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Trauma Care in Germany
Major Differences in Case Fatality Rates Between Centers
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SUMMARY
Background: Recent years have seen a further decline in 
the nationwide case fatality rate after major trauma in 
Germany, but it has not been clear until now whether all 
centers providing trauma care achieve comparable 
 results. We have attempted to answer this question using 
data from the trauma registry of the German Society for 
Trauma Surgery (Deutsche Gesellschaft für Unfallchirurgie, 
DGU).

Methods: The standardized mortality rate of each 
 participating center was calculated on the basis of the 
RISC prognostic score (Revis ed Injury Severity 
 Classification) and the observed case fatality rate of the 
center. Results were compared across centers for the 
years 2004 to 2007; only the centers that provided the 
primary treatment of at least 100 patients during this 
period were included in the anal ysis. Data from the ten 
highest-scoring centers, the ten lowest-scoring 
centers, and the ten centers in the middle of the group 
were compared, and differences between them were 
analyzed.

Results: The case fatality rate in the top ten centers was 
8.7%. The corresponding rate in the bottom ten centers 
was approximately twice as high, even though the 
 injuries treated there were of comparable severity.

Conclusion: It is evident that the fate of a trauma  
patient in Germany depends partly on the center in 
which he or she is treated. These data were drawn from 
a retrospective evaluation of a case registry and should 
be assessed in awareness of this fact.
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A ccording to the data of Germany’s Federal Statis-
tical Office, there were 335 845 accidents result-

ing in personal injury in Germany in 2007. 4949 people 
were killed and 75 433 seriously injured in these 
335 845 accidents. Following their accidents, these 
people require appropriate medical care. Germany has 
efficient hospitals that provide the various levels of 
care needed, but those with serious injuries should be 
treated in appropriate level one or level two trauma 
centers. Since then it has been shown that the trauma 
mortality rate in Germany is still falling (1). Despite 
this decline and the efficiency of the centers that pro-
vide care, it has not been clear until now how homo-
geneous care is, as measured by the mortality rate.

The trauma registry of the German Society for Trau-
ma Surgery (Deutsche Gesellschaft für Unfallchirurgie, 
DGU) makes it possible to compare the outcomes of 
trauma centers involved in the trauma registry and use 
them as the basis for quality control (2). The authors 
were therefore interested in whether the results of indi-
vidual centers were similar to each other or whether 
there were still differences between individual trauma 
centers, as was shown in an earlier study by Ruchholtz 
(2). In order to explore these potential differences, we 
compared the data from the ten highest-scoring centers, 
the ten lowest-scoring centers, and the ten centers in the 
middle of the group.

Methods
On the basis of trauma registry data, the expected case 
fatality rate for all patients in the registry and for indi-
vidual centers can be determined using the Revised In-
jury Severity Classification (RISC) (1, 3). The RISC 
score is based on the following parameters (see Box) 
(5):
● Age
● Overall injury severity 
● Degree of head injury
● Pelvic trauma with significant blood loss
● Preclinical resuscitation
● Coagulation
● Number of indirect signs of bleeding
The RISC score has been used for quality compari-

son between centers within the trauma registry since 
2004.

To address this question, the trauma centers which 
had registered patients with the trauma registry in the 
four years from 2004 to 2007 were selected. In order to 
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guarantee a minimum number of patients per center and 
minimize statistical uncertainty resulting from case 
numbers, the study included only centers that had regis-
tered more than 100 patients receiving primary care 
with the trauma registry between 2004 and 2007. The 
hospital mortality rate was used as the primary outcome 
parameter. Direct comparison of mortality rates would 
be misleading, due to varying injury severity, and so 
mortality rates were standardized according to patients’ 
prognoses. This was done by dividing the actual mor-
tality rate (as a percentage) by the expected mortality 
rate (prognosis as a percentage) to give the SMR (stan-
dardized mortality rate). An SMR greater than 1 means 
that more patients died than expected, while an SMR 
less than 1 means a more favorable result, with fewer 
deaths than forecast. Prognosis is based on RISC score, 
developed and validated on the basis of trauma registry 
data.

Trauma centers that met the inclusion criteria were 
placed in order of standardized mortality rate (SMR) 
and divided into three groups of 10 centers each. The 
10 centers with the lowest SMRs formed the TOP 
group, the 10 centers around the median SMR formed 
the MIDDLE group, and the 10 centers with the highest 
SMRs were placed in the LOW group. The relevant 
data (age, sex, injury severity, injury pattern, RISC score, 
mortality rate and SMR) were evaluated for each group.

The following tests were used to determine whether 
any differences observed between the centers were sig-
nificant: the chi-square test for frequency or percen-
tages, and one-way analysis of variance (ANOVA) for 
measured values. The significance level was estab-
lished using p <0.05. The data were evaluated using the 
statistics program SPSS 15.0. The results are given as 
mean values, with the corresponding standard devi-
ations (SDs).

Evaluation was carried out using blinding, i.e., it was 
not known which individual centers were among the 30 
trauma centers selected. Within the framework of the 
trauma registry, each center received a detailed sum-
mary of its own data and results; however, the data of 
other centers were represented only cumulatively or 
using blinding. Scientific analyses were carried out 
anonymously, using the registry as a whole.

Results
48 of the 145 trauma centers which had registered pa-
tients with the trauma registry by the end of 2007 met 
the inclusion criteria. On the basis of the SMRs calcu-
lated, 10 centers were assigned to each of the TOP 
 (lowest SMRs), MIDDLE (median SMRs) and LOW 
(highest SMRs) groups. A total of 7725 patients receiv-
ed primary care at the 30 centers within the period 
covered by the study (Table 1). The data of 6522 of 
these 7725 patients were complete enough for their 
prognoses to be assessed using the RISC score. The 
analysis and evaluation below are based on the data of 
these 6522 patients.

Significant differences were revealed between the 
numbers of patients treated and the levels of care 

BOX

Definition and scoring system of the 
RISC score
● Age:

55 years or over: –1.0 point
65 years or over: –2.0 points
75 years or over: –2.3 points

● New ISS (Injury Severity Score): 
–0.03 points per ISS point

● Degree of head injury:
–0.5 for AIS severity level 4 (AIS, Abbreviated Injury 
Scale)
–1.8 for degree of severity 5/6

● Pelvic trauma with significant blood loss (AIS 5):
–1.0 point

● Loss of consciousness at scene of accident:
–0.9 points for a score of 3 to 5 on the Glasgow Coma 
Scale

● Preclinical resuscitation:
–2.5 points

● Base excess (BE):
–0.8 points for BE < –9 mmol/L
–2.7 points for BE < –20 mmol/L

● Partial thromboplastin time (PTT):
–0.8 points for PTT 40 to 49 s
–1.0 points for PTT 50 to 79 s
–1.2 points for PTT 80 s or above

● Number of indirect signs of bleeding:
Systolic blood pressure <90 mm Hg;
Hemoglobin <9 mg/dL;
Massive blood transfusions of more than 9 units.
Subtract 0.4 points from the score if there is 1 sign of 
bleeding.
Subtract 0.8 points from the score if there are 2 signs of 
bleeding.
Subtract 1.6 points from the score if all 3 signs of 
bleeding are present.

The score calculated as described above is subtracted 
from 5 and converted into a probability of survival using 
the logistical function 1/1+exp(-x).
RISC, Revised Injury Severity Classification
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 provided at the trauma centers in the three groups (TOP, 
MIDDLE and LOW). Thus 92.9% of the 2745 patients 
in the TOP group of centers received maximum care, 
whereas 77.2% of the 1691 patients in the LOW group 
of centers received maximum care. Table 2 shows the 
numbers of patients treated and the level of care in each 
group.

Some of the differences between the groups’ general 
data such as age, sex, preexisting medical conditions, 
severity of injury, injury pattern (blunt, penetrating, 
 injury distribution) were significant (Table 3).

By definition, there were considerable differences 
between the groups’ actual case fatality rates and 
SMRs. Thus the case fatality rate in the LOW group is 
almost twice that of the TOP group, even though the 
prognoses calculated using RISC scores forecast simi-
lar case fatality rates for all three groups (Table 4, Fig-
ure). There are highly significant differences in the ac-
tual case fatality rates, although there were no signifi-
cant differences in the forecast case fatality rates calcu-
lated for the three groups.

Table 1 also shows that the TOP centers cared for 
more patients than the other two groups and that case 
fatality rate is inversely proportional to the number of 
patients cared for.

Overall, the results show a significant difference in 
the quality of care provided at individual centers.

Discussion
Although the trauma mortality rate in Germany has 
continued to fall in recent years and was 12% for the 
patients registered with the trauma registry in 2007 (4), 
the results show that there are significant differences in 
the treatment outcomes of individual centers. The rea-
sons for this difference in outcome quality needs to be 
addressed in future research; they are certain to be com-
plex. Differences in patient characteristics may be a 
reason for the differences in case fatality rates; statisti-
cally significant variations are not necessarily clinically 
significant differences (average age in the TOP group: 
41.26; LOW group: 43.29; p = 0.003). Other possible 
reasons for the observed results may be differences in 
trauma room care, intensive care, or preclinical treat-
ment. Trauma room care, for example, varies greatly 
between individual centers in Germany. Some centers 
favor early complete diagnosis using full-body CTs (5), 
while others prefer conventional step-by-step diagnosis 
(6).

Which of these approaches is more beneficial has 
not been clearly established and needs to be evaluated 
in future research. The exclusion of the 1203 datasets 
for which no RISC score could be calculated cannot 
completely rule out distortion of results. However, the 
results shown in Table 1 demonstrate that the case 
 fatality rates are even more favorable in the TOP 
group if these 1203 datasets are taken into account, 
whereas there are almost no differences in the other 
two groups.

Varying outcomes of trauma care are not a new 
 phenomenon and have already been shown in earlier 

TABLE 1

Total patient population in the four years from 2004 to 2007

TOP: “best 10” trauma centers; 
MIDDLE: “middle 10” trauma centers; 

LOW: “10 least successful” trauma centers

TOP

MIDDLE

LOW

Total

Total (n)

3492 (100%)

2285 (100%)

1948 (100%)

7725 (100%)

Surviving (n)

3211 (92%)

1995 (87.3%)

1622 (83.3%)

6828 (88.4%)

Deceased (n)

281 (8%)

290 (12.7%)

326 (16.7%)

897 (11.6%)

TABLE 2

Patient numbers and levels of care 

Overall differences: p <0.001, Χ2 = 240.3, DF = 2;
Differences between TOP and LOW: p <0.001, Χ2 = 223.1, DF = 1;

TOP: “best 10” trauma centers; 
MIDDLE: “middle 10” trauma centers; 

LOW: “10 least successful” trauma centers
DF, degree of freedom

Level one trauma centers/ 
patients (n)

Level two trauma centers/
patients (n)

Total

Total

87.7% / 
5711

12.3% / 
811

6522

TOP

92.9% / 
2549

7.1% / 
196

2745

MIDDLE

89% / 
1856

11% / 
230

2086

LOW

77.2% / 
1306

28.8% / 
385

1691
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TABLE 3

General patient characteristics 

*Differences significant, data not shown
SD, standard deviation; TOP, “best 10” trauma centers; MIDDLE, “middle 10” trauma centers;  

LOW, “10 least successful” trauma centers; AIS, Abbreviated Injury Scale; ISS: Injury Severity Score; DF, degree of freedom

Age, years 
(mean, SD)

Men

Preexisting medical 
conditions

Blunt trauma

AIS thorax ≥3

AIS abdomen ≥3

AIS extremities ≥3

AIS head ≥3

ISS (mean, SD)

Total

42.2 (20.6)

73%

33%

94%

47%

15%

34%

42%

23.2 (14.8)

TOP

41.3 (20.7)

72%

33%

94%

47%

15%

32%

41%

23.1 (14.9)

MIDDLE

42.7 (19.9)

74%

30%*

95%

42%*

15%

36%*

42%

22.8 (15.2)

LOW

43.3 (14.1)

72%

36%

92%

52%

17%

36%

42%

23.7 (14.1)

Overall difference

p = 0.003 
F = 5.88; DF = 2

p = 0.32 
Χ2 = 0.3; DF = 2

p = 0.001 
Χ2 = 13.6; DF = 2

p <0.001 
Χ2 = 19.2; DF = 2

p <0.001 
Χ2 = 40.2; DF = 2

p = 0.08 
Χ2 = 4.9; DF = 2

p = 0.004 
Χ2 = 10.9; DF = 2

p = 0.52 
Χ2 = 1.3; DF = 2

p = 0.17 
F = 1.75; DF = 2

Difference between 
TOP and LOW

p = 0.002 
t = –3.14; DF = 4434

p = 0.22 
Χ2 = 0.2; DF = 1

p = 0.026 
Χ2 = 5.0; DF = 1

p <0.001 
Χ2 = 14.4; DF = 1

p = 0.004 
Χ2 = 8.3; DF = 1

p = 0.08 
Χ2 = 3.1; DF = 1

p = 0.006 
Χ2 = 7.7; DF = 1

p = 0.50 
Χ2 = 0.5; DF = 1

p = 0.18 
t = –1.33; DF = 4434

TABLE 4

Predicted and actual fatality rates

*Differences significant, data not shown
TOP, “best 10” trauma centers; MIDDLE, “middle 10” trauma centers;  

LOW, “10 least successful” trauma centers; RISC, Revised Injury Severity Classification; DF, degree of freedom

Died in hospital (n; %)

Fatality rate predicted by 
RISC (%)

Standardized mortality rate 
(SMR) with 95% confidence 
interval

Total

784 
12.0%

15.4

0.78 
0.73–0.83

TOP

238 
8.7%

14.9

0.58 
0.51–0.66

MIDDLE

265 
12.7%*

16.3

0.78 
0.69–0.87

LOW

281 
16.6%

15.1

1.10 
0.98–1.22

Total difference

p <0.001 
Χ2 = 63.8; DF = 2

p = 0.17 
F = 1.75; DF = 2

Difference 
 between TOP and 
LOW

p <0.001 
Χ2 = 64.0; DF = 1

p = 0.75 
t = –0.33; DF= 4434
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 research (7, 8). It was known as early as the 1980s that 
there were considerable regional differences in trauma 
care (9). An initial trauma documentation system was 
established in the USA on the assumption that individ-
ual regions could learn from each other via systematic 
recording of beneficial and undesirable practices (10). 
Once the advantages of such documentation systems 
became clear, the German Society for Trauma Surgery 
established the German trauma registry, thanks to 
which a documentation and quality assurance system 
was created that makes research such as this possible.

In addition to differences between centers in a single 
country, differences between countries can also be 
seen. Thus the Helsinki Trauma Outcome Study (11) 
shows that in terms of case fatality rates trauma care in 
Helsinki, Finland is more effective than in England. 
Earlier research has also shown differences in the 
quality of care at trauma centers and non-trauma 
centers. Thus the case fatality rates of American trauma 
centers were lower than those of non-trauma centers 
(12). Biewener et al. (13) found similar superiority of 
patient care at trauma centers in Germany.

As this study only includes centers which treated at 
least 25 seriously injured patients per year and are also 
part of the trauma registry of the German Society for 
Trauma Surgery, it can be assumed that the centers in-
cluded are regional and national trauma centers. This is 
shown by the levels of care of the centers included in 
the research as stated in Table 2, as this study includes 
only level one and level two trauma centers. This 
means that the centers in the German Society for 
 Trauma Surgery’s trauma network (www.dgu-trauma 
netzwerk.de, in German) are classified according to 
their level of care within the German health-care sys-
tem. This means that the identified difference in case 
fatality rates is not due to different levels of care of the 
included centers, i.e. basic and standard care versus 
maximum care. It is clear, however, that in the TOP 
group significantly more patients were treated at level 
one trauma centers.

Nevertheless, it is also clear that level two trauma 
centers achieve favorable outcomes too and that being a 
level one trauma center does not automatically lead to 
favorable outcomes. As stated above, the inclusion cri-
terion of at least 100 seriously injured patients cared for 
during the period covered by the study means that all 
basic and standard care centers were excluded from this 
work. This might be viewed as a limitation of this 
study, as no conclusions can be drawn on the quality of 
care of these facilities. However, this work was intend-
ed not to compare the outcomes of all facilities in-
volved in trauma care but to investigate “trauma 
centers” with a minimum of expertise in care for 
 seriously injured patients.

In addition to the higher proportion of patients re-
ceiving maximum care, it is also clear that the number 
of patients treated within the three groups falls signifi-
cantly. Thus 42% of patients in the TOP group, 32% of 
those in the MIDDLE group, and 26% of those in the 
LOW group received maximum care. Taking the whole 

study population as our basis, during the period 
 covered by the study a yearly average of 87 seriously 
and very seriously injured patients received primary 
care at a trauma center in the TOP group, 57 in the 
MIDDLE group, and 49 in the LOW group. This leads 
to the well-known conclusion that the quality of care 
increases with the number of patients treated. Haas et 
al. (14) therefore stipulated a minimum of 300 to 400 
polytrauma patients per trauma center in order to 
 guarantee high quality of treatment. It is difficult or im-
possible for even the TOP centers included in this study 
to achieve this number of patients. The trauma regis-
try’s 2008 Annual Report mentions one center that 
cared for more than 300 patients and another five 
centers that treated more than 200 patients (4). How-
ever, only 100 to 200 seriously and very seriously in-
jured patients per year are actually treated in level 1 
trauma centers in Germany (15). In the context of these 
figures, the above-mentioned requirement for 300 to 
400 seriously injured patients per trauma center seems 
too high. Patient numbers as high as those stipulated by 
Haas would probably exceed the intensive care capac-
ity of most German trauma centers.

The authors have used the standardized mortality 
rate (SMR), which as stated above is calculated on the 
basis of prognosis scores and actual case fatality rates, 
to develop a ranking of the centers that submitted data 

FIGURE

Comparison of the standardized mortality rates (SMR) of the 
three groups. An SMR of 1 means that case fatality rate matches 
the fatality rate forecast using the RISC (Revised Injury Severity 
Classification) score. SMR <1 shows that more patients survive than 
forecast, and SMR >1 corresponds to a less favorable result, with 
more patients dying than forecast (TOP, “best 10” trauma centers; 
MIDDLE, “middle 10” trauma centers; LOW, “10 least successful” 
trauma centers).
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to the trauma registry. The RISC (Revised Injury Sever-
ity Classification) score has been used to estimate 
 prognoses in the trauma registry since 2004 (1). It is 
validated using the entire patient population of the trau-
ma registry and provides more accurate prognoses than 
TRISS (Trauma Injury Severity Score), which was used 
until 2003. TRISS, which is based on data from the 
American/Canadian Major Trauma Outcome Study, 
now gives major underestimates of patients’ prognoses. 
In other words, significantly more patients survive than 
predicted by TRISS. As a result, there have long been 
efforts to improve the accuracy of TRISS’s prognoses 
(16–18). RISC validated by the trauma registry pro-
vides significantly better forecasts of fatality rates, al-
though there has also been a slight tendency in recent 
years to underestimate prognoses, which is significant 
for trauma registry data gathered since 2005 (1). Thus 
the case fatality rates in the trauma centers in the TOP 
and MIDDLE groups of this study are significantly 
lower than forecast according to RISC.

The data used here are taken from a registry data-
base, which means that there are inevitably limitations. 
This is a retrospective study. The study is exploratory 
rather than confirmatory, and so all results provided by 
it must be interpreted with the necessary caution. The 
authors therefore warn against relying too heavily on 
p-values. In this type of retrospective analysis, p-values 
do not have the same interpretation or explanatory 
power for testing hypotheses as in prospectively 
planned studies. In addition, the large numbers of cases 
in the registry make it much easier for significant dif-
ferences to arise and subsequently distort the picture of 
the clinical significance of the difference. With trauma 
registry data it is impossible to refer back to potential 
structural differences (e.g. CTs in the trauma room or 
elsewhere) between the trauma centers included in the 
study. Potential regional differences in the quality of 

trauma care have not been considered. No implicit 
examination of the results took place regarding the dif-
ferent levels of care of the centers involved in the trau-
ma registry, but as mentioned above it was already 
known that no basic or standard care centers had been 
included.

Conclusion
The data gathered show the difference in quality of the 
care provided to trauma patients at the centers which 
registered patients with the trauma registry of the Ger-
man Society for Trauma Surgery. The case fatality rate 
in the LOW group was almost twice that of the centers 
in the TOP group, even though the fatality prognoses 
calculated for the patients treated were similar. We can 
therefore conclude that the fate of a trauma patient in 
Germany depends not only on the severity of his/her in-
juries, but also, among other factors, on the trauma 
center in which he/she is treated. Further research is 
needed to determine where the differences in care arise 
and to eliminate any shortcomings.
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