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ABSTRACT

Background

A significant number of patients with traumatic brain injuries (TBI) are diagnosed with
elevated blood alcohol concentration (BAC). Recent literature suggests a neuroprotec-
tive effect of alcohol on TBI, possibly associated with less morbidity and mortality. Our
goal is to analyse the association of different levels of BAC with TBI characteristics and
outcome.

Methods

Adult patients with moderate to severe TBI (AIS >2) and measured BAC admitted to
the Trauma Centre West (TCW), during the period 2010 - 2015, were retrospectively
analysed. Data included injury severity (AIS), length of hospitalization, admittance to
the Intensive Care Unit (ICU) and in-hospital mortality. The association of BAC with ICU
admittance and in-hospital mortality was analysed using multivariable logistic regres-
sion analysis with correction for potentially confounding variables.

Results

BACs were available in 2,686 patients of whom 42% had high, 26% moderate, 6% low
and 26% had normal levels. Patients with high BAC’s were predominantly male, were
younger, had lower ISS scores, lower AlS-head scores and less concomitant injuries
compared to patients in the other BAC subgroups. High BACs were associated with a
lower risk for in-hospital mortality (AOR 0.36, 95% Cl: 0.14-0.97). Also, patients with
moderate and high BACs were less often admitted to the ICU (resp. AOR 0.36, 95%
Cl:0.25-0.52 and AOR 0.40, 95% Cl: 0.29-0.57).

Conclusions

The current study suggests that in patients with moderate to severe TBI, increasing
BACs are associated with less severe TBI, less ICU admissions and a higher survival.
Further research into the pathophysiological mechanism is necessary to help explain
these findings.
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INTRODUCTION

Trauma remains the leading cause of severe morbidity and mortality around the world.
Especially traumatic brain injuries (TBI) contribute significantly to mortality and mor-
bidity in trauma patients. The multidisciplinary nature of both the acute and long-term
treatment of TBI patients is complex and expensive [1,2]. TBI represents a major public
health problem; its estimated incidence varies from 91 to 546 per 100,000 people per
year in Europe and accounts for one-third of all trauma-related death in the United
States [3,4].

A strong correlation exists between alcohol intoxication and the increased risk for
sustaining all types of injuries [5,6]. TBI is no exception, with elevated blood alcohol
concentrations (BAC) being demonstrated in 24% to 54% of the trauma patients diag-
nosed with TBI in Europe [4]. However, the influence of elevated BACs on the outcome
of severely injured patients and the corresponding pathophysiological changes remain
a controversial issue. Recent literature suggests a neuroprotective effect of alcohol
on TBI [7-10], possibly resulting in lower mortality and morbidity rates compared to
TBI patients without elevated BAC’s [11]. Despite this controversial suggestion and the
questions that it raises about cause-and-effects, only very few studies have addressed
the influence of alcohol intoxication in general and of specific levels of BAC’s on TBI
pattern and severity.

The aim of this study was to analyse the association between BAC’s, TBI pattern and
patient outcome.

PATIENTS AND METHODS

Data for this observational retrospective cohort study was obtained from the Dutch
Trauma Centre West (DTCW) trauma registry. The DTCW trauma registry is part of the
National Trauma Registry (LTR), and it encompasses the information of all trauma pa-
tients admitted to three level | trauma centres and nine level Il and Il trauma hospitals
within the mid-Western part of the Netherlands, serving a population of 2.5 million. The
DTCW trauma registry consists of Major Trauma Outcome Study (MTOS) [12] variables
and pre-hospital data gathered from patients’ records by trained registrars. Trauma
patients who only visited the emergency department without being admitted, as well
as patients who deceased at the scene of the accident are not included in the registry.
Also, in our study patients who were transferred to hospitals not belonging to the DTCW
region after initial presentation, were excluded from the analysis. The study was ex-
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empted from ethics review board approval because the study made use of existing data
sources and the patients had made no objection to use their coded data for scientific
research.

An analysis of all adult (>18 years) trauma patients who were admitted to one of the
three regional level | trauma centres from January 1, 2010, to January 1, 2015, with
moderate to severe TBIl and measured BAC upon admission was performed. The analysed
data included age, gender, mechanism of injury and moderate to severe TBI (AIS >2)
coded according to the Abbreviated Injury Scale 2005 update 2008 [13], injury severity
coded according to the Injury Severity Score (ISS) [14], Glasgow Coma Scale (GCS) [15]
on admittance, the Revised Trauma Score (RTS) [16], and vital signs on admittance
(including systolic blood pressure, heart rate, respiratory rate).

BACs in blood samples obtained in the ED on admission were gathered from patients’
laboratory records. These patients were then categorized in four groups: normal (<0.1
g/L), low (0.1-1.0 g/L), moderate (1.0-2.3 g/L) and high (22.3 g/L).

The study outcomes were type and severity of TBI, length of hospitalization, admit-
tance to and length of stay in the Intensive Care Unit (ICU) and in-hospital mortality.

Statistical analysis

Group comparisons for continuous variables were performed using ANOVA for normally
distributed data and using the Kruskal-Wallis test for skewed data. For comparing cat-
egorical variables, the Chi-square test was used. The association of BAC with ICU ad-
mittance and in-hospital mortality was analysed using multivariable logistic regression
analysis with correction for potentially confounding factors as categorical variables (age
group, gender, head-AlS, associated severe injuries according to AIS anatomical regions
(AIS=3)). GCS was not included in the multivariable analyses, because this parameter
was missing in 20.9% of cases. All statistical analyses were repeated after exclusion of
the patients with isolated brain concussions (AIS = 2), i.e., without other traumatic brain
injuries. Data-analysis was performed using IBM SPSS Statistics for Windows, version 23
(Armonk, NY: IBM Corp.). P values < 0.05 were considered statistically significant.
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RESULTS

Demographic and clinical characteristics

During the studied period 6,061 patients with TBl were admitted to the level-1 trauma
centres in the DTCW region. Of those, 216 were excluded because they were trans-
ferred between hospitals after their initial presentation and 51 were excluded due
to missing or inconsistent data. BACs were reported in 2,686 of the remaining 5,794
patients (44.3%).

Of these 2,686 patients, 1,120 (42%) had high BAC’s (22.3 g/L), 685 (26%) moderate
BAC’s (1.0-2.3 g/L), 173 (6%) low BAC’s (0.1-1.0 g/L) and 708 (26%) had normal BAC’s
(<0.1 g/L). Patients with high BAC’s were predominantly male, were younger, had lower
ISS scores and lower AlS-head scores compared to patients in the other BAC subgroups
(Table 1). Differences in GCS between the BAC groups were more pronounced with
GCS<8 in 10.8% of patients with normal BAC versus 4.6% in the patients with the highest
BAC (p<0.0001).

TBI pattern

The most frequently diagnosed TBI in the study group was a cerebral concussion (76.5%),
followed by injuries to the cerebrum (22.2%) (Table 2). The majority of patients were
diagnosed with an isolated cerebral concussion (69.2%). Patients with elevated BAC’s
had significantly less injuries to the cerebrum, skeletal injuries, and cerebral concus-
sions (p<0.0001). Also, a trend was observed between patients with different BAC’s with
progressively more concussions and progressively less cerebral and skeletal injuries in
patients with increasing BAC’s (Table 2).

Associated injuries

Patients with TBI and elevated BACs had significantly less associated severe injuries
(AIS > 3) in anatomical regions other than to the head compared to patients with nor-
mal BAC’s (Table 1). Also, the percentage of patients with associated severe injuries
decreased significantly with increasing BACs from 20.2% in the low BAC group to 8.1% in
the high BAC group (Table 1).

The most frequently diagnosed severe associated injuries in all groups were thoracic
injuries (lung contusions and rib fractures). Second most common were injuries to the
lower extremities (mainly femur fractures) in patients in the normal BAC group, and
injuries to the face (predominantly injuries to the orbita) in patients with moderate and
high BAC’s (Figure 1).

83



Chapter 6

Table 1. Comparison of demographics, injury characteristics and clinical outcome parameters of 2,686
hospitalized patients with traumatic brain injury and quantified blood alcohol concentration.

Characteristics Total High BAC Moderate BAC Low BAC  Normal BAC p
(n=2686) (n=1120) (n=685) (n=173) (n=708)

Gender, n (%)

Male 2002 (74.6) 903 (80.7) 514 (75.0) 123 (71.1) 462 (65.3) <0.0001

Age (years), mean (SD) 49.0 (18.7) 46.6 (14.9) 47.3 (19.6) 49.1 (20.1) 54.7 (21.4) <0.0001

Age by category, n (%)

18-25 363 (13.5) 113 (10.1) 131 (19.1) 29 (16.8) 90 (12.7)  <0.0001
26-55 1306 (48.6) 681 (60.8) 296 (43.2) 73 (42.2) 256 (36.2)
56-75 781 (29.1) 303 (27.1) 206 (30.1) 53 (30.6) 219 (30.9)
>75 236 (8.8) 23 (2.1) 2 (7.6) 18 (10.4) 143 (20.2)

Mechanism of injury, n (%)

Traffic accident 929 (35.6) 290 (27.3) 231 (34.1) 53 (31.0) 355 (50.8) <0.0001
Low-energy fall 706 (27.0) 359 (33.7) 174 (25.7) 37 (21.6) 136 (19.5)
High-energy fall 496 (19.0) 207 (19.5) 114 (16.8) 34 (19.9) 141 (20.2)
Penetrating trauma 20 (0.8) 12 (1.1) 4 (0.6) 1 (0.6) 3(0.4)

Struck with blunt object 426 (16.3) 178 (16.7) 153 (22.6) 9 (22.8) 56 (8.0)

Other 35 (1.3) 18 (1.7) 2 (0.3) 7 (4.1) 8 (1.1)

ISS, median (range) 6 (4-75) 5 (4-50) 5 (4-59) 9 (4-75) 13 (4-59)  <0.0001
By category, n (%)

ISS <16 2096 (78.0) 995 (88.8) 577 (84.2) 128 (74.0) 396 (55.9) <0.0001
1SS >16 590 (22.0) 125 (11.2) 108 (15.8) 45 (26.0) 312 (44.1)

GCS, n (%)

<8 144 (6.8) 39 (4.6) 31(5.8) 8 (5.9) 66 (10.8)  <0.0001
8-12 142 (6.7) 60 (7.1) 22 (4.1) 7 (5.2) 53 (8.7)

>12 1839 (86.5) 751 (88.4) 478 (90.0) 120 (88.9) 490 (80.5)

Head AlS, n (%)

AlS=2 2020 (75.2) 957 (85.4) 550 (80.3) 122 (70.5) 391 (55.2) <0.0001
AlS=3 273 (10.2) 79 (7.1) 5 (9.5) 17 (9.8) 112 (15.8)

AlS=4 311 (11.6) 67 (6.0) 0 (8.8) 27 (15.6) 157 (22.2)

AlS=5 82 (3.1) 17 (1.5) 10 (1.5) 7 (4.0) 8 (6.8)
Associated injuries 414 (15.4) 91 (8.1) 91 (13.3) 35(20.2) 197 (27.8) <0.0001
AlS 23, n (%)

Length of hospitalization in 2 (1-95) 2 (1-60) 2 (1-65) 2 (1-51) 4 (1-86)  <0.0001
days, median (range)

IC-admittance, n (%) 395 (15.1) 87 (8.0) 64 (9.6) 34 (19.9) 210 (30.9) <0.0001
Length of ICU stay in days, 2 (1-38) 2 (1-20) 2 (1-26) 2 (1-28) 3(1-38)  <0.0001
median (range)

In-hospital mortality, n (%) 69 (2.6) 6 (0.5) 9 (1.3) 7 (4.1) 47 (6.7)  <0.0001

BAC, Blood Alcohol Concentration (normal (<0.1 g/L), low (0.1-1.0 g/L), moderate (1.0-2.3 g/L) and high (>2.3
g/L)); SD, standard deviation; ISS, Injury Severity Score; GCS, Glasgow Coma Scale; AlS, Abbreviated Injury Scale
"ANOVA for normally distributed continuous data, Kruskal-Wallis test for skewed continuous data and Chi- square
test for categorical data

Results are presented as numbers (%) of patients with that specific injury. Patients may have multiple traumatic
brain injury locations or types. BAC, Blood Alcohol Concentration (normal (<0.1 g/L), low (0.1-1.0 g/L), moder-
ate (1.0-2.3 g/L) and high (22.3 g/L)).



Table 2. Anatomical location and type of traumatic brain injury in hospital-admitted trauma patients

Traumatic brain injury and alcohol intoxication

with available quantified blood alcohol concentrations.

Brain stem
Cerebellum
Cerebrum
Contusion
Hematoma epi- or extradural
Hematoma intracerebral
Hematoma subdural
Subarachnoid haemorrhage
Skeletal
Base fracture
Vault fracture
Close vault fracture

Cerebral concussion

20% A

0%

Total
(n=2686)

3 (0.1)
60 (2.2)
597 (22.2)
286 (10.6)
75 (2.8)
47 (1.7)
267 (9.9)
239 (8.9)
313 (11.7)
80 (3.0)
151 (5.6)
58 (2.2)
2055 (76.5)

High BAC Moderate BAC Low BAC Normal BAC

(n=1120)

1(0.1)
24 (2.1)
139 (12.4)
68 (6.1)
12 (1.1)
6 (0.5)
63 (5.6)
60 (5.4)
77 (6.9)
13 (1.2)
43 (3.8)
10 (0.9)
960 (85.7)

(n=685)

0(0)
12 (1.8)
118 (17.2)
61(8.9)
10 (1.5)
11 (1.6)
47 (6.9)
44 (6.4)
65 (9.5)
19 (2.8)
28 (4.1)
13 (1.9)
567 (82.8)

(n=173)

0(0)
4(2.3)
48 (27.7)
22 (12.7)
10 (5.8)
4(2.3)
24 (13.9)
16 (9.2)
17 (9.8)
7 (4.0)
6 (3.5)
3(1.7)
124 (71.7)

100% -
80% 4
60%
40% 4

(n=708)

2(0.3)
20 (2.8)
292 (41.2)
135 (19.1)
43 (6.1)
26 (3.7)
133 (18.8)
119 (16.8)
154 (21.8)
41 (5.8)
74 (10.5)
32 (4.5)
404 (57.1)

m Face

W Neck

p

0.41
0.59
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

m Thorax

Abdomen

m Upper extremity

m Lower extremity

m External

Normal BAC

Figure. 1 Distribution of associated injuries per anatomical region (according to the AlS classification) in
alcohol intoxicated and not-alcohol intoxicated trauma patients with traumatic brain injury. The External

category comprises of burns

Low BAC

Moderate BAC

High BAC
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Clinical outcome

The median length of hospitalization in the total group was 2 days (range 1-95) and was
highest in the group with normal BAC’s (median 4 days, range 1-86; Table 1). Also, ICU
admittance and ICU length of stay were highest in the patients with normal BAC’s (Table
1). When adjusted for age, gender, AlS-head and presence of associated severe injuries,
the risk of ICU-admittance for patients with moderate and high BACs was significantly
lower compared to patients with normal BAC’s (resp. AOR 0.36, 95% Cl 0.25 to 0.52 and
AOR 0.40, 95% Cl 0.29 to 0.57) (Table 3).

In-hospital mortality was highest in patients with normal BAC’s (Table 1). Although the
association between alcohol intoxication and in-hospital mortality was less strong after
adjustment for confounding, the adjusted risk of death after admission to the hospital
remained lower in patients with high levels of BAC (AOR 0.36, 95% CI 0.14 to 0.97)
(Table 3).

Table 3. Predictive value of BAC’s for in-hospital mortality and ICU admittance in patients with traumatic
brain injury.
Risk of Risk of
in-hospital mortality’ ICU admittance’
Crude OR (95% Cl)  Adjusted OR® (95% Cl)  Crude OR (95% Cl)  Adjusted OR® (95% Cl)

High BAC 0.08 (0.03-0.18) 0.36 (0.14-0.97) 0.19 (0.15-0.25) 0.40 (0.29-0.57)
Moderate BAC 0.19 (0.09-0.38) 0.60 (0.26-1.38) 0.24 (0.17-0.32) 0.36 (0.25-0.52)
Low BAC 0.60 (0.26-1.34) 1.39 (0.54-3.57) 0.56 (0.37-0.84) 0.72 (0.43-1.19)
Normal BAC ref ref ref ref

BAC, Blood Alcohol Concentration (normal (<0.1 g/L), low (0.1-1.0 g/L), moderate (1.0-2.3 g/L) and high (2.3
g/L));

ICU, Intensive Care Unit; OR, odds ratio; Cl, confidence interval.

' Results are based on 2672/2686 (99.5%) of patients with available BAC.

2 Results are based on 2608/2686 (97.1%) of patients with available BAC.

* Adjusted for age group, gender, AIS head and presence of associated severe injury (AIS=3).

Outcome in the TBI patients without isolated concussion

All statistical analyses were performed again to determine if the results were compa-
rable when the patients with isolated cerebral concussions were excluded. After exclu-
sion, 827 patients (30.8%) without isolated concussions and with reported BAC’s were
analysed; 368 patients with normal BAC’s, 61 with low BAC’s, 174 with moderate BAC’s
and 224 with high BAC’s. Clinical and demographical characteristics were comparable to
the results for the total group described above. The estimated association of different
levels of BAC’s with in-hospital mortality was somewhat lower than those in the total
group and not statistically significant for all BAC levels (for high BAC: AOR 0.46, 95% CI
0.17-1.26). Also, patients with moderate or high BACs without isolated concussion were
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less likely to be admitted to the ICU (for moderate BAC: AOR 0.41, 95% Cl 0.26-0.64; for
high BAC: AOR 0.48, 95% CI 0.31-0.74).

DISCUSSION

The aim of the study was to examine the controversial topic of alcohol intoxication at
the time of injury and its assumed protective effect on the short-term outcome in TBI
patients. Also, the TBI pattern was examined in relation to different BACs at the time
of injury.

The findings of this study are in line with previous studies reporting possible protec-
tive effects of alcohol consumption in relation to TBI: Patients with high BAC’s were
predominantly male, were younger, had lower ISS scores and lower AlS-head scores
compared to patients in the other BAC subgroups of TBI patients. Increasing BACs were
associated with less severe TBI, less concomitant injuries, less ICU admissions and a
higher survival.

TBI pattern

Cerebral injuries (contusions, subdural hematomas and subarachnoid haemorrhage) and
concussions were the most frequently diagnosed TBI’s in our study population. However,
with rising BAC’s these were diagnosed less often. These findings are in accordance with
results of previous studies. Talving et al. [17] found that in patients with isolated severe
TBI, blood alcohol levels were not associated with overall head injury severity. Lusten-
berg et al. [18] showed that in their study population subarachnoid, intraparenchymal
and subdural hematoma were the most frequent injuries, followed by skull fractures.
Their group with alcohol intoxicated patients showed significantly less skull fractures
than the non-intoxicated patients, which was also the case in our study. Again another
study pointed out that acute alcohol intoxication was not associated with type and
number of diffuse axonal injury lesions and intraventricular bleedings [19].

Effect on mortality

The occurrence of associated injuries have been found to be associated with higher
mortality and longer hospital and ICU stay in patients with TBI [20]. Our study showed a
significantly lower risk for in-hospital mortality in all intoxicated patients and especially
in patients with high levels of BAC. Berry et al. classified BAC’s according to the same
categories as used in our study [9]. Despite the fact that they did not include patients
with moderate TBI (AlIS=2) nor those with associated severe injuries (AIS> 3), they also
found that high levels of BAC were independently associated with an improved survival.
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Talvin et al. published similar effects on survival [17]. Several other studies compared
intoxicated with non-intoxicated patients and also found lower risks of mortality in
intoxicated patient groups [21-23]. However, some other studies did not find these
effects of alcohol on mortality [24-26]. For example, Chen et al. concluded that the
possible protective effect of alcohol no longer existed after correction for residual
confounding variables such as causes and intents of TBI and injury severity scores (ISS).
The adjusted in-hospital mortality even appeared to increase [27]. It should be noted
again that all previous studies only evaluated patients with severe TBI (AlShead>3) and
are not completely comparable with our study. A recently conducted meta-analysis
evaluated mortality in relation to TBI and alcohol intoxication in 15 studies, includ-
ing the previously mentioned studies. It showed no significant difference in mortality
between alcohol intoxicated and not-intoxicated patients nor between low levels and
high levels of BAC [28]. Unfortunately, due to the small sample sizes of some studies
and only few of the included studies examined comparable outcomes, the reliability of
this meta-analysis is limited [20].

Effect on length of hospital stay, ICU admittance and ICU length of
stay

Rising levels of BAC, were associated with a shorter length of hospital stay when com-
pared to the group with normal BAC’s. This finding is in line with Berry et al. [9] who
described a statistically significant difference in length of hospital stay for different
alcohol concentration categories; patients with high BAC’s had less hospitalization
days than patients with normal BAC’s. Nevertheless, other studies, as well as the
recently published meta-analysis, showed no differences in length of hospital stay
[17,22,23,26,28].

The shorter time at the ICU of patients with moderate and high BAC’s may be explained
by the fact that especially in patients with high BAC’s the alcohol intoxication affects
the initial level of consciousness. In cases where alcohol intoxication is the cause of
decreased consciousness, this will normalize over limited time as the BAC decreases.
When patients have recovered consciousness, ICU-admittance will no longer be nec-
essary. In the literature only one study showed a significant difference between the
different BAC’s, with a trend towards less ICU-admittances and shorter length of stay
in the high BAC group [9]. The recently conducted meta-analysis included studies with
patients aged >16 and without penetrating TBI, and showed a shorter length of ICU stay
in intoxicated patients [28]. This was mainly due to the study conducted by Salim et
al. [22] that had a large study size and found that ICU length of stay was shorter in the
intoxicated group.
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Explanation of the effects found

Different potential mechanisms have been proposed to account for the protective
effects of alcohol on TBI. A recent study showed that alcohol intoxication may have pro-
tective effects in TBI at behavioural and histological level. It suggests that when alcohol
intoxication is present at the moment right before trauma, it significantly decreases
the trauma-induced transcriptional responses of hippocampal neurons [29]. Another
possible mechanism is the inhibition of N-Methyl-D-aspartic acid receptors (NMDAr).
NMDAr is associated with neuronal cell death due to a chain reaction that occurs when
NMDAr overactivation leads to a major release of excitatory neurotransmitters [11].
Alcohol acts as a NMDAr antagonist and inhibits this process. Another popular theory is
that alcohol blunts the adrenergic response that occurs when a person sustains a TBI
[10,11,30-32]. Obviously, the exact mechanism by which alcohol may enhance survival
is not yet fully understood at this time. Further studies that provide further insight in
this mechanism, may also be of use in the development of therapeutic agents for the
treatment of TBI.

Limitations

The limitations that result from a retrospective research set up all do apply. Espe-
cially the fact that we obtained 2,686 BAC serum levels from 5,794 TBI patients has
potentially introduced a bias. We did however also analyse the group of TBI patients of
which we did not have BAC’s (data not presented) and found that alcohol intoxication
is associated with less severe TBI, shorter length of hospitalization and ICU admission,
and higher survival.

Every effort was made to code injuries accurately in our trauma registry, but because
of the retrospective design of the study a possible selection bias may have been intro-
duced concerning the interpretation of injury patterns and injury severity, therefore,
influencing the AIS and ISS coding. Also, it was impossible to retrieve all the missing
GCS data because of the retrospective design of our study. Thus, it can be assumed that
some of our findings are the result of residual confounding.

Another issue to consider is the fact that we did not distinguish between acute alcohol
intoxication and chronic alcohol consumption, nor was a history of alcohol use or abuse
documented. Trauma patients with behavioural and biochemical evidence of chronic
alcohol abuse have been associated with higher complication rates, worse outcomes
and longer length of stay compared to acutely intoxicated patients [33]. It is plausible
that patients with chronic alcohol abuse and TBI also have a higher complication rate,
worse outcomes, and longer length of stay when compared to acutely intoxicated
patients as has been described with other injuries. Their presence in the current study
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would attenuate the clear effects found and exclusion of these patients probably would
magnify these effects.

CONCLUSIONS

The current study results suggest that increasing levels of BAC in patients with moderate
and severe TBI are independently, i.e., after correcting for confounding variables, asso-
ciated with lower injury severity, shorter length of hospital and ICU stay and improved
survival. Controversy remains and further clinical and basic research is necessary into
the pathophysiological mechanisms to help explain the outcomes found.



Traumatic brain injury and alcohol intoxication

REFERENCES

10.

1.

12.

13.

14.

15.

16.

17.

Cole T. Global road safety crisis remedy sought. JAMA. 2004;291(21):2531-2532.

Firsching R, Woischneck D. Present status of neurosurgical trauma in Germany. World J
Surg. 2001;25(9):1221-3.

Faul M, Xu L, Wald MM, Coronado VG. Traumatic brain injury in the United States: emer-
gency department visits, hospitalizations, and deaths. Centers Dis Control Prev Natl Cent
Inj Prev Control. 2010;891-904.

Tagliaferri F, Compagnone C, Korsic M, Servadei F, Kraus J. A systematic review of brain
injury epidemiology in Europe. Acta Neurochirurgica. 2006;Vol. 148, p. 255-67.

Moore EE. Alcohol and trauma: the perfect storm. J Trauma Acute Care Surg. 2005;59(3
Suppl):S53-6-75.

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

Raj R, Skrifvars MB, Kivisaari R, Hernesniemi J, Lappalainen J, Siironen J. Acute Alcohol In-
toxication and Long-Term Outcome in Patients with Traumatic Brain Injury. J Neurotrauma.
2014;32(2):95-100.

Raj R, Mikkonen ED, Siironen J, Hernesniemi J, Lappalainen J, Skrifvars MB. Alcohol and
mortality after moderate to severe traumatic brain injury: a meta-analysis of observational
studies. J Neurosurg. 2015;124(6):1684-92.

Berry C, Ley EJ, Margulies DR, Mirocha J, Bukur M, Malinoski D, et al. Correlating the blood
alcohol concentration with outcome after traumatic brain injury: too much is not a bad
thing. Am Surg. 2011;77(10):1416-9.

Chandrasekar A, olde Heuvel F, Wepler M, Rehman R, Palmer A, Catanese A, et al. The
Neuroprotective Effect of Ethanol Intoxication in Traumatic Brain Injury Is Associated with
the Suppression of ErbB Signaling in Parvalbumin-Positive Interneurons. J Neurotrauma.
2018;35(22):2718-35.

Opreanu RC, Kuhn D, Basson MD. Influence of Alcohol on Mortality in Traumatic Brain Injury.
J Am Coll Surg. 2010;210(6):997-1007.

Champion HR, Copes WS, Sacco WJ, Lawnick MM, Keast SL, Bain LW, et al. The Major Trauma
Outcome Study: establishing national norms for trauma care. J Trauma Acute Care Surg.
1990;30(11):1356-65.

Gennarelli TA, Wodzin E. The Abbreviated Injury Scale 2005. Update 2008. Association for
the Advancement of Automotive Medicine. Des Plaines, IL; 2008 Aug.

Baker SP, O’Neill B, Haddon Jr W, Long WB. The injury severity score: a method for describ-
ing patients with multiple injuries and evaluating emergency care. J Trauma Acute Care
Surg. 1974 Mar;14(3):187.

Teasdale G, Jennett B. Assessment of coma and impaired consciousness: A practical scale.
Lancet. 1974;81-4.

Champion HR, Sacco WJ, Copes WS, Gann DS, Gennarelli TA, Flanagan ME. A revision of the
Trauma Score. J Trauma Acute Care Surg. 1989;29(5):623-9.

Talving P, Plurad D, Barmparas G, Dubose J, Inaba K, Lam L, et al. Isolated severe traumatic
brain injuries: association of blood alcohol levels with the severity of injuries and outcomes.
J Trauma Acute Care Surg. 2010;68(2):357-62.

91



92 | Chapter 6

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Lustenberger T, Inaba K, Barmparas G, Talving P, Plurad D, Lam L, et al. Ethanol intoxication
is associated with a lower incidence of admission coagulopathy in severe traumatic brain
injury patients. J Neurotrauma. 2011;28(9):1699-706.

Matsukawa H, Shinoda M, Fujii M, Takahashi O, Murakata A, Yamamoto D. Acute alcohol
intoxication, diffuse axonal injury and intraventricular bleeding in patients with isolated
blunt traumatic brain injury. Brain Inj. 2013;27(12):1409-14.

McDonald SJ, Sun M, Agoston DV, Shultz SR. The effect of concomitant peripheral injury on
traumatic brain injury pathobiology and outcome. J Neuroinflammation. 2016;13(1):90.
O’Phelan K, McArthur DL, Chang CWJ, Green D, Hovda DA. The impact of substance abuse
on mortality in patients with severe traumatic brain injury. J Trauma Acute Care Surg.
2008;65(3):674-7.

Salim A, Teixeira P, Ley EJ, DuBose J, Inaba K, Margulies DR. Serum Ethanol Levels: Predictor
of Survival After Severe Traumatic Brain Injury. J Trauma Acute Care Surg. 2009;67(4):697-
703.

Lustenberger T, Kern M, Relja B, Wutzler S, Stormann P, Marzi |. The effect of brain injury on
the inflammatory response following severe trauma. Immunobiology. 2016;221(3):427-31.
Alexander S, Kerr ME, Yonas H, Marion DW. The effects of admission alcohol level on
cerebral blood flow and outcomes after severe traumatic brain injury. J Neurotrauma.
2004;21(5):575-83.

Shandro JR, Rivara FP, Wang J, Jurkovich GJ, Nathens AB, MacKenzie EJ. Alcohol and
risk of mortality in patients with traumatic brain injury. J Trauma Acute Care Surg.
2009;66(June):1584-90.

Tien HCN, Tremblay LN, Rizoli SB, Gelberg J, Chughtai T, Tikuisis P, et al. Association
Between Alcohol and Mortality in Patients With Severe Traumatic Head Injury. Arch Surg.
2006;141(12):1185-91.

Chen CM, Yi H-Y, Yoon Y-H, Dong C. Alcohol use at time of injury and survival following
traumatic brain injury: results from the National Trauma Data Bank. J Stud Alcohol Drugs.
2012;73:531-41.

Mathias JL, Osborn AJ. Impact of day-of-injury alcohol consumption on outcomes after
traumatic brain injury: A meta-analysis. Neuropsychol Rehabil. 2016;2011 Sept:1-22.
Chandrasekar A, Aksan B, Heuvel F olde, Forstner P, Sinske D, Rehman R, et al. Neuroprotec-
tive effect of acute ethanol intoxication in TBI is associated to the hierarchical modulation
of early transcriptional responses. Exp Neurol. 2018;302(December 2017):34-45.

Hsieh CH, Su LT, Wang YC, Fu CY, Lo HC, Lin CH. Does alcohol intoxication protect patients
from severe injury and reduce hospital mortality the association of alcohol consumption
with the severity of injury and survival in trauma patients. Am Surg. 2013;79(12):1289-94.
Hayes RL, Jenkins LW, Lyeth BG. Neurotransmitter-mediated mechanisms of traumatic brain
injury: acetylcholine and excitatory amino acids. J Neurotrauma. 1992;9 Suppl 1:5173-87.
Janis LS, Hoane MR, Conde D, Fulop Z, Stein DG. Acute ethanol administration reduces
the cognitive deficits associated with traumatic brain injury in rats. J Neurotrauma.
1998;15(2):105-15.

Jurkovich GJ, Rivara FP, Gurney JG, Fligner C, Ries R, Mueller BA, et al. The Effect of
Acute Alcohol Intoxication and Chronic Alcohol Abuse on Outcome From Trauma. JAMA.
1993;270(1):51-6.






