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Abstract

Background Major trauma and its consequences are one of the leading causes of death worldwide across all age
groups. Few studies have conducted comparative age-specific investigations. It is well known that children respond
differently to major trauma than elderly patients due to physiological differences. The aim of this study was to analyze
the actual reality of treatment and outcomes by using a matched triplet analysis of severely injured patients of differ-
ent age groups.

Methods Data from the TraumaRegister DGU® were analyzed. A total of 56,115 patients met the following inclusion
criteria: individuals with Maximum Abbreviated Injury Scale >2 and <6, primary admission, from German-speaking
countries, and treated from 2011-2020. Furthermore, three age groups were defined (child: 3—15 years; adult:

20-50 years; and elderly: 70-90 years). The matched triplets were defined based on the following criteria: 1. exact
injury severity of the body regions according to the Abbreviated Injury Scale (head, thorax, abdomen, extremities
[including pelvis], and spine) and 2. level of the receiving hospital.

Results A total of 2,590 matched triplets could be defined. Traffic accidents were the main cause of severe injury

in younger patients (child: 59.2%; adult: 57.9%). In contrast, low falls (from < 3 m) were the most frequent cause of acci-
dents in the elderly group (47.2%). Elderly patients were least likely to be resuscitated at the scene. Both children

and elderly patients received fewer therapeutic interventions on average than adults. More elderly patients died dur-
ing the clinical course, and their outcome was worse overall, whereas the children had the lowest mortality rate.

Conclusions For the first time, a large patient population was used to demonstrate that both elderly patients

and children may have received less invasive treatment compared with adults who were injured with exactly

the same severity (with the outcomes of these two groups being opposite to each other). Future studies and recom-
mendations should urgently consider the different age groups.
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Background

Serious accidents and their consequences are one of the
leading causes of death worldwide at any age, and even
the leading cause between the ages of 5 and 29 [1]. Cur-
rent guidelines for the care of severely injured patients
have been based on scientific studies of younger, male
patients in particular [2, 3]. However, there has been
a steady increase in older trauma patients for decades
(increase in patients>70 years between 2015 and 2020
from 23 to 29%) [4].

In all age groups, major trauma has a significant
impact on morbidity and mortality. It is therefore sur-
prising that, on the one hand, there are few age-specific
guidelines and, on the other hand, little age-compara-
tive literature addressing cause, diagnosis, and therapy
in the age groups. In some cases, there are major differ-
ences, which are based on different physiology in chil-
dren and elderly [5].

Differences between younger and elderly are also
found in the causes of accidents: in younger patients,
traffic accidents (high impact trauma), in elderly falls
from low height (low impact trauma) are the main
cause of accidents [6-9].

In contrast to elderly, children up to 16 years of age
still represent a rarity after severe accident, but espe-
cially at this age the consequences of a severe accident
are the main cause of death [1, 10]. In the current Trau-
maRegister® annual report, only 3.5% severely injured
children have been documented, thus complicating a
scientific discussion [4]. Comparable to elderly, how-
ever, is that recommendations and guidelines based on
large study collectives are rare in children. The same
applies to specific scientific analyses on outcome-
relevant parameters in the different age groups, pos-
sibly different diagnostics (e.g., avoidance of radiation
exposure in children), and possibly therapy adapted to
an advance directive in especially elderly [11, 12]. For
example, studies have shown that whole-body com-
puted tomography (CT) can positively influence the
outcome of severely injured patients, but especially
in very young children, a targeted examination of, for
example, the head in CT is more likely to be performed,
whereas a whole-body CT is not performed without
negatively influencing the outcome [13-15].

Due to inconsistencies in the current literature and,
in particular, insufficient data taking into account
patient age, this study investigated whether there are
age-specific differences in the care of severely injured
patients. An analysis of the causes of accidents, initial
diagnosis and therapy was followed by an outcome
analysis between age groups.
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Methods

The TraumaRegister DGU® of the German Trauma Soci-
ety (Deutsche Gesellschaft fiir Unfallchirurgie, DGU)
was founded in 1993. The aim of this multi-center data-
base was to provide pseudonymized and standardized
documentation of severely injured patients.

The data is collected prospectively in the following four
consecutive time phases from the site of the accident
until discharge from the hospital: A) Prehospital phase;
B) Emergency room and initial surgery; C) Intensive
care unit (ICU); and D) Discharge. The documentation
includes detailed information on demographics, injury
pattern, co-morbidities, pre- and in-hospital manage-
ment, progression in the intensive care unit, and relevant
laboratory findings including data on transfusion and the
outcome of each individual patient. The inclusion crite-
rion is hospital admission via the emergency room with
subsequent ICU or hospital arrival with vital signs and
death before admission to the ICU. The infrastructure
for documentation, data management, and data analysis
is provided by the Academy for Trauma Surgery (AUC—
Akademie der Unfallchirurgie GmbH), a company that is
affiliated with the German Trauma Society. The scientific
leadership is provided by the Committee on Emergency
Medicine, Intensive Care and Trauma Management (Sek-
tion NIS) of the German Trauma Society. The participat-
ing hospitals submit their data pseudonymized into a
central database via a web-based application. The scien-
tific data analysis is approved according to a peer review
procedure established by Sektion NIS. The participat-
ing hospitals (90%) are primarily located in Germany;
however, an increasing number of hospitals from other
countries (such as Austria, Belgium, China, Finland, Lux-
embourg, Slovenia, Switzerland, The Netherlands, and
the United Arab Emirates) also contribute data. Cur-
rently, the data for over 28,000 patients from nearly 700
hospitals have been entered into the database annually.
Participation in the TraumaRegister DGU® is volun-
tary. For hospitals associated with the TraumaNetzwerk
DGU®, however, the entry of at least one basic data set
is obligatory for reasons of quality assurance (this part of
the methodology was described earlier in [16, 17]).

The present study is consistent with the publication
guidelines of the TraumaRegister DGU® (TR-DGU) and
is registered under the TR-DGU project ID 2019-057.
Because of pseudonymous retrospective data analy-
sis using TraumaRegister DGU®, waiver of informed
consent was obtained from the ethics committee of the
Medical Association of North Rhine, Tersteegenstrafle. 9,
Duesseldorf, Germany (internal number: 165/2022).

To ensure reliable comparability of the data, only
patients from participating hospitals in Germany, Aus-
tria, and Switzerland were included in the study.
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Sepsis (as a life-threatening [multi]organ failure condi-
tion) was calculated by using the Sequential Organ Fail-
ure Assessment (SOFA) score. The following parameters
were used for the calculation: PaO,/FiO,, Glasgow Coma
Scale (GCS), mean arterial blood pressure (MAP) or use
of vasopressors, bilirubin, platelets, and creatinine [18]. A
score >3 on the SOFA indicated organ failure [19]. If two
independently affected organ systems exhibited pathol-
ogy, this scenario was included in the analysis as multior-
gan failure (MOF).

When considering the collected parameters, the fol-
lowing parameters were only available from 2016: the
administration of tranexamic acid, pelvic binder, coagu-
lopathy existing before the accident, death due to termi-
nation of therapy based on a living will within 7 days after
admission to the hospital, and the administration of cal-
cium in the emergency room.

The following severely injured patients of different age
groups that were documented in the TR-DGU from 2011
to 2020 who met the following inclusion criteria were
analyzed (Fig. 1):
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patients from Germany, Austria, and Switzerland

. primary admitted patients (who were not transferred
out within 48 h after admission)

3. Maximum Abbreviated Injury Scale

and<6

4. available age

blunt trauma

6. standard documentation (including several interven-

tions)

s

(MAIS)>2

o

As shown in Fig. 1, according to their ages, the severely
injured patients were further divided into three groups:
child (3-15 years), adult (20-50 years), and elderly (70—
90 years) groups. This classification of groups was chosen
to ensure a clear delineation of the age groups. Therefore,
the interpretation of the data should be more clearly age-
specific. Thus, 56,115 patients met the inclusion criteria.

To evaluate the influence of age on severely injured
patients with an identical injury pattern, matched triplets
of patients from different age groups were performed
based on the following criteria:

Patients TR-DGU 2011-2020
n=373,292

l

I:> | other countries n=27,599 |

Patients from Germany, Austria, Switzerland
n=345,693

l

l

slightly injured patients n=120,017 |

MAIS 3+
n=225,676

l

Hospitals with reduced documentation
n=109,745

J

Documentation complete
n=115,931

l

transferred out hospital n=3,784
transferred in hospital n=15,569

|

Primarily cared patients
n=96,578

J

AlS 6 n=902
penetrating injury n=3,965
mechanism unknown n=4,468

Included patients

no age documentated n=165

n=56,115
age 3-15y age 20-50y age 70-90y
n=2,780 n=32,353 n=20,982

Fig. 1 Graphic representation of the test procedure
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« The exact injury severity of the different body regions
(head, thorax, abdomen, extremities [including the
pelvis], and spine) by using the Abbreviated Injury
Scale (AIS)=0-1, 2, 3, 4, or 5.

+ The level of receiving hospital, according to certifica-
tion by DGU: (1) supra-regional trauma center, (2)
regional trauma center, and (3) local trauma center.

The matched triplet criteria were selected in order to
allow for reliable comparability between the groups in
terms of injury severity. In this context, no injury was
present with an AIS of 0 in the corresponding body
region. Minor injuries (AIS=1) were disregarded and
merged with the none category. This step was per-
formed to clarify the focused analysis of severe inju-
ries. The level of care of the receiving hospital (levels
1-3) was also included as a matching criterion; this was
done to ensure that different levels of care of the hos-
pitals (for example, due to the presence of other spe-
cialties) did not have an influence on the analysis, thus
affecting the results.

Statistical analysis

Analysis was performed by using the Statistical Pack-
age for the Social Sciences (SPSS; version 24, IBM Inc.,
Chicago, IL, USA). Incidences are expressed as the
numbers of cases with percentages. Continuous vari-
ables are presented as the mean with standard devia-
tion (SD) or as the median with interquartile range, as
appropriate. Formal statistical testing of the differences
in the groups was not performed because the very large
number of cases would make even small and clinically
irrelevant differences statistically significant. With
this number of cases, differences of approximately 2%
(depending on the prevalence) would become "signifi-
cantly" different in the pairwise comparisons; in addi-
tion, for metric variables, a difference of approximately
one-twentieth of the standard deviation would indicate
significance. In the present study, only complete data
from the TR were included in the analysis; missing data

Table 1 Descriptive age-specific data from severely injured patients
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were not replaced, but only the existing and thus valid
data were analyzed and reported. All data sets showed
at least a completion rate between 90—-95%.

Results

General descriptive data

A total of 2,590 patients per group were available for the
matched triplet analysis and could be further investi-
gated. In contrast to the adults with 77.8% male patients,
the gender distribution was more balanced in the chil-
dren and elderly (Table 1). Injury severity scores (ISS)
were comparable across all three groups (Table 1). A
reduced Glasgow Coma Scale (GCS) score of <8 points
was least common in the elderly group at 21.2%. In con-
trast, the proportion of pre-diseased patients accord-
ing to the American Society of Anesthesiologists (ASA)
scores of 3 and 4 points was most common in the elderly
patients (child: 0.8%; elderly: 41.5%).

The results of the matched-triplet criteria (injury sever-
ity and level of first-care hospital) established by the
methodology are shown in Table 2.

With the exception of the elderly, traffic accidents were
the main cause of serious injury (child: 59.2%; adult:
57.9%; elderly: 37.1%). In addition to bicycle accidents,
pedestrian accidents were more frequent among chil-
dren. In the elderly group, falls from a low height<3 m
(low falls) were most frequent (Table 3).

Prehospital diagnostics and treatment

At initial diagnosis, the results were comparable across
all groups. Only the children tended to have weaker
blood pressure, increased heart rate and more patients
in hemorrhagic shock (child: RRsys <90 mmHg: 12.5%).
The GCS was again almost equally distributed across all
groups (Table 4).

Similar results were obtained in the analysis of prehos-
pital measures (Table 4). Here, there was an average of
just under 2 prehospital measures per group. Thus, about
90% of the patients in all three groups received prehos-
pital volume, although the children’s group received the
least prehospital volume (child: 587.6 ml, adult: 866.1 ml,
elderly: 666.5 ml). With the exception of resuscitation

Group Children (n=2,590) Adults (n=2,590) Elderly (n=2,590)
Male (%) 63.6 778 553

Age in years (MV, SD) 10.1+£3.9 352+96 785+55

ISS (MV, SD) 185+9.1 19.0+£9.2 18.7+9.1
Prehospital GCS <8 (%) 245 26.1 212

ASA 3-4 (%) 038 46 415

Values are the mean, standard deviation (SD) or % of the group; ISS, Injury Severity Score; GCS, Glasgow Coma Scale

ASA, American Society of Anesthesiologists
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Table 2 Prevalence of matching criteria in all three subgroups
(n=7,770; n=2,590 per group)
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Table 3 Causes of accidents and accident history in group-
specific comparison

AIS head: (%)

36.6
9.7

220
20.8
10.8
A

ANw N oY rwnowoY o rwow oY o rwo o Yo o

thorax: (%)
64.7
9.0
194
54

A

abdomen: (%)
843
7.5
48
27
0.6
A

extremities including pelvis: (%)
48.6
19.2
294
2.5
03
A

spine: (%)
86.6
8.0
39
03
5 1.2
Hospital level (%)
1 883
2 10.8
3 0.8

Values are the % of the group; Abbreviated Injury Scale, AIS

at the scene (where children were most prevalent)
and administration of catecholamines (where elderly
were most prevalent), all other prehospital measures
were given most frequently in adults for initial therapy
(Table 4). Time on scene was again similarly distributed
across all groups.

Initial diagnostics and treatment in the hospital
Compared to the other two groups, 39.9% more chil-
dren had been transported to the hospital by helicopter
(Table 5).

Regarding blood pressure values in the emergency
room and emergency measures, such as intubation,

Group Children Adults Elderly
(n=2,590) (n=2,590) (n=2,590)
Traffic accident (%) 59.2 57.9 37.1
Type of accident (%)
Motor vehicle 10.6 244 11.6
Motorcycle 6.2 16.6 32
Bicycle 164 9.6 104
Pedestrian 23.1 6.2 11.0
Fall:
High>3m 174 16.8 10.8
Low<3m 131 129 47.2
Other 132 134 58

Values are % of the group

the results were comparable to those of the prehospital
phase. Adults also received most diagnostic and thera-
peutic measures in the emergency room. Also with
the exception of resuscitation and administration of
catecholamines.

As shown in Table 5, the elderly had coagulopathy at
hospital arrival to a significantly greater extent (25.5%).
Similarly, the proportion of coagulopathies already exist-
ing before the accident was highest in this group, at
50.2%. Correspondingly, the elderly were more treated
with prothrombin complex concentrate (PPSB) (Fig. 2).
The other laboratory parameters from Table 5 (hemo-
globin, International Normalized Ratio, prothrombin
time, Quick) indicating hemorrhage or coagulopathy
were similarly distributed across the groups analyzed.
The same was true for the administration of erythrocyte
concentrates (EC) and fresh frozen plasma (FFP). Only
the administration of tranexamic acid occurred most fre-
quently in the adults.

With regard to radiological diagnostics, it was found
that, with the exception of sonography (FAST), CT in
particular was performed the least in the children, both
selectively for the head and as a whole-body CT (Fig. 3).
The times of a radiological examination were again simi-
larly distributed across the groups. The total time in the
emergency room was longest in the elderly.

Clinical course and outcome

The transfer of the patient from the emergency room
(e.g., ICU) and emergency surgery or surgery can be
seen in Table 6. Overall, the clinical course showed that
the group of elderly patients had the worst course in all
parameters studied, such as sepsis, organ failure (OF),
MOFEF, and thromboembolic events, when compared
between groups (Table 6).
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Table 4 Prehospital diagnostics and initial therapy in group comparison
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Adults (n=2,590)

Elderly (n=2,590)

Group Children (n=2,590)
BP at accident site (mmHQ) 116+25
BP <90 mmHg (%) 125
Heart rate at accident site (beats/min) 100+25
GCS at the accident site 11.7+44
Prehospital interventions
Number of interventions in total 19+1.1
Volume replacement (%) 88.0
Average amount of volume replacement (ml) 588+452
Intubation (%) 344
Sedation (%) 715
Chest tube (%) 15
Pelvic binder (%) [recorded from 2016] 106
Administration of catecholamines (%) 6.9
Administration of tranexamic acid (%) [recorded 93
from 2016]
CPR (%) 4.2
On-scene time (min) 28+16

127£29
94
90+23
11.6+45

21+1.1
92.6
866+631
37.1

723

25

15.3

78

14.2

3.2
29+17

141+£38
10.5
85+20
11.9+4.1

1.8+1.1
88.6

667 494
29.0

586

17

9.3

8.6

7.8

2.7
27£15

Values are the mean, standard deviation (SD) or % of the group; BP blood pressure; GCS Glasgow Coma Scale;

CPR cardiopulmonary resuscitation

Table 5 Initial diagnosis and therapy in the hospital in the group comparison

Group

Children (n=2,590)

Adults (n=2,590)

Elderly (n=2,590)

Prehospital time from accident to hospital admission (min)
Helicopter transport (%)

Hospital admission at weekend (%)

Hospital admission at night (%)

BP in hospital (mmHg; MV, SD)

Volume replacement in hospital (ml; MV, SD)

Intubation in the emergency room (%)

CPR emergency room (%)

Catecholamines in the emergency room (%)

Chest tube in the emergency room (%)

Coagulopathy (Quick’s value <60%, or INR>1.4, or PTT>40 s) (%)
BE (MV, SD)

Hb at admission (g/dl)

Quick (%)

INR

Preexisting coagulation disorder (%) [recorded from 2016]
Blood transfusion in the emergency room (%)

Mass transfusion (> 10 units of pRBC; %)

FFP administration emergency room (%)

66+29
399

453

386
118+23
8001012
12.1

2.1

1.3

39

139
-20+4.1
120£1.9

796
+16.3

1.2£05
0.3
7.3
0.5
3.1

67+31
322
474
429
128+27
1181+1389
114

1.8

156

7.1

9.6
-2.1+44
133+22

879
+18.2

1.1+03
1.0
8.7
1.2
52

70£42
234

385

316
138+35
924+1059
9.5

23

17.6

5.6

255
-1.7+£48
122+23

78.1
+26.9

14+09
50.2
10.0

0.9

4.1

Values are the mean, standard deviation (SD) or % of the group; BP,blood pressure; CPR, cardiopulmonary resuscitation;

INR, International Normalized Ratio; PTT, Prothrombin time; BE, Base excess; Hb, haemoglobin;. pRBC, packed red blood cells; FFP, fresh-frozen plasma
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25,0%

20,0%

15,0%

10,0%

Administration in %

0,0%
Calcium Tranexamic acid
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# children
= adults

% elderly

Prothrombin complex Fibrinogen
concentrate

Fig. 2 Administration of coagulants in the emergency room in group comparison. (Tranexamic acid and calcium indication recorded from 2016)
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first FAST first x-ray

0

D[

# children
= adults

% elderly

o

first CT time emergency room

Fig. 3 Time to radiological measures in the emergency room and total emergency room time

A comparable result was found for the percentiles
of length of stay. Children were represented with the
fewest days of ventilation (95th percentile: children
12 days, adults 20 days, elderly 22 days), days in the
intensive care unit (95th percentile: children 22 days,
adults 27 days, elderly 32 days), as well as total hospi-
talization time (Fig. 4). When analyzing the Glasgow

Outcome Scale (GOS), it was the elderly who had a
worse outcome (Table 6).

Similarly, the overall mortality rate was highest in the
elderly group with 21.5%, although in this group, with
1.5%, therapy was discontinued more frequently due to
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Table 6 Clinical course and outcome in group comparison

Group Children (n=2,590) Adults (n=2,590) Elderly
(n=2,590)

Transfer from ER to (%):

OP 39.8 412 276
ICU/IMC 494 50.8 60.1
other hospital 0.3 0.5 0.2
others 6.2 34 82
Emergency surgery (%) 295 258 16.3
Surgery (%) 63.3 70.1 634
Sepsis (%) 2.1 43 6.4
Organ failure (%) 224 335 442
Multiple organ failure (%) 12.1 188 256
Thrombembolic events (%) 0.8 15 46
Expected hospital mortality rate based on RISC I (%) 6.2 7.0 20.1
Died in hospital (%) 56 7.1 215
Died in the emergency room (%) 1.7 14 13
Died witih 24 h after admission in hospital (%) 37 4.0 9.7
Died due to termination of therapy based on living will within 7 days 0.2 0.2 1.5

after admission to hospital (%) [recorded from 2016]

Qutcome (%):
Vegetative state 1.1 15 2.2
Severe disability 59 8.2 11.9
Moderate disability 17.7 249 314
Good recovery 754 654 544

Values are the mean, standard deviation (SD) or % of the group; ICU, intensive care unit; IMC, Intermediate Care;;

RISC, Revised Injury Severity Classification

60

50 = = child

40

30

20

Days in hospital

10

eeeeee gdult

— c|derly

25 50 75 90 95

Percentiles

Fig. 4 Distribution of total hospital length of stay in severely injured children, adults, and elderly individuals
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the patient’s will. However, early mortality (death in the
emergency room) tended to be highest in children, at
1.7% (Table 6).

Discussion

In the results of this study, the reality of the treatment of
severely injured patients of different ages in a large col-
lective sample was demonstrated for the first time with
the aid of a matched triplet analysis. Specifically, age-
specific differences in the mechanism of the accident, the
initial diagnosis and therapy, or the outcome could be
demonstrated.

It is well known that male patients are particularly likely
to be severely injured after an accident [4, 20]. However,
it is striking that the gender difference is smaller in both
children and elderly patients and may even be reversed
in the elderly. This was also demonstrated by Gioftre-
Florio et al. in their study on elderly patients [21]. A pos-
sible explanation why more female patients are found as
severely injured patients with increasing age could be the
higher average life expectancy in women [22]. Otherwise,
an increased general tendency to take risks, an profession
with more accident potential, or the practice of high-risk
sports, in younger male adults in particular, is a possi-
ble explanation for the higher proportion in this group.
Accordingly, Rugg et al. saw increased male patients in
snowboarding accidents, as an example of a high-risk
sport [23]. When considering the causes of accidents,
it is notable that in the group of children up to 15 years
of age, falls from both low (<3 m) and greater heights
(>3 m) are initially present, and with increasing age and
mobility, traffic accidents as cyclists or pedestrians are
predominant [24, 25].

When considering the initial diagnostic values at the
scene, such as blood pressure and pulse rate, it should
be noted that the children had decreased blood pres-
sure and increased pulse rate. The proportion of children
with signs of hemorrhagic shock (RRsys <90 mmHg) was
also greatest across all groups. However, it must always
be kept in mind that smaller children, in particular, have
lower blood pressure and increased heart rate due to
their physiological normal values, and thus a pathological
value was not necessarily present [5]. In contrast, in the
elderly patients, preexisting cardiovascular medications
(e.g., heart frequency decreasing medications) may be the
cause of a lower heart rate at the scene of the accident,
thus masking an initial hemorrhagic shock and delay-
ing potentially life-saving therapy [26]. In this study, the
proportion of patients with signs of hemorrhagic shock
(RRsys <90 mmHg) tended to be even higher in the
elderly patients than in the comparison group of adults.
However, when discussing these results, it is important
to keep in mind that especially in the group of elderly
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patients, undiagnosed cardiovascular diseases may have
an influence on the initially measured blood pressure or
heart rate, which may affect pre-existing hypertension or
hypotension and may further complicate the initial diag-
nosis [27]. Moreover, it should be mentioned that in a
retrospective analysis based on pseudonymized data, no
conclusion can be drawn about the individual patient.
Thus, only possible correlations (but no absolute causali-
ties) can be discussed.

A remarkable finding of this study is that, despite
exactly the same injury severity existing in the different
body regions and despite almost identical overall injury
severity (according to the ISS), elderly received fewer
measures (both prehospital and in the emergency room)
compared with adults, with the exception of the admin-
istration of catecholamines, although the total number
of prehospital measures was almost equally distributed
across all of the groups with approximately 2 measures.
However, when considered individually, it is remark-
able that only prehospital resuscitation and prehospital
administration of sedating drugs were performed the
least amount in the elderly group. Although it has been
well studied that outcome worsens with age, an altered
immunologic response to severe trauma in the elderly
patient may be the cause [17, 28, 29]. Emergency pro-
cedures that may reduce mortality in younger patients,
such as thoracotomy, do not seem to improve outcomes
in patients over 57 years of age, so that emergency sur-
gery was performed less in the elderly in our study [30].
Nevertheless, van der Sluis et al. clarified that they could
not find any arguments against equal treatment of elderly
compared with younger patients in their retrospective
analysis [31]. However, current guidelines such as the S3
polytrauma guideline do not specifically address differ-
ent age groups [3]. Thus, as a rule, only recommendations
exist that have been studied in an adult collective and are
ultimately transferred to other age groups. As mentioned
above, it remains speculative in a retrospective analysis
why elderly received fewer measures, especially prehos-
pital, for the same injury severity. It is also possible that
injuries in elderly patients following accidents with rather
low kinetics (falls<3 m) are initially underestimated by
the emergency team, although these may lead to higher
injury severity in elderly patients [32]. A similar conclu-
sion of this "under triage" was reached by Ricard-Hibon
et al. in their study. They also found evidence in the lit-
erature that elderly are even more likely to benefit from
more aggressive therapy at the scene of the accident and
concluded that therapy limitation should only occur after
arrival at the hospital [33].

Interestingly, this occurrence of "under triage" is
also observed in children after a severe injury. Thus, in
the present study, prehospital measures were also less
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performed in children compared with adults. Brooke
Lerner et al. in their recent study even saw an increase
in "under triage" over the years in the preshospital setting
after severe trauma in children [34]. However, in contrast
to elderly "under triage," children are intubated more
and transported to a trauma center by helicopter more
often with shorter rescue times. This is all well described
already [35]. Here, transport to a trauma center specific
for children may be the reason. It is also important to
note that children were resuscitated more often prehos-
pital and in the emergency room despite exactly the same
injury severity. Why this is especially the case in children
must remain speculative on the basis of this retrospec-
tive study. A possible explanation could be that the act-
ing emergency team in children, even with injuries with
simultaneous cardiovascular arrest that are prognosti-
cally unlikely to survive, nevertheless transports these
patients to a trauma center. This assumption is supported
by the data presented here. For example, more patients
in the children’s group tended to die early in the emer-
gency room. This could be an indication of more incom-
patible injuries. It should be noted that only patients who
reach a hospital are included in the TR-DGU. This fact
would support the hypothesis that more children were
hospitalized despite nonsurvivable injury compared with
elderly and thus could be documented in the TR-DGU.
Another possible explanation is that children are postu-
lated to have a fundamentally better outcome after resus-
citation for trauma in comparison [36, 37]. Teeter et al.
even described children as a positive predictive factor
for better outcome after resuscitation and trauma [38].
The data presented here support this association. Thus,
the incidence of sepsis, organ failure, and multiple organ
failure was significantly less in children than in the two
adult collectives. When children survived the first 24 h
after trauma, subsequent mortality was lowest and out-
come according to the GOS was best. Therefore, it is not
surprising that ICU length of stay or total hospital length
of stay was shortest in the children and longest in the
elderly patients. However, with regard to mortality in the
elderly, it must be kept in mind that a larger proportion
of therapies were discontinued due to the patient’s wishes
compared to the younger patients.

In summary, it remains remarkable that the adults
received more in almost all diagnostic and therapeutic
measures in the group comparison, both in the prehos-
pital phase and in the in-hospital phase with exactly the
same injury severity. And even though their measured
diagnostic scores at the scene tended to be even bet-
ter. Thus, fewer patients were in hemorrhagic shock
(RRsys <90 mmHg) among adults at the scene. It also
remains unclear why, with the exception of the adminis-
tration of PPSB, fewer coagulants such as tranexamic acid
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or fibrinogen were administered in the elderly patients.
Although, as might be expected, elderly had more pre-
existing coagulation disorders anyway. Although PPSB
has been well studied in the literature as an antagonist
for oral anticoagulants in the elderly patient, e.g., after
a severe TBI, and thus may be more likely to be used in
practice [39]. It remains unexplained why elderly patients
received less tranexamic acid, for example. Especially
since it has been known since the CRASH-2 trial that
tranexamic acid may improve mortality, especially within
the first hour after trauma [40].

On the other hand, the fact that children received fewer
radiological diagnostic tools such as CT is reasonable. In
particular, the saving of a radio exposure in children plays
a crucial role here. Huber-Wagner et al. were able to show
that performing a whole-body CT scan can improve out-
come, but these data referred to adult patients [13]. In
contrast, Abe et al. concluded that a selective CT scan,
for example of the head, saves radiation and does not
increase mortality in children [41]. It remains unclear
why elderly also received fewer CT examinations. It is
possible that more frequent treatment discontinuations
occurred in this group because a non-survivable injury
was already detected on CT of the head. However, this
must remain unclear due to a lack of current literature on
this point and the retrospective nature of this study.

Finally, it must be considered that a comparison of
injury severities according to the AIS of body regions
between the different age groups, does not necessar-
ily trigger an exact same therapeutic pathway. It is con-
ceivable, for example, that a pulmonary contusion in an
adult may require more therapeutic effort to treat than
in comparably injured children. For example, Evans et al.
demonstrated that the AIS severity score does not repre-
sent the variability of functional impairment at discharge
[42]. Nevertheless, the AIS represents an internation-
ally recognized score that is applied and used scientifi-
cally across all ages. Unlike the GCS, for example, an AIS
adapted only for children is not yet available. Neverthe-
less, this should be considered in principle and taken into
account in future guidelines.

Limitations

1. In a strictly retrospective analysis based on pseu-
donymized data, it is not possible to clarify the indi-
vidual decision of the acting hospital team. Addition-
ally, access to the patient record for further analysis
was not possible due to pseudonymization.

2. Only possible links with conclusions can be described
in the examined data (not absolute causalities).
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3. Only patients who could be transferred to a hospital
or emergency room are recorded in the TR-DGU.
Patients who died at the scene of the accident are not
documented; therefore, they cannot be evaluated.

4. All of the patients were treated on site by a physician.
However, it remains unclear in this analysis which
specialization the physician possessed (e.g., anesthe-
siologist, surgeon, etc.).

5. No data on the health and medical history of the
patients were available in the TR-DGU.

Conclusion
For the first time, it could be shown on the basis of a large
patient collective that despite exactly the same injury
severity, a matched triplet group analysis of children,
adults and elderly patients reveals considerable differ-
ences with regard to the initial diagnosis and care after
a severe trauma. Thus, adults seem to be treated more
according to current guidelines, which is expressed by the
majority of measures taken at the scene and in the emer-
gency room. For children and elderly patients, on the
other hand, there is evidence of "under triage," although
this is different for children and elderly. For example,
children receive more resuscitations at the scene. Chil-
dren also have a better outcome after major trauma.
Future guidelines need to take into account different age
groups and their changing physiology.

Therefore, further prospective randomized studies are
urgently needed to further investigate the question inves-
tigated here with a higher level of evidence.
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