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Abstract

Introduction The purpose of this study was to investigate the effects of alcohol intoxication in trauma patients in regard to
its impact on application of computed tomography (CT) and associated radiation exposure.

Methods We conducted a retrospective study from a continuous patient cohort. Inclusion criteria: admission to the emergency
room of an urban Level 1 trauma center with trauma team activation during a 12-month period (Jan Ist—Dec 31st 2012).
Patients with incomplete data, age < 12 years and with neurological diseases were excluded. Demographics, mechanisms,
severity and patterns of injury (Abbreviated Injury Scale, Injury Severity Score, Glasgow Coma Scale), blood alcohol con-
centration (BAC, in permille, %o), imaging studies (head/whole body CT), radiation exposure, and hospital length of stay,
surgical procedures and mortality were evaluated with SPSS statistics (Version 25, IBM Inc., Armonk, New York).
Results A positive BAC (mean 1.80+0.767) was reported in 19.2% (n=41/214) of the cohort. Alcohol intoxication was
associated with higher utilization of head CT (65.9 vs. 46.8%, p=0.017) and radiation exposure (231.75 vs. 151.25 mAS,
p=0.045; dose-length product, 583.03 vs. 391.04, p=0.006). In general, the presence of alcohol was associated with over-
triage (p=0.001), despite minor injury severity (ISS <9) and a comparable rate of head injuries (p =0.275). Head injury
(AIS >3) and positive BAC (OR 2.34, 95% CI 1.096-5.001) were identified as strongest independent predictors for head CT.
Conclusion Alcohol intoxication is a common finding in trauma patients, and the rate of moderate and serious head injuries
seems to be comparable to a more severely injured control group. Furthermore, head CT utilization in intoxicated patients
is associated with significant radiation exposure, despite poor image quality, due to motion artifacts (27%). Future strate-
gies are required to exclude head injuries safely, while reducing the rate of head CT and associated radiation exposure in
intoxicated patients.
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TBI Traumatic brain injury
WBCT Whole body computed tomography

Introduction

Traumatic brain injury (TBI) has been described as
major risk factor for mortality and permanent disability
in trauma patients [6]. The symptoms of significant head
injury involve disorientation, confusion, and impairment
of memory functions or even loss of consciousness, among
others. Furthermore, nausea and vomiting are common
presentations, impeding the clinical differentiation over
alcohol intoxication [9, 18, 24, 30]. Recent studies also
suggest that there is a rising number of “found down”
patients in emergency departments, who present with
an impaired level of consciousness after traumatic and/
or nontraumatic illness, therefore, requiring resource and
cost-intensive clinical and diagnostic workup by medical
and trauma services [11, 14, 15].

The blood alcohol concentration (BAC) is a common
parameter used to assess the recent alcohol exposure in
emergency patients, and elevated BAC values have been
described for a significant proportion of acutely admitted
trauma patients [2, 4, 20, 21, 24, 31]. Rau et al. evaluated
alcohol-related hospital admissions of trauma patients
in Southern Taiwan and identified less severe injuries in
patients who consumed alcohol. Furthermore, the authors
describe a low percentage of positive findings in head CT
[21].

While the classical objective in trauma care is to estab-
lish rapid and accurate diagnosis of all injuries [1], this
paradigm is especially challenging in intoxicated trauma
patients, because of the underlying nontraumatic and trau-
matic causes of the neurological impairment.

The intoxicated trauma patient represents a unique
clinical dilemma, because immediate CT imaging would
be required to rule out structural brain damage; however,
it exposes especially young patients to significant harmful
radiation, with an increased long-term burden for malig-
nancies [8, 12, 13, 16, 17].

Inaba et al. evaluated a continuous series of patients
admitted to a Level 1 trauma center during 2002 and
2007 and reported a significant increase in the use of both
CT and plain radiographs in the management of trauma
patients. While the authors found a significantly higher
radiation exposure, there were no demonstrable improve-
ments in the diagnosis of missed injuries, mortality, or
length of stay [12].

The increased radiation exposure without clinical ben-
efits represents a threat to patient safety and implies a fur-
ther evaluation of the dilemma, to reduce the avoidable
burden of radiation exposure and potentially associated
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malignant diseases. We hypothesized that many admis-
sions to the trauma service in an urban environment fea-
ture positive BAC values, and that increased CT utiliza-
tion is associated with an increased radiation exposure.
Furthermore, we evaluated the impact of head trauma and
alcohol intoxication as independent predictors for head
CT utilization.

Patients and methods

A retrospective review of a continuous patient cohort was
conducted. Inclusion criteria: admission to the emergency
room of an urban Level 1 trauma center with trauma team
activation during a 12-month period (Jan—Dec 2012). The
following mechanisms of injury were defined: (1) motor
vehicle accident, (2) motorcycle accident, (3) bicycle acci-
dent, (4) high fall (>3 m), (5) low fall (<3 m), (6) penetrat-
ing trauma, (7) other mechanisms. Patients with incomplete
data, age < 12 years, delayed transfers (incorrect BAC val-
ues) and patients with neurological diseases (e.g., seizures,
n=23) were excluded. Demographic data, injury severity and
patterns of injury were analyzed using objective score sys-
tems (Abbreviated Injury Scale, Injury Severity Score, Glas-
gow Coma Scale). The blood alcohol concentration (BAC,
in permille, %o), radiologic imaging studies (head/whole
body CT), associated radiation exposure [milliampere sec-
onds (mAS); dose length product (DLP)] were documented.
The CT imaging studies were performed with a SOMATOM
Definition Flash (Siemens, Forchheim, Germany). The dose
length product (DLP, in mGy*cm) was recorded for each
CT scan. The DLP value was used to estimate the effec-
tive radiation dose. Furthermore, the hospital length of stay
(LOS) and mortality rate were evaluated.

Statistical analysis

Categorical data were presented as frequencies and percent-
ages. Metric variables were reported as means and standard
deviation (SD). The Chi-square or Fisher’s exact test was
used for comparison of categorical variables, and Student’s
t or Mann—Whitney U test was applied for metric variables.
Logistic regression analysis was performed to elucidate the
possible impact of various risk factors for obtaining a head
CT. Differences were considered statistically significant at
p <0.05. The analyses were performed with SPSS for Win-
dows (Version 25, IBM Inc., NY, USA).
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Table 1 Demographic data Table 3 Patterns of injury (AIS>2)
Parameter Alcohol n=41 No alcoholn=173 p value Parameter Alcohol No alcohol p value
Sex (male, %) 82.9% (34) 74% (138) 0.023 Head % (n) 41.5% (17) 35.8% (62) 0.31
Age (years; 40.5 (+18.9) 45 (+20.9) 0.451 Face % (n) 9.8% (4) 6.9% (12) 0.37
mean + SD) Neck % (n) 2.4% (1) 2.9% (5) 0.68
ISS (points, 8.6 (+88)  12.2(+12.6) 0.008 Chest % (n) 17.1% (7) 26.6% (46)  0.14
mean  SD) . . v Abdomen % (n) 0% (0) 9.8%(17)  0.023
ISS>16 Pomts, o (n) 17.1% (7) 32.4% (56) 0.058 Spine % () 14.6% (6) 15.6% (27) 055
Ngfal(lpf‘s“g)’ 10.7=x10.1)  148(x152) 0007 Upper extremities % (n) ~ 24.4% (10)  17.3%(30) 020
GCS (points, 123(£39)  11.2(+5.3) >0.001  Felvis%(m N 4.9% () 12.1% @ 0.14
mean + SD) Lower extremities % (n) 2.4% (1) 18.5% (32) 0.005
GCS <9 points, % (1) 13.2% (5) 29.3% (49) 0.043 Soft-tissues % (n) 2.4% (1) 0.6% (1) 0.35
Statistically significant values are in bold Statistically significant values are in bold
Table 4 CT imaging and radiation exposure
Results Parameter Alcohol No alcohol p value
This study includes 214 consecutive trauma patients, in H?ad CE ESC];) per-  65.9% (27) 46.8% (81) 0.017
.. . orme N
whom a positive BAC (mean 1.80+0.767) was reported in ’
. . .. CCT mAS 630.30 426.58 0.023
19.2% (n=41/214). The mean age of patients with positive
. . DLP 250.54 165.00 0.035
BAC was 40.5 years and 45 years for patients with nega- )
Negative CCT* 9.8% (4) 8.7% (15) 0.513

tive BAC. However, the higher incidence of younger indi-
viduals in the intoxicated group was not found statistically
significant (Table 1). The majority of both patients groups
were male, and positive BAC was significantly associated
with male patients. In patients without alcohol intoxica-
tion, the mean ISS was increased, and the GCS decreased
significantly. The leading mechanisms of injury (Table 2)
in alcohol-intoxicated patients were low falls (46.3%) and
penetrating injuries (19.5%), both tested statistically signifi-
cant. Positive BAC was less frequently detected in motor
vehicle drivers and motorcycle riders. There were no sig-
nificant differences in the rate of bicycle accidents, struck
pedestrians and high falls. In summary, intoxicated patients
were involved in fall-related mechanisms in more than 60%,
and BAC-negative patients were involved in traffic-related
accidents in over 70%.

Except for abdominal and lower extremity injuries, no sta-
tistically significant differences were found in the anatomic

Statistically significant values are in bold

*No structural injury detected

distribution of injuries (Table 3). Both body regions were
more often affected in non-intoxicated individuals.

In total, 91 head CT and 84 whole body CT studies were
evaluated radiographically and with respect to the associated
radiation dose (Table 4). Despite a comparable rate of head
injuries, cranial CT was more often performed in alcohol-
intoxicated patients (65.9 vs. 46.8%, p=0.017). Head CT
studies without any pathologic findings were with observed
comparable frequency in both main groups (9.8 vs. 8.7%,
p=0.513).

When effective radiation doses were calculated, we
identified an increased exposure in BAC-positive patients
(250.54 vs. 165 DLP, p=0.035). Whole body CT was less
frequently performed in BAC-positive patients (22.0 vs.
43.4%, p=0.013).

Table 2 Mechanisms of injury

Parameter Alcohol n=41 No alcohol n=173  Total n=214  p value
Motor vehicle crash (MVC), % (n) 4.9% (2) 30.6% (53) 25.7% (55) <0.001
Motorcycle crash (MCC), % (n) 7.3% (3) 28.3% (49) 24.3% (52) 0.004
Bicycle accident, % (n) 4.9% (2) 13.3% (23) 11.7% (25) 0.178
Pedestrian struck, % (n) 4.9% (2) 4.0% (7) 4.2% (9) 0.683
High fall (>3 m), % (n) 17.1% (7) 14.5% (25) 15.0% (32) 0.633
Low fall (<3 m), % (n) 46.3% (19) 14.5% (25) 20.6% (44) <0.001
Penetrating trauma, % (n) 19.5% (8) 7.5% (13) 9.8% (21) 0.036
Other blunt trauma, % (n) 12.2% (5) 5.2% (9) 6.5% (14) 0.151

Statistically significant values are in bold
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In the intoxicated patient cohort, a significant proportion
of head CT scans (n=10) was of limited diagnostic value
due to motion artifacts (27%). Furthermore, 27 scans had no
therapeutic consequences or identified injuries, which would
have been potentially detectable also by an accurate and
thorough physical exam (7 external hematomas, 1 nasal bone
fracture; 2 orbital fractures, 1 zygomatic arch fracture, and
1 unstable mandibula fracture, 1 complex midface injury).
There were five cases with TBI in the intoxicated patient
cohort, including one mild subarachoidal bleeding requiring
no surgical treatment, three epidural hematomas (8%) requir-
ing immediate surgical evacuation and one TBI with brain
swelling and skull fracture requiring emergent craniotomy.
Patients requiring emergency neurosurgical interventions all
presented either with aphasia, recurrent vomiting, anisocoria
or presented with a loss of consciousness at admission. The
CT scans that included the spine also identified one odontoid
fracture (2.7%), one C3 fracture (2.7%) with vertebral artery
injury (VAI), and two thoracic spine fractures, including one
unstable Th-7 Chance type fracture.

No significant differences were found in terms of surgi-
cal treatment or in-hospital mortality (Table 5). Finally, a
logistic regression analysis was performed to identify predic-
tors for head CT imaging (Table 6). Statistically significant
predictors include the following: (1) head injury (AIS > 3):
OR 3.44,95% CI 1.363-8.675, p=0.009; (2) positive BAC:
OR 2.34,95% CI 1.096-5.001, p=0.028; (3) age (per year):
OR 0.98; 95% CI 0.969-0.997; p=0.021.

Discussion

A robust association between alcohol use and injury has
been reported by multiple studies [19, 22, 29, 32]. We
hypothesized that both head injury and alcohol consump-
tion are independent risk factors for head CT and increased
associated radiation exposure, resulting in a significant pub-
lic health and socioeconomic impact.

We conducted a single-center retrospective cohort study
investigating the relationship between alcohol intoxication
in trauma patients, advanced imaging studies and associated
radiation burden. In our setting of an urban trauma center,
19.2% of the study cohort had a positive BAC identified
during laboratory examination.

Table 6 Regression analysis: predictors for head CT

Parameter Odds ratio (OR) 95% CI p value
Head injury (AIS >3) 3.44 1.363-8.675  0.009
Positive BAC 2.34 1.096-5.001  0.028
Major trauma (ISS>9) 2.08 0.9334.642 0.073
Age (per year) 0.98 0.969-0.997  0.021
GCS <9 points 1.12 0.497-2.476  0.800
Gender (male) 0.74 0.373-1.474 0.394

This finding is comparable to previous studies; Vardy
et al. performed a cross-sectional study in Glasgow, United
Kingdom, and reported that 21% of emergency admissions
were implicated by alcohol [31]. Schneiders et al. evalu-
ated injuries under the influence of alcohol in Germany and
reported a positive BAC in 19% of all male admissions, com-
pared to a lower rate among female patients [23].

Sperry et al. analyzed the effects of alcohol intoxication
in trauma patients in Texas, since 35-50% of TBI patients
are under the influence of alcohol. The authors found only
little effects of positive BAC values on GCS score [26]. This
finding is consistent with other studies, suggesting that the
GCS is not effected significantly in patients with an ISS
under 25 points [27].

In terms of injury mechanisms, low falls and penetrating
trauma were very common in patients with positive BAC.
In the univariate analysis of our data, alcohol consumption
was associated with male sex, higher GCS and lower general
injury severity measured by NISS. These results are in line
with the findings reported by Rau et al., who described that
patients who consumed alcohol had less severe injuries, but
an overuse of CT imaging with a low likelihood of positive
findings on brain CT.

This link is also supported by Godout et al., who evalu-
ated the yield of head CT in alcohol-intoxicated patients
in the ED [7]. The authors report that only 1.9% of all
alcohol-intoxicated patients had evidence of any type of
intracranial hemorrhage, but reported a higher rate (2.7,
95% CI=1.4-4.1%) of positive CT scans in elderly patients
(=60 years). In our study, the majority of intoxicated
patients (65.9%) received a head CT scan, compared to
46.8% of the control group (p=0.0017). We identified five
intoxicated patients with TBI (12.2%), including one mild

Table 5 Outcome parameters

Parameter Alcohol No alcohol p value
Surgical treatment, % (n) 36.6% (15) 53.8% (93) 0.057
Surgical treatments (mean number + SD) 0.56 (+0.87) 1.42 (+2.0) <0.001
In-hospital LOS (days, mean + SD) 5.92(+£6.2) 10.6 (+13.1) 0.003
Ventilator days (mean + SD) 9.9 (+44) 45.7 (£135) 0.003
In-hospital mortality, % (n) 2.4% (1) 6.4% (11) 0.469

Statistically significant values are in bold

@ Springer



The alcohol-intoxicated trauma patient: impact on imaging and radiation exposure 875

SAH. Especially in the context of minor injuries (ISS <9),
intoxicated patients appear to be a significant cause of over-
triage. Our data suggest that alcohol-intoxicated patients
cause intensive resource utilization due to admission to the
emergency room of a Level 1 trauma center with trauma
team activation; however, the cohort presented with compa-
rable rates of head injury and lower general injury severity.

The combination of over-triage despite minor injuries and
a high rate of resource utilization indicate that this patient
group is a major but modifiable cost driver in the health care
system [28].

Brenner et al. reported a dramatically increased use of CT
in the United States and an attributable radiation-induced
cancer burden, estimated at 1.5-2% of all tumors [5]. In this
context, a more judicious use of advanced imaging may con-
trol risks and costs without compromising care [3]. Although
the use of computed tomographic (CT) scanning in severe
head trauma is an accepted practice, the indications for its
use in minor injury remain ill defined and often subjective
[25].

Harr et al. studied patients with head injuries in Oslo,
Norway, and found that 35.8% of the patient population had
consumed alcohol at the time of admission [10]. Despite an
established guideline, a positive BAC resulted in reduced
guideline compliance and that over-triage was the main vio-
lation. Over-triage and routine CT scanning may result in
significant radiation exposure and costs.

Our study confirms that a positive BAC is an independ-
ent predictor for head CT utilization and is associated with
an increased radiation burden. However, the rate of 65.9%
for immediate CT imaging appears to be very high and pos-
sibly imposes avoidable radiation exposure and resource
utilization.

While we cannot draw these conclusions from our data,
Granata et al. suggested that deferred CT imaging of intoxi-
cated patients appears to be a safe practice because routine
CT scanning of alcohol-intoxicated patients with altered
mental status seems to be of low clinical value. However,
deferring CT imaging requires monitoring of the clinical sta-
tus and is also associated with resource utilization and costs,
but it may reduce radiation exposure effectively. Further-
more, prevention strategies targeting young male individuals
are required to reduce the prevalence of alcohol-related TBI.

There are several limitations to this study, including its
retrospective nature, the single-center perspective, and the
fact that patients respond differently on head injury and
the effects of alcohol. However, the main findings are sup-
ported by the recent literature and our data confirm that posi-
tive BAC is a common clinical problem especially in male
trauma patients, resulting in significant resource utilization
and radiation exposure related to head CT imaging. Further
studies are required to develop effective strategies for pre-
vention, enhancing guideline adherence, safety of deferred

imaging, reducing the burden of radiation and improving
safety in trauma patients.

Conclusion

Alcohol intoxication is a common finding in trauma
patients, and the rate of moderate and serious head injuries
seems to be comparable to a more severely injured con-
trol group. Furthermore, head CT utilization in intoxicated
patients is associated with significant radiation exposure,
despite poor image quality, due to motion artifacts (27%).
Future strategies are required to exclude head injuries
safely, while reducing the rate of head CT and associated
radiation exposure in intoxicated patients.
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