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Chapter 1

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.
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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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ABSTRACT

Background
In this prospective study, the TRISS methodology is used to compare trauma care at a 
University Hospital in Jakarta, Indonesia, with the standards reported in the Major Trauma 
Outcome Study (MTOS). 

Methods
Between February 24, 1999, and July 1, 1999, all consecutive patients with multiple and 
severe trauma were included in the study (n=105). Survival analysis was completed for 97 
(92%) patients.

Results
The majority of patients were male (81%), and the average age was 28 years. Ninety-five 
patients (98%) sustained blunt trauma, with motor vehicle accidents being the most common 
(68%). The predicted mortality was 14% and the observed mortality was 29%. The Z and M 
score were 7.87 and 0.843, respectively.

Conclusions
We conclude that in developing countries both institution-bound factors and specific limitations 
in the TRISS methodology are responsible for the difference between predicted and observed 
mortality, indicating the need for a regional database. 
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INTRODUCTION

Trauma systems have been shown to decrease the number of preventable death due to 
trauma.1-3 Trauma care is a chain of services and its effectiveness depends on the quality and 
cooperation between each individual service. Therefore the quality of trauma care depends on 
prehospital care, resuscitation and in-hospital care.

To evaluate the benefits of a trauma system, the TRISS methodology is often used. The 
TRISS system combines both the physiologic (Revised Trauma Score, RTS) and anatomic 
(Injury Severity Score, ISS) assessments of injury, with age and mechanism of injury (blunt vs 
penetrating), to quantify the probability of survival (Ps) for each individual patient.4 The TRISS 
methodology provides individual institutions with an objective, quantitative and consistent 
basis for comparing the outcomes of their patients to those of a baseline study group. In this 
baseline study group, the Major Trauma Outcome Study (MTOS), the Ps was determined for 
80,544 trauma patients admitted to trauma institutions in the United States and Canada.5 The 
Z and M statistic can be used to compare the number of survivors in an individual institution to 
the number expected on the basis of the MTOS norm.

The introduction of this methodology in the Western world resulted in an improvement in 
trauma care because of better organization and categorization of trauma care and improving 
techniques. How is this in the developing countries where medical care is more ‘basic’ than 
‘high-tech’, but where, as in the Western world, trauma is the major killer in the younger 
population?6 What is the quality of an emergency unit in a developing country as assessed 
by the TRISS methodology? What kind of characteristics of trauma care in these regions is 
responsible for the results? 

The aim of this study is to evaluate the trauma care of a Level II emergency department in 
Jakarta, Indonesia, over 5 months, with the aid of the TRISS methodology. The study focuses 
on demographics, physiologic and anatomic data, treatment and outcome of trauma patients 
in a hospital in a developing country, as well on the validity of the TRISS methodology in these 
circumstances.

PATIENTS AND METHODS

A total of 1,400 patients were treated at the emergency department of the Universitas Kristen 
Indonesia (UKI) hospital in the period from the February 24, 1999, until July 1, 1999. The 
Department of Surgery treated approximately one-third of this population. We included 
all consecutive trauma patients with multiple or severe injuries (respectively, minimally 
Abbreviated Injury Score [AIS] ³ 2 and AIS ³ 3 or at least one AIS ³ 4) for the purpose of this 
study (n=105). The UKI hospital is the university hospital of the Universitas Kristen Indonesia, 
Jakarta, Indonesia and is accredited as a Level II trauma center. The principal difference 
between Level I and Level II centers is the availability of staff specialists. At UKI, residents 
in-training deliver standard trauma care around the clock, in compliance with Advanced 
Trauma Life Support guidelines, and consultants are readily available on call. A blood bank 
and radiological facilities are on the emergency department, and operation theater and 
laboratories are easily accessible in the hospital. The Committee on Trauma of the American 
College of Surgeons provides complete information on levels of categorization.7

2
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The Emergency Medical System (EMS) in the city of Jakarta is quite unorganized. There 
is no central coordination plan for trauma patients, and attempts to improve trauma care 
depend on individual initiatives of the respective hospitals. Despite its basic equipment and 
limited government support, the UKI emergency department can be regarded as ‘a center of 
excellence’ in the region.

Specially trained persons who had taken a class in RTS and ISS scoring computed RTS at 
arrival and ISS after completion of the survey. A total of eight patients had to be excluded, 
either because their physiologic parameters were incomplete or either because they moved to 
another hospital or decided to go to a traditional doctor.

A trauma nurse-coordinator and a surgeon reviewed all ISS and RTS scorings. The care given 
to the patient was reviewed in the morning report by a surgeon according to the Advanced 
Trauma Life Support protocol of primary and secondary survey.8 

All unexpected deaths were discussed in a monthly trauma audit attended by residents, 
emergency doctors, surgeons and neurosurgeons. The data consist of the following 
subheadings: demographics; cause of injury; physiologic status (RTS) at admission; definitive 
anatomic injury diagnoses (ISS) after stabilizing the patient, obtained from trauma chart, 
radiology report or surgery report; interventions, surgical procedures, intensive care unit; and 
patient outcome (i.e., survival/death at discharge).

Both physiologic and anatomic indices are required to effectively characterize injury severity.  
The RTS,9 a physiologic index of injury severity, is computed from coded values (0-4) of the 
Glascow Coma Scale, systolic blood pressure and respiratory rate, obtained at admission 
on the emergency department (Table 1). These values are multiplied by weights determined 
by logistic regression of a baseline data set in the following mathematical form: RTS = 
0.9368(GCS) + 0.7326(SBP) + 0.2908(RR).

Glasgow Coma Scale

Score

Systolic Blood Pressure

(mm Hg)

Respiratory Rate

(breaths/min)

Coded Value

13-15 >89 10-29 4

9-12 76-89 >29 3

6-8 50-75 6-9 2

4-5 1-49 1-5 1

3 0 0 0

Table 1 | Physiologic and anatomic indices at admission

The RTS takes value between 0 and 7.8408. Higher values are associated with improved 
prognoses. The RTS has been shown to be of more predictive value than its predecessor, the 
Trauma Score (TS).10 

The Injury Severity Score11 is an index of anatomic injury severity ranging from 1 to 75. Higher 
values are associated with more severe injuries. The ISS is derived from the most recent AIS 
(AIS-90). The AIS is a list of several hundred injuries, each with an assigned severity score 
that can range from 1 (minor injuries) to 6 (fatal). To compute the ISS, the patients’ injuries are 
sorted into seven body regions: head, neck, thorax, abdomen, spine, extremity and external. 
If the patient has any AIS 6 injury, the ISS is 75 by definition. Otherwise the ISS is the sum of 
the squares of the three highest AIS scores in each of the seven body regions. 
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Survival analysis is performed with Trauma and Injury Severity Score (TRISS) method. 
TRISS is derived from the RTS, ISS, patient age and mechanism of injury and determines 
the probability of survival (Ps) in a logistic function with these variables. The mathematical 
form is the function Ps=1/(1+e-b) in which b=b0+b1(RTS)+b2(ISS)+b3(age), where RTS is the 
Revised Trauma Score at emergency admission, ISS is the Injury Severity Score, age=0 for 
patients<55 years and age=1 for patients³55 years. The b’s are regression weights (Table 2), 
obtained from Walter-Duncan regression analysis applied to data from thousands of patients 
analyzed in the Major Trauma Outcome Study.5

b0(constant) b1(RTS) b2(ISS) b3(age)

Blunt -1.2470 0.9544 -0.0768 -1.9052

Penetrating -0.6029 1.1430 -0.1516 -2.6676

Table 2 | 1987 MTOS outcome norms 

The performance measures used include disparity (D), sensitivity and specificity.12 D is the 
difference between the average Ps of survivors and that for nonsurvivors. D takes value 
from zero to one with higher values indicating a better discrimination of survivors from 
nonsurvivors. Sensitivity is the percentage of nonsurvivors with Ps values below 0.5, while 
specificity is the percentage of survivors with Ps values exceeding 0.5.

To evaluate the trauma care in the UKI Emergency Department we used two methodologies. 
The first method is the preliminary outcome-based evaluation (PRE chart).13 The PRE 
chart is a scatter diagram of the patient group. The letters L and D indicate survivors and 
nonsurvivors, respectively. Patients whose RTS-ISS coordinates are on the diagonal line 
(determined by b=0 in the function) are estimated to have 50% Ps. Patients above (below) 
the line have a Ps less than (greater than) 50%. The L’s above and the D’s below the line 
represent patients with mathematically unexpected outcome.

The second method is the definitive outcome-based evaluation (DEF).14 In DEF, Flora’s 
Z-score quantifies the difference in the actual number of death (or survivors) in the test 
subset, and the predicted number of death (or survivors) based on the basis of the baseline 
population (MTOS norm). The formula for calculating Z is: Z=D-åQi/ÖåPiQi, where D is 
the actual number of deaths, Qi is the predicted probability of death for patient i, åQi is the 
predicted number of death, Pi is the predicted Ps for patient i. When mortality is studied, a 
negative value of Z is desired, since it implies that the number of death predicted from the 
baseline exceeds the number observed in the test. Therefore, a positive value of Z is desired 
in case survival is studied. Although the formula for calculation and the sign of Z changes, 
the absolute value does not. An absolute value of Z, which exceeds 1.96, is required for a 
significance level of 0.05.

The injury severity match between the study and the baseline patient set can affect the Z 
score. The M-score is a measure for that match. Values for M range from zero to one, and the 
closer the value is to one, the better the match of injury severity. Comparisons of survivors 
with nonsurvivors were made by using the Student’s t test and χ2 test, with significance being 
attributed to p < 0.05. 

2
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RESULTS

Between February 24, 1999, and July 1, 1999, a total of 3,675 patients visited the emergency 
department of the UKI hospital. Of this group, 105 patients were severely injured, defined by 
an ISS of minimally 2 and 3 (ISS³3, multiple injuries) or an ISS 4 (severe trauma) in one body 
region. 

Sufficient data were available to perform survival analysis in 97 consecutive patients 
(n=97). Eight patients were eliminated because the data were incomplete or the patient was 
transferred to another hospital and therefore the outcome could not be established. The 
elimination of these eight patients decreased the mortality from 34% (36 of 105) to 29% (28 of 
97) if we assume they all died, and increased the mortality from 27% (28 of105) to 29% (28 of 
97) if we assume they all survived.

Demography is shown in Table 3. The majority of the patients were male subjects (81%). This 
means roughly that the male/female ratio was 4:1. The average age is 28 ± 12 years, with no 
significant difference in age between genders.

The majority (95[98%]) of injuries were blunt. Table 4 shows the causes of the injuries. Most 
injuries (66[68%]) were because of motor vehicle crashes (MVCs). Motorcycle crashes 
contributed to 44% of all injuries and to 65% of all MVCs. In another 15 cases (16%), the 
patient was a pedestrian struck by a motor vehicle. The highest mortality could be found in the 
group of pedestrians struck by a car (47%) and car crashes (38%). Fifty-five patients (57%) 
were brought in by an ambulance, another 12% by the police, and 30% by civilians.

In 49 cases (50%), there was no prehospital care at all. In the other 48 cases, there was 
inadequate prehospital care in 31 cases (31%) and adequate prehospital care was delivered 
in 17 cases (18%). Adequate prehospital care was defined as the presence of one or two 
intravenous fluid lines, a cervical collar, and splinting of fractures in the extremity if needed. 

Male Patients Female Patients

Number (%) 79 (81) 18 (19)

Age (yr)* 28.3 ± 11.93 28.2 ± 12.53

Table 3 | Patient demographics 
* Mean ± SD.

Accident Percentage

Motor vehicle crashes 68

           Motorcycle 44

           Motor vehicle 8

           Bus 16

Pedestrian 15

Fall from height 5

Other 11

Total 100

Table 4 | Mechanism of injury
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The median transport time from crash to emergency room (ER) was 70 minutes (range, 12 
minutes to 5 days), and was obtained from 93 cases. If we exclude five patients who spent 
more than 24 hours elsewhere before being admitted to the UKI, the median is 1 hour. 

The mean RTS was 6.4 ± 2.2 and the mean ISS was 21 ± 7. Forty-three had severe trauma 
(44%) and 54 had multiple injuries (56%). Severe head trauma, defined as AIS ³ 4, accounted 
for the majority (95%) of the severe trauma. In the total group of severe trauma and patients 
with multiple injuries, head (AIS ³ 4) accounted for 74%, thorax (AIS ³ 4) for 3%, spine (AIS ³ 
4) for 1% and abdomen (AIS ³ 4) for 4% of the cases. 

Fifty-five (57%) underwent operation. Craniotomy accounted for most operations (64%) 
followed by orthopedic operations (25%). In the severe trauma group, 70% underwent 
operation, of which 90% endured a craniotomy procedure. Fifty-three patients (55%) were 
admitted to the intensive care unit.

The median time from accident to primary operation was 10 hours (range, 2.5 hours to 24 
days), obtained from 53 patients. The median time from ER admission to primary operation 
was 5 hours (range, 1.5 hours to 24 days), obtained from 55 patients. If we exclude the 
patients who spent over 24 hours elsewhere, the median time from injury to primary operation 
is 7.5 hours (five patients excluded) and the median time from ER to primary operation was 
4.5 hours (nine patients excluded).

Overall mortality was 29% ± 4.6%. The respective mortality for male and female was 30% and 
22%, with no significant difference (χ2 = 0.491). Table 5 shows 16 unexpected death and no 
unexpected survivors. The misclassification ratio is 1:6 (16 of 97).

Outcome

Ps Survivor Nonsurvivor Total

≥0.5 0 12 12

>0.5 69 16 85

Total 69 28 97

Table 5 | Outcome

Disparity is 0.394 with an average Ps of 0.978 for survivors and an average Ps of 0.584 for 
nonsurvivors. The sensitivity of the TRISS methodology in the UKI emergency department is 
43% and the specificity is 100%.

Figure 1 shows the unexpected outcomes. The RTS and ISS of survivors and nonsurvivors 
are plotted in relation to the Ps = 0.50 isobar. 

Figure 2 outlines the proportion of study patients in each of the calculated TRISS Ps 
categories. The M statistic for the UKI patients was 0.843. The difference between the actual 
number of survivors and the predicted number of survivors on the basis of the MTOS norm 
was quantified by the Z statistic. The Z statistic for the UKI was 7.87. 

2
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Figure 1 | Survivors and deaths are plotted on a graph using RTS and ISS of each. The line denotes a 
probability of survival of 0.50.

Figure 2 | Comparison of study patients with MTOS patients in relation to probability of survival at 
admission.
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To determine what kind of factors may be of influence for the outcome, we examined various 
factors during the prehospital and hospital phase to see if there were any differences 
between survivors and nonsurvivors (Table 6). Survivors were younger, had less physiologic 
(as indicated by a lower RTS) derangement and were less severely injured (as indicated 
by a lower ISS). A significant higher percentage of survivors were operated. There was no 
significant difference between survivors and nonsurvivors with respect to transport, frequency 
of prehospital care, transport time, time from injury to operation, time from admission to ER to 
operation, or gender. 

Variable Survivors Nonsurvivors

Patients 69 28

Age (mean ± SD in yr) 26 ± 11.9 33 ± 10.9†

Gender                                                                                   

    Male patients 55 24

    Female patients 14 4

Transport

    Ambulance 43 12

    Police 4 8

    Civilian‡ 22 8

Prehospital care

    Yes 38 10

    No 31 18

RTS (mean ± SD) 7.31 ± 0.83 4.24 ± 2.92†

ISS (mean ± SD) 18.2 ± 4.25 26.5 ± 8.36†

Time to ER (mean ± SD in hours) 8.29 ± 20.20 1.91 ± 2.12

Surgery, no. (%) of patients 45 (65.2) 10 (35.7)†

Time accident to surgery 

  (mean ± SD in hours)

62.63 ± 129.78 28.28 ± 61.54

Time admission ER to surgery

  (mean±SD in hours)

50.42 ± 126.78 5.13 ± 2.4

Mechanism of injury

    Blunt 67 28

    Penetrating 2 0

Multiple/severe injuries

    Severe 34 9

    Multiple 35 19

Table 6 | Factors analyzed to determine differences between survivors and nonsurvivors
† p < 0.05 vs survivors, ‡ Transported by family, taxidriver etc

To determine what kind of factors were responsible for the difference in observed and 
predicted outcome, we compared characteristics of the patient group under study with the 
MTOS group (Table 7). The data from the MTOS group are taken from a publication about 

2
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the Major Trauma Outcome Study.5 The patients under study had more severe injuries (ISS) 
and worse physiologic parameters (RTS). Almost all of them suffered blunt injuries. In Jakarta 
most crashes involved motorcyclists instead of automobile drivers or passengers as in the 
MTOS group.

Variable MTOS data (n = 80,544) Study Subset (n = 97)

Suitability for analysis

    Included (%) 89 92

    Excluded (%) 11 8

Type of injury†

    Blunt(%) 79 98

    Penetrating (%) 21 2

Outcome†

    Live (%) 91 71

    Dead (%) 9 29

Cause of injury

    Motor vehicle (%)† 35 8

    Motorcycle (%)† 7 44

    Pedestrian (%)† 8 15

    Fall of height (%)† 17 5

    Other 15 11

Sex

    Male 71 81

    Female 28 19

Age (mean ± SD)

   < 15 yr 7.5 ± 4.3 9.2 ± 3.2

   ≥ 15 and < 55 yr 28.9 ± 9.6 29 ± 9.8

   ≥ 55 yr 70.8 ± 10.6‡ 55.6 ± 0.58

Revised Trauma Score (mean±SD) 7.1 ± 1.7 6.4 ± 2.2‡

Injury Severity Score (mean±SD) 12.8 ± 11.3 20.6 ± 6.84‡

Table 7 | Comparison of MTOS with study subset
† p < 0.05, χ2

‡ p < 0.05, t test

DISCUSSION

In this prospective study, we applied the TRISS methodology to assess the quality of trauma 
care at the emergency department of a university hospital in Jakarta, Indonesia. The survival 
outcomes of these patients were compared with those of the MTOS patients studied by 
Champion et al.5 
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The majority of trauma victims were young male subjects. Most of the injuries encountered 
were blunt, resulting from motor vehicle crashes. A remarkable majority of patients endured 
closed head injuries (74% with AIS head ³ 4). The observed mortality was 29%, whereas the 
expected mortality was 14%. The mortality in the MTOS group is 9%. The Z statistic was 7.87, 
indicating a significant difference in outcome between study subset and MTOS group.

The validity of a trauma scoring system is most accurately assessed by its impact on 
the mortality of severely injured patients who would be expected to die without rapid and 
aggressive treatment.15 We, therefore, analyzed the trauma outcome in the UKI emergency 
department on trauma patients with severe and multiple injuries (minimally AIS = 2 and AIS = 
3 or AIS = 4 in one body region).

The injury severity match between the study and the baseline patients can affect the Z 
statistic. The M statistic for the study group was 0.84, indicating a poor match of severity with 
the MTOS group. According to Boyd et al.,4 Z values associated with lower values of M should 
be viewed with some skepticism. Nevertheless, the TRISS method can still be useful for year-
to-year trend analysis of an individual institution. 

In the comparison with the MTOS data, we can see that the average UKI patient is more 
severely injured (ISS) and more physiologically deranged (RTS). There are two likely 
explanations for this finding, both associated with regional factors. In the first place, the 
patients’ physiologic condition can easily deteriorate before admission to the emergency 
department because of the lack of prehospital care and triage. In the second place, the 
reckless behavior of people in the traffic combined with the lack of safety measures causes 
more severe injuries. Therefore, the expected mortality of the group under study is higher 
than the overall mortality in the MTOS group (14% vs. 9%). However, it does not explain why 
the observed mortality in the study group is twice as high as the expected mortality (29% vs. 
14%).

In the first place, an explanation for this finding can be made with regard to institution-bound 
factors. To use the limited resources in the most effective way, the doctors in UKI allocate 
the best medical care to those who have a reasonable probability of survival. In other words, 
those who have a Ps < 0.5 often receive suboptimal treatment. This tendency explains the 
absence of non-expected survivors.

A second important factor is related to the organization of medical care as a whole in 
Indonesia. The vast majority of people are uninsured and will therefore only receive optimal 
treatment if they are able to pay for this care; for this reason, some patients will receive 
suboptimal treatment. A solution for this problem cannot be found on the level of the individual 
institutions.

Studies such as that of Shackford et al.15 stated that for the management of severely injured 
patients, prompt action and aggressive treatment are needed. Although there is not a 
significant difference in time from admission to operation between survivors and nonsurvivors, 
the population as a whole shows a considerable delay in time to operation. The absence of 
radiological facilities in the resuscitation room of the UKI emergency department might play 
an important role in this delay. On first impression, the delay of surgery seems to explain the 
high mortality, especially in the light of the high incidence of neurotrauma. However, a more 
detailed observation of the data reveals that the length of the average delay is mainly caused 
by the orthopaedic operations (25%; average delay, 6 days). The delay for neurotraumas 
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might still be a factor of importance, since the average time from injury to surgery for 
neurotrauma was 23 hours and the average time from admission to the emergency room to 
surgery was 5 hours.   

In the literature, the TRISS methodology has a worldwide reputation for consistency and 
reasonable prediction of outcome. In the Cologne Validation Study, the TRISS methodology 
advocated as the international reference system for the following reasons: today, TRISS 
is already widely accepted in many parts of the world and has proven its practicability in 
daily practice; its validity was documented in studies in the United States, Canada, Great 
Britain, Australia and Germany; and it makes sense to assess injury severity by the patient’s 
physiologic status, the anatomic grading of the patient’s injuries, and the patient’s age as an 
important prognostic factor.16 

Both the TRISS methodology and the MTOS database find their origin in the United States. 
Therefore, their validity may be limited to the specific conditions of the originating country or 
countries with patient populations that have similar characteristics as the United States.14 

In the literature, we did not find any study that tested the validity of the TRISS methodology 
in a developing country. In our study we found that the fact that the TRISS methodology is 
a Western-oriented methodology skews the data when we compare a Jakarta study group 
with the MTOS group. The first argument for this statement is that the ISS is derived from the 
AIS and the fact that this score reflects the physical attributes of the patients included in the 
MTOS. If we apply the AIS on Indonesian people, we have to realize that they are smaller 
than the average patient in the MTOS. For example, an abrasion of 40 cm2 is a relatively 
larger part of the body surface area of the average Indonesian compared with the average 
patient in the MTOS. The same injury can result in a higher mortality even though the same 
score is attributed to it. 

A second argument is related to the difference in patient characteristics between the MTOS 
group and the study subset. A remarkable observation is the high incidence of neurotrauma 
(74% with AIS ³ 4) in the study subset, explained by the numerous motorcycle crashes 
and lack of safety measures in Jakarta traffic. Several studies show that the mortality 
rate is strongly related to the presence of serious head injury.17 The ASCOT (A Severity 
Characterization of Trauma), is a physiologic and anatomic characterization of injury 
severity that reaffirms the importance of head injury and trauma to the prediction of patient 
outcome.18,19 This has been supported by comparative studies between TRISS and ASCOT 
methods in controlling for injury severity. Markle et al.20 found that almost all of the unexpected 
death in their study as predicted by TRISS only involved patients with head or spinal injuries. 

For various reasons, the TRISS methodology is generally accepted as the preferential trauma 
evaluation methodology. Nevertheless, in a comparison between the MTOS database and a 
Jakarta study group, we are facing several limitations of the validity of the TRISS methodology 
in combination with the MTOS database. 

Regional factors, such as geographic distribution of the population, the epidemiology of 
trauma, and the availability of paramedic services, can limit comparisons with the MTOS 
database. To compare outcomes among similar hospitals within the province of Ontario, 
Canada, a regression analysis was performed to develop TRISS coefficients specific to the 
province. New coefficients derived from the Ontario Trauma Registry improved the ability to 
identify unexpected outcomes and outliers.21-23 In New York State, an analysis of data from 
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a contemporary population-based database resulted in new TRISS coefficients that showed 
more accurate predictive ability for patients with blunt injuries.24 

On the basis of the statement that the validity of a scoring system is limited to the specific 
conditions of the originating country, we conclude that Indonesian trauma care and research 
would be helped by a database in which patient characteristics have more resemblance with 
the patients under study. The patient characteristics of the Southeast Asian subcontinent 
have enough similarities to advocate a regional database, but this necessitates further study. 
Comparison of the neurotrauma group with a MTOS neurotrauma subset especially would 
clarify the quality of the UKI emergency department.

2
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ABSTRACT

Objective
The aim of this study was to report management and outcome of traumatic brain injury (TBI) in 
a Jakarta University hospital, and to determine prognostic factors.

Methods
All consecutive patients with an Abbreviated Injury Score (AIS) head ≥ 4 or an AIS head score 
≥ 3 combined with an AIS score of ≥ 2 in any other body region were analysed on patient 
characteristics and outcome. Prognostic factors evaluated were Glasgow Coma Scale (GCS) 
score, pupil reactions and probability of survival based on the Trauma and Injury Severity 
Score (TRISS) method.

Results
A total of 49 patients were included; overall mortality was 37%. The GCS and abnormal pupil 
reactions were associated with mortality with an odds ratio of 0.78 and 6.90, respectively.

Conclusions
Thus, TBI has a poor prognosis in the population under study. The TRISS has limitations 
in evaluating trauma care for this selected group of patients. GCS and pupil reactions are 
valuable and simple for usage as prognostic factors. 
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INTRODUCTION

Traumatic brain injury (TBI) is a major cause of death and disability among trauma patients.1 
Although official figures are lacking, TBI is a particular problem in developing countries. For 
instance, safety regulations for traffic, or to prevent work-related accidents, have a poor 
compliance. The management of TBI is complicated and demands adequate prehospital care, 
a rapid diagnostic process and a high level of (intensive) care. Once the patient has survived, 
aggressive rehabilitation is of importance for the longterm outcome. These conditions are 
generally suboptimal in developing countries. 

In Indonesia in 2005, intracranial injury was the fifth most common cause of in hospital death, 
with a total number of 3,021 deaths (3,13%).2 In a previous study, we found a remarkable high 
incidence of brain injury (74% with AIS head  ≥ 4) in the trauma population of the University 
Kristen Indonesia in Jakarta.3 This finding prompted us to focus on the specific conditions of 
TBI in a developing country.

In order to predict outcome, prognostic factors should be identified. Both simple physiological 
parameters and more advanced technologies, such as CT imaging, are used as prognostic 
factors.4-6 Given the circumstances under which trauma care is delivered in developing 
countries, simple clinical parameters as prognostic factors are preferred. 

The aim of this study was to report the outcome of TBI in a University hospital, and to 
determine prognostic factors. A glossary of trauma scoring is found in Table 1, in order to 
facilitate reading the article. 

Acronym Meaning Description

AIS Abbreviated Injury 
Score

An anatomical classification of injury severity per body region 
(head and neck, face, chest, abdomen, extremity, external).

GCS Glasgow Coma Score The GCS is scored between 3 and 15. It is composed of three 
parameters: best eye response, best verbal response and best 
motor response.

GOS Glasgow Outcome 
Score

Scores five states of recovery: good recovery, moderate disabili-
ty, severe disability, persistent vegetative and death.

ISS Injury Severity Score An anatomical scoring system for patients with multiple injuries. 
Only the highest AIS score in each body region is used. The 
three most severely injured body regions have their score 
squared and added together to produce the ISS score.

MTOS Major Trauma Outcome 
Study

A historical database of over 80,000 North American trauma 
patients that was used to create the coefficients for the TRISS 
method.

Ps Probability of survival Expresses an individual’s probability of survival as calculated by 
the TRISS method. 

RTS Revised Trauma Score A physiologic classification of injury severity, scoring GCS, sys-
tolic blood pressure and respiratory rate.

TRISS Trauma and Injury 
Severity Score

A combination of ISS and RTS multiplied by weighted coeffi-
cients, depending on age and mechanism of injury (sharp or 
blunt).

Table 1 | Glossary of trauma scoring

3
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PATIENTS AND METHODS

Setting
The prospective study was conducted at the Universitas Kristen Indonesia (UKI) in Jakarta, 
Indonesia, one of the University hospitals. The hospital is accredited as a Level II trauma 
centre, and is situated on the intersection of two major highways in south-east Jakarta. 

The hospital has a well-equipped emergency department. A surgical staff member is 
readily available, and X-ray, ultrasound and CT facilities are available around the clock. A 
neurosurgeon is either in hospital or on call. The hospital also has an intensive care unit (ICU) 
that can house 10 patients. Continuous monitoring of vital body functions, drug treatment and 
respiratory support are the major interventions that take place. 

Patients were admitted to the hospital either directly from the accident site or transferred 
from a local healthcare centre. Patients were resuscitated according to Advanced Trauma 
Life Support (ATLS®) protocol.7 If TBI was suspected, a CT scan of the brain and an X-ray of 
the cervical spine was performed. Results were evaluated by the surgeon or neurosurgeon, 
and later confirmed by a radiologist. In general, indications for surgical interventions were a 
significant intracranial haematoma and/or the presence of a midline shift.

Throughout the process of admission, diagnostics and treatment data were registered using 
special trauma charts. These charts were continually updated until the patient was transferred 
to either the operation theatre or ICU. The charts were a record of vital physiological bodily 
functions/parameters and neurological parameters. Information about time and mechanism of 
the accident, as well as further patient information, were also noted.

All charts were reviewed and discussed by a surgeon, a neurosurgeon and the authors of this 
study (GS, RA, SS). Diagnoses were adjusted if necessary, and treatment and outcome were 
evaluated. Every month, surgical staff attended a separate meeting to discuss those patients 
who had died. 

Patients
From 1 October 2000 until 1 March 2001, data were collected from all consecutive patients 
admitted to the emergency department of UKI Hospital. All patients were screened and coded 
as severe or multi-trauma according to the Abbreviated Injury Score criteria (1990 revision, 
AIS). Inclusion criteria were an AIS head score of ³ 4, or an AIS head score of 3 combined with 
an AIS score of ³ 2 in another body region. An AIS head score of 4 means “severe”, with the 
scale ranging from 1, “minor”, to 6, “unsurvivable”.

Those patients who were dead on arrival, had penetrating trauma to the head or severe burns 
were excluded. Similarly, children under the age of 12 years, patients who were transferred 
to another hospital and patients with incomplete data with respect to outcome were also 
excluded.

Prognostic Factors, Outcome and Statistical Analysis
The Glasgow Coma Scale (GSC) score was determined on arrival at the emergency 
department before the patient was intubated. Scores were determined every hour during 
admission to the emergency department. If deterioration was observed in the hours before 
the patient was transferred or operated on, the lowest score was used to predict outcome. 
Pupil reactivity was also measured on admission, as well as in the first few hours after 
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the initial admission. Pupil reactions were considered normal if pupils were isocore and 
reactive. Abnormal pupil reactions were defined as a pupil diameter difference ³ 1 mm or not 
responding to light. If pupil reactions could not be estimated because of damage to the eyes 
or swelling of the eyelid, data considering pupil reactions were not used for analyses.

Injury severity was scored by the Injury Severity Score (ISS). In combination with the Revised 
Trauma Score (RTS), the ISS was used to calculate the probability of survival (Ps) of a patient 
using the Trauma and Injury Severity Score (TRISS) method.8 

Mortality, as well as the Glasgow Outcome Scale (GOS)9 score was used to describe 
outcome. The GOS score differentiates outcome into five groups: total recovery, mild 
disability, severe disability, vegetative state and death. The first two states are considered 
as a favourable outcome, the latter three unfavourable. A definitive score was appointed at 
discharge. 

Categorical data were expressed in terms of proportions. Continuous variables were 
expressed as means ± standard deviations. Odds ratios were obtained by an univariate 
logistic regression analysis with 95% confidence intervals. A p-value of less than 0.05 was 
considered statistically significant. The Ps and GCS were analyzed using receiver operating 
characteristics (ROC) curves. 

RESULTS

Of 107 severely injured trauma patients, 54 patients with severe head injury met the inclusion 
criteria for the study. Due to missing data, 5 patients could not be included; therefore, outcome 
analysis was completed for 49 patients. Table 2 shows the mechanism of injury of the 49 
patients included in this study. A total of 18 (37%) patients died. None of the patients ended up 
in a permanent vegetative state, and 8 were discharged with a severe disability, resulting in a 
total of 26 (53%) patients with an unfavourable outcome. Sixteen patients made a full recovery 
and 7 patients left the hospital with a minor disability, therefore 23 (47%) patients with a 
favourable outcome.  

Type of incident No. patients Percentage (%)

Motorcycle 18 37

Car accident 10 21

Fall 9 18

Pedestrian 7 14

Violence 3 6

Other 2 4

Total 49 100

Table 2 | Mechanism of injury 

In our study population, 82% of patients were coded as having an AIS head score ³ 4, with 8 
cases of isolated TBI. AIS head scores of 3 were most frequently accompanied by injury to 
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the abdomen or the extremities. The maximum ISS score is 59 and the minimal score was 13. 
Almost one third of the patients (n = 14; 29%) presented at the emergency department with 
ventilatory support (either intubated or bag-valve support). The diagnosis made by CT scan 
was cerebral oedema (n = 24), subdural haematoma (n = 11), epidural haematoma (n = 6), 
intracerebral haematoma (n = 17) and fractures of the skull or skull base (n = 13). Frequently, 
several diagnoses were reported for one patient. Almost half of the patients (n = 22; 45%) 
underwent craniotomy. 

Characteristics Total cohort

(n = 48)

Deaths

(n = 17)

Survivors

(n = 31)

Odds ratio

 (95% CI)

P value

Age (years) 28.7 ± 10.7 29.8 ± 12.2 28 ± 10.0 1.17 (0.68-  2.03) 0.57

Male 38 (79%) 13 (76%) 25 (81%) 1.28 (0.31-  5.37) 0.73

GCS 9.9 ± 3.9 7.7 ±   4.1 11.1 ±   3.3 0.78 (0.65-  0.93) 0.006*

RTS 6.3 ± 1.7 5.2 ±   2.1 6.9 ±   1.1 0.49 (0.31-  0.79) 0.003*

ISS 22.4 ± 9.5 27.9 ± 13.5 19.4 ±   4.2 1.13 (1.03-  1.25) 0.014*

Abnormal
pupil reactions 

20 (42%) 12 (71%) 8 (26%) 6.90 (1.85-25.76) 0.004*

Ps 0.86 ± 0.25 0.70 ± 0.34 0.96 ± 0.09 0.48 (0.26-  0.88) 0.018*

Table 3 | Univariate analysis of prognostic factors in 48 patients with traumatic brain Injury. Data are given 
as number (%) or mean ± standard deviation (SD). Odds ratios are calculated in 10-year increments for 
age, per 1.0 for GCS, RTS and ISS, and per 0.1 Ps (10% increments in probability of survival). *Significant 
association with mortality in univariate analysis. CI = confidence interval, GCS = Glasgow Coma Scale, 
ISS = Injury Severity Score, Ps = Probability of survival, RTS = Revised Trauma Score. 
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Figure 1 | ROC curves of the Glasgow Coma Scale (GCS) score (solid line) and the Probability of survival 
(Ps) (dashed line) as prognostic factors for mortality.  
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TRISS analysis and determination of prognostic factors influencing mortality was performed 
for 48 patients. The expected mortality as calculated by the TRISS method was 10%. Defini-
tive outcome-based evaluation using the TRISS method revealed 12 unexpected deaths and 
no unexpected survivors, with a misclassification rate of 25% (12/48). In univariate analysis, 
death was significantly associated with RTS, ISS, and Ps, and with the clinical parameters 
GCS and abnormal pupil reaction (Table 3). The characteristics of GCS and Ps as prognostic 
factors for mortality are given in a ROC-curve (Figure 1). The area under the curve is 0.756, 
and 0.796 respectively.

DISCUSSION

The study describes the outcome of 49 patients from a developing country who have TBI,  and 
reports a mortality of 37% percent. As mentioned previously, TBI is the most common cause 
of death and disability in young people. National TBI data for the USA reports 51,000 deaths 
in 2003.10 A descriptive study of 131 patients with severe head injury in Northern Ireland (ISS 
³ 16 with a minimum AIS head of 3) reported a 38% overall mortality and a 32% mortality for 
isolated brain injury patients.11 Literature about TBI in developing countries is limited. Wu et 
al. described 489 consecutive patients with traumatic intracranial haematoma who underwent 
surgery in a Taiwanese regional hospital, and found an overall mortality rate of 12%.12 Bahloul 
et al. reported an overall mortality rate of 29% in a Tunisian population of 437 adults with 
head injury who were admitted to the ICU and had a mean ISS of 35.13 A nationwide study 
from Pakistan, conducted over a 4-year period, found a mortality rate of 18% in 260,000 
patients.14 The specific conditions of TBI in a developing country is illustrated by Ahmad et al., 
who described a cohort of 325 “unknown” head injury patients with a mortality of 46% among 
severely injured patients.15 In densely populated India, it is estimated that 200,000 people 
die due to TBI every year.16 These figures indicate the magnitude of this health problem in 
developing countries. Although the number of patients in our study is small, to the best of our 
knowledge these are the first prospective data published about TBI in Indonesia. 

TBI is graded as mild, moderate or severe, based on the GCS after resuscitation. All these 
categories are represented in the study population. In this study, we focussed on severe TBI. 
The inclusion of patients with AIS of 3 in combination with of AIS ≥ 2 for another body region 
seems to be in conflict with this statement. However, of the 9 patients included who had an 
AIS of 3, all showed cerebral oedema on CT scan except one, who had a cranial vault fracture 
without concomitant intracranial injury. 

The outcome of TBI is dependent on rapid early resuscitation and direct transport to a 
facility capable of surgical treatment of TBI, monitoring intracranial pressure and maintaining 
adequate cerebral perfusion. The implementation of scientific evidence-based guidelines and 
the institution of trauma hospital systems is key in order to improve the outcome of TBI.1 In 
the region, the UKI hospital is regarded as a “centre of excellence” for trauma patients, and 
patients are often referred from other hospitals. Resuscitation follows the ATLS® principals, 
and reasonable effort is made to educate residents and nurses in these principals and 
maintain a high level of care. However, the prehospital care is a weakness of the trauma 
care system in the UKI region, and long patient delays are common. In the majority of cases, 
people were brought in by police, relatives or bystanders rather than by ambulance. Data on 
delay to admission or operation were incomplete and therefore not provided in this paper. 
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In-hospital care was inadequate with respect to the impossibility of monitoring intracranial 
pressure, while (aggressive) rehabilitation is virtually non-existent. The influence of these 
limitations on the outcome of TBI cannot be expressed in figures, yet it should be taken into 
account while judging the relatively high mortality rate.    

The population varies in mechanism of injury in comparison with Western country populations. 
In comparison with the Major Trauma Outcome Study (MTOS), the number of motorcycle-
related accidents was high; 37% versus 7% in the MTOS.17 Of 59,713 head- injured patients 
of the MTOS, only 7.7% involved motorcycle riders.18 Although helmets are compulsory for 
motorcyclists in Indonesia, law-enforcement is minimal, and riding without head protection is 
common practice. Enforcement of head protection in the state of California, USA resulted in a 
30% decrease in head injuries among non-fatally injured motorcyclists.19 

The discrepancy between observed and expected mortality is of special interest in this study. 
Gennarelli et al., analysed the MTOS data set and found that overall mortality of patients with 
head injury was three times higher than if no head injury occurred.18

The inability of the TRISS method to properly predict outcome in head-injured patients has 
been an important factor in the development of alternative outcome prediction models, such 
as A Severity Characterization of Trauma (ASCOT), which reaffirms the importance of head 
injury.17,20 In a previous study in the same institution, we found a misclassification rate of 16% 
in 97 consecutive multiple (ISS ≥ 13) and severely (ISS ≥ 4 in a single body region) injured 
trauma patients.3 The results presented here describe a patient group with TBI and, therefore, 
the misclassification rate of 25% is predictably higher than in the previous study.  

Numerous studies have described prognostic factors for mortality and morbidity following 
head injury. These factors range from simple clinical parameters to complex neurophysiologic 
parameters or to radiological classifications such as CT scans. GCS and pupil score are 
“classical” predictors of outcome after TBI.21,22 The GCS proved to have significant agreement 
between health care workers.23 We confirm the value of these simple, clinical parameters for 
outcome prediction under basic circumstances, as are encountered in developing countries. 

This study has several limitations. Treatment and scoring could be subject to bias, since  
standardized protocols for management of patients with TBI were lacking and no independent 
peer review of diagnosis and outcome was conducted. Craniotomy was frequently performed 
for a variety of indications (e.g. epidural , subdural and intracerebral haematoma, or fracture). 
The suggestion of over-treatment can be due to lack of sophisticated monitoring equipment 
(e.g. ICP monitoring) in the assistance of assessing indication for craniotomy. The patient 
group was relatively small, making interpretation of the statistical analysis troublesome. 
Structure of health care and patients attitude in Indonesia makes it difficult to perform a 
reliable follow-up over a longer period. These circumstances forced us to define outcome at 
discharge, possibly influencing results in a negative way by ignoring further recovery outside 
the hospital. However, few data on outcome of TBI in developing countries are available 
and, therefore, this study adds to the information on this subject. The data can give scientific 
support to the necessary investments in order to improve trauma care systems in developing 
countries.

In summary, this study of 49 head-injured patients in a Jakarta University Hospital found that 
TRISS has limitations in evaluating the outcome of trauma care for this group of patients. 
Given the circumstances in developing countries, GCS and pupil reactions are valuable 
clinical outcome predictors. 
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ABSTRACT

Background
The Trauma and Injury Severity Score (TRISS) methodology, in combination with coefficients 
derived from the Major Trauma Outcome Study (MTOS), is the most widely used outcome 
prediction model for the care of trauma patients. Utilizing the M statistic, different populations 
of trauma patients can be compared with the population originally enrolled in the MTOS.  

Purpose
We hypothesized that databases outside of North-America would not be well matched to the 
MTOS study and thus the TRISS methodology would not accurately predict outcome in these 
different populations.

Methods
All trauma studies utilizing TRISS methodology that were published between 1990-2003 
were reviewed and M statistics calculated based on the population described in the study. 
The populations were grouped by the following geographic locations: Europe, Asia/Africa and 
North-America. 

Results
The median M statistic for Europe was 0.65, compared with 0.88 for Asian/African databases, 
and 0.90 for North-American studies. There was a significant difference between European 
and North-American studies (p < 0.05).  

Conclusion
The trauma populations described in European studies differ significantly from the MTOS with 
respect to injury severity match, indicating the need for the development of regional trauma 
databases and modified TRISS coefficients based on the geographic location of the injured 
population included.  
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INTRODUCTION 

In 1987 Boyd et al.,1 published an article in order to widen the understanding of the Trauma 
and Injury Severity Score (TRISS) methodology for those interested in developing or 
improving trauma care evaluation. In their introduction they put TRISS methodology between 
quotation marks, indicating the relative obscurity of TRISS at that time. It was 6 years after 
Champion et al., described one of the cornerstones of the TRISS methodology, the Trauma 
Score.2 The other cornerstone, the Injury Severity Score, was first described by Baker.3 In 
1989 the Trauma Score was replaced by the Revised Trauma Score.4 The revision included 
Glasgow Coma Scale (GCS), systolic blood pressure (SBP), and respiratory rate (RR) and 
excluded capillary refill and respiratory expansion, which were difficult to assess in the field. 
The status of TRISS as the most commonly accepted prediction model for outcome of trauma 
care was made definitive with the publication of the Major Trauma Outcome Study.5 

Since the introduction of the TRISS methodology other prediction models have been 
developed and their validity has been studied in comparison with TRISS. ASCOT (A Severity 
Characterisation of Trauma) provides a more precise description of patient physiologic status 
and injury number, location and severity than TRISS. ASCOT performance exceeded TRISS’s 
for penetrating-injured patients.6 Furthermore, ASCOT was found to have a significantly lower 
number of misclassifications among patients dying of blunt injuries.7 ICISS (International 
Classification of Diseases, Ninth Revision-based Injury Severity Score) outperformed TRISS 
in predicting survival.8 Despite it’s limitations however, TRISS continues to be the most 
practical and widely used prediction model. 

Several attempts have been made to determine the performance of TRISS in an independent 
data set. By regression analysis TRISS coefficients are developed that are specific to 
external databases in order to improve calibration. The New York State Trauma Registry9 
and the Ontario Trauma Registry10-12 are examples of large study populations that make use 
of TRISS coefficients that are specific to the province. In Europe multi-center studies like the 
UK MTOS13 and the trauma registry of the DGU (Deutsch Gesellschaft für Unfallchirurgie), 
however, have not yet resulted in the development of regional TRISS coefficients. Yet patient 
characteristics, mechanisms of injury and case mix of injury severity may be significantly 
different as compared with the MTOS.

The TRISS method can be used for quality control in a single centre over time. Examples in 
the literature of individual institutions assessing their level of trauma care by means of the 
TRISS method are multiple (see references listed in the table). The MTOS was introduced 
in 1990 as a method for trauma centers in North-America to measure quality. However, the 
original TRISS coefficients, based on the original population included in the MTOS, have 
never been updated.  

The TRISS methodology provides a method, the M statistic, to examine the similarity in the 
mix of injury severities in the observed data, compared with the MTOS baseline population. 
The value of M is between 0 and 1, with values close to 1 indicating a very similar mix of injury 
severities. A value of less than 0.88 is regarded as unacceptable to adequately compare the 
actual and predicted survival rates.1 

We hypothesised that the M statistic would be a valuable tool to study the relation between 
geographical setting, injury severity mix as compared with the MTOS, and TRISS validity. We 
expected M values to be closer to 1 in studies performed in North-America, as this population 

4



54

Chapter 4

is similar to the MTOS population. Consequently, we expected to find less favourable M 
values in other regions. As a result of these hypotheses we assumed to collect arguments for 
national or regional reference databases.    

METHODS

A review of the literature of the period 1990-2003 was performed using the medical databases 
Embase/Ovid and Pubmed. We searched for studies that performed trauma outcome analysis 
of an individual institution using the TRISS method. The coefficients used should be those as 
set by the Major Trauma Outcome Study (Champion, 1990). We excluded articles that used 
modified TRISS coefficients. The M statistic was either cited in the text or could be calculated 
from the data given in the article. Retrospective and prospective studies, as well as Anglo-
Saxon languaged and non-Anglo-Saxon articles, were included.

After our initial search, the search was repeated by two clinical librarians in two different 
hospitals. The initial search revealed 19 articles meeting the requirements above. This result 
was confirmed by the first clinical librarian. The second search was performed six months later 
by another clinical librarian using Pubmed. It resulted in 8 new articles, bringing the total on 
27. Some of these articles were released recently others were newly discovered due to the 
differences in both databases. We also looked for relevant articles in the reference lists of the 
articles we found. MeSH headings used were TRISS (or Trauma Injury Severity Score) and 
MTOS (or Major Trauma Outcome Study). Since the word ‘M statistic’ is not a MeSH heading, 
nor is it a useful free text term (in the literature the M statistic is also known as M value or 
M-statistic), it was not used to search directly. 

RESULTS

A total of 27 articles were identified in the literature published between 1990-2003. These 
articles were analysed on M values, size of the population or sub-population, RTS and ISS, 
mechanism of injury and geographic region. Three regions were identified: Europe, Asia and 
Africa, and North-America. Most studies (12 articles) were performed in North-American 
institutions, nine studies in European hospitals and six in the Asia/Africa region. The mean 
sample size of the North-American studies was 670, European 425 and Asian/African 177. 
Vles et al.14 analysed 2849 Dutch trauma patients, the second biggest population under study 
of this review. If this study was not included, the mean sample size of the European studies 
would be 183. Table 1 lists the articles that were included for this article.14-32, 36-43

The median M statistic of the European studies was 0.65. For the Asia/Africa region the 
median M statistic was 0.88 and for the North- American studies it was 0.90 (Figure 1). 
Statistical analysis comparing the median of the European data with the North-American data 
using the Mann-Whitney-U test revealed a statistical significance of p < 0.05.
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First Author Journal Year Location Patients M statistic RTS ISS blunt (%)
Munoz 
Sanchez 

Med Intensiva 2002 Andalusia, Spain 108 0.561

Orliaguet Intensive 
Care Med

2001 Paris, France 407 0.67 6.0 20 99

Ozguc Eur J Emerg 
Med

2000 Istanbul, Turkey 242 0.50 5.87 23 92.2

137 0.54 5.69 25 89.1
Vles Eur J Trauma 2000 Tilburg, The Neth-

erlands
2,849 0.88 95.2

Corbanese Clin Intensive 
Care

1997 Conegliano, Italy 162 0.702 22 98.2

Suarez-Al-
vares 

Intensive 
Care Med

1995 Madrid, Spain 404 0.78 6.30 21.2 90.1

Cvetkovic Injury 1992 Belgrade, Former 
Yugoslavia

163 0.508 94.5

Crawford Br J Surg 1991 Aberdeen, Scotland 125 0.99 97.6
Maimaris Arch Emerg 

Med
1990 Cantabury, U.K. 37 0.621 25.5

44 0.648 25
Deo Injury 1997 Cape Town, South 

Africa
77 0.492 5.03 27 50

Kam Eur J Emerg 
Med

1998 Hong Kong, China 94 0.61 92.8

Talwar Singapore 
Med J

1999 Ajmer, India 462 0.956

Joosse J Trauma 2001 Jakarta, Indonesia 97 0.843 6.43 21 98
Zafar Emerg Med J 2002 Karachi, Pakistan 279 0.97 73.1
Moini J Trauma 2000 Tehran, Iran 52 0.91 11 83.9
Demetriades J Am Coll 

Surg
2001 Los Angeles, CA 3,315 0.96 72.4

331 0.95 93.4
Allen Can J Surg 1998 Sudbury, Canada 416 0.757 23.8 95
HartmannJ Acad Emerg 

Med
1996 Hartford, CT 141 0.949 7.00 14.8 89.4

468 0.942 7.10 16.8 90.1
Hall J Pediatr Surg 1996 Chicago, IL 1,337 0.90 8.1 100

460 0.877 0
Norwood Arch Surg 1994 Urbana, IL 2,246 0.99 14.8 85
King Can J Surg 1994 Toronto, Canada 298 0.78 6.75 21.2 94
Karstead J Trauma 1994 California 266 0.66 6.30 26 82.1
Bensard J Pediatr Surg 1994 Denver, CO 410 0.87 7.53 6.3 96

188 0.88 7.60 7.3 65
Knudson J Trauma 1992 San Francisco, CA 353 0.96 65
Zulick Arch Surg 1991 Cooperstown, OH 163 0.95 7.07 15 94
Waddel J Trauma 1991 Toronto, Canada 752 0.753 23.3 89
Guirguis J Trauma 1990 Ottowa, Canada 106 0.92 19.7 96.2

168 0.56 6.10 26.4 91.7

Table 1 | Review of the literature: outcome analysis using the TRISS method in individual institutions.
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Four publications described more than one population. Maimaris et al.,28 performed outcome 
analyses of a large (3315 patients) and a small (331 patients) center. Hartmann et al.,29 
compared survival outcomes for patients resuscitated by either emergency medicine or 
surgical house staff assigned to the trauma service. Trauma care in a designated paediatric 
trauma centre is described by Hall et al.30 In their article they cited the M values for blunt and 
penetrating injuries separately. Bensard et al.,31 described 410 injured children (age £ 15 
years) and 188 young adults (age 16 to 18 years). Of three urban trauma centers in Teheran 
described by Moini et al.,32 only the M value that matched best with the MTOS was given. 

Figure 1 | A comparison of the median M statistics. 

DISCUSSION

TRISS Methodology
TRISS is designed to accurately assess injury severity and predict expected outcomes. It 
can either be used to evaluate outcome performance in quality-improvement programs or 
to compare the quality of care with the baseline population. TRISS was first introduced and 
developed in North-America. In this study we reviewed the literature for TRISS analyses in 
individual institutions around the world and found that there is a significant difference in 

M statistic in relation to geographic region. As expected, the median M statistic of the North-
American studies (M = 0.90) fell within range of what is acceptable to adequately compare the 
actual and predicted survival rates (M equal to or greater than 0.88). The median 

M statistic of the European and Asian/African studies did not fell in this range. The M statistic 
is useful for revealing gross differences in injury severity mix, however it does not measure 
the direction of the injury severity mismatch, only its size. For example, two populations under 
study can both have a M value of 0.76, one containing more severely injured patients than the 
baseline population, and the other less severely injured patients. To overcome this problem, 
Hollis et al.,33 introduced a new statistic, Ws, which is standardized with respect to injury 
severity mix. Therefore it produces more accurate comparisons between different institutions. 
Despite its clear advantages the Ws statistic is rarely used in the literature and thus less 
suitable for our study.
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Search Strategy
We searched the literature for articles that analysed trauma care in an individual institution 
using the TRISS method with MTOS coefficients. To have a complete search we asked 
two librarians at two different times to search the literature in Pubmed, and we extended 
our search by use of the reference lists. However, articles that are published in journals not 
subscribed in Pubmed fell out of the scope of this study.

Statistical Analysis
Analysis of the M values showed a non-normal distribution, consequently the Mann-Whitney-U 
test was used for statistical analysis. Given the variation in sample size a weighted statistical 
analysis would have been more precise. This means that our results do not reflect the 
influence of the studies with large populations properly. We did not find a suitable statistical 
solution for this problem.

Injury Severity
The validity of a trauma scoring system is most accurately assessed by its impact on the 
mortality of severely injured patients.34 Moderate to severe injury was defined as an ISS³12. 
The mean ISS in the MTOS is 12.8. Most studies in this review included all trauma patients 
regardless of their RTS or ISS, although some made subdivisions by ISS. In 18 out 27 studies 
we reviewed either RTS, ISS or both (Table 1). From these studies, three (Moini, Hall and 
Bensard) showed a higher RTS and/or a lower ISS as compared with the MTOS. Supposing 
the unlikely situation that all 9 studies with no data on RTS and ISS are less severely injured 
compared with the MTOS, still 15 out of 27 studies are more severely injured. This suggests 
that patients in our study are more severely injured than in the MTOS population. This should 
be taken in consideration because it indirectly influences the M statistic since the M statistic 
is calculated by means of the probability of survival, which depends on RTS, ISS, patient age 
and mechanism of injury.

Mechanism of Injury
The percentage of blunt trauma in the MTOS is approximately 79%. It is suggested that the 
incidence of penetrating injury is relatively high in the United States. Although this was not 
the aim of our study (and data on this parameter are incomplete) we looked whether this 
suggestion is supported by our data. For the European data the incidence of blunt injury 
ranges from 89% to 99%. Studies performed in North-America showed blunt injury incidence 
ranging from 65% to 96%. It could well be that this difference in mechanism of injury between 
MTOS and study populations leads to less accurate outcome predictions.

Paediatric TRISS
We included studies concerning adults as well as children. Several studies show that MTOS 
TRISS norms predict the outcome of paediatric trauma equally well as specially developed 
paediatric norms.35 Hall et al.,30 documented that the outcome for children with blunt trauma 
was best at a paediatric trauma centre. Apart from Hall’s study there was a study by Orliaguet 
et al.,36 that also included paediatric trauma. Their effort to assess validity of TRISS analysis to 
paediatric blunt trauma patients was set in a paediatric trauma center. They found both adult 
and paediatric norms were equally good predictors of the probability of survival for injured 
children. Two other studies31;37 point out that the quality of care for paediatric trauma patients 
admitted to (non-paediatric) trauma centers compares favourably with MTOS standards. 
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Therefore, we did not differentiate between adult and paediatric TRISS data in this study and/
or paediatric trauma cared for in a paediatric trauma center versus non-paediatric trauma 
center.

Socio-economic Factors
Several factors influence the quality of trauma care. We looked at performances of individual 
institutions in developed and developing countries. Validation of the TRISS methodology 
is limited in developing countries.38-40 To create regions that have similar socio-economic 
characteristics we regard Asia and Africa as one region. We found a small number of studies 
in this region, of which two were set in circumstances that can be considered as developed 
rather than developing, i.e. South Africa and Hong Kong.41,42 Supposedly, the gross national 
product correlates better as an indicator for the organisation and the level of trauma care. In 
our study we focussed mainly on North-American and European studies and therefore we 
judged the geographical setting to be practical and logical.

Another factor that has to be considered is the quality of pre-hospital care and transport times 
from accident to the hospital. Within a country there can be a difference between rural and 
urban areas for these factors. In Europe and North-America we assumed a comparable level 
of prehospital care. From a predominantly rural-population-based trauma center, Norwood 
et al.,43 reported a mean prehospital transportation time of 25 minutes. This does not differ 
much from, for example, a study in the Netherlands where the access time for ambulance 
services from emergency call to arrival at the accident rarely exceeded the legal demand of 15 
minutes.44     

Glance et al.,45 critically commented on validation of TRISS in external data sets. The question 
why model calibration almost always deteriorates when a model is evaluated in a data set 
not used to develop the model is partly answered. It is either because of problems with the 
model itself, or because of differences in quality of care between the reference system (i.e. 
MTOS) and the external data set. As another factor, we think we should add the difference 
in patient characteristics and injury patterns between the reference and the external data 
set. Therefore, we studied the M statistic, a tool to describe case mix variety, and found a 
significant difference between North-America and Europe. First of all, a TRISS validation study 
of a considerable sample size of the European trauma population is needed to determine 
these differences. Glance et al., also state that the time has come for a national-based trauma 
registry to be able to accurately adjust for case mix and predict outcome. The MTOS, using 
references which are at least 15 years old, is no longer a contemporary reference point. In the 
United States the need for more up-to-date calculated coefficients prompted the development 
of the National Trauma Data Bank. A comparable initiative for the European situation should 
be the second step to be able to accurately predict trauma outcome. This conclusion is 
supported by the results of this study that suggest a difference in patient characteristics and 
injury patterns of European trauma patients as compared to the MTOS, indicating the need for 
the modification of TRISS coefficients for a European trauma registry.
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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
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ABSTRACT

Objective
The Emergency Trauma Score (EMTRAS) is used for early estimation of mortality risk in adult 
trauma patients with an Injury Severity Score (ISS) of 16 or higher. EMTRAS combines four 
early predictors from the trauma resuscitation room: age, Glasgow Coma Scale (GCS), base 
excess, and prothrombin time. The EMTRAS has not been externally validated. Our goal was 
to validate the EMTRAS in two external cohorts. We also examined the performance of the 
EMTRAS in patients with an ISS <16, to determine whether EMTRAS is applicable to all adult 
trauma patients treated in the trauma resuscitation room.  

Design
Validation study using data from prospectively collected trauma registries. Calibration and 
discrimination of the original EMTRAS were assessed within each cohort separately for similar 
populations as the original EMTRAS population (ISS ≥16), and for patients with an ISS <16.

Setting
Two academic Level I trauma centers.

Patients
Adult patients admitted to the hospital after treatment at the trauma resuscitation room were 
eligible for inclusion in the cohort. 

Measurement and Main Results
A total of 4418 consecutive patients were used for validation of the EMTRAS. The EMTRAS 
was well calibrated for patients with an ISS ≥16. Discrimination was even slightly better (area 
under receiver operating curve (AUROC) of 0.9 and 0.89) than the original AUROC of 0.8. The 
EMTRAS overestimated mortality in patients with an ISS <16, while discrimination remained 
good for this group of patients.  

Conclusions
For patients with an ISS of 16 or higher, the calibration and discrimination of the EMTRAS 
were excellent. Thus, the EMTRAS is suitable for early mortality risk assessment in this group 
of patients. The EMTRAS is less suitable for outcome prediction of the entire group of trauma 
patients treated in the trauma resuscitation room because calibration diminished markedly for 
patients with an ISS below 16.  
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INTRODUCTION

A score to quantify the probability of survival of trauma patients shortly after admission to the 
Emergency Department (ED) enables caregivers to assess the patients’ injury severity to 
guide clinical decisions and allows for efficient allocation of resources.

In 2009, Raum and colleagues1, 2 introduced the Emergency Trauma Score (EMTRAS) for 
early estimation of mortality risk in adult trauma patients. EMTRAS combines four early 
predictors from the emergency room and demonstrated favorable discrimination compared 
with more complex scores. These early predictors used by EMTRAS are age (years), Glasgow 
Coma Scale (GCS), base excess (mmol/L), and prothrombin time (%). For each predictor 
a subscore of 0, 1, 2 or 3 points is assigned, based on the actual value of the predictor. 
EMTRAS is defined as the sum of these subscores, i.e. the lowest (best) EMTRAS is zero and 
the highest (worst) is 12. The EMTRAS was developed in a large cohort (n=4808) of trauma 
patients with an ISS3 of 16 or higher, derived from the German Trauma Registry (http://www.
traumaregister.de). The EMTRAS has been internally validated in a second cohort (n=1292) 
from a later period within the same database.

The EMTRAS is intended to be an easy-to-compute scoring system for the emergency room 
based on a limited number of clinical predictors that are commonly and early available. 
Despite its apparent advantages, the EMTRAS has limitations that have contributed to its 
relative obscurity. First, generalizability of the EMTRAS has not been established as no 
validation in an external database has been undertaken yet. Secondly, EMTRAS excludes 
patients with an ISS below 16. Anatomic injury scales, like the ISS, can only be scored reliably 
further along the diagnostic or therapeutic process and are usually not available during the 
initial resuscitation at the ED. Therefore, the ISS criterion forms a limitation to identify patients 
that are eligible for early outcome prediction using the EMTRAS. Ideally, all potentially 
severely injured trauma patients should benefit from EMTRAS, including those patients who 
turn out to have an ISS below 16. 

The objective of this study is to validate the EMTRAS in two external cohorts. The secondary 
aim is to examine the performance of the EMTRAS in patients with an ISS below 16, and 
thus determine whether the applicability of the EMTRAS can be extended to all adult trauma 
patients. 

PATIENTS AND METHODS

The EMTRAS was externally validated in two separate cohorts of trauma patients treated at 
the trauma room in an urban Level I trauma center A and a rural Level I trauma B center in 
the Netherlands. Data were derived from the prospectively collected trauma registries of both 
trauma centers. The first cohort consisted of consecutive patients who were admitted during 
the period from 2004 to 2010 (center A). The second cohort consisted of consecutive patients 
who were admitted during the period from 2006 to 2011 (center B). In both centers, patients 
treated at the trauma resuscitation room were judged potentially severe trauma patients and 
eligible for inclusion in the cohort. The decision for a patient to be transported to a Level I 
trauma centre is based on the triage and expertise of the prehospital Emergency Medical 
Services personnel, following national and international protocols.4 Triage criteria include 
vital parameters and mechanism of injury. The initial evaluation and resuscitation of trauma 
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patients was performed following ATLS guidelines.5 All patients admitted to the hospital, 
patients who died in the ED, or patients referred immediately after trauma, were included. 
Patients declared dead on arrival, patients discharged home directly from the ED and children 
(aged younger than 16 years) were excluded. 

EMTRAS Calculation
Four predictors for mortality are included in the EMTRAS: age in years, Glasgow Coma Scale 
(GCS), base excess (mmol/L) and prothrombin time (%). Each predictor value is scored into 4 
categories ranging from zero to three. EMTRAS is defined as the sum of these subscores, i.e. 
the lowest (best) EMTRAS is zero and the highest (worst) is 12. Subscores for the predictors 
(Table 1) and coefficients for calculation of predicted mortality were taken from the original 
publication.1 The GCS was recorded on admission at the emergency department. In intubated 
patients, the most recent GCS before intubation was recorded. Laboratory tests were obtained 
directly on, or shortly after admission at the emergency department. Prothrombin time was 
expressed as percent of the reference value. Outcome in the two validation cohorts was in-
hospital mortality, as it was in the original EMTRAS study.

Predictor Category Subscore

Age 
(years)

<40
40-60
61-75
>75

0
1
2
3

Glasgow Coma Scale 13-15
10-12
6-9
3-5

0
1
2
3

Base excess (mmol/L) >-1
-1 to -5

-5.1 to -10
<-10

0
1
2
3

Prothrombin time (%) >80
80-50
49-20
<20

0
1
2
3

Table 1 | Emergency trauma score subscores

Statistical Analysis
Multiple imputation methods (10 rounds) were used to impute missing values on the 
EMTRAS predictors in the validation cohort. Imputation was done on the original continuous 
measurement scale of the predictors based on multivariate normal distributions. Values for 
age (center A and B) and GCS (center B) were complete, so no imputation was needed. 
Other available variables deemed valuable for imputation of EMTRAS predictors were: sex, 
ISS, outcome, heart rate, systolic blood pressure, oxygen saturation, respiratory rate, serum 
lactate, hemoglobin, platelet count and activated partial thromboplastin time. For analysis 
involving imputed data, the results of m=10 imputed datasets were combined to obtain final 
estimates. 
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Performance of the EMTRAS was studied by determining calibration and discrimination within 
both cohorts after imputation. Calibration and discrimination were analyzed within each cohort 
separately for a similar population as the original EMTRAS population (ISS ≥16), and for 
patients with an ISS <16.

Calibration plots were used to visualize predicted and actual mortality. Discrimination was 
measured by calculating the area under receiver operating curve (AUROC) with 95% 
confidence intervals. In the calibration and discrimination analysis the EMTRAS was applied 
as it was presented in the original paper, i.e. a twelve-point scale based on recorded 
predictors. 

Regression coefficients using the EMTRAS predictors in their continuous form were re-
estimated in each validation cohort and compared to the coefficients of the original generating 
cohort (Table 3 in Raum and personal communication). A risk score was calculated based 
on the original coefficients following the formula: 0.4035 + 0.0397*Age - 0.1722*GCS - 
0.0639*base excess - 0.0334*prothrombin time. Coefficients were re-estimated for the 
EMTRAS predictors in the two validation cohorts using logistic regression with the risk score 
used as offset. In this way, the difference between the original and newly estimated coefficient 
could be tested for statistical significance. Significance was attributed to a p-value of 0.05.

All analysis was performed using the Statistical Package for Social Sciences version 18.0 
(IBM, 2010, USA).

RESULTS

During the years 2004 to 2010, a total of 3001 patients were admitted to center A after 
presentation at the trauma resuscitation room. Two hundred patients died in hospital (overall 
mortality 6.7%). Of the 1417 patients who were admitted to center B after presentation at 
the trauma resuscitation room during the period 2006 - 2011, a total of 203 patients died in 
hospital (overall mortality 14.3%). 

Table 2 shows demographic data and prognostic variables in both validation cohorts. The 
original population in which the EMTRAS has been developed (‘EMTRAS’ population), is 
included for comparison. 

Both validation cohorts for patients with an ISS ≥16 were comparable for sex and injury 
mechanism with the original EMTRAS population. For patients with an ISS ≥16 mortality 
was 17.1% in center A and 25.2% in center B. The mean ISS was lower in center A (25.5) 
and almost equal in center B (29.9) compared to the original EMTRAS population in which 
overall mortality was 21.9%. The distribution of the EMTRAS predictor values was comparable 
between the validation cohorts and the original EMTRAS population. Age and GCS for both 
validation cohorts were similar to the original EMTRAS population. Base excess was slightly 
lower for both validation cohorts, while prothrombin time was slightly shorter.

The validation cohorts for patients with an ISS <16 showed small differences for sex (more 
females in center A) and injury mechanism (more penetrating in both centers) with the 
EMTRAS population. Age in both cohorts was comparable with the EMTRAS population. 
As expected, the distribution of predictor values were more favourable in patients with an 
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ISS <16; including a higher GCS, a higher base excess and a shorter prothrombin time than 
in the original EMTRAS population. These findings correlate with a less severely injured 
population with a mean ISS of 6.3 and 7 for center A and center B respectively. Mortality in 
both validation cohorts for patients with an ISS <16 was 1.4%. Physiologic parameters, except 
GCS, were not available for center B.  

Predictors for EMTRAS calculation were complete for 2353 patients (78.4%) in the center A, 
and for 1096 patients (77.3%) in the center B. Calibration and discrimination analysis were 
performed on the imputed datasets.
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Figure 1. Calibration of the Emergency Trauma Score in trauma center A (continuous line) and B (dashed 
line) for patients with an ISS ≥ 16. Each dot represents patients with similar EMTRAS scores (ie EMTRAS 
0, EMTRAS 1 etc). Higher EMTRAS scores are represented with a single dot due to smaller patient 
numbers. The diagonal line indicates perfect calibration.

0 20 40 60 80 100
0

20

40

60

80

100

A

B

predicted mortality (%)

ob
se

rv
ed

 m
or

ta
lit

y 
(%

)

Figure 2. Calibration of the Emergency Trauma Score in trauma center A (continuous line) and B (dashed 
line) for patients with an ISS < 16. Each dot represents patients with similar EMTRAS scores (ie EMTRAS 
0, EMTRAS 1 etc). Higher EMTRAS scores are represented with a single dot due to smaller patient 
numbers. The diagonal line indicates perfect calibration.
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The EMTRAS was well calibrated in both validation cohorts when selecting patients with an 
ISS ≥16 (Figure 1). In patients with an ISS <16, the EMTRAS overestimated mortality in both 
validation cohorts, as is shown in Figure 2. 

The EMTRAS demonstrated good discrimination for both validation cohorts for patients with 
an ISS ≥16, as well as patients with an ISS <16. Discrimination was even slightly better than 
the AUROC of 0.81 for the original EMTRAS population. AUROC’s together with confidence 
intervals are presented in Table 3. 

Re-estimation of the logistic regression coefficients using the EMTRAS predictors in their 
continuous form in the validation cohort resulted in significant changes for several predictors 
compared to the original coefficients (Table 4). For patients with an ISS ≥16 the coefficient for 
GCS changed significantly in both validation cohorts, while the coefficient for the prothrombin 
time changed significantly only for center A. For patients with an ISS < 16 the coefficient 
for CGS changed significantly for center A. The direction of change indicated to a stronger 
association between the predictor and mortality, which corresponds with the increase in 
AUROC’s found in both validation cohorts. 

Validation cohorts

ISS ≥ 16 ISS < 16 

Original 
cohort

center A center B center A center B

Number of patients 4808 1013 770 1988 647

AUROC 
(95%CI)

0.81
(0.80 – 0.83)

0,90
(0,88 – 0,92)

0,89
(0.87 – 0.92)

0.94
(0.90 – 0.98)

0.82
(0.65 – 0.99)

Table 3 | Discrimination of the Emergency Trauma Score in the original and the two validation cohorts 
stratified by ISS. Discrimination is expressed by the area under the receiver operating curve (AUROC). 

Validation cohorts
ISS ≥16 ISS<16

Predictor Original 
cohort

center A p-value center B p-value center A p-value center B p-value

Age 0.0397 0.040 0.94 0.048 0.16 0.034 0.66 0.077 0.13

Glasgow 
Coma Scale

-0.1722 -0.242* 0.01 -0.312* 0.00 -0.306* 0.02 -0.291 0.15

Base 
excess

-0.0639 -0.083 0.32 -0.072 0.74 -0.130 0.08 -0.027 0.74

Prothrombin -0.0334 -0.047* 0.02 -0.039 0.41 -0.039 0.58 -0.017 0.34

Table 4 | Original coefficients and re-estimated coefficients for Emergency Trauma Score predictors in the 
two validation cohorts stratified by ISS. P-values indicate to the difference between the original coefficient 
and the re-estimated coefficient in the validation cohort. 
*significant change. 
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DISCUSSION

The results of this study show that the EMTRAS for early prediction of mortality performs 
well in two external validation cohorts. For patients with an ISS of at least 16 the EMTRAS 
discriminates even slightly better between those who will survive and who will not than in the 
original study. The EMTRAS is well calibrated for this group of patients, as predicted mortality 
is in close agreement with observed mortality across the full range of the EMTRAS score. The 
EMTRAS can also be used to discriminate between survivors and non-survivors in patients 
with an ISS below 16, but the EMTRAS is poorly calibrated in these patients. EMTRAS is a 
feasible tool to estimate mortality risk at an early stage in potentially severe trauma patients, 
as approximately 80% of the patients has complete data to calculate EMTRAS. 

The strength of the EMTRAS can be explained by the fact that each predictor alone is strongly 
related to mortality and that the model was developed in a large cohort producing robust 
estimates. Age represents an independent predictor of mortality in trauma patients.6-8 Age 
classified in five categories improved predictive performance over age as a continuous linear 
variable.9 The age categories in that study (15-44, 45-54, 55-69, 70-79, 80+) included an 
extra category for septuagenarian but were otherwise much comparable to the EMTRAS age 
categories. 

Initially described as an assessment tool for head injured patients,10, 11 the GCS has become 
an essential component of trauma severity systems. In the Revised Trauma Score12 the GCS 
carries the most weight compared to the respiratory rate and systolic blood pressure. It has 
been suggested that physiologic data, like GCS, are often missing.13 In our study data for GCS 
were missing in approximately 10% of the cases for center A, while there were no missings 
for center B. The GCS cannot be obtained reliably in intubated or obtunded patients. Using 
the motor component of the GCS,14, 15 only partly eliminates this problem as most intubated 
patients are sedated as well. In this study we used the last GCS obtained before intubation.

The base excess and prothrombin time both reflect the life-threatening condition called the 
‘lethal triad’.16, 17 Base excess reliably reflects physiologic disturbances in trauma patients.18 
An outcome prediction model for trauma patients incorporating base excess outperformed 
existing models in trauma patients admitted to the intensive care.19 Improved discrimination of 
models incorporating base excess was confirmed in a Dutch trauma population.20 Most early 
trauma deaths are related to uncontrolled hemorrhage.21 Coagulopathy is invariable related to 
hemorrhagic shock and is an independent predictor of mortality. Both laboratory parameters 
were available in the majority of trauma patients, also in those who were less severely injured 
(approximately 90%). However, there are two disadvantages that make prothrombin time less 
suitable for an early prediction model. It is not sensitive for acute traumatic coagulopathy and 
it may take 45-60 minutes for the result to become available,22 although modern analyzers can 
report prothrombin time within 30 minutes.

The strength of this study is that it addresses some of the shortfalls of the original ETMRAS 
publication as were noted by Esposito2 in his fine commentary. As suggested, the performance 
of EMTRAS in patients with an ISS < 16 is investigated. Missing values in prognostic models 
lead to a reduction in statistical power and may lead to biased results. In our study, multiple 
imputation23 was applied on predictors necessary for EMTRAS calculation and therefore no 
cases were lost for analysis. This study is the first validation of the EMTRAS in an external 
database. 
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How should the poor calibration for patients with an ISS below 16 be explained? Either there 
is a structural overestimation of mortality, or an under registration of deceased patients. The 
possibility of under– or incorrect registration of mortality could be excluded since the relevant 
administrative procedure is strictly monitored. Therefore, we sought to find explanations in 
our data that contribute to a high EMTRAS but that are not related to an increased mortality 
risk due to trauma. A few cases of epileptic insult combined with minor injuries have been 
identified that can explain a low GCS but this usually does not result in adverse outcome. 
Other causes of impaired consciousness not caused by trauma are alcohol intoxication 
and hypothermia. Inevitably, some patients will have been sedated and intubated because 
of dangerous agitation and have been assigned a GCS of 3. Finally, oral anticoagulant 
therapy was not evaluated in this study. In some cases the prothrombin time may have been 
prolonged due to anticoagulant therapy and not related to traumatic hemorrhage or tissue 
injury. 

We rejected the possibility of taking both patient groups with an ISS ≥ 16 and ISS < 16 
together and determine EMTRAS performance in the complete group. Despite better overall 
calibration, the poor calibration in the ISS < 16 would have been obscured by the good 
calibration in the ISS ≥ 16.  

Several limitations need to be taken into account when interpreting the results of this study. 
Our primary aim was to validate the EMTRAS in an external dataset. About one-third of the 
patients included in this study were treated in center B. The same center also contributes 
patients to the German Trauma Registry. The EMTRAS was originally developed in a cohort 
of the German Trauma Registry during the period 1993 until 2003. Therefore, theoretically we 
conducted a partly temporal validation of the EMTRAS. However, the contribution of center B 
to the original EMTRAS population was approximately 1%, so we consider this study to be a 
truly external validation.  

Inclusion criteria for patients judged as potentially severe trauma patients were not identical 
for both institutions. In center A all patients presented at the trauma resuscitation room were 
included, while for center B only ‘code red’ patients were included. For patients not classified 
as ‘code red’ no full trauma team was activated and no extensive laboratory tests were 
routinely performed. Therefore, these patients were not eligible for EMTRAS calculation. This 
resulted in the inclusion of relatively more severe injured patients for center B. The ratio of 
ISS ≥16 versus ISS <16 was approximately1:2 for center A and 1:1 for center B. This also 
demonstrates that even in the presence of a national ambulance protocol that states criteria 
for Level I trauma center referral, in-hospital triage criteria vary between institutions around 
the country. Determining criteria for potential severe trauma patients eligible for early outcome 
prediction using the EMTRAS that coincide with field triage criteria proves to be difficult. 
In particular when these criteria will be applied to emergency medical systems in various 
countries with different pre-hospital triage protocols and in-hospital trauma team activation 
protocols.24, 25  Early outcome prediction using the EMTRAS of a broader range of trauma 
patients, e.g. including those with normal physiologic parameters, would increase missing 
data for a selected group of patients. Presumably, many institutions will not routinely perform 
laboratory tests like base-excess and prothrombin time on hemodynamically stable trauma 
patients. 

For the above mentioned reasons, and due to the poor calibration of the EMTRAS in patients 
with an ISS < 16, this study has failed to identify patients eligible for early outcome prediction 
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using the EMTRAS on other criteria than the ISS. For practical reasons, inclusion criteria for 
those amenable for EMTRAS outcome prediction should coincide with (field) triage criteria or 
trauma team activation criteria. 

The clinical value of the EMTRAS has not been established with this study. Discrimination 
and calibration for patients with an ISS ≥ 16 is good, so the EMTRAS seems to be suitable 
for prognostication of this group of patients. The practical value of the EMTRAS as a tool 
for clinical decision making needs to be determined in further studies. The potential of the 
EMTRAS lies in the selection of patients who may benefit of damage control surgery, who 
need admission to a monitored setting or in counseling patient and family.

CONCLUSION

The present study validates the EMTRAS for early outcome prediction of trauma patients 
in two external cohorts. For patients with an ISS of 16 or higher the performance of the 
EMTRAS, examined by discrimination and calibration, was excellent. The EMTRAS tended to 
overestimate mortality risk in patients with an ISS below 16.  

Eligibility criteria for early outcome prediction with the EMTRAS based on the ISS is 
undesirable, as the anatomic nature of the ISS prevents early calculation during the 
resuscitation process. 
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ABSTRACT

Background
Reliability of injury coding underlying trauma databases is crucial for valid outcome 
comparison. Reliability in injury coding can possibly improve by training and education. 

Objective
To assess the influence of a dedicated training course on the ability of participants to assign 
correct codes and on inter-observer agreement using the Abbreviated Injury Scale (AIS).

Methods
Twelve participants followed a one-day training course in injury coding. The AIS code for 47 
injuries was recorded before (pre-test), during (test) and after (post-test) the course. The 
ability to assign the correct code and severity score was calculated, as well as the inter-
observer agreement for all three tests.

Results
The number of correct assigned codes overall improved significantly during and after the 
course. At rater level, the median percentage of correct unique codes was 71.3% in the 
pre-test, 86.2% in the test, and 83.0% in the post-test. Improvement was significant for test 
compared to pre-test. The median percentage of correct severity scores was 85.9% in the 
pre-test, 90.5% in the test, and 91.5% in the post-test. Improvement was significant for test 
compared to pre-test. Fleiss kappa’s fell within the substantial to almost perfect range and 
improved significantly during and after the course compared to the pre-test.

Conclusion
The results of this study emphasized the use of training in AIS coding to improve the ability to 
assign correct codes and to reduce inter-observer variability. It is advisable that all who are 
involved in injury coding using the AIS are trained by a dedicated course. 
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INTRODUCTION

Trauma databases enable analysis of performance data of individual institutions compared to 
a standard. They also serve to monitor the effectiveness of efforts taken to improve the quality 
of trauma care. Injury coding underlying trauma databases needs to be standardized and 
reproducible in order to draw valid conclusions from trauma databases.

The classification of injuries by type and severity according to the Abbreviated Injury Scale 
(AIS) forms the basis of several commonly used measures of overall injury severity such 
as the Injury Severity Score (ISS)1 and the New Injury Severity Score (NISS).2 The AIS is 
an anatomically based, consensus derived, internationally accepted global severity scoring 
system that classifies an individual injury by body region according to its relative severity. 
The first version of the AIS was published in 1971 with the purpose to categorize types and 
severity of injuries sustained in motor vehicle crashes.3 The AIS has since been revised 
several times by the Association for the Advancement of Automotive Medicine (AAAM) 
Committee on Injury Scaling, most recently in 2005,4 followed by an update in 2008.5 

Accurate and consistent application of the AIS is fundamental to sound injury data collection 
and the validity of methods that incorporate the AIS. Injury coding using the AIS is subject to 
variation between observers.6-10 Variation in injury coding can possibly be reduced through 
training and education.11 However, in none of these studies inter-observer reliability was 
assessed prior and after the course. Neither has the inter-observer variation of the AIS98 
been assessed corrected for chance.

The main objective of this study is to assess prospectively the influence of a dedicated training 
course on the ability of participants to assign correct injury codes and on inter-observer 
agreement using the AIS98.

MATERIALS AND METHODS

In the Netherlands a national trauma registry holds data of all acute, hospitalized trauma 
patients. Eleven designated level-1 trauma centres are responsible for the collection, 
submission and scrutiny of trauma survival data within regional networks rendering national 
coverage. The core dataset contains patient demographics, physiological parameters and 
anatomical injury descriptions. To date, the Dutch national trauma database uses the AIS 
1990 revision 1998 update (AIS98).12

Data were collected during a course in injury coding of the Sint Elisabeth Hospital, Tilburg, 
the Netherlands. This is an annual one-day course open to all health care workers (e.g. 
physicians, nurses, research assistants or medical record technicians) who are in charge of 
injury coding for trauma registration. A trauma surgeon, a neurosurgeon and a trauma registry 
coordinator are responsible for the content of the course programme. The course director is 
trained by an AAAM certified instructor. The course was initiated in 2004 and is currently the 
only ‘public’ course on injury coding in the Netherlands. During the course the participants 
learn how to use the AIS98 dictionary and how to apply coding rules. They practice in injury 
coding of single and multiple injuries, extracting injuries from medical records and calculation 
of the ISS. Previous experience of the participants in AIS coding was assessed by a 
questionnaire.

7
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Participants coded a sample of 47 injuries before, during and after the course. A pre-test 
was sent to their home address together with the course instructions and AIS dictionary and 
collected at the beginning of the course. The exercises the participants made during the 
course served as the test. The test was filled out on carbon paper and collected before the 
correct answers to the test were discussed. Finally, a post-test was sent and returned by email 
six weeks after completion of the course. The injuries for the pre-test and test were identical. 
For the post-test a different sample of 47 injuries was made in order to avoid that participants 
would be able to look up the correct answers from their course manual. The level of difficulty 
for the post-test was comparable to the pre-test and test. Also the distribution of AIS severity 
scores was comparable. Injuries were either modified from patient charts or contrived by 
the directors of the course based on their prevalence and educational value. None of the 
participants had prior knowledge to the exercises.  

The injuries that had to be coded were divided over 6 exercises; general, extremities, thoracic 
and pelvic contents, head and face, external and spine. All injuries had to be considered 
as isolated injuries. Two injuries could not be assigned an AIS code. These injuries were 
‘ingestion of a safety-pin’ (i.e. a foreign body) and ‘painful neck’ (i.e. a symptom or rather a 
consequence of an unknown anatomic injury). The correct answer was to leave these injuries 
uncoded. For the purpose of analysis these injuries were assigned an AIS severity score of 
0. Injuries that were left uncoded deliberately by the participants but should have been coded 
were also assigned an AIS severity of 0. In case of missing values for the test due to time 
restraints the answers were adopted from the pre-test, if present. An example of the (pre-)test 
and post-test for thoracic and pelvic injuries is given in Table 1.

(Pre-)test

Injury AIS code

Flail chest with lung contusion 450264.4

Rib fractures: 4 right, 3 left with hemothorax and bilateral lung laceration 450230.3
441450.4

Acetabular fracture 852600.2

Myocardial contusion 441002.1

Post-Test

Injury AIS code

Type B pelvic fracture (‘open book’) 852606.4

Rib fractures; 4 right , 3 left with hematothorax 450232.4

Sternal fracture 450804.2

Superficial stab wound to the thorax 416002.1

Table 1 | An example of (pre-)test and post-test with model answers

Actual performances score of the participants was measured for pre-test, test and post-test. 
The median percentage was determined for correct unique 7-digit AIS codes as well as for the 
correct AIS severity score. For example, a bimalleolar fracture (851612.2) that was coded as 
a lateral malleolar fracture (851608.2) was judged false for the 7-digit AIS code and judged 
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correct for the AIS severity score. The difference in valid percentage of correct answers 
before, during and after the course was tested with the Wilcoxon signed-ranks test. 

Inter-observer agreement on the AIS severity score was measured using Fleiss (generalized) 
kappa for pre-test, test and post-test with each participant serving as unit of observation. 
Eight categories were offered for the AIS severity; these categories were 0, 1, 2, 3, 4, 5, 6 
and 9. Participants with incomplete tests were excluded from inter-observer analysis. The 
kappa statistic, first introduced by Cohen13 and later generalised by Fleiss,14 is the percentage 
agreement corrected for chance agreement under de baseline assumption that the ratings are 
made independently. Kappa can range from -1 to +1. It is negative when expected agreement 
is greater than observed, zero when expected agreement is equal to observed, positive when 
observed agreement is greater than expected agreement, and +1 when agreement is perfect. 
No objective criteria to interpret kappa exist. We used the guidelines as presented by Landis 
and Koch15 to judge the strength of agreement. Kappa statistics for separate tests were 
judged as independent measures and tested for significance with the unpaired student t-test. 

Data analysis was undertaken using the Statistical Package for the Social Sciences (SPSS) 
version 18.0 (SPSS, Chicago, Ill., USA). Fleiss (generalized) kappa was calculated in syntax 
for SPSS (courtesy to J.E. King). Significance was attributed to p values of less than 0.05.  

RESULTS

Twelve persons participated in the injury coding course. Occupation and experience in injury 
coding of the participants varied. They included five data managers (of whom two were 
medical students), four physicians, one research coordinator with extensive experience 
in medical research but no medical background, one research nurse and one emergency 
department clerk (former nurse). Half of the participants had at least 3 months experience in 
injury coding. 

Overall Analysis
A total of 564 (12x47) injuries had to be coded for pre-test, test and post-test each. Coded 
injuries from incomplete test were included in the overall and participant’s level analysis. 
A total of 495 injuries were coded in the pre-test, while three pre-tests were incomplete. A 
total of 545 injuries were coded in the test, while one test was incomplete. The post-test was 
completed by ten participants (response rate 83%) who coded 470 injuries altogether. Two 
participants did not return the post-test. The percentages of correct unique 7-digit codes are 
presented in Figure 1 and correct AIS severity scores in Figure 2.

Analysis at Participant’s Level
Ten participants improved their percentage of correct answers in the test compared to the 
pre-test (p = 0.007; Wilcoxon signed-ranks test). Six participants improved their percentage 
of correct answers in the post-test compared to the pre-test, while two participants improved 
compared to the test (p = 0.203 and p = 0.207 respectively; Wilcoxon signed-rank test). The 
median valid percentage of correct unique 7-digit codes was 71.3% in the pre-test, 86.2% in 
the test, and 83% in the post-test. 

7
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Figure 1 | Percentages correct unique 7-digit codes  
*test vs pre-test **post-test vs pre-test

Figure 2 | Percentages correct AIS severity codes  
*test vs pre-test **post-test vs pre-test
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Ten participants improved their percentage of correct AIS severity score in the test compared 
to the pre-test (p = 0.031; Wilcoxon signed-ranks test). Seven participants improved their 
percentage of correct AIS severity score in the post-test compared to the pre-test, while four 
participants improved compared to the test (p = 0.138 and p = 0.594 respectively; Wilcoxon 
signed-rank test). The median valid percentage of correct AIS severity scores was 85.9% in 
the pre-test, 90.5% in the test, and 91.5% in the post-test. 

Inter-observer Agreement
Kappa statistics fell within the substantial and almost perfect range. Kappa statistic was 0.74 
(0.72 – 0.77) for 9 complete pre-tests, 0.81 (0.79 – 0.83) for 11 complete tests, and 

0.79 (0.77 – 0.81) for 10 complete post-tests (Table 2). Inter-observer agreement on the 
AIS severity score improved significantly for the test compared to the pre-test and post-test 
compared to pre-test (p = 0.0006 and p = 0.013; unpaired t-test).

Number of participants Kappa (95% CI)

Pre-test 9 0.74 (0.72 – 0.77)

Test 11 0.81 (0.79 – 0.83)

Post-test 10 0.79 (0.77 – 0.81)

Table 2 | Inter-observer variation using the abbreviated injury scale 1990 revision 1998 update.  
CI; confidence interval. Guidelines for the interpretation of kappa statistics (15). 

Kappa  Degree of Strength 
0.00 – 0.20  Negligible 
0.21 – 0.40  Fair 
0.41 – 0.60  Moderate 
0.61 – 0.80  Substantial 
0.81 – 1.00  Almost perfect

Analysis at Case Level
Injuries that were coded incorrectly for more than 50% involved primarily compound injuries, 
e.g. ‘gun shot wound to cerebrum and cerebellum’, ‘penetrating injury to liver with more than 
20% blood loss and perforation of the portal vein’. For the test and post-test, injuries with 
a higher injury severity score were more often coded incorrectly (p = 0.045 and p = 0.008; 
Linear-by-Linear Association). 

DISCUSSION

In the present study, a dedicated course on injury coding using the AIS98 significantly 
improves the number of correct coded injuries and assigned injury severity. The learning effect 
of a course seems to last, as the results of this study show improved performance scores 
until six weeks after the course. However, at participant’s level the benefits of the course 
were no longer significant at the post-test. Besides the ability to assign the correct code, the 
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inter- observer agreement among raters with varying background improves significantly by 
following a course. Compound injuries and more severe injuries tend to be more often coded 
incorrectly.

To our knowledge, no earlier study documented the influence of a course on the quality 
and reliability of the AIS in a prospective design. Mackenzie and colleagues7 examined the 
reliability of the AIS 1980 revision when applied by observers with varying backgrounds. The 
kappa’s reported in this study fell within the substantial range, as did the kappa’s in our study. 
Required for participation in the study was attendance at a 5-hour training workshop, but 
reliability was not assessed prior to the study. Read-Allsopp11 conducted a coding exercise 
amongst 27, mostly experienced injury coders four months after a dedicated training program 
in AIS98 coding. An overall accuracy rate of 79.8% was reported, almost identical to the 
overall percentage of correct unique 7-digit codes in the present study. Also in this study, 
reliability was not assessed prior to the training and consequently the influence of the training 
on the results could not be established. Secondly, inter-rater reliability was reported as overall 
accuracy rate or percentage correct codes at participant’s level. No attempt for correction for 
chance was made. 

Coding variability of the AIS has flow-on effects for the overall utility of AIS-coded trauma 
databases. The ISS is extensively used to describe overall injury severity or as a component 
in outcome prediction models for trauma patients. In a German study a wide variation in ISS 
for individual patients depending on the observer was reported.8 The study dates from 1992, 
however it is not explicitly stated which AIS version was used. Zoltie and De Dombal9 reported 
a wide variation in recorded injury severity scores. Fifteen observers were asked to identify 
every anatomical injury from 16 case notes and code the injuries according to the AIS 1990 
revision. The probability that any two observers would agree on the exact ISS was 28% and 
on the correct ISS range was 50%. In contrast with our study, observer agreement did not 
depend whether observers attended a coding course or were coding actively. Neale and 
colleagues10 investigated the quality of routine coding in the Queensland Trauma Registry. 
Despite a relatively low agreement between coders for unique 7-digit AIS98 codes, they report 
an intraclass correlation coefficient for the ISS of 0.90. The present study does not report 
the influence of a course on ISS agreement, but shows improved agreement on AIS severity 
codes. Nowadays, at most places ISS calculation has been computerized, and therefore 
improving agreement on AIS severity codes will result in better agreement on ISS. 

Limitations
This study has several limitations that need to be considered. The participants were tested 
for their ability to assign a code from the AIS code book to a clearly described, isolated 
injury. In practice, the reliability and accurateness of injury coding, and finally the results of 
comparative outcome analysis of trauma data, will also depend on the ability of coders to 
extract relevant information from patient records. This part of the injury coding process is also 
part of the training course in injury coding. However, availability and format of patient data will 
differ between institutions and therefore this issue was not included in the study. The present 
study assesses a part of the problem of reliable injury coding and therefore comparison of our 
results with earlier mentioned studies is hampered.

Participants in this study varied in background and experience, some of them had no (para)
medical training and lacked anatomical knowledge. Physicians and nurses are known to 
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be more reliable in their coding.7 Therefore, in participants with a medical background or 
experience in coding the learning effect will possibly be not as strong as we found in our 
study. However, the number of participants was too small to test this hypothesis in a subgroup 
analysis.

Despite the fact that the results of this study show improved performance and reliability in 
injury coding, yet approximately one on five of the unique AIS codes and one on ten of the 
AIS severity scores was wrongly coded. Further improvement is possibly achieved by case 
discussions between coders for more severe and compound injuries.

Different conditions of the pre-test, test and post-test may have biased the results. Pre-test 
and post-test were made at a self-chosen moment without time restraint, while the test was 
made in a supervised setting with time restraint. Theoretically, yet very unlikely, contact could 
have taken place between participants to discuss pre –or post-test. The slight drop in correct 
unique 7-digit codes for the post-test can be explained as a decline in motivation amongst 
the participants. The post-test consisted of different injuries than the pre-test and test. This 
was inevitable in order to avoid a strong ‘recall’ effect. We minimized the bias this might have 
introduced by developing a post-test that was comparable in level of difficulty and with the 
same AIS severity distribution as the pre-test and test.   

The AIS codeset has expanded in size to over 2000 injury descriptors in the 2005 revision.4 
The Dutch trauma registry has not yet adopted the AIS 2005 or 2008 update and therefore 
we were obliged to use the AIS98 for this study. Various efforts have been made to facilitate 
mapping of the 1998 to 2005 AIS version.16,17 However, this would have obscured the learning 
effect of the course on the inter-observer agreement.

With respect to the statistical analysis a weighted kappa analysis would have been favourable 
since the AIS severity code is an ordinal scale. Scrutiny of our data only revealed 7 cases in 
which the severity code differed more than one rank from the correct code. Hence, we found 
use of the non-weighted kappa justifiable. 

CONCLUSION

Reliability of injury coding is required to improve trauma care and to compare quality of trauma 
care between different regions and hospitals. The results of this study emphasized the use 
of training in AIS coding to improve ability to assign correct codes and to reduce variability. It 
is advisable that all who are involved in injury coding using the Abbreviated Injury Scale are 
trained by a dedicated course.

7
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ABSTRACT

Objective
Process evaluation of the trauma registry within a regional trauma network for the purpose of 
the legally obliged participation to the Dutch National Trauma Registry. 

Design
Drawing up an inventory, descriptive.  

Methods
This study evaluated the whole process of trauma registry, from the admission of the patient 
to discharge or decease, and from the entry of the data to the data transfer to the DNTR. 
The study consisted of a written questionnaire and an interview. All those involved in trauma 
registry in a regional trauma network were invited to participate in this investigation. 

Results
All people approached (23) from 9 hospitals, filled in the questionnaire and were interviewed. 
The majority of the hospitals (78%) had registered work agreements to organize trauma  
registry. A minimum of 12 out of 19 inclusion criteria for trauma registry was known to the 
majority of the interviewed persons (80%). Two thirds (6) of the hospitals supervised and 
controlled the inclusion and checked for “missed “patients. Respiratory rate was the vital 
parameter that was most frequently missing, followed by the Glasgow Coma Scale. The 
degree of automation of trauma registry and the way it is integrated in the hospital information 
system strongly differed per hospital.  

Conclusion
There is a considerable degree of variation in the implementation of regional trauma registry 
within a regional trauma network. Principle limitations are found in the absence of control 
mechanisms for inclusion and missing data, uniform definitions and work agreements, 
limitative measures for inter- and intra-observer variability in coding injuries, and ICT solutions. 
As a consequence, there is insufficient compliance with demands for completeness, reliability 
and consistency of data collection.  
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INTRODUCTION 

Clinical audits play an important role in the continuous process of improvement of health care. 
Registry and evaluation are used to measure quality of health care and help to identify points 
for amelioration. The positive effect of clinical auditing was recently described in a systematic 
review.1 However, there has also been criticism with regard to the correction of the case-mix in 
the calculation of the Hospital Standardized Mortality Ratio (HSMR).2,3

There are several examples of successful clinical audits. In the Netherlands, the surgical 
professions play a front role, but also intensive care and perinatal care have their own registry. 
Since its foundation in 2009, the Dutch Surgical Colorectal Audit (DSCA; www.dsca.nl) has 
been developed into a nationwide instrument of quality for surgical treatment of patients 
with  colorectal cancer.4 The interest politics and insurance companies awarded to DSCA, 
is illustrated by the fact,  that participation in DSCA is included as a Health Inspectorate 
performance indicator, since the year 2010. Following the DSCA, the Dutch Institute for 
Clinical Auditing (DICA; www.clinicalaudit.nl) has developed quality registries for breast, 
oesophageal, stomach and lung cancer. The Dutch Cancer Registry, that registers malignant 
tumours since 1989, can be regarded as one of the first national registries in the Netherlands. 
The output of the above-mentioned audits includes (yearly) reports, mirror information, 
benchmarks and scientific publications. 

Data of trauma patients in the Netherlands have been structurally registered since the 
beginning of this century. In 1998, the Dutch government decided to establish level I trauma 
centres to improve health care for trauma patients. Alongside the organization of trauma 
care within a region, trauma centres have the task to establish and maintain a regional 
trauma registry.5 The responsibility for data collection is partly delegated to the hospitals that 
participate in the regional trauma care network. 

The Dutch National Trauma  Registry (DNTR) was founded in 2006 and the trauma centres 
supply a mandatory dataset, the so-called MTOS+ dataset, to this national trauma registry. 
The MTOS+ dataset includes pre-hospital data, vital parameters, coding of injuries, and 
hospital mortality of all hospitalized, transferred trauma patients, including those who 
deceased at the Emergency Department (ED) (Figure 1). 

A well functioning trauma registry is of great importance to realize quality improvements in 
the health care for trauma patients.6 In 2009, the World Health Organization (WHO) published 
‘Guidelines for Trauma Quality Improvement Programmes’ and emphasized the importance 
of adequate trauma registry.7 Reliability, completeness, and uniformity of data are some of 
the challenges regional trauma  registry centres are exposed to.8 In order to arrive from data 
collection to reliable conclusions, it is important to evaluate the process of data collection and 
data processing. The purpose of this study is to evaluate the process of trauma registry within 
a regional trauma network. 

8
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Figure 1 | Dutch national trauma registry and MTOS+ dataset 
MTOS; Major Trauma Outcome Study, ED; Emergency Department AIS; Abbreviated Injury Scale, ICU; 
Intensive Care Unit

METHODS

This study was conducted in the regional trauma network, TraumaNet AMC (TN-AMC), a 
partnership of 9 hospitals in the region of Amsterdam, the Netherlands, that provides trauma 
care to an area of 2300 km2 with about 1,4 million inhabitants. Since the foundation of TN-
AMC in 2008, trauma registry has been introduced step-by-step in the participating hospitals. 
The number of included patients per year and the main patient characteristics are presented 
in Table 1. 

Year Number Age in years 
(mean ± SD) 

Gender
(% male)

Mechanism of 
Injury (% blunt)

ISS
(mean ± SD)

2008 3.889 50,9 ± 28,3 52,1 96,1 7 ± 6

2009 5.775 52,0 ± 28,8 51,3 96,2 7 ± 6

2010 6.198 52,7 ± 28,7 50,6 94,5 7 ± 5

2011 5.689 51,9 ± 29,6 50,4 96,3 7 ± 5

Table 1 | Hospital admissions and patient characteristics regional trauma registry TN-AMC 
TN-AMC; trauma network Academic Medical Center, ISS; Injury Severity Score, SD; standard deviation
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The whole process of trauma registry, from admission of the patient to discharge or decease, 
from entry of the data to transmission of the data to the DNTR, has been evaluated using 
a written questionnaire and an oral interview. The aim was to evaluate the process per 
hospital. Beforehand, the project leader trauma registry of TN-AMC per hospital compiled a 
list of people directly involved in trauma registry. These persons were sent a formal invitation 
to participate in this study, accompanied by background information about the objectives 
and benefits of the study. Per hospital, at least two persons were invited, dependant on the 
organization of trauma registry within that hospital.  

Prior to the interview, participants were asked to fill in a questionnaire. All items of the 
mandatory MTOS+ dataset were listed in this questionnaire and people were asked to indicate 
if these data really were registered, who was responsible for this, and whether these data 
were manually or digitally recorded. 

Participants were involved in a structured interview, questions were formulated by the 
investigators at forehand. The interview focused at the following aspects in the process of 
trauma registry: 

1. General: What is the benefit of trauma registry? How have responsibilities been 
divided? How much time is spend on registry? What are the principle problems and 
improvement issues? Work accords, are they registered?  

2. Inclusion: Who performs inclusion? Are people aware of the inclusion criteria and are  
mechanisms for control in place? 

3. Vital parameters: By whom, at what stage in the care trajectory and how are blood 
pressure, Glasgow Coma Scale (GCS) en respiratory rate registered?

4. Injury coding: Who performs injury coding and what version of the Abbreviated Injury 
Scale is used? Are these people qualified in injury coding? 

5. ICT: Are the data for the trauma registry digitized? Is there a link with the Hospital 
Information System (HIS)? Is it possible to inter-link the different HIS systems?  

6. Support from TN-AMC: Is feedback from TN-AMC sufficiently frequent? Are those 
people involved sufficiently informed on trauma registry? Is there a need for mirror 
information from the DNTR?

The complete questionnaire and the interview can be found on www.traumanetamc.nl.

The interviews were taken by two investigators (PJ, MK), supported by a student medical 
informatics (VZP). The duration of the interview was 30-45 minutes. The interviews were held 
in the period from December 2011 to January 2012. 

RESULTS

Participants 
All people invited from the 9 hospitals of TN-AMC participated in this study. In total 23 persons 
were interviewed, on average 2,6 persons per hospital. The interviewed persons held the 
following functions: emergency physicians (3), head nurse ED (8), trauma surgeons (8), ED 
receptionist (3) and employee surgical secretary (1).

8
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General 
The majority of the participants (60%) was informed that trauma registry is mandatory. Seven 
hospitals had recorded their work agreements for the purpose of the trauma registry. Benefits 
of trauma registry that were mentioned included: notion of costs, quality improvement of 
health care, research, education, guidance of policy, notion of trends and extent, quality 
assurance, mirroring different hospitals. On average 2 hours and 15 minutes per week were 
spend on trauma registry (13 respondents). 

Inclusion of patients in trauma registry 
Twelve out of nineteen inclusion- and exclusion criteria were correctly applied by 80 % 
of the persons interviewed. Less than 80 % of the interviewed persons was familiar with 
the following inclusion criteria: inhalation trauma patients, victims of hypothermia, patients 
transferred to hospital department or SEH and patients deceased during transfer to SEH. Less 
than 80 % of the interviewed persons knew about the following exclusion criteria: patients 
electively hospitalized for postponed treatment of injuries and patients without injuries who 
were hospitalized for observation. An ED receptionist did the inclusion in six hospitals (Table 
2). Two third of the hospitals (6/9) controlled the correctness of inclusion and also controlled 
for “missed” trauma patients. 

Vital parameters 
In all hospitals recorded vital parameters were directly registered after entrance at the ED. All 
hospitals also registered initial vital parameters of patients ultimately deceased. Two out of 
nine hospitals did not register vital parameters of all trauma patients, but only “on indication”. 
One hospital registered respiratory rate in ranges, other vital parameters were registered in 
absolute values. In eight hospitals an adapted GCS was used for children. All hospitals scored 
GCS correct for intubated patients as “EMVtube’. All hospitals indicated that respiratory rate 
was missing most frequently, followed by GCS. This was motivated by the arguments that it 
not is a part of the routine practice, the importance for lightly injured patients is not recognized 
and counting of respiratory rate is time-consuming.  In all hospitals vital parameters were 
entered manually into the patient data management system.   

Injury coding 
All hospitals used the correct version of the Abbreviated Injury Scale (AIS ) (version 1990 
update 1998) for the coding of injuries.9 In seven hospitals injuries were coded by data 
managers of TN-AMC (Table2). All coders except two had followed a course in injury coding. 
Information for injury coding was retrieved from discharge letters, radiology reports, laboratory 
results and operation reports. In eight hospitals injury coding took place within two weeks after 
discharge or decease, in one hospital directly upon discharge or decease. 

ICT
There is a large variation in the extent of automation of trauma registry, the way it is 
implemented and how it is integrated into HIS. In three hospitals, patients that should be 
included, are manually ticked at the ED visitors lists. The data of these patients are checked 
later. Inclusion at the other six hospitals takes place by means of an electronic tick in the HIS. 
Table 2 presents an overview of the various HIS that are in use and the way data are entered 
into the DNTR. At the time of this study the Graphical User Interface (GUI), a secured website, 
was used by some hospitals to directly enter data into the DNTR. Data from the various HIS 
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were extracted, supplemented with other data, such as AIS codes, and subsequently manually 
entered into the GUI by data managers of TN-AMC. In other hospitals Excel templates were 
used to compile data, that are being merged into quarterly files. The files are collected by TN-
AMC data managers and subsequently sent as bulk files to the DNTR. From all data needed 
for trauma registry, initially 92 % is digitally entered into the HIS (Figure 2). However, in none 
of the hospitals there was a direct link between the digitally available data from the HIS and 
the DNTR. 

Support by TN-AMC and feedback 
The bi-annual reporting of own data from trauma registry by TN-AMC is appreciated 
and assessed as sufficient by 8 hospitals. In 7 hospitals there is a need for a recurrent 
presentation of the use and necessity of trauma registry, notably to inform newly involved 
employees in trauma care. Besides the bi-annual reporting, there is need for feedback from 
the DNTR. This concerns comparative information, both within the region as nation-wide. 

Hospital City Level Inclusion AIS Injury 
Coding

Hospital 
Information 
System

GUI vs 
Upload

Academic 
Medical Center

Amsterdam 1 ED receptionist trauma 
surgeon

AZD, ZIS, 
Xcare

Upload

BovenIJ Amsterdam 3 ED nurse secretary ChipSoft Upload

Flevo Almere 3 ED receptionist data manager 
TN-AMC

DCC GUI

Medical Center 
Zuiderzee

Lelystad 3 ED receptionist data manager 
TN-AMC

XCare GUI

Onze Lieve 
Vrouwe Gasthuis

Amsterdam 2 emergency 
physician

data manager 
TN-AMC

ECare / 
XCare

Upload

Sint Lucas 
Andreas 

Amsterdam 3 emergency 
physician 

data manager 
TN-AMC

EPIC GUI

Tergooi Blaricum/
Hilversum

3 ED receptionist data manager 
TN-AMC

Mirador GUI

Waterland Purmerend 3 ED receptionist data manager 
TN-AMC

SAP Upload

Westfriesgasthuis Hoorn 2 ED receptionist data manager 
TN-AMC

ChipSoft Upload

Table 2 | Regional trauma network TN-AMC 
AIS; Abbreviated Injury Scale, GUI; Graphical User Interface, ED; Emergency Department

8
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Figure 2 | Mode of documentation by domain in percentages. 

DISCUSSION

This study shows that there is considerable variation in the way trauma registry is organized 
within a regional trauma network. With regard to the inclusion criteria, there is sufficient 
consensus. However, 1/3 of all hospitals has no control mechanisms for missed patients. 
Complete registry of vital parameters appears to be a problem. Recording of vital parameters 
for visibly stable patients is being regarded as redundant, due to the fact ED personnel is 
insufficiently aware of the importance of these values for trauma registry. In most hospitals 
injury coding is done by data managers of TN-AMC. Due to a lengthy and rather complex 
systematic of coding, commissioned to a rather limited number of people, presumably the 
variability of coding will be limited. On average, people spent 2 hours and 15 minutes per 
week on trauma  registry. In this assessment, the activities of the data managers of TN-AMC 
have not been included (2.3 full time equivalent). The burden of registry is regarded to be 
the principal disadvantage. This can possibly be diminished by ICT solutions, in particular 
by linking of HIS with DNTR. Participants are positive about the support given by TN-AMC, 
notably the bi-annual mirror information is highly regarded.  

The legal obligation of trauma centres to participate in DNTR creates an unprecedented 
opportunity to do research on the epidemiology of traumatic injuries and on the outcome of 
trauma care for the whole of the Netherlands trauma population. However, this study shows 
variation in process and procedures in regional trauma registry and therefore presumably 
as well in comparability of data. There are insufficient control mechanisms to detect missing 
or wrong inclusions. As a consequence, bias by selection can occur. In an evaluation of the 
Australian Queensland Trauma Registry, about 5% of the patients appeared to be missed 
or mistakenly included.10 The number of missed inclusions in regional registry is not known. 
Missed or mistaken inclusions could be avoided by adequate control, based on basic hospital 
administration of the responsible specialism or periodic random samples. Respiratory rate 
and GCS were least reliably registered, according to people interviewed. This agrees with 
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the annual reports, in which respiratory rate and GCS, were absent for 81 % and 56 % 
respectively. In an American study, investigating errors in trauma data registry, failures were 
found in 55,6 % of GCS values recorded upon admission of the patient.11 Presumably, vital 
parameters are more often absent in patients with light injuries, and in instable patients, 
where the hectic situation may prevent routine recording of control values. For ambulatory 
ED patients, the number of missing data could be limited, by measuring blood pressure, 
pulse, and respiratory rate routinely during triage and entering these data into the HIS. A 
Patient Data Management System (PDMS), can be a remedy for the situation in ED, as it is 
in the operation rooms and intensive care units. All patient data that are being registered by 
surveillance- and monitoring apparatus, are being stored and can be read out. 

Extended instruction and repeated training are necessary to limit inter- and intra-observer 
variability in injury coding.12 As with the Hospital Standardized Mortality Ratio (HSMR), 
variation in coding will affect upon the corrected mortality.13 Within TN-AMC, injury coding 
is mostly done by trained data managers, which have easy access to trauma surgeons in 
the trauma centre. Injury coding has to take place based on complete documentation of the 
patient, in order to eventually score additional diagnosis. Discharge letters and operation 
reports only are available after some time and therefore, injury coding should be performed 
some weeks after discharge or decease. The hospital in our network that coded the injuries on 
the day of discharge, has adapted this practice, based on this research. 

Uniformity of definitions and process is important to guarantee consistency. In a Dutch study 
about the accuracy of a prospective registry of complications of surgical patients, a number 
of important complications appeared to be inconsistently registered, whereas 10% of the 
registered events did not meet the definition of a complication.14 Many practical questions and 
definitions can be recorded best in a manual for trauma registry. The research institute of the 
American Ministry of Health Care has developed useful directions for registry (http://www.
effectivehealthcare.ahrq.gov/repFiles/DEcIDEs_Registries.html#execsum). The American 
College of Surgeons has established a National Trauma Data Standard to standardize data 
collection within the national trauma registry (http://www.ntdsdictionary.org/index.html). 

Future of national registries
With increasing demands to measure the quality of health care, to compare outcome, and 
transparency of production and results, the importance of (national) registries will further 
increase. Policy makers, health care cost insurers, but also the public opinion are demanding 
disclosure of these data. This study of a regional trauma registry, recommends a number of 
improvements that may be beneficial also to other registries. It will be of great importance to 
keep the burden of registry within limits and manageable. By linking of data bases and ICT 
solutions, the number of ‘double registrations’ can be reduced.  

Data managers are indispensable to administer complex and extended files and to guard 
the quality of data. Direct feedback and transparency of data will increase the involvement of 
clinicians and helps to maintain their motivation. The design and implementation of (national) 
registries has to be realised with consultation of the involved professions and needs a wide 
consensus in order to be successful. Data have to be managed centrally, but data should 
be available for participants, in order to do research meeting pre-notified standards. The 
abovementioned measures and conditions will effectively contribute to reliable databases and 
improvement of the quality of health care, facilitated by the efforts of many people working in 
the trauma care sector. 

8
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ABSTRACT

Background
The purpose of this study was to analyze the effect of the introduction of an all-in workflow 
concept that includes direct computed tomography (CT) scanning in the trauma room on 
mortality and functional outcome of trauma patients with severe traumatic brain injury (TBI) 
admitted to a Level I trauma center.

Methods
To this end, a retrospective comparison was made of a 1-year cohort prior to the 
implementation of the all-in workflow concept (Pre-CT in trauma room cohort [Pre-TRCT]) and 
a 1-year cohort after the implementation (Post-TRCT). All severely injured TBI patients aged 
16 years or older that were presented in our Level I trauma center and that underwent a CT of 
the head were initially included. Severe TBI was defined as an abbreviated injury scale (AIS) 
score of > 2 of the head region following trauma. Primary outcome parameter was TBI-related 
mortality during primary hospital admission. Secondary outcome parameter was the functional 
outcome based on GOS-Extended.

Results
A total of 59 patients were included in the Pre-TRCT and 49 in the Post-TRCT. Median age 
was 49 years in the Post-TRCT and 44 years in the Pre-TRCT (not significant[NS]). Median 
ISS was similar (ISS=25). Median Head-AIS was higher in the Post-TRCT (5 vs. 4, NS). 
Initial CT scanning was completed faster in the Post-TRCT. There was a significant difference 
of 23% mortality in favor of the Post-TRCT for TBI-related mortality during primary hospital 
admission (p < 0.05). For acute neurosurgical interventions, time until intervention tended to 
be faster in the Post-TRCT (NS). Functional outcome for survivors was higher in the Post-
TRCT (6 vs 5, NS).

Conclusion
In two 1-year cohorts of severe TBI patients (before and after the introduction of a new trauma 
workflow concept that includes CT scanning in the trauma room), a significant difference for 
primary and overall mortality in favor of the Post-TRCT was found. Functional outcome tended 
to be higher in the Post-TRCT (NS).
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INTRODUCTION

Traumatic brain injury (TBI) is the most common cause of death in young adults and has 
a significant impact on quality of life following injury.1,2 In the United States, approximately 
500.000 patients are presented with TBI annually, of which 20% die of their injuries. Severe 
TBI, often defined as an initial emergency room Glasgow Coma Scale (GCS) score < 8, 
shows an even higher mortality rate ranging, of 36 - 51%.3-7

Recent studies have shown the major role of “time until intervention” and the prominent 
role of diagnostics in the prognosis of this population.8-10 Even small delays in an accurate 
assessment and treatment of significant injuries to the brain can result in severe, irreversible 
damage.9,10 Several guidelines and studies recommend decompressive  craniectomy to be 
performed within 4 hours.11-13

In 2004, the “Amsterdam Trauma Workflow Concept” was introduced and implemented in 
our Level I university hospital.14 In this newly constructed trauma room, conventional imaging 
is combined with a moveable sliding computed tomography (CT) scanner that can serve 
two mirrored and adjacent trauma rooms. This has enabled the trauma team to complete 
radiological imaging in one location, thus eliminating the need to physically move the patient, 
as was previously necessary. This has lead to a faster initial diagnostic workup of the trauma 
patient.14 We believe that this concept has a positive effect on outcome in the more severely 
injured trauma patients, including the severe TBI patients, by providing a faster and more 
complete workup for severely, and often multiple injured patients.

The purpose of this study is to analyze the effect of the introduction of the Amsterdam Trauma 
Workflow (ATW) concept on mortality and functional outcome of trauma patients with severe 
TBI admitted to a level-1 trauma center. 

METHODS

Study design and study setting
The Academic Medical Center in Amsterdam, the Netherlands, is a university hospital and 
one of the two level I trauma centers for the region of Amsterdam. Yearly, around 600 trauma 
team alerts are issued in our center, of which 25% eventually have an Injury Severity Score 
(ISS)   ≥ 16. Prior to January 2004, all trauma patients were initially seen by a complete 
multidisciplinary trauma team in a pre-designated trauma room that included conventional 
X-ray imaging and ultrasound. For additional CT imaging, patients required transportation 
to the radiology department, located 2 floors above the trauma room and accessible by 
emergency priority elevator. All CT imaging was performed on a multislice four-slice CT 
scanner (MX 8000, Philips Medical Systems). 

After the introduction of the Amsterdam Trauma Workflow (ATW) concept in 2004, all trauma 
patients were seen by the complete multidisciplinary trauma team in the new trauma rooms 
that included the moveable CT scanner. All required CT imaging was performed without 
leaving the trauma room using the moveable multislice four-slice CT scanner (SOMATOM 
Sensation 4, Siemens). During both study cohorts, the same trauma protocols were applied 
and all radiological interpretation was performed by the radiologist on call. 

9
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A retrospective comparison was made of two one-year cohorts separated by a three-month 
period in which the ATW concept was introduced and implemented in the Academic Medical 
Center. The Pre trauma room CT cohort (Pre-TRCT) initially included all trauma patients 
evaluated in the trauma room from January 1, 2003 until December 31, 2003. The Post 
trauma room CT cohort (Post-TRCT) initially consisted of all trauma patients presented to the 
trauma room from April 1, 2004 until March 31, 2005.

All severe TBI patients aged 16 years or above that were presented were initially screened. 
Severe TBI was defined as an Abbreviated Injury Scale (AIS) score of > 2 of the head region 
(H-AIS). Patients with only an H-AIS score were defined as isolated TBI. Patients without a CT 
of the head and patients younger than 16 years at time of admittance were excluded. 

Data collection and comparisons
The data from the primary hospital stay for all patients in both cohorts were collected from the 
medical charts, the hospitals’ electronic patient information system, and the trauma registry. 
Collected data included standard demographic data, GCS score at arrival in the trauma 
room, length of hospital and intensive care unit (ICU) stay, Injury Severity Score (ISS), and 
mechanism of injury. The neurological injuries sustained were collected from chart history 
and radiological imaging. The time interval from admittance until completion of CT imaging 
was extracted from the Picture Archival and Communication System (Agfa Impax; AGFA 
Netherlands, Rijswijk, The Netherlands). 

Neurosurgical procedures were categorized as either intracranial pressure (ICP) monitoring 
or interventional sessions. For all acute neurosurgical sessions, defined as neurosurgery 
immediately following the primary trauma evaluation (including CT imaging), time from 
admission to the trauma room until start of operation was collected. 

Primary outcome parameter was TBI-related mortality, determined for the primary hospital 
stay. Overall mortality was determined for both the primary hospital stay and following at 
least 12 months after discharge. Out-of-hospital mortality was gathered through the general 
practitioner’s database and state population registry. Secondary outcome included functional 
neurological outcome using the Glasgow Outcome Scale – Extended (GOS-E).15,16 For all 
survivors at the time of the study, 

GOS-E was determined through either telephone interviews or GOS-E questionnaire forms 
sent by post. Survivors that refused to participate with the study, could not be reached by 
phone, or did not return the questionnaire were excluded for the secondary outcome. 

Statistical analysis
Data were analyzed for all included patients. All continuous variables are presented as median 
values with interquartile ranges (IQR) and are compared using Mann-Whitney U test, or as 
mean values with standard deviations (SD) and compared with independent t-test depending 
on data distribution. Categorical variables were calculated as percentage of frequency of 
occurrence. Discrete variables were compared using Fisher’s Exact analyses. Statistical 
significance was declared at the 0.05 level. All data management and statistical analyses were 
performed using SPSS Base for Windows, version 12.02 (SPSS Inc., Chicago, IL). 
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RESULTS

A total of 558 (Pre-TRCT) and 586 (Post-TRCT) trauma patients were initially evaluated in 
the trauma room during the respective cohort periods and extracted from the trauma registry. 
Included for analysis based on the AIS criteria and the age criterion, a total of 59 patients in 
the Pre-TRCT cohort and 49 patients in the Post-TRCT cohort were included. 

Demographics
Demographic data for both cohorts can be found in Table 1. Median age was 44 years in the 
Pre-TRCT cohort versus 49 years in the Post-TRCT cohort. A total of 61% and 69% were 
males in both cohorts, respectively. Median ISS for both cohorts was 25. Median AIS for 
the head/neck region (H-AIS) was 4 in the Pre-TRCT cohort and 5 in the Post-TRCT cohort 
(not significant [NS]). A total of 59% and 41% of the Pre-TRCT and Post-TRCT cohorts, 
respectively, were categorized as isolated TBI (difference NS).  

In table 2, the mechanisms of injury and the sustained neurological injuries are shown for 
both cohorts. There were no significant differences between the two cohorts regarding either 
mechanism of injury or injuries sustained. There tended to be more subdural hematoma 
injuries, more patients showing signs of midline shifting and less patients with subarachnoid 
hemorrhage in the Post-TRCT cohort (difference NS).

In the Pre-TRCT cohort, 52 patients (88%) had a GCS of < 8 at arrival against 38 patients 
(77%) in the Post-TRCT cohort (difference NS). Of all patients in the Post-TRCT cohort with a 
GCS above 8, seven patients were diagnosed with an H-AIS of 5 or higher. In the pre-TRCT 
cohort, two patients had an H-AIS of 5 or higher.

Average time until completion of initial CT imaging in the Pre-TRCT was 70 minutes (SD + 
82 minutes) and in the Post-TRCT 48 minutes (SD + 28 minutes). Initial CT imaging was 
completed 22 minutes faster during the Post-TRCT cohort (95% CI, 11-32 minutes, p < 0.01). 

 Pre-TRCT 
(n = 59) 

Post-TRCT 
(n = 49)

Median age on arrival (years, IQR) 44 (31 – 59) 49 (34 – 69)

Gender (% males) 61% 69%

Median ISS (IQR) 25 (16-29) 25 (25-34)

Median H-AIS (IQR) 4 (4-5) 5 (4-5)

Isolated neurological trauma 35 (59 %) 20 (41 %)

GCS ≤ 8 on arrival 52 (88 %) 38 (77 %)

Neurosurgical procedures
ICP monitoring 
Interventional sessions

33 (56 %)
18 (31 %)
20 (34 %)

27 (55 %)
16 (33 %)
19 (39 %)

ICU admittance 48 (81 %) 41 (84 %)

Table 1 | General demographics  
Pre-TRCT; cohort prior to implementation of the Amsterdam Trauma Workflow concept, post-TRCT; cohort 
after implementation of the Amsterdam Trauma Workflow concept, IQR; interquartile range, ISS; Injury 
Severity Score, H-AIS; Abbreviated Injury Scale for the head region, GCS; Glasgow Coma Scale, ICP; 
intracranial pressure, ICU; intensive care unit.
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Mechanism of injury Pre-TRCT (n = 59) Post-TRCT (n = 49)

Falls 39% 45%

Motor vehicle crashes 15% 22%

Bicycle/moped crashes 27% 16%

Pedestrian hit by traffic 9% 8%

Other trauma mechanism 10% 10%

Neurological injuries

Subdural hematoma 25 (42%) 26 (53%)

Epidural hematoma 3 (  5%) 4 (  8%)

Contusions 22 (37%) 13 (27%)

Basal skull fractures 10 (17%) 6 (12%)

Subarachnoid hemorrhage 8 (14%) 4 (  8%)

Intracerebral hematoma 7 (12%) 3 (  6%)

Impression fractures 4 (  7%) 4 (  8%)

Midline shifting 23 (39%) 24 (49%)

Cerebral edema 10 (17%) 8 (16%)

Table 2 | Mechanism of injury and neurological injuries 
Pre-TRCT; cohort prior to implementation of the Amsterdam Trauma Workflow concept, post-TRCT; cohort 
after implementation of the Amsterdam Trauma Workflow concept.

Neurosurgery
A total of 33 patients in the Pre-TRCT cohort underwent a neurosurgical procedure, of which 
13 solely underwent ICP monitoring and 15 underwent neurosurgical intervention only. A total 
of 5 patients underwent both ICP monitoring and a neurosurgical intervention during primary 
hospital stay in the Pre-TRCT cohort. There were 22 patients that underwent immediate 
neurosurgery following trauma evaluation. Median time until acute neurosurgery was 138 
minutes, with a range of 246 minutes (IQR, 73-182 minutes; Figure 1). A total of 12 patients 
underwent decompressive  craniectomy to relieve ICP, three patients were operated for 
sustained impression fracture of the skull, and 7 patients underwent acute ICP monitoring. 

In the Post-TRCT cohort, 27 patients underwent a neurosurgical operation, including 8 ICP 
monitoring sessions, 11 neurosurgical interventional sessions, whereas 8 patients underwent 
both ICP monitoring and neurosurgical intervention during the primary hospital stay. A total 
of 18 patients underwent immediate neurosurgery following the trauma evaluation in the 
Post-TRCT cohort. Median time until acute neurosurgery was 95 minutes with a range of 148 
minutes (IQR, 73-117 minutes; Figure 1). A total of 12 patients underwent decompressive  
craniectomy to relieve ICP, while 3 patients were operated for a sustained impression fracture 
of the skull. A total of 4 patients underwent only acute ICP monitoring.

There were no significant differences between Pre-TRCT and Post-TRCT regarding 
neurosurgical procedures, neurological injuries operated upon, or time until acute 
neurosurgery. 
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Figure 1 | Time until acute neurosurgery.  
This boxplot figure shows the distribution of time until acute neurosurgery in minutes between the two 
cohorts. The range of the time until neurosurgery and interquartile ranges along with median value are 
shown for both cohorts. Pre-TRCT, cohort prior to implementation of the Amsterdam Trauma Workflow 
(ATW) concept; post-TRCT, cohort after implementation of the ATW concept. 

TBI-related mortality
An overview of the primary outcome for the two cohorts can be found in table 3. In the Pre-
TRCT cohort, a total of 24 patients (41%) died during primary admission due to brain injury. Of 
these, 58% was male and their median age at the time of the accident was 45 years (IQR, 34-
62 years). After the introduction of the new trauma room concept, a total of 9 patients (18%) 
died due to traumatic brain injury during their primary admission. In this cohort, 56% was male 
with a median age at the time of the accident of 52 years (IQR, 41-73 years). There was a 
significant difference (23%) in favor of the Post-TRCT for TBI-related mortality during primary 
admission (p < 0.05).

Overall mortality
Total mortality for the Pre-TRCT cohort, including non-TBI deaths and out-of-hospital deaths 
at time of follow-up was 53%, of which 8% died after primary discharge. In the Post-TRCT 
cohort, a total mortality at the time of follow-up was 31%, of which 6% died after primary 
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discharge. The difference in overall mortality (22%) was significantly lower in the Post-TRCT 
cohort (p < 0.05). 

ICU and hospital stay
A total of 81% of the patients in the Pre-TRCT cohort was admitted to the ICU during primary 
hospital admission, with a median ICU stay of 5 days. In the Post-TRCT cohort, 84% was 
admitted to the ICU, for a median of 8 days. There were no significant differences in both ICU 
admittance and ICU length of stay (LOS). The median LOS of the primary hospital admission 
for the patients that left the hospital alive was 11 days in the Pre-TRCT cohort. This LOS stay 
was significantly longer in the Post-TRCT cohort with a median stay of 24 days (p < 0.05). 

Functional outcome data
Twenty-four patients (86%) of all surviving patients in the Pre-TRCT cohort returned the 
functional outcome questionnaires. Median follow-up time was 35 months after trauma. 
Median GOS-E score of the survivors was 5 (IQR, 4 - 7). In the Post-TRCT cohort, functional 
outcome was determined in 25 surviving patients (74%). Median follow-up time was 22 
months after trauma and a median GOS-E score was 6 (IQR, 5 - 7). 

  Pre-TRCT (n = 59) Post-TRCT (n = 49)

TBI related mortality
TBI related mortality GCS > 8 at arrival
TBI related mortality GCS ≤ 8 at arrival

24 (41 %)
3 / 7
19 / 52

9 (18 %)*
0 / 11
9 / 38

Overall mortality 31 (53 %) 15 (31 %)*

Survivors of primary stay 33 (56 %) 37 (76 %)*

Hospital stay for survivors in days (median, IQR) 11 (7 - 36) 24 (8 - 64)

ICU stay for survivors in days (median, IQR) 7 (3 - 16) 11 (3 - 17)

Survivors with GOS-E follow-up 24 (73 %) 25 (68 %)

Median GOS-E (IQR) 5 (4 - 7) 6 (5 - 7)

Table 3 | Primary outcome 
Pre-TRCT; cohort prior to implementation of the Amsterdam Trauma Workflow concept, post-TRCT; 
cohort after implementation of the Amsterdam Trauma Workflow concept, TBI; traumatic brain injury, IQR; 
interquartile range, ICU; intensive care unit, GOS-E; Glasgow Outcome Scale-Expanded, *p < 0.05.

DISCUSSION

In this study, we compared 1-year cohorts of severe traumatic brain injury patients from before 
and after the introduction of a new trauma workflow concept that incorporates a sliding CT 
scanner in the initial trauma workup. A significant difference for primary and overall mortality 
was found in favor of the Post-TRCT cohort, the cohort after the introduction of the new 
workflow concept. 

With a reported mortality percentage reaching up to 51%, severe brain injury remains one 
the most prominent causes of death in the early phases following trauma-inflicted injuries.3-7 

It is widely assumed that this group of severely injured trauma patients will benefit from early 
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diagnostics and interventions to minimize secondary brain injury and thus increase survival.8,17 

Bulger et al., in their multicentered study found that increased head CT scan utilization was 
one of the institutional variations in the management of severe head injury associated with a 
significant reduction in the risk of mortality for severe head injuries.8

CT imaging has become the reference standard for diagnosing most traumatic injuries.18-20 

It has become an essential component of the early trauma evaluation to obtain a complete 
diagnostic workup of the patient and to create a complete and adequate treatment plan.18-

23 However, CT imaging often requires more time than available, especially when facing 
severely injured multitrauma patients. This can be partially explained by infrastructural and 
logistical reasons; many trauma centers have located its (multislice) CT scanner outside the 
trauma resuscitation room, thus requiring patient transfers, when CT imaging is indicated and 
prioritizing injuries.24

In 2004, the ATW concept was implemented in our hospital.14 This new concept makes CT 
imaging available without patient transfers by placing a sliding CT scanner in the trauma room 
itself, leading to an improvement of the workup times of trauma patients requiring CT imaging 
and providing a more complete diagnostic workup in less time, and before leaving the relative 
safe confines of the trauma resuscitation room. We speculated that especially the most 
severely injured patients, such as patients with severe traumatic brain injuries, would benefit 
the most from this “all-in-one” setting. The detailed information obtained through CT imaging 
within a shorter workup time can help make those critical decisions on treatment strategies 
that would be even more difficult to make when weighing the potential delay when CT imaging 
can only be performed at a different location in the Emergency Department or elsewhere in 
the hospital.

In this retrospective cohort study, we compared the 1-year cohort with 59 severely injured TBI 
patients from before the implementation of the ATW concept with a 1-year cohort that included 
49 severely injured TBI patients after the implementation. We found a significant reduction 
in TBI-related mortality for severe TBI patients by 23% during primary hospital stay. When 
looking at the overall mortality including deaths not caused by the sustained neurotrauma and 
deaths after initial discharge, a still significant reduction of 22% overall mortality was found. 
This converts into a Number Needed to Treat (NNT) of less than 4.5; in other words, this study 
would suggest that less than five patients have to be evaluated with the new trauma room 
concept to save one life.

While the reduction in mortality supports our hypothesis that the new ATW concept has 
a positive effect on severely injured patients, we are aware of various other possible 
explanations for the differences found in this cohort study, including demographic variables 
and injury severity. Several studies have shown that age is one of the primary determinants 
of survival following isolated TBI.25,26 However, no significant difference in age between the 
two cohorts was found. The patients in the Post-TRCT cohort tended to be older than the Pre-
TRCT, contradicting a possible influence on mortality. The injury severity as measured through 
the ISS an H-AIS also did not appear to be favoring the Post-TRCT cohort. Not only were 
there more multiple injured trauma patients in the Post-TRCT cohort, the extent of the injuries 
in the head region tended to be more severe in this group when compared to the Pre-TRCT 
cohort. 

Furthermore, the sustained neurological injuries did not differ significantly between the two 
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cohorts. There tended to be more subdural hematoma with midline shifting in the Post-TRCT 
cohort, while there were more subarachnoid hemorrhage injuries in the Pre-TRCT cohort, but 
the differences were not significant. But in spite of the non-significant differences found in the 
neurological injuries, each patient remains different and the small number of patients might 
have had an influence on the actual mortality found. 

When injury severity was expressed in GCS at arrival, the Pre-TRCT cohort had more patients 
with a GCS of 8 or lower, suggesting a possible worse neurological state at admittance. 
However, the GCS at arrival did not correlate with the H-AIS at discharge or death, as can be 
seen in the H-AIS of the patients with a GCS above 8 at arrival. This suggests that GCS did not 
predict the neurological outcome in our cohorts. These findings could implicate that patients 
are transported faster from the accident site to our trauma center in the Post-TRCT cohort, but 
could also stipulate the advantage of having immediate availability of CT imaging, because 
none of the 11 patients in the Post-TRCT with a GCS above 8 died of neurological injuries.

The number of neurosurgical sessions and ICU days did remain the same for both cohorts, 
implying that our management of traumatic brain injuries has not changed significantly. 
However, there was a trend towards a reduced time until acute neurosurgery in the post-
TRCT cohort. Although the difference between pre-TRCT and post-TRCT is not significant, 
data suggest an overall reduction in the time needed for primary trauma evaluation and 
the time until completion of the initial CT imaging is reduced significantly in the Post-TRCT 
cohort, most likely leading to a consistent reduction in time until acute neurosurgery. Also, 
all patients seen in the Post-TRCT cohort were operated within the 4-hour timeframe that is 
recommended for acute neurosurgery by international guidelines. While most of the patients 
requiring acute neurosurgery in the Pre-TRCT cohort were also operated upon within the 
4-hour timeframe, there were 2 patients that exceeded the 4-hour timeframe. Both patients died. 

However, the LOS for both ICU and primary hospital stay did show a significant increase 
during the Post-TRCT. This is most likely the result of the higher injury severity found in this 
cohort, and the smaller sample with a lower number of deaths, but can potentially also be 
contributed to the new setting. There were more multitrauma patients in the Post-TRCT group 
and more multitrauma patients survived. Especially multitrauma patients can benefit from a 
faster diagnostic workup and multitrauma patients also tend to have longer ICU and primary 
hospital stays than patients with only an isolated injury. Other issues, such as the availability 
of beds in rehabilitation centers could also have influenced LOS, but we believe that the 
differences can only be minimal in such a short timespan.

Our study design has several limitations. The absolute numbers of included patients are small, 
but 10% severe TBI patients of all presented trauma patients compares well with incidence 
figures found in other studies around the world.1,2 The retrospective character of the study 
could have influenced several data that are time-dependent, such as an accurate GCS at 
arrival in the hospital, and prehospital transport times. The retrospective nature of the study 
also influenced the length of follow-up. The patients in the Post-TRCT cohort had a significant 
shorter time until follow-up. The follow-up time could possibly also have influenced the total 
mortality. However, we do not believe that this would change the outcome of this study since the 
follow-up for the Post-TRCT cohort was postponed for 15 months after admission/discharge. 

Further, a selection bias was introduced in the study by comparing two historical cohorts that 
were separated by a 3-month period compensating for the implementation phase of the ATW 



129

Effect of ATW concept on severe traumatic brain injury

concept. However, during the 27-month period covering this study, no major changes were 
made to the general treatment protocols of trauma patients, nor to the specific protocols for 
the treatment of severely head-injured patients. Indications for pharmacological therapy or 
for performing neurosurgical intervention or ICP monitoring did not change during this period 
and prehospital protocols regarding prehospital intubation and transport criteria generally 
remained the same. Personnel changes were limited to residents for neurosurgery, trauma 
surgery and radiology. 

Another explanation for the difference found could be the raised awareness for the 
management of severe TBI by the introduction of the ATW concept. Although Patel et al.,27 
show that placing more attention on management of TBI can cause a better outcome on itself, 
and it can be hypothesized that with the introduction of the ATW concept, more attention was 
placed on the management of (neuro-)trauma patients and thus influenced outcome.  

Considering all limitations and other possible explanations for the difference found in mortality, 
the results of our study show a trend towards a better outcome with the ATW concept. While 
the patients tend to be older and more severely injured in the Post-TRCT, the only major 
change between the two cohorts was the implementation of the ATW concept. Thus, given the 
large influence of institutional variations in management of severe TBI as reported by Bulger 
et al.,8 we believe that the outcome difference found in this mono-centered study mostly 
reflects the effect of the new workflow setting. This new setting seems to have a potentially 
major benefit for TBI patients. Currently, we are conducting a study that investigates the value 
of early shockroom CT scanning in the management of acute trauma patients in a prospective, 
randomized multicenter study. We hope that in combination with the results of this trial, the 
results can be placed in better perspective. 

CONCLUSION

In this retrospective study, the effect of a new trauma workflow concept incorporating a sliding 
CT scanner in the trauma resuscitation room was evaluated in severe TBI patients. The TBI-
related mortality in TBI patients evaluated in the ATW concept was 23% lower than in the 
previous trauma resuscitation room setting. There was a trend towards a reduced time until 
acute neurosurgery in this cohort when compared with the old trauma setting. Further studies 
to confirm these findings are warranted.
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ABSTRACT

Background
Within a trauma network in the Netherlands, neurosurgical facilities are usually limited to 
Level I hospitals. Initial transport to a district hospital of patients who are later found to require 
neurosurgical intervention may cause delay. The purpose of this study was to assess the 
influence on outcome and time intervals of secondary transfer in trauma patients requiring 
emergency neurosurgical intervention.

Methods
In a 3-year period all patients who sustained a severe traumatic brain injury and underwent 
a neurosurgical intervention within 6 hours after admission to a Level I trauma center 
were included. Patients were classified into two groups: direct presentation to the Level I 
trauma center (TC group) or requiring secondary transport after having been diagnosed for 
neurosurgical intervention in other hospitals (transfer group). 

Results
Eighty patients were included for analyses. Twenty-four patients in the transfer group had a 
better Glasgow Coma Scale on-scene but a higher 30-day mortality compared with patients 
who were primarily presented to the Level I trauma center (33% vs. 27%; p = 0,553). In the 
transfer group, time to operation was 304 minutes compared with 151 minutes in the TC group 
(p < 0.001). Most delay occurred during the initial trauma evaluation and the interval between 
the first computer tomography and the transfer ambulance departure at the referring hospital.

Conclusion
Patients requiring an emergency neurosurgical intervention appear to have a clinically 
relevant worse outcome after secondary transfer to a neurosurgical service. Therefore, patient 
care can probably be improved by better triage on-scene and standardized procedures in 
case of a secondary transfer. 
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INTRODUCTION

For patients with severe traumatic brain injury (TBI), requiring neurosurgical intervention, 
several factors are associated with better clinical outcomes. Some of these factors, such as 
the on-scene Glasgow Coma Scale (GCS) and pupillary reaction to light, are well documented 
and are considered to give a good prediction of the outcome.1-5 A less evident factor of 
potential influence is the (delay in) time to neurosurgical treatment. In the literature, study 
results with regard to the effects of time to treatment on mortality are contradictory. Some 
suggest that early treatment is favorable for a good outcome,6-9 whereas others do not find 
any differences5 or even a negative influence of early surgical intervention.10-12

The decision to present the patient to a center with specialized neurosurgical trauma care is 
made on-scene by trained ambulance nurses based upon several clinical parameters 

(e.g., GCS < 9, abnormal pupillary reaction). According to the American College of Surgeons 
report on Resources for Optimal Care for the Injured Patient, a Level 1 trauma center should 
have neurosurgical expertise available and should be able to deliver neurosurgical care 
promptly around the clock.13 The initial choice of hospital may require a secondary transfer for 
patients who need a neurosurgical intervention. These transfers likely cause an important time 
delay which could therefore affect the outcome of severe TBI patients.

Before the institution of regional trauma system, approximately 35% of patients with a TBI 
were secondarily transferred to a Level I trauma center in the Netherlands.14 No current data 
are available in the literature.

Because of the reduced time interval to neurosurgical intervention, patients who are 
transferred directly to a trauma center with neurosurgical experience are expected to have a 
better clinical outcome than patients who are secondarily transferred from hospitals with no 
neurosurgical facilities.

The purpose of this study was to assess the effects of secondary patient transfer to a Level 
I trauma center on clinical outcomes in patients requiring an emergency neurosurgical 
intervention; and to analyze in which phase of trauma care and evaluation, time could be 
gained to improve trauma care.

PATIENTS AND METHODS

For this retrospective study, all patients who sustained a severe TBI between January 1, 
2006, and December 31, 2009, were identified using the Academic Medical Center’s (AMC) 
prospective trauma registry. The AMC is a university hospital and is accredited as Level 
I trauma center in the Netherlands. Severe TBI was defined as having an Abbreviated 
Injury Scale of the head score ≥ 3. Patients were included for analysis if they underwent an 
emergency neurosurgical intervention performed within 6 hours after admission to the AMC. 
Emergency operations were defined as a craniotomy, a craniectomy, or an operation for 
reduction of a depressed skull fracture. Patients solely operated for insertion of intracranial 
pressure monitoring devices or external ventricular drains were excluded. Patients admitted 
for observation but requiring a secondary emergency operation after clinical deterioration were 
also excluded. 
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For the analysis, the patients were divided into two groups. The group of patients directly 
presented to a Level I trauma center was analyzed as the trauma center (TC) group. Patients 
who were transferred secondarily to the Level I trauma center after initial diagnosis of TBI 
elsewhere requiring neurosurgical intervention were analyzed in the transfer group (transfer). 
These were all patients from district hospitals without neurosurgical facilities.

For prehospital data collection, the dispatch centers’ registry and the electronic patient data 
systems from the transferring hospitals were analyzed. During a chart review, the following 
variables were collected: age, gender, vital parameters, computed tomography (CT) findings, 
injury characteristics, number and type of operations performed, several time intervals, and 
specific data on prehospital trauma care and transport. 

The primary outcome measure was traumatic brain injury related 30-day mortality. Patients 
dying of uncontrollable bleeding outside the brain were excluded. The secondary outcome 
measure was the classification according to the Glasgow Outcome Scale (GOS). The GOS 
was assessed by reviewing the latest hospital and general practitioner’s correspondence.

Continuous variables were presented as median with interquartile ranges. Time intervals were 
presented as means. Normal distributed variables were compared using the Student’s t test. 
Abnormal distributed variables were compared using the Mann-Whitney U test. Categorical 
variables were calculated as percentages and compared using χ2 analyses. Statistical 
significance was declared at the 0.05 level. Data were analyzed using SPSS for windows, 
version 16.0 (SPSS, Inc., Chicago, IL). 

RESULTS

In total, 80 patients were included for analysis of which 24 where secondarily transported 
to the Level I trauma center. Table 1 shows the baseline characteristics for both groups. 
Prehospital GCS score was significantly lower in the TC group (p = 0.023).  

TC (n = 56) transfer (n = 24) p value

Male 71% 67% 0.670‡

Age 46 (31-56) 53 (36-64) 0.178*

ISS 25 (16-29) 25 (16-25) 0.318¶

Prehospital GCS 6 (3-14) 13 (5-15) 0.023¶

Trauma mechanism 
Fall 
Traffic accident 
Penetrating
Other

34%
48%
6%

13% 

50%
38%
12%
none

Table 1 | Demographic data and baseline characteristics 
TC; trauma center group, transfer; transfer group, ISS; Injury Severity Score, GCS; Glasgow Coma Scale, 
‡ χ2 analysis, * student’s t test, ¶ Mann-Whitney U test.
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Table 2 shows the injury characteristics and CT findings for both groups. All except one patient 
with a depressed skull fracture had associated intracranial injury. Patients in the TC group had 
a higher score in almost all injury types suggesting a more severe trauma. The hematoma 
size for subdural hematomas on the first CT scan was comparable, respectively 1,1 cm (0,7 
– 1,4 cm) in the TC group versus 1,0 cm (0,7 – 2,1 cm) in the transfer group. For epidural 
hematomas, the hematoma size was larger in the transfer group, respectively 2,4 cm (2,1 
– 3,0 cm) versus 1,7 cm (1,1 – 2,4 cm). The midline shift on the first CT was 0.95 cm (0.30-
1.275 cm) for the TC group and 0,70 cm (0,00-1,175 cm) for the transfer group.

Overall 30-day mortality was 28.8%. The 30-day mortality in the TC group was 27% and in the 
transfer group 33% (p = 0,553). Omitting three patients in the transfer group who had a GCS < 
9, but no other life-threatening injuries, did not change mortality for the transfer group (33%).

TC (n = 56) transfer (n = 24)

Epidural hematoma 30% 33%

Subdural hematoma 64% 50%

Subarachnoid hemorrhage 43% 33%

Hemorrhagic contusion 52% 46%

Depressed skull fracture 27% 21%

Table 2 | Distribution of intracranial injury over both groups 
TC; trauma center group, transfer; transfer group

Figure 1 shows the outcomes of the GOS score for both patient groups. The GOS of patients 
who were secondarily transferred, did not differ significantly compared with the patients 
directly presented to a Level I trauma center (p = 0.866). Because patients presented in 
district hospitals needed secondary transportation to a Level I trauma center, the time from the 
initial ambulance request to the trauma scene until the start of the neurosurgical intervention 
was doubled (for the TC group 151 minutes vs. 304 minutes in the transfer group; p < 0.001). 
The delay in neurosurgical intervention was approximately 2,5 hours for patients who were 
secondarily transferred. Specific time intervals for both groups are given in Table 3. There 
were two phases that attributed most to the time spent before arrival in the Level I trauma 
center. When comparing the time interval between the arrival at the initial hospital and the 
first CT scan, the patients in the transfer group lost twice the time compared with patients in 
the TC group (26 vs. 52 minutes; p < 0.001). In addition, 49 minutes were spent between the 
diagnosis on first CT and the second ambulance dispatch request and 39 minutes between 
the request and the actual departure of the transferring ambulance at the hospital. Within 
these 39 minutes, 27 minutes were spent in the initial hospital although the ambulance was 
ready for patient transfer.

Of the 24 patients who were transferred, 14 received an additional CT scan at the Level I 
trauma center. Deterioration of the neurological status during transport was the most frequent 
reason to repeat the CT scan. Six of the 10 patients who had a hematoma on the initial CT 
showed an increased hematoma volume on the second CT scan. The midline shift in these 
patients extended to 0,95 cm (0,188 - 1,350 cm).
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Figure 1 | Glasgow Outcome Scale for both groups (1, dead; 5, good recovery) (n = 68).

TC (n = 56) transfer (n = 24) p value

Initial dispatch request – arrival initial 
hospital

49,0 38,9 0.031

Arrival initial hospital – CT 25,7 51,7 < 0.001

First CT – second dispatch request N/A 48,5 N/A

Second dispatch request – 
departure  initial hospital

N/A 38,9 N/A

Departure  initial hospital – 
arrival Level I trauma center

N/A 19,2 N/A

Arrival Level I trauma center – operation 103,6 95,4 0,592

Initial dispatch request – operation 151,3 303,9 < 0.001

Table 3 | Time intervals (in minutes) 
TC; trauma center group, transfer; transfer group, N/A; not applicable, CT, computer tomography

DISCUSSION

The aim of this study was to assess whether the outcomes differed for patients requiring 
neurosurgical intervention primarily transported to a Level I trauma center from those who 
were secondarily transferred after initial evaluation in a district hospital. Our study results 
showed better 30-day mortality and long-term GOS scores for patients primarily presented 
at a Level I trauma center. The differences would appear clinically relevant, but were not 
statistically significant, in part due to the relatively low sample size of the study. 

 Several studies have described a lower GCS as an independent predictor for worse clinical 
outcome,1, 3-5, 15 whereas in our study, the outcomes of these patients (TC group) were better in 
comparison to the transferred patients. 
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A potential explanation for the lower mortality in the TC group is the time delay in patients 
with secondary transfer. One prior study described that a time loss of minimal 2 hours 
resulted in a survival deterioration of approximately 40% in patients requiring a neurosurgical 
intervention.6 Our study showed that time from the initial ambulance request till start of the 
operation was doubled for the transfer group (151 minutes vs. 304 minutes). Most of this 
time delay occurred between the moment from where the severe TBI requiring emergency 
intervention was diagnosed and the indication for emergency intervention was made until 
departure of the secondary transfer to a Level I trauma center. Furthermore, time from arrival 
to perform CT scanning can also be improved. To prevent this kind of delay in the future, it 
can be considered to revise or initiate specific protocols for surrounding district hospitals with 
respect to diagnostics and urgent transfers and further optimization of triage protocols for the 
ambulance dispatch centers to directly transfer patients requiring neurosurgical care to the 
appropriate hospital. 

The higher initial value of the on-scene GCS in the transfer group was one of the reasons 
to transport these patients to a district hospital. On the basis of these GCS values, the 
paramedics did not expect severe TBI in these patients. In the Dutch protocol for prehospital 
triage criteria, a GCS < 9 is an indication for direct transport to a Level I trauma center. 
Nevertheless, three patients meeting this criterion without other life-threatening injuries were 
transported to a district hospital. Optimization of prehospital triage and regular evaluation of 
the process by a medical director could possibly prevent these incorrect trauma presentations 
in future.

The GOS did not differ between both groups. A preferred clinical outcome is a GOS score of 
4–5,9, 16-21 and both groups scored the same for this outcome despite the better prehospital 
neurological status of the transfer group. GOS is an international validated outcome scale 
and is used in most articles that report on TBI.22 However, the range of this score, 1 to 5, is 
maybe somewhat rough to detect significant results. When a test is used with a wider range in 
outcome values, it is possible that a more evident difference in results would be detected. We 
therefore recommend the use of such an extended classification for future research.

Besides the disadvantages of time delay on clinical outcomes, secondary transfers will also 
increase the risk of adverse events during these additional ambulance transfers. Second, the 
overall costs will also be higher because of to the increased absolute number of ambulance 
transports, and by care and additional diagnostics in the secondary center.

This retrospective study does have limitations. The study population was relatively small, 
because we specifically wanted to assess the disadvantages of secondary transports in 
patients with an indication for emergency neurosurgical intervention. The study compares 
the outcome of two groups that differed on baseline by their clinical condition. Accordingly, 
the transfer group had a higher prehospital GCS, but still this group had a higher mortality. 
The higher GCS suggests that some of these patients were potentially salvageable. This 
study does not provide data how to recognize this specific patient group that “talks-and-
dies” on clinical grounds. The organization of prehospital care, CT availability, transport 
methods and intervals are all factors that depend on local conditions. Therefore, it is difficult 
to draw conclusions that can be generalized to other trauma networks. In our setting, focus 
on prehospital triage and formation of protocols for patient transfer would possibly improve 
outcome of patients that require secondary transport to a neurosurgical center.   
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In this study, we have shown that patients requiring neurosurgical intervention seem to have a 
higher mortality and a worse GOS when they are secondarily transferred to a Level I trauma 
center. The differences appear to be clinically relevant but were not statistically significant. 
Most of the time was lost during the initial trauma evaluation and between the first CT scan 
and the secondary transport request. Patient care could be improved by better pre-hospital 
triage and by standardizing procedures for secondary transfer.
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SUMMARY

Outcome prediction models play an invaluable role in the evaluation and improvement of 
modern trauma care. Trauma registries underlying these outcome prediction models need to 
be accurate, complete and consistent. This thesis focused on the opportunities and limitations 
of trauma registries and outcome prediction models for trauma patients incorporating the 
following objectives:

1. The validation of outcome prediction models in subgroups of trauma patients
2. The analysis of case-mix and benchmarking issues
3. The improvement of trauma registries. 

In this summary, the main findings of the studies assembled in this thesis are presented and 
discussed.

Part I. Outcome prediction models for trauma patients
The first part of this thesis validated the Trauma and Injury Severity Score (TRISS) in various 
subgroups of trauma patients and investigated case-mix and benchmarking issues. The 
TRISS was originally developed in North-America and the Major Trauma Outcome Study 
(MTOS) reference database constitutes of 80,544 North-American trauma patients. However, 
the majority of the world’s fatalities caused by injuries occurs in countries with low and middle 
BNP. Studies on the validity of the TRISS methodology in these countries is scarce. Chapter 
2 prospectively evaluated the outcome of 97 severely injured (ISS ≥16) trauma patients 
in a level II trauma center in Jakarta, Indonesia using the TRISS methodology. Ninety-five 
patients (98%) sustained blunt trauma. The observed mortality was 29%, while the expected 
mortality based on the TRISS method was 14%. This resulted in a Z statistic of 7.87, which 
indicates significantly more deaths than expected. The majority of patients suffered traumatic 
brain injuries (74% with AIS head ≥ 4). Compared to the MTOS, the studied patients had 
more severe injuries (higher ISS) and worse physiologic parameters (lower RTS). Various 
institution-bound factors and limitations in the TRISS methodology accounted for the 
difference in observed and expected mortality. Chapter 3 focused on patients with traumatic 
brain injury (TBI) in the same institution in Jakarta. Patient characteristics and outcome of 49 
consecutive patients with an AIS head of ≥ 4 or an AIS head of ≥ 3 combined with an AIS of ≥ 
2 in any other body region were analyzed. Eighteen patients died (37%), none of the patients 
remained in a permanent vegetative state, and 8 (16%) were discharged with severe disability. 
The expected mortality as calculated with the TRISS method was 10%. Outcome-based 
evaluation using the TRISS method revealed 12 unexpected deaths and no unexpected 
survivors, with a misclassification rate of 25%. In the previous study (Chapter 2), with a ‘mixed’ 
trauma population, the misclassification rate was 16%. This finding illustrates the limitation of 
TRISS in predicting outcome in TBI patients. In univariate analysis, death was significantly 
associated with GCS and abnormal pupil reaction. Given the clinical setting in developing 
countries, these are valuable outcome predictors.

The MTOS has long served as a global reference population for outcome comparison using 
the TRISS methodology. The TRISS provides a method to examine the similarity in match in 
the mix of injury severity in the observed data, compared with the reference database. This 
method is called the M statistic. In Chapter 4 we investigated the hypothesis that databases 
outside North-America would not be well matched to the MTOS population and thus the 
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TRISS methodology would not accurately predict outcome in these populations. We reviewed 
all studies between 1990-2003 that performed TRISS analysis using MTOS coefficients. The 
M statistic was either cited in the text or could be calculated from the data presented in the 
article. The median M statistic for Europe was 0.65, compared with 0.88 for Asian/African 
databases, and 0.90 for North-American studies. The lower M statistics outside North-America 
demonstrates the need for the development of regional trauma databases and modified 
TRISS coefficients.

The inclusion or exclusion of certain specific patients groups in trauma databases (e.g. 
patients with isolated hip fractures) is subject to debate. Chapter 5 tested the hypothesis 
that specific injuries are associated with increased mortality and that differences in case-
mix of these injuries influence outcome comparison. Hip fractures, minor pelvic fractures, 
femur fractures, and minor thoracic injuries were significantly associated with mortality when 
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 MTOS and NTDB 
databases significantly improved after these patients were excluded. The case-mix with 
respect to above-mentioned injuries should be taken into account when interpreting the results 
of comparative outcome analysis based on trauma registries.

The EMTRAS is intended to be an easy-to-compute scoring system for the emergency room 
based on a limited number of clinical predictors that are commonly and early available.
It obviates the need for classification of anatomical injuries. In Chapter 6 the first external 
validation of the EMTRAS was performed in two academic level-1 trauma centers. A database 
with 4418 consecutive patients was used for validation of the EMTRAS. For patients with an 
ISS of 16 or higher, the calibration and discrimination of the EMTRAS were excellent. Thus, 
the EMTRAS is suitable for early mortality risk assessment in this group of patients. The 
EMTRAS is less suitable for outcome prediction of the entire group of trauma patients treated 
in the trauma resuscitation room because calibration diminished markedly for patients with an 
ISS below 16.

Part II. How to improve trauma registry and how to improve trauma care through a trauma 
registry?
The second part of this thesis described methods improving quality of data and trauma 
registry as a whole. In addition, two examples were given of how a (regional) trauma registry 
can improve trauma care to brain injury patients. Chapter 7 analyzed the influence of a 
dedicated training course on the ability to assign correct codes as well as on inter-observer 
agreement using the Abbreviated Injury Scale (AIS). Twelve participants coded 47 injuries 
before (pre-test), during (test) and six weeks after (post-test) a one-day instructional course. 
The median percentage of correct unique codes improved significantly for test compared 
to pre-test (86% versus 73%). The median percentage of correct severity codes improved 
significantly from 86% to 91%. Inter-observer agreement, calculated as Fleiss’s kappa’s, fell 
within the substantial to almost perfect range and improved significantly during and after the 
course compared to the pre-test values. To assure reliability in injury coding it is advised that 
all who are involved in injury coding using the AIS are trained by a dedicated course. 

Chapter 8 described the results of a study surveying the entire process of trauma registry in 
a regional trauma network. We sent a questionnaire to twenty-three people involved in the 
trauma registry of nine hospitals. They also took part in a structured interview. We identified  
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methods that could further improve completeness, reliability and consistency of regional 
trauma registries. These methods involve monitoring of inclusion criteria and missing data, 
development of uniform definitions, introduction of registry manuals, limitation of inter- and 
intra-observer variation in injury coding and innovations in information technology. 

Data of a Level I trauma center trauma registry were used in Chapter 9 to analyze the effect 
of the introduction of an all-in workflow concept that includes CT-scanning in the trauma room 
on mortality and functional outcome of severe TBI patients. This concept is referred to as 
the Amsterdam Trauma Workflow concept (ATW). A total of 59 patients were included in a 
cohort prior to introduction of this concept, and 49 patients were included in a cohort after this 
concept was introduced. There was a significant difference of 23% TBI-related mortality in 
favor of the cohort after introduction of the ATW concept. No significant difference was found 
in secondary outcomes. However, for acute neurosurgical interventions, time until intervention 
tended to be shorter. Functional outcome based on the Extended Glasgow Outcome Scale 
was higher.

In Chapter 10 we retrieved data from the trauma registry to study the influence of transfer 
from a Level II to a Level I on outcome and time intervals in TBI patients. Eighty consecutive 
patients who required a neurosurgical interventions within 6 hours after admission to a Level 
I trauma center were included for analysis. Twenty-four transferred patients had a better GCS 
on scene but a higher 30-day mortality compared with patients who were primarily presented 
to the level-1 trauma center (33% vs 27%; p = 0.553). In the transfer group, time to operation 
was significantly longer (304 vs 151 minutes). The biggest delay occurred during the initial 
trauma evaluation and the interval between the first CT and the transfer ambulance departure 
at the referring hospital. Therefore, time to definitive neurosurgical care may be shortened and  
patient care subsequently improved by better on-scene triage and, in case of a secondary 
transfer, by standardized procedures.

CONCLUSIONS

Outcome prediction models are used to predict survival of an individual patient, to assess the 
performance of an individual institution compared with a reference norm, to evaluate quality 
improvement programs in individual institutions and to benchmark institutional performance. 
However, to judge outcome prediction models based on their usefulness and practical value, 
the basis and limitations of these models should be well understood. Using the TRISS 
method to evaluate trauma care, an observed mortality that exceeds the expected mortality 
would indicate that the studied institution underperforms compared with the reference norm. 
Does the excess mortality reflect inadequacy of care, or does it reflect the inadequacy of the 
outcome prediction model? This thesis illustrates that various factors should be considered 
before such conclusions can be drawn.

Generally, it can be stated that the validity of a prediction model is optimal in the population for 
which the prediction model was developed. In case of the TRISS methodology this accounts 
for the reference database that was used to derive TRISS coefficients. Trauma populations 
in developing countries differ in various aspects from the Western trauma populations that 
are commonly used as reference population. Regional factors that hamper the validity of the 
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TRISS methodology in developing countries include the level of prehospital care, geographical 
distribution of the population and the epidemiology of trauma. 

The validity of TRISS is also limited for specific groups of trauma patients within trauma 
populations that are comparable to its reference population. TRISS tends to underestimate 
mortality for traumatic brain injury patients, and the percentage of these patients should 
therefore be considered carefully. Other specific injuries, e.g. hip fractures, femur fractures, 
minor pelvic fractures, and minor thoracic injuries are associated with a 2 to 3-fold increased 
mortality risk, even after correction for age. Therefore, case-mix with respect to these specific 
injuries should be taken into account as well. 

The distribution of injury severity of European trauma populations, as indicated by the M 
statistic, significantly differs from the MTOS population. This finding is relevant for interpreting 
the Z statistic (the statistical significance of difference between the observed and expected 
mortality). Nowadays, the Ws statistic (or standardized W score) is frequently used and the 
problem of injury severity match has been partly solved. The reference norm, the database 
that has been used to derive the TRISS coefficients, should reflect the current standard of 
care and coefficients should be updated frequently. 

The anatomical component of the TRISS cannot be estimated during the initial resuscitation 
phase, and therefore the TRISS is not suitable for early outcome prediction. The EMTRAS, 
an outcome prediction model based on clinical parameters that are commonly and early 
available, is specifically designed for early outcome prediction. External validation of the 
EMTRAS shows excellent results, especially in severely injured patients. The next step will 
be to determine the role of EMTRAS in clinical decision-making, e.g. selecting patients for 
damage control surgery.   

Trauma registries are the key components of quality improvement in trauma care. The 
quality of the collected data determines the accurateness and reliability of all conclusions 
that are drawn from a trauma registry. Ideally, a trauma registry should be population-based 
to assure generalizability of conclusions. Both quality of data and coverage of registries are 
subject to improvement. Scrutiny of data collection problems, completion of missing data, 
and a thorough process of data cleaning should precede data analysis. Particular attention 
should be paid to missing values for physiologic parameters; respiratory rate, systolic blood 
pressure and Glasgow Coma Scale. Reliability of injury coding using the AIS benefits from 
dedicated training courses for those who are involved in injury coding. Systematic differences 
in coding practices may result in apparent differences between hospitals. Random checks are 
necessary to assess data quality and to assure that all relevant patients are included in the 
trauma registry. 

FUTURE PERSPECTIVES FOR TRAUMA CENTERS

The role of trauma registry and outcome prediction models will continue to evolve as 
quality improvement programs and benchmarking are becoming increasingly important in 
modern trauma care. Trauma registry is the starting point of the ‘cycle of improvement’; risk-
adjustment modelling to ‘level the playing field’, followed by feedback to trauma centers, 
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and finally identification and implementation of changes are key components in this cycle. 
Academic level I trauma centers, as well as rural level III trauma centers will need to 
participate in this approach. 

We will have to strive for the ‘ideal’ outcome prediction model. The ‘ideal’ model for 
population-based studies should predict survival as accurately as possible, for as many 
trauma patients as possible, by using a minimum of reliable, easily obtainable, parameters. 
It is of great importance that we choose the appropriate reference standard. We will have to 
critically assess whether the reference standard reflects the current level of trauma care, and 
whether the reference standard is comparable with the population under study. 

A national, contemporary, population-based trauma registry will enable benchmarking 
outcome against a national as well as to a regional comparison group. The Dutch 
nationwide trauma registry offers great opportunity for population-based studies. Ongoing 
professionalization, education and training within the organizations that maintain and 
monitor the data collection process will result in complete, accurate and reliable databases. 
Identification of a core dataset necessary for calculation of most outcome prediction 
models and consensus on inclusion criteria will make it possible to aggregate national 
databases. Again, one condition should be that trauma populations under study have enough 
resemblances. For Europe, this will likely evolve towards the creation of a European trauma 
registry, and allow for benchmarking performance using a European population-based trauma 
registry in the future. 

Trauma registry and outcome prediction models offer great potential for evaluation and 
subsequent improvement of trauma care. Eventually, the entire trauma system will benefit, 
and ultimately, the trauma patient as well. 
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SAMENVATTING

Uitkomstvoorspellende modellen spelen een onschatbare rol in de evaluatie en verbetering 
van moderne traumazorg. De registratie van traumapatiënten, die deze uitkomstvoorspellende 
modellen ondersteunt, dient nauwkeurig, compleet en consistent te zijn. In dit proefschrift 
staan de mogelijkheden en beperkingen van traumaregistratie en uitkomstvoorspellende 
modellen ten behoeve van traumapatiënten centraal. Het proefschrift bespreekt de volgende 
drie doelstellingen:

1.  Het valideren van uitkomstvoorspellende modellen met betrekking tot subgroepen van 
traumapatiënten. 

2. Het onderzoeken van case-mix (zorgzwaarte) en benchmarking (maatstaven) 
vraagstukken.

3.  Het verbeteren van de traumaregistratie. 

In deze samenvatting worden de belangrijkste resultaten van de studies, verricht voor dit 
proefschrift, gepresenteerd en besproken. 

Deel I. Uitkomstvoorspellende modellen voor traumapatiënten.
Het eerste deel van dit proefschrift valideert de Trauma and Injury Severity Score (TRISS) 
in verschillende subgroepen van traumapatiënten en onderzoekt case-mix en benchmarking 
vraagstukken. De TRISS werd oorspronkelijk in Noord-Amerika ontwikkeld en de Major 
Trauma Outcome Study (MTOS) referentie database omvat 80.544 Noord-Amerikaanse 
traumapatiënten. Echter, wereldwijd wordt de meerderheid van overlijdensgevallen tengevolge 
van verwondingen, gevonden in lage- en middeninkomens landen, terwijl studies over de 
validiteit van de TRISS methode voor deze landen schaars zijn. 

In Hoofdstuk 2 wordt TRISS methode gebruikt om de uitkomst van 97 ernstig gewonde 
traumapatiënten (ISS > 16) in een level II trauma centrum in Jakarta, Indonesië, te evalueren. 
Vijfennegentig patiënten (98%) waren slachtoffer van een stomp letsel mechanisme. 
De waargenomen mortaliteit was 29%, terwijl de verwachte mortaliteit gebaseerd op de 
TRISS methode, 14% was. Dit resulteerde in een Z statistiek van 7,87, wat een significant 
hogere sterfte impliceert dan verwacht. De meerderheid van de patiënten leed aan ernstig 
schedelhersenletsel (74% met AIS hoofd ≥ 4). In vergelijking met de MTOS hadden de 
patiënten in deze studie ernstigere verwondingen (hogere ISS) en slechtere fysiologische 
parameters (lagere RTS). Verschillende instituut-gebonden factoren en beperkingen in de 
TRISS methode verklaren het verschil tussen de waargenomen en verwachte mortaliteit. 

Hoofdstuk 3 richt zich op patiënten met ernstig traumatisch schedelhersenletsel (SHL) 
afkomstig van hetzelfde instituut in Jakarta. Een totaal van 49 opeenvolgende patiënten 
met een hoofd AIS ≥ 4 of een hoofd AIS of ≥ 3, gecombineerd met een AIS ≥ 2 in een 
ander lichaamsdeel, werden geanalyseerd op patiëntkarakteristieken en uitkomst. Achttien 
patiënten overleden (mortaliteit 37%), geen van de patiënten bleef in een permanent 
vegetatieve toestand en 8 patiënten (16%) werden ontslagen met ernstige invaliditeit. 
De verwachte mortaliteit, zoals berekend met de TRISS methode, was 10%. De uitkomst 
evaluatie, gebruikmakend van de TRISS methode, onthulde 12 onverwachte doden en 
geen onverwachte overlevenden, met een miskwalificatie van 25%. In de vorige studie 
met een gemengde traumapopulatie (Hoofdstuk 2), was de miskwalificatie 16%. Deze 
bevinding illustreert de beperkte validiteit van de TRISS voor het voorspellen van uitkomst 
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in een populatie van patiënten met SHL. In een univariate analyse was sterfte significant 
geassocieerd met Glasgow Coma Scale (GCS) en een abnormale pupilreactie. Gegeven 
de omstandigheden in ontwikkelingslanden zijn dit waardevolle voorspellers van het klinisch 
resultaat.

De MTOS heeft wereldwijd lang gediend als een referentie database voor uitkomst 
voorspelling met behulp van de TRISS methode. Met de M statistiek verschaft de TRISS een 
maat om de overeenkomst in letselernst van de studie populatie en de referentie database uit 
te drukken. Een M waarde van 1 indiceert een perfecte overeenkomst in letselernst, terwijl M 
waarden onder de 0,88 beschouwd worden als onacceptabel voor het vergelijken van actuele 
versus voorspelde overleving. 

In Hoofdstuk 4 wordt de hypothese onderzocht dat databases buiten Noord-Amerika niet 
goed overeenstemmen met de MTOS populatie, gemeten naar de M waarde. Wat impliceert 
dat de TRISS methode in deze databases overleving niet accuraat kan voorspellen. Wij 
beoordeelden alle studies tussen 1990-2003 die TRISS analyse uitvoerden, gebruikmakend 
van MTOS coëfficiënten. De M statistiek werd geciteerd in de tekst of kon worden berekend 
uit de data verstrekt in het artikel. De mediane M statistiek voor Europa was 0,65, vergeleken 
met 0,88 voor Aziatisch/Afrikaanse databases, en 0,90 voor Noord-Amerikaanse studies. 
Daarmee is de noodzaak aangetoond van de ontwikkeling van regionale traumadatabases en 
gemodificeerde TRISS coëfficiënten. 

De inclusie of exclusie van bepaalde specifieke patiëntengroepen in traumaregistraties 
(bijvoorbeeld patiënten met alleen heupfracturen) is onderwerp van debat. In Hoofdstuk 5 
wordt de hypothese getoetst of specifieke letsels geassocieerd zijn met verhoogde mortaliteit, 
en of verschillen in de case-mix van deze letsels de uitkomst vergelijking beïnvloeden. 
Heupfracturen, femurschachtfracturen, minder ernstige bekkenfracturen, en minder ernstige 
thoraxletsels waren significant geassocieerd met mortaliteit, gecorrigeerd voor leeftijd, 
geslacht, en fysiologische ontregeling bij patiënten met een lage ernst van letselgraad 
(ISS <11). Odds ratios varieerden van 2,42 tot 2,92. De Ws statistiek, als referentie de 
MTOS en NTDB databases, verbeterde significant na de exclusie van patiënten met deze 
verwondingen. Hieruit blijkt dat met de case-mix ten aanzien van bovengenoemde letsels 
rekening moet worden gehouden, wanneer men de resultaten interpreteert van vergelijkende 
uitkomst analyse. 

De Emergency Trauma Score (EMTRAS) is bedoeld als uitkomst voorspellend model dat 
toepasbaar is in de vroege fase van de behandeling van traumapatiënten. Het model is 
gebaseerd op een 4-tal klinische voorspellers, die gemakkelijk en vroeg beschikbaar zijn, en 
die in het algemeen bepaald worden tijdens de opvang in de traumakamer. Dit voorkomt de 
noodzaak om anatomische verwondingen te classificeren, waarvan pas een volledig overzicht 
beschikbaar is in de loop van het behandeltraject. In Hoofdstuk 6 wordt de eerste externe 
validatie van de EMTRAS beschreven. De validatie werd uitgevoerd in een database met 
4.418 consecutieve patiënten afkomstig uit twee academische level I trauma centra. Voor 
patiënten met een ISS van 16 of hoger waren calibratie en discriminatie uitstekend. Daarmee 
is toepasbaarheid van de EMTRAS aangetoond als uitkomst voorspellend model bij deze 
groep patiënten. De EMTRAS is minder geschikt om uitkomst te voorspellen in de gehele 
groep van traumapatiënten die behandeld werd in de trauma kamer, omdat voor patiënten met 
een ISS beneden 16, de calibratie zichtbaar afnam. 
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Deel II. Hoe de traumaregistratie te verbeteren en hoe de traumazorg te verbeteren door 
traumaregistratie?
In het tweede deel van dit proefschrift worden methoden beschreven hoe de kwaliteit van 
data en de traumaregistratie als geheel te verbeteren. In aanvulling worden twee voorbeelden 
gegeven hoe een (regionale) traumaregistratie de zorg voor patiënten met traumatisch 
schedelhersenletsel kan verbeteren. 

In Hoofdstuk 7 wordt de invloed onderzocht van een ééndaagse trainingscursus op de 
vaardigheid om correcte codes toe te wijzen en op de inter-waarnemer overeenkomst, 
gebruikmakend van de Abbreviated Injury Scale (AIS). Twaalf deelnemers codeerden 47 
letsels op drie meetmomenten; voorafgaand aan , tijdens en zes weken na de cursus. Het 
mediane percentage correcte unieke 7-cijferige AIS codes verbeterde significant tijdens 
de cursus vergeleken met vòòr de cursus (86% tegenover 73%). Het mediane percentage 
correcte AIS ernst codes verbeterde significant van 86% naar 91%. De inter-waarnemer 
overeenkomst, berekend als Fleiss’ kappa’s, viel binnen een substantieel tot bijna perfect 
bereik en verbeterde significant gedurende en na de cursus, vergeleken met voor de cursus. 
Om de betrouwbaarheid van letselcodering te garanderen, is het aanbevolen dat allen die 
de AIS gebruiken voor het coderen van letsels, door middel van een speciale cursus daarin 
getraind worden. 

Hoofdstuk 8 beschrijft de resultaten van een studie die het gehele proces van 
traumaregistratie evalueert in een regionaal traumanetwerk. Drieëntwintig personen betrokken 
bij de traumaregistratie in 9 ziekenhuizen ontvingen een vragenlijst en namen deel aan 
een gestructureerd interview. Maatregelen werden geïdentificeerd die de volledigheid, 
betrouwbaarheid en consistentie van regionale traumaregistratie verder kunnen verbeteren. 
Deze maatregelen omvatten controle mechanismen op inclusies, exclusies en missende 
gegevens, ontwikkeling van uniforme definities, introductie van een handboek registratie, 
beperking van inter- en intra-waarnemer variatie in letselcodering en innovaties in 
informatietechnologie.

In Hoofdstuk 9 wordt het effect geanalyseerd van de introductie van een allesomvattend 
workflow concept dat de toepassing van een CT-scan op de traumakamer omvat, op 
mortaliteit en functionele uitkomst van traumapatiënten met ernstig SHL. Dit concept wordt 
aangeduid als het Amsterdam Trauma Workflow (ATW) concept. Uit de traumaregistratie van 
het level I ziekenhuis waar het ATW concept werd geïntroduceerd, werd een cohort van 59 
patiënten geïdentificeerd voorafgaand aan de introductie van het ATW concept, en een cohort 
van 49 patiënten na de introductie. Er was een significant verschil van 23% in ernstig SHL 
gerelateerde mortaliteit ten gunste van het cohort na de introductie van het ATW concept. In 
de secundaire uitkomstmaten werd geen significant verschil geconstateerd. Echter, bij acute 
neurochirurgische ingrepen was de tijd tot interventie korter in het cohort na introductie van 
het ATW concept. De functionele uitkomst gemeten met de Extended Glasgow Outcome 
Scale was eveneens beter. 

In Hoofdstuk 10 worden gegevens uit de traumaregistratie benut om de invloed van 
overplaatsing op overleving en tijdsintervallen bij ernstige SHL patiënten te onderzoeken. 
Tachtig opeenvolgende patiënten die een neurochirurgische ingreep ondergingen binnen 6 
uur na overplaatsing naar een level I traumacentrum werden geanalyseerd. Vierentwintig 
patiënten die overgeplaatst werden hadden pre-hospitaal een betere GCS, maar een hogere 
30- dagen mortaliteit, vergeleken met patiënten die direct naar een level I trauma centrum 
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werden gebracht (33% vs 27%; p = 0.553). Voor de overgeplaatste patiënten was de tijd tot de 
operatie significant langer (304 versus 151 minuten). De meeste vertraging trad op gedurende 
de initiële trauma evaluatie, en tussen de eerste CT-scan en het ambulancevervoer 
vanaf het betreffende ziekenhuis. Het lijkt er daarom op dat tijdsduur tot een definitieve 
neurochirurgische behandeling bekort kan worden, en daarmee patiëntenzorg verbeterd kan 
worden, door betere triage op de plaats van het ongeval, én gestandaardiseerde procedures 
bij overplaatsing. 

CONCLUSIES

Uitkomstvoorspellende modellen worden gebruikt om de overlevingskans van een individuele 
trauma patiënt te voorspellen, om de prestaties van ziekenhuizen te vergelijken met een 
referentienorm, binnen ziekenhuizen de invloed van kwaliteitsverbeteringen te meten, en 
om de uitkomst van traumazorg van ziekenhuizen onderling te vergelijken. Echter, om 
uitkomstvoorspellende modellen te beoordelen op hun validiteit en praktische waarde, moet 
men de basis en beperkingen van deze modellen goed begrijpen. Maakt men voor het 
evalueren van traumazorg gebruik van een uitkomst voorspellend model zoals de TRISS 
methode, dan indiceert een waargenomen mortaliteit die de verwachte mortaliteit overschrijdt, 
dat het instituut in kwestie minder presteert dan de referentienorm. De vraag is echter, of 
de te hoge mortaliteit tekortkoming van zorg impliceert, of tekortkoming van het uitkomst 
voorspellend model? Dit proefschrift laat zien, dat verschillende factoren in ogenschouw 
moeten worden genomen, voordat conclusies getrokken kunnen worden. 

In het algemeen kan gesteld worden dat de validiteit van een voorspellend model optimaal 
is voor de populatie waarin het model ontwikkeld is. In geval van de TRISS methode betreft 
dit de referentie database die werd gebruikt om de TRISS coëfficiënten af te leiden. Trauma 
populaties in ontwikkelingslanden verschillen in diverse aspecten van de Westerse trauma 
populaties, die als referentie populatie worden gebruikt. Regionale factoren, die de validiteit 
van de TRISS methode in ontwikkelingslanden belemmeren, omvatten het niveau van pre-
hospitale zorg, de geografische verdeling van de bevolking en de epidemiologie van het 
trauma. Maar ook binnen trauma populaties die vergelijkbaar zijn met de referentie populatie, 
is de validiteit van de TRISS beperkt voor specifieke groepen traumapatiënten. TRISS heeft 
de neiging mortaliteit van patiënten met traumatisch schedelhersenletsel te onderschatten 
en daarom moet het aandeel van deze patiënten in de populatie in ogenschouw worden 
genomen. Bij patiënten met een lage ernst van letselgraad zijn andere letsels, zoals 
heupfracturen, femurschachtfracturen, minder ernstige bekkenfracturen en minder ernstige 
thoraxletsels geassocieerd met een 2 tot 3 maal verhoogd mortaliteitsrisico, zelfs na correctie 
voor leeftijd. Daarom is het van vitaal belang óók de case-mix met betrekking tot deze 
specifieke letsels in acht te nemen. 

De verdeling naar ernst van traumapatiënten binnen de Europese trauma populaties, zoals 
gemeten met de M statistiek, verschilt significant van de MTOS populatie. Deze uitkomst 
is relevant voor de interpretatie van de Z statistiek (de statistische significantie van het 
verschil tussen de waargenomen en verwachte mortaliteit). Momenteel wordt de Ws statistiek, 
ook wel genoemd de gestandaardiseerde W score, veelal gebruikt en daarmee is deze 
discussie goeddeels opgelost. De referentienorm, de database die gebruikt is om de TRISS 
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coëfficiënten te berekenen, moet de huidige zorgstandaard reflecteren en de coëfficiënten 
moeten daarom frequent bijgewerkt worden. 

De anatomische component van de TRISS kan niet worden berekend gedurende de vroege 
fase in de trauma opvang, en daarom is de TRISS niet geschikt voor vroege uitkomst 
voorspelling bij traumapatiënten. De EMTRAS, een voorspellend model gebaseerd op 
klinische parameters, die algemeen en vroeg beschikbaar zijn, is ontworpen voor vroege 
uitkomst voorspelling. Externe validatie van de EMTRAS laat uitstekende resultaten zien, in 
het bijzonder voor ernstige traumapatiënten (ISS groter of gelijk aan 16). De rol van EMTRAS 
in klinische besluitvorming, bijvoorbeeld om patiënten te selecteren voor damage control 
behandeling, moet nader bepaald worden. 

Traumaregistratie is een cruciaal element in de kwaliteitsverbetering van traumazorg. 
De kwaliteit van de data verzameld in een traumaregistratie bepaalt de validiteit en 
betrouwbaarheid van conclusies die getrokken worden op basis van die traumaregistratie. 
Idealiter, zou traumaregistratie populatie-breed moeten plaatsvinden, om de 
generaliseerbaarheid van conclusies te garanderen. Beide factoren, kwaliteit van de data en 
dekking van de registratie zijn onderwerp van verbetering. Verificatie van data verzameling, 
aanvulling van missende gegevens, en een grondig data validatieproces, moeten aan de 
data verwerking vooraf gaan. Bijzondere aandacht moet besteed worden aan missende 
waarden van fysiologische parameters, zoals ademhalingsfrequentie, systolische bloeddruk, 
en  Glasgow Coma Scale. Specifieke training van diegenen betrokken bij letselcodering, 
verhoogt de betrouwbaarheid van het AIS coderingssysteem. Systematische verschillen 
in coderingspraktijken kunnen resulteren in aanwijsbare verschillen tussen ziekenhuizen. 
Steekproefsgewijze controles zijn noodzakelijk om de kwaliteit van data te bepalen en te 
verzekeren dat alle relevante patiënten gevat worden in de traumaregistratie. 

TOEKOMST PERSPECTIEVEN VOOR TRAUMACENTRA

De invloed van traumaregistratie en uitkomstvoorspellende modellen zal zich blijven 
ontwikkelen omdat kwaliteitsverbeteringsprogramma’s en kwaliteitsvergelijking een steeds 
belangrijkere rol spelen in moderne traumazorg. Traumaregistratie is het startpunt voor de 
“verbeteringscyclus”; risicogewogen modellering van uitkomsten voor het gelijkwaardig maken 
van het speelveld, gevolgd door terugkoppeling naar de traumacentra en tenslotte identificatie 
en implementatie van de veranderingen. Zowel academische level I trauma centra, als 
perifere level III centra zullen moeten deelnemen aan dit proces.

We zullen moeten streven naar een “ideaal” uitkomst voorspellend model. Het “ideale” 
model voor populatiebrede studies moet overleving zo nauwkeurig mogelijk voorspellen 
voor zo veel mogelijk traumapatiënten, met een minimum aan betrouwbare, gemakkelijk 
verkrijgbare parameters. Het is van groot belang dat we de geschikte referentiestandaard 
kiezen. We moeten ons daarbij afvragen of de referentiestandaard het huidige niveau van 
traumazorg reflecteert, en of de referentiestandaard past bij de bestudeerde populatie. 
Hedendaagse nationale populatiebrede traumaregistratie maakt vergelijking van resultaten 
mogelijk, zowel tegenover een nationale als een regionale referentiegroep. De Nederlands 
nationale traumaregistratie biedt grote mogelijkheden voor populatiebrede studies. 
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Voortgaande professionalisering, opleiding en training binnen de organisaties die het data 
acquisitieproces onderhouden en monitoren, zal resulteren in complete, nauwkeurige en 
betrouwbare databases. Identificatie van de kern dataset noodzakelijk voor de berekening van 
de uitkomstvoorspellende modellen en consensus over de inclusie criteria, zal het mogelijk 
maken nationale databases samen te voegen. Wederom is het een voorwaarde dat de 
trauma populaties in kwestie voldoende gelijkenis hebben. Voor Europa zal dit waarschijnlijk 
resulteren in de verwezenlijking van een Europese traumaregistratie en uitkomst vergelijking 
op basis van een Europees populatiebrede traumaregistratie in de toekomst. 

Traumaregistratie en uitkomstvoorspellende modellen bieden een groot potentieel vòòr de 
evaluatie van traumazorg en daaropvolgend, verbetering van traumazorg. Uiteindelijk zal het 
gehele traumasysteem en bovenal de traumapatiënt hier voordeel van hebben. 
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EDITORIAL COMMENT ‘M-STUDY FROM AN URBAN TRAUMA CENTER IN TOKYO’ 
Takashi Fujita, Naoto Morimura, Yasuyuki Uchida, Ichiro Kaneko, Hiroto Ikeda, and Tetsuya 
Sakamoto.  
J Trauma.2010;69:934-937.

Pieter Joosse 
J Carel Goslings

The authors provide the reader with data from an urban Japanese trauma center. The article 
is of particular interest because it is claimed by the authors to be the first to present an M 
value from a Japanese trauma center in the international literature. The aim of the study was 
“to determine whether the database of this institution is well-matched to the Major Trauma 
Outcome Study (MTOS), and if the original Trauma and Injury Severity (TRISS) coefficients 
are accurate predictors of the patient outcome in Japan”. It is arguable whether data from a 
single-center study are representative for Japan in total, the 10th largest population in the 
world.  

The main data focus on the outcome comparison between the Trauma and Critical Care 
Center in Teikyo University Hospital and the MTOS. Unfortunately, the M statistic is wrongly 
explained in the text as being used to compare patient outcome between the study database 
and the MTOS. The M statistic is a tool to examine the similarity in the mix of injury severity 
in the observed data, compared with the reference data, i.e., the MTOS. Values for M range 
from 0 to 1, and the closer the value is to 1, the better the match in injury severity. Other 
parameters, like the Z statistic are used to quantify the difference between the observed 
and predicted number of survivors. Besides this technical remark are the techniques used  
appropriate for the aim the study.

Patients in the observed data set were more severely injured. The overall mortality was 
slightly higher. There were approximately 2.5 times as many people older than 55 years. 
These are only a few of the findings that are of interest for those working in the field of 
outcome prediction and trauma registries. Disappointingly, the authors do not comment on 
these findings in the discussion. Besides patient characteristics, case mix of injury severity, 
and mechanism of injury, other factors also influence patient outcome and thus outcome 
prediction. For example, what is the incidence of (isolated) traumatic brain injury in this 
population? As we know, traumatic brain injury negatively influences the performance of 
TRISS. The level of care in Japan will likely be comparable with other developed nations. 
Does this also account for the level of pre-hospital care? From that perspective, how can 
the authors explain the high percentage of patients (> 10%) arriving in a cardiac arrest in 
the emergency room in a densely populated area? One-third of the population is older than 
55 years, and co-morbidity might play an important role in this older population. These 
questions reflect the well- known shortcomings of TRISS analyses. Until a worldwide excepted 
alternative is available, we should keep these issues in mind when interpreting the results of a 
TRISS outcome analysis.

The discussion section elaborates on the efforts of the Japanese Emergency Medicine 
Study Group for Quality (EMSQ) (but fails to mention their publication in 1998)1 and the 
Japan Trauma Data Bank. Both initiatives follow a global trend towards a local (and more 
recent) standard for reference, as is seen in Germany and the United Kingdom. The 
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recommendation for development of contemporary Japan TRISS coefficients as suggested 
by the authors is absolutely justified. One of the lessons learned from the National Surgical 
Quality Improvement Program is that we should correct for differences in case-mix when 
comparing individual institutions to one and another.2 When we are comparing the outcome 
of an individual institution to the norm (such as TRISS analysis with benchmarking to the 
MTOS) comparable problems with differences in case-mix play a role. National Surgical 
Quality Improvement Program also shows us which parameters mostly influence ranking after 
adjustment for case-mix, thus offering an opportunity to improve outcome prediction in new or 
revised models. 
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GLOSSARY OF TRAUMA SCORING AND MATHEMATICAL EqUATIONS OF THE MOST 
IMPORTANT OUTCOME PREDICTION MODELS.

Meaning of acronym Description

AP Anatomic Profiles Anatomical score in 4 divisions: A is a summary score for AIS > 
2 injuries to the head, brain, and spinal cord; B summarizes all 
AIS>2 injuries to the thorax and front of the neck; C summarizes 
all other AIS > 2 injuries and D is a summary score for all AIS ≤ 
2 injuries. Each component is calculated as the square root of 
the sum of squares of the AIS scores of all serious injuries within 
each region.

ASCOT A Severity 
Characterization Of 
Trauma

Prediction model consisting of a combination of Anatomic 
Profiles, RTS variables, type of injury and a defined description of 
patient age.
logit (P) = β0+ β1 (GCS) + β2 (SBP) + β3 (RR) + β4 (Profile A) + β5 
(Profile B) + β6       (Profile C) + β7 (age)

AIS Abbreviated Injury 
Score

An anatomical classification of injury severity per body region 
(head and neck, face, chest, abdomen, extremity, external).

BISS Base Excess Injury 
Severity Scale

A combination of ISS and base excess, multiplied by weighted 
coefficients depending on age and mechanism of injury (sharp of 
blunt).
logit (P) = β0+ β1 (base excess) + β2 (ISS) + β3 (age < > 55y)

EMTRAS Emergency Trauma 
Score

Prediction score based on four variables that are early available 
in trauma care.
logit (P) = β0+ β1 (Age) + β2 (GCS) + β3 (base excess) + β4 
(prothrombin time)

ISS Injury Severity Score An anatomical scoring system for patients with multiple injuries. 
Only the highest AIS score in each body region is used. The 3 
most severely injured body regions have their score squared and 
added together to produce the ISS score.
AIS2 + AIS2 +AIS2 = ISS

GCS Glasgow Coma Scale The GCS is scored between 3 and 15. The GCS is composed of 
three parameters: best eye response, best verbal response, and 
best motor response.

GOS Glasgow Outcome 
Score

Scores 5 states of recovery; good recovery, moderate disability, 
severe disability, persistent vegetative and death.

HARM Harborview 
Assessment for Risk 
of Mortality

ICD-9 based model to predict in-hospital mortality for trauma 
patients. The model does not require physiological data.
Logit (P) = β0+ β1 (age) +       β2(age2) + . . . β80

(chest x spinal cord)

ICD-9 International 
Classification of 
Diseases ninth edition

Worldwide nomenclature system used by hospitals to describe 
discharge diagnosis and procedures. Often the extension CM 
(Clinical Modification) is added. As ICD data are more readily 
available than AIS data several ICD based prediction models 
have been suggested. 

ICISS International 
Classification of 
Diseases Injury 
Severity Score 

Prediction model based on calculated survival risk ratios for each 
ICD-9 code. The ICISS is calculated as the product of the survival 
risk ratios for each of the patient’s injuries.
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MTOS Major Trauma 
Outcome Study

A historical database of over 80.000 North American trauma 
patients that was used to create the original coefficients for the 
TRISS method.

MTOS95 Refers to the 1995 update of the coefficients derived from the 
MTOS.

NISS New Injury Severity 
Score

An anatomical scoring system for patients with multiple injuries. 
The three highest AIS scores, independent of their body regions, 
are squared and summed to produce the N
ISS score.
AIS2 + AIS2 +AIS2 = ISS

NTDB National Trauma 
DataBank

Currently the largest aggregation of United States/Canadian 
trauma data registry data ever assembled. The databases 
contains records of over 5 million trauma patients from 697 
hospitals. Participation of the NTDB is facultative. All admitted 
patients are included although inclusion criteria vary among 
participants.

NTDB2010 Refers to the 2010 update of the coefficients derived from the 
NTDB.

Ps Probability of survival Expresses the probability of survival of an individual as calculated 
by the TRISS method. 

RTS Revised Trauma 
Score

A physiological classification of injury severity, scoring GCS, 
systolic blood pressure and respiratory rate. 
RTS = β1 (GCS) + β2 (SBP) + β3 (RR)
For field triage a 12-point scale is used.

RR Respiratory Rate Number of breaths taken within 60 seconds.

SBP Systolic Blood 
Pressure

Maximum arterial blood pressured expressed in millimetre 
mercury (mmHg).

TARN Trauma Audit and 
Research Network

Trauma database containing data from over 60% of the hospitals 
in England and Wales. Inclusion is determined by a list of injuries 
and a hospital stay of at least 3 days. Participation to the TARN 
is voluntary.

TARN09 Refers to the 2009 update of the coefficients derived from the 
TARN.

TBI Traumatic Brain Injury Specification of the broader term ‘head injury’. TBI usually refers 
to intracranial injury and can be classified into mild/moderate/
severe based on the GCS.

TRISS Trauma and Injury 
Severity Score

A combination of ISS and RTS, multiplied by weighted 
coefficients depending on age and mechanism of injury (sharp of 
blunt).
logit (P) = β0+ β1 (RTS) + β2 (ISS) + β3 (age < > 55y)

TS Trauma Score Precursor of the RTS. Physiological measure of injury severity. 
Parameters include respiratory rate, respiratory effort, systolic 
blood pressure, capillary refill and GCS.  
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