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“Canst that thou not minister to a mind diseased,
Pluck from the memory a rooted sorrow,
Raze out the written troubles of the brain,
And with some sweet oblivious antidote

Cleanse the stuff’d bosom of that perilous stuff
Which weighs upon the heart?”

SHAKESPEARE - Timon of Athens: Act IV, Scene 3.
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ABSTRACT

The main aim of this study was to examine the relationship between drug use and
culpability in a sample of drivers who were injured in road crashes. Four drugs/drug
classes were chosen for analysis based on the prevalence of their use and the likelihood
of their playing a role in crashes: alcohol, marijuana (measured by the presence of A
%tetrahydrocannabinol [THC] or its metabolite, l1-nor-Agtetrahydrbcannabinol-9—
carboxylic acid [THCAL]), benzodiazepines and stimulants. Blood samples were obtained
from 2898 injured drivers. The relationship between the presence and concentration of
these drugs and the culpability of the driver was examined using objective scoring
criteria to assess culpability. The data collected were analysed to determine the effects
of each drug, both alone and in combination with other drugs, and whether concentration
was a determining factor. In 398 cases (13.7%) the blood sample was unable to be
matched with a police crash report to obtain demographic and crash information.
However, detection rates for drugs within these ‘unmatched’ cases were not exceptional
and their inevitable exclusion from these analyses did not bias the results in any way.
The final sample of 2500 drivers used in this study thus comprises a representative

sample of injured drivers in South Australia.

Overall, three-quarters of drivers were drug-free. Alcohol was the most frequently
detected drug. Marijuana was also detected at high rates, but the majority of drivers
tested positive for THCA, the inactive metabolite of THC. Benzodiazepines and
stimulants were detected at low rates, as were combinations of two or more drugs.
Males were more likely to test positive for drugs, especially alcohol and THC, whereas
females were more likely to test positive for benzodiazepines. A similar proportion of
car drivers and motorcycle riders tested positive for drugs although riders were more
likely to test positive for THC. Car drivers involved in single-vehicle crashes were
more likely to test positive for drugs than car drivers in multiple-vehicle crashes, in
particular for alcohol alone, THC alone and alcohol in combination with either THC or
benzodiazepines. Riders were also more likely to test positive for alcohol alone in
single-vehicle crashes, but there was a higher prevalence of THC alone in multiple-

vehicle crashes.
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There were no significant differences between the culpability rates of males and females.
However, there was a relationship between age and culpability with drivers below 26
years and above 60 years more likely to be culpable. Drivers who tested positive for
alcohol alone or benzodiazepines alone were significantly more likely to be culpable for
the crash compared with drug-free drivers. In contrast, a lower percentage of drivers who
tested positive for THC alone were culpable for the crash compared with drug-free
drivers, although this difference was not statistically significant. The relationship between
stimulants and culpability was also non-significant, although a higher proportion of
stimulant-positive drivers were culpable compared with drug-free drivers. The
combinations of alcohol and THC, and alcohol and benzodiazepines produced a
significant increase in culpability but this was not significantly greater than that produced

by alcohol alone.

The majority of car drivers in single-vehicle crashes were judged culpable irrespective of
drug use. In multiple-vehicle crashes, car drivers testing positive for alcohol alone or
benzodiazepines alone were more likely to be culpable for the crash compared with drug-
free drivers. For riders in both single- and multiple-vehicle crashes, there were no
significant differences between the drug-positive and drug-free groups, although riders

who tested positive for THC alone had a lower culpability rate than the drug-free riders.

Analyses were also performed to examine the relationship between drug concentration and
culpability. There was a significant concentration-dependent relationship between alcohol
and culpability: as blood alcohol concentration increased, so did the percentage of
culpable drivers. There was also a significant relationship between benzodiazepine
concentration and culpability. Amongst those drivers with benzodiazepine concentrations
that were at or above therapeutic levels, culpability rates were significantly higher
compared with drug-free drivers. The relationship between THC concentration and
culpability was not significant, although there was a trend for decreased culpability at
lower concentrations, and an increase at higher concentrations. The number of drivers who

tested positive for stimulants was too small to examine the effects of concentration.

A possible limitation in this study was the time-delay between the crash and blood

sample collection. As blood concentrations of drugs change over time this can
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potentially confound interpretation of the data, especially where there is a substantial
delay. Drug concentrations at the time of the crash were estimated for alcohol and THC
using pharmacological data on concentration-time relationships for these drugs. The
relationship between drug use and culpability was then re-analysed. For
benzodiazepines, the concentrations of the different drugs in this class were converted to
a single scale, which allowed the relationship between concentration and culpability to
be examined in the same way as for alcohol and THC. This was not done for stimulants
as only a small number of drivers tested positive. In addition, previous results had
revealed a significant relationship between age and culpability in this sample.
Consequently, culpability rates between drug-positive and drug-free drivers were
compared using age-matched controls from the drug-free group in order to control for
differences in culpability that may have been due to age. Overall, the relationships
between drugs and culpability reported previously did not change after estimating the

concentration at the time of the crash, and using age-matched controls.

Analyses were also performed to investigate the effects of long-term storage of blood
samples on the accuracy of the marijuana concentrations reported in this study. Samples
from eight deceased persons suspected of using marijuana were stored in three types of
containers and THC concentrations were monitored for up to 15 months. Although there
was found to be a significant overall decrease in THC concentrations over the storage
period, these concentrations did not disappear completely. It is unlikely that any THC-
positive samples in the present study were not detected, and thus the results reported in

this study were not compromised by long-term storage of the blood samples.

Additional analyses were carried out on the data to further examine the characteristics of
these crash-involved drivers, and to investigate factors other than drug use that could
predict crash culpability. Drivers’ drink-driving and traffic offence histories prior to the
crash were obtained. A profile of recidivist drink-drivers was established, and the
relationship between prior drink-driving offences and crash culpability was explored.
The recidivist drink-drivers tended to be male, with a mean age of 31.7 years.
Compared with drivers with no drink-driving convictions, recidivists were more likely
to have an aberrant traffic offence history with a high incidence of offences including

speeding and dangerous driving, as well as driving without a valid licence. First-time
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drink-driving offenders shared many of the same characteristics as recidivists. These
drivers were also predominantly male, with a mean age of 29.6 years, and had a higher
incidence of traffic offences than drivers with no drink-driving convictions. The study
also examined whether having prior convictions for drink-driving could predict the
likelihood of drivers being culpable for their crash. Drivers with one or more prior
drink-driving convictions were significantly more likely to have been culpable for the
crash than drivers with no prior convictions. They were also more likely to test positive
for alcohol, either alone or in combination with other drugs, and particularly to record
high BACs. Thus, having prior drink-driving convictions was a good predictor of both

culpability in the crash and testing positive for drugs.

The results of this study found a clear link between alcohol and culpability. Injured
drivers who tested positive for alcohol were significantly more likely to be culpable and
the effect was stronger at higher BACs. This confirms past research in highlighting the
overwhelming prevalence of alcohol in injured drivers compared with other drugs, as
well as its dominant role in road crashes. A significant relationship was also found
between the use of benzodiazepines and culpability. Amongst those with benzodiazepine
concentrations that were at or above therapeutic levels, culpability was significantly
greater than for the drug-free group. This has been the first study to show a significant
effect of benzodiazepines when used alone, at concentrations that fell within the
therapeutic range. In contrast, there was no significant effect of either THC or stimulants
on culpability. Although a large number of injured drivers tested positive for THC
alone (a similar number to benzodiazepines, for which an effect was observed), their
culpability rate was no higher than that of drug-free drivers. Relatively few drivers
tested positive for stimulants other than pseudoephedrine, which has weak stimulant
effects, and in many cases they were found at low concentrations. Given the low
detection rates and the evidence that at least some drivers were not culpable, it is

reasonable to conclude that stimulants do not play a major role in road crashes.
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tree, sleeping. Once again, the rabbit leads the bear off to the cave, and once again the
bear emerges only seconds later, this time with tears pouring down his face. The owl is
now completely confused, and demands to know how the rabbit is achieving this. The
rabbit, torn between protecting her results and a desire to boast, motions the owl over to
the cave. Full of trepidation, but curious to solve the mystery, the owl follows the rabbit
inside. Sitting in an armchair is a large dragon, wearing glasses and reading a book. He
looks up as the pair enters, and immediately fire erupts from his mouth. The last words
the owl hears as he is fleeing the cave in terror are “You see, it doesn’t matter what your

thesis topic is, as long as you have a good supervisor you will be successful”.
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end of the tunnel does, in fact, exist.

xxiil



I have spent four years of my life working on this thesis, and there were times when I
thought it would never be finished! So many people have been there for me on this long

journey, and I want to take this opportunity to thank each and every one of them.

© All the staff and students in the Department of Clinical and Experimental Pharmacology
at Adelaide University for their help and support;

© Dr Michael White, Mr John Spencer and Ms Christine Hunter from the Safety Strategy
Section of Transport SA for supporting this project from start to finish;

© Dr Robert Lokan from Forensic Science for analysing the blood samples, and always
being available to answer my questions;

© Ms Pam Dearden and Ms Santina Luppino from Transport SA, and Ms Maryanne
Harris from SAPOL for helping me access police crash reports;

© Ms Robyn Johns, Ms Angela Slagter and Mr Harry McDonald from the Registration
and Licencing section of Transport SA for helping me access traffic offence histories;

© Mr Peter O’Connor from the National Injury Surveillance Unit at Flinders University
for his advice and support;

© Dr Greg Chesher and Dr John Bailey for all their help and advice;

© All the librarians at the Road Accident Research Unit Library and the Barr Smith
Library for obtaining the hundreds of articles and reports I needed to read;

© The administrative and medical records staff at the Royal Adelaide Hospital and at the
17 rural hospitals who helped me access the patient case notes;

© Ms Kristyn Willson for her statistical help and advice;

© Ms Adrienne Gorringe from the Scholarships office at Adelaide University.

Special thanks to the Australian Transport Safety Bureau (formerly the Federal Office of
Road Safety) for providing me with a Road Safety Postgraduate Scholarship to undertake
this research. In particular, [ wish to thank Dr Michael McFadden and Mr Jim Wylie.

Last, but definitely not least, thank you to my wonderful parents Don and Lyn Longo, and
my sister and brother Lara and Tom for all their support and understanding, and for
knowing when to keep away!! I could not have done this without them. Thanks also to all
my friends who listened to me complain, and made sure I relaxed occasionally and got

away from my computer!!

XXiv



LIST OF ABBREVIATIONS

BAC blood alcohol concentration

CR culpability ratio (proportion of drivers who were culpable was

calculated for the various drug groups including the drug-free group)

GABA gamma-aminobutyric acid

GC gas chromatography

HPLC high pressure liquid chromatography

MDA methylenedioxyamphetamine

MDEA methylenedioxyethylamphetamine

MDMA methylenedioxymethamphetamine

NMDA n-methyl-d-aspartate

OR odds ratio (measure of relative risk: obtained by dividing the culpability

ratio of a drug group by the culpability ratio of the drug-free group)

SD standard deviation
SDLP standard deviation of lateral position
THC A’tetrahydrocannabinol

THCA 11-nor-A’tetrahydrocannabinol-9-carboxylic acid
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