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Abstract
Introduction. Driving under the influence of alcohol and/or psychoactive substances
increases the risk of road accidents, but it is controversial whether this affects site and
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Material and metbods. We search for alcohol, cannabinoids, cocaine, benzodiazepines, hospital

opioids, methadone, amphetamines and barbiturates in biological fluids of 1764 trau- | © accidents
matized drivers admitted to the Emergency Department (ED) of Padua between 2010 | e prognosis

and 2014. e alcohol

Results. We note correlation between alcohol and benzodiazepines and admission in
ICU and between all the intoxications and the reserved prognosis. The sites of injuries
were: head (37.13%), maxillofacial (8.33%), spinal column (44.67%), thoracic (15.31%),
abdominal (5%), pelvic (2.55%) and limb traumas (23.58%). We observed a correlation
between head trauma (p < 0.0001), maxillofacial trauma (p = 0.0418), thoracic trauma
(p = 0.0215), pelvic trauma (p = 0.0008), spinal column trauma (p < 0.0001) and the
totality of the intoxication and an association between benzodiazepines and thoracic and
pelvic trauma.

Conclusions. Alcohol and benzodiazepines intoxication increases the risk of reserved
prognosis and admission in ICU; benzodiazepines intoxication correlates with thoracic
and pelvic trauma.

INTRODUCTION
Motor Vehicle Crashes (MVCs) are a preventable

well documented in the Literature [15-28]. Since 1974
the Grand Rapids Study proved convincingly that driv-

cause of death and lesions. Alcohol, many illegal sub-
stances as cannabis and legal drugs like benzodiaz-
epines reduce psychomotor skills to drive in safety thus
increasing the risk of accidents [1-13]. Traumas due to
MVCs are a frequent cause of admittance to Emergen-
cy Departments (ED) [14] and the presence of alcohol
and drugs in the biologic fluids of traumatized drivers is

ing under the influence of alcohol is an important risk
factor for road accidents [29, 30] and following stud-
ies proved surely the relation between the assumption
of alcohol and/or psychotropic substances and risk of
MVCs [31-34]. The relationship between the use of al-
cohol and psychotropic substances and the seriousness
of MVCs is not so clear. The few studies on this subject

Address for correspondence: Foscarina Della Rocca, Pronto Soccorso, Azienda Ospedaliera di Padova, Via Giustiniani 2, 35128 Padova, Italy. E-mail:

foscarina.dellarocca@aopd.veneto.it.



Foscarina Della Rocca, Miranda Zoleo, Francesca Pignatiello et al.

are not comparable since they took in the consideration
different populations and evaluated the seriousness of
accidents in different ways: on the bases of the drivers
lesions, on the necessity of hospitalization, on death of
the drivers, and on damages to things. Smink’s work
examined the relation between the use alcohol and/or
psychotropic substances and seriousness of the lesions
in a group of 993 drivers. Smink considered serious ac-
cidents that led to hospitalization or death but didn’t
prove any association between exposure to different
classes of psychotropic substances and seriousness
of lesions [35]. Works on the benzodiazepines don’t
show any correlation between the presence/absence of
benzodiazepines and the seriousness of the accidents,
considering also damages to things [31, 36]. In 2008
Smink confirmed once more that there is no clear as-
sociation between the use of alcohol and psychoactive
substances and the seriousness of lesions suffered by
drivers involved in MVCs [37, 38]. Deutch’s study,
which listed not only MVC traumatized but all trauma-
tized people who entered a Danish Trauma Center in
1999-2000 proved that the presence of alcohol and all
the tested psychotropic substances positively correlates
with Injury Severity Score (ISS). Alcohol use depen-
dence did not correlate with other seriousness indexes
like hospitalization times and mortality [39]. Later
works did not confirm relation between ISS and the use
of alcohol and drugs [35-37]. Alcohol is found in about
a third of MVCs resulting in serious traumas or death
[2] and benzodiazepines is the drug found most fre-
quently in the seriously traumatized population [39].
In a case-control study evaluating the association be-
tween the use of psychotropic substances and the risk
of lethal MVC in the USA concluded that the drivers
positive either to alcohol or drugs presented a relatively
higher risk (OD 23.24 CI 95%) of being involved in
lethal accidents than the drivers resulting negative [40].
In North-European countries both alcohol and psycho-
tropic substances are very common in drivers deceased
for a MVC, especially in people of the youngest age
and in accidents involving just one vehicle; up to 66%
of the youngest deceased drivers had used alcohol and/
or drugs just before driving [41]. While the relation be-
tween haematic alcohol values and road accidents risk
was clearly proved [29, 30, 34, 35], does not exist a
clear correlation between haematic concentration of
psychoactive substances, impairment effect (reduced
driving ability) and the risk of accidents, though some
studies seem to suggest it, at least for tetrahidrocan-
nabinol (THC) [42] and benzodiazepines [31, 36, 43].
The aim of this study is the search for presence/absence
of alcohol and/or psychotropic substances (opioids, bu-
prenorfine, cocaine, cannabinoids, benzodiazepines,
methadone, amphetamines, barbiturates) in the blood
and/or in the urines of 1764 traumatized drivers con-
secutively admitted to ED of Padua Hospital from
2010 to 2014.

These were submitted to toxicological controls ex artt.
186 and 187 of the Codice della Strada [44] to evaluate
the possible correlations between seriousness and site
of the trauma and the presence/absence in blood and
urine of the most common substances.

MATERIALS AND METHODS

We studied retrospectively (reviewing the data con-
tained in the clinical records in the aftermath) 1764
traumatized drivers admitted to ED of Padua Hospital
from 2010 to 2014. We tested blood and urine sam-
ples drawn within three hours from the trauma look-
ing for alcohol (cut-off 0,5¢/1), opioids, buprenorphine,
cocaine, cannabinoids, benzodiazepines, methadone,
amphetamines, barbiturates, single or in association,
using Liquid Chromatography-High Resolution Mass
Spectrography (HPLC-HRMS) [45]. We considered
positive for a specific substance all the intoxicated
subjects (that is positive in the blood) and/or those
exposed to the toxic substance (that is positive in the
urine). The results of the tests on biological fluids were
reported in an Excell Database, protected by a pass-
word, together with demographical features, date and
hour of admittance, type of vehicle involved in the ac-
cident, how the driver arrived to ED, color code as-
signed at triage, possible pharmacological therapies
given by Emergency Medical Service before the col-
lection of blood and urine samples, value of Revised
Trauma Score (RTS) [46-48] and site of the trauma
and outcome -hospitalization, admission in Intensive
Care Unit (ICU), dismissal, death - and prognosis
- reserved or not. The biological fluid samples were
marked with a serial number for each patient and the
test results were inserted in a different database from
the one of ED; this means they can no more be con-
nected the identity of the tested subjects. In this way
we put into mutual relation severity and site of the
trauma with the presence/absence in the blood and/
or urine of the tested substances. We considered nega-
tive those patients who received in ED midazolam or
fentanest before the collection of the samples and who
resulted positive only to these drugs.

As severity indexes we used RTS (between 0-8 in
decreasing severity order), hospitalization in ICU, re-
served prognosis. The sites of trauma that we consid-
ered are head, face, spinal column, chest, abdomen,
pelvis and serious traumas to limbs (fractures, disloca-
tions, amputations, deep wounds).

RTS is a score system estimated on a linear combina-
tion of three physiological indicators: Glasgow Coma
Scales (GCS), Systolic Blood Pressure (SBP) and Re-
spiratory Rate (RR). Though very simple, RTS proved
accurate in predicting mortality [47, 78]. When enter-
ing in ED all patients were submitted to triage and were
assigned a colour code indicating the treatment prior-
ity. If the vital functions are compromised the patient
receive a red colour code, and have the highest prior-
ity; when the patient is stable but the site of lesion is a
risk priority, or the trauma presents a major dynamic, or
the patient is fragile due to pathophysiological factors,
receives a yellow colour code; otherwise he receives a
green or white colour code [49]. The criteria to define
lesions’ severity derive from Advanced Trauma Life
Support (ATLS) guidelines, the gold standard in the
treatment of major trauma patients [50].

Statistical analysis was carried on through t-test of
Student, y2test, Fischer test, univariate and multivariate
regression logistics.
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RESULTS

The sample consisted of 1764 subjects mainly males
(73.75%) ranging in age between 15 and 93 years; the
average age was 40.04 (40.04 + 16.20) years median
37.50 years. Most of the subjects were Italian citizens
(77.72%). The vehicles involved in accidents were car/
van (55.20%), motorcycle (29.37%), bike (10.00 %),
truck (2.06%), bus (0.06%), not indicated (3.31%).
Most of the wounded people (95.52%) were taken in
ED by ambulance.

The colour codes assigned at triage were in majority
yellow (74.38%), 14.12% white, 5.84% green and 5.67%
red. Figure 1 shows positivity distribution of the differ-
ent substances, alcohol being by far the most frequently
found substance (17.23%). Blood samples positive to
alcohol were 346 with an average blood alcohol of 1.51
+ 0.90 g/ (minimum 0.05 g/L - maximum 4.28 g/L).
In the youngest age (15-18 years) the most frequent
intoxication was from cannabis (10.96%), while alcohol
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Figure 1
Positivity distribution of the different substances.

intoxication was absolutely the most common in any
other range of age considered, both for males and fe-
males, independently from nationality and from type of
the vehicle (Figure 2). As seen, the peak was in the age
range between 25 and 34 years, where blood alcohol
was higher than the legal limit (0.5g/L) in 21.16% of
cases. Alcohol intoxication was the most frequent in all
colour codes, and its frequency increased with the in-
crement of the severity shown by the colour code: the
percentage of people intoxicated by alcohol represent-
ed the 12.05% of white colour codes and up to 26% of
red codes.

The most frequent traumas were those to the spinal
column and head; the percentage distribution of dif-
ferent trauma sites was: spinal column trauma 44.67%,
head trauma 37.13%, maxillofacial trauma 8.33%, tho-
racic trauma 15.31%, abdominal trauma 5%, pelvis
trauma 2.55% and severe limb trauma 23.58%. Tablel
shows the distribution of frequency of each trauma site
for any tested substances.

The majority of traumatized patients was discharged
from the hospital (59.25%), 11.45% stayed under obser-
vation in ED for less 24 hours, 3.68% left the hospital
against medical advice, 25.62% was admitted in hos-
pital. The admission wards were mainly surgical wards
(21.43%), less frequently ICU (3.40%) and rarely medi-
cal wards (1.19%). No patient died in the ED, but 14
patients (0.793%) died in hospital in the first hours.

We investigated the presence/absence in the blood
and urine of the substances (alone or in associations)
with the seriousness indexes (RTS, admission in ICU
and reserved prognosis). Regarding the indexes of se-
verity considered, the medium RTS was 7.86 + 0.64,
the median 8. Although small differences were recog-
nized in the medium RTS values, for each substance the
median was constantly 8, making any statistic correla-
tion not clinically significant. On the contrary, alcohol
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Figure 2

Positivity distribution of the different substances in different age groups.
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Table 1

Distribution of frequency of trauma anatomical sites by substances

Substances Head Maxillofacial Spinal column
trauma trauma trauma
No Yes No Yes No Yes
Alcohol + 7 2 9 0 4 5
benzodiazepines  77.78% 2222% 100 % 0.00% 4444% 55.56%
Alcohol + 14 20 27 7 23 1
cannabinoids 41.18% 5882% 7941% 2059% 67.65% 3235%
Alcohol 134 170 270 34 151 153
44.08% 5592% 8882% 11.18% 4967% 50.33%
Benzodiazepines 17 24 38 3 14 27
4146% 5854% 9268%  7.32% 34.15% 65.85%
Cannabinoids 24 23 42 5 20 27
51.06% 4894% 8936% 10.64% 4255% 57.45%
Cocaine 1 6 15 2 1 16
64.71% 3529% 8824% 11.76% 588%  94.12%
None 902 410 1216 96 763 549
68.75% 31.25% 9268% 7.32% 58.16% 41.84%
Total 1109 655 1617 147 976 788

Thoracic Abdominal Pelvis Limbs
trauma trauma trauma trauma
No Yes No Yes No Yes No Yes
7 2 8 1 8 1 7 2
7778% 2222% 8889% 11.11% 8889% 11.11% 77.78% 22.22%
29 5 32 2 33 1 23 1
8529% 14.71% 94.12% 588% 97.06% 294% 67.65% 32.35%
246 58 283 21 287 17 233 70
80.92% 19.08% 93.09% 691% 9441% 559%  76.64% 23.03%
29 12 36 5 38 3 28 13
70.73% 2927% 87.80% 1220% 92.68%  7.32% 6829% 31.71%
45 2 47 0 45 2 32 15
95.74%  4.26% 100% 0% 9574%  426%  6809% 31.91%
16 1 17 0 17 0 16 1
94.12%  5.88% 100% 0% 100%  0.00% 94.12%  5.88%
1122 190 1254 58 1291 21 1008 304
8552% 1448% 9558%  442%  9840%  1.60%  76.83% 23.17%
1494 270 1677 87 1719 45 1354 416

and benzodiazepine intoxication correlated positively
with admission to ICU (p < 0.0001). All intoxications
(considered together) correlated with the reserved
prognosis; particularly benzodiazepines intoxication ex-
poses to relative risk 6.272 times higher of receiving a
reserved prognosis (Table 2). Head trauma (p < 0.0001)
maxillofacial trauma (p = 0.0418), thoracic trauma (p =
0.0215), pelvic trauma (p = 0.0008) and column trauma
(p < 0.0001) correlated with the intoxications (consid-
ered all together). In particular the benzodiazepines
intoxication correlated with chest trauma and pelvic
trauma, while intoxication from cocaine correlated with
the risk of spinal column trauma (Table 3). None of the
considered substances correlated positively with ab-
dominal and limb trauma.

DISCUSSION

To increase safety on the road is important not only
to prevent MVCs but also to understand which factors
determinate mortality and morbidity. Our work inves-
tigates the role of alcohol and psychotropic substances
in determining the seriousness of road accidents. Alco-
hol can be detected in breath while other psychotro-
pic substances must be dosed in biological fluids and
toxicology laboratory equipped with sophisticated tools

Table 2

Odds Ratio (OD) for reserved prognosis for each substance
Substances oD Cl195%
Alcohol + benzodiazepines vs 4724 0.964 23.158
none
alcohol + cannabinoids vs none 1.225 0.286 3.081
Alcohol vs none 1.968 1.258 3.081
Benzodiazepines vs none 6.272 3.010 13.070
Cannabinoids vs none 0.787 0.187 3319
Cocaine vs none 1.102 0.144 8.464

in method together with qualified personnel, for this
reason drug effects on driving are less investigated than
those of alcohol. Our work integrates the technical skills
of toxicologist and the clinical skills of emergency physi-
cian, allowing a multidimensional approach to the prob-
lem of alcohol and drug intoxication in traumatized
drivers. Laboratories of clinical pathology are usually
not equipped with refined techniques to determine the
presence of psychotropic substances in biological fluids;
on the other hand toxicologists specialist do not have
clinic experience, so normally a sharing of information
between doctors of emergency and toxicologists is not
realized.

Toxicological investigations on blood and urine of all
the traumatized drivers involved in this study are not
performed on the basis of a clinical suspicion, but col-
lected only to Police request [44]. It does not mean that
the accidents are the most serious; in fact the Police is
often called in a lot of trifling incidents because of in-
surance reasons. This avoided a selection bias.

The presence of alcohol and drug in the biologic flu-
ids of traumatized drivers is well documented in the
Literature [15-28]. In line with the Literature the most
common psychoactive substances detected in blood
and/or urine in all age groups (excluding the group
from 15 to 17 years) is alcohol, the second most com-
mon is cannabis alone or in association with alcohol,
followed by benzodiazepines especially in middle-aged
and elderly males. In the youngest age group (15-17
years) the 10.6% of intoxicated people are positive to
cannabis. In the case of multiple intoxications almost
every time one of the present substances was alcohol.
This study refers to a local population that could not be
representative of the entire Italian population; however
our sample is comparable for demographic character-
istic, type and frequency of many detected substances
to the Italian sample of DRUID Study. In our sample
alcohol is the psychoactive substance most commonly
detected, although less frequently than in the DRUID
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Table 3

Correlation between the anatomical sites of trauma and substances

Substances Head trauma Maxillofacial trauma
oD Cl195% oD C195%

Alcohol + 0630 0130 3042 0664 0033 13388

benzodiazepines

vs

none

Alcohol + 3142 1572 6283 3435 1475 7999

cannabinoids

vs

none

Alcohol vs none 2791 27163 3600 1608 1066 2425

Benzodiazepines vs 3105 1650 5843 1146 0371 3.536
none

Cannabinoids vs 2108 1176 3779 1631 0649 4099
none
Cocaine vs none 1200 0441 3267 0664 0033 13388

study (17.23% vs 23.1%), while benzodiazepines are
much more represented (0.7% in DRUID vs 2.50%),
probably because in our laboratory many more active
substances of the benzodiazepine class were assayed
than in DRUID. It remains to explain the high frequen-
cy of opioid intoxication detected in the Italian arm of
DRUID study, compared with our (2.1% illegal opiates
and 3.7% opioid-medicines vs 0.82%), but in our sample
we did not consider patients who received opioids in
the ambulance or in ED.

Our data derive from testing procedures on blood
and/or on urine to determine both intoxication and ex-
posure to psychotropic substances in injured drivers.
We looked for correlations between presence/absence
in blood and urine of the tested substances and some
indexes of severity (RTS, admission in ICU, reserved
prognosis). The choice of RTS as severity score of trau-
ma was determined by the calculation simplicity, the
possibility of finding a reliable value of RTS trough a
post-hoc analysis of the medical records, by the well
documented correlation between RTS value and mor-
tality, by the extensive score validation as well as its use
in ATLS protocols [50]. As already said, the median of
RTS value is constantly 8, making any statistical cor-
relation not clinically significant. However our results
while not conclusive suggest that alcohol and benzodi-
azepines intoxication increase the risk for traumatized
drivers of receiving a reserved prognosis and of being
hospitalized in ICU. Our study also investigated on
which no data exist in Literature: exposition to alco-

REFERENCES

1. Legrand SA, Isalberti C, Van der Linden T, Bernhoft IM,
Hels T, Simonsen KW, Favretto D, Ferrara SD, Caplin-
skiene M, Minkuviene Z, Pauliukevicius A, Houwing S,
Mathijssen R, Lillsunde P, Langel K, Blencowe T, Vers-
traete AG. Alcohol and drugs in seriously injured drivers
in six European countries. Drug Test Anal. 2013;5:156-
65. DOI1:10.1002/dta.1393

2. Brubacher JR, Chan H, Martz W, Schreiber W, Asbridge
M, Eppler J, Lund A, Macdonald S, Drummer, Purssell R,

Thoracic trauma Pelvis trauma Spinal column trauma

oD Cl195% oD Cl195% oD C195%
1687 0348 8183 10611 1622 69405 1737 0464 6499
1018 0389 2663 2690 0458 14924 0665 0321 1.375

1392 1006 1927 3656 1919 6966 1408 1.097 1.808
2444 1226 4872 5460 1666 17890 2680 1393  5.159

0262 0063 1091 3301 0851 12801 1876 1.042 3380

0369 0049 2799 1716 0092 31945 22225 2940 168.008

hol and psychoactive substances and specific anatomi-
cal sites of trauma. Some elements of this study could
make us assume a correlation between benzodiazepines
intoxication and thoracic and pelvic traumas.

CONCLUSIONS

Our study, according to the Literature, does not show
univocal data on the correlation between the exposure
to the psychoactive substances and the severity of the
trauma, but suggests that driving under the influence
of alcohol and benzodiazepines correlates with re-
served prognosis, admission to ICU and maybe trauma
in some specific anatomical sites. Further prospective
studies are needed to understand the role of psycho-
active substances in determining the severity of MVCs
and thus establish educational programs for drivers in
order to improve public safety.

Acknowledgements
The authors wish to thank Liliana Paoli for the lin-
guistic review.

Conflict of interest statement

There are no potential conflicts of interest or any fi-
nancial or personal relationships with other people or
organizations that could inappropriately bias conduct
and findings of this study.

Received on 15 January 2018.
Accepted on 22 May 2018.

Andolfatto G, Mann R, Brant R. Prevalence of alcohol and
drug use in injured British Columbia drivers. BMJ Open.
2016:6(3):¢009278. DOI:10.1136/bmjopen-2015-009278

3. Leufkens TR, Vermeeren A, Smink BE, van Ruitenbeek P,
Ramaekers JG. Cognitive psychomotor and actual driving
performance in healthy volunteers after immediate and
extended release formulations of alprazolam 1 mg. Psy-
chopharmacology (Berl). 2007;191:951-9. DOI:10.1007/
s00213-006-0669-8

|\]
ORIGINAL ARTICLES AND REVIEWS . . . 8



Foscarina Della Rocca, Miranda Zoleo, Francesca Pignatiello et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ramaekers JG, Kauert G, van Ruitenbeek P, Theunis-
sen EL, Schneider E, Moeller MR. High-potency mari-
juana impairs executive function and inhibitory motor
control. Neuropsychopharmacology. 2006;31:2296-303.
DOIL:10.1038/sj.npp. 1301068

Wingen M, Ramackers JG, Schmitt JA. Driving im-
pairment in depressed patients receiving long-term an-
tidepressant treatment. Psychopharmacology (Berl).
2006;188:84-91. DOI:10.007/s00213-006-0471-7
Ramaekers JG, Berghaus G, van Laar M, Drummer
OH. Dose related risk of motor vehicle crashes after
cannabis use. Drug Alcohol Depend. 2004;73:109-19.
DOI:10.1016/j.drugalcdep.2003.10.008

Ramackers JG. Antidepressants and driver impairment:
empirical evidence from a standard on-the-road test.
J Clin Psychiatry. 2003;64:20-9. DOI:10.4088/JCP.
v64n0106

Orriols L, Salmi LR, Philip P, Moore N, Delorme B,
Castot A, Lagarde E. The impact of medicinal drugs
on traffic safety: a systematic review of epidemiological
studies. Pharmacoepidemiol Drug Saf. 2009;18:647-58.
DOI:10.1002/pds.1763

Dassanayake T, Michie P, Carter G, Jones A. Effects of
benzodiazepines, antidepressants and opioids on driving:
a systematic review and meta-analysis of epidemiological
and experimental evidence. Drug Saf. 2011;34:125-56.
DOI:10.2165/11539050-000000000-00000

Orriols L, Philip P, Moore N, Castot A, Gadegbeku B,
Delorme B, Mallaret M, Lagarde E. CESIR Research
Group. Benzodiazepine-like hypnotics and the associ-
ated risk of road traffic accidents. Clin Pharmacol Ther.
2011;89:595-601. DOI:10.1038/clpt.2011.3

Smink BE, Egberts AC, Lusthof KJ, Uges DR, de Gier
JJ. The relationship between benzodiazepine use and traf-
fic accidents: a systematic literature review. CNS Drugs.
2010;24:639-53. DOI:10.2165/11533170-000000000-
00000

Rapoport MJ, Lanctot KL, Streiner DL, Bédard M,
Vingilis E, Murray B, Schaffer A, Shulman KI, Her-
rmann N. Benzodiazepine use and driving: a meta-anal-
ysis. J Clin Psychiatry. 2009;70:663-73. DOI:10.4088/
JCP.08m04325

Ravera S, Ramackers JG, de Jong-van den Berg LT, de
Gier J] Are selective serotonin reuptake inhibitors safe for
drivers? What is the evidence? Clin Ther. 2012;34:1070-
83 DOI:10.1016/j.clinthera.2012.04.002

Albert M, McCaig LF. Emergency department visits for
motor vehicle traffic injuries: United States, 2010-2011.
NCHS Data Brief, n.185. Hyattsville MD: National
Center for Health Statistics; 2015.

Carrigan TD, Field H, Illingworth RN, Gaffney P, Hamer
DW. Toxicological screening in trauma. J Accid Emerg
Med. 2000;17:33-373. DOI: 10.1136/em;j.17.1.33
Ramackers JG, Berghaus G, van Laar M, Drummer
OH. Dose related risk of motor vehicle crashes after
cannabis use. Drug alcohol depend. 2004;73(2):109-19.
DOI:10.1016/j.drugalcdep.2003.10.008

Laumon B, Gadegbeku B, Martin JL, Biecheler MB,
SAM Group. Cannabis intoxication and fatal road
crashes in France: population based case-control
study,. BMJ. 2006;332(7553):1298. DOIL: 10.1136/
bmj.38648.617986.1F

Gustavsen I, Morland J, Bramness JG. Impairment re-
lated to blood amphetamine and/or methamphetamine
concentrations in suspected drugged drivers. Accid Anal
Prev. 2006;38(3):4905. DOI: 10.1016/j.aap.2005.11.005
Longo MC, Lokan RJ, White JM. The relationship be-
tween blood benzodiazepine concentration and vehicle

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

crash culpability. J Traffic Med. 2001;29(1-2):36-43.
Soderstrom CA, Ballesteros, MF, Dischinger PC, Kerns
TJ, Flint RD, Smith GS. Alcohol/drug abuse, driving con-
victions, and risk-taking dispositions among trauma cen-
ter patients. Accid Anal Prev. 2001;3(6):771-82.

Madan AK, Yu K, Beech DJ. Alcohol and drug use
in victims of life-threatening trauma. ] Trauma.
1999:47(3):568-71.

Maio RF, Waller PF, Blow FC, Hill EM, Singer KM. Al-
cohol abuse/dependence in motor vehicle crash victims
presenting to the emergency department. Acad Emerg
Med 1997;4:256-62. DOI: 10.1111/.1553-2712.1997.
tb03545.x

Hingson R, Winter M. Epidemiology and conse-
quences of drinking and driving. Alcohol Res Health.
2003;27(1):63-78.

Desapriya E, Babu IPS. Public attitudes, epidemiology
and consequences of drinking and driving in British Co-
lumbia. IATSS Research. 2006;30:101-10.

Lunevicius R, Herbert HK, Hyder AA. The epidemiol-
ogy of road traffic injuries in the Republic of Lithuania,
1998-2007. Eur J Public Health. 2010;20(6):702-6. DOI:
10.1093/eurpub/ckq007

Palmentier J-PFP, Warren R, Gorczynski LY. Alcohol
and drugs in suspected impaired drivers in Ontario from
2001 to 2005. ] Forensic Leg Med. 2009;16:444-8. DOI:
http:/dx.doi.org/10.1016/j.jflm.2009.05.002

Bogstrand ST, Normann PT, Rossow I, Larsen, M,
Morland ], Ekeberg O. Prevalence of alcohol and
other substances of abuse among injured patients in
a Norwegian emergency department. Drug Alcohol
Depend.  2011;117(2-3):132-8. DOI:10.1016/j.dru-
galcdep.2011.01.007

Borges G, Cherpitel CJ, Orozco R, Bond J, Ye Y, Mac-
donald, S, Giesbrecht N, Stockwell T, Cremonte M,
Moskalewicz J, Swiatkiewicz G, Poznyak V. Acute alcohol
use and the risk of non-fatal injury in sixteen countries.
Addiction. 2006;101(7):993-1002. DOI:10.1111/j.1360-
0443.2006.01462.x

Borkenstein RF, Crowter RP, Zeil WW, Zylman R. The
role of the drinking driver in traffic accidents (“The
Grand Rapids Study”) Supplement 1. Bloominton, In:
Department of Police Administration, Indiana Univer-
sity. Blutalkohol 11.11.

Hurst PM, Harte D, Frith WJ. The grand rapids dip re-
visited. Accid Anal Prev. 1994;26(5):647-54. https://doi.
org/10.1016/0001-4575(94)90026-4

Barbone F, McMahon AD, Davey PG, Morris AD,
Reid IC, McDevitt DG, MacDonaldTM. Association of
road-traffic accidents with benzodiazepine use. Lancet.
1998;352(9137):1331-6.

Honkanen R, Ertama L, Linnoila, M, Lukkari I, Kiviluo-
to O, Puro M. Role of drugs in traffic accidents. BMJ.
1980;281(6251):1309-12.

Neutel I. Benzodiazepine-related traffic accidents in
young and elderly drivers. Hum. Psychopharmacology.
1998;13(2):5115-S123.

Movig KLL, Mathijssesn MPM, Nagel PHA, van Eg-
mond T, de Gier JJ, Leufkens HGM, Egberts ACG. Psy-
choactive substance use and the risk of motor vehicle ac-
cidents. Accid Anal Prev. 2004;36:631-6. DOI:10.1016/
S0001-4575(03)00084-8

Smink BE, Ruiter B, Lusthof KJ, de Gier JJ, Uges DRA,
Egberts ACG. Drug use and the severity of a traffic ac-
cident. Accid Anal Prev. 2005;37:427-33. DOI:10.1016/;.
aap.2004.12.003

Smink BE, Egberts AC, Lusthof KJ, Uges DR, de Gier
J). The relationship between benzodiazepine use and



ROLE OF DRUGS IN TRAUMATIZED DRIVERS

37.

38.

39.

40.

41.

42.

traffic accidents: A systematic literature review. CNS
Drugs. 2010;24(8):639-53. DOI: 10.2165/11533170-
000000000-00000

Smink BE, Movig KLL, Lusthof KJ, de Gier JJ, Uges
DRA, Egberts ACG. The relations between the use of
psychoactive substances and the severity of the injury in
a group of crash involved drivers admitted to a regional
trauma center. Traffic Inj Prevent. 2008;9:105-8. https:/
doi.org/10.1080/15389580701824443

Smink BE, Egberts TCG. The relationship between drug
use and traffic accident severity. In: Vertster JC, SR Pan-
di-Perumal SR, Ramaerkers JG, de Gier JJ (Eds). Drugs,
driving, and traffic safety. Birkhduser Basel; 2009. https://
doi.org/10.1007/978-3-7643-9923-8_10

Deutch SR, Hgyer CCS, Christensen EF, Dragsholt C,
Hansen AC, Kristensen IB, Huogaard K. Drug and al-
cohol use among patients admitted to a Danish trauma
centre: a prospective study from a regional trauma centre
in Scandinavia. Eur ] Emerg Med. 2004;11(6):318-22

Li G, Brady JE, Chen Q. Drug use and fatal motor ve-
hicle crashes: a case-control study. Accid Anal Prev.
2013:60;205-10. DOI:10.1016/j.2ap.2013.09.001
Mgrland J, Steentoft A, Simonsen KW, Ojanperi I, Vuori
E, Magnusdottir K, Kristinsson J, Ceder G, Kronstrand
R, Christophersen A. Drugs related to motor vehicle
crashes in northern European countries: A study of fa-
tally injured drivers Accid Anal Prev. 2011;43(6):1920-6
HTTPS://DOI.ORG/10.1016/].AAP.2011.05.002
Harder S, Reitbrock S. Concentration-effect relation-

43.

44,

45.

46.

47.

48.

49.

50.

ship of delta-9-tetrahydrocannabinol and prediction of
psychotropic effects after smoking marijuana. Int J Clin
Pharmacol Ther. 1997;35(4):155-9

Bramness JG, Skurtveit S, Mgrland J. Clinical impair-
ment of benzodiazepines-relation between benzodiaz-
epine concentration and impairment in apprehended
drivers. Drug Alcohol Depend. 2002;68:131-41

Italia. Decreto legislativo 30 aprile, n.285. Nuovo codice
della strada, a norma degli articoli 186 e 187. Gazzetta
Ufficiale — Serie Generale n.114 18 maggio 1992.

Smith ML, Vorce SP, Holler JM, Shimomura E, Magluilo
J, Huestis MA. Modern Instrumental Methods in Foren-
sic Toxicology. ] Anal Toxicol. 2007;31(5):237-53,8A-9A
Moore EE, Cogbil TH, Jurkovich MD, Shackford SR,
Malangoni MA, Champion HR. Organ injury scaling:
spleen and liver. ] Trauma. 1995(38):323-4

Champion HR, Sacco W], Carnazzo AJ, Copes WS,
Fouty WJ. Trauma score. Crit Care. 1981;9(9):672-6
Champion HR, Sacco W], Copes WS, Gann DS, Gen-
narelli TA, Flanagan ME. A revision of the Trauma Score.
J  Trauma. 1989:29:623-9 DOI:10.1097/00005373-
198905000-00017

Tosato F. Triage — Regolazione degli accessi ai sistemi di
emergenza sanitaria. Padova: Piccin; 2003.

ATLS Subcommittee, American College of Surgeon
Committe on Trauma. International ATLS working
group. Advanced trauma life support for doctors (student
course manual). Chicago: Medicine & Health Science
Books; 2012.

|\]
ORIGINAL ARTICLES AND REVIEWS . . - 9]



