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Purpose: Alcohol intoxication is commonly associated with traumatic brain injury 

(TBI), but the influence of alcohol on the Glasgow Coma Scale (GCS) score remains 

unclear. This study investigates the effects of blood alcohol concentration (BAC) on the 

GCS score in head trauma patients with alcohol intoxication.

Methods: In total, 369 head trauma patients with alcohol intoxication in a 1-year peri-

od were retrospectively analyzed. The patients underwent head computed tomography 

and had a BAC ≥80 mg/dL. Patients were divided into TBI and non-TBI groups. Brain 

injury severity was further classified using the head Abbreviated Injury Score (AIS). The 

effects according to 5 BAC groups were examined. 

Results: The TBI group consisted of 64 patients (16.2%). The mean BAC was sig-

nificantly higher in the non-TBI group (293.4±87.3 mg/dL) than in the TBI group 

(242.8±89.9 mg/dL). The mean GCS score was significantly lower in the TBI group 

(10.3±4.6) than in the non-TBI group (13.0±2.5). A higher BAC showed a significant as-

sociation with a lower mean GCS score in the TBI group, but not in the non-TBI group. 

Above ≥150 mg/dL, higher BACs showed significant odds ratios for a lower GCS score. 

Conclusions: The influence of alcohol in patients with head trauma depended on the 

presence of a brain injury. An association between a higher BAC and a lower GCS score 

was only observed in patients with TBI. Therefore, if a severe brain injury is suspected 

based on a GCS evaluation in patients with alcohol intoxication, prompt diagnosis and 

intensive care should be performed without delay.

Keywords: Alcohols; Traumatic brain injury; Glasgow Coma Scale; Abbreviated Injury 

Scale
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INTRODUCTION

Traumatic brain injury (TBI) is a major cause of mor-

tality and permanent disability in patients with trauma 

admitted to the emergency room [1-3]. TBI often leads 

to decreased consciousness [4], and the Glasgow Coma 

Scale (GCS) has been applied as a standard method to ob-

jectively judge loss of consciousness in patients with TBI 

[5]. Of TBI cases in the emergency department, 35–50% 

are associated with alcohol intoxication [6]. Alcohol in-

toxication is a common clinical situation that can cause 

confusion when evaluating the GCS in patients with head 

trauma. Alcohol acts as a central nervous system (CNS) 

depressant, and can lead to lower levels of consciousness, 

stupor, coma, and even death, depending on the concen-

tration [7]. Therefore, it is vitally important to determine 

whether alcohol is responsible for lowering the GCS score 

in patients with TBI, but research on this topic remains 

unclear. Several studies have found that GCS scores were 

decreased by alcohol [8-11]. However, other studies have 

also reported that the blood alcohol concentration (BAC) 

did not affect the GCS score [12-16].

The reason for the unclear research findings on the ef-

fect of BAC on the GCS score is that TBI often results in a 

low level of consciousness, and this effect differs according 

to the severity of the brain injury; thus, it is necessary to 

adjust for the severity of TBI [8,14,15]. Another important 

limiting factor is the need to evaluate the severity of alco-

hol intoxication and to adjust accordingly. When patients 

were dichotomized as intoxicated or non-intoxicated, no 

significant difference in the GCS score was found between 

the two groups, but some studies have suggested that a 

high BAC may impact the GCS score [10,14]. Therefore, 

it is necessary to examine the effect of alcohol on GCS 

scores according to the BAC. Another statistical limitation 

is that, as pointed out in previous studies, GCS is an or-

dinal variable; therefore, analysis with ordinal regression 

can enhance statistical power [10,17,18]. 

This study investigated the effect of BAC on the GCS 

score in patients with head trauma with and without TBI. 

This study also aimed to adjust for brain injury severity 

using an ordinal regression model.

METHODS

Study population
This was a retrospective study through a review of the 

Fig. 1. Flowchart of the study population. CT: computed 
tomography, BAC: blood alcohol concentration.

Alcohol intoxicated patients
(age ≥16) during study period

(n=2,667)

Blood alcohol concentration
≥80 mg/dL

(n=521)

Patints with head injury
(n=1,239)

Excluded (n=1,428)
No evidence of head injury

Excluded (n=381)
No head CT scan

Excluded (n=125)
Drug intoxication
Transfer (in and out)
Limited medical record

Excluded (n=337)
BAC <80 mg/dL or no alcohol test

Head CT scan
(n=858)

Finally included patients
(n=396)
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electronic medical records of patients with head trauma 

with alcohol intoxication who were treated at the Na-

tional Medical Center emergency room in Seoul, Korea 

during a 1-year period (n=2,667). Patients were extracted 

by reviewing the electronic medical records from January 

1, 2018, to December 31, 2018, based on chief complaints 

and a main diagnosis related to alcohol intoxication. The 

study population consisted of patients with head trauma 

who underwent head computed tomography (CT) and 

had a BAC ≥80 mg/dL. Patients who had drug intoxica-

tion, were transferred from other institutions, were trans-

ferred to other institutions, and had missing medical re-

cords were excluded from the study, leaving 396 patients 

for the analysis (Fig. 1). Head trauma was defined as a 

case in which the patient reported a head trauma event or 

when there were traces of direct trauma to the face, head, 

and neck based on medical records. Alcohol intoxication 

was defined as a BAC ≥80 mg/dL, corresponding to the 

Table 1. Demographic and characteristics in TBI versus non-TBI patients

TBI Non-TBI Entire p-value

Total subjects 64 (16.2) 332 (83.8) 396 (100)

Age 55.8 (±12.3) 53.3 (±12.8) 53.7 (±12.8) 0.155

Male 63 (96.9) 305 (91.9) 367 (92.7) 0.197

Female 2 (3.1) 27 (8.1) 29 (7.3)

BAC (mg/dL)
<100
100 to <150
150 to <250
250 to <300
≥300

242.8 (±89.9)
7 (10.9)
5 (7.8)

19 (29.7)
16 (25.0)
17 (26.6)

293.4 (±87.3)
6 (1.8)

17 (5.1)
78 (23.5)
72 (21.7)

159 (47.9)

285.3 (±89.6)
13 (3.3)
22 (5.6)
97 (24.5)
88 (22.2)

176 (44.4)

<0.001
0.002
0.375
0.341
0.622
0.002

GCS score
15
13–14
9–12
3–8

10.3 (±4.6)
18 (28.1)
11 (17.2)
12 (18.8)
23 (35.9)

13.0 (±2.5)
136 (41.0)
85 (25.6)
89 (26.8)
22 (6.6)

12.5 (±3.1)
154 (38.9)
96 (24.2)

101 (25.5)
45 (11.4)

<0.001
0.068
0.202
0.211

<0.001

Disposition
Ward admission
ICU admission
ED discharge
Expired

21 (31.3)
35 (54.7)
6 (9.4)
3 (4.7)

10 (3.0)
0 (0)

322 (97.0)
0 (0)

30 (7.6)
35 (8.8)

328 (82.8)
3 (0.8)

<0.001
<0.001
<0.001

0.004

Mechanism
Fall
MVC
Pedestrian struck
Other 

53 (82.8)
4 (6.2)
6 (9.4)
1 (1.6)

300 (90.4)
7 (2.1)
4 (1.2)

21 (6.3)

353 (89.1)
11 (2.8)
10 (2.5)
22 (5.6)

0.082
0.084
0.002
0.227

Vital sign
SBP (mmHg)
DBP (mmHg)
HR (bpm)
RR (bpm)
BT (℃)

128.0 (±37.9)
77.5 (±22.0)
84.0 (±20.0)
18.6 (±4.5)
36.2 (±0.7)

124.7 (±22.5)
77.5 (±14.2)
86.3 (±15.3)
18.9 (±4.4)
36.3 (±0.7)

125.3 (±25.6)
77.5 (±15.7)
85.9 (±16.1)
18.8 (±4.4)
36.3 (±0.7)

0.147
0.429
0.636
0.275
0.244

Values are presented as mean ± standard deviation or number (%).
TBI: traumatic brain injury, BAC: blood alcohol concentration, GCS: Glasgow Coma Scale, ICU: intensive care unit, ED: emergency department, MVC: motor 
vehicle collison, SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate, RR: respiratory rate, BT: body temperature.
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threshold at which significant disturbances of motor and 

cognitive functions begin [7,11]. Age, sex, vital signs, trau-

ma mechanism, GCS score, head CT results, BAC, final 

diagnosis, and disposition were recorded as mandatory 

medical data. This study was approved by the Institution-

al Review Board (H-1911-1080-001). 

Measures 
The GCS score was initially obtained in the emergency 

department by an emergency physician, and GCS scores 

were categorized as 15, 13–14, 9–12, and 3–8. We defined 

a difference of at least 1 point in the GCS as clinically 

significant [12,16]. BAC is routinely measured in all pa-

tients with trauma who have the potential for alcohol 

intoxication in the emergency department at the National 

Medical Center. BAC results were expressed in milligrams 

per deciliter. Based on the resultant physiological changes, 

BAC was classified into five categories to examine its ef-

fect on GCS scores (BAC <100, 100 to <150, 150 to <250, 

250 to <300, and ≥ 300 mg/dL) [10,19].

It is recommended to perform non-contrast head CT 

in all patients with head trauma in case of alcohol intox-

ication in the emergency department [20,21], and these 

guidelines were followed in this study. The interpretation 

of head CT scans was confirmed by neuroradiologists. 

The TBI group included patients with an acute intra-

cranial injury (epidural hemorrhage [EDH], subdural 

hemorrhage [SDH], subarachnoid hemorrhage [SAH], 

intracerebral hemorrhage [ICH], contusion, or cerebral 

edema), and the non-TBI group included those with no 

signs of an intracranial injury on head CT. To control for 

the influence of injury severity, TBI severity was graded 

using the head Abbreviated Injury Score (AIS), an ana-

tomical head injury score based on either operative or CT 

scan findings. The AIS has a range of 1 to 6, from minor 

injuries to maximal and lethal injuries, and the AIS-2005 

was used.

Statistical analysis
Variables related to patients and injuries are presented 

as percentages and mean±standard deviation. To assess 

whether the effects of alcohol on consciousness were in-

fluenced by brain injury, patients were classified into the 

TBI and non-TBI groups and evaluated accordingly. In 

the TBI group, a subgroup analysis was performed using 

the AIS to confirm the effect of the severity of brain injury 

on the GCS score. The Spearman correlation coefficient 

(r) was calculated to investigate the relationships among 

BAC, AIS, and GCS scores. To compare continuous vari-

ables, the Student t-test or Mann-Whitney U test was 

Fig. 2. Mean GCS scores by BAC categories between the TBI and non-
TBI groups. GCS: Glasgow Coma Scale, BAC: blood alcohol concentra-
tion, CI: confidential interval, TBI: traumatic brain injury.
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Table 2. Mean GCS scores by BAC category between TBI and non-TBI patients

TBI Non-TBI

BAC (mg/dL) Mean GCS Number Mean GCS Number

<100 13.4 (±4.2) 7 (10.9) 13.7 (±1.0) 6 (1.8)

100 to <150 10.4 (±6.3) 5 (7.8) 13.9 (±2.7) 17 (5.1)

150 to <250 10.2 (±4.7) 19 (29.7) 13.2 (±2.4) 78 (23.5)

250 to <300 9.9 (±4.7) 16 (25.0) 13.1 (±2.2) 72 (21.7)

≥300 9.4 (±3.9) 17 (26.6) 12.7 (±2.7) 159 (47.9)

Values are presented as number (%) or mean (standard deviation).
TBI: traumatic brain injury, BAC: blood alcohol concentration, GCS: Glasgow Coma Scale.
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used depending on the presence or absence of a normal 

distribution, and the chi-square test was used to compare 

categorical variables. Ordinal logistic regression was used 

in the multivariate analysis to determine whether BAC 

and head AIS were independent predictors of a lower GCS 

score as a dependent variable. Odds ratios (ORs) were cal-

culated for each BAC category using a BAC ≤100 mg/dL 

as the reference group. A p-value <0.05 was considered to 

indicate statistical significance. Data were analyzed using 

SPSS version 21.0 (IBM Corp., Armonk, NY, USA) and R 

version 3.3.3.

RESULTS

Table 1 shows the demographic characteristics and clini-

cal information of the 396 patients included in the study. 

The TBI group, which included patients who had an in-

tracranial injury on CT, consisted of 64 patients (16.2%). 

The CT findings of TBI were as follows: SDH, 28 (43.8%); 

SAH, 13 (20.3%); EDH, 6 (9.4%); contusion, 7 (10.9%); 

ICH, 4 (6.3%); and SDH and SAH, 6 (9.4%). The mean 

BAC was 285.3±89.6 mg/dL in all patients, and was sig-

nificantly higher in the non-TBI group (293.4±87.3 mg/

dL) than in the TBI group (242.8±89.9 mg/dL). The num-

ber of patients with a BAC ≥300 mg/dL was significantly 

higher in the non-TBI group. The mean GCS score was 

significantly lower in the TBI group (10.3±4.6) than in 

the non-TBI group (13.0±2.5) (p<0.001). Comparing the 

difference between the TBI and non-TBI groups for each 

GCS category, the only significant difference was found in 

the GCS 3–8 category, corresponding to severe brain in-

juries. A negative correlation was found between the GCS 

score and BAC, with a more significant correlation in 

patients with TBI (TBI, r=-0.261, p=0.037; non-TBI, r=-

0.181, p=0.001). Falling (89.1%) was the most common 

mechanism of injury, and pedestrian accidents were more 

common in the TBI group (9.4% vs. 1.2%). Age, sex, and 

vital signs did not show significant differences between 

the two groups. 

Within-group comparisons in patients with TBI for the 

5 BAC categories showed that the mean GCS score signifi-

cantly decreased with as BAC increased (Table 2, Fig. 2). 

With the mean GCS score in the BAC <100 mg/dL cat-

Fig. 3. (A) Relationship between AIS and GCS. There was a significant correlation between AIS and GCS scores (r=-0.436, p<0.001). (B) Relationship be-
tween AIS and BAC. There was no significant correlation between AIS and BAC (r=-0.066, p=0.607). AIS: Abbreviated Injury Score, GCS: Glasgow Coma 
Scale, BAC: blood alcohol concentration. 
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Table 3. Distribution of head injury severity in TBI patients

AIS grade Mean GCS Mean BAC Number

AIS 1 13.0 (±2.0) 207.2 (±103.5) 3 (4.7)

AIS 2 12.4 (±2.6) 255.7 (±96.8) 8 (12.5)

AIS 3 11.9 (±3.9) 257.6 (±91.3) 20 (31.3)

AIS 4 10.7 (±4.9) 214.2 (±87.0) 15 (23.4)

AIS 5 6.7 (±4.1) 241.3 (±95.1) 18 (28.1)

Values are presented as number (%) or mean (standard deviation).
TBI: traumatic brain injury, BAC: blood alcohol concentration, GCS: 
Glasgow Coma Scale, AIS: Abbreviated Injury Score.
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egory as a reference value, the mean GCS score between 

each BAC category and the BAC <100 mg/dL category 

showed a significant reduction of ≥1 point. In contrast, 

the within-group comparisons in patients without TBI ac-

cording to the five BAC categories revealed no significant 

differences in GCS scores. 

The interactions between injury severity, BAC, and GCS 

scores in the TBI group are shown in Table 3 and Fig. 3. 

The GCS score was negatively correlated with head AIS 

in the TBI group (r=-0.436, p<0.001). For patients with 

an AIS ≥4 (severe), the mean GCS score according to AIS 

grades showed a significant reduction by ≥1 point, and 

patients with an AIS of 5 (critical) showed the sharpest 

reduction in the GCS score, with a mean of <7. However, 

there was no significant correlation between BAC and AIS 

(r=-0.066, p=0.607).

Based on the abovementioned results, multivariate or-

dinal logistic regression was performed to identify wheth-

er BAC and AIS were associated with lower GCS scores 

(Table 4). The results showed that a higher BAC was 

significantly related to a lower GCS score in patients with 

TBI. When the BAC was ≥150 mg/dL, the ORs for a lower 

GCS score were significant as BAC increased in the TBI 

group. AIS did not predict a reduction in the GCS score 

as severity increased, except in critical cases. In the non-

TBI group, higher BAC did not predict a reduction in the 

GCS score.

DISCUSSION

The main result of the study is that the GCS score was 

reduced due to the effects of alcohol in patients with TBI, 

but not in patients without TBI. In our analysis, a reduc-

tion in the GCS score was observed with increasing BAC 

only in the TBI group, while this result was not found in 

the non-TBI group. Of particular note, in the TBI group, 

when BAC was ≥150 mg/dL, the GCS score was signifi-

cantly lower. In contrast, in the non-TBI group, there was 

no significant reduction in GCS score despite BAC being 

high enough to affect consciousness.

In previous studies, the relationship between BAC and 

GCS scores in patients with TBI was inconclusive. A re-

duction in the GCS score in patients with high BAC has 

been reported in some studies [8-11]. Rundhaug et al. [10] 

reported that a high BAC reduced the GCS score only in 

patients with moderate and severe TBI with CT findings 

that did not suggest elevated intracranial pressure (ICP). 

Rønning et al. [17] also found that higher BACs were 

associated with increased likelihoods of a low GCS score 

and accompanying significant brain injury. A study by 

Shahin et al. [11] analyzing patients with TBI admitted 

to the neurosurgical intensive care unit demonstrated 

that higher BACs were associated with significantly lower 

GCS scores and confirmed that the GCS scores changed 

to a significant extent in the intoxicated group (median 

score=3) after hospitalization. These effects are explained 

by CNS deterioration caused by the synergistic effects of 

brain damage and alcohol intoxication in the initial phase 

Table 4. Ordinal logistic regression analysis with a lower GCS 
score as the dependent variable

Variables OR 95% CI p-value

TBI patients

BAC (mg/dL) 1.01 1.00–1.01 0.006

<100 Ref

100 to <150 6.35 0.39–189.40 0.209

150 to <250 15.26 2.21–320.50 0.021

250 to <300 17.88 2.34–378.44 0.015

≥300 33.60 4.22–728.21 0.004

AIS 1.93 1.30–2.98 0.002

1=minor Ref

2=moderate 1.38 0.15–14.50 0.776

3=serious 1.28 0.17–11.78 0.812

4=severe 1.44 0.17–14.00 0.732

5=critical 15.72 1.77–173.18 0.015

Non-TBI patients

 BAC (mg/dL) 1.00 1.00–1.01 0.004

<100 Ref

100 to <150 0.20 0.03–1.08 0.064

150 to <250 0.79 0.21–3.12 0.734

250 to <300 0.85 0.22–3.34 0.808

≥300 1.04 0.28–4.00 0.942

TBI: traumatic brain injury, BAC: blood alcohol concentration, GCS: 
Glasgow Coma Scale, AIS: Abbreviated Injury Score, OR: odds ratio, CI: 
confidential interval.
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after brain injury [14].

Contrary to the general expectation of clinicians that 

alcohol intoxication in patients with brain injury would 

decrease consciousness, other studies have shown that 

BAC was not associated with GCS reduction in patients 

with TBI [12-16]. In a study of 1,075 patients with blunt 

TBI by Sperry et al. [16], alcohol intoxication did not 

show a significant association with lower GCS scores in 

patients with TBI, and even high BACs (>250 mg/dL) did 

not affect the GCS score. In another large study of 108,929 

patients who were admitted to trauma centers across the 

United States, alcohol intoxication was not associated 

with lower GCS scores in patients with TBI [12]. How-

ever, in that study, it was found that alcohol intoxication  

reduced the GCS score by ≥1 in patients with severe trau-

ma (ISS >25) in the non-TBI or minor TBI group. Lange 

et al. [14] also did not demonstrate an association between 

BAC and GCS scores, but found that the GCS score was 

reduced by ≥1 in patients with abnormal CT results with 

a BAC ≥200 mg/dL. Other studies have similarly reported 

that BACs >200 mg/dL were associated with lower GCS 

scores than found in patients with lower BACs [8,22,23]. 

However, although a high BAC can affect consciousness, 

Minion found that approximately 88% of patients with 

a BAC ≥400 mg/dL did not exhibit significant changes in 

consciousness [24].

These contradictory findings on the effects of alcohol 

on consciousness suggest that measuring BAC is not a 

suitable method for objectively assessing the status of 

alcohol intoxication. This is because individual differ-

ences in alcohol tolerance vary widely and are influenced 

by functional (e.g., learned tolerance, environment-de-

pendent tolerance), metabolic, and genetic factors [14]. 

Moreover, alcohol tolerance is determined by the amount 

and frequency of alcohol consumption, metabolic rate, 

liver function status, and currently used medications [24]. 

Other factors may cause deterioration of consciousness 

in patients with trauma, such as associated injuries, the 

presence of shock, hypothermia, hypoxia, hypercapnia, 

or other CNS drugs. Another confounding factor is that 

GCS is not a reliable and sensitive method of assessing the 

severity of TBI, particularly in patients with alcohol intox-

ication. 

The main limitation in evaluating the effects of alcohol 

on the GCS score in patients with TBI is whether the in-

fluence on consciousness caused by brain injury severity 

has been adjusted. The reason for this is that CNS depres-

sion from alcohol could likely be attenuated by the brain 

injury in patients with severe injuries [4]. To adjust for the 

severity of brain injuries, several methods have been used. 

One approach is to compare the presence and absence 

of brain injury between normal CT and abnormal CT 

groups [14]. Other studies have used head AIS, based on 

the degree of anatomical injury [12,16,17], and another 

method is to use the Rotterdam CT score, a classification 

based on CT findings [10]. Sperry et al. [16] did not show 

a difference in GCS score according to alcohol intoxica-

tion within the same head AIS group, but in patients with 

an AIS of 5, the GCS score was significantly (1.4 points) 

lower in patients with alcohol intoxication. However, that 

study did not provide additional information on BAC. In 

Rønning’s study [17], a higher BAC was associated with 

severe GCS scores and significant brain injury. Therefore, 

it is difficult to assume that the reduction in GCS score 

was simply caused by the effects of alcohol. Rundhaug 

et al. [10] used the Rotterdam CT score, which classified 

the severity of anatomical brain injuries based on CT 

findings, and showed that the GCS score was reduced as 

BAC increased in patients without signs of elevated ICP 

(Rotterdam score 1–3). In contrast, a GCS score reduction 

was not observed in patients with CT findings showing 

signs of elevated ICP (midline shift and/or compressed 

or absent basal cisterns, Rotterdam score 4–6), indicating 

that the effects of alcohol were attenuated by severe brain 

injuries. In our study, with increasing head AIS, the GCS 

score showed a tendency to decrease, and AIS was asso-

ciated with a lower GCS (r=-0.436, p<0.001) in patients 

with TBI. However, in ordinal logistic regression analyses, 

no significant association was found between higher AIS 

and lower GCS scores, except for patients with critical 

injuries. Although the severity of the brain injury is the 

most important contributor to a low GCS score, Sperry 

et al. [16] also did not show a significant reduction in the 

GCS score, except in patients with an AIS of 5. Therefore, 

if the GCS score is ≤8 in a patient with head trauma, even 

if he or she has alcohol intoxication, clinicians should ini-

tially assume that the impaired consciousness is due to a 

severe brain injury.
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Limitations
This study was conducted at a single institution and 

may only reflect regional patient characteristics. As a 

common limitation of retrospective studies, it is possible 

that the results were biased by uncontrolled confounding 

variables. Moreover, alcohol testing could have been con-

ducted selectively for certain patients, so the analysis may 

have been influenced by selection bias. The reliability of 

the GCS scores determined in the emergency department 

may be somewhat questionable because an accurate GCS 

evaluation can be difficult or confusing due to alcohol 

intoxication. However, as alcohol metabolism progress-

es over time, follow-up BAC tests would be helpful for 

understanding the effects of alcohol on GCS scores. The 

sample size of the TBI group with abnormal CT findings 

was relatively small compared to that of other studies, and 

a larger sample size is needed for future research.

CONCLUSION

In this study, we found that the influence of alcohol on 

patients with head trauma depended on the presence of 

a brain injury. A significant association between a higher 

BAC and a lower GCS score was only observed in patients 

with TBI. Moreover, when the severity of brain injury was 

critical, sharply lower GCS scores were found. Therefore, 

if a severe brain injury is suspected with in a head trauma 

patient with a GCS score ≤8 and alcohol intoxication, 

prompt diagnosis and intensive care should be performed 

without delay. Furthermore, it is recommended that, if 

a patient’s consciousness is more strongly reduced than 

would be expected given the CT findings of brain injury, 

clinicians should thoughtfully consider whether invasive 

procedures should be performed immediately, consider-

ing that this finding could reflect an additional and tran-

sient effect of alcohol on TBI.  
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