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Abstract: Traumatic Brain Injury (TBI) is one of the leading causes of death and disability
worldwide. Patient treatment and management pose a challenge for healthcare systems. The
prognosis of these patients may be influenced by factors such as sex. This study aims to describe the
clinical parameters of patients hospitalized in the Intensive Care Unit (ICU) of a Spanish hospital
due to Trauma Brain Injury and to establish differences based on sex. Methodology: An
observational, cross-sectional, and analytical study was conducted from March 2015 to December
2019. All patients admitted to the ICU during this period who presented isolated significant
Traumatic Brain Injury, defined as an abbreviated injury scale (AIS) > 3, were included. Data on
baseline characteristics, mechanism of injury, substance use, and acute management in the
prehospital and hospital stages (including the need for hospitalization) were recorded. A
descriptive and inferential analysis was conducted using the chi-square test. Results: A total of 950
patients were ultimately included. The majority of the patients were men (723) with a mean age of
45.16 (+ 17.55). There were statistically significant differences in terms of the mechanism of injury
(p<0.001), with occupational accidents, sports-related accidents, and assaults being more frequent
in men, and self-harm attempts, falls, and traffic accidents being more common in women. Sex-
based differences were found in alcohol and other drug consumption, with higher alcohol
consumption in men and higher use of other drugs in women. There were no differences in the need
for prehospital intubation, but differences were found in the extra hospital resources used in patient
care based on biological sex. Conclusions: There are sex-based differences in individuals with TBI
regarding the mechanism of injury, substance use, and the need for prehospital care resources or
intubation, which should be taken into account when establishing intervention plans

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Traumatic Brain Injury (TBI) is one of the main causes of morbidity and mortality in the world.
TBI is associated with one-third of injury-related deaths in the United Stated (US) [1]. In Spain, the
annual incidence of TBI is estimated at 200 new cases/100,000 inhabitants [2-4] According to its
epidemiological distribution, TBI is one of the main causes of death due to trauma worldwide, the
rate is 579 per 100,000 people/year, mainly due to falls and/or traffic accidents. depending on sex,
age, and/or country (higher in developing countries) [5]

In recent years, it has become a public health problem due to the high prevalence, social factors,
and the socio-familial repercussions after the event [1]. It is expected to surpass other pathologies as
a cause of death and disability by 2030, which has repercussions for health systems, not only
economically, which are estimated in countries like Canada at more than $8 billion by 2031, but also
in the adequacy of therapeutic maintenance measures for patients, with the development of new
diagnostic tools, neurosurgical centers, and intensive care treatments, which can help reduce
mortality rates [6-10]

TBI is defined as an alteration of the brain’s anatomy and function caused by violent exchanges
of mechanical energy [11]., This alteration is one of the most important causes of morbidity and
mortality in people under 45 years of age. Three types are distinguished: mild, moderate, and severe,
from the clinical point of view, using the Glasgow Coma Scale. Falls are the main cause of trauma,
followed by trauma and motor vehicle accidents [12], The future of these patients depends on the
prognostic factors of this injury. In recent years, the sex variable has been included in research
regarding prognosis and outcome [5,9,13]. Similarly, there have been various studies in recent years
that include this factor and contribute to a better understanding of TBI [10], There are important
social, cultural, and economic differences that can influence the prognosis of TBI [6-10], so different
studies indicate the importance of knowing the epidemiological characteristics to understand the
etiology and improve the design of appropriate intervention programs to reduce injuries [1,12].
Despite this, differences in lack of representation in clinical trials persist [14]. The objective of the
present study is to describe, from a biological sex perspective, the clinical and evolutionary
parameters of patients with traumatic brain injury.

2. Materials and Methods

The data are extracted from the register of trauma in in the intensive care unit called
“RETRAUCL” (Reg which is an observational, prospective, and multicenter nationwide registry
currently encompassing 52 ICUs in Spain. It is an initiative led by a group of Intensive Medicine
professionals in Spain and sponsored by the Trauma and Neurocritical work group of the Spanish
Society of Intensive Medicine and Coronary Units Endorsed by the Neurointensive Care and Trauma
Working Group of the Spanish Society of Intensive Care Medicine, it operates on an electronic
database. At present, it includes 50 registered ICUs with 124 investigators collecting data from
trauma patients via a web-based system (www.retrauci.org). For this study, we exclusively utilize
data from Hospital La Paz in Madrid, Spain.

All patients who met the following inclusion criteria were selected for the study: patients
admitted to the participating ICUs from March 2015 to December 2019 who presented isolated
significant Train Brain Injury, defined as an abbreviated injury scale point score (AIS) > 3 were
included. Patients with AIS head < 3 or patients with AIS > 3 in any other anatomical area were not
included in the study. Data on epidemiology, acute management in the prehospital and in-hospital
stages, type and severity of injury, resource utilization, complications, and outcomes were recorded.
Patients were followed up until hospital discharge.
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2.1. Procedure

Quantitative variables are described using the mean and standard deviation. The normality of
the distribution was analyzed using the Shapiro-Wilks test. Categorical variables are expressed via
their frequency distributions and percentages. For the inferential analysis, the Chi-square test or
Fisher exact test for independent samples was performed with Statistical Package for Social Sciences

SPSS 25, (SPSS Inc., Chicago, IL, USA) software was used.

3. Results

A total of 950 patients were admitted to this study based on the inclusion criteria. The majority
of the patients were men (723, with a mean age of 45.16 and a standard deviation of + 17.55).
According to the mechanisms of injury (Table 1), we identified a statistically significant positive
relationship between sex and the mechanism of trauma production. Most of the trauma occurred in
men, with traffic accidents and falls being the main mechanisms for non-intentional trauma, and
aggression and self-harm being the main mechanisms for intentional trauma.

Table 1. Mechanism of Production of Trauma.

Intentionality of Trauma Men = Women TOTAL
Non-intentional Traffic. 4 6?.)28% 501;;1% 47%2(7)%
Non-intentional falls. 221?(9)% 26.64(;% 232;(1)%
Non-intentional Laboral Accidents 6.52% 0. 414% 5.251;%
Non-intentional Sport Activities 4;;1% 1.746% 4_3?%
Non-Intentional other activities 3;;4’% 0.828% 2;:%
Intentional Aggression > ’ y-
7.91% 3.08% 6.75%
Intentional Autolysis. 6.;4);% 1 6270% 8.22%
15 2 15
Unknown 2.07% 0.88% 1.58%
723 227 950
TOTAL 100 % 100 % 100 %

X2 de Pearson =48.3903  Pr=0.000

Based on the type of mechanism (defined as the ultimate cause leading to admission to the
intensive care unit, irrespective of intent), we identified a statistically significant relationship between
sex and traffic accidents. It is noteworthy that the highest percentage of men were involved in vehicle
or bicycle accidents, followed by falls, being struck, and injuries from stabbing weapons. The majority
of all trauma cases involved contusions were in men, with 655 cases compared to 220 in women while
penetrating trauma was reported in only 51 men versus 4 women. (Table 2)

Table 2. Type of mechanism and sex-related significant.

Type of mec.hanis.m and significant Sex TOTAL
biological sex Men Women
Vehicle/Bicycle Accidents 320 68 388
48.85% 30.91% 44.34%
Struck 65 53 118

9.92% 24.09% 13.49%
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Fall/precipitation 219 95 314
33.44% 43.18% 35.89%

White/fire weapon 51 4 55
7.79% 1.82% 6.29%

Total 655 220 875
100 % 100 % 100 %

x2 de Pearson = 50.1629 Pr=0.000

Regarding the positive association (Pr = 0.000) between alcohol, drugs, and biological sex , we
highlight that most of the trauma cases are not related to alcohol (76.84% among men, 90.71% among
women). In cases related to alcohol, the majority of the incidences were in men (23.16%). (Table 3)

Table 3. Relation between alcohol and drugs and sex.

Alcohol Men
554
No 76.84 %
167
Yes 23.16%
721
TOTAL 100 %
Drugs Men
82
No 11.39 %
638
Yes 88.61 %
Total 1(7)(2)(3) "

Sex
Women
205
90.71%
21
9.29%
226
100 %
x2 de Pearson = 20.8047
Sex
Women
12
5.29 %
215
94.71%
227
100 %
X% de Pearson = 7.1888

TOTAL

759
80.15%

188
19.85%

947
100 %

Pr=0.000

TOTAL

94
9.93%
853
90.07%
947
100%
Pr =0.007

Concerning drugs, it is noteworthy that the majority of traumas are related to drugs, with 88.61%
in men and 94.71% in women. Regarding the type of pre-hospital care, intubation, and sex, out of a
total of 865 patients, we found a greater significance in patients transferred in a mobile ICU, followed
by conventional non-medicalized transport, and in third place, transfers to the ICU by helicopter,
with the highest percentage being men in all cases. To intubation, out of a total of 614 patients,
approximately 70% did not require this technique, while a total of 32 patients, both men and women,
required intensive ventilation care, with the number of people requiring another alternative airway
being negligible. About psychotropic drug consumption and biological sex, a high percentage of men
and a lower proportion of women, out of a total of 949 patients, did not consume depressant drugs,
with habitual consumption in 35 men and 11 women of the total. Chronic use of these medications is

greater in men compared to women (Tables 4 and 5).

Table 4. Relation between Prehospital Care and Intubation.

Prehospital Care
Intensive Care Ambulance
Basic Care Ambulance

Helicopter

Biological Sex

Men Women TOTAL
657 208 865
95.08% 94.12% 94.85%
110 10 20
1.45 % 4.52 % 2.19%
16 16
2.32% 0.00 % 1.75%
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. . 8 3 11
Not necessarily Prehospital Care 116% 136% 121%
Total 691 221 912
ota
100 % 100 % 100 %

x2 de Pearson =12.4216  Pr=0.006
Biological Sex

Prehospital intubati TOTAL
rehospital intubation Men Women
469 145 614
No
66.5% 66.21% 66.45%
228 72 300
Yes
32.34% 32.88% 32.47%
8 2 10
Alternative airway control devices 113% 0.91% 1.08%
Total 705 219 924
100 % 100 % 100 %

X2 de Pearson= 0.0930 Pr=0.955

Table 5. Relation between psychotropics and sex.

Biological Sex

Psychotropics Men Women Total
No 646 195 841
89.47 % 85.90% 88.62 %
Yes 35 11 46
4.85% 4.85% 4.85 %
. 41 21 62
Chronic use 5.68% 9.25% 6.53 %
Total 722 227 949
100 % 100 % 100%

X% de Pearson= 3.6221 Pr=0.163

4. Discussion

TBI is a major cause of death and hospital admissions worldwide, and European studies indicate
differences in data among different countries, justifying the need for comparative epidemiological
studies to quantify the impact across different countries [12]. Therefore, the objective of the study is
to epidemiologically describe, from a biological sex perspective, the clinical evolution and parameters
associated with TBI.

When analyzing admission data by sex, in our population, 76.05% of admissions are male,
consistent with similar studies where the proportion of male admissions is always higher, even
though the distribution of the general population is similar [15]. Various previous studies indicate
differences in ICU admissions, with a higher likelihood of ICU admission for men [16-18]. We found
studies indicating that TBI is often more severe and lethal in men, although, considering the severity
of injuries, a higher percentage of women are affected [1,19,20]. However, Breeding [21] suggests a
higher hospital mortality in males, as different studies already indicate that the subsequent sequelae
may be influenced by the social construction of biological sex [21], justifying the need to investigate
the causes of this biological sex disparity [21].

In our study, we found a positive significance in the mechanism of trauma production. It is
noteworthy in the female biological sex the higher percentage of patients whose reason is intentional
self-harm, similar to other studies where women were more likely to suffer injuries as passengers or
from suicidal falls, while men were at a higher risk of suffering injuries from motorcycle accidents
[16-18]. The evolution of the causes of accidents should be assessed, as indicated in epidemiological
studies elsewhere, there has been an increase in injuries due to the use of electric scooters or similar
devices that modify the traditional pattern and could also be classified as an independent mechanism
from vehicles in the future [15].
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In the study population, the previous consumption of alcohol and drugs was analyzed, with
higher proportions in males (23.16%) compared to females (9.29%). Long-term differences in sequelae
have not been assessed in this study, but we found different articles [23-25] indicating a worse
evolution and worse sequelae with previous alcohol consumption. On the other hand, another aspect
that should be considered in follow-up studies is the possibility of an increase in these substances in
the recovery process and a greater likelihood of long-term sequelae [26].

Regarding the consumption of psychotropic drugs and biological sex, the number of women
who consumed this medication chronically was higher compared to men (9.25% vs 5.68%). The
analytical results obtained for both sexes who did not consume psychotropic drugs were very similar,
with a higher percentage in men (89.47% vs 85.90%), or had consumed them before their admission,
with the percentage being the same for both sexes in this case (4.85%). Studies such as Jakob’s indicate
that it may be common to find the use of stimulants, although there is no association with mortality,
it is related to increased hospital stays [27]. Upon reviewing the literature, more results were found
for patients recovering from brain injury who require the consumption of psychotropic drugs due to
post-traumatic stress after the injury, as described in several scientific articles by Albrecht JS [28,29].

Among the measured variables, concerning patients who required orotracheal intubation (OTI),
in our study, there were no significant differences in terms of biological sex, with a higher number of
patients not requiring it compared to those who did (32.34% in men and 32.88% in women). However,
individualized clinical indication should be taken into account, and there is no standardized protocol
on when and how to perform the process, as different studies sometimes recommend rapid sequence
intubation in the face of the risk of airway obstruction and/or hypoxia at the accident site. Others
advocate for the use of bag-mask ventilation at low pressures and early transfer to a referral center
[30-34]. Intervention in the event of respiratory deterioration is crucial, and some studies already
indicate a reduction in morbidity and mortality in patients who have undergone early prehospital
intubation [35]. Subsequently, in the ICU, studies such as Villemeure-Poliquin indicate that
tracheotomy in the ICU was associated with lower mortality compared to prolonged endotracheal
intubation in patients with moderate to severe TBI [34].

In conclusion, it is worth noting that the influence of sex on the severity of patients in an
Intensive Care Unit (ICU) has been a topic of growing interest in medical research. Over the years, it
has been observed that sex can play a significant role in the clinical presentation, response to
treatment, and outcomes of patients admitted to the ICU, both in prognosis and survival. Certain
investigations have determined that sex can influence susceptibility to certain critical illnesses, as
well as the physiological response and recovery of patients. Cohort studies have found significant
differences in disease severity and mortality between men and women among a cohort of ICU-
admitted patients. Women were found to have a higher probability of presenting certain critical
conditions, such as severe sepsis, while men showed a higher incidence of severe traumatic injuries.
These findings highlight the importance of considering sex as a relevant factor in the assessment and
management of patients in the ICU [36-38]

5. Limitations of the Study

This study allows for a description and analysis of a significant number of patients with TBI,
providing an objective overview of the characteristics of patients admitted for TBI in a first-level
hospital. However, it has limitations such as being a study conducted in a single hospital center.

6. Implication for Nursing Practice

Nurses play a crucial role in both the prevention and management of head trauma and other
accident-related injuries. By understanding the epidemiological data, nurses can identify high-risk
groups and tailor their educational efforts to those populations. For instance, nurses can develop
targeted educational programs aimed at young men, focusing on the dangers of alcohol and
psychotropic drug use and their link to accidents and head trauma. Additionally, nurses can advocate
for and participate in public health campaigns that promote safe behaviors and substance abuse
prevention. In the clinical setting, nurses can utilize this epidemiological information to assess
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patients more effectively, prioritize care for high-risk individuals, and implement appropriate
interventions that may reduce the severity and frequency of head trauma cases. Furthermore, by
being aware of the epidemiological trends, nurses can contribute to more efficient resource allocation
and management, ensuring that healthcare services are directed where they are most needed.

7. Conclusion

1. Extracerebral complications after suffering a traumatic brain injury (TBI) occur frequently,
being more common in male patients who have consumed alcohol or drugs before admission to the
unit.

2. The percentage of individuals requiring intubation does not differ significantly by sex.

3. From a practical point of view, the findings suggest that sex-specific strategies may not be
necessary for early recognition of extracerebral complications in the ICU in patients with TBI.

4. Alcohol consumption and TBI are bidirectionally related; In fact, alcohol intoxication is one of
the strongest predictors of TBI, and a substantial proportion of these occur in intoxicated individuals.
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