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Abstract

Introduction: The TraumaRegister DGU™ (TR-DGU) has used the Revised Injury Severity Classification (RISC) score
for outcome adjustment since 2003. In recent years, however, the observed mortality rate has fallen to about 2%
below the prognosis, and it was felt that further prognostic factors, like pupil size and reaction, should be included
as well. Finally, an increasing number of cases did not receive a RISC prognosis due to the missing values.
Therefore, there was a need for an updated model for risk of death prediction in severely injured patients to be
developed and validated using the most recent data.

Methods: The TR-DGU has been collecting data from severely injured patients since 1993. All injuries are coded
according to the Abbreviated Injury Scale (AIS, version 2008). Severely injured patients from Europe (ISS ≥4)
documented between 2010 and 2011 were selected for developing the new score (n = 30,866), and 21,918 patients
from 2012 were used for validation. Age and injury codes were required, and transferred patients were excluded.
Logistic regression analysis was applied with hospital mortality as the dependent variable. Results were evaluated in
terms of discrimination (area under the receiver operating characteristic curve, AUC), precision (observed versus
predicted mortality), and calibration (Hosmer-Lemeshow goodness-of-fit statistic).

Results: The mean age of the development population was 47.3 years; 71.6% were males, and the average ISS
was 19.3 points. Hospital mortality rate was 11.5% in this group. The new RISC II model consists of the following
predictors: worst and second-worst injury (AIS severity level), head injury, age, sex, pupil reactivity and size,
pre-injury health status, blood pressure, acidosis (base deficit), coagulation, haemoglobin, and cardiopulmonary
resuscitation. Missing values are included as a separate category for every variable. In the development and the
validation dataset, the new RISC II outperformed the original RISC score, for example AUC in the development
dataset 0.953 versus 0.939.

Conclusions: The updated RISC II prognostic score has several advantages over the previous RISC model.
Discrimination, precision and calibration are improved, and patients with partial missing values could now be
included. Results were confirmed in a validation dataset.
Introduction
Severe trauma has serious consequences for the victims
with a still considerable mortality rate and often long-
lasting physical and mental problems for the survivors.
But it is also a serious public health problem since most
trauma victims are young and the accident impairs their
role in society, work, and families in multiple ways.
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Therefore, improvement of quality of care and reduction
of mortality and morbidity in severe trauma cases is an
important aim of health care policy. Trauma registries
are able to provide an important contribution to quality
assessment and scientific research in the area of acute
care where classical randomized trials are difficult to
perform. Benchmarking of hospital results needs to con-
sider the case mix and the injury pattern, and scientific
analyses have to deal with the comparability of study
groups. In order to reach these aims, it is absolutely ne-
cessary to be able to accurately describe injury severity,
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or the risk of death, on an individual basis. Only a valid
estimation of baseline risk allows interpretation of ob-
served mortality rates. This is underlined by a statement
from Susan Baker, who published the Injury Severity
Score (ISS): ‘If you have never felt the need for any type
of severity scoring system, then you probably have never
had to explain how it is that survival rate of 85% in your
trauma center is actually better than the survival rate of
97% in some other hospital where the patients are much
less seriously injured’ [1].
In the history of trauma severity scores the description

of anatomical injuries was the starting point. The publi-
cation of the ISS was a landmark article, and still today
this score is the most frequently used trauma score
worldwide [2]. But already in the 1980s, it became clear
that the patient’s physiological response to an injury, as
well as age, are important predictors of outcome, too.
The Trauma and Injury Severity Score (TRISS) devel-
oped with data from the Major Trauma Outcome Study
did consider these aspects, and it became the most fre-
quently used tool for outcome adjustment and bench-
marking in trauma registries [3].
The TraumaRegister DGU™ of the German Trauma

Society (Deutsche Gesellschaft für Unfallchirurgie
(DGU)) (TR-DGU), a national initiative for documenta-
tion of care of severely injured patients in Germany,
founded in 1993, also used the TRISS for inter-hospital
comparisons. However, in 2003 a new risk adjustment
model developed with data from the registry was intro-
duced, the Revised Injury Severity Classification (RISC)
score [4]. For the first time, initial laboratory values were
included in the score (base deficit, hemoglobin, partial
thromboplastin time) as well as interventions (cardiopul-
monary resuscitation (CPR)). This allowed describing
the patients’ condition and prognosis on admission more
precisely. Discrimination, precision, and calibration im-
proved, compared to the previously used TRISS model,
even if the TRISS coefficients were adapted to the regis-
try data. In the following years, the RISC has repeatedly
been validated with TR-DGU data.
However, during recent years some limitations of the

RISC have also become apparent. It uses 10 different vari-
ables for prediction, which makes it increasingly difficult
to provide complete data in all patients. Complete data
were available for only about 25% of cases. The existing
procedure to replace missing values is complex and diffi-
cult to use. But despite these efforts, the percentage of pa-
tients with an available RISC prognosis repeatedly fell
below the desired rate of 90%. Thus a considerable
amount of patients could not be included in comparative
analyses. Furthermore, the RISC had been developed with
data from 1993 to 2000, which led to an overestimation of
risk of death in recent years. Since 2006 the observed mor-
tality was about 2% below the predicted one.
These reasons led us to revise and update the RISC
score, with the aim to establish a more accurate, up-to-
date, and easier to use model for risk of death estimation
in severely injured patients.

Materials and methods
TraumaRegister DGU™
The TR-DGU was founded in 1993. The aim of this mul-
ticentre database was an anonymous and standardized
documentation of severely injured patients for bench-
marking of hospitals and health services research in the
field of severe trauma.
Data are collected from four consecutive time phases

from the site of the accident until discharge from hospital:
(A) pre-hospital phase, (B) emergency room and initial
surgery, (C) intensive care unit and (D) discharge and out-
come. The documentation includes detailed information
on demographics, injury pattern, comorbidities, pre- and
in-hospital management, time course, relevant laboratory
findings including data on transfusion and outcome of
each individual. The inclusion criterion is admission to
hospital with vital signs via the emergency room with sub-
sequent intensive care treatment, including those who die
before admission to the intensive care unit.
The infrastructure for documentation, data manage-

ment and data analysis is provided by the Academy for
Trauma Surgery (Akademie der Unfallchirurgie GmbH
(AUC)), a company of the DGU. The scientific leader-
ship is provided by the Committee on Emergency Medi-
cine, Intensive Care and Trauma Management (Sektion
NIS) of the German Trauma Society (DGU). The partici-
pating hospitals submit their data anonymously into a
central database via a web-based application. Multiple
plausibility checks have been implemented into this ap-
plication in order to improve data quality.
Participation in the TR-DGU is voluntary, but for certi-

fied trauma centres associated with the TraumaNetzwerk
DGU™ (the German Trauma Network, an initiative of the
DGU to establish local networks of hospitals involved in
trauma care) participation is obligatory. Hospitals certified
as a member of a regional trauma network but not inter-
ested in trauma research could chose a reduced data col-
lection form with only 40 items per case while the
standard data collection form contains about 100 items.
Both data forms are in compliance with the European
Core Dataset (Utstein Template, see [5]). All hospitals re-
ceive extended annual audit reports. As a compulsory tool
for quality assessment in certified regional trauma net-
works, which is based on routinely available data only, no
informed consent is necessary for data collection. How-
ever, no personal data are collected in the registry, and
only the hospital is able to re-identify a certain case for the
purpose of internal audits. Completeness of cases is a pre-
requisite for a meaningful evaluation of a hospital’s quality.
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The hospitals have permission for participation from their
local authorities. All scientific analyses using registry data
are based on anonymous data. The process is managed by
the Sektion NIS in cooperation with the AUC; it is based
on a publication guideline approved by the scientific soci-
ety DGU. This guideline has to be signed for and followed
by each researcher. The present analysis has been regis-
tered, evaluated, and approved by the internal review
board of the Sektion NIS (No. 2013–006). Detailed infor-
mation including the data collection forms in German and
English, the participating hospitals, and the publication
guideline are available at the registry’s homepage [6].
In 2012, a total of 28,805 severely injured patients from

572 different hospitals were documented in the TR-DGU.
The patients primarily came from Germany (90%), but
other countries contribute data as well (Austria, Belgium,
China, Finland, Luxembourg, Slovenia, Switzerland, The
Netherlands, and the United Arab Emirates).

Patients
Only European patients documented in 2010 or 2011 quali-
fied for analysis (n = 39,914). Patients transferred to the
reporting hospital after initial treatment in another hospital
(n = 3,679; 9.2%) had to be excluded since the initial status
on admission was unknown. Furthermore, primary admit-
ted patients who had been transferred out into another
hospital within 48 hours (n = 2,634; 6.6%) were excluded as
well since their final outcome was considered unknown. Al-
though the primary focus of the TR-DGU is on severely in-
jured patients, only about half of all documented patients
fulfilled the ISS ≥16 criterion. Since the RISC score should
cover the large majority of the registry patients, it was de-
cided to only exclude cases with a worst injury of AIS grade
1 (n = 2,385). In these patients, risk of death estimation is
considered inappropriate since virtually all of them survive.
This means that the ISS has to be at least 4 points. Finally,
there has to be a valid entry for age. Since age is a compul-
sory variable every patient has a documented age, which is
calculated from the date of birth (which is entered but not
stored) and the date of accident. However, mistyping the
actual year instead of the year of birth results in an age of
zero, which is six times more frequent in the database than
the age of one year. Therefore, patients with an age of zero
were excluded (n = 313). This leaves a total of 30,866 cases
(77%) for final analysis (Figure 1).
The internal validation of the new model was per-

formed on TR-DGU patients documented in 2012, using
the same inclusion and exclusion criteria as described
above, that is European patients with ISS ≥4 points and
age >0, except transfers (n = 21,918 of 28,805, 76%).

Trauma scores
All injuries are coded according to the Abbreviated Injury
Scale (AIS), version 2008. The AIS codebook contains
about 2000 different injuries, each one with an individual
severity level ranging from 1 (minor) to 6 (actual untreat-
able). The TR-DGU uses a reduced version with only 450
codes for documentation where similar codes with the
same severity level were merged.
The ISS is calculated from the three worst affected

body regions as the sum of squares of the respective AIS
severity levels [2]. The New ISS, or NISS, is calculated in
a similar way but here the three worst injuries are se-
lected regardless of their location [7]. The TRISS is a
combination of anatomical injury severity (ISS), the
physiological response (Revised Trauma Score with con-
sciousness, blood pressure, and respiratory rate), and
age. The TRISS has different formulas for blunt and
penetrating trauma mechanism. This score has repeat-
edly been used and adapted to local trauma registries
but we used the original coefficients of Champion et al.
in this analysis for reasons of comparability [3].
The RISC score has been developed with about 1,200

cases from the TR-DGU documented in the years 1993
to 2000. Besides the NISS the following categorical vari-
ables were used in the RISC: age, head injury, Glasgow
Coma Scale (GCS), coagulation (partial thromboplastin
time), base deficit, CPR, number of indirect signs of
bleeding (low haemoglobin; hypotension, massive trans-
fusion). For most variables, an algorithm for replacing
missing values had been established (for details, see [4]).

Statistical analysis
Binary logistic regression analysis was used to derive the
new score. Survival until discharge, or hospital mortality,
was used as dependent variable, and various combin-
ation of potential predictor variables were used to create
the model. The final score X of the model (the logit, or
the natural logarithm of the odds of the dependent vari-
able occurring or not) could then be transformed into a
probability of survival using the logistic function:

P survivalð Þ ¼ 1
1 þ exp − Xð Þ

The score value X = 0 corresponds to a 50% probabil-
ity for survival, while positive and negative values de-
scribe a better or worse prognosis, respectively. Age and
injury severity (AIS codes) were required to have no
missing data (see inclusion criteria) but all other pre-
dictor variables had a varying degree of missing values
ranging from <1% (sex) to 55% (pupil size). A basic
principle of the present analysis was not to impute or re-
place missing values, nor to exclude cases with missing
data. ‘Missing value’ was rather included as a separate
category of each variable in the model. This category
was assigned the reference category, so that the coeffi-
cient for this category was automatically set to zero. This
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Figure 1 Flow sheet for patient inclusion.
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means that a missing value would not change the prog-
nosis. Since the stability of the calculated coefficients
and the odds ratios (OR) depend on the size of the ref-
erence category, it was decided to have at least 20% of
cases in this category. In variables with less than 20%
missing data, a randomly selected number of cases was
assigned this category (that is their observed value was
deleted during model building) so that the reference
category comprised of about 20% of cases. It was re-
quired that the 95% confidence intervals (CIs) for mor-
tality in all reference groups with missing values cover
the overall mortality rate, which was found to be true
for all variables.
All variables were included as categorical variables.

Categories were built prior to analysis based on clinical
judgement. If during model building a category showed
no or only minor effects, this category was merged with
the reference category.
Model building started with a basic model that in-

cluded only age and injury severity as independent pre-
dictors. Other candidate variables were then checked
one by one for improvement of Nagelkerke’s R2, a meas-
ure of strength of association of the model with the ob-
served outcome. The final model was then built using all
candidate variables, which proved to have additional pre-
dictive power. Repeated modelling then gave the final list
of variables with an optimal number of categories per
variable.
The quality of the final model, as well as the quality of

the existing trauma scores, was evaluated in terms of
discrimination, precision, and calibration. Discrimination
measures the ability of a score to separate survivors
from non-survivors. This is best summarized by calculat-
ing sensitivity and specificity for all potential cutoff
points of the score. These values are summarized in a
receiver operating characteristic (ROC) curve. The area
under the ROC curve (AUC) varies between 0.5 (dis-
crimination by chance) and 1.0 (perfect separation of
survivor and non-survivor). The AUC is presented with
its 95% CI. Precision describes the agreement of ob-
served mortality rate and score-based prognosis. Finally,
calibration is evaluated with the goodness-of-fit statistic
of the Hosmer-Lemeshow statistic (HL). For this statis-
tic, the whole population is split in deciles of approxi-
mately equal size. Observed and expected number of
deaths is determined in each subgroup and then com-
bined to give a chi-squared distributed statistic. Low
values of the HL statistic indicate a good calibration.
Descriptive statistics are provided as counts and per-

centages for categorical variables, and mean, median
and standard deviation (SD) for continuous variables.
Significance testing was largely avoided since in large
samples like this one even minor differences become
statistically significant. All analyses have been performed
with SPSS statistical software, version 21 (IBM Corp,
Armonk, NY, USA).

Results
Descriptive data of patients selected for analysis are
given in Table 1. The population is typical for a western
European trauma population, with 5% penetrating
trauma. Hospital mortality was 11.5% in the whole study



Table 1 Descriptive data of the development and the
validation dataset

Development
dataset

Validation
dataset

Year of accident 2010 - 2011 2012

Number of cases 30,866 21,918

Age 47.3/47 (21.7) 48.4/48 (21.9)

Male sex 21,899 (71.6%) 15,430 (70.4%)

Blunt mechanism 27,701 (95.5%) 19,720 (94.9%)

Head injury (AIS ≥3) 10,498 (34.0%) 6,791 (31.0%)

Chest injury (AIS ≥3) 12,126 (39.3%) 8,022 (36.6%)

Abdominal injury (AIS ≥3) 3,375 (10.9%) 2,136 (9.7)

Injury of extremities and pelvic
ring (AIS ≥3)

8,252 (26.7%) 5,390 (24.6%)

Injury Severity Score (ISS) 19.3/17 (13.1) 18.0/16 (12.6)

New ISS 24.1/22 (15.8) 22.6/17 (15.4)

ISS ≥16 17,045 (55.2%) 10,995 (50.2%)

Type of injury

- traffic: car 7,183 (23.3%) 4.999 (22.8%)

- traffic: motorbike 4,129 (13.4%) 2,859 (13.0%)

- traffic: bicycle 2,492 (8.1%) 1,907 (8.7%)

- traffic: pedestrian 2,066 (6.7%) 1,476 (6.7%)

- high fall (>3 m) 5,086 (16.5%) 3,389 (15.5%)

- low fall (<3 m) 5,339 (17.3%) 4,171 (19.0%)

Length of stay in hospital (days) 17.9/13 (18.8) 16.7/12 (17.5)

Hospital mortality 3,557 (11.5%) 2,378 (10.8%)

RISC score available 26,041 (84.4%) 19,501 (89.0%)

TRISS score available 17,411 (56.4%) 12,450 (56.8%)

Transportation to hospital by helicopter 7,297 (24.3%) 4,528 (21.2%)

Hospital level of care

- supra-regional trauma centre (level 1) 18,119 (58.7%) 12,556 (57.3%)

- regional trauma centre (level 2) 10,439 (33.8%) 7,427 (33.9%)

- local trauma centre (level 3) 2,309 (7.5%) 1,935 (8.8%)

Continuous variables given as mean/median (standard deviation (SD));
categorical variables as number of cases and percentage. AIS, Abbreviated
Injury Scale; ISS, Injury Severity Score; NISS, New Injury Severity Score; RISC,
Revised Injury Severity Classification; TRISS, Trauma and Injury Severity Score.
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group, and 19.1% in the subgroup of patients with
ISS ≥16. Patients were treated in 510 different hospitals,
108 of them (21%) were classified as supra-regional level 1
trauma centres. These hospitals provided 59% of all pa-
tients (Table 1).
Model building started with injury severity. Several po-

tential representations of injury severity were compared
using Nagelkerke’s R2. The ISS as a continuous variable
reached R2 = 0.257 while the NISS reached 0.322. The
worst AIS severity score (categories 2 to 6) as a single
predictor reached the same level (R2 = 0.322). If the
second-worst injury was added, R2 increased to 0.367,
which could further be improved by additional consider-
ation of head injury (R2 = 0.386). This is only marginally
lower than the maximum value observed for 10 categor-
ical variables each representing one body region (accord-
ing to the first digit of the AIS code, R2 = 0.389).
Age groups were added to the model with intervals of

5 years. It turned out that beginning with the age of 55,
there was a significant increase in mortality. Subgroups
above the age of 85 were merged due to the limited
sample size. It was also found that children (age 1 to 10)
had a better chance of survival than adolescents and
adults. This basic model with injury severity and age
showed already a considerable association with outcome
(R2 = 0.457).
Further model building included only categorical vari-

ables in which the reference category (missing value) com-
prised of at least 20% of cases. Table 2 describes the 13
variables included in the final RISC II model, and Table 3
presents the model. The score points are rounded to
one decimal. The overall association with outcome was
R2 = 0.595.
The following variables had been tested for inclusion

but finally did not reach sufficient power to be included
in the model: type of injury (traffic, high fall, low fall,
and so on); change in blood pressure from initial pre-
hospital assessment to admission; time from injury to
hospital admission, pelvic fracture with relevant blood
loss (AIS 5), and Shock Index (SI).
Thirteen variables are needed to calculate the complete

RISC II score where the three items derived from the AIS
codes were considered as one variable. The average num-
ber of missing values was 1.1 in patients documented with
the standard data sheet, and 3.1 for patients documented
with the reduced data sheet (where pupil size and reactiv-
ity were not documented).
The quality of the RISC II score, as compared to the

existing ones, is described in Table 4 in terms of dis-
crimination, precision, and calibration. Comparisons to
the original RISC and the TRISS score were limited to
those patients with a valid score, respectively (RISC: n =
26,041, 84%; TRISS: 17,411, 56%). The variables used for
developing the new score had at least a 20% rate of
missing values, created by arbitrary deleting some real
observations (except for age and injury severity where
completeness was required). If all available information
would have been used for calculating the RISC II the re-
sults further improved (Table 4). The observed and ex-
pected mortality in 10 equal-sized risk bands is given in
Figure 2. Figure 3 is a graphical comparison of ROC
curves calculated in the subset of patients who had
complete information for all considered scores.
The patients documented in the TR-DGU in 2012

were used for validation where the same inclusion cri-
teria were used as for the development sample. The



Table 2 Variables included in the final model of RISC II, and prevalence of missing values

Variable Description Missing values

Worst injury, second-worst injury AIS injury severity level; if only one injury was coded, the second-worst injury was
set to zero

0%

Head injury AIS injury severity level of the body region ‘head’ as defined for the ISS score 0%

Age Age in years at the time of accident, 10 categories 0%

Sex Males/females 0.9%

ASA Pre-trauma ASA (American Society of Anesthesiologists) score, as defined in the
Utstein core dataset [5]

16.3%

Pupil reactivity Three categories according to the Eppendorf-Cologne Scale (ECS) [12]: brisk, sluggish,
and none. The first pre-hospital assessment was used; if missing; assessment on
admission was used

53.5%*

Pupil size Three categories according to the Eppendorf-Cologne Scale [12]: normal, anisocoria,
and bilateral dilated. The first pre-hospital assessment was used; if missing; assessment
on admission was used

54.9%*

Motor function The motor function was derived from the Glasgow Coma Store (GCS) motor score
according to the Eppendorf-Cologne scale [12]: normal (6 points in GCS); directed
(4-5); non-directed (2-3), and none (1). The first pre-hospital assessment was used
if available; if missing assessment on admission was used in non-intubated cases

2.7%

Mechanism Blunt or penetrating mechanism of injury 6.1%

Blood pressure Systolic blood pressure (mmHg), first measurement after admission; in case of
missing values the first pre-hospital measurement was used

10.7%

Coagulation: INR International normalized ratio (INR); first measurement after admission 12.9%

Acidosis: base deficit Base deficit, or base excess (mEq/l); first measurement after admission 46.0%

Blood: haemoglobin Haemoglobin (g/dl); first measurement after admission 7.6%

CPR Cardiopulmonary resuscitation (CPR), performed pre-hospitally in case of cardiac
arrest (not in the emergency room)

3.2%

*Actually not part of the reduced data collection form used in 47.4% of cases. RISC II, Revised Injury Severity Classification II.
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patient characteristics of the validation sample are given
in Table 1. Discrimination and calibration were even
slightly better than in the development dataset, and pre-
cision was acceptable (Table 4).

Discussion
Besides performing benchmarking for hospitals treating
severely injured patients trauma registries play an im-
portant role in trauma research since classical clinical
trials are often difficult to perform, if not even impos-
sible, in the acute care phase [8]. In these situations it is
common that the considered patient populations differ
considerably. University hospitals treat different patients
than small local hospitals; intubated patients were more
severely ill than non-intubated patients; transfused pa-
tients have a higher risk of death than non-bleeding
trauma victims. Furthermore, the injury pattern also are
very heterogeneous in terms of location (head, thorax,
abdomen, extremities), affected structures (bones, or-
gans, soft tissue), mechanism (blunt, penetrating), and
severity. The outcome of trauma victims could therefore
only be judged and evaluated if there is some idea about
what happens on average to patients with such kind of
injuries. Trauma score systems could serve as a helpful
tool in these situations.
During the last decades several trauma score systems
have been developed, and the knowledge about import-
ant prognostic factors and their interaction have consid-
erably increased. Summarizing the anatomical injuries,
as done for example by the ISS, was the first attempt to
quantify injury severity. The ISS has since become a kind
of common language for trauma surgeons and other re-
searchers, and it is the most frequently used trauma
score worldwide [9]. This is even more remarkable since
it has some serious limitations. Multiple injuries in the
same body region are disregarded, and the risk of death
from head injuries is known to be underestimated. An
ISS of 27 points resulting from three different grade 3
injuries is much less critical than an ISS of 25 from a
single grade 5 injury. Furthermore, the ISS depends on
the AIS codebook, which repeatedly had been changed
and updated.
The NISS was able to address some of the critical

points mentioned above by using the three worst injuries
irrespective of their location. It had also been included
in the first version of the RISC score [4]. However, dur-
ing the present analyses, it turned out that it makes
much more sense to just consider the two worst injuries
separately instead of the ISS score. The simple variable
'worst AIS', or 'maximum AIS severity level', received



Table 3 The RISC II model for prediction of mortality after trauma

Variable Category Score Coefficient P value OR CI of OR

Worst injury 2* 0 0 1

3 −0.5 −0.517 <0.001 0.60 0.46-0.78

4 −1.3 −1,259 <0.001 0.28 0.22-0.38

5 −1.7 −1.742 <0.001 0.18 0.13-0.23

6 −2.9 −2.941 <0.001 0.05 0.03-0.09

Second-worst injury 0-2 +0.2 0.254 <0.001 1.29 1.13-1.48

3* 0 0 1

4 −0.6 −0.617 <0.001 0.54 0.47-0.62

5-6 −1.4 −1.429 <0.001 0.24 0.20-0.29

Head injury 0-2* 0 0 1

3-4 −0.2 −0.199 0.004 0.82 0.72-0.94

5-6 −0.8 −0.755 <0.001 0.47 0.40-0.56

Age 1-5 +1.4 1.411 0.001 4.10 1.79-9.40

6-10 +0.6 0.581 0.099 1.79 0.90-3.57

11-54* 0 0 1

55-59 −0.5 −0.544 <0.001 0.58 0.47-0.73

60-64 −0.8 −0.784 <0.001 0.46 0.37-0.57

65-69 −0.9 −0.921 <0.001 0.40 0.32-0.49

70-74 −1.2 −1.250 <0.001 0.29 0.24-0.34

75-79 −1.9 −1.888 <0.001 0.15 0.13-0.18

80-84 −2.4 −2.244 <0.001 0.09 0.07-0.11

85+ −2.7 −2.665 <0.001 0.07 0.06-0.08

Sex ???/males* 0 0 1

females +0.2 0.231 <0.001 1.26 1.12-1.42

ASA 1-2 +0.3 0.335 <0.001 1.40 1.26-1.56

???/3* 0 0 1

4 −1.3 −1.334 <0.001 0.26 0.16-0.42

Mechanism ???/blunt* 0 0 1

penetrating −0.6 −0.623 <0.001 0.54 0.41-0.70

Pupil reactivity brisk +0.2 0.271 0.001 1.31 1.12-1.53

???/sluggish* 0 0 1

fixed −1.0 −1.011 <0.001 0.36 0.30-0.45

Pupil size normal +0.2 0.178 0.014 1.20 1.04-1.38

???/anisocoria* 0 0 1

both dilated −0.5 −0.490 <0.001 0.61 0.48-0.78

Motor function normal +0.6 0.609 <0.001 1.84 1.62-2.09

???/directed* 0 0 1

non-directed −0.4 −0.378 0.001 0.69 0.55-0.85

none −0.8 −0.819 <0.001 0.44 0.39-0.50

CPR ???/no* 0 0 1

yes −1.8 −1.752 <0.001 0.17 0.14-0.22
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Table 3 The RISC II model for prediction of mortality after trauma (Continued)

Blood pressure <90 −0.7 −0.665 <0.001 0.51 0.44-0.61

???/90-110* 0 0 1

111-150 +0.3 0.310 <0.001 1.36 1.22-1.53

>150* 0 0

INR <1.20 +0.6 0.637 <0.001 1.89 1.68-2.13

1.20-1.39 +0.2 0.184 0.024 1.20 1.03-1.41

???/1.40-2.39* 0 0 1

2.40+ −0.4 −0.383 0.001 0.68 0.54-0.86

Haemoglobin 12.0+ +0.4 0.372 <0.001 1.45 1.30-1.62

???/7.0-11.9* 0 0 1

<7.0 −0.5 −0.551 <0.001 0.58 0.46-0.73

Base deficit <6.0 +0.3 0.267 <0.001 1.31 1.17-1.46

???/6.0-8.9* 0 0 1

9.0-14.9 −0.4 −0.404 <0.001 0.67 0.53-0.84

15.0+ −1.5 −1.544 <0.001 0.21 0.15-0.30

Constant +3.6 3.590 <0.001

*Reference category. ???, missing value/unknown; ASA, American Society of Anesthesiologists; CI, 95% confidence interval;.CPR, cardiopulmonary resuscitation; INR,
international normalized ratio; OR, odds ratio; RISC II, Revised Injury Severity Classification II.

Table 4 Quality criteria for the considered scoring systems in the development dataset (TR-DGU 2010 and 2011), and
for RISC II in the validation dataset (TR-DGU 2012)

Discrimination Precision Calibration

AUC of ROC curve (95% CI) observed and predicted mortality HL goodness-of-fit statistic

All patients, development dataset (n = 30,866)

Observed mortality 11.5%

RISC II with 20% missing values per variable 0.943 (0.939-0.946) 11.4% 55.2

RISC II with all available data 0.947 (0.944-0.951) 11.6% 55.3

Patients with RISC, development dataset (n = 26,041)

Observed mortality 11.4%

RISC II 0.947 (0.943-0.951) 11.6% 50.8

RISC 0.934 (0.929-0.938) 13.5% 233.8

Patients with TRISS, development dataset (n = 17,411)

Observed mortality 10.7%

RISC II 0.953 (0,949-0,957) 11.0% 38.3

RISC 0.939 (0.933-0.944) 12.9% 178.6

TRISS 0.917 (0.911-0.924) 13.5% 554.4

NISS 0.849 (0.839-0.858)

ISS 0.821 (0.811-0.831)

All patients, validation dataset (n = 21,918)

Observed mortality 10.9%

RISC II 0.951 (0.947-0.954) 11.3% 50.3

The reduced number of patients in the comparative analysis is due to the availability of the RISC and the TRISS score. AUC, area under the curve; ISS, Injury
Severity Score; HL, Hosmer-Lemeshow; NISS, New Injury Severity Score; RISC (II), Revised Injury Severity Classification (II); ROC, receiver operating characteristic;
TR-DGU, TraumaRegister DGU™ of the German Trauma Society; TRISS, Trauma and Injury Severity Score.
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better Nagelkerke's R2 values than did any ISS or NISS
(continuous or categorical). Similar, Moore et al. also
found the worst injury to have a better prediction than
the ISS in the Trauma Risk Adjustment Model [10]. Fur-
thermore, having the two worst injuries as separate vari-
ables in the model not only considerably improves the
prediction but also allows to better separate multiple in-
juries from the isolated ones. The second-worst injury, if
only grade 2 or less, improves the outcome in the RISC
Figure 3 Receiver operating characteristic curves for RISC II,
RISC, TRISS, ISS, and NISS in 17,411 patients from the
development dataset with valid data for all five scoring
systems. The areas under the curves are given in Table 4. ISS, Injury
Severity Score; NISS, New Injury Severity Score; RISC (II), Revised
Injury Severity Classification (II); TRISS, Trauma and Injury
Severity Score.
II model. This has not yet been implemented in any
other trauma score.
Some further remarkable aspects were included in the

new RISC II score. Children up to the age of 10 years
seem to have a better outcome than adults or adoles-
cents. Sex, mechanism of injury, and pre-existing dis-
eases (pre-injury American Society of Anesthesiologists
(ASA) classification of physical status), not considered in
the original RISC, are now included. GSC is replaced by
the simplified motor function of GCS. It has already
been described previously by others that this aspect of
GCS is the most predictive one (for example the prob-
ability of survival models PS12 of the British Trauma
Audit and Research Network, (TARN) see [11]). But
even more noteworthy is the fact that pupil reactivity
and pupil size have now been included. Both aspects are
easy to assess and have been recorded since the founda-
tion of the registry. However, only recent analyses
showed that their predictive ability was even better than
the GCS [12-14]. They independently added prognostic
information to the prediction model. This is even more
important since about half of the patients did not have
these variables recorded (they were not part of the re-
duced data collection form, see Table 2). The model con-
siderably improved when these variables were added. As
a consequence, pupil size and reactivity will soon be
added to the reduced basic dataset for all patients.
But the most important design aspect of the RISC II is

its handling of missing values. Missing values are a rele-
vant problem in all registries. This is especially true if
registry data are collected retrospectively. Source data
verification is still a rare exception, if done at all. Pa-
tients with missing data in variables needed for score
calculation are either excluded from prognostic estima-
tion, or their missing values are imputed based on simi-
lar available information, or normal values are simply
assumed. This procedure was also used for the original
RISC score. The approach chosen here for the new RISC
II is different. Missing values will be included in the
model as a separate category, specifically as the refer-
ence category in logistic regression analysis. This cat-
egory, by definition, receives a coefficient of zero which
does not change the prognosis. If the value is available,
then its effect on prognosis might be negative (that is,
the prognosis is worsened), or positive in case of normal
values, or somewhere in between. However, this proced-
ure could not be applied for every variable since there
needs to be a minimum set of reliable information to
calculate a basic prognosis. We decided to have age and
injury severity (derived from the AIS codes) as the mini-
mum set of information required. If this information
was missing no reasonable prognosis seems to be pos-
sible. This is, however, no limitation since both variables
were obligatory for documentation. For all other variables
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Figure 4 Example for the application of the new RISC II score.
The variables not listed here got 0 points and thus did not change
the prognosis.
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there is a category for missing variables (indicated as '???'
in Table 3).
The big advantage of this approach is that no case

has to be excluded from prognostic estimation. The
original RISC score excluded patients from calculations
if more than half of the information was missing, or if
certain missing values could not be replaced. The inclu-
sion of as many cases as possible in risk adjustment
analyses could be considered as an important charac-
teristic of a score.
Patients with a maximum injury severity of AIS grade

1 were excluded here. In these patients mortality is very
rare, and the very few non-survivor found in this group
may have died from other reasons than from trauma (or
their documentation of injuries was incomplete). There-
fore care should be taken that the RISC II score is not
applied to patients with minor injuries.
Other potential outcome predictors were not included

here. Respiratory rate (RR), for example, is part of the
Revised Trauma Score (RTS), and as such it is also con-
tained in the TRISS score. However, during the develop-
ment of the original RISC score, RR turned out to have
only marginal predictive power. Interestingly, these find-
ings were recently confirmed by Schluter et al. who de-
rived actual coefficients for TRISS and RTS on data
from the NTDB and from New Zealand [15,16]. He
found that the coefficient for RR was by far the smallest
one in the revised TRISS model. The most important
prognostic information contained in RR seems to be the
effect of cardiac arrest (RR = 0), which is covered by the
variable CPR in the RISC II.
Hypothermia has repeatedly been demonstrated to be

an important predictor of outcome in large samples
[17-19]. However, when we tried to add hypothermia to
the original RISC model, no additional effect could be
demonstrated [20]. This is based on the fact that coagu-
lation is already covered by laboratory values for coagu-
lopathy in the original RISC as well as in the present
update. When these coagulation variables were removed
hypothermia also became a relevant prognostic factor.
Obesity has been found to be a prognostic factor using

TR-DGU data. A body mass index (BMI) of 30 and
above increased the risk of death (OR = 1.6). But more
interestingly, a BMI below 20 is even more dangerous
(OR = 2.1) [21]. Unfortunately, the considerable amount
of missing values for weight, and even more for height,
in routine patient files led us to remove these items from
our dataset in 2009. Thus an additional effect of obesity
could not be evaluated here.
We used hospital mortality instead of 30-day mortal-

ity. A valid 30-day mortality rate would require to
follow-up all patients discharged before that day, which
were 84% in our database. It should further be consid-
ered that trauma deaths occurring after day 30 mostly
affect older people [22]. Using 30-day mortality would
thus underestimate this age effect. However, using hos-
pital mortality also has its problems, specifically when a
large portion of patients is transferred to other hospitals,
or if health care systems encourage such step-down
transfers.
There are, of course, some limitations involved in this

analysis. As a general weakness data quality in registries
is considered inferior to that of clinical trials. To ac-
knowledge this, multiple plausibility and completeness
checks have been implemented in the TR-DGU online
documentation software. Some measurements may change
quickly (for example, blood pressure (BP)), others like
base deficit were routinely measured but frequently not
documented, and again others could have been influ-
enced by pre-hospital treatment (for example, volume ad-
ministration, catecholamines). During the analysis we
preferred categorical variables rather than continuous
ones (or derived functions thereof ), knowing that ‘exact’
measurements are not as exact as they seem to be.
Using categories instead is much more robust, at the
cost of disregarding details. We also avoided including
interaction terms, both because of their limited influ-
ence in prediction models as well as the desired simpli-
city of the final model.
It was the initial aim to develop an updated score,

which is easier to use than the original RISC, with better
discrimination and precision, and without excluding
cases from prognostic estimation. All these goals have
been reached. Figure 4 demonstrates a sample applica-
tion of the new score. Further external evaluations in
other datasets outside the TR-DGU will have to show
the usefulness of this tool. The original RISC score based
on data from the 1990s was able to show that the ob-
served mortality fell about 2% below the prognosis,
based on advances in medical and surgical treatment.
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Hopefully, the new RISC II will observe a similar pro-
gress in future.

Conclusions
Adjustment of outcome is mandatory in case of heteroge-
neous populations like severe trauma patients. Further-
more, with an increasing knowledge about prognostic
factors and improvements of therapeutic strategies, up-
dated scores are required. The update of the Revised In-
jury Severity Classification score (RISC II) includes several
new predictors, like pupil size and reactivity, but also an
innovative type of management of missing values. First
validation studies show that it is superior to the existing
scoring systems, including the original RISC.

Key message

� New prognostic factors have been included into the
updated RISC II: pupil size and reactivity, pre-
trauma ASA, gender, and laboratory values on
admission

� Injury severity is best presented with the worst and
the second worst injury only, plus additional points
for head injury

� Missing values are no longer excluded or imputed
but included in the model

� The quality of a predictive scoring system is
measured by discrimination, precision, and
calibration; the new RISC II was able to improve all
of these, compared with RISC and TRISS.
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