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Abstract
Purpose Severe bleeding after trauma frequently leads to a
poor outcome. Prehospital fluid replacement therapy is con-
sidered an important primary treatment option. We conducted
a retrospective matched pair analysis to assess the influence of
prehospital fluid replacement volume on the clinical course of
patients with solid abdominal organ trauma.
Methods Data were analyzed from 51,425 patients in
TraumaRegister DGU® of the German Trauma Society.
Inclusion criteria were as follows: injury severity score ≥16
points, primary admission, age ≥16 years, no isolated brain
injury, transfusion of at least one unit of packed red blood cells
(pRBCs), and systolic blood pressure ≥20 mmHg at the
accident site. The patients were divided into Blow-volume^

(0–1000ml) and Bhigh-volume^ (≥1500ml) groups according
to the matched pair criteria. In each group, 68 patients met the
inclusion criteria.
Results Higher volume in fluid replacement was associated
with increased need for transfusion (pRBCs: low-volume:
7.71 units, high-volume: 9.16 units; p=0.074) and with by
trend reduced clotting ability (prothrombin time: low-volume:
71.47 %, high-volume: 66.47 %; p=0.27). The percentage of
patients in shock (systolic blood pressure <90 mmHg) upon
admission was equal in the two groups (25.0 %; p=1). The
mortality rate was discretely higher in the high-volume group
(low-volume: 11.8 %, high-volume: 19.1 %; p=0.089).
Conclusions Excessive prehospital fluid replacement is able
to lead in an increased mortality rate in patients with solid
abdominal organ injury. Our results support the concept of
restrained fluid replacement in the preclinical treatment of
severe trauma patients.

Keywords Prehospital fluidmanagement . Abdominal
trauma . Solid organ injury . Trauma registry

Background

Bleeding as a result of severe trauma correlates with high
initial mortality rates and with secondary complications
[1–4]. Blunt trauma is themost frequent form of severe trauma
in Europe, accounting for 95 % of severe trauma cases in
Germany according to the TraumaRegister DGU® annual re-
port 2010. Blunt trauma that causes bleeding into the large
thoracic and/or abdominal body cavities is especially difficult
to assess diagnostically. Furthermore, such injuries are related
to increased mortality rates [5–7].

At first glance, it seems reasonable to replace the lost blood
with fluids as quickly as possible, ideally at the accident site
[8]. However, only a few studies have confirmed that the
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immediate administration of fluids is beneficial to abdominal
trauma patients with internal bleeding. In contrast to assess-
ments of blunt trauma patients, the influence of prehospital
fluid replacement on patients with penetrating injuries has
been investigated more thoroughly. Follow-up examinations
of soldiers wounded in the Falklands War indicated that pa-
tients with hypotensive circulation and simultaneous hyperpy-
rexia prior to hospital treatment had better outcomes [9].
Additional studies of patients who suffered penetrating inju-
ries showed that excessive replacement volume (>2000 ml)
resulted in longer delays from injury to hospital and
correlated with increased mortality rates after trauma in
most cases [10–12]. Bickell et al. also found positive
associations between moderate fluid replacement and
permissive hypotension (90 mmHg) in patients with pen-
etrating injuries. Moderate fluid replacement also reduces the
time from injury to hospital and is supported by several studies
[13–16].

Currently, there are few evidence-based recommendations
regarding the prehospital treatment of patients with
hemorrhaging after blunt trauma to the solid abdominal or-
gans. Anecdotal reports suggest that minimizing the injury-
to-hospital time and direct delivery to a level one trauma cen-
ter are the recommended course of action for penetrating in-
juries. In a systematic review, Butler presents a decision tree
based on the Tactical Combat Casualty Care (TCCC) guide-
lines that takes into account the presence of hemorrhagic
shock. However, that study concludes that it is not possible
to provide definite recommendations, since most of the guide-
lines are based on animal experiments and the evidence levels
in humans are too low [17]. In addition, the study did not
specifically consider blunt trauma but instead provides more
general recommendations. With regard to blunt abdominal
trauma, recent studies recommend minimal treatment at the
accident site with the goal of maintaining patient vital signs
and providing rapid transport to a higher-level trauma center
[18–20]. On the other hand, some reports continue to recom-
mend extensive volume replacement as the best treatment op-
tion [21, 22]. Turner et al. found no relationship between mor-
tality or outcome and the infused volume in patients with blunt
trauma [23]. However, that study focused on patients who
were less severely injured (>75 % had ISS <16).

An examination of the current literature raises ques-
tions: does the fluid replacement volume have conse-
quences for hemorrhagic shock in the posttraumatic
course, including multiple organ failure (MOF), sepsis,
outcome, and mortality? The hypothesis of this study
was that greater prehospital fluid replacement volume
could have a negative impact on patient outcome. We
addressed these questions and the hypothesis by analyzing
a patient cohort selected from TraumaRegister DGU®.
These patients had suffered severe injuries (abbreviated
injury scale (AIS) >3) that resulted in hemorrhaging.

Methods

The TraumaRegister DGU® was founded in 1993. The aim of
this multi-center database is an anonymous and standardized
documentation of severely injured patients.

Data are collected prospectively in four consecutive time
phases from the site of the accident until discharge from hos-
pital: (a) prehospital phase, (b) emergency room and initial
surgery, (c) intensive care unit, and (d) discharge. The docu-
mentation includes detailed information on demographics, in-
jury pattern, comorbidities, pre- and in-hospital management,
course on intensive care unit, relevant laboratory findings in-
cluding data on transfusion, and outcome of each individual.
The inclusion criterion is admission to hospital via 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 Akademie der
Unfallchirurgie (AUC)—Academy for Trauma Surgery
(GmbH), a company affiliated to the German Trauma
Society. The scientific leadership is provided by the
Committee on Emergency Medicine, Intensive Care and
Trauma Management (Sektion NIS) of the German Trauma
Society. The participating hospitals submit their data anony-
mously into a central database via a web-based application.
Scientific data analysis is approved according to a peer review
procedure established by Sektion NIS.

The participating hospitals are primarily located in Germany
(90 %), but a rising number of hospitals of other countries
contribute data as well (at the moment from Austria, Belgium,
China, Finland, Luxembourg, Slovenia, Switzerland,
TheNetherlands, and theUnitedArab Emirates). Currently, approx.
25,000 cases from more than 600 hospitals are entered into the
database per year. Participation in TraumaRegister DGU® is
voluntary. For hospitals associated with TraumaNetzwerk
DGU®, however, the entry of at least a basic data set is oblig-
atory for reasons of quality assurance.

Only patients from Germany and Austria were included
in this study to minimize variations due to different rescue
systems. All patients were attended by a physician prior to
hospital admission. Records that were collected between
1993 and 2009 (51,425 patients) were considered for this
study. Use of data from TraumaRegister DGU® was ap-
proved by the Ethics Committee of the University of
Witten/Herdecke, Campus Cologne-Merheim, Germany.
The present study is in line with the publication guidelines
of the TraumaRegister DGU® and registered as TR-DGU
project ID 2013–041.

Patients were selected for this study according to the fol-
lowing criteria:

& Primary admission to a trauma center (no transfers)
& Injury Severity Score (ISS) ≥16
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& Age ≥16 years
& Infusion of at least one unit of pRBCs
& Systolic blood pressure ≥20 mmHg at the accident site
& Data available for the administered prehospital fluid re-

placement volume, hemoglobin concentration upon hos-
pital admission, and blood pressure at the accident site and
upon hospital admission

Based on the prehospital fluid replacement volume
(crystalloids and colloids), patients were divided into
Blow-volume^ (0–1000 ml) and Bhigh-volume^ (≥1500 ml)
groups. This classification system was based on the mean
fluid replacement value for all patients that met the inclusion
criteria. To raise the accuracy of this study, patients with a
prehospital fluid replacement volume between >1000–1500
were not included at all.

To evaluate the effect of the prehospital fluid replacement
volume, patients with low- and high-volume fluid replace-
ment were matched according to the following criteria:

& The pattern of injury for the following abdominal organs:
liver, spleen, kidney, and pancreas, where matching
criteria were AIS severity ≥3 points

& The date of the injury (to account for changes in treatment
over time): (I) 2002–2005, (II) 2006–2009, and (III)
2010–2012

& Systolic blood pressure at the accident site, which had to
be at least 20mmHg: (I) 20–60mmHg, (II) 61–90mmHg,
and (III) ≥91 mmHg

& Age: (I) 16–54, (II) 55–69, and (III) ≥70 years

Because the three following characteristics depend on and
correlate with the administered fluid replacement volume, the
patient cohort was also matched with respect to the following
characteristics:

& Intubation (yes/no)
& Method of rescue transport (air vs. ground transportation)
& Time from injury to hospital ±30 min (i.e., the difference

in the time from injury to hospital in matched patients did
not exceed 30 min)

Sepsis was defined according to the criteria of Bone, which
are close to the American College of Chest Physicians/Society
of Critical Care Medicine (ACCP-SCCM) consensus confer-
ence definition [24]. Single organ failure was defined as a
value ≥3 for the sequential organ failure assessment (SOFA)
score [25]. The hospitals participating in TraumaRegister
DGU® entered this value as the total value in the registry,
and no conclusions about individual patient management or
intervention can be drawn. MOF was listed if simultaneous
organ failure was recorded for at least two organs. Preclinical
parameters, length of hospital stay, and coagulation ability

were examined separately in each group. Prothrombin time
is a parameter that is commonly used as a measure of coagu-
lation ability in Germany and corresponds to the international
normalized ratio (INR). To evaluate the ISS within groups
with sufficiently complete data, prognosis estimation was per-
formed using the Revised Injury Severity Classification
(RISC) [26]. The prognosis was then compared to the ob-
served mortality rate in the corresponding group. Prognoses
were also calculated according to the Trauma and Injury
Severity Score (TRISS). The probability of surviving over
time was analyzed using Kaplan-Meier statistics.

Statistics

Data were analyzed with the Statistical Package for the Social
Sciences software (SPSS1; version 17, Chicago, IL, USA).
Incidences are represented as number of cases and percent-
ages, and measured values are represented as means and
standard deviations. Differences between the two groups
with low and high prehospital replacement volumes
were evaluated using the chi-square test in cases of categor-
ical variables and using the t test in cases of continuous vari-
ables. In cases of obvious deviation from normality, continu-
ous variables were tested with a non-parametric rank test
(Mann-Whitney). We applied a significance level of 5 % to
all statistical tests.

Results

Using data from TraumaRegister DGU®, 68 patients with
severe abdominal injuries with a high prehospital replacement
volume were matched with 68 patients from the low-volume
replacement group. The average patient age in the entire group
(n=136) was 35.31 (15.17) years; p=0.35. The mean ISS was
the same in both groups (low-volume: 34.97 (12.36), high-
volume: 34.65 (11.17); p=0.99). As expected, most injuries
were blunt trauma injuries (88.8 %). The injury severity scores
in the abdominal organs had identical distributions in the
groups (Tables 1 and 2). The injury causes are shown accord-
ing to subgroup in Table 3. The similarity of the characteristics
of the patients in this study supports the idea that the groups
receiving low- or high-volume replacement therapy were sim-
ilar and comparable.

Preclinical and emergency department treatment

Less fluid was infused prior to arrival at the hospital in the
low-volume group (mean volume, 818.38 ml) than in the
high-volume group (mean volume, 2101.84 ml). As shown
in Table 4, patients in the high-volume group received propor-
tionally greater (combined) volumes of crystalloid and colloi-
dal infusion solutions. Patients in the high-volume group had
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lower mean systolic blood pressure at the accident site (low-
volume: 112.12 (26.58) mmHg, high-volume: 108.25 (22.46)
mmHg; p=0.36). Upon arrival at the hospital, there was no
significant difference in the mean systolic blood pressure be-
tween the two groups. The percentage of patients in the two
groups with systolic blood pressure <90 mmHg was the same
at the accident site and upon arrival at the hospital. Overall, the
clinical parameters for circulation were similar in both the
low- and high-volume patient groups.

Hemoglobin concentration, base excess, and coagulation
values were measured during treatment in the emergency de-
partment. Patients who received high fluid volumes showed
lower blood values. Namely, the hemoglobin concentration
was lower in the high-volume group (low-volume: 11.38
(2.42) mg/dl, high-volume: 10.08 (3.30) mg/dl; p=0.03).
Similar results were observed for the prothrombin time (low-
volume: 71.47 (22.69) %, high-volume: 66.47 (21.04) %;
p=0.27) and platelet counts (low-volume: 219,326.53/nl,
high-volume: 181,081.63/nl; p=0.008). Patients in the high-
volume group received more units of pRBCs (low-volume:
7.71 (9.76) units, high-volume: 9.16 (9.88) units; p=0.074).
A higher percentage of patients in the high-volume group
received more than 10 units of pRBCs (low-volume:
27.9 %, high-volume: 33.8 %; p=0.458), and high-volume
patients were perfused with more fresh-frozen plasma (low-
volume: 4.81 (7.26) units, high-volume: 6.64 (7.85) units;
p=0.047). As shown in Table 4, patients in the high-volume
fluid replacement group required additional preclinical thera-
peutic measures, including catecholamine supplementation,
sedation, and insertion of a chest tube at the accident site.
There was no significant difference between the low- and
high-volume groups in terms of the percentages of patients

Table 1 Demographic and
clinical data for bleeding, severely
abdominal injured patients treated
prior to hospitalisation with low-
or high-volume fluid replacement
therapy (68 patients per group)

Values shown as mean, standard
deviation (SD) or % of the group

AIS abbreviated injury scale

Patient characteristics Preclinical volume Total p Wert

Patients, n 68 68 136 0.334

Age, years 34.25 (14.96) 36.37 (15.41) 35.31 (15.17) 0.35

Male, % 86.8 86.8 86.8 1

Glasgow coma scale (GCS), pts 12.46 (3.76) 12.32 (3.67) 12.39 (3.70) 0.68

Injury severity score (ISS). pts 34.97 (12.36) 34.65 (11.17) 34.81 (11.74) 0.99

New injury severity scale, pts 38.07 (12.70) 39.85 (13.51) 38.96 (13.10) 0.49

Blunt abdominal trauma % 86.8 90.9 88.8 0.447

AIS abdomen 3 % 20.6 20.6 20.6

AIS abdomen 4 % 41.2 41.2 41.2

AIS abdomen 5 % 38.2 38.2 38.2

Table 2 Organ-specific data broken down into the respective grades of
severity (AIS) in liver, kidney, spleen and pancreas injury

Patient characteristics Preclinical volume Total p-Wert

0–1000 ml ≥1500 ml

AIS liver 0 % 52.9 57.4 55.1

AIS liver 2 % 5.9 5.9 5.9

AIS liver 3 % 13.2 10.3 11.8 0.914
AIS liver 4 % 17.6 16.2 16.9

AIS liver 5 % 8.8 10.3 9.6

AIS liver 6 % 1.5 0 0.7

AIS kidney 0 % 76.5 67.6 72.1

AIS kidney 2 % 5.9 4.4 5.1

AIS kidney 3 % 5.9 8.8 7.4 0.586

AIS kidney 4 % 5.9 5.9 5.9

AIS kidney 5 % 5.9 13.2 9.6

AIS spleen 0 % 38.2 29.4 33.8

AIS spleen 2 % 1.5 1.5 1.5

AIS spleen 3 % 14.7 16.2 15.4

AIS spleen 4 % 22.1 30.9 26.5

AIS spleen 5 % 23.5 22.1 22.8

AIS pancreas 0 % 89.7 97.1 93.4

AIS pancreas 2 % 1.5 0 0.7 0.202

AIS pancreas 3 % 8.8 2.9 5.9 0.202

Values shown as % of the group

AIS abbreviated injury scale

Table 3 Cause of injuries in the low- and high-volume groups

Patient characteristics Preclinical volume Total p Wert

0–1000 ml ≥1500 ml

Traffic accident % 71.6 75.0 73.3 0.664

Traffic accident, car % 40.3 43.8 42.0

Traffic accident, motorcycle % 19.4 21.9 20.6

Traffic accident, bicycle % 3.0 6.2 4.6 0.592
Traffic accident, pedestrian % 9.0 3.1 6.1

Fall (>3 m) % 13.4 15.6 14.5

Others % 14.9 9.4 12.2

Values shown as % of the group
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who required cardiopulmonary resuscitation at the accident
site.

Clinical course and outcome

The number of days spent in the intensive care unit (ICU), the
total length of the hospital stay, and the total number of days of
intubationwas similar in both groups (Table 5). The occurrence
of sepsis, organ failure, and MOF did not differ significantly
between the two groups. In this context, it must be noted that in
the high-volume group, more patients died before experiencing
sepsis, multiple organ failure, or organ failure. The residual
cohort then consisted of patients with better outcomes.

There was no significant difference in TRISS prognosis
between the low- and high-volume groups, but the RISC prog-
nosis showed a higher probability by trend of death for pa-
tients in the high-volume group (low-volume: 10.44 %, high-

volume: 13.85 %; p=0.089; Table 5). The RISC prognosis is
based on data that are collected in the hospital, including pro-
thrombin time, hemoglobin concentration, and administered
pRBCs. However, these values are directly influenced by the
administered prehospital fluid replacement volume. In con-
trast, the TRISS prognosis is not influenced by the adminis-
tered prehospital fluid replacement volume. The percentage of
patients who died was higher in the high-volume group
(19.1 %) versus the low-volume group (11.8 %). The differ-
ence of 7.3 % is not statistically significant (p=0.089) and
should therefore be only evaluated by trend.

Discussion

Our study reveals a possible connection between increased
prehospital fluid replacement volume and impairment of the

Table 4 Group-specific patient data for fluid administartion at the accident site, in the emergency department and during initial surgical treatment

Patient characteristics Preclinical volume Total p wert

0-1000 ml ≥1500 ml

Fluid volume replaced prehospital, ml 818.38 (244.93) 2101.84 (809.46) 1460.11 (877.40) none
Crystallloid volume replacement, ml 546.27 (270.85) 1345.59 (498.19) 948.89 (566.69)

Colloidal volume replacement, ml 258.21 (261.06) 713.24 (467.74) 487.41 (441.70)

ER volume replacement, ml 3989.22 (3250.00) 4804.81 (3034.33) 4400.97 (2900.04) 0.12

Total preclinical time, min 59.37 (20.69) 63.00 (20.08) 61.18 (20.39) 0.21

Time in ER, min 62.14 (47.24) 59.08 (39.21) 60.53 (42.97) 0.77

CT, % 72.1 75.0 73.5 0.697

RR (accident site), mmHg 112.12 (26.58) 108.25 (22.46) 110.18 (24.59) 0.36

RR (hospital), mmHg 112.55 (29.44) 110.74 (25.99) 111.64 (27.66) 0.48

RR (accident site) <90 mmHg, % 25.0 25.0 25.0 1

RR (hospital) <90 mmHg, % 25.0 26.2 25.6 0.881

Heart rate (accident site), bts/min 100.04 (18.65) 107.20 (19.37) 103.62 (19.26) 0.11

Heart rate (hospital), bts/min 91.20 (23.95) 101.52 (21.23) 96.41 (23.09) 0.033

Hb, mg/dl 11.38 (2.42) 10.08 (3.30) 10.72 (2.96) 0.033

Platelet count, n/nl 219,326.53 181,081.63 200,204.08 0.008

Partial thromboplastin time, sek 38.42 (25.54) 46.23 (34.35) 42.13 (30.11) 0.48

Prothrombin time, % 71.47 (22.69) 66.47 (21.04) 68.97 (21.94) 0.27

International Normalized Ratio 1.38 (0.70) 1.46 (0.77) 1.42 (0.74) 0.41

Base excess, *(−1) 4.52 (4.37) 4.43 (5.67) 4.47 (5.04) 0.74

pRBC, n 7.71 (9.76) 9.16 (9.88) 8.43 (9.81) 0.074

pRBC>10, % 27.9 33.8 30.9 0.458

Units of fresh-frozen plasma, n 4.81 (7.26) 6.64 (7.85) 5.73 (7.59) 0.047

Preclinical catecholamines, % 1.9 11.5 6.7 0.05

Preclinical chest tube, % 0 13.5 6.7 0.006

Preclinical CPR, % 1.5 1.5 1.5 1

Preclinical sedation, % 82.7 96.2 89.4 0.026

Value shown as mean, standard deviation (SD) or % of the group

ER emergency room, CT computertomography, RR Riva Rocci (blood pressure), Hb hemoglobin, pRBS packed red blood cells, CPR cardiopulmonary
resuscitation
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coagulation system and hemoglobin concentration upon arriv-
al at the hospital. This finding was also illustrated by the num-
ber of units of pRBCs transfused into patients who received
either low or high volumes of prehospital replacement fluid
and was especially apparent and clinically relevant in patients
who received more than 10 units of pRBCs. This connection is
supported by studies of blunt trauma patients conducted by
Turner and Trunkey as well as by Geeraedts [27].

The decision to initially administer enhanced therapy
(thoracic drainage, intubation, central venous catheter,
etc.) at the accident site must be made on a case-by-case
basis. A comprehensive standard protocol cannot be
established for this situation. However, our findings support
the idea that recommendations for the preclinical treatment of
patients with penetrating trauma also apply to the preclinical
treatment of patients with blunt trauma. These recommenda-
tions include limiting preclinical therapy to stabilization of the
patient’s cardiovascular and pulmonary systems and prioritiz-
ing rapid transport to a level one trauma center.

The question of why patients in the high-volume group
received a much larger volume of fluid (approximately
1300 ml more, on average) than patients in the low-volume
group remains unanswered. Patients were classified so that
their initial hemodynamic conditions were approximately the
same, as was the injury severity in each part of the body. This
helped minimize possible bias due to differences in injury
severity. In addition, there was no significant difference in
the mean ISS between the groups.

As mentioned before, the attending personnel make the
decision of how much fluid should be administered to a given
patient. With regard to hemodynamic stability, only patients
with systolic blood pressure ≥20 mmHg at the accident site
were included in this study. It is assumed that patients with
systolic blood pressure <20 mmHg receive larger volumes of
fluid at the accident site; thus, these patients were not investi-
gated due to lack of a matching control group. Therefore, it

was not possible to investigate the effects of prehospital fluid
volume in these patients. Nonetheless, the results show that
patients were reanimated at the accident site. It should be
noted that the systolic blood pressure data that were used for
matching referred to the blood pressure values that were ini-
tially measured at the accident site. Patient assessment and
subsequent therapy decisions are made continuously during
emergency treatment according to the patient’s condition.
However, no conclusions about individual decisions can be
drawn in a retrospective statistical analysis such as this. The
present data support the idea that once a medical team opts for
extended therapy, this extended therapy is related to increased
replacement volume. Injury severity does not always seem to
be a determining factor in this context. For example, the sig-
nificantly higher number of chest tubes used in the higher-
volume group cannot be explained by more severe injury to
the thorax. It is possible that the determining factors are the
education and experience of the attending medical personnel.
This is supported by the findings of a review by Oestern
concerning the medical assistance provided to severely
injured patients in emergency trauma departments [28].
In addition, the matched pair criteria of time from injury
to hospital, intubation, and rescue means of transport
did not explain the higher fluid replacement volume in
the high-volume group. The individual assessments by
ambulance service personnel may play a role in deter-
mining the replacement volume. This is speculative,
however, and cannot be assessed due to a lack of rele-
vant studies at this time. However, this question merits
further investigation in the future.

One finding of this study was that higher replacement vol-
ume was related to higher mortality rate by trend. The increase
of approximately 9 % in the mortality rate in the high-volume
group appeared within 6 h after arrival at the hospital, so the
higher mortality was not due to patients who were brought to
the hospital because of higher fluid replacement volume.

Table 5 Cinical course and
outcome of patients receiving
low- or high-volume prehospital
replacement therapy after trauma
and bleeding

Values shown as mean, standard
deviation (SD) or % of the group

ICU intensive care unit,
RISC revised injury severity
classification

Patient characteristics Preclinical volume Total p Wert

0–1000 ml ≥1500 ml

ICU stay, days 15.13 (22.32) 13.90 (14.32) 14.51 (18.69) 0.91

Intubation at accident site, % 41.2 41.2 41.2 1

Days intubated 6.94 (8.79) 8.37 (10.38) 7.65 (69.61) 0.5

Organ failure, % 56.5 67.4 62.0 0.283

Multiple organ failure, % 37.0 47.8 42.4 0.291

Multiple organ failure, % 10.6 18.8 14.7 0.265

RISC prognosis, % 10.44 (17.72) 13.85 (18.69) 12.15 (18.22) 0.089

Died in hospital, % 11.8 19.1 15.4 0.089

Died within the first 24 h, % 8.8 17.6 13.2 0.129

Days of hospitalization 31.37 (28.19) 31.79 (27.71) 31.58 (27.84) 0.99
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However, these findings are not statistically significant.
Rather, the elevated mortality rate appeared in the first opera-
tive phase or the first intensive care phase of patient treatment.
It can be assumed, as indicated by this study, that a higher
prehospital replacement volume was responsible for the
higher mortality rate after trauma because, for example, this
impaired the coagulation system. The possible treatments for
such impaired conditions seem to be limited to the initial
phase of treatment after trauma. The present study refutes
the notion that if a patient survives the first operative phase
or the first intensive care phase, then the mortality rate does
not change significantly in subsequent treatment phases.
There were no significant differences in the rates of sepsis,
organ failure, or MOF because of the higher mortality rate in
the high-volume group. The results were similar for both
groups in terms of the total days spent in the ICU and the
number of days of intubation. For these parameters, the higher
mortality by trend in the high-volume group needs to be taken
into consideration. The best course of action appears to be
lower-volume fluid replacement that minimizes additional im-
pairment in coagulation and dilution of oxygen carriers, plus
rapid transport to a level one trauma center for definitive sur-
gical and intensive medical therapy. As mentioned above,
Geeraedts and Turner drew similar conclusions.

Interestingly, the RISC score confirmed the influence of
fluid volume onmortality as this score was directly influenced
by the administered prehospital volume, e.g., by the values for
coagulation, hemoglobin concentration, and pRBC transfu-
sion. The mortality as predicted by the RISC scores was al-
most as expected.

Our study does not support Turner’s conclusion that the
replacement volume does not influence the mortality rate.
Rather, the present study does not support aggressive volume
replacement after blunt trauma of the abdomen and bleeding.
Dutton et al. reported similar results for penetrating and blunt
trauma injuries in the USA [29], as did Haut, also in a study
conducted in the US. Haut postulates that the routine use of
prehospital volume replacement should be avoided since it is
associated with increased mortality. As a caveat, it must be
noted that the emergency system in the US is different from
the emergency system in our study. Whilst the ISS was split
into four groups, no organ-specific matching (e.g., using the
AIS) was performed. Lastly, the average time from injury to
hospital and the volumes of the administered solutions were
not reported in that study [30]. We conclude that permissive
hypotension represents a therapeutic option, as has been
shown for patients with penetrating trauma.

Limitations

1. The TRISS calculations could only be performed for 46%
of the participating trauma centers, whereas the RISC
methodology was available for 88 % of the cases. Thus,

the data might be biased, as TRISS was not calculated for
the majority of the trauma cases. However, this indicates
that RISC is much easier to calculate than TRISS. This
may be because RISC does not include determination of
the prehospital respiratory rate, which was documented
by physicians at the accident site in only 60 % of cases.

2. Regarding the coagulation analysis, only the prothrombin
ratio, prothrombin time, and platelet counts are document-
ed and available for analysis in TraumaRegister DGU®.
Other laboratory values that are relevant to coagulation,
such as fibrinogen and protein C, are not documented in
TraumaRegister DGU®. Furthermore, the precise phar-
macological composition of the administered solutions
was not documented in the registry. As a rule, Ringer’s
solution or 0.9 % NaCl are used as crystalloid solutions,
HAES1 is used as colloidal solution, and HyperHAES1 as
a hyperoncotic solution.

3. All patients were treated by a physician at the accident
site. However, the specialty of the physician at the acci-
dent site (e.g., (trauma) surgeon, anesthesiologist, or in-
ternist) was not recorded. For example, in Scandinavian
countries, only anesthesiologists are allowed to work as
physicians at an accident site. In German-speaking coun-
tries, any physician with an additional certificate in
Bemergency medicine^ is authorized to work as an emer-
gency physician at an accident site. This certificate is not
comparable to Bemergency physician^ certifications in most
European countries, in the USA, or in Australia. In these
countries, Bemergency physician^ represents a separate
specialty. Furthermore, the individual decisions of the
emergency doctors remain unclear due to lack of data in
TraumaRegister DGU®.

4. The matched pair analysis is dependent on the quality of
the matching criteria. When patients are matched, not all
patients in TraumaRegister DGU® are included, since pa-
tients without a Bmatch partner^ are not included. The
advantage of the comparison of patients included in the
matched pair analysis, however, is based on the fact that
small differences can be demonstrated.

5. Finally, this was a retrospective analysis, so only associa-
tions (not causalities) can be ascribed to the data. In the
future, a prospective randomized study will be crucial for
clarifying the advantages or disadvantages of a particular
volume therapy for the most severely injured, bleeding
patients at accident sites.

Conclusions

Due to registered limitations and the small group sizes, statis-
tical analyses could hinder to show significant differences
between the two study groups. Therefore, interpretation of
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the mentioned study data needs to be performed carefully and
were indicated clearly, whether there are trends or significant
differences.

However, if not indicated, aggressive volume replacement
may lead by trend to increased mortality and could be related
to early traumatic coagulopathy. The results of this study show
that permissive hypotension and limited volume replacement
during rescue have a positive impact on patients suffering
from trauma and severe bleeding.
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