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Abstract
Background and purpose In the diagnosis and treatment of trauma patients, numerous individual and trauma-related factors 
must be considered, all of which may influence the outcome. Although alcohol exposure is a major risk factor for an accident, 
its influence on the outcome is unclear. This matched-pair analysis investigates the hypothesis that alcohol has no negative 
impact on the outcome of trauma patients.
Materials and methods In a retrospective matched-pair analysis of the multi-centre database of the TraumaRegister  DGU® 
patients with a maximum Abbreviated Injury Scale (MAIS) of 3 or greater from the years 2015 and 2016 with an alcohol 
level ≥ 0.5‰ were compared to patients with a measured alcohol level of 0.0‰. The patients were matched according to age, 
gender, AIS body regions (head, thorax, abdomen, pelvis/extremities) and survival presumption (Revised Injury Severity 
Classification Score (RISC) II intervals).
Results After matching, a total of 834 patients were enrolled, with 417 patients in group with positive blood alcohol levels 
(BAL +) with a median alcohol level of 1.82‰ and 417 patients in the negative-alcohol group (BAL −). As a mechanism of 
injury, the BAL + group showed more often penetrating injuries, pedestrian accidents and low energy falls compared to car 
and motorcycle accidents in the BAL − group. BAL + patients were significantly less sedated (BAL −: 66.7% vs. BAL + : 
56.2%, p = 0.002), less frequently transported by rescue helicopter, were more frequently hypotensive (BAL −: 42 patients 
(10.3%) vs. BAL + : 61 patients (15.2%), p = 0.045, Table 2) and exhibited lower base excess levels associated with an acidotic 
metabolic status compared to sober patients (acidosis: BAL −: 24 patients (6.1%) vs. BAL + : 61 patients (17.2%), p < 0.001). 
There was no difference regarding in-hospital complications, length of stay or mortality rate.
Conclusions and implications Our data demonstrate that alcohol exposure in trauma patients has no impact on complica-
tion or mortality rates. On the other hand, there are initially clear differences in the mechanism of injury, sedation, mode of 
transport and the acid–base balance.
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Introduction

The treatment of trauma patients is a daily challenge. In 
2016, more than 40,000 patients were documented in the 
hospitals of the TraumaRegister  DGU® (TR-DGU), of which 
more than 27,000 patients had a maximum Abbreviated 
Injury Scale of 3 or higher (MAIS3 +), while 3554 patients 
died in the hospital [1, 2].

If the injured patients exhibited positive blood alco-
hol level (BAL), an additional variable which influences 
the diagnosis and treatment is added. On the one hand, 
the anamnesis and clinical assessments are difficult. Is 
the reduced Glasgow Coma Scale (GCS) conditioned by 
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a traumatic brain injury or alcohol intoxication, or is the 
decreased oxygen saturation due to a chest trauma or a nega-
tive respiratory influence from the alcohol consumption? 
On the other hand, it is still unclear if alcohol has a positive 
or negative impact on the outcome of trauma patients. In 
numerous clinical, in vivo and in vitro studies, the effects of 
alcohol were investigated with very different results [3–12]. 
Studies with increased mortality, increased complication 
rates and worse outcomes [8, 13, 14] are opposed to stud-
ies with decreased mortality, reduced organ damage, and 
improved outcome [3, 5, 15]. As underlying mechanisms, 
amongst others, the influence of alcohol on the immune sys-
tem, the post-traumatic inflammation, the coagulation, and 
the acid–base balance are discussed [8, 15, 16].

In general, the study comparability is often difficult or 
even not possible, because the inclusion criteria were chosen 
differently, the alcohol subgroups were defined differently in 
terms of alcohol concentration, or the outcome was meas-
ured at different times with different endpoints.

We hypothesized that alcohol exposure does not have a 
negative impact on outcomes following injury and we set 
out to test the hypothesis by matched-pair analysis on the 
TraumaRegister  DGU® data.

Materials and methods

The TraumaRegister  DGU® of the German Trauma Soci-
ety (Deutsche Gesellschaft für Unfallchirurgie, DGU) was 
founded in 1993. The aim of this multi-centre database is a 
pseudonymised and standardised documentation of severely 
injured patients.

Data are collected prospectively in four consecutive time 
phases from the site of the accident until discharge from 
hospital: (a) pre-hospital phase, (b) emergency room and 
initial surgery, (c) intensive care unit and (d) discharge. The 
documentation includes detailed information on demograph-
ics, injury pattern, comorbidities, pre- and in-hospital man-
agement, course on intensive care unit, relevant laboratory 
findings including data on transfusion and outcome of each 
individual. The inclusion criterion is admission to hospital 
via an emergency room with subsequent ICU/ICM care or 
reach the hospital with vital signs and die before admission 
to ICU.

The infrastructure for documentation, data manage-
ment, and data analysis is provided by AUC—Academy 
for Trauma Surgery (AUC—Akademie der Unfallchirurgie 
GmbH), a company affiliated to the German Trauma Society. 
The scientific leadership is provided by the Committee on 
Emergency Medicine, Intensive Care and Trauma Manage-
ment (Sektion NIS) of the German Trauma Society. The par-
ticipating hospitals submit their data pseudonymised into a 
central database via a web-based application. Scientific data 

analysis is approved according to a peer-review procedure 
laid down in the publication guideline of TraumaRegister 
 DGU®.

The participating hospitals are primarily located in Ger-
many (90%), but a rising number of hospitals of other coun-
tries contribute data as well (at the moment from Austria, 
Belgium, China, Finland, Luxembourg, Slovenia, Switzer-
land, The Netherlands, and the United Arab Emirates). Par-
ticipation in TraumaRegister  DGU® is voluntary. For hospi-
tals associated with TraumaNetzwerk  DGU®, however, the 
entry of at least a basic data set is obligatory for reasons of 
quality assurance [17].

Patients were defined as sedated if they received anal-
gesic, sedative or narcotic medication in the pre-hospital 
phase. Based on the SOFA scores a potential organ failure 
was determined [18]. If an organ failure of 2 organs occurred 
for at least 2 days, multiple organ failure was assessed. Sep-
sis was diagnosed according to SIRS criteria and the exist-
ence of a positive blood culture [20]. Acidosis was defined 
at a base excess (BE) < -6. Coagulopathy was determined 
based on partial thromboplastin time (PTT) or INR value, 
PTT ≥ 40 s or INR ≥ 1.4 [23]. Outcome of the patients was 
graduated into 5 categories: good recovery, minor disability 
(patient independent), severe disability (patient awake but 
needs support), persistent vegetative state and dead.

The present work is in accordance with the publication 
guideline of the TraumaRegister  DGU® and is registered 
under the TR-DGU Project-ID 2017-001. The review pro-
cess of the TraumaRegister  DGU® was accomplished. The 
parameter “alcohol” was included in the data set in 2015. 
Depending on age, driving abnormalities and for novice 
drivers there are different alcohol limits for motorists in 
Germany. However, for most German motorists the 0.5‰ 
limit is valid [19]. This threshold was also set in our study 
as the lower limit for the group of patients with BAL + in the 
matched-pair analysis.

The standard data set of the TR-DGU was used for a retro-
spective analysis. All patients of the German hospitals of the 
TR-DGU from the years 2015 and 2016 were included with 
a MAIS 3 + and documented alcohol values [21]. Individual 
alcohol levels > 5‰ were excluded due to the implausibility 
of the measurements. Relocated patients (initial shock-room 
data not available) as well as patients relocated within 48 h 
(no outcome available) were also excluded.

The matched-pair analysis was performed between 
patients with an alcohol level ≥ 0.5‰ and patients with a 
measured alcohol level of 0‰. Matching was performed 
according to gender, age (10-year intervals), relevant injuries 
(Abbreviated Injury Scale (AIS) ≥ 3) in four body regions 
(head, thorax, abdomen, pelvis/extremities) and a similar 
survival probability: 5% probability intervals according to 
the Revised Injury Severity Classification Score, version II 
(RISC II) [22].
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Statistical analysis

Statistical analysis was performed using SPSS (version 23, 
IBM, Armonk, USA). The matching was used as a method 
for the production of comparable sub-collectives; the evalu-
ation was done classically with independent test procedures, 
because of the comparison of different persons in two 
groups. The associated slight restriction of power is more 
than balanced by the high number of cases. Differences of 
about 5–6% or one-fifth of a standard deviation can, thus, 
be statistically secured. Fisher’s exact test was used for cat-
egorical variables, the Mann–Whitney U-test was used for 
continuous variable. The level of significance was assumed 
to be 5% (p < 0.05).

Results

In total, 27,997 patients were documented in 2015 and 2016 
in German clinics with a MAIS score of 3 or greater. A total 
of 14,529 patients accounted for the quality management 
data set, which contains no alcohol value. Of the remaining 
13,468 patients, 2225 were excluded because these patients 
were attached or relocated. There were no data on alcohol 
levels in 6304 patients, so 4939 patients were available for 
final evaluation with documented alcohol values. A total of 
3592 patients exhibited no BAL, 856 patients had alcohol 
levels between 0.1 and 0.4‰, and 491 patients showed a 
BAL ≥ 0.5‰ (Fig. 1). After matching, 834 patients were 
enrolled, with 417 patients in the BAL − group and in the 
BAL + group (alcohol value ≥ 0.5‰).

An overview of the basic data of the groups after the 
matched pair analysis is shown in Table  1. Per group, 
350 patients were male with a mean age of 45 years. The 
BAL − group had a mean ISS of 20.2 and was sober (0‰). 
The BAL + group showed a mean ISS of 19.2 and a median 
alcohol level of 1.82‰ (interquartile range: 1.29–2.52, 
Table 1).

With regard to the mechanism of injury, there were 
significant differences between the two groups; in the 
BAL + group pedestrians were much more frequently 
involved in a traffic accident or suffered under low energy 
falls (< 3 m) compared with the BAL − group (Table 2, 
Fig. 2). Furthermore, there were more penetrating injuries in 
the BAL + group (BAL − group: 17 (4.2%) vs. BAL + group: 
32 (7.9%), p = 0.025, Table 2). In contrast, sober patients 
were more likely to be involved in car and motorcycle acci-
dents (Table 2).

Preclinically, there was no significant difference between 
the groups in terms of intubation rate, catecholamine 
demand and number of unconscious patients (Glasgow 
Come Scale (GCS) ≤ 8). BAL + patients were significantly 
less sedated (BAL − group: 273 (66.7%) vs. BAL + group: 

232 (56.2%), p = 0.002, Table 2), significantly less frequently 
transported by rescue helicopter (BAL − group: 138 (33.7%) 
vs. BAL + group: 69 (17.0%), p < 0.001, Table 2) and signifi-
cantly more frequently admitted to a clinic during the night 
(BAL − group: 76 (18.4%) vs. BAL + group: 247 (60.2%), 
p < 0.001, Table 2) compared to BAL − patients.

There was no significant difference between the groups 
in terms of performing a whole-body computed tomogra-
phy (CT) scan, the need for haemostasis therapy, or hae-
moglobin values in the emergency care and diagnosis 
(Table 3). BAL + patients were significantly more likely to 
be hypotensive pre-clinical or in the emergency department 
(blood pressure ≤ 90 mmHg) (BAL − group: 42 (10.3%) vs. 
BAL + group: 61 (15.2%), p = 0.045, Table 2).

During the in-hospital treatment, BAL + patients mani-
fested significantly lower base excess (BE) values compared 
to BAL − patients (BAL − group: − 1.12 ± 3.52 mmol/l vs. 
BAL + group: − 3.13 ± 3, 67 mmol/l, p < 0.001, Table 3). 
In addition, BAL + patients were significantly more fre-
quently acidic (BAL − group: 24 (6.1%) vs. BAL + group: 
61 (17.2%), p < 0.001, Table 4). There was no correlation 
between blood alcohol values and BE in the BAL group 
(correlation coefficient 0.04, Fig. 3).

Attached patients
n = 1 719

Transferred patients
n = 506

Trauma patients
Germany 2015–2016 

MAIS ≥ 3
n = 27 997

Documented alcohol values
n = 4939

Alcohol: no measurement or 
no documentation

n = 6304

Quality management data set
(no alcohol value) 

n = 14 529

Standard documentation
n = 13 468

Directly admitted patients
n = 11 243

Patients with
0 ‰

(n=3 592)

Patients with
0,1-0,4 ‰
(n=856)

Patients with
≥ 0,5 ‰
(n= 491)

After matching: 417 patients with/without 
alcohol

Fig. 1  diagram about included and excluded patients. MAIS Maxi-
mum Abbreviated Injury Scale
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The BAL − group had an average hospital length of 
stay of 19.9 days, with patients spending 8.6 days in inten-
sive care and intubation for 4.0 days. In comparison, the 
patients of the BAL + group stayed in the hospital for, on 
average, 18.9 days, in the intensive care unit for 7.8 days, 
and were intubated for 4.1 days (Table 4). There was no 
difference between the groups regarding the development 

of multiple organ failure, sepsis or coagulopathy, the need 
for haemostasis therapy on ICU or the administration of 
packed red blood cells (PRBC) and the outcome (Table 4). 
The calculated mortality prognosis according to RISC II 
was 6.8% for both groups. There was a total mortality of 
8.2% in the BAL − group compared to a total mortality of 
5.8% in the BAL + group (p = 0.48, Table 4, Fig. 4).

Table 1  Summary of patient 
characteristics

Data are presented as mean ± standard deviation (SD) or n (%); Some data were not available in all cases
BAL  − group negative blood alcohol level, BAL + group blood alcohol level ≥ 0.5‰, AIS Abbreviated 
Injury Scale, ISS Injury Severity Score, IQR interquartile range, RISC II-Score Revised Injury Severity 
Classification Scores, Version II

Patient characteristics BAL −  BAL+ All patients (n = 834) p value 
(BAL − vs. 
BAL +)

Sex male (n, %) 350 (83.9%) 350 (83.9%) 700 (83.9%) 1.000
Sex female (n, %) 67 (16.1%) 67 (16.1%) 134 (16.1%) 1.000
Age (years, SD) 45.0 ± 18.5 45.1 ± 18.0 45.05 ± 18.2 0.86
BAC (‰, median, IQR) 0 (0 – 0) 1.82 (1.29 – 2.52) – –
ISS (SD) 20.2 ± 9.6 19.2 ± 9.3 19.7 ± 9.5 0.096
AIS ≥ 3
Head (n, %) 235 (56.4%) 235 (56.4%) 470 (56.4%) 1.000
Chest (n, %) 162 (38.8%) 162 (38.8%) 324 (38.8%) 1.000
Abdomen (n, %) 37 (8.9%) 37 (8.9%) 74 (8.9%) 1.000
Extremity (n, %) 84 (20.1%) 84 (20.1%) 168 (20.1%) 1.000
RISC II-Score (mean) 6.8% 6.8% 6.8% 0.161

Table 2  Summary preclinical 
parameters

Data are presented as mean ± standard deviation (SD) or n (%); p value for BAL + vs. BAL − group; some 
data were not available in all cases
BAL − group: negative blood alcohol level, BAL + group blood alcohol level ≥ 0.5‰, GCS Glasgow Coma 
Scale

Parameter BAL −  BAL+ All patients (n = 834) p value 
(BAL − vs. 
BAL +)

Preclinical phase
Blunt trauma (n, %) 391 (95.8%) 372 (92.6%) 763 (94.0%) p = 0.025
Penetrating trauma (n, %) 17 (4.2%) 32 (7.9%) 49 (6.0%) p = 0.025
Traffic accidents, car (n, %) 99 (23.9%) 54 (13.0%) 153 (18.4%) p < 0.001
Traffic accidents, motorcycle (n, %) 56 (13.5%) 30 (7.2%) 86 (10.4%) p = 0.003
Traffic accidents, bicycle (n, %) 51 (12.3%) 39 (9.4%) 90 (10.8%) p = 0.18
Traffic accidents, pedestrian (n, %) 14 (3.4%) 38 (9.2%) 52 (6.3%) p = 0.001
Fall > 3 m (n, %) 74 (17.8%) 62 (14.9%) 136 (16.4%) p = 0.26
Fall < 3 m (n, %) 75 (18.1%) 130 (31.3%) 205 (24.7%) p < 0.001
Intubation (n, %) 134 (32.8%) 128 (31.0%) 262 (31.9%) p = 0.59
Catecholamines (n, %) 31 (7.6%) 30 (7.3%) 61 (7.4%) p = 0.86
Sedation (n, %) 273 (66,7%) 232 (56,2%) 505 (61.4%) p = 0.002
Glasgow Coma Scale (SD) 11.9 ± 4.3 11.2 ± 4.2 11.5 ± 4.3 p < 0.001
Unconscious, GCS ≤ 8 (n, %) 93 (23.2%) 106 (27.1%) 199 (25.1%) p = 0.22
Transport by rescue helicopter (n, %) 138 (33,7%) 69 (17,0%) 207 (25.4%) p < 0.001
Clinic admission during the night 76 (18,4%) 247 (60,2%) 323 (38.7%) p < 0.001
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Discussion

In the present study, the hypothesis that alcohol has no 
negative effect on the outcome of trauma patients (MAIS 
3 +) was investigated. The majority of the BAL + patients 
were male, and the BAL + group had a median alco-
hol level of 1.82‰. Significant differences were found 
between both groups in terms of the mechanism of injury, 
sedation rate, type of transport and the time of admission 
to a hospital. Furthermore, BAL + patients were signifi-
cantly more often acidic. The established hypothesis has 
been confirmed, as no difference were found between both 
groups in terms of outcome.

The clear trend in our study of penetrating injuries on 
the one hand and injuries resulting from low energy falls 
(< 3 m) on the other in the BAL + group is also found in 

the literature. Afshar et al. showed that patients with a 
moderate blood alcohol level are at an increased risk for 
penetrating injuries, whereas with increasing blood levels 
and especially with very high blood alcohol levels, blunt 
injury from falls occurs [24, 25].

The increased admission of BAL + patients at night is 
explained by the increased social alcohol consumption in 
the evening and night hours. This also explains the signifi-
cantly lower number of transports by rescue helicopter in 
the BAL + group, as rescue helicopters are usually used 
in the context of primary rescue operations from sunrise 
to sunset. To what extent the injuries, especially the pen-
etrating, in the BAL + group occurred more in the urban 
environment, in which the use of a rescue helicopter is 
often not useful, cannot be found from the data and should 
be investigated separately.

Fig. 2  mechanism of injury. 
BAL − group negative blood 
alcohol level, BAL + group 
blood alcohol level ≥ 0.5‰

0%

5%

10%
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traffic accident: car traffic accident:
motorcycle

traffic accident:
bicycle

traffic accident:
pedestrian

falls > 3m falls < 3m

BAL- BAL+

Table 3  Summary emergency room parameters

Data are presented as mean ± standard deviation (SD) or n (%); p-value for BAL + vs. BAL − group; Some data were not available in all cases
BAL − group negative blood alcohol level, BAL + group blood alcohol level ≥ 0.5‰, INR international normalized ratio, SBP systolic blood pres-
sure, TPT thromboplastin time

Parameter BAL −  BAL+ All patients (n = 834) p value 
(BAL − vs. 
BAL +)

Emergency room
Whole-body CT scan (n, %) 366 (88.0%) 363 (87.7%) 729 (87.8%) p = 0.90
Hypotension (SBP ≤ 90 mmHg, preclinical 

or emergency room) (n, %)
42 (10.3%) 61 (15.2%) 103 (12.7%) p = 0.045

Haemostasis therapy (n, %) 69 (17.8%) 63 (15.9%) 132 (16.8%) p = 0.47
Quick`s value (TPT) (%, SD) 87.9 ± 18.4 92.9 ± 18.8 90.4 ± 18.8 p < 0.001
INR (SD) 1.13 ± 0.36 1.09 ± 0.57 1.11 ± 0.48 p < 0.001
Thrombocytes (cell count/ul, SD) 222,541 ± 80,018 230,657 ± 79,568 226,609 ± 79,847 p = 0.029
Hemoglobin (g/dl, SD) 13.6 ± 1.8 13.5 ± 1.9 13.5 ± 1.9 p = 0.68
Base excess (mmol/l, SD) − 1.12 ± 3.52 − 3.13 ± 3.67 − 2.08 ± 3.73 p < 0.001
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The low blood pressure in the BAL + group is consist-
ent with clinical and in vivo studies and is explained by 
the haemodynamic influence of alcohol [7, 8, 26–28]. Since 
preclinical blood loss is not registered, the higher number of 
penetrating lesions in the BAL + group may also be a factor 
in the development of hypotension. However, no difference 
in the preclinical use of catecholamines has been shown, 
suggesting an alcohol-related hypotension.

Noticeable is the significantly lower number of sedated 
patients in the BAL + group with comparable preclinical 
GCS value, comparable injury severity and comparable 
preclinical intubation rate between both groups. Here we 
can only speculate about the reasons. On the one hand, 
a preclinical underestimation of the severity of injury in 
BAL + patients is much easier than in BAL − patients; 

Table 4  Summary hospital stay 
parameters

Data are presented as mean ± standard deviation (SD) or n (%); p-value for BAL + vs. BAL − group; Some 
data were not available in all cases
BAL  − group negative blood alcohol level, BAL + group blood alcohol level ≥ 0.5‰, PRBC Packed Red 
Blood Cells

Parameter BAL −  BAL + All patients (n = 834) p value 
(BAL − vs. 
BAL +)

Hospital stay
Length of hospital stay (days, SD) 19.9 ± 23.4 18.9 ± 18.2 19.4 ± 21.0 p = 0.74
ICU (days, SD) 8.6 ± 12.2 7.8 ± 10.6 8.18 ± 11.4 p = 0.63
Mechanical ventilation (days, SD) 4.0 ± 8.3 4.1 ± 8.8 4.0 ± 8.6 p = 0.52
Mortality (n, %) 34 (8.2%) 24 (5.8%) 58 (7.0%) p = 0.22
24 h mortality (n, %) 11 (2.6%) 7 (1.7%) 18 (2.2%) p = 0.48
Multi-organ failure (n, %) 76 (19.6%) 79 (20.3%) 155 (19.9%) p = 0.83
Sepsis (n, %) 20 (5.3%) 29 (7.7%) 49 (6.5%) p = 0.19
Acidosis (n, %) 24 (6.1%) 61 (17.2%) 85 (11.4%) p < 0.001
PRBC transfusion (n, %) 29 (7.0%) 26 (6.3%) 55 (6.6%) p = 0.68
Haemostasis therapy on ICU (n, %) 55 (14.7%) 45 (12.0%) 100 (13.4%) p = 0.28
Coagulopathy (n, %) 34 (8.2%) 36 (8.7%) 70 (8.4%) p = 0.80
Outcome (survivor only)
Good recovery (n, %) 239 (62.7%) 252 (64.5%) 491 (63.6%)  p = 0.81
Minor disability (n, %) 92 (24.1%) 89 (22.2%) 181 (23.4%)  p = 0.81
Severe disability (n, %) 41 (10.8%) 44 (11.3%) 85 (11.0%)  p = 0.81
Persistent vegetative state (n, %) 9 (2.4%) 6 (1.5%) 15 (1.9%)  p = 0.81

Fig. 3  correlation between 
BAL and BE values. Analysis 
in the BAL + group; time point: 
emergency room; correlation 
coefficient: 0.04. BAL + : blood 
alcohol level ≥ 0.5‰
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on the other hand, concern about drug interactions with 
alcohol may contribute to the lower sedation rate.

Patients of the BAL + group were significantly more 
likely to be in an acidotic metabolic state compared to the 
BAL − group. However, when interpreting the data, it must 
also be considered that there were more penetrating inju-
ries in the BAL + group. So, the preclinical rescue strategy, 
e.g. permissive hypotension, may have contributed to the 
development of acidosis. It is known that alcohol exposure 
can cause metabolic and respiratory acidosis, even without 
a trauma [29–31]. In a previous in vivo work, we were able 
to show the development of a combined, respiratory and 
metabolic acidosis by alcohol, with a further aggravating 
of the acidosis through a subsequent trauma [8]. Further-
more, in our current study the BAL + group showed slightly, 
but significantly, more negative BE values compared to the 
BAL − group. In addition, in the work of Dunham et al. and 
Davis et al, lower BE values were found for BAL + patients 
[32, 33]. In the current study, there was no difference 
between both groups regarding mortality, outcome or in-
hospital complication rates. This is interesting, as the BE 
parameter is used as an indicator of trauma severity, mortal-
ity, shock severity and volume requirement [34–38]. Among 
others, through the study of Abt et al, the relation between 
the BE value as a predictor of mortality in the context of 
trauma patients was demonstrated [34]. In the current litera-
ture, to what extent the relationship between more negative 
BE and higher mortality for BAL − patients also applies 
to BAL + patients is unclear. In the study of Gustafson 
et al. the established relationship between BE and outcome 
in BAL − patients was not confirmed for BAL + patients 
[39]. In contrast, Zehtabchi et al., Dunne et al. and Ibrahim 
et al. conclude that the use of BE is not negatively affected 
by alcohol [38, 40, 41]. In our study, we found no differ-
ence regarding in-hospital complications or mortality rates 

between both groups. The mortality presumption calculated 
according to the RISC II score is slightly underrun through 
the BAL + group and slightly overrun by the BAL − group. 
However, there was no statistical difference; in any case, the 
BAL + group does not show a worse outcome. When inter-
preting our results, the relatively small difference of the BE 
value between groups should also be considered. In the work 
of Gustafson et al, the BE threshold for prediction between 
survivors and non-survivors was − 6.95 mmol/L [39], while, 
in the work of Davis et al, BE was a significant indicator of 
serious injury from a BE threshold ≤ -6 mmol/L [33]. In con-
trast to the studies above, our study was not designed to con-
firm the value of BE as a predictor of mortality. However, 
our data clearly demonstrate that alcohol exposure in trauma 
patients can be a major factor in the development of acidotic 
metabolic disorder without impacting on the outcome.

Consistent with our findings, in the study by Zeckey 
et al. no difference in the clinical course was found between 
patients with ISS ≥ 16 with and without alcohol [42]. In the 
BAL + group with an ISS of 29.7, there was no significant 
difference regarding sepsis, multiple organ failure or mortal-
ity compared to the BAL − group with an ISS of 28.7 [42].

Friedman showed a reduction in overall complications in 
the BAL + group, cardiac complications were decreased by 
23.5% and renal complications were decreased by 30.0%, 
but there was an increased risk of aspiration pneumonia 
and pancreatitis [43]. In contrast, in a matched-pair analysis 
according to age, gender, trauma mechanism, ISS, and AIS 
between BAL + and BAL − patients, increased incidence 
of in-hospital cardiac arrest and increased mortality for 
BAL + patients were found [44]. In addition, in the study of 
Stübig et al. an increased preclinical mortality was shown 
for BAL + patients [45].

The present studies regarding the BE and the out-
come differ clearly in the study design: retrospective/

Fig. 4  mortality prognosis 
RISC II vs. effective mortality. 
BAL − group: negative blood 
alcohol level; BAL + group: 
blood alcohol level ≥ 0.5‰; 
RISC II BAL − group 6.8% 
vs. effective mortality 8.2% 
(95% CI 5.5–10.8); RISC II 
BAL + group 6.8% vs. effective 
mortality 5.8% (95% CI 3.5–
8.0); CI: confidence interval; 
SMR, standardized mortality 
ratio; RISC II Score, Revised 
Injury Severity Classification 
Scores, version II
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prospective, hospital care level, blood alcohol level, 
blunt/penetrating injuries, severity of injury, so that the 
comparability between the studies is difficult. Numer-
ous other studies on positive and negative alcohol effects 
can also be found and prove the overall need for further 
studies. A main focus should be placed on the underlying 
mechanism. Amongst others, possible explanation for the 
effect of alcohol exposure is the influence of alcohol on 
the inflammation system, the coagulation or the blunting 
of the adrenergic response [15, 16, 46]. Regarding trau-
matic brain injuries, the alcohol caused attenuation of the 
catecholamine surge may be a possible explanation for 
the different study results of BAL + and BAL − patients 
[47, 48].

The limitations of retrospective evaluations are also 
present in this work. In the study planning, we decided for 
a matched-pair analysis to detect the influence of alcohol 
under otherwise comparable conditions. However, it should 
be noted that the BAL + group has a wide range of alco-
hol values and, thus, subgroups with positive and negative 
effects are possible. The advantage of register evaluations 
is, among other things, the high number of cases and the 
routine recording of all patients. Regarding the relatively 
new parameter “alcohol”, it has been shown that no value 
was measured or documented for 6304 data records. Experi-
ence has shown that it always takes a certain time period for 
new parameters until they are inserted in a high percentage. 
Finally, it remains unclear whether BAL was only deter-
mined when there was a suspicion of intoxication, and most 
of the unfilled or unmeasured patients were sober. As well, 
a combined exposure of alcohol and other drugs were not 
investigated. In this respect, a bias effect cannot be excluded. 
A routine measurement of BAL is recommended for all 
patients with severe trauma and is carried out in our clinic. 
Here, there is often a clear discrepancy between the clinical 
assessment and the measured value, so that a measured BAL 
is helpful in the assessment of patients, i.a. the subsumption 
of the vigilance or pathological blood results. As a limitation 
of the study, it should be mentioned that the evaluation of the 
recorded BAL cannot show a dynamic effect. In addition, a 
distinction between acute and chronic alcohol consumption 
based on the data is not possible and preclinically deceased 
patients are omitted from the statistics, as these are not 
covered by the TraumaRegister  DGU®. Furthermore, it is 
not possible in register evaluations to respond to individual 
cases in more detail. In addition, limited by the inclusion 
criteria, admission to ICU, it is possible that some individual 
patients could not be included in the study.

In summary, our data demonstrate that the presence of 
alcohol in trauma patients can cause an acidotic metabolic 
state. However, this has no influence on the complication or 
mortality rate in the present study. The different study results 
of the literature underline the need for further studies.
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