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ABSTRACT

Background
Outcome prediction models are widely used to evaluate trauma care. External benchmarking 
provides individual institutions with a tool to compare survival with a reference dataset. 
However, these models do have limitations. In this study, the hypothesis was tested whether 
specific injuries are associated with increased mortality and whether differences in case-mix of 
these injuries influence outcome comparison.

Methods
A retrospective study was conducted in a Dutch trauma region. Injury profiles, based on 
injuries most frequently endured by unexpected death, were determined. The association 
between these injury profiles and mortality was studied in patients with a low Injury Severity 
Score (ISS) by logistic regression. The standardized survival of our population (Ws statistic) 
was compared with North-American and British reference databases, with and without 
patients suffering from previously defined injury profiles.

Results
In total, 14,811 patients were included. Hip fractures, minor pelvic fractures, femur fractures 
and minor thoracic injuries were significantly associated with mortality corrected for age, sex 
and physiologic derangement in patients with a low injury severity. Odds ratios ranged from 
2.42 to 2.92. The Ws statistic for comparison with North-American databases significantly 
improved after exclusion of patients with these injuries. The Ws statistic for comparison with a 
British reference database remained unchanged.

Conclusions
Hip fractures, minor pelvic fractures, femur fractures, and minor thoracic wall injuries are 
associated with increased mortality. Comparative outcome analysis of a population with a 
reference database that differs in case-mix with respect to these injuries should be interpreted 
cautiously. 
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INTRODUCTION

Outcome prediction models for evaluation of trauma care have become widely used.1 These 
models use data from regional or national trauma registries to asses the quality of trauma 
care.2-4 The purpose of outcome prediction models is to identify unexpected deaths and 
to provide individual institutions with a tool to compare survival with a reference dataset.5 
Adjustment for differences in case-mix is achieved by standardisation according to injury 
severity. If outcome prediction models are used to rank trauma centres’ performance and/or to 
base upon decisions involving regional or national trauma care, it is of great importance that 
the limitations of such models are well understood. 

The Trauma and Injury Severity Score (TRISS), which was developed in North-America, 
remains the most widely accepted model for outcome prediction following trauma.6, 7 The 
TRISS methodology combines both the physiologic (Revised Trauma Score [RTS])8, 9 
and anatomic (Injury Severity Score [ISS])10, 11 assessment of injury, with patient age and 
mechanism of injury (blunt vs. penetrating), to predict the probability of survival (Ps) for each 
individual patient. Numerous modifications of the TRISS methodology have been described to 
deal with limitations.12-16 

One of the issues that have been addressed is the limited validity of TRISS in certain 
subgroups of patients.17-19 TRISS performance in patients with isolated hip fractures is poor,20 
and overrepresentation of patients with isolated hip fractures in a population will lead to an 
increased number of unexpected deaths. We hypothesized that besides isolated hip fractures, 
other specific injuries may be related to increased mortality in patients with a low ISS. If these 
subgroups of patients can be identified, this will give a better understanding of the results of 
outcome prediction models and offer an opportunity to adjust for case-mix.

The primary aim of the study was therefore to determine whether specific injury profiles are 
related to mortality in patients with a low ISS. Secondly, we assessed whether case-mix 
variation of these injuries influences outcome analysis. 

METHODS

A retrospective study of prospectively collected data, obtained from the central trauma registry 
of a Dutch trauma region, was conducted over a three year period (January 1, 2008, till 
January 1, 2011). All trauma patients that were admitted or died at the emergency department 
were included in this registry. Patients declared dead on arrival were excluded.

The trauma region consists of one Level I hospital, three Level II hospitals, and five Level 
III hospitals. These hospitals collaborate under the name TraumaNet AMC (TN-AMC). The 
region encompasses part of the city of Amsterdam and an area to the north and northeast 
of 2,300 square kilometres. Most of the area is densely populated and houses a total of 1.4 
million inhabitants.

Data were collected at each hospital by attending doctors and/or nurses. Monthly data were 
checked and if possible completed by TN-AMC data coordinators before data were transferred 
to the central trauma registry. Physiologic parameters such as systolic blood pressure 
(SBP), Glasgow Coma Scale (GCS), and respiratory rate (RR) were scored at admission. In 
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intubated patients, the most recent GCS and RR before intubation were recorded. According 
to national coding rules of the Dutch Society for Trauma Surgery, missing values for SBP, 
GCS, and RR were set at the maximum coded value for the RTS by default, which represent 
normal physiological parameters. 

Injuries were scored according to the Abbreviated Injury Scale (AIS) 1990 revision 1998 
update.21 In the AIS 90, a detailed injury description is assigned a unique 6-digit numerical 
code followed by the AIS severity score separated with a dot. The first digit identifies body 
region; the second digit identifies the type of anatomic structure; the third and fourth digits 
identify the specific anatomic structure; and the fifth and sixth digits identify the level of 
injury within a specific body region and anatomic structure. All data coordinators of TN-AMC 
completed a course in injury coding. Outcome was defined as survival or death at discharge 
from the acute care hospital. 

Determination of Injury Profiles and Investigation of their Relation to Mortality
First the probability of survival (Ps) of each individual patient was calculated using the TRISS 
methodology and compared with the actual outcome. Patients who had a Ps > 0.5 but who 
had died were defined as “unexpected death”.7 Next, demographics, physiologic parameters, 
ISS and injuries most frequently encountered in these patients were described.

Injuries with a prevalence of at least 1% amongst patients who died unexpectedly were 
grouped and supplemented with injuries truncated on the identical first four digits of the AIS 
code to form injury profiles.

Second, the relationship between these injury profiles and mortality was studied by logistic 
regression in all patients with a low ISS corrected for age, sex and RTS. Age was treated as a 
continuous variable with 10-year increments under the assumption of linearity. Correction for 
comorbidities was not possible because these data were not captured in the trauma registry. 
Low injury severity was defined as an ISS <11. The ISS constitutes of the sum of squares of 
the AIS of the three highest scoring body regions. By definition, an ISS <11 indicates that the 
most severe injury obtained has an AIS of 3. 

Influence of Case-mix on Outcome Analysis
To describe the difference between actual and predicted survival, we used the standardised 
W score (Ws) described by Hollis et al.22 The Ws of our population was calculated with and 
without patients with the previously defined injury profiles using three different reference 
databases; the American MTOS (Major Trauma Outcome Study),19 NTDB (National Trauma 
Databank),23, and the British TARN (Trauma Audit and Research Network).24 

The reference database determines the coefficients that were used to calculate the predicted 
survival using the TRISS methodology. For comparison with the MTOS, the 1995 revised 
coefficients (MTOS1995)25 were used. For comparison with the NTDB, the most recently 
estimated coefficients (NTDB2010) were used. Paediatric patients with penetrating trauma 
were excluded for comparison with NTDB2010 because the coefficients are not considered 
reliable.26 Finally, TRISS coefficients derived from the TARN database of trauma patients 
in England and Wales were used.27, 28 Patients with penetrating injury were excluded for 
comparison with the TARN database because original TARN coefficients are only valid for 
blunt trauma.  

Details on models, coefficients, coded values for vital parameters, and fractions are outlined in 
the Appendix. 
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Statistical Analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 
18.0 (SPSS, Chicago, IL). Normality of continuous data was tested with the Shapiro-Wilk and 
Kolmogorov-Smirnov test and by inspecting the frequency distributions (histograms). Normally 
distributed data were presented as means with standard deviations. Non-normally distributed 
data were presented as medians with interquartile ranges. 

Relation between injury profiles and mortality was analyzed by multiple logistic regression 
analysis. Odds ratios were presented with 95% confidence intervals. Significance was 
attributed to an alpha of 0.05. 

RESULTS

From January 1, 2008, until January 1, 2011, data of 14,811 patients were included. Overall 
mortality was two percent (for demographics, see Table 1).

 
Number Percent 

Gender
         Male
         Female
         Unknown

7,545
7,260

6

50.9
49.1

0.0004

Discharge status
         Alive
         Died

14,518
293

98.0
2.0

Mechanism of injury
          Blunt
          Penetrating
          Unknown    

14,149
485
167

95.6
3.3
1.1

Patient age (yr)
          < 15
          ≥ 15 and < 55
          ≥ 55

2,074
5,152
7,585

14.0
35.0
51.0

ISS
1-8
9-10
11-14
16-24
25-75

7,168
6,558

370
437
278

48.4
44.3
2.5
2.9
1.9

Number Percent Median Interquartile Range

RTS 14811 100.0 7.8408 7.8408-7.8408

PS 14811 100.0 0.98 0.968-0.996 

Table 1 | Patient demographics of 14,811 trauma patients. 
RTS: Revised Trauma Score, ISS: Injury Severity Score, Ps: probability of survival
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Number Percent                                  

Gender
         Male
         Female
         Unknown

113
137

1

                         
45.0
54.6

0.4

Mechanism of injury
          Blunt
          Penetrating
          Unknown    

241
3
7

96.0
1.2
2.8

Patient age (yr)
          < 15
          ≥ 15 and < 55
          ≥ 55

-
21

230

-
8.4

91.6

ISS
1-8
9-10
11-14
16-24
25-75

45
158

7
18
23

17.9
62.9

2.8
7.2
9.2

Number Percent Median Interquartile Range

RTS 251 100.0 7.8408 7.8408-7.8408

PS 251 100.0 0.9675 0.9648-   0.9675

Table 2 | Patient demographics of patients who died unexpectedly (PS >0.5) (n=251).  
RTS: Revised Trauma Score, ISS: Injury Severity Score, Ps: probability of survival

The majority of patients who died, 251 of 293 patients (86%) had a Ps > 0.5. These patients 
were identified as unexpected death and are characterised by older age and low injury 
severity (Table 2). A total of 435 injuries were identified in these 251 patients. More than half of 
these injuries (58%) consisted of 21 injuries with a minimum prevalence of 1%. These injuries 
were grouped in nine injury profiles: hip fractures, minor head injuries, minor pelvic/acetabular 
fractures, humerus and scapula fractures, wrist and forearm fractures, soft tissue injuries to 
the face, minor thoracic injuries, femur fractures (non hip) and soft tissue injuries to the lower 
extremity. The details of the structured process of injury grouping are specified in Table 3.

A total of 13,729 patients had an ISS < 11. Mortality in this group was 1.5% (204 patients). Half 
of the group was female (50.1%), the majority sustained blunt injury (95.7%). Hip fractures, 
minor pelvic fractures, femur fractures and minor thoracic injuries were significantly associated 
with mortality corrected for age, sex and physiologic derangement (RTS) in patients with a low 
injury severity. Results of multiple logistic regression are presented in Table 4. 
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Injury Profile Truncated AIS Code Injury Description                                   AIS Code

Hip fractures Femur fracture intertrochanteric              
Femur fracture of the neck    
Femur fracture subtrochanteric     
Hip dislocation without involving 
articular cartilage               

851810.3
851812.3
851818.3
850614.2

Minor head 
injuries

1100, 1102, 1104, 1106, 1108
1406
1502, 1504
1602, 1604, 1606, 1608
1610

Scalp
Cerebrum
Skeletal (base and vault)
Length and level of unconsciousness
Concussion

Minor pelvic 
fractures

Pelvis fracture 
Pelvis fracture closed/undisplaced
Pelvis fracture open/
displaced/comminuted

852600.2
852602.2
852604.3

Humerus and 
scapula fractures

7526 Humerus fracture
Scapula fracture 753000.2

Wrist and forearm 
fractures

7528
7532

Radius fracture
Ulna fracture

Soft tissue injuries 
to the face

2100, 2102, 2104, 2106, 2108 Skin/subcutaneous/muscle of face

Minor thoracic 
injuries

4502
4508

Rib cage
Sternum

Femur fractures 
(non hip)

Femur fracture 
Femur fracture open/displaced/
comminuted
Femur fracture condylar
Femur fracture head
Femur fracture shaft
Femur fracture supracondylar

851800.3
851801.3

851804.3
851808.3
851814.3
851822.3

Soft tissue injuries 
to the lower 
extremity

8100, 8102, 8104, 8106, 8108 Skin/subcutaneous/muscle of lower 
extremity

Table 3 | Injury grouping into 9 injury profiles (AIS score > 3 are excluded) 
AIS: Abbreviated Injury Scale

Table 5 illustrates the influence of case-mix on the standardised W score (Ws) in comparison 
with three different reference databases. After exclusion of patients with an ISS < 11 and a hip 
fracture, minor pelvic fracture, femur fracture, or minor thoracic injury, survival in the remaining 
population improved markedly when compared with the MTOS1995, but remained almost 
unchanged for the original TARN. Survival compared with the NTDB2010 was significantly 
altered by case-mix; the Ws changed from a non-significant excess number of deaths into a 
significant excess number of survivors after exclusion of aforementioned patients. 
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Injury Profile and Patient 
Characteristics

Number of 
Patients

Death (%) OR (95% CI)

Hip fractures 3,226 126 (3.9) 2.61* 
(1.7-4.01)

Minor pelvic fractures 435 15 (3.4) 2.45*
(1.32-4.53)

Femur fractures (non hip) 489 14 (2.9) 2.92* 
(1.5-5.67)

Minor thoracic injuries 554 9 (1.6) 2.42* 
(1.11-5.26)

Soft tissue injuries to the lower 
extremity

628 10 (1.6) 1.88 
(0.95-3.72)

Humerus and scapula fractures 761 8 (1.1) 1.13 
(0.54-2.38)

Soft tissue injuries to the face 1,104 9 (0.8) 1.26 
(0.61-2.63)

Minor head injuries 3,135 21 (0.7) 1.15 
(0.65-2.03)

Wrist and forearm fractures 1,130 6 (0.5) 1.01 
(0.44-2.36)

Age 13,729 204 (1.5) 2.52* 
(2.16-2.95)

RTS 13,729 204 (1.5) 0.28* 
(0.21-0.39)

Sex 13,729 204 (1.5) 0.5*
(0.37-0.68)

Table 4 | Logistic regression analysis of injury profiles and patient characteristics in relation with mortality 
in patients with ISS < 11.
*Significant association with mortality. OR’s are calculated in 10-yr increments for age and per 1.0 for RTS. 
Male gender and absence of injury profile are reference categories. Some combinations of injury profiles’ 
are possible. OR: Odds Ratio, RTS; revised traumascore, CI: confidence interval

Total Population Excluding Patients with Isolated Hip
Fractures, Minor Pelvic Fractures, 
Femur Fractures, and Minor Thoracic 
Injuries

n Ws n Ws

MTOS1995 14,811 0.56    (0.29 - 0.83) 10,153 1.01   (0.74 - 1.28)

NTDB2010 14,762 -0.054 (-0.34 - 0.23) 10,104 0.47   (0.19 - 0.75)

Original TARN 14,326 2.95    (2.54 - 3.36) 9,681 3.01   (2.56 - 3.46)

Table 5 | Standardized W score (Ws) for different reference databases with and without specific injuries
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DISCUSSION

The presence of a hip fracture, a simple pelvic fracture, a femur fracture, or a minor injury to 
the thoracic wall in patients with a low injury severity is significantly associated with mortality 
corrected for age, RTS and gender. As for hip fractures, this is in accordance with previous 
findings in a Dutch trauma population. An isolated fracture of the proximal femur has been 
described as a major cause of death in a Dutch trauma population,17 and the performance 
of prediction models decreases when applied to these patients.20 Moreover, in other trauma 
populations, patients with hip fractures have troubled outcome prediction models. Gomez 
et al.,29 reported that isolated hip fractures in the elderly significantly influence risk-adjusted 
outcome and are variably reported by trauma centers. Therefore, they recommend that these 
patients should be excluded from benchmarking. The exclusion of patient groups significantly 
alters the apparent injury severity and has implications for the generalizability of a model.30, 31 

It is not the isolated hip fracture itself that has the most important influence on survival. More 
likely, it is the combination of limited physiologic reserve, comorbidities, older age, and the 
burden of the trauma that result in cardiopulmonary impairment and eventually death.32 A 
similar mechanism could be expected for other injuries that compromise cardiopulmonary 
function. Both minor pelvic fractures and thoracic injury have these effects and increase the 
risk of mortality, as was shown in this study. 

In this study in a large Dutch regional trauma registry, exclusion of patients with specific injury 
profiles altered the results of external benchmarking. After exclusion of patients with a low 
injury severity and a hip fracture, a simple pelvic fracture, a femur fracture or a minor injury 
to the thoracic wall survival, in our population improved when compared with the MTOS or 
NTDB reference database. This finding indicates the relevance of case-mix adjustment in 
benchmarking comparison. However, it did not influence comparison with the TARN which can 
be explained by different inclusion criteria for the TARN database. 

 Rather than excluding patient groups from comparison, we should attempt to modify models 
in such way that they predict outcome as accurately as possible for as many trauma patients 
as possible, even those with apparently minor injuries. This can be done by adding variables 
or interactions between variables to the models, for example, the presence of a hip fracture in 
an elderly patient could be incorporated in the equation. Including these subgroups in trauma 
registries will keep these vulnerable patients amenable for improvement of the inclusive 
trauma system. Risk adjustment corrects for the case severity at a given hospital using risk 
estimates derived from an entire population. However, no amount of modelling will sufficiently 
correct for differences in inclusion criteria.33

This study has several limitations. In compliance with the coding rules of the Dutch Society 
for Trauma Surgery, missing data for SBP, GCS, and RR were set at the maximum coded 
value by default. In a simulation study, it has been suggested that data in trauma databases 
are not missing at random,34 and thus excluding patients with missing data would have 
introduced uncontrollable bias. Possibly, the current approach leads to underestimation of the 
hospitals’ performance. Injury mechanism was missing in approximately one percent of the 
cases. These patients were considered to have sustained blunt injury. This is unlikely to have 
influenced our results since the majority of patients (96%) suffer from blunt injuries. 

The AIS98 was used for injury coding while the NTDB used among others the AIS05 version, 
and the MTOS1995 used the AIS 1980 and 1985 versions. The TARN only changed to the 
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AIS05 in June 2009, but the original TARN coefficients were derived from a population in 
which an older version of the AIS was used. Several authors report that changing from 
AIS98 to AIS05 has significant impact on overall injury severity measures and results in 
lower AIS severity and ISS values.35, 36 Newer versions of the AIS have not yet been adopted 
in the Netherlands. However, it is unlikely that this has influenced the results of this study 
significantly, because the majority of the patients felt within the lowest ISS stratum.

The relevance of case-mix on outcome analysis was studied by comparing survival with 
three different databases before and after exclusion of specific injury profiles. The following 
considerations have been made with respect to the choice of the reference databases. 
In accordance to the methods of the Dutch national trauma registry, the 1995 revised 
coefficients of the MTOS were used (MTOS1995). Ideally, outcome should be compared with 
a more contemporary reference database and therefore we included the NTDB2010 in the 
analysis. North-American and European trauma populations may differ in many aspects and 
comparison with a European reference database like the TARN is appropriate. The original 
TARN used in this study has been replaced in 2004 by a model that includes GCS instead 
of RTS, a transformation of the ISS, gender, restructured age groups and gender by age 
interaction.37 We choose not to use this model because it did not increase discriminative 
power in a Dutch trauma population.20

In conclusion, this study shows some new limitations of outcome prediction models. The 
mortality risk of patients with an ISS <11 and a hip fracture, femur fracture, pelvic fracture 
or thoracic wall injury is not properly reflected in the TRISS methodology. This finding has 
implications for external benchmarking. The results of outcome comparison with a reference 
database that differs with respect to case-mix of these injury profiles should be interpreted 
cautiously.
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APPENDIX

The logit (P) of the different TRISS models were as follows:

  MTOS1995/NTDB2010:   Logit (P) = β0 + β1 (RTS) + β2 (ISS) + β3 (age) 
  Original TARN:  Logit (P) = β0 + β1 (RTS) + β2 (ISS) + β3 (age grouped)

β0  
(Constant)

β1   
(RTS) 

β1

(RR/SBP/GCS 
Classifications)

 β2

 (ISS)
 β3

(Age)

MTOS1995

Blunt -0.4499 0.8085 -0.0835 -1.17430

Penetrating -2.5355 0.9934 -0.0651 -1.1360

NTDB2010

Blunt

Paediatric
(<15y)

1.3809 0.0546 RR
0.5852 SBP
0.8533 GCS

-0.0930

Adult
(>15y)

1.6494 0.0095 RR
0.4260 SBP
0.6307 GCS

-0.0795 -1.6216

Penetrating

Adult
(>15y)

-0.5757 0.1517 RR
0.5237 SBP
0.8310 GCS

-0.0872 -0.8714

Original TARN

Blunt 0.56 0.7281 -0.1132 55-64y:  -1.1655
65-74y:  -1.8339
75-84y:  -2.8182
>85y:     -3.4448

Coefficients used for calculating probability of survival using the TRISS method

5
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Value Respiratory Rate  
(breaths/min)

Systolic Blood Pressure 
(mmHg)

Glasgow Coma Scale

0 0 0 3

1 1-5 1-49 4-5

2 6-9 50-75 6-8

3 >29 76-89 9-12

4 10-29 >89 13-15

Coded values associated with RR, SBP and GCS.

Probability of Survival Band MTOS1995/NTDB2010 original TARN

0.96-1.00 0.9321 0.798

0.91-0.95 0.0327 0.084

0.76-0.90 0.0167 0.056

0.51-0.75 0.007 0.025

0.26-0.50 0.0046 0.013

0.00-0.25 0.0068 0.024

Fractions used for calculation of the Ws.
RR: respiratory rate, SBP: systolic blood pressure, GCS: Glasgow Coma Scale , TRISS: Trauma and 
Injury Severity Score, ISS: Injury Severity Score, MTOS: Major Trauma Outcome Study, NTDB: National 
Trauma Data Bank, TARN: Trauma Audit and Research Network


