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Abstract
Alcohol intoxication is a major predisposing factor for trauma in general and head injury in particular.
The management of the head-injured patient is highly contingent on the accurate assessment of this
patient’s consciousness, which is invariably impaired if the patient is intoxicated. This complicates the
decision-making process and impedes the promptness needed in management when the head injury is
severe. Furthermore, the prognosis of the head injury can depend on the patient’s degree and pattern of
intoxication. This article presents some of the latest epidemiological data about the association of alcohol
and head injury. It also highlights some of the challenges posed by alcohol intoxication in the management
of head-injured patients, and examines the importance of documenting intoxication in head-injured
patients.
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Introduction
Traumatic brain injury (TBI) remains one of the
main causes of death and disability around the
world today. The statistics vary by region and
over time. However, from 2002 to 2006 in the
United States, approximately 1.7 million people
suﬀered from TBI annually. Nearly, 1.4 million
were treated and released from emergency
departments, 275,000 were hospitalized and discharged alive and 52,000 died (Faul et al., 2010).
The most up to date report published in May
2011 by the Centers for Disease Control and
Prevention estimates that the annual rate of
deaths due to TBI is 18.4 per 100,000 people
annually (Coronado et al., 2011). In Europe,
the incidence of hospital referred TBI is 83.3

per 100,000 (Andelic et al., 2008), and that of
fatalities is 15 per 100,000 (Tagliaferri et al.,
2008). The incidence of death due to head
injury in the UK is 6–10 per 100,000 per
annum (DOH, 2001). This epidemic puts a
huge-ﬁnancial burden on the healthcare
system. In the United States, the cost of TBI is
estimated to be $48 billion annually (RutlandBrown et al., 2006). Half of this cost goes
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towards long-term physical, psychological and
psychosocial rehabilitation and care. When the
cost of life-time loss of productivity is included,
the numbers become staggering.
Alcohol is a major contributor to the global
burden of disease, accounting for 4.0% of
Disability Adjusted Life Years worldwide and
3.2% of mortality (Ezzati et al., 2002). A substantial portion of the burden of disease is
attributed to acute alcohol-related injuries.
The World Health Report 2002 states that
injury is accountable for about one tenth of
this disease burden (WHO, 2002). A collaborative study group from 12 countries found that
the proportion of alcohol-related injury cases
ranged from 6% to 45% (WHO, 2007).
In TBI, alcohol consumption is a strong predisposing factor (Kerr et al., 1971; Field, 1976;
Parkinson et al., 1985). In studies addressing
head injury and alcohol use speciﬁcally, elevated
blood alcohol levels were present in more than
40% of the patients seen in emergency rooms or
admitted to hospitals because of TBI (Galbraith
et al., 1976; Rutherford, 1977; Brismar et al.,
1983; Parkinson et al., 1985). This is comparable
to a Swedish study showing a 35.8% rate of intoxication among those tested (Harr et al., 2011).
More than other injuries, the alcohol association with TBI represents a major challenge for
clinicians. TBI cases require rapid intervention
and decision making, and the ability to some
extent to predict possible deterioration of the
condition. Such decision making is dependent
on the accurate assessment of the patient’s consciousness, which is invariably impaired due to
the eﬀects of alcohol. Historically, the emergency department physician either over-diagnoses by interpreting signs of intoxication as
indicating serious head injury, or under-diagnoses by attributing most or all neurological
signs to intoxication, thereby missing possible
co-existing and life-threatening conditions.
Concern over the later scenario, combined with
other legal, social and ﬁnancial considerations
have led to a spectrum of attitudes within the
medical literature that is sometimes contradictory and confusing.

Some authors recognized the eﬀect of alcohol
intoxication on the level of consciousness a century ago (MacEwen, 1879) and stated that in
evaluating patients of all grades of head injury
severity, alcohol consistently had a depressive
eﬀect on the level of consciousness (Galbraith
et al., 1976; Jagger et al., 1984; Sloan et al.,
1989; Brickley and Shepherd, 1995) and associated intoxication with more severe injuries,
and higher mortality (Pories et al., 1992;
Cunningham et al., 2002). Others found no relation between alcohol in the presentation of TBI,
the Glasgow Coma Scale (GCS) score, or severity and mortality (Huth et al., 1983; Nath et al.,
1986; Sperry et al., 2006; Stuke et al., 2007).
Finally, some authors have reported a positive association between high-blood alcohol
concentration (BAC) on admission and lower
in-hospital mortality rates in trauma patients
(Ward et al., 1982; Blondell et al., 2002; Tien
et al., 2006).
Alcohol intoxication is a complex issue and
more research is needed. Nobody can ignore the
consistent statistics that point to alcohol intoxication being the number one predisposing factor
for head injury, intentional or unintentional,
mild, moderate or severe and with any mechanism documented.
This article will examine the role played by
alcohol in the presentation, and management
of TBI cases, and discuss the implications of
some of the literature concerning intoxicated
head-injured patients.

Alcohol intoxication
Alcohol is a substance that is widely used. It also
represents the oldest and the most universal substance of abuse. Ethanol is a water-soluble compound that rapidly crosses cell membranes,
readily equilibrating between intra- and extracellular compartments. Absorption occurs
mainly in the proximal intestinal tract, namely,
in the stomach (70%) and in the duodenum
(25%), with only a small percentage occurring
in the remaining intestinal tracts (Marco and
Kelen, 1990). Gastric alcohol dehydrogenase or
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ADH is responsible for 10% of alcohol metabolism (ﬁrst pass metabolism). The remaining
90% of ingested ethanol is metabolized to
acetaldehyde by the following three liver enzymatic pathways: liver ADH (90%), microsomal
ethanol oxidizing system (8–10%) and catalase
(0–2%) (Lieber, 1991).
Symptoms and signs of alcohol intoxication
are directly related to the BAC (Table 1). While
any departure from zero BAC has some eﬀects
on the nervous system, eﬀects on alertness and
coordination start to occur at a BAC between
0.05% and 0.08% in adults. Signiﬁcant motor
and cognitive impairments occur between 0.1%
and 0.15%, and amnesia may occur at levels
above 0.2%. At BAC levels above 0.3%; disorientation and loss of consciousness are common
(Moskowitz, 2000). Although the rate of
Table 1. Main clinical symptoms in acute alcohol
intoxication according to BAC.
Symptoms

BAC

Impairment in some tasks
requiring skill (e.g. writing)
Increase in talkativeness
Relaxation

BAC 0.05–0.08%

Altered perception of the
environment
Ataxia
Hyper-reflexia
Impaired judgement
Lack of coordination
Mood, personality and
behavioural changes, nystagmus
Prolonged reaction time
Slurred speech

BAC 0.1–0.15%

Amnesia
Diplopia
Dysarthria
Hypothermia
Nausea
Vomiting

BAC 0.2–0.3%

Respiratory depression
Coma
Death

BAC > 0.3%

elimination of alcohol is roughly 0.015–0.02
per hour, the eﬀects of any given BAC on the
level of consciousness vary by several factors
including age, sex, gender, ethnicity (due to
genetic variations in the types of ADH; Hurley
et al., 2002), body weight, fat and water content,
and frequency of consumption/tolerance. Even
in the same person, the eﬀects can vary from one
occasion to another, depending on the amount
and rate of consumption, and associated food
and drug intake (Shahin et al., 2010). For this
reason, a diagnosis of alcohol intoxication is
usually based on the clinical picture rather
than solely on BAC value.

Alcohol intoxication and the
presentation and management of
head injury
TBI presentation, management and prognosis
depend on a variety of factors, including the following: (1) the mechanism of injury i.e. penetrating, or closed head injury; (2) the severity of
primary insults, such as diﬀuse axonal injury,
intracranial haematomas and haemorrhage, or
contusion. Which are usually detected by computed tomography (CT) scans of the head; (3)
the presence of secondary insults such as hypotension and hypoxia; (4) the severity of coma
associated with it, usually assessed by the GCS
score. While several modiﬁcations have been
suggested, the GCS score, ﬁrst introduced by
Teasdale and Jennett in 1974, remains the standard for objectively assessing the severity of
TBI. Based on the GCS score, TBI is classiﬁed
into mild (GCS 13–15), moderate (GCS 9–12)
and severe (GCS 8 or less) (Valadka, 2000).
The GCS score, particularly its motor component, correlates with survival and functional
outcome. Addition of information about age,
pupil reactivity, CT scan ﬁndings and the presence of secondary insults and other systemic
injuries signiﬁcantly improve the prediction reliability of the initial GCS score (Murray et al.,
2007; Steyerberg et al., 2008).
However, the GCS score can be unreliable if
the patient has been sedated or paralyzed in the
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ﬁeld to facilitate intubation and the verbal score
cannot be assessed in intubated patients (Shahin
et al., 2010).
Teasdale and Jennett postulated 3 years after
their score’s description; that the most reliable
GCS score is done 6 h after the onset of the
comatose state (Jennett et al., 1977). This time
interval was chosen to stabilize the vital signs of
patients and avoid temporary factors that can
cloud consciousness, such as hypoxemia, hypotension and alcohol. This does not necessarily
mean that obtaining a GCS score before 6 h is
not helpful, but rather that scores obtained
under a certain BAC, for example, should be
documented the same way, a lack of the verbal
component of the GCS score is documented in
an intubated patient. One GCS score gives a
snap shot of the patient’s consciousness at a
certain point, but decision making usually
relies on a series of scores to determine deterioration, stability, or improvement. Some studies
report that intoxicated head-injured patients’
GCS score improves rapidly in a period of
time that coincide with alcohol metabolism
and elimination (Jagger et al., 1984; Shahin
et al., 2010).
Guidelines for the management of headinjured patients specify numerous clinical
decisions that have to be made rapidly and are
contingent on the presence of predictor variables
that identify at risk population. These variables
when present are predictive of the presence of a
clinically important brain injury (Vos et al.,
2002). The variables include conditions that
are not aﬀected by intoxication such as: the presence of focal neurologic deﬁcits and post injury
seizures, patients with bleeding disorders and/or
using blood thinners and anticoagulants, the
presence of skull fractures or clinical signs that
indicate skull fractures, age below 2 years and
above 60, high-energy accidents and persistent
headache. But more importantly, they include:
loss of consciousness whether transient or consistent i.e. GCS score less than 15, post traumatic amnesia, vomiting that is persistent after
the injury and irritability and/or abnormal
behaviour. The later are signs that are very

common with intoxicated patients with or without head injury. Some guidelines have included
alcohol intoxication as one of these variables
that should draw attention to the possibility of
a clinically signiﬁcant and a complicated brain
injury (NIH, 2007). Critical decisions about
head-injured patients’ transport, admission,
intubation, observation, CT scanning, surgical
intervention, etc. are all dependant on the presence of loss consciousness and the patient’s GCS
score (NIH, 2007). Unfortunately, alcohol
intoxication can confound both the diagnosis
of brain injury as well as the classiﬁcation of
the seriousness of the injury.
It is diﬃcult to imagine all the clinical scenarios where alcohol intoxication can complicate
the decision-making process in TBI patients;
however, these are some examples.
When the brain injury is mild, signs of alcohol intoxication can mimic TBI and confuse the
diagnosis. An intoxicated patient might not be
able to give accurate history. Confusion, amnesia, dizziness, nausea, vomiting and headache,
can be easily interpreted as symptoms of mild
TBI (Menon et al., 2010). With more severe
degrees of brain injury, intoxication can lead
to miscategorization of the severity of the
injury. When the clinical picture suggests
the presence of severe brain injury, where management includes invasive procedures such as
intracranial pressure (ICP) monitoring, or
where surgical evacuation of intracranial haemorrhage is more likely indicated, the contribution of alcohol intoxication to the impairment of
consciousness is a critical judgement. For example, the current guidelines for management of
severe TBI recommend ICP monitoring for
patients with GCS score 3–8, who have abnormal CT scan ﬁndings (Bratton et al., 2007). If
alcohol intoxication confounds the initial neurological examination, a patient who has mild or
moderate brain injury may transiently have a
GCS score <8. Such patients, however, will rapidly improve, and do not require ICP monitoring. The clinical judgement here is to distinguish
such patients from one who truly has severe
brain injury but also is intoxicated.
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Indications for surgical management of
certain traumatic haematomas, such as small
epidural and subdural haematomas, are diﬀerent
for patients with GCS < 8 (Bullock et al., 2006).
With more severe impairment of the neurological status, surgical evacuation is more likely to
be recommended. When alcohol confounds the
initial neurological examination, the decision
can be more diﬃcult. The severity of the CT
scan ﬁndings, the nature of the brain injury, as
well as, changes in the neurological examination
during the ﬁrst few hours after injury are important factors in making these distinctions.
In summary, the current approach to patients
with TBI is rapid transportation, early intubation, prompt resuscitation, early CT scanning,
immediate evacuation of intracranial mass
lesions if indicated and aggressive intensive
care management. These methods have helped
in improving mortality rates in patients with
severe TBI (Marshall et al., 1991). Because of
the gravity of the clinical sequellae for delayed
intervention in TBI, it is recommended not to
delay any assessment or treatment intervention
even if alcohol is suspected or detected.

Chronic alcoholism and head
injury
Cunningham et al. (2002) reported that persons
involved in motor vehicle accidents having
tested positive for alcohol were approximately
twice as likely to have more severe CT scan
lesions, than those who tested negative for alcohol. Others found that alcohol abuse before the
injury, rather than alcohol intoxication levels at
the time of injury, had a signiﬁcant eﬀect on the
severity of intracranial injuries (Andelic et al.,
2010). Some explain this by the fact that chronic
intoxication can lead to serious and persistent
changes in the brain. This damage may be a
result of the direct eﬀects of alcohol on the
brain or may result indirectly, from a poor general health status or from severe liver disease.
Researchers have not found conclusive evidence
that any one variable is solely responsible for the
brain deﬁcits found in alcoholics. Characterizing

what makes some alcoholics vulnerable to brain
damage whereas others are not remains the subject of active research (Oscar-Berman and
Marinkovic, 2003).
Furthermore, the statistics establish a very
solid link between increased alcohol consumption prior to head injury and the increased
incidence of injury. More and more data are
now emerging on the post injury incidence of
substance abuse especially alcohol and chronic
alcoholism. Most of the data suggest that at
least, the pattern of intoxication does not
really change post injury. In places where post
head injury rehabilitation focused on alcohol
abstinence completely or for a period of time,
there is marked decrease in alcohol consumption. However, long-term surveys show return
after 1 year (Ponsford et al., 2007). These data
are consistent with previous data that reinforces
the evidence that pre-injury alcohol intoxication
is highly predictive of post-injury abuse
(Kreutzer et al., 1996; Bombardier et al., 2003).
A small percentage of the patients with no prior
alcohol problems develop problems post injury
(Ponsford et al., 2007). The obvious reasons for
these results are the numerous psychological,
behavioural and cognitive complications associated with post TBI recovery, however, the
research has not been able to pin point TBI
itself (rather than disability in general) as the
cause of these problems (Bjork and Grant,
2009). What is clear is that alcohol abuse complicates head injury and head injury rehabilitation and renders the patient vulnerable for
possible further head injury.

Alcohol as a treatment of head
injury
The science is not yet complete on the issue of
whether alcohol is neuroprotective after brain
injury. Some animal studies have reported that
alcohol has neuroprotective properties either
alone or in combination with caﬀeine (Kelly
et al., 1997; Janis et al., 1998; Strong et al.,
2000; Dash et al., 2004; Tureci et al., 2004).
This is thought to be mainly a result of
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inhibition of N-methyl D-aspartate-mediated
excitotoxicity (Chandler et al., 1993). Pre- or
early post injury administration of ethanol had
also demonstrated reduced intracellular calcium
accumulation, hyperglycolysis, lesion size
and improved functional recovery (Inglis et al.,
1990; Shapira et al., 1990; Kawamata et al.,
1992). These eﬀects were not unique to alcohol
but rather to any substance that inhibits
N-methyl D-aspartate-mediated excitotoxicity.
In both animal and clinical studies, higher
doses of ethanol had many adverse eﬀects on
the central nervous system injury including:
depressed haemodynamics and respiratory centres resulting in cerebral ischemia, (Kelly, 1995)
decreasing regional cerebral blood ﬂow, (Altura
et al., 1983; Baughman et al., 1990) impairment
of blood brain barrier function, with formation
of brain oedema, (Persson and Rosengren, 1977;
Brodner et al., 1981; Yamakami et al., 1995)
impairment of platelet function and posttraumatic coagulopathy, (Elmer et al., 1984) and formation of free radicals (Flamm et al., 1977).

Documentation of alcohol
intoxication after head injury
Although alcohol intoxication can confound the
early neurological assessment of head-injured
patients, it is important to note that the WHO
study that involved 12 countries around the
world found that there was no routine recording
of alcohol within each of the participating study
centres. Whatever collection and recording of
information there was, was arbitrary and therefore widely variable (WHO, 2007). This included
failure to record alcohol intoxication whether
clinically assessed, or through questionnaires,
or using the most reliable methods such as
breathalyzers and BAC. This reluctance to document intoxication has been seen in previous
studies in the United States (Maull et al., 1984;
Soderstrom and Cowley, 1987; Simel and
Feussner, 1988; Chang and Astrachan, 1988).
The reasons cited are usually fears of legal
and social implications of labelling a patient
intoxicated and also due to the fear of the

consequences of under treatment, i.e. assuming
that the patient is intoxicated might lead to the
assumption that this is his/her only medical
problem or delaying treatment till alcohol is
metabolized. While cases of under treatment
had been reported (Golan et al., 2007), recent
research has found that over treatment is much
more common (Harr et al., 2011).
Documenting intoxication with head injury
is important for several reasons: (1) it is important to document under which circumstances
the patient’s consciousness was evaluated, the
same way it is indicated whether the GCS
score was done under the eﬀects of sedation,
intubation, etc; (2) identifying intoxicated
patients whether for early intervention to ameliorate alcohol addiction or to reduce the incidence of long-term disability associated with
TBI and alcoholism is worthwhile; (3) not testing can mean missing life threatening conditions
such as acute alcohol intoxication.
Some of the possible recommendations to
establish consistency in accurate documentation
is as follows: (1) ongoing training for emergency
department staﬀs to raise awareness of the
extent to which alcohol misuse and harmful
use is contributing to the health of patients; (2)
development of clinical practice guidelines for
the emergency departments to ensure the routine
documentation of alcohol involvement, and feed
back about the usefulness and reliability of data
collected.
Research in the ﬁeld of early biomarkers
for TBI could also be useful in identifying such
cases rapidly and independently of any
confounding substances. One attempt to use
S100B levels was unsuccessful (Lange et al.,
2010). Future research may be more successful.

Conclusions
Alcohol is a major predisposing factor for head
injury. Understanding the short- and long-term
eﬀects of alcohol intoxication on the brain and
its implications on head injury is important in
the management of TBI.

Downloaded from tra.sagepub.com at PENNSYLVANIA STATE UNIV on September 15, 2016

XML Template (2012)
K:/TRA/TRA 434382.3d

[7.2.2012–6:05pm]
(TRA)

[1–10]
[PREPRINTER stage]

Shahin and Robertson

7

Funding
This research received no speciﬁc grant from any
funding agency in the public, commerical, or notfor-proﬁt sectors.

References
Altura BM, Altura BT and Gebrewold A (1983)
Alcohol-induced spasms of cerebral blood vessels:
relation to cerebrovascular accidents and sudden
death. Science 220: 331–333.
Andelic N, Jerstad T, Sigurdardottir S, Schanke AK,
Sandvik L and Roe C (2010) Effects of acute
substance use and pre-injury substance abuse on
traumatic brain injury severity in adults admitted
to a trauma centre. The Journal of Trauma
Management and Outcomes 4: 6.
Andelic N, Sigurdardottir S, Brunborg C and Roe C
(2008) Incidence of hospital-treated traumatic
brain injury in the Oslo population. Neuroepidemiology 30: 120–128.
Baughman VL, Hoffman WE, Thomas C, Miletich
DJ and Albrecht RF (1990) Hypothermia versus
ethanol: neurologic outcome after incomplete cerebral ischemia in midazolam-anesthetized rats.
Journal of Neurosurgical Anesthesiology 2:
290–295.
Bjork JM and Grant SJ (2009) Does traumatic brain
injury increase risk for substance abuse? Journal of
Neurotrauma 26: 1077–1082.
Blondell RD, Looney SW, Krieg CL and Spain DA
(2002) A comparison of alcohol-positive and alcohol-negative trauma patients. Journal of Studies on
Alcohol 63: 380–383.
Bombardier CH, Temkin NR, Machamer J and
Dikmen SS (2003) The natural history of drinking
and alcohol-related problems after traumatic brain
injury. Archives of Physical Medicine and
Rehabilitation 84: 185–191.
Bratton SL, Chestnut RM, Ghajar J, Mcconnell
Hammond FF, Harris OA, Hartl R, et al (2007)
Guidelines for the management of severe traumatic brain injury. VI. Indications for intracranial
pressure monitoring. Journal of Neurotrauma
24(Suppl 1): S37–S44.
Brickley MR and Shepherd JP (1995) The relationship between alcohol intoxication, injury severity
and Glasgow Coma Score in assault patients.
Injury 26: 311–314.
Brismar B, Engstrom A and Rydberg U (1983) Head
injury and intoxication: a diagnostic and

therapeutic dilemma. Acta Chirugica Scandinavica
149: 11–14.
Brodner RA, Van Gilder JC and Collins Jr WF (1981)
Experimental spinal cord trauma: potentiation by
alcohol. The Journal of Trauma 21: 124–129.
Bullock MR, Chesnut R, Ghajar J, Gordon D, Hartl
R, Newell DW, et al (2006) Surgical management
of acute epidural and subdural hematomas.
Neurosurgery 58: S7–S24; discussion Si–Siv.
Chandler LJ, Sumners C and Crews FT (1993)
Ethanol inhibits NMDA receptor-mediated excitotoxicity in rat primary neuronal cultures.
Alcoholism: Clinical and Experimental Research
17: 54–60.
Chang G and Astrachan BM (1988) The emergency
department surveillance of alcohol intoxication
after motor vehicle accidents. The Journal
of the American Medical Association 260:
2533–2536.
Coronado V, Xu L, Basavaraju S, Mcguire L, Wald
M, Faul M, et al. (2011) Surveillance for trumatic
brain injury related deaths United States, 19972007. Morbidity and Mortality Weekly Report.
Atlanta, GA: Centers for Disease Control and
Prevention,
National
Center
for
Injury
Prevention and Control.
Cunningham RM, Maio RF, Hill EM and Zink BJ
(2002) The effects of alcohol on head injury in the
motor vehicle crash victim. Alcohol and Alcoholism
37: 236–240.
Dash PK, Moore AN, Moody MR, Treadwell R,
Felix JL and Clifton GL (2004) Post-trauma
administration of caffeine plus ethanol reduces
contusion volume and improves working memory
in rats. Journal of Neurotrauma 21: 1573–1583.
DOH (2001). Hospital episode statistics 2000–2001.
London, England: Department of Health.
Elmer O, Goransson G and Zoucas E (1984)
Impairment of primary hemostasis and platelet
function after alcohol ingestion in man.
Haemostasis 14: 223–228.
Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S and
Murray CJ (2002) Selected major risk factors and
global and regional burden of disease. Lancet 360:
1347–1360.
Faul M, Xu L, Wald MM and Coronado V (2010)
Emergency department visits, hospitalizations, and
deaths, 2002–2006. Traumatic brain injury in the
United States. Atlanta, GA: Centers for Disease
Control and Prevention, National Center for
Injury Prevention and Control.

Downloaded from tra.sagepub.com at PENNSYLVANIA STATE UNIV on September 15, 2016

XML Template (2012)
K:/TRA/TRA 434382.3d

[7.2.2012–6:06pm]
(TRA)

[1–10]
[PREPRINTER stage]

8

Trauma 0(0)

Field JH (1976) Epidemiology of head injuries in
England and Wales: with particular application to
rehabilitation. London: H.M.S.O.
Flamm ES, Demopoulos HB, Seligman ML,
Tomasula JJ, De Crescito V and Ransohoff J
(1977) Ethanol potentiation of central nervous
system trauma. Journal of Neurosurgery 46:
328–335.
Galbraith S, Murray WR, Patel AR and Knill-Jones
R (1976) The relationship between alcohol and
head injury and its effect on the conscious level.
British Journal of Surgery 63: 128–130.
Golan JD, Marcoux J, Golan E, Schapiro R,
Johnston KM, Maleki M, et al (2007) Traumatic
brain injury in intoxicated patients. The Journal of
Trauma 63: 365–369.
Harr ME, Heskestad B, Ingebrigtsen T, Romner B,
Ronning P and Helseth E (2011) Alcohol consumption, blood alcohol concentration level and
guideline compliance in hospital referred patients
with minimal, mild and moderate head injuries.
Scandinavian Journal of Trauma, Resuscitation
and Emergency Medicine 19: 25.
Hurley T, Edenberg H and Li T (2002) Pharmacogenomics of alcoholism. In: Licinio J and Wong
M (eds) Pharmacogenomics. Weinheim, Germany:
Wiley-VCH, 417–441.
Huth JF, Maier RV, Simonowitz DA and Herman
CM (1983) Effect of acute ethanolism on the
hospital course and outcome of injured
automobile drivers. The Journal of Trauma 23:
494–498.
Inglis FM, Bullock R, Chen MH, Graham DI, Miller
JD and Mcculloch J (1990) Ischaemic brain
damage associated with tissue hypermetabolism
in acute subdural haematoma: reduction by a
glutamate antagonist. Acta Neurochirurgica.
Supplementum (Wien) 51: 277–279.
Jagger J, Fife D, Vernberg K and Jane JA (1984)
Effect of alcohol intoxication on the diagnosis
and apparent severity of brain injury.
Neurosurgery 15: 303–306.
Janis LS, Hoane MR, Conde D, Fulop Z and Stein
DG (1998) Acute ethanol administration reduces
the cognitive deficits associated with traumatic
brain injury in rats. Journal of Neurotrauma 15:
105–115.
Jennett B, Teasdale G, Galbraith S, Pickard J, Grant
H, Braakman R, et al (1977) Severe head injuries
in three countries. Journal of Neurology,
Neurosurgery and Psychiatry 40: 291–298.

Kawamata T, Katayama Y, Hovda DA, Yoshino A
and Becker DP (1992) Administration of excitatory amino acid antagonists via microdialysis
attenuates the increase in glucose utilization seen
following concussive brain injury. Journal of
Cerebral Blood Flow and Metabolism 12: 12–24.
Kelly DF (1995) Alcohol and head injury: an issue
revisited. Journal of Neurotrauma 12: 883–890.
Kelly DF, Lee SM, Pinanong PA and Hovda DA
(1997) Paradoxical effects of acute ethanolism in
experimental brain injury. Journal of Neurosurgery
86: 876–882.
Kerr TA, Kay DW and Lassman LP (1971)
Characteristics of patients, type of accident, and
mortality in a consecutive series of head injuries
admitted to a neurosurgical unit. British Journal
of Preventive and Social Medicine 25: 179–185.
Kreutzer JS, Witol AD and Marwitz JH (1996)
Alcohol and drug use among young persons with
traumatic brain injury. Journal of Learning
Disability 29: 643–651.
Lange RT, Brubacher JR, Iverson GL, Procyshyn
RM and Mitrovic S (2010) Differential effects of
alcohol intoxication on S100B levels following
traumatic brain injury. The Journal of Trauma
68: 1065–1071.
Lieber CS (1991) Hepatic, metabolic and toxic effects
of ethanol: 1991 update. Alcoholism: Clinical and
Experimental Research 15: 573–592.
Macewen W (1879) The diagnosis of alcoholic coma.
The Glasgow Medical Journal 1: 1–14.
Marco CA and Kelen GD (1990) Acute intoxication.
Emergency Medicine Clinics of North America 8:
731–748.
Marshall LF, Gautille T, Klauber MR, Eisenberg
HM, Jane JA, Luerssen TG, et al (1991) The outcome of severe closed head injury. Neurosurgery
75: S28–S36.
Maull KI, Kinning LS and Hickman JK (1984)
Culpability and accountability of hospitalized
injured alcohol-impaired drivers. A prospective
study. The Journal of the American Medical
Association 252: 1880–1883.
Menon DK, Schwab K, Wright DW and Maas AI
(2010) Position statement: definition of traumatic
brain injury. Archives of Physical Medicine and
Rehabilitation 91: 1637–1640.
Moskowitz H and Fiorentino D. (2000) A review
of the literature on the effects of low doses of
alcohol on driving-related skills. Report No. HS809-028. Washington, DC: US Department of

Downloaded from tra.sagepub.com at PENNSYLVANIA STATE UNIV on September 15, 2016

XML Template (2012)
K:/TRA/TRA 434382.3d

[7.2.2012–6:06pm]
(TRA)

[1–10]
[PREPRINTER stage]

Shahin and Robertson

9

Transportation, National Highway Traffic Safety
Administration.
Murray GD, Butcher I, Mchugh GS, Lu J,
Mushkudiani NA, Maas AI, et al (2007)
Multivariable prognostic analysis in traumatic
brain injury: results from the IMPACT study.
Journal of Neurotrauma 24: 329–337.
Nath FP, Beastal G and Teasdale GM (1986) Alcohol
and traumatic brain damage. Injury 17: 150–153.
NIH (2007). Head injury: triage, assessment, investigation and early management of head injury in
infants, children and adults. London: National
Collaborating Centre for Acute Care.
Oscar-Berman M and Marinkovic K (2003)
Alcoholism and the brain: an overview. Alcohol
Research and Health 27: 125–133.
Parkinson D, Stephensen S and Phillips S (1985)
Head injuries: a prospective, computerized study.
Canadian Journal of Surgery 28: 79–83.
Persson L and Rosengren L (1977) Increased bloodbrain barrier permeability around cerebral stab
wounds, aggravated by acute ethanol intoxication.
Acta Neurologica Scandinavica 56: 7–16.
Ponsford J, Whelan-Goodinson R and Bahar-Fuchs
A (2007) Alcohol and drug use following traumatic brain injury: a prospective study. Brain
Injury 21: 1385–1392.
Pories SE, Gamelli RL, Vacek P, Goodwin G,
Shinozaki T and Harris F (1992) Intoxication
and injury. The Journal of Trauma 32: 60–64.
Rutherford WH (1977) Diagnosis of alcohol ingestion
in mild head injuries. Lancet 1: 1021–1023.
Rutland-Brown W, Langlois JA, Thomas KE and Xi
YL (2006) Incidence of traumatic brain injury in
the United States, 2003. The Journal of Head
Trauma Rehabilitation 21: 544–548.
Shahin H, Gopinath SP and Robertson CS (2010)
Influence of alcohol on early Glasgow Coma
Scale in head-injured patients. The Journal of
Trauma 69: 1176–1181, discussion 1181.
Shapira Y, Yadid G, Cotev S, Niska A and Shohami
E (1990) Protective effect of MK801 in experimental brain injury. Journal of Neurotrauma 7:
131–139.
Simel DL and Feussner JR (1988) Blood alcohol measurements in the emergency department: who
needs them? The American Journal of Public
Health 78: 1478–1479.
Sloan EP, Zalenski RJ, Smith RF, Sheaff CM, Chen
EH, Keys NI, et al (1989) Toxicology screening in
urban trauma patients: drug prevalence and its

relationship to trauma severity and management.
The Journal of Trauma 29: 1647–1653.
Soderstrom CA and Cowley RA (1987) A national
alcohol and trauma center survey. Missed opportunities, failures of responsibility. Archives of
Surgery 122: 1067–1071.
Sperry JL, Gentilello LM, Minei JP, Diaz-Arrastia
RR, Friese RS and Shafi S (2006) Waiting for
the patient to ‘sober up’: effect of alcohol intoxication on Glasgow Coma Scale score of brain
injured patients. The Journal of Trauma 61:
1305–11.
Steyerberg EW, Mushkudiani N, Perel P, Butcher I,
Lu J, Mchugh GS, et al. (2008) Predicting outcome
after traumatic brain injury: development and
international validation of prognostic scores
based on admission characteristics. PLoS
Medicine 5: e165; discussion e165.
Strong R, Grotta JC and Aronowski J (2000)
Combination of low dose ethanol and caffeine
protects brain from damage produced by
focal ischemia in rats. Neuropharmacology 39:
515–522.
Stuke L, Diaz-Arrastia R, Gentilello LM and Shafi S
(2007) Effect of alcohol on Glasgow Coma Scale in
head-injured patients. Annals of Surgery 245:
651–655.
Tagliaferri F, Compagnone C, Korsic M and Kraus J
(2008) A systemic review of brain injury epidemiology in Europe. Acta Neurochirurgica 148:
255–268.
Teasdale G and Jennett B (1974) Assessment of coma
and impaired consciousness. A practical scale.
Lancet 2: 81–84.
Tien HC, Tremblay LN, Rizoli SB, Gelberg J,
Chughtai T, Tikuisis P, et al (2006) Association
between alcohol and mortality in patients with
severe traumatic head injury. Archives of Surgery
141: 1185–1191; discussion 1192.
Tureci E, Dashti R, Tanriverdi T, Sanus GZ, Oz B
and Uzan M (2004) Acute ethanol intoxication in
a model of traumatic brain injury: the protective
role of moderate doses demonstrated by immunoreactivity of synaptophysin in hippocampal neurons. Neurological Research 26: 108–112.
Valadka A (2000) Injury to the cranium. In: Mattox
KF and Moore EE (eds) Trauma, 4th ed.
New York: McGraw-Hill, pp.377–399.
Vos PE, Battistin L, Birbamer G, Gerstenbrand F,
Potapov A, Prevec T, et al (2002) EFNS guideline
on mild traumatic brain injury: report of an EFNS

Downloaded from tra.sagepub.com at PENNSYLVANIA STATE UNIV on September 15, 2016

XML Template (2012)
K:/TRA/TRA 434382.3d

[7.2.2012–6:06pm]
(TRA)

[1–10]
[PREPRINTER stage]

10

Trauma 0(0)

task force. European Journal of Neurology 9:
207–219.
Ward RE, Flynn TC, Miller PW and Blaisdell WF
(1982) Effects of ethanol ingestion on the severity
and outcome of trauma. The American Journal of
Surgery 144: 153–157.
WHO (2002). The world health report 2002: reducing
risks, promoting healthy life. Geneva: World
Health Organization.

WHO (2007). World health organization collaborative
study on alcohol and injuries: final report. Geneva:
World Health Organization.
Yamakami I, Vink R, Faden AI, Gennarelli TA,
Lenkinski R and Mcintosh TK (1995) Effects of
acute ethanol intoxication on experimental brain
injury in the rat: neurobehavioral and phosphorus31 nuclear magnetic resonance spectroscopy studies. Journal of Neurosurgery 82: 813–821.

Downloaded from tra.sagepub.com at PENNSYLVANIA STATE UNIV on September 15, 2016

