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Driving Under the Influence of Drugs

Uyusturucu Madde Etkisi Altinda
Arac¢ Kullanim1

ABSTRACT Objective: Driving performance can easily be deteriorated as a result of drug use. Many
observational studies show an increase in the presence of drugs detected in biological samples among
drivers. This is an alarming situation, and the likelihood of drug users being exposed to a fatal ac-
cident,-especially after multiple drug use- is higher than that of non-users. Material and Methods:
In our study, cases with requested reports regarding “the effect of drug on safe driving” between
2012 and June 2018, from the 5 Specialized Board of The Council of Forensic Medicine were ex-
amined in means of distribution by year, sender judicial authorities, regional distribution, biologi-
cal samples used during evaluation, the types of drugs and their frequency of detection, the rates of
verification analysis performed and the report results of the board. Results: It has been determined
that cases regarding driving under the influence of narcotic drugs have increased over years. The
identified drugs in order of frequency are cannabis, amphetamine, methylenedioxymethampheta-
mine (MDMA), synthetic cannabinoids, benzodiazepines and opioids. Multiple drug use was de-
tected in 38 out of 88 cases. In 56% of the cases, it was evaluated that the person could not handle
and manage the vehicle safely. In 29% of the cases positive for screening test, there was no opin-
ion presented since confirmation analysis in blood was not performed. Conclusion: The number of
drug users has been increasing over years, and risk assessment and prevention of drug-related ve-
hicle use are becoming increasingly important.

Keywords: Driving under the influence of drug (DUI); biological sample; confirmation analysis;
forensic toxicology

OZET Amag: Uyusturucu madde kullaniminin bir sonucu olarak siiriis performansi kolayca bozul-
maktadir. Birgok gozlemsel caligma, siiriiciiler arasinda biyolojik 6rneklerde tespit edilen uyustu-
rucu varhiginin artmakta oldugunu gostermektedir. Bu endise verici bir durum olup uyusturucu
kullanan siiriiciilerin 6liimciil bir kazaya maruz kalma olasihigi, 6zellikle ¢oklu uyusturucu kul-
lamimindan sonra, kullanic olmayanlardan daha yiiksektir. Gereg ve Yéntemler: Caligmamizda 2012-
2018 yili Haziran ay1 arasinda Adli Tip Kurumu 5. Thtisas Kurulu'ndan “uyusturucunun giivenli
siirtige etkisi” konusunda rapor istenilen dosyalar, yillara gére dagilim, génderen adli makam, bolgesel
dagilim, degerlendirme sirasinda kullanilan biyolojik 6rnekler, uyusturucu maddelerin gesitleri ve
saptanma sikliklari, dogrulama analizinin yapilma oranlar1 ve kurulun rapor sonuglari agisindan in-
celenmigtir. Bulgular: Uyusturucu madde etkisi altinda siiriis olgularinin yillara gore artis gosterdigi
tespit edilmistir. Tespit edilen uyusturucu maddeler siklik sirasina gore esrar, amfetamin, etilendi-
oksimetamfetamin, sentetik kanabinoidler, benzodiazepinler ve opioidlerdir. Seksen sekiz olgunun
38inde ¢oklu uyusturucu madde kullanimi saptanmistir. Olgularin %56’sinda kisinin emniyetli
sekilde arag sevk ve idare edemeyecegi degerlendirilmigtir. Tarama testinde pozitif ¢ikan vakalarin
%29 unda kanda dogrulama analizi yapilmadigindan goriis bildirilememistir. Sonug: Uyusturucu
uyarict madde kullanicilarimin sayzsi, gegen yillar itibariyle artis gostermekte olup, risk degerlendir-
mesi ve uyusturucuya bagh ara¢ kullaniminin 6nlenmesi giderek 6nem kazanmaktadur.

Anahtar Kelimeler: Uyusturucu etkisi altinda siiriig; biyolojik 6rnek; dogrulama analizi;
adli toksikoloji

arcotic drugs have a medical use, although the incidence of driving
under the influence of drugs, which are often abused, has increased
in recent years. Various studies have been conducted on this subject,
which has increasingly been put on the agenda of countries. The substances
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that affect driving safety, include the drugs that are
prescribed (e.g., benzodiazepines, opioid analgesics,
and antidepressants), illegal psychotropic sub-
stances (e.g., cocaine, heroin, amphetamines, and
cannabis), and new psychoactive substances (e.g.,
synthetic cannabinoids or cathinone).' These drugs
negatively affect driving ability by causing dis-
rupted motor skills, decreased visual acuity, in-
creased tendency to search for excitement,
decreased self-regulation, loss of conditional re-
flexes, slowed reaction times, disrupted judgment
and decision-making mechanisms, and increased
possibility of fatal accidents.

It was shown that the combined use of multiple
psychoactive substances or drugs has a great effect in
impairing driving ability. In addition, an increase
was also reported in drivers who use drugs and alco-
hol together.> Today, various precautions are taken
in order to avoid traffic accidents, and one of the ap-
plications in this field is Roadside Screening Tests for
detecting drivers who drive vehicles under the in-
fluence of drugs and stimulants on motorways.

In our country, although Roadside Screening
Tests have been used for a long time for detecting
alcohol, such tests have not been added to the
agenda of psychoactive drugs until very recently.
The first local survey in this field was conducted in
2010-2011.* According to the results reported by
this and another similar study, it is not frequently
investigated whether drivers are under the influ-
ence of any drugs during roadside controls carried
out after traffic accidents or during routine traffic
inspections in our country; and since only alcohol
levels are checked, many of these drugs go unde-
tected due to the methods used in rare screenings.
Knowing this, some drivers may use these drugs. For
this reason, it should not be considered sufficient to
check for alcohol during routine traffic screenings.
Especially in post-accident processes, the analysis of
narcotics and/or stimulants must also be carried out.”
In Article 19 of the Law No. 6487, which was ac-
cepted on 24.05.2013 and published on June 11,2013
in the Official Gazette 28674, several amendments
were made to the Highway Traffic Law 2918, ac-
cepted on 13.10.1983, and the legal ground was pre-
pared for roadside psychoactive drug testing.’
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As for the occurrence of “Endangering Traffic
Safety,” mentioned in Turkish Penal Code No.
5237, Article 179/3, the driver must be found to be
using the vehicle although s/he is not able to han-
dle the vehicle safely, because s/he is under the in-
fluence of alcohol or drugs or for any other reasons.
An expert opinion must be sought concerning
“whether or not the drug detected in the driver
eliminates the safe driving of the vehicle”.®

The purpose of the present study was to de-
termine the forensic, medical and legal problems
in this field by investigating the files that were sub-
mitted to the Forensic Medicine Institution, 5%
Specialization Board, in order to determine
whether the safe driving ability of the drivers were
disrupted by any drug.

I MATERIAL AND METHODS

Cases concerning the effects of drugs on safe driv-
ing, in the files sent to this Board by judicial au-
thorities, during the period between 2012 and 2018
June, from the Forensic Medicine Institution, 5"
Specialization Board, were included in the study.
The files were examined in terms of the judicial au-
thority, geographic region, analysis method, the
drug in question, the biological sample investi-
gated, the verification analysis conducted, the eval-
uation of the Board and the reports prepared in this
respect.

I RESULTS

The total number of the cases that were examined
was 88, and the distribution of the cases, by year, is
given in Figure 1. The distribution of the cases ac-
cording to the seven geographical regions of our
country is given in Figure 2, and the distribution
of the cases according to the judicial authorities is
given in Figure 3. In Figure 4, the percentage dis-
tribution of the drug types detected in the exam-
ined cases are provided. While one single type of
narcotics was detected in 50 of the 58 cases, in 38
cases, more than one narcotic was detected. When
the detected substances were evaluated in terms of
their types, it was found to be Marijuana in 55
cases; amphetamine in 20 cases; MDMA (Methyl-
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FIGURE 1: Percentage distribution of cases during the period between 2012 and 2018 June.
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FIGURE 2: The distribution of the cases according to the seven geographical regions of our country.

enedioxymethamphetamine) and MDA (Methyl-
enedioxyamphetamine) in 18 cases; synthetic
cannabinoid (5F-PB-22, 5F-ADB, ADB-FUBI-
NACA, ADB-CHMINACA, UR-144, XLR-11,
JWH-018, or MAM-2201) in 12 cases; benzodi-
azepine (chlordiazepoxide, alprazolam, diazepam,
temazepam, oxazepam, clonazepam, or midazolam)
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in 11 cases; opioid (morphine, methadone, tra-
madol, or buprenorphine) in 11 cases; cocaine in 8
cases; and olanzapine, biperiden and gabapentin,
which are known to be abused by narcotics users,
were detected in 3 cases. In Figure 5, the types and
percentage distributions of the biological samples
used in the analysis of the cases are given. Multiple
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FIGURE 4: The percentage distribution of the drug types.

biological samples consist of double (blood-urine)
or triple (blood-urine-hair) analyses. In Figure 6,
the percentages of the cases that were not con-
firmed by years according to the total number of
cases, are provided. No confirmation analyses were
made in 10 of the 25 cases in 2018; 6 of the 18 cases
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in 2017; 8 of the 13 cases in 2016; 2 of the 16 cases
in 2015; 2 of the 10 cases in 2014; and 1 of the 6
cases in 2013. The percentage distribution of the
results of the evaluations of the Forensic Medi-
cine Institution, 5% Specialization Board is given
in (Figure 7). It was reported that, in 56 of the 88
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FIGURE 5: The types and percentage distributions of the biological samples.
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FIGURE 6: The percentages of the cases that were not confirmed by years according to the total number of cases.

cases, the person could not manage the vehicle
due to the use of narcotics, and no expert opin-
ions were reported in 29 of these cases, because
the confirmation analysis could not be made
using blood. No expert opinions were reported in
3 of these cases, because the date and time of the
sampling were not stated in the samples, report-
ing whether the driver was under the influ
ence of a drug that would affect his/her safe driv-
ing.

I DISCUSSION

It was observed that driving under the influence of
drugs was associated with a risky driving style,
leading to accidents.®” Self-control is considered to
be reduced with the use of narcotics, and the pos-
sibility of forming crime-related behaviors in-
creases. Moreover, the problems related to the loss
of self-control cause crimes that are related to
angry vehicle driving and car races.®'
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FIGURE 7: The percentage distribution of the results of the evaluations of the Forensic Medicine Institution, 5" Specialization Board.

The typical side effects, observed after the use
of psychoactive drugs, are cardiac, neurological and
psychological symptoms, such as agitation, diffi-
culty in breathing, palpitation, dizziness, panic,
paranoia, and acoustic and visual hallucinations.!!
The neurological and psychological symptoms, in
particular, may have important effects in disrupting
the driving ability of individuals.

As can be seen in Figure 2, the increase in the
number of cases from the Black Sea Region attracts
attention. The number of cases from other regions,
with similar populations, is similar. When the region
population, monthly income level per house, night
life dynamics, sociocultural situation, and the Foren-
sic Medicine Institution in the region are considered
to be similar, it is expected that the cases coming
from this region will be higher. However, these re-
sults suggest that roadside screening controls are not
carried out with sufficient frequency and in enough
locations in Istanbul, which is a megacity.

The majority of the cases were sent from the
Criminal Courts of First Instance, as shown in Fi-
gure 3. As well known, these courts are the courts
where cases involving traffic accidents that have
caused the death of a person are heard, and if more
than one person died in the accident, the case then
becomes the responsibility of the High Criminal
Court. In the case of reckless accidental wounding
in traffic accidents, the case is heard in the Crimi-
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nal Court of Peace, and if the crime has an organ-
ized basis, the case is still heard in the Criminal
Court of First Instance. In case the elements of the
abstract danger offense, defined in Article 179/3 of
the TPC (Turkish Penal Code), occur, the case is
heard in the Criminal Court of First Instance, since
the sanction of the crime is imprisonment for up to
two years, although it does not cause death. For this
reason, we believe that the reason why most of the
cases that were dealt with in our study were heard
by this authority was that the scope of the working
area of the abovementioned authority is wider.
Cases involving pecuniary and non-pecuniary
damages as a result of fatal/injurious traffic acci-
dents are heard by the Civil Courts of First In-
stance. It was determined that the files coming
from these courts were brought to the board, al-
though in smaller numbers (Figure 3).

In many previous studies, it was observed that
marijuana was usually the most common drug de-
tected in drivers who had accidents, followed by
benzodiazepines, cocaine, amphetamines and opi-
oids. It was also determined that multiple drug use
among drivers who were involved in accidents was
also common.'? In our study, similar data were ob-
tained. It was found that marijuana was the most
frequently detected drug in drivers (Figure 4), and
that it was detected in nearly half of the cases in-
volving multiple drug use. In an article that was
compiled with the data obtained from 66 interna-
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tional studies, it was concluded that amphetamine,
benzodiazepine, marijuana, cocaine and opioid use
were associated with fatal traffic accident risk."
Similarly, the Road Safety Report of the World
Health Organization stated that amphetamine was
responsible for 51% of the drug-related traffic ac-
cidents, followed by marijuana (22%), cocaine
(14%) and opioids (13%)."* In the study conducted
by Quaglio et al. in Italy, heroin-related deaths
were the third most common cause of death in traf-
fic accidents, and 10% of all these deaths happened
after accidents.” In studies conducted in Australia
between 1990-93 and 1997-99, it was determined
that the frequency of detecting alcohol in the
deaths that occurred after motor vehicle accidents
decreased from 33% to 28%, while the frequency of
detecting narcotic substances increased from 20%
to 27%.'? According to the studies that were con-
ducted in the United States of America between
2007 and 2010, alcohol-related traffic accidents de-
creased, while drug-related accidents increased.'®
In studies that were conducted on drivers in Eu-
rope in 2009-2010, alcohol or narcotics were de-
tected at a rate of 7.43% in the analyses of blood or
saliva.'” In previous studies conducted in the USA
and Canada, drugs were found to be positive at a
rate of 12-15% in the sampling that was carried out
during evening hours and on weekends, which was
almost twice as high as that in Europe.!” Marijuana
was the most common substance detected in such
cases in the USA. However, in Australia, metham-
phetamine and MDMA were reported to be more
common.'® In the present study, it was found that
the number of cases increased over the years (Fi-
gure 1). The reason for this might be the increase in
drug use, as well as the increased roadside drug and
stimulant tests carried out by security forces due to
new legal regulations. However, we still believe
that we are far from claiming that these tests are
performed in a nationwide and regular manner,
within certain standards, and that a systematic ap-
proach, involving all of the stakeholders in this
context, must be developed immediately.

The reliable correlation of the pharmacologi-
cal effects of drugs is based on blood/serum con-
centrations.'” Urine, on the other hand, yields a
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wider window for substance detection. However,
it does not correlate with blood levels.!” Blood is
the golden standard in the evaluation of cases in-
volving driving under the influence of substances.”
Since the presence of a drug in the blood shows an
active substance effect and reflects an impaired
driving ability, it is considered as the best matrix
for verification analyses.?! It is possible to detect a
substance in the blood as unchanged, and the blood
matrix is partially homogeneous. In routine prac-
tices in Norway, cases in which an impaired driv-
ing ability under the influence of any drug is
suspected, urine analysis is carried out. If morphine
is detected in the blood, urine analysis is carried
out to differentiate from which heroin, morphine
or codeine drug this stems from.”? Another condi-
tion in which the urine samples are analyzed is
when the blood volume does not suffice for screen-
ing and quantitative analyses. Screening for drugs is
carried out in the urine, and verification analysis is
carried out in the blood. In the past decade, oral
fluid use is preferred for detecting drugs, as an al-
ternative to urine analysis.”® Improved analytical
techniques have made possible the analysis of mul-
tiple drugs with a small amount of oral fluid.** The
biggest advantage of oral fluid use over urine analy-
sis is that it is an easy, fast and non-invasive sam-
pling procedure.” In addition, previous studies in
the literature report that oral fluid use reflects the
most recent drug use better, when compared to the
metabolites that are detected in urine for days or
even weeks after the use of any drug. In addition,
there are several studies reporting that less false
positives are detected in oral fluid screening tests
than in urine scans, which is explained by the fact
that the detection window of the oral fluid is closer
to that of the blood.?

In Germany, the legal outcomes depend on the
detection of drugs in the blood of drivers. It is im-
perative to draw blood and have consecutive toxi-
cological analysis in all cases where the driver
shows indications of drug use and/or if the screen-
ing test is positive Similarly, in cases sent to the
Forensic Medicine Institution, 5" Specialization
Board, the evaluation of safe driving ability is car-
ried out according to the results of blood analysis."
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Validation analyses of the urine were carried out
in four cases by the Board, although no expert
opinions were reported, because it was not per-
formed on the blood. For this reason, the verifica-
tion analysis must be carried out on the blood in
cases of positive results in saliva or urine screening
tests. In our study, although a decrease was deter-
mined in the cases where no verification analyses
were carried out, compared to 2015 and before, it
may be claimed that there was a decrease in the pe-
riod of the first five months of the year, 2018. Since
validation tests were not carried out in nearly 33%
of the cases, it was stated in the reports that it could
not be claimed that the involved people definitely
used the substance according to the positive results
obtained only by the screening tests (Figure 7).
Again, in the same graphic, since the date and time
of the biological sample taken from the individuals
were not specified in 3.5% of the cases, no expert
opinions could be stated about the effect of the pos-
itive substance on the driving safety.

The test parameters, which could be used for
prescreening, must be in the form of a panel that
aims to detect more than one substance, because
many different substances are used in society, and
one person may use more than one substance si-
multaneously. Since the usage profile of medical,
judicial and social needs are different in every
country, even in every region, it is difficult to stan-
dardize this panel. For this reason, every country
must determine a test panel that covers the sub-
stances with a high-risk potential and those that are
often abused, in relation to their own data. The data
obtained by the Turkey Drug Addiction Monitoring
Center may be used in selecting the substances that
will be in the panel to be used in our country. In
commercially sold panels, as the number of items
scanned increases, the price of the panel also in-
creases. When a ready-made panel that is in the mar-
ket is chosen, it may even be possible that a
substance that is an exception in terms of abuse may
be included in the panel content. For this reason,
panels that contain the minimum number of drugs
that can cover the needs of our country must be or-
dered as special productions, according to the above-
mentioned criteria. The widespread use of screening
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tests all over the country and sustaining this attitude
will deter drivers from driving under the influence
of substances.

Considering the fact that no test is 100% reli-
able and has the specificity at this rate in drugs,
stimulant screening and other healthcare areas, it is
inevitable that there will be false negativity or false
positivity during the application of these tests, even
if the most advanced technology and methods are
used.’ It must not be forgotten that, although the
current laws are fictionalized for deterrence, reha-
bilitation and the protection of social order, they are
also responsible for protecting the rights of individ-
uals. For this reason, receiving false positive results
may cause consequences like “the suspension of dri-
ver’s license, punishment by fine, and even limita-
tion of freedom by applying the provisions of the
Turkish Penal Code”. For this reason, as it is the case
in the whole world, the positive results received in
roadside screening tests must be confirmed with ad-
vanced laboratory techniques, such as Gas Chro-
matography/Mass Spectrometry (GC/MS) or Liquid
Chromatography/Sequential Mass Spectrometry
(LC-MS/MS), which have a higher reliability and
specificity.”?® According to the European Work-
place Narcotics Testing Community, all validation
analyses must be quantitative.”

The Forensic Medicine Institution, 5% Special-
ization Board, decided that the drivers were not
able to use vehicles safely in 63.63% of the cases.
In some countries, although the blood levels are
checked in terms of disrupting driving safety, as in
the case of alcohol screening, it is considered suffi-
cient to determine the substances in the blood of
the drivers in terms of the effects on their decision-
making abilities.**? In the justification of this de-
cision, even though the substance usage is low in
the blood of the individual who uses it, a chronic
user will, due to the drug use, have disrupted motor
skills, decreased self-control, will be disrupted in
terms of the decision-making mechanism, might
have personality problems, and other psychological
and psychiatric findings will affect safe driving
negatively. If it is the driver’s first use of a sub-
stance, the driver will be exposed to more negative
effects, even at low doses. A similar application is
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found in some states of the USA (Arizona, Utah,
Michigan, Georgia, and Indiana). No threshold val-
ues are defined, and it is claimed that the decision
in favor of the view that the presence of drugs will
disrupt safe driving will deter drivers from driving

under the influence of substances.?!*?

If the drug is not detected in the blood, but
rather only in the urine, the Board decides that driv-
ing safety is not impaired, because it is not possible to
determine how long ago the consumption took
place. The result of a sample report is as follows:

“If the THC metabolite THC-COOH, which is
the active substance of marijuana, is detected as a
result of the analysis of urine that is received from
a person, it is decided that the person has used mar-
ijuana in the time period before the urine sample
was received; and since marijuana is among the
drugs mentioned in Article 188 of the Law 5237 of
the Turkish Penal Code; since it is not investigated
whether or not the marijuana is present in the
blood of the person on the date of the incident;
since the findings on neurological examinations
like attention, perception, balance, reflex, psy-
chomotor and neuromotor coordination are miss-
ing; and since findings on ophthalmological
examination like nystagmus, accommodation, and
visual acuity are missing; and the detailed findings
on the general situation of the person are missing,
which may determine the driving safety of the per-
son at the time of the incidence, it may not be de-
cided that the person cannot manage and use a
vehicle with the present findings.”

I CONCLUSION

Driving is a complex activity in which the driver
details and responds to the data that are received
from the outside environment in a constant man-
ner. For this reason, it is obvious that driving per-
formance might be disrupted by any drug, which
might influence brain functions and/or mental
processes. Many aspects of driving performance
may be affected differently by illegal drugs. How-
ever, there are still missing data on the effects of
drug concentration/deterioration relation and
dose-dependent acute and chronic effects on psy-
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chomotor functions. Future studies on this issue
might be important in terms of evaluating the risks
on motorways.

It has been demonstrated in many previous
studies that narcotics and stimulant tests are of great
importance in terms of ensuring traffic safety. The
cost that would be incurred, as a consequence of fail-
ing to carry out these tests in the proper manner, are
clear in relation to protecting human health and
young generations from bad habits, protecting the
economy and deterring crime in the country. For
this reason, it is necessary to perform drug scans
from saliva for reasons, such as the ease in applica-
tion, less false positivity, when compared to urine
analysis, and because the use of the most recent drug
by drivers, who are suspected of risky driving in rou-
tine traffic controls and/or in traffic, is more accu-
rately determined. In case the screening result is
positive, it is essential that a blood test and a valida-
tion analysis are carried out with advanced analyti-
cal techniques. If the screening test is considered
adequate, years of judiciary proceedings may be con-
cluded in favor of the driver, which is in line with
the “the suspect benefits from suspicion” principle.

Informing

Due to the presence of the name of the journal editor’s among
the authors, the assessment process of the study was conducted

by the guest editor.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct
connection with the research subject, nor from a company that
provides or produces medical instruments and materials which

may negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family
members of the scientific and medical committee members or
members of the potential conflicts of interest, counseling, ex-
pertise, working conditions, share holding and similar situa-

tions in any firm.

Authorship Contributions

Idea/Concept: Faruk Asicioglu; Design: Faruk Agicioglu, Emre
Mutlu; Control/Supervision: Faruk Asicioglu, Mustafa Okudan;
Data Collection and/or Processing: Emre Mutlu, Mustafa Oku-



Faruk ASICIOGLU et al.

Turkiye Klinikleri J Foren Sci Leg Med. 2019;16(3):164-73

dan; Analysis and/or Interpretation: Faruk Asicioglu, Emre
Mutlu; Literature Review: Emre Mutlu, Mustafa Okudan; Writ-

Movig KL, Mathijssen MP, Nagel PH, van
Egmond T, de Gier JJ, Leufkens HG, et al. Psy-
choactive substance use and the risk of motor ve-
hicle  accidents.  Accid  Anal  Prev.
2004;36(4):631-6. [Crossref]

Augsburger M, Rivier L. Drugs and alcohol
among suspected impaired drivers in Canton de
Vaud (Switzerland). Forensic Sci Int.
1997,85(2):95-104. [Crossref]

Penning R, Veldstra J, Daamen AP, Olivier B,
Verster JC. Drugs of abuse and traffic safety. Vol.
9781461433, Drug Abuse and Addiction in Med-
ical lliness: Causes, Consequences and Treat-
ment; 2012. [Crosstref]

Acar F, Asirdizer M, Aker RG, Kucukibrahimoglu
EE, Ates |, Erol Y, et al. A review of suspected
cases of driving under the influence of drugs
(DUID) involved in traffic accidents in Istanbul
(Turkey). J Forensic Leg Med. 2013;20(6):626-
31. [Crosstref] [PubMed]

Asirdizer M, Yilmaz M, Aker RG, Esra Kiiglki-
brahimoglu E, Ates I, Haluk ince C. [The evalua-
tion of blood ethyl alcohol levels of drivers
involved in traffic accidents]. Nobel Med.
2016;12(1):5-13.

Calafat A, Blay N, Juan M, Adrover D, Bellis MA,
Hughes K, et al. Traffic risk behaviors at nightlife:
drinking, taking drugs, driving, and use of public
transport by young people. Traffic Inj Prev.
2009;10(2):162-9. [Crossref] [PubMed]

Bergeron J, Paquette M. Relationships between
frequency of driving under the influence of
cannabis, self-reported reckless driving and risk-
taking behavior observed in a driving simulator. J
Safety Res. 2014;49:19-24. [Crossref] [PubMed]

Sussman S, McCuller WJ, Dent CW. The asso-
ciations of social self-control, personality disor-
ders, and demographics with drug use among
high-risk youth. Addict Behav. 2003;28(6):1159-
66. [Crossref]

Hingson RW, Heeren T, Edwards EM. Age at
drinking onset, alcohol dependence, and their re-
lation to drug use and dependence, driving under
the influence of drugs, and motor-vehicle crash
involvement because of drugs. J Stud Alcohol
Drugs. 2008;69(2):192-201. [Crossref] [PubMed]

Baron SW, Forde DR, Kay FM. Self-control, risky
lifestyles, and situation: the role of opportunity
and context in the general theory. J Crim Justice.
2007;35(2):119-36. [Crossref]

. Maas A, Wippich C, Madea B, Hess C. Driving

under the influence of synthetic phenethylamines:
a case series. Int J Legal Med. 2015;129(5):997-
1003. [Crossref] [PubMed]

20.

21.

22.

I REFERENCES

Kelly E, Darke S, Ross J. A review of drug use
and driving: epidemiology, impairment, risk fac-
tors and risk perceptions. Drug Alcohol Rev.
2004;23(3):319-44. [Crossref] [PubMed]

Busardo FP, Pichini S, Pellegrini M, Montana A,
Lo Faro AF, Zaami S, et al. Correlation between
blood and oral fluid psychoactive drug concen-
trations and cognitive impairment in driving under
the influence of drugs. Curr Neuropharmacol.
2018;16(1):84-96. [Crossref] [PubMed] [PMC]

Elvik R. Risk of road accident associated with the
use of drugs: a systematic review and meta-
analysis of evidence from epidemiological stud-
ies. Accid Anal Prev. 2013;60:254-67. [Crossref]
[PubMed]

Quaglio G, Talamini G, Lechi A, Venturini L, Lu-
goboni F, Mezzelani P. Study of 2708 heroin-re-
lated deaths in north-eastern Italy 1985-98 to
establish the main causes of death. Addiction.
2001;96(8):1127-37. [Crossref] [PubMed]

Declues K, Perez S, Figueroa A. A 2-year study
of A 9-tetrahydrocannabinol concentrations in
drivers: examining driving and field sobriety test
performance. J Forensic Sci. 2016;61(6):1664-
70. [Crossref] [PubMed]

European Monitoring Centre for Drugs and Drug
Addiction. European Drug Report 2016. EM-
CDDA-Europol Jt Publ; 2016. p.80.

European Monitoring Centre for Drugs and Drug
Addiction. Drug use, impaired driving and traffic
accidents. 2" ed. Vol. 8. Insight Series. Lisbon:
Portugal: EMCDDA; 2014. p.1-196.

Toennes S, Kauret GF, Steinmeyer S, Moeller
MR. Driving under the influence of drugs--
evaluation of analytical data of drugs in oral fluid,
serum and urine, and correlation with impairment
symptoms. Forensic Sci Int. 2005;152(2-3):149-
55. [Crossref] [PubMed]

Wille SM, Raes E, Lillsunde P, Gunnar T, Laloup
M, Samyn N, et al. Relationship between oral
fluid and blood concentrations of drugs of abuse
in drivers suspected of driving under the influence
of drugs. Ther Drug Monit. 2009;31(4):511-9.
[Crosstref] [PubMed]

Busardo FP, Pichini S, Pellegrini M, Montana A,
Lo Faro AF, Zaami S, et al. Correlation between
blood and oral fluid psychoactive drug concen-
trations and cognitive Impairment in driving under
the influence of drugs. Curr Neuropharmacol.
2018;16(1):84-96. [Crossref] [PubMed] [PMC]

Vindenes V, Lund HM, Andresen W, Gjerde H,
Ikdahl SE, Christophersen AS, et al. Detection of
drugs of abuse in simultaneously collected oral

173

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

ing the Article: Faruk Asicioglu, Emre Mutlu; Critical Review:
Faruk Asicioglu, Mustafa Okudan.

fluid, urine and blood from Norwegian drug driv-
ers. Forensic Sci Int. 2012;219(1-3):165-71.
[Crossref] [PubMed]

Drummer OH. Drug testing in oral fluid. Clin
Biochem Rev. 2006;27(3):147-59.

Qiestad EL, Johansen U, Christophersen AS.
Drug screening of preserved oral fluid by liquid
chromatography-tandem mass spectrometry. Clin
Chem. 2007;53(2):300-9. [Crossref] [PubMed]

Kato K, Hillsgrove M, Weinhold L, Gorelick DA,
Darwin WD, Cone EJ. Cocaine and Metabolite
Excretion in Saliva under Stimulated and Non-
stimulated  Conditions. J Anal Toxicol.
1993;17(6):338-41. [Crossref] [PubMed]

Van der Linden T, Wille SM, Ramirez-Fernandez
M, Verstraete AG, Samyn N. Roadside drug test-
ing: comparison of two legal approaches in Bel-
gium. Forensic Sci Int. 2015;249:148-55.
[Crossref] [PubMed]

Maurer HH. Mass spectrometric approaches in
impaired driving toxicology. Anal Bioanal Chem.
2009;393(1):97-107. [Crossref] [PubMed]

Maurer HH. Multi-analyte procedures for screen-
ing for and quantification of drugs in blood,
plasma, or serum by liquid chromatography-sin-
gle stage or tandem mass spectrometry (LC-MS
or LC-MS/MS) relevant to clinical and forensic
toxicology. Clin Biochem. 2005;38(4):310-8.
[Crossref] [PubMed]

Felli M, Martello S, Chiarotti M. LC-MS-MS
method for simultaneous determination of THC-
COOH and THCCOOH-glucuronide in urine: ap-
plication to workplace confirmation tests.
Forensic Sci Int. 2011;204(1-3):67-73. [Crossref]
[PubMed]

Wolff K, Johnston A. Cannabis use: a perspec-
tive in relation to the proposed UK drug-driving
legislation. Drug Test Anal. 2014;6(1-2):143-54.
[Crossref] [PubMed] [PMC]

. Bondallaz P, Favrat B, Chtioui H, Fornari E,

Maeder P, Giroud C. Cannabis and its effects on
driving skills. Forensic Sci Int. 2016;268:92-102.
[Crossref] [PubMed]

Wong K, Brady JE, Li G. Establishing legal limits
for driving under the influence of marijuana. Inj
Epidemiol. 2014;1(1):26. [Crossref] [PubMed]
[PMC]

Verstraete A, Knoche A, Jantos R, Skopp G,
Gijerde H, Vindenes V, et al. Driving under the In-
flence of drugs, alcohol and medicines (DRUID):
per se limits-methods of defining cut-off values for
zero tolerance. IEEE Transactions on Biomedical
Engineering. 2011;58.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5005632
https://www.ncbi.nlm.nih.gov/pubmed/27747660
https://doi.org/10.1186/s40621-014-0026-z
https://www.ncbi.nlm.nih.gov/pubmed/27701009
https://doi.org/10.1016/j.forsciint.2016.09.007
https://www.ncbi.nlm.nih.gov/pubmed/24327278
https://doi.org/10.1002/dta.1588
https://www.ncbi.nlm.nih.gov/pubmed/20627630
https://doi.org/10.1016/j.forsciint.2010.05.004
https://www.ncbi.nlm.nih.gov/pubmed/15766732
https://doi.org/10.1016/j.clinbiochem.2005.01.014
https://www.ncbi.nlm.nih.gov/pubmed/18759106
https://doi.org/10.1007/s00216-008-2338-8
https://www.ncbi.nlm.nih.gov/pubmed/25700110
https://doi.org/10.1016/j.forsciint.2015.01.034
https://www.ncbi.nlm.nih.gov/pubmed/8271779
https://doi.org/10.1093/jat/17.6.338
https://www.ncbi.nlm.nih.gov/pubmed/17158196
https://doi.org/10.1373/clinchem.2006.074237
https://www.ncbi.nlm.nih.gov/pubmed/22284072
https://doi.org/10.1016/j.forsciint.2012.01.001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5771389
https://www.ncbi.nlm.nih.gov/pubmed/28847293
https://doi.org/10.2174/1570159X15666170828162057
https://www.ncbi.nlm.nih.gov/pubmed/19571773
https://doi.org/10.1097/FTD.0b013e3181ae46ea
https://www.ncbi.nlm.nih.gov/pubmed/15978340
https://doi.org/10.1016/j.forsciint.2004.08.002
https://www.ncbi.nlm.nih.gov/pubmed/27479468
https://doi.org/10.1111/1556-4029.13168
https://www.ncbi.nlm.nih.gov/pubmed/11487419
https://doi.org/10.1046/j.1360-0443.2001.96811276.x
https://www.ncbi.nlm.nih.gov/pubmed/22785089
https://doi.org/10.1016/j.aap.2012.06.017
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5771389
https://www.ncbi.nlm.nih.gov/pubmed/28847293
https://doi.org/10.2174/1570159X15666170828162057
https://www.ncbi.nlm.nih.gov/pubmed/15370012
https://doi.org/10.1080/09595230412331289482
https://www.ncbi.nlm.nih.gov/pubmed/25618172
https://doi.org/10.1007/s00414-015-1150-1
https://doi.org/10.1016/j.jcrimjus.2007.01.001
https://www.ncbi.nlm.nih.gov/pubmed/18299759
https://doi.org/10.15288/jsad.2008.69.192
https://doi.org/10.1016/S0306-4603(02)00222-8
https://www.ncbi.nlm.nih.gov/pubmed/24913481
https://doi.org/10.1016/j.jsr.2014.02.002
https://www.ncbi.nlm.nih.gov/pubmed/19333829
https://doi.org/10.1080/15389580802597054
https://www.ncbi.nlm.nih.gov/pubmed/23910848
https://doi.org/10.1016/j.jflm.2013.03.028
https://doi.org/10.1007/978-1-4614-3375-0_44
https://doi.org/10.1016/S0379-0738(96)02084-1
https://doi.org/10.1016/S0001-4575(03)00084-8

