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Ethanol and isolated traumatic brain injury

James H. Brennan a,b,⇑, Stephen Bernard b,c, Peter A. Cameron a,b,d,e, Jeffrey V. Rosenfeld e,f,g,h,
Biswadev Mitra a,b,e

a Emergency & Trauma Centre, The Alfred Hospital, Commercial Road, Melbourne, VIC 3004, Australia
b Department of Epidemiology and Preventive Medicine, Monash University, Clayton, VIC, Australia
c Intensive Care Unit, The Alfred Hospital, Melbourne, VIC, Australia
d Emergency Medicine, Hamad Medical Corporation, Doha, Qatar
e National Trauma Research Institute, The Alfred Hospital, Melbourne, VIC, Australia
f Department of Neurosurgery, The Alfred Hospital, Melbourne, VIC, Australia
g Department of Surgery, Monash University, Clayton, VIC, Australia
h Department of Surgery, F. Edward Hébert School of Medicine, Uniformed Services University of The Health Sciences, Bethesda, MD, USA

a r t i c l e i n f o

Article history:
Received 15 September 2014
Accepted 4 February 2015

Keywords:
Alcohol
Blood alcohol
Brain injury
Ethanol
Ethanol intoxication
Traumatic brain injury

a b s t r a c t

The aim of this systematic review was to determine whether ethanol is neuroprotective or associated
with adverse effects in the context of traumatic brain injury (TBI). Approximately 30–60% of TBI patients
are intoxicated with ethanol at the time of injury. We performed a systematic review of the literature
using a combination of keywords for ethanol and TBI. Manuscripts were included if the population stud-
ied was human subjects with isolated moderate to severe TBI, acute ethanol intoxication was studied as
an exposure variable and mortality reported as an outcome. The included studies were assessed for
heterogeneity. A meta-analysis was performed and the pooled odds ratio (OR) for the association
between ethanol and in-hospital mortality reported. There were seven studies eligible for analysis. A sta-
tistically significant association favouring reduced mortality with ethanol intoxication was found (OR
0.78; 95% confidence interval 0.73–0.83). Heterogeneity among selected studies was not statistically sig-
nificant (p = 0.25). Following isolated moderate-severe TBI, ethanol intoxication was associated with
reduced in-hospital mortality. The retrospective nature of the studies, varying definitions of brain injury,
degree of intoxication and presence of potential confounders limits our confidence in this conclusion.
Further research is recommended to explore the potential use of ethanol as a therapeutic strategy follow-
ing TBI.

� 2015 Elsevier Ltd. All rights reserved.

Introduction

It is well established that ethanol intoxication increases the risk
of sustaining a traumatic brain injury (TBI) [1,2]. However, once an
injury has occurred, reports are divided on whether ethanol expo-
sure is beneficial or detrimental to outcomes.

In various animal trials, ethanol has been shown to be neuro-
toxic in conjunction with TBI, especially at high levels. In addition,
ethanol has been shown to be associated with respiratory depres-
sion, apnoea and hypoxia [3–5], which may contribute to sec-
ondary insults following TBI. Raised intracranial pressures and
acidaemia have also been reported as potential adverse effects of
ethanol exposure [6–8].

Beneficial effects of ethanol have been previously postulated
by various mechanisms. Low dose ethanol inhibition of
N-methyl-D-aspartate (NMDA) receptors could be neuroprotective
as potassium and calcium influx through NMDA receptor channels
following TBI leads to neuronal excitotoxicity [9–13]. The systemic
catecholamine surge following TBI which is associated with worse
outcomes has been shown to be moderated by ethanol [14–16].
Aquaporin-4, implicated in the development of cerebral oedema
following TBI, has also been shown to be suppressed by ethanol
[17]. A further neuroprotective mechanism may be the reduction
of hyperglycolysis associated with ethanol exposure following
TBI [10]. Ethanol may lead to a decrease in body temperature
and this may have a neuroprotective effect [18]. Finally, ethanol
decreases conscious state and, thus, patients with mild head injury
may present as deeply comatose and meet the criteria for severe
TBI where assessment of TBI severity is made by clinical state
rather than anatomical or CT scan features.

http://dx.doi.org/10.1016/j.jocn.2015.02.030
0967-5868/� 2015 Elsevier Ltd. All rights reserved.

⇑ Corresponding author. Tel.: +61 3 9076 2782; fax: +61 3 9076 2699.
E-mail address: jhbre2@student.monash.edu (J.H. Brennan).

Journal of Clinical Neuroscience 22 (2015) 1375–1381

Contents lists available at ScienceDirect

Journal of Clinical Neuroscience

journal homepage: www.elsevier .com/ locate/ jocn

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jocn.2015.02.030&domain=pdf
http://dx.doi.org/10.1016/j.jocn.2015.02.030
mailto:jhbre2@student.monash.edu
http://dx.doi.org/10.1016/j.jocn.2015.02.030
http://www.sciencedirect.com/science/journal/09675868
http://www.elsevier.com/locate/jocn


Previous reviews analysing human studies on the topic have
commented on the contradictory nature of conclusions [19,20].
The inclusion of all major trauma patients with multiple complex
injuries may have contributed to the heterogeneity among studies.
In this systematic review, we aimed to include studies of patients
with isolated traumatic brain injury (iTBI). The exposure variable
of interest was ethanol, regardless of reported level, while the out-
come of interest was mortality, regardless of reported time.

Materials and methods

Information sources

Authors searched for English language articles in MEDLINE,
PubMed, Cochrane library, Scopus, EMBASE, CINAHL, Expanded
Academic ASAP, PsycINFO and International Pharmaceutical
Abstracts for manuscripts included until March 2014. A combina-
tion of keywords and subject headings were used: ‘‘ethanol,’’ ‘‘alco-
hol,’’ ‘‘blood alcohol,’’ ‘‘alcohol intoxication,’’ ‘‘brain injury,’’ ‘‘acute
brain injury,’’ ‘‘traumatic brain injury,’’ and ‘‘TBI’’. Truncation was
used in applicable databases. Keywords were matched to subject
headings to expand the scope of the search. Reference lists of iden-
tified relevant studies were manually searched for further studies.

Study selection

Studies were included if they addressed isolated moderate–sev-
ere TBI among human subjects in the presence of acute ethanol
intoxication and included mortality as an outcome. Specific exclu-
sion criteria were studies that examined chronic alcohol ingestion,
addressed mild TBI, included patients with polytrauma or other
organ injury, assessed the effect of alcohol intoxication and addic-
tion as an outcome measure following TBI, addressed neuropsy-
chological outcome as a primary outcome, paediatric populations,
non-English language, and case reports and letters. No randomized
control trials on the topic were available. Principally, retrospective
cohort studies were eligible for inclusion. The study characteristics
are described in Table 1.

Data collection

We extracted demographic data on included patients and injury
characteristics (Table 2). Definitions for isolated traumatic brain
injury were varied and were also collected [21]. Definitions of
TBI all incorporated the abbreviated injury scale (AIS), however,
they varied on whether TBI was defined exclusively by head AIS
or by whole body AIS. The comparison group for all studies was
based on historical data extracted by retrospective reviews or chart
or registry data. As a result, the framework for quality assessment
described by Gilbert et al. was used (Table 3) [22].

Statistical analyses

The odds ratios (OR) for dichotomous outcomes from each
study were pooled using the DerSimonian–Laird random effects
model [23]. An OR value of greater than 1.00 indicated an associa-
tion of ethanol and increased mortality and values below 1.00 indi-
cated that ethanol was associated with improved outcomes.
Heterogeneity was assessed using the chi-squared test and was
reported on a Forest plot to assess whether the observed differ-
ences in results were compatible with chance alone. A low p value
(or a large chi-squared statistic relative to its degree of freedom)
provides evidence of heterogeneity of intervention effects (varia-
tion in effect estimates beyond chance).

Results

Of the 7962 articles initially identified, 256 were indicated for
abstract review after title screening and then 40 were indicated
for full text review after abstract review. After full text review a
further 29 were excluded. A further three studies were excluded
due to absolute mortality data not being reported [1,24,25]. One
further study was excluded for not independently testing ethanol,
instead a total toxicology report was performed and analysis done
accordingly [26]. A total of seven studies were included in the
review (Fig. 1).

The meta-analysis of the seven studies found a significant asso-
ciation between ethanol exposure and decreased in-hospital mor-
tality (pooled OR 0.78; 95% confidence interval [CI] 0.73–0.83;
Table 4). Any heterogeneity among studies was not statistically
significant (p = 0.252; Fig. 2).

Definitions of TBI

In the earlier literature there is considerable variation in the
definition of TBI. Injury consistent with a diagnosis of TBI and
the initial Glasgow coma scale (GCS) have been used to define
TBI with GCS 9–12 for moderate TBI and GCS < 9 for severe TBI
[24–26]. More recently, Tien et al. incorporated the AIS as a mea-
sure of severity after TBI [27]. The AIS was developed by the
Association for the Advancement of Automotive Medicine as a
method of comparing the severity of injury among trauma patients

Table 1
Study characteristics including methodology, patient groups and traumatic brain
injury definitions for inclusion in the meta-analysis

Author (year) Methodology Patient groups Definition of
TBI for study
inclusion

Tien (2006)
[27]

Retrospective
analysis of trauma
registry

Three groups based
on BAL: 0 mg/dL, 1–
230 mg/dL, >230 mg/
dL

Head AIS of
4–5

Salim (2009)
[35]

Retrospective
analysis of trauma
registry

Two groups: ethanol
positive or negative

Head
AIS P 3, all
other body
regions
AIS 6 3

Shandro
(2009)
[36]

Prospective
observational cohort
at 18 Level I trauma
centres and 51
nontrauma centres

Four groups based on
BAL: 0 mg/dL, 0–
100 mg/dL, 100–
230 mg/dL,
P230 mg/dL

Head
AIS P 3

Talving
(2010)
[32]

Prospective
observational cohort
at a trauma centre

Two groups based on
BAL: 0–80 mg/dL,
>80 mg/dL

Head
AIS P 3,
extracranial
AIS 6 3

Berry (2010)
[33]

Retrospective
analysis of trauma
databases from five
Level I and eight
Level II trauma
centres

Two groups: ethanol
positive or negative

Head
AIS P 3, all
other body
regions
AIS 6 3

Berry (2011)
[31]

Retrospective
analysis of trauma
databases from five
Level I and eight
Level II trauma
centres

Four groups based on
BAL: 0 mg/dL, 0–
100 mg/dL, 100–
230 mg/dL,
P230 mg/dL

Head
AIS P 3, all
other body
regions
AIS 6 3

Lustenberger
(2011)
[30]

Retrospective
analysis of trauma
database

Two groups: ethanol
positive or negative

Head
AIS P 3, all
other body
regions
AIS 6 3

AIS = abbreviated injury scale, BAL = blood alcohol level, TBI = traumatic brain
injury.
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