
the range was 0.045-2.75 mg/L (52).

The main ingredient of ecstasy is MDMA, which was found in the
present study in a mean, median, and highest concentrations of
0.223, 0.189, and 1.1 mg/L, respectively. This can be compared with
87 DUID suspects from the Netherlands in whom the mean, median,
and highest concentration of MDMA were 0.35, 0.28, and 1.5 mg/L.
In a further investigation (n = 360), a mean, median, and highest
concentrations of MDMA were found to be 0.44, 0.33, and
4.0 mg/L, respectively (50). In a previous small German study, the
concentrations of MDMA in serum were considerably lower, with a
median of 0.076 mg/L and a range of 0.001-0.514 mg/L (53). A
report of DUID suspects in Norway (n = 190) found a median
MDMA concentration in blood of 0.155 mg/L (range: 0.019-
1.14 mg/L), with or without recreational drugs (54). Jones et al. (55)
reported MDMA concentrations in blood of Swedish DUID offend-
ers (n =493) with a mean, median, and highest concentrations of
0.23, 0.1, and 3.5 mg/L, respectively. This can also be compared
with 28 DUID suspects from Switzerland in whom the mean, med-
ian, and highest concentration of MDMA were 0.388, 0.218, and
2.48 mg/L (36) and a new nationwide study (n = 223) where the
concentrations were measured with 0.279, 0.011, and 260 mg/L,
respectively (38). From Belgium, MDMA concentrations in blood of
drivers between 0.049 and 1.51 mg/L were reported (56).

Verschraagen et al. (50) compared the concentrations of amphet-
amine-based drugs from postmortem cases with those in the cases
of DUID and found lower concentrations in the latter group. How-
ever, a great overlap was observed, and therefore, the authors
claimed that concentrations should never be used in isolation to
establish the cause of death.

In the present study, cases solely positive for amphetamine-type
drugs were selected, and several diagnoses of a police observation
report as well as of a medical examination on the occasion of
blood sampling were summarized to allow a determination to be
made about the disposition of offenders who were more stimulated

(typical actual amphetamine effects) or probably more sedated.
Unlike other drugs used by amphetamine abusers in the medical
examination, more impairment symptoms were documented com-
pared to the police observations. A differentiation was complicated
because in many cases, the impairment symptoms documented in
the records were not consistent. Symptoms were described which
were indicative for stimulation simultaneously to symptoms for
sedating effects (Table 4). In the police observation report stimu-
lated suspects dominated, whereas in the medical examination,
more sedated and more stimulated drivers were found in similar
ranges. There was a time difference between the police and the
medical examinations, but in our opinion, this cannot explain the
differences in findings because the plasma elimination half-life is
comparatively long. The measured plasma concentrations showed
no relationship with impairment.

Recently, it was demonstrated by Silber et al. (57) that the
reports of police observations and medical examinations or stan-
dardized field sobriety tests are not sensitive measures for detecting
the presence of amphetamines. But it has to be considered that in
this study, the administered amphetamine doses were very low;
thus, impairment could not be expected. Toennes et al. (43) also
evaluated impairment symptoms documented in the police observa-
tion reports and medical investigations during blood sampling in
the cases of DUID. Subjects with no drugs in their plasma showed
higher scores and frequencies of impairment than observed for sub-
jects positive for amphetamines. A nonsignificant relationship
between amphetamine concentration and impairment was described
by others, with an unexpected negative correlation (nonsignificant)
for MDMA abusers (47,58). The most documented distinctive fea-
tures were dilated pupils with a slow reaction to light, but symp-
toms of a severe intoxication were seldom reported (47). The
combination of amphetamines with other drugs markedly increased
the chance of being classified as impaired (43,47). Also, a recent
study of Jones (49) failed to find an association between the results
of clinical tests of impairment and amphetamine blood concentra-
tion levels in apprehended drivers. Development of tolerance owing
to exhaustion and fatigue from lack of sleep during an amphet-
amine binge was seen to be responsible. Additionally, others ana-
lyzed deficiencies in the physical and psychological performance
noted by police and/or medical examiners in amphetamine-positive
cases of DUID and reported the symptoms of exhaustion (59,60).
According to Schnabel et al. (60), especially low amphetamine con-
centrations in blood were found to be related to such symptoms of
exhaustion. In contrast to others in a Norwegian study, 73% of
drivers under the influence of amphetamines were judged as
impaired and only 27% were judged as not impaired (13). The
median blood concentrations did not differ significantly between
the impaired and the nonimpaired drivers. There was a positive
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relationship between amphetamine concentration and impairment,
reaching a ceiling at blood amphetamine concentrations of 0.27—
0.53 mg/L. Younger drivers were more often judged to be
impaired than older drivers at similar blood concentrations. How-
ever, the clinical test for impairment by a police physician was not
described in detail. The authors claimed that their results could
stem from at least two phenomena occurring simultaneously.
Together with a positive relationship between impairment and
blood concentrations present at rising drug levels, an opposite rela-
tionship was assumed between impairment and an ‘“‘end-of-binge”
fatigue in amphetamine abusers. The exhaustion seen at the end of
an amphetamine binge is seen to be comparable with the effects of
sedative drugs. Such an end-of-binge phenomenon with “come
down” effects could contribute to lower concentration—effect rela-
tionships described in the present or in other studies. Furthermore,
it has to be taken into consideration that suspected drivers in this
study were mostly apprehended as a result of conspicuous driving
or involvement in traffic accidents, indicating poor driving perfor-
mance. This resulted in a high percentage of the drivers being
judged impaired compared to experimental studies.

In our opinion, the judgment of the psycho-physical performance
is very complicated with amphetamine consumers as well as with
consumers of other stimulants. As already shown by Iten’s (4)
listing (Table 1), the (ab)use of amphetamines or other stimulants
can cause positive (stimulating) effects on cognitive and psychomo-
tor functions, especially in fatigued persons. Additionally, especially
after the consumption of stimulants, a (temporal limited) compensa-
tion of typical effects is often to be observed during an official
investigation by police officers or physicians. For laymen, typical
symptoms of stimulation are expected and symptoms of sedation
are often not attributed to typical drug effects. However, consider-
ing Iten’s (4) listing and further studies, it is conspicuous that not
only desired or undesired acute effects after amphetamine abuse
can lead to impaired driving behavior but also, or especially, unde-
sired after-effects have to be considered. In Table 5, various intra-
individual drug effects of stimulants are demonstrated in two case
reports involving the same person. Recently, also Lemos (61)

Attention Focusing Ability

TABLE 5—Demonstration of different intra-individual effects of stimulants
in the same person at two different occasions.

1. A 27-year-old woman was subjected to a routine police check and
showed insecurity when alighting from the vehicle, an unsteady walk, and
a dazed or drowsy state of awareness. The physician who took the blood
sample (47 min later) described an unsteady walk as well as strongly
dilated pupils with a delayed light reaction, a disturbed orientation, and a
slowed down behavior pattern. A chemical—toxicological analysis provided
the following findings: amphetamine 0.163 mg/L, benzoylecgonine
0.072 mg/L, and THC-COOH 0.019 mg/L.

2. In a second case, the same woman drove to a supermarket by car and
committed a theft. According to police, she was loquacious, aggressive,
and completely mad, with a volatile way of thinking. The behavior has
been completely inappropriate, and there were no other findings. A
chemical-toxicological analysis provided the following findings:
amphetamine 0.37 mg/L, MDMA 0.564 mg/L; MDA 0.045 mg/L, and
THC-COOH 0.388 mg/L (THC not present).

While in the first case, the end-of-binge fatigue has to be considered as
a result of a stimulants’ consumption probably some time after the last
abuse, the stimulating effects dominated in the second incident with aggres-
siveness and typical loss of inhibition.

reported about two very different sets of circumstances with drivers
under the influence of methamphetamine (one driver drove at low
speed and was found to be cooperative, while the other was speed-
ing and was aggressive and violent). As described by Ellinwood
and Nikaido (62) early in 1987, a single small dose of stimulants
actually can have an initial arousal and performance-enhancing
effect (Fig. 1). Higher plasma drug concentration can result in a hy-
perarousal state and degenerated performance. Toxic doses of stim-
ulants generate hyperexcitability and probably toxic hallucinatory
delirium-type states with overwhelming degradation of perfor-
mance. Finally, drug withdrawal can produce hypersomnolence and
fatigue with a different type of performance impairment.

In forensic cases, it has to be considered that, when stimulating
effects decrease, negative sensations like fatigue, anxiety, empti-
ness, and depression appear, and later on, a hangover is experi-
enced with headache, muscle aches, exhaustion, apathy, sweating,
nausea, and further effects. Similar to cocaine, the “come down”
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FIG. 1—Relationship between the drug concentration and the behavioral effects of stimulants: an initial improvement in performance is followed by perfor-

mance impairment and during drug withdrawal. Modified according to (62).
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effects (exhaustion, difficulty in concentrating, irritability, and
depression) after using amphetamines or other stimulants may also
impair a person’s driving ability. Drivers suffering from drug-
induced exhaustion also tend to drive less safely. The apparent
sedation is probably a consequence of sleep deprivation during an
amphetamine binge and the after-effects of the drug. Besides,
exhaustion is not simply to be expected only with low drug con-
centrations in the blood, but can occur, for example, with high-dose
consumption or long-term consumption, with quite relevant and
higher substance concentration. Therefore, a concentration—effect
relation is not to be expected and makes it nearly impossible to
give a scientific definition of clear threshold plasma concentrations
for impairment caused by stimulative drugs abused while driving.
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