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Abstract

 

Cannabis and driving is an emerging injury-prevention concern. The incidence of  driv-
ing while affected by cannabis is rising in parallel with increased cannabis use in
the community. Younger drivers are at particular risk. Improvements in research
methodology, technology and laboratory testing methods have occurred in the last
10 years. These cast doubt on earlier results and conclusions. Studies now show that
cannabis has a significant impairing effect on driving when used alone and that this
effect is exaggerated when combined with alcohol. Of  particular concern is the presence
of  cannabis as the sole psychoactive drug in an increasing number of  road fatalities
and the lack of  any structural response to this problem. A review of  testing methods,
laboratory and real driving studies, and recent epidemiological studies is presented.
Suggestions for methods of  further data collection and future public policy are made.
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Introduction

 

There are 22 000 persons, on average, hospitalized per
year throughout Australia as a direct result of  road
accidents, with 1817 fatalities for the year 2000.

 

1

 

Alcohol, speed and driver fatigue remain the major
driver-related issues to be addressed. In the under 40
age group, however, an injury-prevention concern is
emerging in the form of  cannabis intoxication and
driving.

Patterns of  drug consumption have changed since
the early 1990s, with cannabis use increasing more
than any that of  any other drug.

 

2–4

 

 Marijuana has
now been tried by almost half  of  all Australians aged
14–19. Over 40% of  18–19 year olds have used

cannabis in the previous year and 1 in 10 of  those are
using it at least weekly.

 

5

 

 More people are also driving
under the influence of  cannabis.

 

6–11

 

 The vast majority
of  these are under 40

 

12

 

 with most finding it
acceptable to drive occasionally while impaired.

 

6,13

 

Younger drivers seem to be substituting cannabis for
alcohol, perhaps to avoid detection by random breath
test units.

 

14,15

 

The Australian government has been aware that
a potential problem exists since at least 1982.

 

16

 

 The
Federal Office of  Road Safety, in conjunction with
the Victorian Institute of  Forensic Medicine, has
established a data base of  road fatalities, which shows
that cannabis is a greater problem than previously
perceived.

 

17
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Recent advances in the measurement of  active THC
(9-delta-tetrahydrocannabinol) have occurred that
enable researchers, for the first time, to accurately
assess the use of  cannabis in the hours preceding a
traffic accident or fatality. This paper will briefly
review the relevant points of  cannabis kinetics and
testing, and the acute effects of  cannabis on driving.
Suggestions for methods of  further data collection and
future public policy are made.

 

Cannabis

 

Cannabis is derived from 

 

Cannabis sativa

 

, meaning
‘useful hemp’. The active ingredient is 9-delta-
tetrahydrocannabinol (THC),

 

18

 

 which for the purpose
of  this paper will be called active THC.

Potency depends on the content of  active THC in
the preparation. In Australia, it varies from 0.6% to
13%, with an average of  1–3%. The potency of  the
plant has not increased but cheaper production
methods have resulted in more potent parts of  the
plant being less expensive.

 

19

 

 Most cannabis is smoked
in a ‘joint’ (a cigarette) or a ‘bong’. Since greater than
98% of  cannabis users smoke cannabis,

 

5

 

 for further
discussion smoking as the route of  delivery will be
assumed.

 

The duration of effect

 

Tetrahydrocannabinol is rapidly absorbed when
smoked.

 

20

 

 Plasma levels can reach greater than
100 ng/mL but fall below 20 ng/mL by 1 h and below
10 ng/mL by 4 h.

 

20,21

 

 Blood levels of  active THC
correlate poorly with perceived intoxication, mostly
due to its high lipid solubility.

 

18

 

 Its kinetics loosely
follow a three compartment model. Peak plasma levels
occur 5–8 min after smoking and the onset of  clinical
effects begin about 5 min after inhalation. The full
intensity of  effects is delayed for a further 20 min
after the peak blood level.

 

18

 

 Similarly the decline in
blood THC levels is not directly linked to the decline
in the perception of  the drug effect. The delay
between decline of  effects and decline of  plasma
concentration makes it difficult to predict the degree
of  intoxication from plasma levels of  THC, especially
to exclude an intoxication in the presence of  low
THC levels.

 

18

 

 The purpose of  measuring active THC
levels can only be to detect recent use, or estimate the
time of  use, rather than directly measure the degree
of  intoxication.

The duration of  a perceived ‘high’ depends on the
dose, and the interval between doses. A single 9 mg
dose has a perceived drug effect of  about 45 min.

 

18

 

 If
multiple doses are given with a dosing interval of  1 h,
perceived effects will last 2.5 h after the last joint.

 

18

 

Most studies comparing the effect of  THC levels
and duration since last dose have measured the
perceived ‘high’ rather than objective impairment. In a
placebo-controlled cross-over trial Leirer 

 

et al

 

. (1991)
detected significant impairment in pilots 24 h after a
20 mg cannabis dose in the absence of  any perceived
‘high’.

 

22

 

 Objective impairment improved rapidly over
the first 4 h, but improved slowly over the subsequent
24 h.

 

22

 

 This study suggests that cannabis can produce
impairment in the absence of  a ‘high’ and that the
greatest impairment is in the first 4 h after consump-
tion. A meta-analysis of  the effects of  cannabis and
driving performance showed that THC-related impair-
ment is concentrated in the first 2 h after smoking, but
that tracking skills were impaired up to 4 h and
simulator driving could be impaired beyond 5 h.

 

23

 

Measuring THC levels

 

Huestis 

 

et al

 

. proposed a formula to calculate time of
consumption based on serum plasma active THC
levels (Equation 1), and another formula to calculate a
95% confidence interval (Equation 2).

 

24

 

log

 

t

 

 = 

 

−

 

0.698 log[THC] + 0.687 (1)

(2)

It is important to note whether studies report plasma
levels such as the above study, or haemolysed whole
blood levels. The majority of  research and forensic
work in Australia is done on haemolysed whole blood.
Due to significant plasma protein binding of  THC and
very low intracellular red cell concentration of  THC,
haemolysed whole blood concentrations of  THC are
approximately half  those in plasma samples.

 

25

 

A plasma THC level of  1 ng/mL would correspond
with a predicted time of  4 h and 52 min. However,
Huestis 

 

et al

 

. did not test their formula for values in
plasma below 2 ng/mL.

 

24

 

 A THC level of  2 ng/mL in
plasma, or approximately 1 ng/mL in haemolysed
whole blood, would approximate a predicted time of
3 h with an 80% confidence between 1.8 and 5.0 h.
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The above equations cannot be applied when
predicting the levels of  THC after ingestion (eating) of
cannabis.

 

24

 

Huestis 

 

et al.

 

 also suggest a formula for predicting
time of  consumption based on the ratio of  THC to its
metabolite 11-nor-9-carboxy-delta-9-tetrahydrocannabinol
(THC-COOH). This formula was more accurate for
cannabis ingestion, and tended to overestimate the
time since ingestion for frequent users. It had wider
confidence intervals.

 

24

 

Providing there is awareness that cannabis ingestion
produces unpredictable absorption of  THC, a measure
of  active THC alone is the authors’ preferred option
(Fig. 1).

Wall 

 

et al

 

. (1983) found no difference in cannabis
pharmacokinetics between males and females.

 

26

 

Active THC is metabolized over 1–2 days by the
liver to form eventually, 11-nor-delta-9-tetrahydrocan-
nabinol-9-carboxylic acid (THC-COOH). This inactive
metabolite is excreted over days to weeks.

 

20,25

 

The distinction between active THC and THC-COOH
is an important one to make. Active THC levels drop
quickly.

 

20

 

 Studies only reporting total cannabinoids
are of  little or no value in assessing a relationship to
crash risk, as THC-COOH has no effects on the brain.
A level of  THC-COOH only indicates usage at some
point in the last few weeks. No conclusions about
culpability and risk assessments based on a level of
THC-COOH are possible.

 

8,27

 

Levels of  active THC in a blood sample can be
distorted by several factors. Recent work by Mark
Chu in Melbourne points to a significant drop in

active THC levels if  the samples are not stored at

 

−

 

60

 

°

 

C. He suggests a loss of  over 50% by 8 weeks.

 

17

 

Cannabinoids may also bind significantly to the
inner surface of  plastic vials.

 

28

 

 Blood stored in a
silanized glass vial at 

 

−

 

60

 

°

 

C should accurately reflect
the blood levels of  active THC at the time of
sampling.

 

17

 

The detection of  cannabinoids in saliva has been
an active area of  research for over 20 years. It is
based on a swab from the mouth, usually near a
salivary duct, and a rapid detection kit. Unlike other
drugs (e.g. codeine, alcohol) salivary levels of  active
THC correlate poorly with blood levels.

 

29

 

 Salivary
THC levels appear to derive mainly from sequest-
ration of  the drug in the mouth during intake and
may correlate well with impairment.

 

30

 

 Further
evaluation of  saliva testing is ongoing in Victoria and
Europe.

 

4,8

 

A breath test for the presence of  cannabis has
been evaluated several times, from as early as 1971.
Unfortunately, problems with specificity and sens-
itivity have not been overcome.

 

31

 

 The most recent
advances in this area came from Tasmania in 1998 but
these have not been developed further.

Urine testing remains the most commonly used
method for cannabis testing, especially with the police
force, work place programs, and sporting events.
Problems with sensitivity, new versus old cannabis
use, and collection make it less than ideal.

 

4,32

 

Effects of cannabis on driving

 

Researchers have employed several methods of
assessing whether or not cannabis impairs driving.
Psychomotor testing is an assessment of  the skills
involved in driving in isolation, and relies on infor-
mation processing before a response. Attentive-
ness, vigilance, perception of  time and speed, and use
of  acquired knowledge are all areas affected acutely
by THC consumption.

 

33–36

 

 A meta-analysis of  60
studies up to 1995 found that ‘smoking marijuana
causes, to a more or less obvious extent, impairment of
every performance area connected with the safe
driving of  a vehicle’.

 

23

 

Simulator studies use a computer-generated
environment to simulate the driving experience with
the researchers able to introduce variables, such as
an obstacle, at their own choosing. The complexity of
tasks is greater than with psychomotor tests. Deficits
in the cannabis-affected driver appear more readily

Figure 1. Time course of  active THC (9-delta-tetrahydrocannabinol)
and THC acid (THC-COOH) concentrations in plasma after smoking
marijuana with 15 mg in a 70 kg person. A, absorbtion; D, distribu-
tion; E, elimination; , maximum; , minimum; , average; --×--,
THC-COOH. (Reprinted with permission, Ward and Dye).56
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as the complexity of  tasks increases, in a dose-
dependent manner.

 

32,36

 

 Consistent abnormalities occur
in the degree to which they weave, termed Standard
Deviation of  Lateral Position (SDLP).

 

33,37,38

 

 An
increase in the number of  ‘signs’ missed and the time
it takes to make a decision to start, stop or overtake
also occurs.

 

33,37

 

Real driving studies occur with the subject in a real
car on a paved road completing a set of  tasks, which
may be preset or random. These are typically closed
circuit driving courses or monitored driving on public
roads. Interestingly, driving under the influence of
cannabis in real urban situations has been difficult to
research, with authors citing risk of  accidents and risk
to population as ethical considerations.

 

4,34,37,38

 

Again, cannabis-affected drivers show an increase
in SDLP. This is also associated with an increase in
time out of  lane. Also noted has been the attempt by
the participants to compensate for their impairments,
often by driving slower and maintaining greater
headway.

 

32,33,36–38

 

 Unfortunately, they do not overtake
when safe to do so, show decreased attentiveness and
forget to complete preassigned tasks.

 

34,37

 

Recognized problems with earlier ‘real driving’
studies include study design, performance improve-
ments due to vigilance, and the tempering of  can-
nabis doses (typically less than 200 

 

µ

 

g/kg) to allow
subjects to perform.

 

4,38

 

 The mean dose required for a
‘high’ is in the order of  300 

 

µ

 

g/kg.

 

21,37,39

 

A more recent study on the effects of  cannabis on
‘real’ driving involved 18 subjects in a randomized,
double-blinded trial. Improved technology, methodo-
logy and a more realistic dose of  cannabis revealed
deficits that ‘were of  sufficient magnitude to warrant
concern’.

 

37

 

Epidemiological studies

 

No good data exist on the epidemiology of  cannabis
and driving. Some key studies have contributed to the
widespread perception that cannabis is not a problem
on our roads and contributed to the inertia of  the
community in dealing with this problem.

Terhune

 

40

 

 in 1992 looked at 1882 driver fatalities
in seven American states. He found drivers with
active THC alone (only 19) were less culpable for
their crash than his control group (drug and alcohol-
free drivers killed) but this was not statistically
significant. He also noted an increase in the risk of  an
accident of  11-fold if  the drivers had active THC and
any alcohol. For both conclusions, unfortunately, his

numbers were small, with 3500 fatalities needed to
provide an adequate sample size. There were other
flaws in this study. Drivers who failed to avoid a
potential crash, even when they could have done so,
were deemed contributory or less, and therefore not
recorded as responsible for their accident. The ideal
control group would have been the driving population,
and not drug and alcohol free drivers involved in an
accident. The method of  storage of  blood samples and
time to testing would have decreased the incidence of
finding active THC in the sample group. Testing was
not done until death, and death occurred from 1–4 h
after the accident in 40% of  cases. Furthermore the
samples were taken up to 96 h after the subjects’
death.

Longo 

 

et al

 

.

 

27

 

 published their study in 2000. This
time, they looked at injured drivers in South Australia,
with a sample size of  2447. They found 44 drivers
with active THC alone, the majority of  whom had
levels less than 2 ng/mL. This was a lower number of
drivers than found in an earlier study.

 

41

 

 Again, this
group of  drivers was deemed less culpable but, due
to low numbers, ‘results failed to reach statistical
significance’. An average of  2.7 h elapsed between the
time of  the accident and the time when blood was
collected. Specimens were stored, before testing, for up
to 2 years, at 

 

−

 

20

 

°

 

C, and plastic, non-silanized tubes
were used to store the blood. When active THC levels
were > 2 ng/mL, or when THC was found with other
drugs, culpability began to rise above the control group
but Longo suggested that ‘very few people affected in
this way drive a vehicle’. This author and others

 

6,41

 

 do
not share Longo’s faith in human responsibility.

Drummer looked at fatalities in Australia from
1990 to 1993.

 

42

 

 Out of  1045 vehicle controller deaths,
11% were positive for cannabinoids and 33% for
alcohol > 0.05. Over half  of  the cannabinoid group
also had alcohol detected. It was found that the
cannabis-only group was less culpable than drug and
alcohol-free fatalities but due to insufficient num-
bers, results failed to reach statistical significance.
Importantly, they reported on cannabinoids which do
not reflect acute cannabis intoxication rather than
active THC.

 

42

 

More recent work by Drummer, in conjunction with
the Victorian Institute of  Forensic Medicine, VIC
ROADS, and the Federal Office of  Road Safety, has
attempted to minimize methodology, testing and
storage flaws.

 

17

 

 They have found that out of  a sample
of  544 vehicle controller fatalities in NSW since 1995,
24 had active THC alone. Of  these 24, 23 were deemed
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fully responsible for their accident and one partially
responsible. Blood levels of  active THC ranged from
5 to 100 ng/mL. They determined a relative risk of  having
a fatal crash while under the influence of  cannabis as
six times that of  a normal, unimpaired driver.

 

17

 

Alcohol and cannabis combined

 

Of  any single defined factor, alcohol intoxication is the
largest contributor to the road toll.

 

43

 

 Its risks to the
driver have been well documented for some time.

 

44

 

Roadside testing is available and has been legislated
since 1982 in NSW.

 

45

 

The effects of  alcohol and cannabis combined
are profound. Road tracking, car following, attention
and vigilance have been shown to be affected to a
greater degree than either drug alone.

 

39,46

 

 Robbe

 

et al

 

. combined low to moderate doses of  cannabis
with alcohol (blood alcohol concentration (BAC) of
0.04). The impairment effects produced were con-
sistent with a BAC of  0.09 for the low cannabis dose
(100 

 

µ

 

g/kg) and a BAC of  0.14 for the moderate
cannabis dose (200 

 

µ

 

g/kg). They conclude that this
combination ‘has very severe effects on driving’ and
that drivers partaking in this combination ‘would be
exceedingly dangerous’.

 

37

 

Rather than an additive effect, alcohol and cannabis
could well act on different areas of  the brain to
simultaneously impair different functions.

 

47

 

 Alcohol
impairs integrative tasks. Cannabis, on the other hand,
seems to affect attention and psychomotor skills
primarily.

 

48,35

 

 This simultaneous impairment would
only be evident on complex tasks like ‘real driving’,
when integration of  several functions would be
required.

 

36,39,47

 

Discussion

 

As alcohol becomes less of  a factor in fatal road
trauma in Australia, decreasing from 50% in the late
1970s to 17.9% in 1996,

 

43

 

 the incidence of  fatalities
associated with cannabis is probably rising.

 

8,17,49

 

Studies performed in the last 10 years show that it
does impair driving performance, both in the
laboratory and in on-road settings. Key studies con-
tributing to the belief  that drivers under the influ-
ence of  cannabis have a lower risk of  having a crash
than normal unimpaired drivers have had flaws in
methodology, storage and testing. Their reported
incidence of  drivers with active THC in their blood

and the levels found are likely to be substantially
underestimated.

Drummer’s recent work shows that cannabis now
solely accounts for 4–5% of  total driver fatalities,

 

11,17

 

with that percentage being greater when you focus
on drivers under 40. Even then it is likely to be an
underestimation.

 

50

 

Nobody is certain as to the degree to which
cannabis impairment multiplies your risk of  having
a fatal crash compared to a normal, unimpaired driver.
The most recent estimate by Swann (2000) was 6.4-
fold.

 

17

 

 The impairment with cannabis is also likely to
be more pronounced when a situation arises that needs
urgent evasive action.

 

4,37,38

 

Government policy on cannabis and driving has
been slow to develop and is still inadequate. The
Nimbin Hemp Bar, in advising people who smoke
cannabis not to drive for 3 h,

 

51

 

 is providing more
comprehensive recommendations about cannabis
and driving than any government publication. The
Australian Transport and Safety Bureau does not
include any questions on illicit drugs and driving
in its annual questionnaire to the driving public. No
national data bank exists with adequate information
on driver fatalities, drug levels and culpability. A
coronial database still falls short of  being useful in
assessing trends in drugs and driving.

 

Future directions

 

Funding should be directed towards the develop-
ment of  an accurate, portable roadside-testing device
to detect the recent use of  cannabis. However, it is
not necessary to have such a device available
before improving legislation and mounting public
campaigns.

The setting of  a low per se limit of  active THC
would also be of  benefit as shown overseas.

 

4,52

 

 This
would remove the considerable legal obstacles
facing police who suspect a driver of  being under
the influence of  cannabis and ease their respons-
ibility on having to prove impairment. Proving
impairment for drivers affected by alcohol was
abolished years ago.

Data collection on the incidence of  cannabis in
road trauma is paramount. Suspicions of  the role of
alcohol in road trauma in the 1960s was only con-
firmed after good epidemiological studies.

 

44

 

 Legisla-
tion regarding mobile phones and driving was put
in place after epidemiological studies showed an
increased risk of  having a crash.

 

53

 

 The use of  mobile
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phones whilst in control of  a vehicle causes, similarly
to cannabis, slower driving, weaving and decreased
attentiveness.

 

54

 

 Australian hospitals are obliged by
law to take blood samples from vehicle controllers
involved in road crashes for later police testing of
blood alcohol level. There is the possibility to extend
this testing to include a level of  active THC.
Methodological flaws such as the blood containers and
storage issues need to be addressed so as not to
underestimate the incidence and levels of  active THC
in the sample population.

Cannabis use in the community is increasing and
its impact on our roads has been underestimated.
Moskowitz, in 1985, stated ‘Any situation in which
safety both for self  and others depends upon alertness
and capability of  control of  man–machine interaction
precludes the use of  marijuana’.

 

32

 

 The philosophy with
all future implementations on cannabis and driving
must be ‘to remove impaired drivers from the road
without delay to provide a safer environment for the
community’.

 

55

 

 Just as motorists know they shouldn’t
‘drink and drive’, so they should also be made aware
of  the hazards of  cannabis and driving through

 

education and enforcement.
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