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Abstract

Background Clinical guidelines have been standardized for
pre- and in-hospital trauma management in the last decades.
Therefore, it is known that prehospital management has
changed significantly. Furthermore, in-hospital course may
be altered to reduce complications and length of stay (LOS).
However, the development of trauma patient in-hospital man-
agement as well as LOS in the intensive care unit (ICU) has
not been investigated systematically over a long-term period
in Germany. Aim of our study is to examine the changes in in-
hospital management and LOS in the ICU in moderately and
severely injured patients.

Methods Patients documented in the TraumaRegister DGU®
(TR-DGU) of the German Trauma Society from 2000 to 2011
and admitted to ICU were included in this study. Demographic
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data, the pattern of injury, injury severity, duration of mechanical
ventilation, LOS in the ICU, hospital LOS, and discharge desti-
nation were evaluated. The mean values and the standard devia-
tions are shown. The constant variables were calculated with
changes over time analyzed by linear regression analysis, and
categorical variables were calculated with the chi-square test.

Results A total of 18,048 patients were analyzed. The rate of
patients being intubated at the time of ICU admission decreased
from 86.8 % in 2000 to 60.0 % in 2011 (p<0.001). The time of
mechanical ventilation decreased from 7.5+10.5 to 4.7
+8.7 days. The intensive care unit LOS was reduced from
11.7+£12.8 to 9.0+ 11.3 days and the length of hospital stay
from 27.9+28.7 to 21.1+20.4 days (both p<0.01). The ICU
LOS remained stable in the subgroup of mechanically ventilated
patients (12.7+13.2 day in 2000, 12,6 +12.9 in 2011, p=0.6),
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whereas it was reduced in non-mechanically ventilated patients
(5.5+6.8 days in 2000, 3.6+£4.5 days in 2011; p<0.001).

Conclusions The reduction LOS in the analyzed dataset is
mainly explained by the relevantly reduced rate of patients
being intubated at the time of ICU admission. Our data dem-
onstrate that trauma patients’ in-hospital course is influenced
by reduced intubation rate at the time of ICU admission.

Keywords Multiple trauma - Polytrauma - Length of stay -
Intensive care - Intubation

Introduction

Every year, up to 38,000 patients suffer from severe trauma in
Germany [1]. Efforts have been made to reduce the trauma-
related morbidity and mortality accompanied by years of con-
troversial discussion and numerous publications. This led to
detailed recommendations for the particular phases of trauma
resuscitation, including prehospital, early, and consecutive in-
hospital management. These recommendations were summa-
rized in the S3-Guideline on Treatment of Patients with Severe
and Multiple Injuries [2]. According to this, pre- and in-
hospital trauma management has changed over the years, un-
dergoing more than one paradigm shift, e.g., the amount of
intravenous fluid administered at scene decreased [3]. The
majority of moderately or severely injured patients (>95 %)
are initially treated by an emergency physician on scene (in-
cluding life-saving interventions, e.g., airway management)
and transported to an acute care hospital by helicopter or by
ambulance. In-hospital management is mainly based on a di-
agnostic and treatment algorithm addressing ABCDE-
problems (i.e., airway, breathing, circulation, disability, and
exposure) and computed tomography. However, after the ini-
tial management of a severely injured trauma patient, resusci-
tation has to be continued at the intensive care unit (ICU) [4].
Therefore, many approaches in intensive care treatment have
been changed to reduce morbidity and mortality, such as early
goal directed therapy in the treatment of sepsis [5], lung pro-
tective ventilation and daily spontaneous breathing to reduce
ventilation time [6] as well as early mobilization [7].

The changes in prehospital management in Germany have
been described previously [8]. Whether there is a
change in the in-hospital management within the popu-
lation of moderately and severely injured trauma pa-
tients has not previously been examined. Therefore, the
aim of the present study was to display the development
of the rate of invasively ventilated patients at the time
of ICU admission, the ICU length of stay (LOS), the
length of invasive ventilation, and the length of hospital
stay in a large population of moderately to severely
injured trauma patients in Germany.

@ Springer

Methods
TraumaRegister DGU®

The German TraumaRegister DGU® (TR-DGU) is a prospec-
tive multi-center database that was founded in 1993. It offers a
standardized and anonymous documentation of severely in-
jured patients from the point of accident with subsequent stay
in the ICU or intermediate care unit (IMC) to clinical dis-
charge [9]. Its aim is to define standards, develop therapeutic
concepts, and implement a system for evaluating trauma care.
Detailed information on a patient’s pre-existing condition, ac-
cident mechanisms, preclinical state, status at the time of ad-
mission, intensive care treatment, and clinical discharge, in-
cluding demographics, clinical, and laboratory data, as well as
a variety of standardized scoring systems such as the Glasgow
Coma Scale (GCS) [10], the Injury Severity Score (ISS) [11],
and the Abbreviated Injury Scale (AIS) are available. Detailed
information on the TR-DGU can be found in the acknowl-
edgement section. Currently, approximately 25,000 cases
from more than 600 hospitals are entered into the database
every year. The present study is in line with the publication
guidelines of the TraumaRegister DGU® and registered as
TR-DGU project ID 2012-016.

Patients

Patients collected in the TR-DGU from 2000 to 2011 with an
Injury Severity Score >9 were eligible for inclusion in this
study if they were primarily admitted to the ICU (no second-
ary transfer in or out to another trauma center). We included all
hospitals that were level I (supra-regional) or II (regional)
trauma care centers in Germany that participated in the TR-
DGU for at least 10 years in the respective period. To avoid
large deviation from the mean LOS, those patients who stayed
longer than 90 days in the ICU were excluded (these were less
than 1 % of the patient total).

Variables

Gender and age were determined demographic variables. We
analyzed the LOS in the ICU, number of patients who were
intubated on admission to the ICU, duration of intubation,
ISS, and discharge destination. The pattern and severity of
injuries is displayed by calculating the ratio of patients with
an AIS of 3 or higher in the particular body region (i.e.,
head/neck, chest, abdomen, extremities), which is in accor-
dance with the European definition of severe injury of the
particular body region. Furthermore, we investigated the inci-
dence of sepsis as well as single and multiple-organ failure.
Data for organ failure (OF) and sepsis were not recorded be-
fore 2002, which is when the TR-DGU changed to an online
data collection system. Therefore, the first 2 years were not
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available for this sub-analysis. OF was defined according to
the Sequential Organ Failure Assessment (SOFA) score
[12], where a SOFA score >3 for at least 2 days was
considered as OF.

Statistical analysis

Statistical analysis was performed for all trauma patients as
well as separately for non-survivors and survivors. The medi-
an and mean values with standard deviations for the absolute
values and percentages are shown. Changes over time were
analyzed on a yearly basis using linear regression analysis.
The year of treatment was an independent predictor.
Categorical variables were presented as the percentage of val-
id cases, and differences were tested using the chi-squared test
for linear association of changes over time. Due to the number
of cases included in the analysis, we defined a p value <0.01 as
statistically significant.

Results

Datasets of traumatized patients (18,048) reported from 34
hospitals were considered for the analysis and met the afore-
mentioned requirements. Twenty-six hospitals registered as
level T and 8 level II hospitals were enrolled in our analysis.
The general characteristics of the population examined are
shown in Table 1. There was no change in the gender distri-
bution over the 12-year period of time (p=0.57).

The age of the trauma patients increased over time from
41.1£20.9 years to 47.2+22.0 years (» <0.001). The mortal-
ity is within the range of 17.4 to 12.1 % with a tendency to
decrease over the observation period; however, this tendency
did not reach statistical significance (p=0.06).

The average ISS was 23.9+12.6 points and remained sta-
ble over the entire observation period (p=0.76). The ratio of
patients with an ISS >16 was 73 % for the whole observation
period not changing significantly and without revealing an
increasing or decreasing trend. For the group of survivors
and non-survivors, the mean ISS was 22.2+11.2 and 34.8
+16.3, respectively, and did not have relevant alterations with-
in the observation period. In the group of non-ventilated pa-
tients, the mean ISS was 17.3 for the whole observation period
showing inconsistent variations of 2.5 ISS points from the
mean value without any significance. In the group of ventilat-
ed patients, mean ISS was 26.1 with inconsistent variations of
1.9 ISS points from the mean value.

The pattern of injury and the ratio of patients with shock in
the preclinical setting changed (Table 2). The ratios of patients
with severe head injury was 49.3 % and chest injury was
45.7 %, respectively, both showing inconsistent changes over
time. In contrast, the number of severe abdominal trauma
(19.5 % in 2000, 14.0 % in 2011) as well as the ratio of severe

extremity injuries (45.3 % in 2000, 29.5 % in 2011) decreased
continuously over the observation period (both p<0.001).

The ratio of patients with a documented systolic blood
pressure <90 mmHg at scene decreases from 21.9 % in 2000
t0 12.0 % in 2011. For the ratio of patients with an GCS of 8 or
lower, such a relevant trend cannot be found. The ratio varies
round 30 % except for the first and the last year of the obser-
vation period.

The proportion of patients admitted by helicopter to the
destination hospital decreased continuously from a maximum
0f49.3 % in 2001 to a minimum of 31.4 % in 2011 (»p<0.01,
Fig. 1). Within the observation period, the time on scene did
not change significantly, though there is a tendency of a re-
duced time on scene. Median time on scene was 28 min.

There were changes in both the LOS in the ICU and dura-
tion of invasive ventilation. The LOS in the ICU for all trauma
patients declined from 11.7+12.8 to 9.0+11.3 days
(»<0.001). This trend was true for the group of trauma pa-
tients with an ISS 9-15 (5.6 +6.2 to 4.9+ 6.7 days; p<0.001)
as well as for the group of severely injured trauma patients
with an ISS>16 (13.8+13.7 to 10.6+12.3 days; p<0.001).

Separate analysis of the survivors and non-survivors re-
vealed a reduction in the LOS in the ICU for the group of
survivors from 12.8+13.2 to 9.3+ 11.3 days (Table 3). This
is consistent with a decline in the length of stay in the ICU of
0.25 days/year (»<0.001). For the group of non-survivors, no
reduction could be found in the ICU LOS (mean value 6.6
+10.1 days; p=0.12, Fig. 2). LOS was 1 day longer (mean
value and median) for both survivors and non-survivors when
treatment was performed in level II trauma centers.

The LOS in the ICU remained stable for the group of ven-
tilated patients with a mean value of 12.9+12.8 days (median
9 days; 12.74+13.2 days in 2000, 12.6+12.9 days in 2011) for
the entire observation period (p=0.6). There was a reduction
in the ICU LOS for the group of non-ventilated patients (5.5
+6.8 days in 2000, 3.6+4.5 days in 2011; p<0.001). The
latter is mainly due to a reduction of LOS within the first years
from 2000 to 2001 (5.5 to 4.2 days) and 2001 to 2002 (4.2 to
3.8 days). From 2002 to 2011, no relevant reduction (3.8 to
3.6 days) could be observed for this subgroup of trauma pa-
tients (Fig. 3). The proportion of those patients, who never
required intubation in the whole process of trauma care, de-
veloped almost threefold from 4.5 % in 2000 up to 11.9 % in
2011, showing a continuous increase.

The duration of invasive ventilation for the entire popula-
tion of trauma patients changed from 7.5+10.5 to 4.7
+8.8 days (p<0.001). These changes were based on two find-
ings. First, the duration of ventilation in the intubated patients
was marginally reduced over the observation period from 8.6
+10.9 to 7.9+ 10.1 days (p<0.01). Second, there was a clear
decline of more than 25 % in the rate/portion of trauma pa-
tients who were already intubated at the time of ICU admis-
sion (from 86.8 % in 2000 to 60.0 % in 2011; p<0.001).
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Table 1 General characteristics

of the study population Year No. of patients ~ Age (mean+SD)  Male (%)  ISS (median; mean+SD)  Mortality (%)

2000 1008 41.0£20.9 68.2 24;254+13.6 17.4
2001 1088 40.3+£20.7 72.9 24;249+13.0 14.3
2002 1076 41.3+20.9 74.8 20;22.8+13.4 13.2
2003 1217 41.2420.3 72.9 20;22.6+13.0 13.9
2004 1315 40.9+20.2 74.6 19;22.0+£12.5 13.8
2005 1408 41.8+20.3 71.7 22;23.6+12.5 12.3
2006 1532 42.8+21.6 729 22;24.6+13.1 13.4
2007 1912 43.6+20.6 73.9 22;25.0+13.2 11.9
2008 1562 45.6+21.1 72.6 22;24.1+123 13.4
2009 1944 46.2+21.6 72.0 22;247+12.4 14.8
2010 1866 46.2+21.9 72.1 22;23.7+12.1 14.7
2011 2120 47.2+22.0 70.9 21;23.1+123 12.1
Significance  p<0.001 p=0.57 p=0.76 p=0.06

Total 18,048 43.7+213 72.4 22;239+12.8 13.6

SD standard deviation, ISS injury severity score

Separate analysis of both subgroups of patients with an ISS
<16 (moderate trauma) and those with an ISS >16 (severe
trauma) revealed a decrease in the intubation rate to the time
of ICU admission from 77.9 to 38.9 % for the moderate trau-
ma subgroup and from 89.9 to 68.1 % for the severe trauma
subgroup (both p<0.001, Fig. 4).

The occurrence of secondary complications following
trauma, such as single or multiple-organ failure, did not
change during the observation period. However, the in-
cidence of sepsis following trauma decreased from 11.4
to 7.8 % without reaching level of significance
(»=0.09, Table 4).

The overall in-hospital stay declined from 27.9+28.7 days
(2000) to 21.1£20.4 days (2011) for all trauma patients
(<0.001). Separate analysis of the survivors’ length of stay
in the hospital changed from 32.3+29.4 days (2000) to 22.9
+20.6 days (2011; p<0.001). In contrast, no change could be
found for the subgroup of non-survivors (p=0.5, Table 4).

The number of patients who were primarily
discharged home after being treated in the normal ward
following the intensive care treatment period increased
from 32.1 to 47.2 % (p<0.001). The frequency of dis-
charge to rehabilitation centers remained stable over
time (p=0.04), while the number of patients who were

Table 2 Development of AIS >3 ratio in particular body regions, ratio of GCS <8 and systolic blood pressure <90 mmHg in the study population

Year No. of patients ~ Head/Neck (%)  Chest (%)  Abdomen (%)  Extremities (%)  GCS <8 (%)  RRsys <90 mmHg (%)
2000 1008 46.8 453 19.5 453 343 21.9
2001 1088 46.8 46.6 183 40.3 30.3 19.5
2002 1076 46.5 447 18.5 40.5 31.2 18.0
2003 1217 455 42.0 17.5 39.5 28.0 18.9
2004 1315 483 40.5 16.1 37.9 30.1 18.9
2005 1408 48.8 433 17.7 38.1 29.2 18.0
2006 1532 54.6 459 17.1 375 325 20.3
2007 1912 51.0 48.5 17.3 37.2 28.8 17.3
2008 1562 53.6 45.1 15.0 32.1 30.0 16.2
2009 1944 50.7 49.9 153 333 31.1 15.1
2010 1866 49.2 453 15.0 322 30.2 16.6
2011 2120 46.5 47.5 14.0 29.5 25.8 12.0
Significance ~ p=0.02 p<0.01 »<0.001 p<0.001 p<0.01 p<0.01

Total 18,048 49.3 45.7 16.5 36.1 29.9 17.3

AIS abbreviated injury score, RRsys systolic blood pressure

@ Springer
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discharged to another hospital declined from 14.8 %
(2000) to 11.0 % (2001; p<0.001).

Discussion

Our data contributes the development of some aspects in in-
hospital trauma care in Germany. It is based on three main
findings:

1. If a moderately or severely injured patient was already
intubated and invasively ventilated when admitted to the
ICU, there would be no relevant reduction of ventilation
time as well as length of stay in the ICU over the last
decade.

2. Fewer patients were intubated and invasively ventilated at
the time of ICU admission.

3. The reduction LOS in the analyzed dataset is mainly ex-
plained by the relevantly reduced rate of patients being
intubated at the time of ICU admission.

Furthermore, the reduced ICU LOS cannot be explained by
a reduction of ICU LOS in the non-survivor group, which
could be taken as a hint that there were no alterations in the
duration of treatment efforts for very severely injured patients.

Our data suggest a relevant modification of early phase
trauma care strategies in Germany which is well in concor-
dance with other previous publications [3, 8]. It is already
known that the frequency of intubation at scene decreased
over the last two decades in Germany, especially in those
patients who were conscious; according to an analysis of ac-
tual trends in trauma care, the rate of intubation in those pa-
tients with an GCS of 9 or higher continuously decreased from
2002 (approximately 50 %) to 2012 (approximately 20 %),
while the intubation rate in unconscious patients having a

GCS <9, remained constantly high with about 90 % [13].
Our data complements the finding that the frequency of pa-
tients admitted to the intensive care unit being intubated has
been reduced from more than 80 to 60 % even though there
was no change in the injury severity or the ratio of severely
injured patients over the years. In the underlying data set, both
groups of patients were severely injured, but within the group
of ventilated patients ISS was relevantly higher.

One possible influencing factor might be the relevant de-
crease of patients admitted to the hospital by helicopter in our
collective, which is well in accordance with the general devel-
opment in German trauma care [13]. It is known that the
proportion of patients with intubation at scene is significantly
higher when admitted by HEMS [14], but the decrease of
intubation rate cannot be explained by reduction of HEMS
admission alone. There are many single steps in the early
treatment procedure of a trauma patient, only beginning with
an adequate prehospital management including a secure trans-
fer to the hospital, followed by the treatment at the emergency
ward and, in most of the moderately or severely injured pa-
tients, some kind of surgical intervention. In all these single
steps of the procedure, intubation and invasive ventilation can
become necessary.

It seems that the reduced ratio of patients being intubated in
the early treatment phase can be—at least partially—ex-
plained by a summation of several effects (i.e., reduction of
HEMS admission, reduction of preclinical shock, reduction of
severe extremity and abdominal injuries). Whether there has
been additively a philosophical change in trauma management
cannot be answered by the design of our study; furthermore, it
will be difficult to answer this question in all its particulars by
analyzing registry data. The aspect of time has gained more
attention in trauma management [8]. While many physicians
were focused on complete therapy at scene in former years,
the premise today seems to have changed; the approach
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Table3 Time of invasive ventilation, length of stay in the ICU and the overall hospital stay of the examined trauma population separated for survivors

and non-survivors

Year No. of patients Time of invasive ventilation (days) LOS ICU (days) Hospital LOS (days)

(median; mean + SD) (median; mean + SD) (median; mean =+ SD)

Survivor Non-survivor Survivor Non-survivor Survivor Non-survivor
2000 1008 3;7.8+10.9 2;6.1+8.6 8;12.8+£13.2 3;6.8+89 25;32.3+294 3;7.2+10.1
2001 1088 3;7.5+10.6 2;6.7+11.0 7;12.1+12.2 3;7.7+£12.6 23;32.3+314 3;8.0+129
2002 1076 5,7.8+11.5 2;6.5£10.0 7;12.7+13.5 3;7.1£10.5 26; 32.7+30.0 3;9.1+15.9
2003 1217 4;7.5+£10.8 3;73£11.0 8,12.4+13.5 4;82+11.6 23;31.3+27.3 4;10.0+15.7
2004 1315 3;6.5+10.1 2;49+7.7 6;10.8+11.9 2;53+79 21;27.9+274 2;6.3+9.1
2005 1408 5,73+10.2 3;6.8+11.6 8, 12.1+12.2 3;7.5£12.6 22;29.1£26.9 3;88+133
2006 1532 4;7.0+£10.2 2;6.3+9.6 7;11.4+11.6 3,6.6+9.8 21;27.7+23.7 3;7.2+10.3
2007 1912 4;6.5+£9.9 2;5.6+8.7 7;11.2+11.5 3,62+9.0 21;27.0+£23.6 3;7.5+12.1
2008 1562 4;,5.7+8.7 2;57+9.6 6;109+11.3 3;6.5£10.5 20;26.0+£23.1 3;83+144
2009 1944 4;5.7+9.2 2;54+7.1 6;10.8+11.9 2;6.0+7.9 20;26.0£25.6 3;74+11.0
2010 1866 3;58+9.8 1;5.0+8.1 5;10.7+£12.4 2;5.6+8.5 19;25.0+23.0 2;6.5+8.9
2011 2101 4,4.6+8.7 2;55+8.7 5;93+11.2 2;69+11.5 17;22.9+20.6 3;85+13.2
Change in days per year —0.28 —-0.13 —-0.26 —-0.12 -0.9 —0.06
Significance »<0.001 p=0.04 p<0.001 p=0.12 p<0.001 p=05
Total 18,048 4;6.4+10.0 2;59+9.2 7;112+12.1 3;6.6+£10.1 21;27.6+25.6 3;7.8+122

LOS length of stay, SD standard deviation

nowadays is to stabilize the patient by simple means and/or
maneuvers that are vital for life at scene and transport them to
the hospital. These changes may be due to the introduction of
education programs or training courses for pre- and early in-
hospital trauma management, e.g., the ATLS® concept. It
therefore appears that, although the prerequisites may be bet-
ter in the in-hospital setting, the intubation as a “gold-stan-
dard” for every injured patient has been replaced by an intu-
bation based on more specifically defined indications. Though
it was not the object of our analysis, it is to assume that some
of the (pre- and in-hospital) intubations and the following
ventilation treatment without early liberation from the venti-
lator in former times were performed without clear indica-
tion—and therefore could be specified as erroneous from to-
day’s point of view.

According to the actual national and international guide-
lines for the treatment of trauma patients, the following four
scenarios necessitate intubation in the prehospital setting:
posttraumatic apnea or hypoventilation, severe brain injury
with a GCS score <9, shock due to bleeding with a systolic
blood pressure <90 mmHg and severe thoracic trauma with
respiratory failure and a respiratory rate >29/min [2, 15, 16].
However, there still exists some controversy regarding the
safety and appropriateness of intubating a patient with hem-
orrhagic shock with regard to the reduction of venous return to
the heart caused by positive pressure ventilation [17]. A
matched-pair analysis of 1200 patients from the same registry
examined intubation at the scene as an independent risk factor

@ Springer

for the posttraumatic course of moderately injured patients.
Also in this analysis, the LOS in the group of patients who
were not intubated was significantly lower [18]. Whether the
reduced number of patients with abdominal or extremity inju-
ries may be an influencing factor for a reduced intubation rate
when the patients is admitted to the ICU is not to be answered
on the basis of our analysis. One could presume that the re-
duced proportion of severe extremity and abdominal injury
might lead to a reduced number of patients with need for
intubation due to hemorrhagic shock. Indeed the ratio of pa-
tients with a documented hypotension (i.e., systolic blood
pressure of 90 mmHg or lower) in the initial treatment phase
decreased over time.

However, it was not our intention to evaluate the correct-
ness of airway management decisions; at least, it seems that
the increasing number of patients not being primarily
intubated does not lead to an increasing number of patients
that secondarily required intubation. However, the underlying
analysis does not allow a stratification, which patients would
have been presumably benefitting from earlier intubation in
our dataset.

The implication of early phase airway management deci-
sions for the ICU LOS is revealed in our data. Whether a
trauma patient is or is not intubated significantly influences
the potential for reducing the ICU LOS in this population.
However, the reasons for this relevant difference cannot be
determined on the basis of our data. The lack of LOS reduc-
tion in the population of ventilated patients might be a result of
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the severity of injuries. On the other hand, it seems that in spite
of many efforts and innovations that have been made to reduce
the time of invasive ventilation (e.g., weaning protocols, daily
spontaneous breathing trials, periodical monitoring of seda-
tion depth and protocols for lung protective ventilation, anti-
microbial therapy regimens, etc.), ventilation time is not af-
fected relevantly once a trauma patient is administered

invasively ventilated to the ICU of a hospital in Germany.
Unfortunately, the structure of the registry does not allow de-
tailed analysis of ventilation treatment, which leaves the ques-
tion unanswered, whether ventilation strategies changed over
the time or not. However, it is well-known that there is a
relevant gap between the perception of change concerning
ICU treatment strategies (including lung protective
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Fig. 4 Development of the rate

of intubated patients (%) at the - - [:] ISS 9-15

time of admission to the ICU 90
presented separately for patients
with moderate (ISS 9-15) and
severe (ISS 16+) trauma. ISS, 747
injury severity score; /CU,
intensive care unit
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ventilation) and the daily practice in German hospitals [19].
Therefore, further studies should focus on changes on the ICU
treatment of trauma patients with respect to ventilation strate-
gies. There might be some potential to reduce ventilation time
in these patients.

According to our analysis, the occurrence of complications,
such as single or multi-organ failures that are renowned
influencing factors for LOS in the ICU [20], did not change

Table 4 Development of the incidence of sepsis, single organ and
multi-organ failure

Year No. of patients Sepsis Single OF Multi OF
2000 - - - -

2001 - - - -

2002 962 114 % 40.4 % 21.7 %
2003 1060 9.5 % 453 % 28.4 %
2004 1272 72 % 459 % 29.7 %
2005 1367 8.9 % 46.9 % 28.8 %
2006 1465 7.6 % 48.9 % 313 %
2007 1869 9.0 % 43.7 % 27.7 %
2008 1517 7.9 % 44.4 % 26.8 %
2009 1891 7.5 % 449 % 277 %
2010 1814 82 % 46.9 % 29.8 %
2011 2054 7.8 % 41.9 % 254 %
Changes in % per year —0.25% +0.04 % +0.14%
Significance p=0.009 p=0.61 p=0.92
Total 15,271 84 % 449 % 27.8 %
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during the observed period. Thus, these possible factors
influencing the ventilation time and LOS could be excluded
as explanations for our findings. On the other hand, it seems
that a decrease in the intubation rate does not affect the occur-
rence of organ failure complications.

In the last decade, a reduction in the LOS has been
described for several diseases. Clinical guidelines, stan-
dardized operating procedures (SOPs), or quality man-
agement systems (QMS) were established and improved
to bring about and also meet the challenge of this de-
velopment [21].

In several studies, the increasing economic pressure on a
country’s health care system and the implementation of a new
reimbursement system was taken into account to partially ex-
plain these developments [22-25]. During the observa-
tion period of our study, the payment system in
Germany was altered stepwise from a fee-for-service to
a prospective payment system with the German
Diagnosis-related group (G-DRG) system. The trauma
centers were confronted with a negative reimbursement
for the treatment of severely injured patients [26-28].
Furthermore, intensive care treatment is one of the most
expensive hospital treatments [27]. Though there have
been specific modifications in the former G-DRG ver-
sions that lead to a more appropriate reimbursement,
underfunding could still be found in a recent analysis
[29]. Unfortunately, owing the retrospective design of
our analysis, it is impossible to analyze the effects of
payment system alterations on trauma management in
Germany. Therefore, the question, whether patients are
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going to be discharged to the normal ward and home
earlier based on the rising economic pressure, has to be
remained unanswered.

Our study has several limitations:

First of all, there are typical pitfalls of registry analysis,
such as completeness of reporting, different policies in care,
and so on, which should be taken into consideration [30].

We only used data from German hospitals, which repre-
sents a trauma population with a majority of blunt trauma
[31]. However, these results might not be representative for
the whole Western European population due to, e.g., different
economical and structural properties. The proportion of level 1
and level II hospitals is not representing the nationwide
proportion. According to the annual reports, the propor-
tion of level I and level II hospitals reporting in the
TraumaRegister DGU® was 95 to 226 (which reflects
a ratio of approximately 1:2.5). This is a result of the
fact that level I hospitals participated earlier in the his-
tory of the TraumaRegister DGU® and therefore more
level I hospitals contributed annually to the dataset.
Because of our intention to display a development over
time, we only included those hospitals that reported
their data constantly over the observation period. In a
more representative collective of hospitals, the LOS
might be longer than in the underlying dataset. On the
other hand, LOS was steadily 1 day longer in level II
than in level I hospitals. Therefore, the influence of the
hospital level may be of limited impact.

We cannot entirely explain the initial change in LOS for the
group of non-ventilated patients; there has been a modification
from a paper-based documentation in the first 2 years to an
online and double-checked documentation system beginning
in 2002. With this change, the documentation of LOS has
been switched from days of ventilation to hours of ventilation
(the amount of hours was than recalculated to an amount of
days). We can only assume that within the first 2 years, a small
amount of patients who were solely intubated for a few hours
at the day of hospital admission were not assigned to the group
of ventilated patients but to the group of non-ventilated pa-
tients. Therefore, the decrease within the first 2 years might be
partially explained by a documentation artefact and must not
be overrated.

Furthermore, this study is based on registry data only and is
thus limited by the lack of a more detailed description of the
airway and ventilation management that was performed, for
example, the rate of tracheostomy or non-invasive ventilation.
According to a meta-analysis that investigated the effect of
NIV on the clinical course and outcome of patients with chest
trauma, the use of NIV reduces the intubation rate as well as
the LOS in the ICU [32]. The role for non-invasive ventilation
in patients with chest injury is discussed controversially given
the fact that the quality of provided data for this topic is still
limited. A further meta-analysis summarized the existing

evidence stating that the use of non-invasive ventilation in
patients with chest injury without respiratory distress may
prevent the need for intubation. However, the beneficial effect
for those patients suffering acute lung injury or acute respiratory
distress syndrome cannot be evaluated definitely due to the lack
of good-quality data [33]. Nevertheless, the decreasing frequen-
cy of tracheal intubation might be an effect of increasing in-
hospital use of NIV in the last decade, which cannot be differ-
entiated by the data derived from the registry and may limit our
results. Finally, we did not analyze whether trauma patients
who were admitted to the hospital were treated correctly with
respect to invasive ventilation. Our results might be biased by
patients who were not intubated at the scene even when there
was a clear indication for invasive ventilation according to the
criteria mentioned above and vice versa.

Conclusion

In spite of the increasing age and constant injury severity in
the trauma patient population, the rate of patients being
invasively ventilated at the time of ICU admission has de-
creased over the last decade. But in case of invasive ventila-
tion at the time of ICU admission, there was no relevant re-
duction in both, LOS and ventilation time.

Our results reveal the impact of airway management
during the first hours of treatment on trauma patients’
in-hospital course. Further studies should focus on the
possible causation of this development to optimize the
trauma patients’ LOS.
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