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included in the study. Blood and urine samples were col-
lected on admission to hospital. RTS and ISS scores were 
then compared with the presence or absence of cocaine and 
its derivatives in the samples. The associations between 
RTS < 7.84 and ISS > 16 and the independent variables 
were evaluated by the gross odds ratio values, determined 
by univariate logistic regression. Multivariate analysis was 
performed using multivariate logistic regression.
Results  Of 453 patients (83.7% male) included in the study, 
28.6% presented ISS > 16 and 33.6% presented RTS < 7.84. 
A total of 435 samples were collected, and 86 (19.8%) pro-
vided positive samples for cocaine, 48 (11%) for crack and 
69 (15.9%) for cocaethylene. Compared to other patients, 
drug users showed a greater probability of RTS < 7.84 (2.18 
times greater) and a greater probability of ISS > 16 (1.76 
times greater).
Conclusion  For the trauma patients included in our study, 
the use of cocaine and its derivatives was shown to be asso-
ciated with more severe traumas, as demonstrated by their 
RTS and ISS scores.

Keywords  Trauma · Emergency · Cocaine · Crack · 
Severity

Introduction

Psychoactive substances (PS) are those which, when used, 
have the potential to change consciousness processes, mood 
and individual thoughts [1]. Currently, the consumption of 
PS should be considered as a cause of psychosocial and 
health problems, not only among dependents but also for 
individuals with intermittent use. A high morbidity, due to 
the use of psychoactive substances (PS), and the increasing 

Abstract 
Purpose  The abuse of cocaine and its derivatives presents 
a likely risk factor for injury. Trauma incurred by cocaine 
and derivative abusers may be more severe than that incurred 
by non-users.
Objectives  To ascertain the presence of cocaine and its 
derivatives in trauma patients and to correlate RTS (Revised 
Trauma Score) and ISS (Injury Severity Score) with the 
presence of cocaine and its derivatives in blood and urine 
samples.
Methods  All trauma victims treated in an emergency unit 
between November 11, 2012 and September 15, 2013 were 
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prevalence of their use and dependence in Brazil, and around 
the world, make them a good candidate for a study [2].

The abuse of cocaine and its derivatives is related to a 
significant percentage of emergency room visits [3].

The prevalence of cocaine use in 20
12 included 2% of the adult Brazilian population. Crack 

consumption increased from 0.7% of the adult Brazilian pop-
ulation in 2006 to 1.4% in 2012 [2]. In the USA, 0.6% of the 
population, or 1.5 million people, used cocaine in 2014 [4].

Trauma is often a reason for these drug users to seek 
emergency services, given the already established associa-
tion between cocaine use and trauma [5, 6]. Hospitalization 
time is important to enhance the recognition of the harm 
done due to PS, and it is important for health teams to be 
prepared [6].

The effects of cocaine on behavior, and the context of PS 
use, can increase the risk of trauma to the user. In addition, 
the direct physical effects of PS on the body can adversely 
affect hospitalization outcomes [7, 8].

The combination of cocaine and alcohol use is quite com-
mon and is known to form a substance called “cocaethylene” 
in the body. Various studies have addressed the cardiac tox-
icity of cocaethylene, and they show that the simultaneous 
ingestion of alcohol and cocaine causes a more intense myo-
cardial depression than the isolated use of cocaine [9, 10].

In this study, we used trauma patients to analyze, by 
way of laboratory analyses, the presence of cocaine and its 
derivatives in blood and urine at the time of admission to an 
Emergency Unit (EU). Our objective was to relate trauma 
severity with positive tests for PS.

Method

Sampling and data collection

A quantitative, cross-sectional and longitudinal study, con-
ducted at the Clinical Hospital of the University of Campi-
nas (Unicamp), in the city of Campinas, Brazil.

The EU surgery department serves an area which includes 
the city of Campinas as well as other cities in the same 
region, totaling 20 municipalities. In 2016, the metropoli-
tan region of Campinas had a population of 3.1 million 
inhabitants.

Inclusion criteria were: age greater than 18 years, admis-
sion to the EU due to trauma, first aid treatment carried 
out by the Division of Trauma Surgery of the University 
of Campinas, and time spent in the EU or hospital 6 h or 
greater. Trauma was defined as “any damage caused by a 
sudden exposure to physical agents, such as mechanical 
energy, fire, electricity, chemical agents, or radiation, that 
interacts with the body to a degree that exceeds the limits of 
human tolerance” [11].

All patients who arrived in the EU as a result of trauma 
were invited to participate in the study. Informed consent 
was obtained from all participants in the study. For those 
patients who arrived unconscious or who died, those respon-
sible for them signed instead.

Data were collected during 44 weeks, from November 11, 
2012 to September 15, 2013. The cohort was consecutive. 
During the data collection period, all patients who entered 
the EU and met the inclusion criteria were selected to par-
ticipate in the study. Those responsible for sample collec-
tion and patient selection stayed in the ER and the samples 
were taken at three different times: early in the morning, for 
patients admitted during the night; at midday, for patients 
admitted during the morning, and in the early evening, for 
patients admitted during the afternoon. The nursing and sur-
gery teams both participated in sample collection as well as 
patient selection.

Toxicological analysis

Toxicological screening was performed on all blood and 
urine samples, which were collected on admission.

Blood alcohol concentration (BAC) was determined by 
headspace sampling and gas chromatography with flame 
ionization detection (HS-GC-FID).

For cocaine and THC screening, urine samples were 
analyzed by immunoassay, with cutoff values of 150 and 
50 ng/mL for cocaine metabolite (benzoylecgonine) and 
THC metabolite (carboxy THC), respectively. Confirmation 
of positive results was achieved by gas and liquid chroma-
tography with mass spectrometry (GC-MS and LC-MS). In 
cocaine confirmatory analyses, it was possible to identify the 
metabolites anhydroecgonine and anhydroecgonine methyl 
ester, both crack biomarkers [12]. When urine samples were 
not available for immunoassay drug screening, drug analyses 
were performed on blood samples, and were submitted to 
liquid–liquid extraction prior to GC-MS or LC-MS analysis.

The primary outcomes were the Injury Severity Score 
(ISS) [13] and Revised Trauma Score (RTS) [14]. For this 
study, altered RTS values lower than 7.84 and altered ISS 
values greater than 16 [15] were considered.

All data were analyzed using SPSS V16.0 software (SPSS 
Inc., Chicago, IL, USA).

The prevalence of RTS-altered and ISS-altered traumas 
were determined in relation to drug use, type of trauma, age 
quartiles, gender, education, work activity and marital sta-
tus. The associations between the primary outcomes (RTS 
and ISS) and the independent variables were evaluated by 
the crude Odds Ratio. Multivariate analysis was performed 
using non-conditional multivariate logistic regression.

This research was approved by the University of Campi-
nas Research Ethics Committee, Document Number 
185.108.
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Results

During the data collection period, all patients who entered 
the EU and met the inclusion criteria were selected to par-
ticipate in the study. Only those who stayed less than 6 h in 
the EU and those who did not consent to participate were 
not included in the study.

During the study period, 485 people meeting the inclu-
sion criteria were admitted to the EU. 32 did not consent 
to participate, so 453 subjects were included in the study. 
435 patients gave blood and urine samples. The mean age 
was 36.3 years and the median age 31, ranging from 18 to 
90 years old. 83.7% of the sample were male.

According to the trauma scores, 28.7% of the subjects 
(n = 130) presented ISS > 16 and 33.6% (n = 152) presented 
RTS < 7.84.

Table 1 shows injury mechanisms according to RTS and 
ISS statistics.

Figure 1 shows the results obtained by the laboratory 
analysis of crack, cocaine and cocaethylene in urine and 

blood samples. A total of 435 samples were collected, of 
which 169 (38.8%) were positive for PS, with a predomi-
nance of alcohol and cocaine.

The relationships between RTS and selected variables are 
shown in Table 2.

The variables “Drug use” and “Type of trauma” showed 
to have significant associations with altered RTS values. 
After multivariate analysis was performed, only the “Drug 
use” variable remained under consideration, since the 
chance of having altered RTS values was 2.18 times greater 
in the group of patients that used cocaine and crack (= Ethyl) 
[ORaj = 2.18 (CI 95% 1.32, 3.60)] and 2.73 times greater in 
the “Other drugs” group [ORaj = 2.73 (CI 95% 1.63, 4.59)]. 
Table 3 shows the results of the RTS multivariate analysis.

The relationships between ISS and selected variables are 
shown in Table 4.

Only the variable “Drug Use” showed to have a signifi-
cant association with ISS > 16. The probability was 1.76 
times higher in the group that used cocaine, crack and cocae-
thylene (adjusted OR = 1.76 (CI 95% 1.08, 2.88), p = 0.023).

The value of “Stable union” for the variable “Marital 
status” was shown to be significant, but the value was not 
known for 111 of the patients, or 24.5% of the sample. For a 
more accurate analysis, it was excluded from the multivari-
ate logistic regression.

Table 5 shows the results of the ISS multivariate analysis.

Discussion

Our results show that, among the trauma patients included 
in this study, the use of cocaine and its derivatives is asso-
ciated with a greater severity of trauma, according to their 
trauma scores.

This paper addresses two important public health prob-
lems: trauma and the harmful use of PS. Both have an impact 
upon the working age population and can limit their func-
tioning in several areas, affecting social behavior as well as 
affective and labor relations. This is due to the high rate of 
serious and often disabling consequences which occur when 
the two problems coincide.

To provide reliable results in analytical toxicology analy-
ses, samples need to be taken as soon as possible. For exam-
ple, blood alcohol concentrations decrease over time and 
remain undetectable after 6 h (using 0.1 g/L as the limit 
of detection). The inclusion of patients referred by other 
units, which had already administered first aid, would have 
resulted in an increased number of negative samples, due 
to the metabolism of alcohol by the body, causing a false-
negative rate.

The use of cocaine by some patients in this study was 
confirmed by way of laboratory analyses of blood and urine 
samples collected on EU admission. There was a high 

Table 1   Injury mechanisms according to mean and standard devia-
tion of RTS and ISS for patients diagnosed with trauma, treated at the 
EU, HC Unicamp, between November 2012 and September 2013

SD standard deviation

Injury mechanism N (%) RTS ISS

Mean SD Mean SD

Blunt
 Motorcycle crash 121 (26.8) 7.0188 1.6299 14.68 13.00
 Vehicle crash 76 (16.8) 6.7734 1.7360 16.13 12.90
 Hit by vehicle 52 (11.5) 6.4472 1.7979 14.81 11.04
 Fall from height 28 (6.2) 7.4815 0.8894 4.53 4.10
 Fall from high height 48 (10.6) 7.5276 1.067 8.07 9.26

Assault 38 (8.4) 6.8201 1.7767 11.54 9.59
Other 42 (9.1) 7.7751 0.2842 6.83 8.405
Penetrating
 Stab wound 22 (4.9) 6.7990 1.7596 11.14 8.962
 Gunshot wound 26 (5.7) 6.7492 1.6887 16.14 10.91

Fig. 1   Laboratory analysis of blood and urine samples taken from 
trauma patients treated in the EU at HC Unicamp between November 
2012 and September 2013
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positive rate for illicit PS, mainly cocaine and crack, show-
ing a higher rate than that found in surveys conducted within 
the general Brazilian population, based on referred data [2]. 
In a Brazilian cross-sectional study which assessed patients 
admitted to the emergency room after a non-fatal injury in 

2005, 3.3% of the patients tested positive for cocaine, a rate 
which is higher than that for the general Brazilian popula-
tion [16].

It is considered that PS users tend to suffer more trauma 
than the general population. This can be attributed to the 
common circumstances which involve trauma events and the 
use of cocaine and its derivatives [6]. Other studies have also 
associated cocaine use with a greater risk of trauma [17], 
attributing it, amongst other events, to stressful living con-
ditions, such as the involvement in violent situations which 
are associated with the search and purchase of the substance.

In the USA, in 2013, 6% of cocaine users were exposed to 
some form of violence when attempting to buy the substance 
[18]. They are also more likely to suffer violent deaths. A 
study conducted in Oklahoma showed that 9% of the firearm 
death victims had cocaine metabolites in their blood [19].

A Brazilian study, which followed crack users for 
12 years, showed a high mortality rate (20.6%) among this 

Table 2   Type of drug, type of 
trauma, age, gender, education, 
work activity and marital status 
according to altered RTS scale 
for patients diagnosed with 
trauma, treated at the EU, HC 
Unicamp, between November 
2012 and September 2013

P Wald test probability, OR odds ratio not adjusted, CI 95% confidence interval of 95%, UD unknown data

RTS/altered RTS/not altered Total P OR CI 95%

N % N %

Type (ud = 19)
 Cocaine + crack + coca-

ethylene
39 43.8 50 56.2 89 0.002 2.18 1.32–3.60

 Other drugs 39 49.4 40 50.6 79 < 0.001 2.73 1.63–4.59
 No PS 70 26.3 196 73.7 266 1.00

Type of trauma (ud = 1)
 Violence 37 43.0 49 57.0 86 0.042 1.65 1.02–2.66
 Other 115 31.4 251 68.6 366 1.00

Age quartiles (ud = 1)
 18–24 44 37.3 74 62.7 118 0.138 1.54 0.87–2.71
 25–31 34 30.6 77 69.4 111 0.699 1.14 0.63–2.06
 32–45 45 37.8 74 62.2 119 0.117 1.57 0.89–2.77
 46–90 29 27.9 75 72.1 104 1.00

Gender (ud = 1)
 Male 134 35.4 244 64.6 378 0.066 1.71 0.96–3.03
 Female 18 24.3 56 75.7 74 1.00

Schooling years (ud = 110)
 8 or less 34 21.1 127 78.9 161 0.918 0.97 0.51–1.84
 9–11 21 21.2 78 78.8 99 0.938 0.97 0.48–1.98
 12 or more 18 21.7 65 78.3 83 1.00

Work activity (ud = 109)
 No 16 26.7 44 73.3 60 0.286 1.42 0.75–2.89
 Yes 58 20.4 226 79.6 284 1.00

Civil status (ud = 108)
 Single 32 22.7 109 77.3 141 0.307 1.39 0.74–2.62
 Stable union 14 30.4 32 69.6 46 0.074 2.07 0.93–4.61
 Separated 11 26.2 31 73.8 42 0.230 1.68 0.72–3.92
 Widow(er) 1 14.3 6 85.7 7 0.831 0.79 0.09–6.94
 Married 19 17.4 90 82.6 109 1.00

Table 3   Type of PS according to odds ratio adjusted for altered RTS 
for patients diagnosed with trauma, treated at the EU, HC Unicamp, 
between November 2012 and September 2013

P Wald test probability, OR odds ratio not adjusted, CI 95% confi-
dence interval of 95%, UD unknown data

P Adjusted OR CI 95%

Type (ud = 19)
 Cocaine + crack + coca-

ethylene
0.002 2.18 1.32–3.60

 Other drugs < 0.001 2.73 1.63–4.59
 No PS 1.00
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group when compared with the general population at the 
same age. Of the 131 subjects followed, 16 of them died as 
homicide victims (12.2%)—a rate much higher than that of 
the general population of the city of São Paulo, where the 
study was conducted [20].

In addition to the users’ environment, the psychoac-
tive effects of cocaine itself can cause behavioral changes 
which make the individual more vulnerable to trauma. 
Both acute intoxication and cocaine abstinence have ini-
tially acute symptoms which can become chronic irrita-
tion, anxiety, hetero-aggressiveness, paranoia, halluci-
nations and psychomotor agitation [21]. There is also a 
heightening in the feeling of omnipotence, which can lead 
to both risky and hetero-aggressive behavior [22, 23].

These findings confirm what has already been described 
about crack-user vulnerability, such as criminal involve-
ment, health problems and risky behavior [24].

The greater risk of trauma is not only restricted to vio-
lent situations. With regard to traffic trauma patients, it has 
been observed that, among cocaine users, intoxication may 
not necessarily cause loss of attention, but it can increase 
impulsivity, causing them to disregard risks whilst behind 

Table 4   Type of drug, type of 
trauma, age, gender, education, 
work activity and marital 
status according to severity 
of trauma on the ISS scale for 
patients diagnosed with trauma, 
treated at the EU, HC Unicamp, 
between November 2012 and 
September 2013

P Wald test probability, OR odds ratio not adjusted, CI 95% confidence interval of 95%, UD unknown data

ISS/SEVERE ISS/Mild Total P OR CI 95%

N % N %

Type (ud = 19)
 Cocaine + crack + coca-

ethylene
41 46.6 47 53.4 88 0.029 1.76 1.08–2.88

 Other drugs 32 40.5 47 59.5 79 1.38 0.82–2.31
 No PS 87 33.1 176 66.9 263 0.225 1.00

Type of trauma (ud = 1)
 Violence 37 43.5 48 56.5 85 0.156 1.42 0.88–2.29
 Other 128 35.3 235 64.7 363 1.00

Age quartiles (ud = 1)
 18–24 46 39.3 71 60.7 117 0.221 1.42 0.81–2.48
 25–31 40 36.4 70 63.6 110 0.444 1.25 0.71–2.21
 32–45 47 39.5 72 60.5 119 0.210 1.43 0.82–2.49
 46–90 32 31.4 70 68.6 102 1.00

Gender (ud = 1)
 Male 145 38.7 230 61.3 375 0.070 1.67 0.96–2.91
 Female 20 27.4 53 72.6 73 1.00

Schooling years (ud = 110)
 8 or less 46 28.8 114 71.3 160 0.753 1.10 0.61-2.00
 9–11 27 27.6 71 72.4 98 0.914 1.04 0.54–2.01
 12 or more 22 26.8 60 73.2 82 1.00

Work activity (ud = 109)
 No 13 22.0 46 78.0 59 0.253 0.68 0.35–1.32
 Yes 83 29.4 199 70.6 282 1.00

Civil status (ud = 108)
 Single 39 27.7 102 72.3 141 0.922 1.03 0.59–1.81
 Stable union 20 43.5 26 56.5 46 0.048 2.07 1.005–4.26
 Separated 10 24.4 31 75.6 41 0.738 0.87 0.38–1.99
 Widow(er) 0 0 7 100.0 7 0.999 0 –
 Married 29 27.1 78 72.9 107 1.00

Table 5   Type of PS according to odds ratio adjusted for severity of 
trauma according to ISS for patients diagnosed with trauma, treated at 
the EU, HC Unicamp, between November 2012 and September 2013

P Wald test probability, OR odds ratio not adjusted, CI 95% confi-
dence interval of 95%, UD unknown data

P Adjusted OR CI 95%

Type (ud = 19)
 Cocaine + crack + coca-

ethylene
0.023 1.76 1.08–2.88

 Other drugs 0.225 1.38 0.82–2.31
 No PS
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the wheel. This behavior can increase the frequency of 
traffic collisions [25].

Blood alcohol levels decrease over time and remain 
undetectable within 6 h, at least by the methods avail-
able to us in this study. The inclusion of patients referred 
by other units, which had already administered first aid, 
would have resulted in an increased number of negative 
samples, due to the metabolism of alcohol by the body, 
causing a false-negative rate.

Our results show that there is an association between 
positive blood tests for PS and greater severities of trauma, 
both for patients with altered RTS and those with ISS val-
ues higher than 16. However, this association is not unani-
mous in literature.

A 2010 study on trauma victims, which analyzed the 
impact of cocaethylene in the blood on clinical outcome 
severity, showed that a positive blood sample increased the 
chance of admission to intensive care sixfold [26]. Other 
studies attribute the same result to the toxicity of cocaine 
[7, 8, 27].

Another retrospective study from 2009, evaluating 1096 
trauma victims, concluded that the injuries of users and 
non-users of PS were of similar severities, but that those 
patients whose samples were positive for cocaine were at 
an increased risk of developing pneumonia during hospi-
talization [28].

Another reason for an unfavorable clinical outcome 
for the cocaine-using trauma patient (or indeed use of its 
derivatives) may be related to changes in acid–base bal-
ance caused by cocaine and metabolites [29].

The use of PS, principally alcohol and cocaine, can be 
a cause of metabolic acidosis, hydro-electrolyte imbalance 
and elevated lactate levels. These conditions may also be 
present in hemorrhagic trauma, which would increase the 
chances of progression to multiple organ failure [29].

One of the trauma scores adopted by this study was RTS 
[14]. This score was based on the patient’s EU admission 
data, of which the Glasgow Coma Scale (GCS) carries 
the greatest weight, and this could have been altered as a 
result of intoxication by psychoactive substances, and not 
trauma. Of 15,000 patients in a 2005 multicenter study, 
3500 of them tested positive for alcohol and 992 positive 
for PS. Compared to other patients in the study, whose 
analyses were negative, the PS users presented lower GCS 
scores and greater severities of trauma on admission [30].

To avoid this evaluation bias, our study adopted not 
only RTS but also ISS, whose values are not related to 
the level of consciousness, but instead to the severity and 
location of the injuries resulting from the trauma. Our 
results show that the percentages of subjects with altered 
RTS, and those with ISS less than 16, were similar. Among 
the subjects who presented positive samples of PS, the 

chances of a more severe trauma were higher based on the 
two scales (1.76 for ISS and 2.18 for RTS).

On the analysis of patients intoxicated by cocaine, a 
2009 study found no difference in the GCS values between 
patients with positive results and those with negative 
results [28]. Similar results were shown by another, exper-
imental, study, which evaluated cerebral perfusion in ani-
mals intoxicated by the substance [31].

One limitation of this study was the inclusion criterion 
of age being greater than 18 years, which consequently 
excluded a significant proportion of the population: ado-
lescents of 14–17 years, who also often present prob-
lematic use of PS. Another limitation to be considered 
is the health unit in which the study was carried out. It 
is a tertiary, university hospital, which demands caution 
when extrapolating data to other contexts. All personnel 
involved in traumatic events were not included in this 
study, only those who were treated at the hospital for 
trauma. If others involved, particularly those who did not 
suffer any trauma (for example, aggressors or drivers) had 
also been included in the study, the percentage of positive 
samples would probably have been much higher.

Conclusions

There was a greater severity of trauma in those patients 
who used cocaine and crack associated with alcohol, when 
compared with non-users of PS. Our findings reinforce the 
need to establish prevention and intervention measures. 
Admission to the EU with traumatic injury represents a 
“teachable moment” for conducting intervention about 
drug use. Given the prevalence of PS problems in trauma 
centers, screening, intervention, and counseling for drug-
related problems should be routine to reduce this poten-
tially lethal association.
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