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Abstract
Introduction: Trauma scores are often used for prog-
nostication and the adjustment of mortality data. The
appropriate consideration of identified prognostic
factors is mandatory for a valid score with good out-
come prediction properties. The Trauma Registry of
the German Society for Trauma Surgery (TR-DGU) ini-
tially used the Trauma and Injury Severity Score (TRISS)
but various reasons led to the development of a new
scoring system, the Revised Injury Severity Classifica-
tion (RISC).
Patients and Methods: A total of 2,008 severely in-
jured patients with complete data documented in the
TR-DGU during the period 1993–2000 were used to
develop a new score. Patients were split into a devel-
opment sample (n = 1,206) and a validation sample
(n = 802). Multivariate logistic regression analysis was
applied, and the results were compared with existing
score systems. The quality of prediction was deter-
mined regarding discrimination (disparity, sensitivity,
specificity, receiver operating characteristic [ROC]
curve), precision (predicted versus observed mortality),
and calibration (Hosmer–Lemeshow goodness-of-fit).
Results: Existing score systems (ISS, NISS, RTS, ASCOT,
TRISS, Rixen) revealed areas under the ROC curve
ranging from 0.767 to 0.877. The RISC combines 11
different components: age, NISS, head injury, severe
pelvic injury, Glasgow Coma Scale, partial thrombo-
plastin time (PTT), base excess, cardiac arrest, and
indirect signs of bleeding (shock, mass transfusion, and
low hemoglobin). The new RISC score reached signifi-
cantly higher values of above 0.90 for the area under
the ROC curve in both development and validation
samples. Application to data from 2001 confirmed
these results.

Conclusion: Outcome prediction including initial lab-
oratory values was able to significantly improve the
ability to discriminate between survivors and non-
survivors. The adjustment of mortality rates should be
based on the best available prediction model.

Key Words
Severe injuries Æ Polytrauma Æ Scoring
systems Æ Prognosis Æ Outcome prediction Æ
Mortality Æ Trauma registries

Eur J Trauma Emerg Surg 2009;35:437–47

DOI 10.1007/s00068-009-9122-0

Introduction
The description and comparison of multiple-injured
patients in clinical trials and registries require tools to
describe the severity of injuries. Outcome comparisons
without considering the different levels of injury
severity are worthless and misleading. Therefore, as
one of the first systems of its kind, the Injury Severity
Score (ISS) was introduced in the early 1970s [1].
However, this anatomical description of injury severity
does not consider the physiological response to injury
which also determines outcome. Trauma Score and the
Revised Trauma Score have been developed to cover
this part of severity classification [2, 3]. Based on the
results of the Major Trauma Outcome Study (MTOS),
the combination of these two aspects enhanced by the
information about the patient’s age led to more
sophisticated scores like the Trauma and Injury
Severity Score (TRISS) and A Severity Classification
of Trauma (ASCOT) [4, 5]. Especially, the TRISS has
subsequently been broadly accepted and applied
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worldwide in trauma registries and clinical studies.
Observed mortality rates are compared with prognostic
estimates derived from severity scores. Thus, the
comparison of outcome in patient groups with varying
severity became possible.

Also the Trauma Registry of the German Society
for Trauma Surgery (TR-DGU), founded in 1993, in-
spired by the MTOS results, used the TRISS as a tool
to compare outcomes across hospitals.

However, the use of the TRISS for the estimation
of prognosis is also discussed critically [6]. Using the
TRISS as a standard means, our own results are com-
pared to the outcome of mostly American hospitals in
the late 1980s. Furthermore, the German preclinical
emergency system differs substantially from the
American one, where paramedics minimize preclinical
time (‘load and go’ vs. ‘stay and play’) [7, 8]. Germany
provides a physician-based preclinical system with the
initiation of first therapeutic interventions before
transportation. Thus, hospital admission data are dif-
ficult to compare between these two countries.

Other authors criticize the TRISS for not ade-
quately considering the importance of age or head
injury. Our own investigations based on the TR-DGU
have shown that additional prognostic factors like
coagulation and base deficit could improve the out-
come estimation [9, 10]. Furthermore, TRISS calcu-
lation was possible only for a limited number of
patients, mainly due to missing respiratory rate data.
Therefore, in 2001, it was decided to initiate an up-
date of the TRISS and to include additional prog-
nostic factors in a new prognostic system in order to
optimize the adjustment for injury severity in out-
come comparisons.

Patients and Methods
Trauma Registry

The Trauma Registry of the German Society for
Trauma Surgery (TR-DGU, DGU stands for Deutsche
Gesellschaft für Unfallchirurgie) was founded in 1993
as a nationwide initiative for prospective, standardized,
and anonymous documentation of multiple-injured
patients. The primary aim of the TR-DGU was to
improve the quality of trauma care by providing a tool
for inter-hospital benchmarking. Participation is vol-
untary and free of costs for the hospitals (www.
traumaregister.de).

The data collected for each patient are structured
in four groups corresponding to the consecutive phases
of acute trauma care: (A) preclinical phase: mechanism
of injury, initial physiology, first therapy, neurological

signs, rescue time; (B) emergency room: physiology,
laboratory findings, suspected pattern of injury, ther-
apy, time sequence of diagnostics; (C) intensive care
unit: status on admission, organ failure, sepsis, duration
of ventilation; and (D) final outcome: hospital stay,
survival, complete list of injuries and operative proce-
dures. Injuries are described in the text and are coded
according to the Abbreviated Injury Scale (AIS), ver-
sion 1990/update 1998 [11]. The documentation is
continued until the patient’s death or discharge from
hospital.

Documentation was done on paper forms by the
responsible physician in each participating hospital.
Extended manuals are provided, and instructions for
the documentation is included as part of the docu-
mentation sheet. Data were checked, coded, and en-
tered into a database by experienced personnel in
three local documentation centers (Cologne, Essen,
Hannover). Since 2002, data collection was done with a
central password-protected Internet-based documen-
tation system with automatic checks for the com-
pleteness of selected variables and plausibility checks.

Only anonymized data were collected as part of the
legally required activities of hospitals for external
quality assessment, thus, no informed consent was re-
quired from the patients. Once a year, all of the par-
ticipating hospitals receive an extended individual
audit report containing more than 2,000 specific data
during a 1-day workshop with scientific presentations.

Patients
From 1993 to 2000, 8,056 patients from 88 hospitals in
Germany, Austria, and Switzerland were documented
in the TR-DGU. The criteria for inclusion in the TR-
DGU are as follows: the patient has to be alive upon
admission to hospital and is in potential need for
intensive care. Cases with burns, poisoning, or
drowning were excluded, as well as isolated proximal
femoral fractures in elderly patients. There is no
minimum ISS required, however, the average ISS is
high with 23.1 points, and 69% of cases had an ISS of
16 or more. Intensive care was required for 96% of
cases. Seventy-six percent of patients were directly
admitted from the scene of the accident, and the
remaining patients were initially treated at another
facility and subsequently transferred to the partici-
pating hospital.

For the present analysis, only primary admitted
patients with available data for the calculation of the
various scoring systems (ISS, RTS, TRISS, ASCOT)
were considered. The availability of potential new
prognostic factors like base excess and coagulation was
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also required (for details, see the Development of the
New Score section below).

Trauma Scores
The AIS is a hierarchical system of about 2,000 dif-
ferent injury codes [11]. As part of this code, the last
digit represents the severity of injury, ranging from 1
(minor) to 6 (actually untreatable).

The AIS is used to calculate the ISS and the New
Injury Severity Score (NISS) [1, 12]. For the ISS, the
maximum AIS severity in six body regions (head and
neck, face, thorax, abdomen, extremities, soft tissue)
has to be derived. The severity scores of the three most
severely injured body regions are then squared and
added to yield the ISS. The NISS is calculated in a
similar fashion, but considers the three worst injuries,
irrespective of their location in the body.

The Glasgow Coma Scale (GCS) is a score for
describing unconsciousness ranging from 3 (worst) to
15 (best). It combines three different aspects of coma:
eye opening (1–4 points), verbal response (1–5 points),
and motor function (1–6 points) [13].

The Revised Trauma Score (RTS) is based on
blood pressure, GCS, and respiratory rate. These
variables are categorized in a five-point scheme, which
could also be used for triage purposes (T-RTS). For
prognostic formulas, the RTS is calculated as a linear
combination of these three variables, weighted with
coefficients [3].

The TRISS combines ISS, RTS, and age, where age
was included only as ‘below/above 55 years of age.’
There are different formulas for blunt and penetrating
trauma. Various coefficients have been published for
the TRISS; in this investigation, the coefficients from
Champion’s paper about national norms were used [5].

ASCOT is a further score derived from the MTOS
data by the same authors as the TRISS, with a more
sophisticated description of the anatomical injuries [4].

Finally, a score developed within the TR-DGU by
Rixen et al. was also used here. This score is a weighted
linear combination of the following continuous mea-
surements: base excess, ISS, age, GCS, and Quick’s
value [9, 10, 14].

Details and formulas of the above-mentioned
scores can be derived from the original publications or
from recent reviews [15, 16].

Development of the New Score
Patients eligible for analysis (i.e., with complete data
for all variables required) were split into a develop-
ment sample and a validation sample by random allo-
cation. After univariate analysis, multiple logistic

regression analysis was applied, with hospital mortality
as the dependent variable. Model building was per-
formed by stepwise forward selection of the most dis-
criminating variables. Continuous variables like age
were also offered as categorical variables (with at least
five categories) during model building in order to
compensate for the often observed non-linear rela-
tionship with outcome. If a certain category of a cate-
gorical variable in the model was found not to be
associated with mortality, this category was merged
with the standard category of that variable. Adjacent
categories with similar coefficients were merged as well.

In a first analysis based on 2,030 cases, a first model
was derived. Candidate variables for this first model
were age, gender, type of injury (blunt/penetrating),
ISS, maximum AIS in various body regions, first GCS,
first systolic blood pressure, first respiratory rate, first
heart rate, several preclinical interventions, coagula-
tion (partial thromboplastin time [PTT] and Quick’s
value), base excess, hemoglobin, preclinical volume,
and mass transfusion. This model was extensively dis-
cussed in the TR-DGU Steering Group, and based on
these results, a second model was calculated.

The second and final analysis was based on 2,008
primary admitted cases with complete data for the
following variables: ISS, age, gender, type of injury,
first systolic blood pressure, first GCS, preclinical car-
diac arrest, base excess, coagulation (PTT and Quick’s
value), and indirect signs of relevant bleeding (shock,
hemoglobin, and mass transfusion). For comparison, it
was also required to have a valid TRISS score.

The patient group was split into a development
sample (n = 1,206) and a validation sample (n = 802)
by random allocation. Validation of the newly devel-
oped RISC score was also performed on TR-DGU
data from 2001.

Statistics
Similarly to the MTOS, the data were described with
the M-statistic of Boyd et al. [17]. In each database, the
patients are divided into six risk bands based on their
prognosis, and the relative percentage of the risk bands
in each dataset is calculated. The sum of the respec-
tively smaller percentages for each of the six risk bands
gives the M-statistic. According to Hollis et al. [18], an
adequate comparability is given if the M-statistic ex-
ceeds 0.88.

The quality of the new scoring systems in predict-
ing mortality was analyzed and presented in terms of
discrimination, precision, and calibration.

Discrimination measures the ability of a scoring
system to separate survivors from non-survivors. This

Lefering R. Development and Validation of the Revised Injury Severity Classification

Eur J Trauma Emerg Surg 2009 Æ No. 5 � URBAN & VOGEL 439



is measured by sensitivity (percentage of correct
prognoses in non-survivors) and specificity (percentage
of correct prognoses in survivors), based on a certain
cut-off value. This cut-off point is the 50% risk of death
prediction value in the case of a probability score. In
the case of a simple point score (e.g., ISS), the value
which closest produced the observed mortality rate was
chosen as the cut-off point. The total number of correct
predictions (accuracy) was also calculated. No cut-off
value is required for calculating the mean score values
for survivors and non-survivors. The difference be-
tween these two values is called disparity.

Independently from a cut-off point, the mean dif-
ference in score values for survivors and non-survivors
(disparity) was presented. This allows the easy com-
parison of discrimination if the same scale was used
(e.g., scores producing a probability of death). As a
summary measure for discrimination not depending on
a certain cut-off point, the area under the receiver
operating characteristic (ROC) curve was determined,
together with its 95% confidence interval.

Precision describes how well a score-based prog-
nosis is able to meet the overall observed mortality
rate. This could, of course, only be calculated for
probability scores.

Calibration describes the ability to predict low and
high values equally well. As a standard measure for
calibration, the goodness-of-fit statistic of Hosmer and
Lemeshow (H–L statistic) was used here [19]. This H–
L statistic measures and combines how close the pre-
dicted and observed mortality coincide in ten equally
sized subgroups of increasing severity. A well cali-
brated score receives low values in the H–L statistic,
which is not significantly different from zero.

Differences between survivors and non-survivors
in the univariate analysis were evaluated with the Chi-
square test or Student’s t-test in case of prevalence
rates or measurements, respectively. A p-value < 0.05
was considered to be statistically significant.

All analyses were performed with SPSS statistical
software (SPSS Inc., Chicago, IL, USA).

Imputation of Missing Values
In order to achieve a reasonable and valid score result
for as many patients as possible, the following concept
was followed for the imputation of missing values:

1. Variables with absolute importance for scoring were
not replaced; this regards age and ISS with its de-
rived variables (e.g., head injury severity)

2. Cases with missing values in more than half of the
required variables were excluded from replacement;

because the information content was deemed too
small

3. For a variable with missing values, a proxy variable
was sought initially; if categorization was required,
this was done based on univariate analysis (similar
mortality rates)

4. If no proxy variable was available, it was checked
whether a standard category could be used for the
imputation of missing values (i.e., no points in the
score)

5. If none of the above mentioned procedures was
successful, the score was recalculated with a reduced
set of variables where the interesting variable was
missing

For the final comparisons, it was decided to use the
TRISS prognosis in cases where the TRISS was avail-
able but not the RISC (in spite of imputation). This
allows to calculate a prognosis at least for all cases with
TRISS.

Results
The comparability of patients in the development
sample (n = 1,206) and the validation sample (n = 802)
is presented in table 1. Primary admitted patients not
considered for model building due to at least one
missing data point are also presented in table 1.

The discrimination ability of the six existing trau-
ma score systems in the development dataset is pre-
sented in table 2 and figure 1. The highest area under
the curve (AUC) of the ROC curve was observed for
the Rixen score (0.877), but the TRISS and ASCOT
follow closely. The precision (overall predicted mor-
tality rate) of the Rixen score, TRISS, and ASCOT is
moderate when compared to the observed mortality
rate of 16.6% in this group. The results of the TRISS,
especially the precision, could be improved by calcu-
lating new coefficients adapted to the given dataset.
This modification was able to improve the AUC of the
ROC curve for the TRISS by 0.01. The good precision
of ISS, NISS, and RTS is based on the appropriate
selection of the cut-off point.

The univariate analysis of prognostic factors is
presented in table 3. All variables except gender,
type of injury, and extremity injuries (AIS ‡ 3) were
significantly associated with hospital mortality. Re-
peated stepwise logistic regression analysis was ap-
plied to reduce the number of variables, and also to
reduce the number of categories per variable. The
final Revised Injury Severity Classification (RISC)
score is presented in table 4. The only continuous
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variable in the final model is NISS. Relevant injury
to the extremities which was not significantly asso-
ciated with outcome in the univariate analysis was
included but only with an AIS severity level of 5,
which corresponds to an unstable pelvic fracture with
relevant blood loss.

The score points for each category (except the
coefficient for NISS) were rounded to one decimal
place. This changed the individual prognosis by ±2% at
the most. For categorical variables, the standard cate-
gory was chosen to be the one with the lowest mortality
rate, so that all categories received negative values. For
an individual patient point weights for each variable
were subtracted from the constant term of 5.0 to give
the final score X, which is then transformed into a
probability of survival P(s) with the logistic function:

PðsÞ ¼ 1=ð1þ e�XÞ ¼ eX=ð1þ eXÞ

Table 5 presents the quality criteria of the RISC
and TRISS in the development sample and in the
validation sample. The AUC of the ROC curve for the

Table 1. Demographic data of the development and the validation sample, also showing the excluded cases (only primary admissions). The
second p-value compares the combined development and validation sample (n = 2,008) with the excluded patients.

Development sample
(n = 1,206)

Validation sample
(n = 802)

p-value Excluded patients
(n = 4,079)

p-value

Age (mean) 38.2 38.8 0.36 39.1 0.019
Male gender (%) 74 73 0.55 72 0.20
Blunt trauma (%) 95 96 0.70 95 0.52
ISS (mean) 25.4 25.2 0.75 22.0 < 0.001
Helicopter transfer (%) 44 44 0.86 40 0.006
Traffic related (%) 67 68 0.82 61 < 0.001
Hospital mortality (%) 16.6 16.2 0.83 18.9 0.018
Length of stay (days) 29.0 30.0 0.48 25.2 < 0.001

Table 2. Discriminative ability of seven different trauma score systems based on 1,206 primary admitted trauma patients (development
sample). The observed mortality in this group was 16.6%. TRISS* is TRISS with adjusted coefficients.

Trauma scores ISS NISS RTS TRISS* ASCOT Rixen TRISS

Cut-off point 40 49 4.1 0.5 0.5 0.5 0.5
Sensitivity (%) 45 49 44 56 51 56 41
Specificity (%) 89 90 89 90 92 91 96
Accuracy (%) 81.9 83.2 81.1 86.1 85.2 85.4 86.7
Mean for survivors 22.8 27.9 6.69 14.3 12.6 14.8 11.3
Mean for non-survivors 38.8 46.9 4.75 55.5 48.8 54.3 42.8
AUC of ROC curve 0.786 0.804 0.767 0.852 0.849 0.877 0.862
95% CI low 0.753 0.770 0.733 0.824 0.822 0.852 0.834
95% CI high 0.820 0.838 0.803 0.880 0.875 0.902 0.890

Prediction (%) 16.3 16.5 16.9 21.1 18.6 21.3 16.5

100 - Specificity
100%80%60%40%20%0%
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Figure 1. Receiver operating characteristic (ROC) curves for six
prognostic score systems. The area under the ROC curve ranges from
0.767 (RTS) to 0.907 (RISC), see Tables 2 and 5. The analysis is based
on 1,206 cases from the development sample.

Lefering R. Development and Validation of the Revised Injury Severity Classification

Eur J Trauma Emerg Surg 2009 Æ No. 5 � URBAN & VOGEL 441



RISC is about 0.05 points better than the respective
AUC for the TRISS in both datasets. This difference is
statistically significant (p = 0.003 and p = 0.013 in the
development and validation samples, respectively).
The calibration and precision of the RISC is satisfac-
tory, while the prognosis of the TRISS exceeds the
observed mortality by 4–5%.

The RISC score requires 11 different data points
from each patient, where three of them were derived
from injury coding. Only 40% of all primary admitted
patients (2,437 of 6,087) had all 12 data points available
without any missing. Another 37% of cases had missing
data for only one data point. Patients without data
about the injury coding (n = 263, 4.3%) or with missing
age (n = 12; 0.2%) were not considered for the impu-
tation of missing values. Also, patients with missing
data in five or more of the required data points
(n = 167, 2.7%) were excluded. Together, 356 patients
(5.8%) were, thus, excluded from the imputation of
missing values.

The replacement strategies for each variable in the
RISC score is presented in table 6. Age and ISS were
compulsory; for all other variables, specific strategies
were derived. When all of these strategies were ap-
plied, calculation of the RISC prognosis became pos-
sible for an additional 3,155 patients (51.8%). In 39
cases (0.6%), the TRISS was available but not the
RISC, despite the replacement attempts. In these pa-
tients, the RISC prognosis was set equal to the TRISS
prognosis. Finally, 100 patients (1.6%) did not receive

an RISC prognosis because of remaining missing data.
Overall, the RISC could, thus, be calculated for 92.5%
of patients.

Assessment of the quality criteria for the RISC in
patients with complete data and those where some
variables were imputed is given in table 7. The AUC of
the ROC curve was comparable, but the precision and
calibration decreased slightly in cases with replace-
ments.

Validation of the RISC in the TR-DGU data from
2001 is also presented in table 7. Patients with com-
plete data for the RISC and those with partial impu-
tation were considered together (n = 2,070). The mean
age in this group was 39.9 years (standard deviation
[SD] 19.8), and 72% were male. The mean ISS was 24.6
points (SD 14.4), and 95.7% of patients sustained a
blunt trauma. Discrimination, precision, and calibra-
tion were satisfactory.

Discussion
The outcome data of severely injured patients from
different hospitals could only be interpreted directly if
the patient populations are comparable. But in most
instances, this comparability is not given. Level one
trauma centers usually treat the more severe cases,
and, thus, observe higher mortality rates than smaller
hospitals with less severe cases. Therefore, mortality
rates should be analyzed together with the injury
severity of the treated patients.

Table 3. Univariate analysis of potential prognostic variables in 1,206 cases from the development sample with respect to hospital outcome.
The subscript A refers to preclinical values and the subscript B to first clinical data.

Survivor (n = 1,006) Non-survivor (n = 200) p-value

Age Mean 37.0 44.2 < 0.001
Male gender % 74.7 69.0 0.21
Blunt trauma % 95.3 95.0 0.84
ISS Mean 22.8 38.8 < 0.001
NISS Mean 27.9 46.9 < 0.001
Head injury (AIS ‡ 3) % 39.9 75.0 < 0.001
Thorax injury (AIS ‡ 3) % 46.6 58.0 0.003
Abdominal injury (AIS ‡ 3) % 16.3 32.5 < 0.001
Extremities (AIS ‡ 3) % 45.1 46.0 0.82
GCSA 3–5 % 14.5 52.5 < 0.001
ShockA (< 90 mmHg) % 11.4 35.0 < 0.001
Cardiac arrestA % 0.1 8.0 < 0.001
Base excessB (mmol/l) Mean –2.5 –6.9 < 0.001
PTTB (s) Mean 34.8 62.0 < 0.001
Quick’s valueB (%) Mean 78.8 56.0 < 0.001
HemoglobinB (< 9 mg/dl) % 17.3 51.0 < 0.001
Mass transfusionB % 10.9 38.5 < 0.001
Indirect bleeding signs Mean 0.4 1.2 < 0.001
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Table 4. The Revised Injury Severity Classification (RISC) score. The category without a coefficient (marked with ‘–‘) is the standard category
which receives no points when the score is calculated. The column ‘Patients’ describes the distribution in the development data set. ED:
emergency department; BP: blood pressure; pRBC: packed red blood cells; AIS: Abbreviated Injury Scale.

Variable Unit Value Coefficient Patients (n, %)

Age Years < 55 – 943 (78.1)
Age at injury 55–64 –1.0 152 (12.6)

65–74 –2.0 63 (5.2%)
75+ –2.3 48 (4.0%)

NISS Score 1–75 –0.03 All
New injury severity score

Head injury AIS 0–3 – 826 (68.5%)
Head injury severity according to AIS 4 –0.5 202 (16.7%)

5/6 –1.8 178 (14.8%)
Extremities AIS 0–4 – 1,165 (96.6%)
Severity of injury to the extremities according to AIS 5 –1.0 41 (3.4%)

GCS Points 6–15 – 955 (79.2%)
Glasgow Coma Scale; first preclinical assessment 3–5 –0.9 251 (20.8%)

PTT s < 40 – 888 (73.6%)
Partial thromboplastin time; first measurement in the ED 40–49 –0.8 163 (13.5%)

50–79 –1.0 105 (8.7%)
80+ –1.2 50 (4.1%)

Base excess mmol/L – 1,073 (89.0%)
Base excess. first measurement in the ED –9.0 to –19.9 –0.8 112 (9.3%)

Under –20 –2.7 21 (1.7%)
Relevant bleeding signs Number None – 790 (65.5%)
Number of indirect signs of relevant bleeding: systolic BP < 90 mmHg 1 –0.4 232 (19.2%)
preclinical/hemoglobin < 9 mg/dl in ED/mass 2 –0.8 136 (11.3%)
transfusion > 9 units of pRBC in the ED 3 –1.6 48 (4.9%)

Cardiac arrest No – 1189 (98.6%)
Preclinical cardiac arrest with reanimation/defibrillation Yes –2.5 17 (1.4%)

Constant 5.0 All

Table 5. Quality criteria for the RISC and TRISS in both datasets, development sample (n = 1,206) and validation sample (n = 802).

Development sample Validation sample

TRISS RISC TRISS RISC

Discrimination
Mean for survivors 14.3 8.9 13.6 8.7
Mean for non-survivors 55.5 54.4 55.7 51.6
Disparity 41.2 45.5 42.1 42.9
Sensitivity (%) 56.0 55.0 59.2 50.8
Specificity (%) 90.1 96.5 90.9 97.5
Accuracy (%) 84.4 89.6 85.8 89.9
AUC of ROC curve 0.852 0.907 0.860 0.909
95% confidence interval 0.824–0.880 0.883–0.931 0.827–0.892 0.879–0.938

Precision
Observed mortality (%) 16.6 16.6 16.2 16.2
Score prognosis (%) 21.1 16.4 20.9 16.1

Calibration
H-L statistic 172.0 6.2 101.0 6.7
p-value 0.001 0.63 < 0.001 0.57
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Injury severity, of course, depends on the number,
the extent, and the pattern of injuries. For this ana-
tomical description of injury severity, the ISS is by far
the most frequently used index. The MTOS results
have shown, however, that the physiological response
to trauma is at least as important. Together with age
and type of injury, these prognostic factors have been
combined in the TRISS score. Using the TRISS for
prognostication in your own patients means that you

compare your outcome with what would have been
expected if these patients were treated in an average
MTOS hospital about 20 years ago.

Like many other trauma registries, the TR-DGU
used the TRISS to adjust for variation among hospitals
when comparing mortality rates. However, various
critiques have been brought forward for the TRISS.
Age was not considered sufficiently and head injury
had a worse outcome than predicted. The ISS, as part

Table 6. Strategy for the imputation of missing values for the RISC score. The rate of missing values refers to all primary patients (n = 6,087).
The subscript A refers to preclinical values, and the subscript B to the first assessment in the hospital.

Variable Missing values (%) Replacement strategy Comment

Age 0.2 None Compulsory variable
NISS 4.3 None Compulsory variable
Head injury 4.3 None Compulsory variable
Extremity injury 4.3 None Compulsory variable
Cardiac arrestA 3.2 Blood pressureA = 0 or cardiac arrestB Use standard category if no data available
GCSA 5.8 GCSB Use standard category if no GCS available
HemoglobinB 8.2 Blood pressureB No replacement if both values were missing
Blood pressureA 11.2 Blood pressureB No replacement if neither blood pressure is available
Blood transfusionB 17.0 Standard category Hemodynamic data suggest that cases with missing

data were not transfused
PTTB 19.0 Quick’s value If PTT and Quick were missing, double the points

for indirect bleeding signs; no replacement if
bleeding signs were missing

40–49 50–79%
50–79 30–49%
80 or above Below 30%

Base excessB 40.9% Choose the worst:
platelets < 100,000
cardiac arrestB

Use standard category if no data available
–9.0 to –19.9
–20 or below

Table 7. Quality criteria for the RISC score in primary admitted patients with complete data (n = 2,437), in patients with replacement of at
least one data point (n = 3,194), and in primary admitted patients from the 2001 dataset of the TR-DGU (n = 2,070; complete cases and cases
with replacement combined).

Complete cases Cases with imputation TR-DGU 2001

Discrimination
Mean for survivors 9.2 8.3 9.1
Mean for non-survivors 52.3 54.5 52.9
Disparity 43.1 46.2 43.8
Sensitivity (%) 51.9 52.6 52.5
Specificity (%) 96.7 96.6 95.8
Accuracy (%) 89.1 88.3 89.1
AUC of ROC curve 0.902 0.919 0.907
95% confidence interval 0.885–0.918 0.908–0.931 0.890–0.924

Precision
Observed mortality (%) 16.9 18.9 15.6
Score prognosis (%) 16.5 17.1 15.9

Calibration
H–L statistic 11.2 30.3 12.8
p-value 0.19 < 0.001 0.12
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of the TRISS, was said to not adequately consider
multiple injuries to the same body region, which led to
the development of the NISS by Osler et al. [12]. Also,
the application of the TRISS in a prehospital emer-
gency system where physicians had already started to
treat the patient at the scene can cause further diffi-
culties. Furthermore, MTOS data were more than
15 years older than the actual data, leading to an
overestimation of the risk of death. Previous research
in the TR-DGU has shown that additional prognostic
factors like base deficit or coagulation exist if first
laboratory values in the hospital were also considered.
Finally, the completeness of data for the calculation of
the TRISS is another problem not only in the TR-
DGU where missing preclinical respiratory rates (27%
of cases) was the primary source. These arguments led
us to the development of a new prognostic score sys-
tem presented here.

What are the major differences to the TRISS?
There are no different formulas for blunt and pene-
trating trauma cases, which could partly be explained
by the limited number of cases with penetrating trauma
in the TR-DGU (about 5%). Like in the ASCOT
score, age is now considered in four categories. How-
ever, the cut-off point of 55 years used in the TRISS
could be verified here. Detailed analysis showed that
the 55–59 years subgroup was the first with an in-
creased mortality rate when compared to younger pa-
tients.

Injury severity is now reflected by three variables;
NISS (instead of ISS) plus additional points for head
injury and for unstable pelvic fractures with relevant
blood loss. This confirms the specific importance of
these injuries for survival [20, 21].

The major difference to the TRISS, however, is the
inclusion of new parameters from initial laboratory
assessment of the patients. Specifically, coagulation
disorders are reflected by PTT (or Quick’s value) and
base excess. These parameters have already been
identified in previous analyses from the TR-DGU and
by other authors [9, 10, 22].

Relevant bleeding was felt to be one of the major
determinants of outcome. However, the possibility to
measure blood loss is rather limited. It was, therefore,
attempted to have a number of indirect signs for rele-
vant blood loss both from the preclinical setting and
early emergency room phase. Initially, there was a
fourth indirect sign, preclinical volume administration
of at least 3,000 ml, which was discarded after internal
discussion. Preclinical volume was used very deliber-
ately in Germany in the 1990s; the average amount in
severely injured patients was about 2,000 ml. But in

recent years, a trend to smaller amounts could be ob-
served. Furthermore, the international applicability of
the RISC would be limited if this parameter was used.
However, there is still one indirect sign for relevant
bleeding (mass transfusion) which could not be deter-
mined shortly after admission, as with all of the other
components of the RISC. Nonetheless, it was decided
to keep this item because of the importance of bleeding
and transfusion for outcome prediction [23]. In future
revisions of the RISC, however, it is intended to re-
place this item by data which are available initially
after admission. This could be, for example, the
Trauma Associated Severe Hemorrhage (TASH) score
that predicts mass transfusion [24].

Regarding the quality criteria of the RISC, it could
be shown that there is a substantial advantage of the
RISC over the TRISS. Calculating new coefficients for
the TRISS would result in a correct precision (overall
predicted mortality rate) but discrimination could only
slightly be improved. The AUC of the ROC curve for
the RISC improved by about 0.05 to values above 0.90,
which is rather high. It could not be expected to im-
prove these values further and further, since there is a
natural limit. A value very close to 1 would mean that
the outcome of a patient is already nearly completely
determined by his/her condition on hospital admission.
When comparing our results for the AUC of the ROC
curve with other published values, it is mandatory to
check for comparable patient groups. Outcome pre-
diction in patients with minor injuries is not difficult
and could easily raise the AUC for any score.

The replacement of missing data is another critical
point which has to be discussed. On the one hand,
prognostic estimates derived from complete data are
clearly preferable. On the other hand, if the intended
use of the RISC is considered, the exclusion of all cases
with missing data could severely invalidate those re-
sults by selection bias [25]. The more data points are
used for the calculation of a score, the higher the
portion of cases with at least partial missing data. Only
40% of cases had complete data for RISC calculation.
Therefore, a compromise was sought which allows for a
reasonable outcome prediction despite partial missing
data, but which also excludes cases from RISC calcu-
lation if too much of the information was missing. Fi-
nally, cases with no data about injury pattern or age
and cases who miss more than half of the required data
points were excluded from the RISC calculation. For-
tunately, this group of patients was small (6%). After
application of the replacement strategies, more than
90% of patients received a valid RISC score. Quality
criteria for the RISC in patients with replacements are
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slightly worse than in complete cases, as expected.
However, the results of the 2001 dataset (complete and
replaced cases together, see Table 7) are as good as in
the development dataset. Repeated validations per-
formed in the 2002 and 2003 data of the TR-DGU
(results not shown here) revealed similar results.

Since 2004, the TR-DGU has used the RISC
score instead of the TRISS for outcome adjustment in
the annual audit reports for the participating hospi-
tals. Although developed in 1,200 cases from the last
decade only, the RISC is able to predict the observed
hospital mortality in the whole database (> 30,000
cases) with a deviation of less than 1%. However, in
the most recent years, the outcome remained signifi-
cantly below the estimated level, which means that
hospital mortality today is lower than in the 1990s
[26]. The reasons for this improvement are multiple,
but with a valid outcome prediction tool like the
RISC, it is possible to evaluate different strategies
like whole-body computed tomography (CT) scanning
more accurately [27].

Conclusion
The introduction of new prognostic factors in a novel
outcome prediction model (Revised Injury Severity
Classification [RISC]) could significantly improve the
prognostic quality. Comparison of mortality rates in
severely injured patients, such as in hospital audit re-
ports, should only be made with an adequate consid-
eration of the initial situation of the patients, where
anatomical injury severity is only one aspect.
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