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INTRODUCTION 

Over the past decades three important goals have been reached in modern trauma care. 
The first has been the organization of regional trauma systems in a way that guarantees 
the appropriate level of care at the right place and the right time for every trauma patient.1 
The second goal has been the increasing protocolization of the initial assessment and 
resuscitation of trauma patients. Advanced Trauma Life Support® (ATLS) principles have 
become a worldwide standard since their inception in 1985. Pre-hospital Trauma Life Support 
(PHTLS) and Damage Control Surgery (DCS) principles have further improved the outcome of 
trauma patients. The third goal has been the formation of trauma registries that has served to 
monitor, evaluate and improve trauma care. 

Trauma registries have been invaluable to the development and subsequent validation of 
outcome prediction models in trauma care. Outcome prediction models can be used to 
predict individual survival probabilities, to compare survival between different hospitals and to 
compare actual survival with predicted survival based on the reference database. Moreover, 
the vast amount of data provided by trauma registries can be used to evaluate quality 
improvement measures by individual institutions. 

However, outcome prediction models pose limitations with respect to validity in subgroups 
of patients. Therefore, differences in case-mix between study population and reference 
population hamper comparison using outcome prediction models. Insight in these case-mix 
differences allows for model improvement and better outcome prediction. Secondly, external 
validity of outcome prediction models is limited by differences in geographical distribution, 
epidemiology of trauma and ongoing development of standard of care between study 
population and reference norm. The development of model coefficients derived from regional 
or contemporary, population-based trauma databases helps to solve this problem. However, 
the appropriate reference norm for valid benchmarking comparison continues to be subject of 
debate.    

Trauma registries underlying these outcome prediction models and trauma databases need 
to be accurate, complete and consistent. The quality of trauma registries is challenged by 
various factors, e.g. high rates of missing values, inter-observer reliability of injury coding, lack 
of consensus on definitions, and inadequate data control.

The opportunities and limitations of trauma registries and outcome prediction models for 
trauma patients have led to the initiation of this thesis. 

Overview of outcome prediction models

The TRISS methodology
In 1981 the Trauma Score Injury Severity Score (TRISS)2 was introduced as an instrument 
to identify trauma patients with unexpected outcome and to compare patient outcomes 
among institutions. TRISS combines an anatomic scoring system, the Injury Severity Scale 
(ISS)3 and a physiologic scoring system, the Revised Trauma Score (RTS)4, as well as 
age and mechanism of injury, to calculate the individual patient probability of survival. The 
RTS consists of three physiologic parameters; Glasgow Coma Scale (GCS), systolic blood 
pressure and respiratory rate. The ISS provides an overall injury severity for patients with 
multiple injuries.



11

Introduction and outline

The key mathematical element of TRISS is the logistic function

 Ps=1/(1+℮-b)

where Ps is an estimate of the patient’s probability of survival and

 b=b0 + b1(RTS) + b2(ISS) + b3(AGE)

In order to evaluate the outcome of trauma care of an individual hospital or trauma region, the 
sum of survival probabilities of all studied patients (estimated survival) is compared with the 
actual survival. In the original publication on the TRISS methodology, Flora’s Z statistic was 
proposed as a test to identify a significant difference between estimated and actual survival. 
Correct interpretation of the Z statistic requires the assumption that the distribution in injury 
severity of the study population is more or less equal to the reference population from which 
the regression coefficients are derived. The M statistic is a measure for this ‘match’. The W 
statistic expresses the excess number of survivors (or fatalities) per 100 patients of statistical 
meaningful differences between the actual (A) and expected (E) number of survivors; W= (A-
E)/(n/100). However, the use of Z, M and W statistic has virtually been abandoned after Hollis 
and colleagues proposed a further refinement of the W statistic in 1995.5 They addressed the 
problem that W is an inappropriate measure for comparing performance of institutions with 
different injury severity mixes and the problem that the M statistic can not sufficiently detect 
potentially important differences in injury severity mix. The standardized W statistic (Ws) is 
standardized with respect to injury severity based on Ps intervals of 10%. This means that 
when the institutional case mix is equal to that of the prediction database, the standardized 
and unstandardized value of W are equal. 

In 1990 the authors who first described the TRISS pointed out that its predictive accuracy 
was inadequate, especially for patients with serious head injury.6 They proposed a new 
model called ‘A Severity Characterization of Trauma (ASCOT)’ which provides a more 
precise description of a patients’ physiologic status and injury number, location, and severity. 
However, ASCOT never reached the popularity of TRISS. Two papers by Boyd and Champion 
contributed heavily to the pre-eminent status of TRISS as an outcome prediction model 
during the past 30 years. A frequently cited paper by Boyd7 summarized all statistics involved 
in the TRISS methodology in a comprehensive manner. The results of the Major Trauma 
Outcome Study (MTOS)8 were published in 1990, again by Champion and co-workers. This 
project, initiated in 1982, evaluated the outcome of 80,544 North-American trauma patients 
using the TRISS method. The coefficients used in the MTOS to calculate survival probability 
were updated in 1995.9 For many years the coefficients derived from the MTOS were used 
by trauma centers throughout the world to evaluate their survival outcome data. The MTOS 
original dataset of North-American trauma patients consequently served as a reference 
database to compare survival for trauma centers worldwide. The MTOS initiative was 
continued by the American College of Surgeons through the establishment of the National 
Trauma Databank® (NTDB). Currently, this is the largest collection of U.S./Canadian trauma 
registry data ever assembled containing more than 5 million records. The 2011 annual NTDB 
report is based on 722.824 admission year records from 697 hospitals.10 The most recent 
TRISS coefficients were derived from the NTDB in 2009.11These updated coefficients allow 
outcome comparison with a large contemporary reference dataset. 

1
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Limitations of the TRISS
Numerous alternatives have been proposed in order to counteract the limitations of the TRISS 
methodology. The limitations of the TRISS can be divided in three topics: the inadequacy of 
the ISS, the inconsistency and incompleteness of physiologic parameters underlying the RTS, 
and the lack of sufficient age categories. Also, the TRISS does not take co-morbidity into 
account. 

To construct the ISS for an individual patient each injury is assigned an Abbreviated Injury 
Scale (AIS) score. The AIS is the most extensively used anatomic scale for rating injury 
severity.12 It classifies every single injury on a six point severity scale.13 The ISS is the sum of 
squares of the highest AIS grade in the three most severely injured body regions.

AIS codes need to be extracted from medical records and coders must be trained to apply 
AIS codes effectively.14 Inter-observer variation in AIS coding leads to variation in ISS as was 
described by Zoltie.15 The International Classification of Disease-based ISS (ICISS)16 uses 
survival risk ratios for each ICD-9 discharge diagnosis. Contrary to AIS codes, ICD-9 codes 
are readily available and all injuries contribute to the prediction. As mentioned earlier, the 
founders of the TRISS proposed the ASCOT as an alternative model; it replaces ISS with an 
improved characterization of anatomic injury using Anatomic Profiles.6  

The ISS also tends to underestimate injury severity, particularly in penetrating trauma. 
The ISS scores the most severe injury per body region, with a maximum of three regions. 
Therefore, the ISS limits the total number of contributing injuries if the patient has more than 
one significant injury to either one region or more than three regions.9,17,18 As an alternative, 
the New Injury Severity Score (NISS)19 was defined as the sum of squares of each of a 
patient’s three most severe injuries regardless of the body region in which they occur. 

Considerable effort has been put into generating predictive models with fewer variables, 
omitting physiologic parameters in particular as these are subject to incompleteness and 
inaccuracy. Bouamra reported loss of information due to 26% missing data on respiratory 
rate, one of the TRISS variables.20 Physiologic parameters fluctuate and are influenced by 
quality of pre-hospital care and transport times. Replacement of the RTS by the GCS or GCS 
motor component resulted in a dramatic reduction of missed cases at no cost to prediction.21,22 
However, the assessment of the GCS is unreliable in a patient who has consumed alcohol 
or drugs. The Harborview Assessment for Risk of Mortality (HARM) score did not include 
physiologic data and outperformed TRISS in an independent test dataset.23 Laboratory tests 
lack some of the limitations of physiologic parameters. A TRISS-like model that replaced the 
RTS with the base excess was developed in severe trauma patients admitted to the intensive 
care unit and outperformed TRISS.24 

Age is an independent predictor of survival in the trauma population.25-27 Pre-existing medical 
conditions and impaired physiologic reserve contribute to increased mortality in multiple 
injured elderly patients.28 In the TRISS, age is dichotomized at 55 years. Several authors have 
indicated that re-categorization of age into smaller age groups improves prediction accuracy 
for elderly patients.29,30 The addition of co-morbidity as a predicting variable improved the 
predictive performance of TRISS29,31 while other authors did not find incorporating co-
morbidities to be useful.32 
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Validation and benchmarking
The TRISS methodology has been extensively validated in external databases in both the 
western and the developing world.33-40 The coefficients used in the TRISS methodology 
are determined by the reference population. For example, using NTDB derived coefficients 
means that the survival of the population under study is compared to the survival of a 
contemporary North-American trauma population. Differences in populations, prehospital 
care and predominance of blunt trauma mechanisms prompted the development of regional 
trauma databases and modified TRISS coefficients based on the geographical location of 
the trauma population under consideration. In Europe, two major trauma registries provide 
an intensive network with national coverage. In the United Kingdom the Trauma Audit and 
Research Network (TARN) covers about half of the trauma population of Engeland and 
Wales and provides updated regional coefficients on a regular basis.41 The ‘Traumaregister’ 
of the Deutsche Gesellschaft für Unfallchirurgie, established in 1993, contains data of 51.425 
severely injured trauma patients from 266 hospitals in Germany and neighbouring countries.42 
Probability of survival is calculated using the Revised Injury Severity Classification (RISC) 
score43, a modification of the TRISS methodology, using ‘Traumaregister’ derived coefficients. 
Both registries are voluntarily and therefore, despite the vast amount of data, cannot be 
classified as entirely population-based. Data are currently not interchangeable between 
databases due to differences in inclusion criteria. Recently, the feasibility of an international 
uniform mandatory core dataset has been studied.44 

Case-mix issues
TRISS estimates survival probability of an individual patient based on a limited number of 
prognostic factors. Case-mix issues with respect to known and unknown factors that are not 
incorporated in the TRISS, obscure outcome evaluation. As was explained by Glance and 
Osler: ‘If the case-mix of a trauma center is such that it includes a disproportionate number of 
patients for whom TRISS either underestimates or overestimates the probability of survival, 
the likelihood that this trauma center appears as a quality outlier is increased’.45 TRISS tends 
to overestimate survival in particular subgroups of patients, e.g. patients sustaining injuries 
following falls at a low level46,47, elderly patients, and patients with severe head injuries.48,49 
The inclusion or exclusion of patients with isolated hip fractures is subject to debate in the 
literature.50-52 Traumatic brain injury accounts for the majority of trauma deaths.53,54 Autopsy 
studies showed that around two-thirds of major trauma with fatal outcome is due to injuries to 
the central nerve system.55 The misclassification rate for TRISS in polytraumatized patients 
with AIS head ≥4 or GCS ≤12 is 25%.48 Therefore, it is incorrect to compare survival based 
on the overall injury severity alone. The case mix of specific patient groups also needs to be 
considered.  

Dutch trauma care and trauma registry

The structured, nationwide organization of trauma care in the Netherlands was initiated by 
the public health inspectorate and government in 1995 by the report ‘De keten rammelt’ (‘The 
unsound chain’),56 in response to concerns expressed by Dutch trauma surgeons about the 
lack of standardization and quality of care.57 Subsequent reports envisioned that trauma 
care should be organised in such a way that every trauma patient in the Netherlands should 
receive the appropriate level of care within the correct timeframe, 24 hours a day.58-60 

1
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This resulted in the designation of 25 Regional Ambulance Services and 11 Level I 
trauma centers, of which four offer Helicopter Emergency Medical Services. Regional 
trauma networks were established around the Level I trauma centers. These centers were 
subsequently given the task to organize the chain of trauma care and centralize care for 
multiple, seriously injured trauma victims. The second task imposed on the trauma centers 
was to establish and maintain regional trauma registries in order to evaluate and improve 
trauma care. A nationwide trauma database was established in 2006, containing prehospital 
and hospital data of all admitted trauma patients, including secondary referrals and patients 
who died at the Emergency Department. This database has great potential for executing 
epidemiological studies on trauma patients in the Netherlands given the nationwide coverage. 
To date, almost all affiliated hospitals in the regional trauma networks register their data in the 
national database, but official reports on outcome data based are published infrequently due 
to various reasons. Several authors have provided insight in magnitude and quality of trauma 
care, aspects of trauma databases, predictive value of TRISS and other models, and outcome 
and complications after trauma based on Dutch regional trauma databases.61-64 

AIM OF THE THESIS

The aim of this thesis is threefold:

1. to validate outcome prediction models in subgroups of trauma patients,
2. to investigate case-mix and benchmarking issues, and 
3. to improve trauma registries. 

The thesis is divided in two parts addressing the following objectives:

Part I: Outcome prediction models
 ▪ to validate the TRISS methodology in a developing country (chapter 2)
 ▪ to validate the TRISS methodology in traumatic brain injury patients in a developing 

country (chapter 3)
 ▪ to evaluate the validity of the TRISS methodology in various geographical regions using 

the MTOS in order to benchmark performance (chapter 4)
 ▪ to evaluate the influence of case-mix on outcome evaluation with respect to specific 

injuries (chapter 5)
 ▪ to validate a model for early estimation of trauma severity in potentially severe trauma 

patients (chapter 6)

Part II: How to improve trauma registry and how to improve trauma care through a trauma 
registry?

 ▪ to improve accuracy and consistency of trauma registries (chapter 7 and chapter 8) 
 ▪ to evaluate the effect of direct computed tomography scanning in the trauma room on 

mortality and functional outcome in patients with severe traumatic brain injury (chapter 9)
 ▪ to assess the influence of secondary patient transfer to a Level I trauma center on clinical 

outcomes in patients requiring an emergency neurosurgical intervention (chapter 10)  
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OUTLINE OF THE THESIS

Part I. Outcome prediction models for trauma patients
The validity of the TRISS methodology in a developing country is studied in Chapters 2 
and 3. The outcome of trauma care in a Level II trauma center in Jakarta, Indonesia is 
prospectively evaluated using the TRISS methodology. The observed and expected outcome 
of a cohort of consecutive, multiple and severe trauma patients is described in Chapter 2. 
Demographics, mechanism of injury and injury severity of the study population are compared 
with the Major Trauma Outcome Study dataset. The high number of unexpected deaths 
in combination with the high incidence of patients with severe traumatic brain injury (TBI) 
prompted us to focus exclusively on these patients in Chapter 3. We described the outcome 
of a second, consecutive cohort of severe TBI patients in the same institution using the TRISS 
methodology and determined prognostic factors. 

The TRISS methodology provides a method, the M statistic, to examine the similarity in match 
in the mix of injury severity in the observed data, compared with the reference database. The 
MTOS has long served as a global reference population using the TRISS methodology. An M 
value of 1 indicates a perfect match in the mix of injury severity between the study population 
and the MTOS, while M values below 0.88 are regarded as inacceptable to adequately 
compare actual and predicted survival. In Chapter 4 we review studies that performed 
trauma outcome analysis by the TRISS method with MTOS derived coefficients. The median 
M statistic of three geographical regions, i.e. North America, Europe and Asia/Africa are 
compared. 

The TRISS methodology enables comparison of outcome data of a study population with 
those of a reference database, corrected for injury severity. However, TRISS does not 
adequately adjust for age and certain patient groups. The inclusion of (elderly) patients with 
isolated hip fractures in trauma registries significantly alters a trauma center’s performance.52 
In clinical practice we observed that other specific injury profiles contribute to a higher 
mortality risk. This is not reflected in the probability of survival of these patients as was 
calculated with the TRISS methodology. We hypothesized that a difference in case mix 
between study population and reference database with respect to these patient groups will 
influence the results of outcome comparison. In Chapter 5, injury profiles of 14,811 trauma 
patients in a regional trauma system are determined based on injuries most frequently 
suffered in patients with unexpected mortality. The association between these injury profiles 
and mortality is studied in patients with a low ISS by logistic regression. The influence of 
inclusion or exclusion of patients suffering from previously defined injury profiles on outcome 
analysis is studied using the MTOS, NTDB and TARN as reference databases.

Outcome prediction models for trauma patients have become a widely accepted method to 
monitor and evaluate the quality of trauma care. Many scores require detailed description 
of anatomical injuries and are therefore not suitable for outcome prediction shortly after 
admission. In 2009 the Emergency Trauma Score (EMTRAS) for early estimation of trauma 
severity was introduced by Raum and colleagues.65 The model was developed in the German 
trauma registry that includes only adult patients with an ISS of at least 16. In Chapter 6 the 
EMTRAS is validated in an external database of two Level II trauma centers. This study also 
examines the prognostic performance of the EMTRAS in patients with an ISS below 16, to 
determine whether the applicability of the EMTRAS can be extended to all potentially severe 
trauma patients. 

1
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Part II. How to improve trauma registry and how to improve trauma care through a trauma 
registry?
Trauma databases and subsequent methods comparing patient outcomes are as reliable as 
their underlying injury coding. Most injury coding is based on the AIS. Usage of this extensive  
AIS dictionary requires anatomical knowledge and exercise. Reliability of injury coding may 
therefore improve by training and education. In Chapter 7 we evaluate the influence of a 
dedicated training course on the accuracy and agreement in injury coding using the AIS. 
Furthermore, recommendations for further improvement in injury coding are made.

Dutch Level 1 trauma centers combine patient care with specific tasks, such as the 
coordination of a regional trauma system and trauma registry. The trauma centers add their 
regional data to a national trauma registry, thus providing national coverage. Participation 
of affiliated district hospitals within the trauma systems is mandatory and requires effort 
and commitment of all individuals involved. In Chapter 8 we evaluate the completeness, 
reliability and consistency of a regional trauma database in the Netherlands. The results of a 
questionnaire and an interview of individuals involved in the regional trauma registry are used 
to describe a range of aspects of the trauma registry. Pitfalls are indicated and suggestions for 
improvement are made.

Traumatic brain injury is a major cause of death and disability among trauma patients.53,54,66 
Trauma registry is crucial to continuously monitor, evaluate and improve trauma care. In the 
Chapters 9 and 10 we illustrate how data from a regional trauma registry can be used to 
evaluate a novel diagnostic modality and we illustrate the impact of interhospital transfer in 
TBI patients. Subsequent improvements can decrease the morbidity and mortality due to TBI.  

In Chapter 9 data from the trauma registry of the Academic Medical Center are used to 
evaluate the effect of rapid computed tomography (CT) scanning in the trauma room on 
mortality and functional outcome of trauma patients with TBI admitted to a Level I trauma 
center. Rapid diagnosis and initiation of treatment has been proven to be of major importance 
to patients with TBI. The Amsterdam Trauma Workflow (ATW) concept67 facilitates rapid 
execution of the diagnostic process due to a moveable sliding computer tomography scanner 
in the ER that eliminates the need to physically move the patient to another location. A 1-year 
cohort of patients with severe TBI before implementation of the ATW concept is compared with 
a similar cohort after implementation of this concept.

Similarly, in patients with TBI requiring emergency neurosurgical intervention, secondary 
transfer to a neurosurgical facility may cause delay and influence prognosis. Neurosurgical 
facilities in the Netherlands are mostly limited to Level I hospitals. In Chapter 10 data of all 
patients requiring neurosurgical intervention within 6 hours after admission to a Level I trauma 
center are retrieved from the regional trauma registry. The mortality of patients who are initially 
admitted to a district hospital and need secondary transfer was compared to those patients 
who were directly admitted to a Level I trauma center. In addition, functional outcome and time 
intervals are evaluated for both groups. 
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