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General introduction and outline of the thesis

1GEnErAl introduCtion

trauma systems
Trauma is a global leading cause of death and disability [1,2] and an increasing health problem. 

It accounts for 10% of the global mortality and is a threat to health in every country of the world.

[3] Worldwide almost six million people die after trauma, and millions more are temporary or 

permanent disabled.[3]

Trauma systems were established worldwide to improve the quality of trauma care.

A trauma system is an organised care approach for injured patients within a geographical area, 

which incorporates both high and lower level trauma centers for respectively high and less 

severely injured patients.[4] The main goals in a trauma system are transporting the right pa-

tient to the right trauma center within the right time, match patient needs to the level of care 

available in the centers, optimize the use of available trauma resources, and to improve surgi-

cal capacity in the case of mass casualty events.[4] Worldwide the implementation of trauma 

systems has led to a more efficient triage system and a significant reduction in mortality.[5-10]

The criteria for the levels of trauma centers, which ensure trauma care capability and institu-

tional performance, are outlined in the “Resources for Optimal Care of the Injured Patient” 

document, published by the American College of Surgeons Committee on Trauma (ACS-COT).

[4] The ACS-COT focuses on improving the care for the injured patient by verifying trauma care 

programs and providing guidelines for trauma system organization.

The acute care hospital facilities and personnel available in the centers distinguish the levels 

of trauma center. A level I trauma center has the capability of all acute care hospital facilities 

and specialities and therefore the capacity to provide care for all severely injured patients in 

the trauma region. A level II trauma center is a large and general hospital which is capable of 

treating patients with major trauma; however not all facilities and specialties are available in 

these centers. A level III trauma center has a restricted capacity of trauma care; therefore only 

patients with a single injury should be treated in these centers. Moreover, some countries have 

more levels of trauma centers, level IV and V, for example in the United States.

Global trauma systems
Although the aim of trauma systems is similar in each country, and similar expertise and trauma 

resources are available in these systems, there are still significant differences in the designa-

tion and organization of the systems. The guidelines for the structure of a trauma system are 

determined consensus-based by in particular the American College of Surgeons. [11] Which 
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components ensure trauma systems to be successful have not been identified yet. Studies 

benchmarking and comparing outcomes before and after trauma system implementation and 

between different international trauma systems are necessary to reveal these components.

trauma registries
Optimal care of the trauma patient involves decision making based on a detailed understanding 

of the causes, treatments, and outcomes of injury.[4] Therefore, institutional trauma registries 

were implemented. Prospectively collected data of trauma patients are collected in the registry, 

e.g. patient and injury characteristics and outcomes such as hospital and intensive care unit 

(ICU) length of stay and mortality.

The registry can reveal trends in performances and outcome in an individual trauma center, 

and allows benchmarking and comparisons across specific regions within a country and across 

international trauma systems. Furthermore, the outcomes from these data inform governments 

about the incidence, costs, and the required resources in a trauma system and therefore can 

put trauma as a disease on the political agenda.

Evaluation of trauma center performances
Currently trauma center performances are evaluated with the Trauma Injury Severity Score 

(TRISS) methodology.[12] The expected mortality (survival probability) for each patient is calcu-

lated and compared with the observed mortality.

The variables used to calculate the survival probabilities are the Revised Trauma Score (RTS) 

[13] (calculated from the Glasgow Coma Scale, systolic blood pressure, and respiratory rate), 

the age-index (divided in patients younger than 55 years and 55 years and older), and the Injury 

Severity Score (ISS).[14,15] The ISS represents the severity of all injuries and is calculated from 

the Abbreviated Injury Scale (AIS) score.[16] The AIS score is an anatomically based, consensus 

derived, global severity scoring system that classifies each injury by body region according to its 

relative importance. The body regions are divided in ‘head’, ‘face’, ‘thorax’, ‘abdomen’, ‘extremi-

ties’, and ‘external’. The score ranges from 1 to 6 on an ordinal scale, the higher the score the 

more severe the injury. The highest scores from the three most severely injured body regions 

are squared and summed to obtain the ISS.

The TRISS predictors and coefficients were derived in the late 1980s using the population from 

the Major Trauma Outcome Study, an American trauma population admitted in acute care 

hospitals of different levels.[12] Separate coefficients were derived for patients with blunt and 
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1penetrating trauma. The TRISS methodology is currently the only method used in global trauma 

care to benchmark trauma center performances.

trauma systems in the netherlands
In 1999 regionalized trauma care was instituted in the Netherlands. In the Dutch trauma system 

11 level I trauma centers were established, each covering a specific region in the Netherlands. 

The University Medical Center Utrecht (UMCU) officially became a level I trauma center 

in 2000. It covers the central region of the Netherlands and 4 level II and III trauma centers 

are connected to this network. The implementation or regionalized trauma care was a major 

success in the Netherlands. The trauma research group of the UMCU demonstrated that the 

implementation of a regionalized trauma system improved the quality of trauma care. A more 

efficient triage system was established and patient outcomes improved, demonstrated by the 

substantial and statistically significant reduction in mortality in the trauma region with 16%[10], 

and in the trauma center of the UMCU with 40%.[17] After further maturation of the center and 

system a 25% mortality reduction was achieved at UMCU.[18] These results demonstrate that 

a well-organized trauma system improves the quality of trauma care which results in improved 

survival.

thEsis outlinE

The main goal of this thesis was to evaluate outcomes of trauma care, benchmark trauma 

systems on an international level, and to investigate the applicability of current evaluation 

methods in present trauma populations.

The studies in this thesis contain data from three level I trauma centers:

– University Medical Center Utrecht, Utrecht, the Netherlands

– John Hunter Hospital, Newcastle, New South Wales, Australia

– Harborview Medical Center, Seattle, Washington, United States

PArt 1 EvAluAtinG trAumA systEm PErformAnCEs

As described above, assessments of quality of trauma care are necessary to identify strengths 

and weaknesses of trauma systems. In particular comparative assessments between interna-
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tional systems are useful. These studies are not routinely performed and no uniform method 

is developed for these studies. In Chapter 2 a systematic review is presented of all studies 

comparing and benchmarking two or more international trauma care systems.

Better understanding of the effective elements in a trauma system will arise from comparisons 

between international systems. Chapter 3 provides an extensive overview of the key differences 

of the trauma centers and the demographic patterns and patient outcomes of three level I 

trauma centers (UMCU, JHH, HMC) functioning in three international trauma systems.

Several authors have stated that the TRISS method currently has its limitations and causes an 

unacceptably high misclassification rate in patients with severe trauma.[19,20] The predictors 

and coefficients were derived decades ago in an American trauma population. Therefore, 

differences in demography, trauma epidemiology and improvements in pre-hospital and in-

hospital care might have changed the characteristics of the current trauma populations. It is 

questionable whether the predictors and coefficients still have the same explanatory power 

as previously described in literature.[21] This provides knowledge of the reliability and validity 

of the outcomes with this method in the present trauma populations. Chapter 4 evaluates the 

applicability of the TRISS predictors in a Dutch regional and level I trauma population.

The worse the value of the variables used in the TRISS model, the lower the calculated survival 

probability. Hypothetically, if there are no abnormal values of the variables in a population, the 

discriminative power and calibration will be very poor. It is not possible to distinguish patients 

who are likely to die from patients who are likely to survive their injuries.

Therefore, the distribution and predictive value of the variables in the TRISS model should be 

evaluated. Chapter 5 evaluates the distribution, predictive and additional value of the variables 

used in the TRISS model in the international level I trauma centers.

In order to provide a uniform method to register injuries, the AIS score was developed and 

implemented in trauma care. Because the ISS (calculated from the AIS scores) is extensively 

used in comparison studies, the variability in the AIS scoring must be minimal across trauma 

systems. In Chapter 6, the inter-rater variability of the AIS scores between three level I trauma 

centers is evaluated.

PArt 2 QuAlity of lifE in trAumA PAtiEnts

Currently, trauma system performances have only been measured and standardized in terms 

of mortality. The use of nonfatal outcomes, e.g. quality of life, has been suggested extensively 



19

General introduction and outline of the thesis

1in current literature.[22-26] A lot of different questionnaires are used in trauma patients, both 

generic and trauma-specific health instruments. In order to provide appropriate conclusions 

from these studies, the best Health Related Quality of Life (HRQoL) instruments must be used. 

Unfortunately, there is a lack of knowledge about the validity of HRQoL instruments in a gen-

eral trauma population. The results of a systematic review and quality assessment to evaluate 

the measurement properties of HRQoL instruments in general trauma populations have been 

outlined in Chapter 7.

In order to use the HRQoL as an indicator for benchmarking purposes, expected HRQoL out-

comes should be standardized and compared with the observed HRQoL. To calculate expected 

HRQoL, patient and injury characteristics associated with HRQoL must be identified. The results 

of this study are presented in Chapter 8.

The mortality rates in trauma centers may very well be influenced by other factors, in addition 

to quality of trauma care, for example, cultural differences in protocols of withdrawal of life-

sustaining treatments with inevitable death or brain death. Measuring nonfatal outcomes could 

eliminate some of the biases. In Chapter 9 the HRQoL outcome is measured and compared in 

the three level I trauma centers. This study demonstrates whether the differences in outcome 

in terms of mortality (Chapter 3) correspond with the outcome in terms of HRQoL.
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ABstrACt

introduction: Global comparative assessments of quality of trauma care are necessary to 

identify strengths and weaknesses of trauma systems in different countries. It has proven to 

be challenging to compare trauma care systems and a lot of variation exist in the methodology 

used in these studies. This systematic review identifies all studies comparing and benchmarking 

two or more international trauma care systems and provides an overview of the used methods.

methods: The Preferred Reporting Items for Systematic Reviews and Meta-Analyses guideline 

was used. A systematic search was performed in Pubmed, Embase, and the Cochrane library 

(all through January 10, 2016). All titles and abstracts, references and citing articles of selected 

articles and relevant reviews were screened. The methodological quality was critically appraised 

using the Centre for Evidence Based Medicine of the University of Oxford criteria.

results: Sixteen studies were included in this review. Seven studies performed a comparison 

between similar trauma populations. Four articles performed a crude analysis, four studies a 

multivariable analysis, two studies used Trauma and Injury Severity Score analysis, and two 

studies combined the latter two analyses. Two studies compared the outcome with the Revised 

Injury Severity Classification analysis and two studies matched the patients 1 by 1.

In all studies the primary outcome was the in-hospital mortality. In addition, two studies 

evaluated 30-days mortality, one study evaluated 120-days mortality and one study evaluated 

the long-term disability. In six studies a substantial difference was shown between crude and 

adjusted outcome. Only one author described how they dealt with missing data.

Conclusion: The results demonstrate a large heterogeneity in the design and methods used 

to perform these studies. A similar trauma verification level and standardised data collection 

in the compared institutions should be employed in order to accurately aggregate the data. In 

future studies, non-fatal and long term outcomes should be introduced, missing data should be 

adequately dealt with, and adjustment for confounders or a certain matching method should 

be performed. All of these factors should be taken into account in order to perform adequate 

international benchmarking.
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introduCtion

Trauma remains a leading cause of death and disabilities worldwide. Every year, more than 5.8 

million people die from the consequences of trauma and millions more are left with disabilities. 

Trauma care is critical to improve the chances for survival and to avert lifelong injury-related 

disabilities.[1] Trauma systems have been designed to improve care, and their implementation 

in global trauma care have proven its efficacy.[2-6]

The World Health Organization (WHO) and Centers for Disease Control and Prevention (CDC) 

state that a significant portion of the deaths and disabilities caused by injuries could be elimi-

nated by improving trauma care. They support countries in planning and establishing trauma 

care programs to strengthen their capacity to care for injured patients. Healthcare quality 

improvement programs have proven the value of trauma care systems in decreasing mortality 

rates, complications and healthcare costs associated with trauma. [3,7,8]

Current trauma systems have been benchmarked and compared to understand both the 

strengths and benefits of a system and the weaknesses and limitations of a system.[9,10] Many 

authors have tried to compare trauma care systems, but it has proven to be challenging.[11] The 

usefulness of these data is highly dependent on the quality and the methods used in the stud-

ies. Currently, there is a lot of variation in the methodology used in the studies that compare 

different trauma care systems.

The aim of this review is to identify all studies comparing and benchmarking two or more inter-

national trauma care systems, provide an overview of the methods of comparison used in these 

studies, and discuss the challenges associated with these studies.

mEthods

search and selection
We conducted a systematic review of all published literature according to the Preferred Re-

porting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.[12] No other 

protocols exist for this type of systematic review.

We aimed to identify all studies that compared different trauma care system performances. 

Because trauma systems are designed nationally, we only searched for studies comparing inter-

national trauma systems. On the 10th of January 2016, we systematically searched the Pubmed, 

Cochrane library, and Embase databases. We used the search terms ‘trauma system’ and ‘trauma 
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registry’ plus their plural forms, and we combined them with the search terms ‘mortality’ and 

‘compare’ and their synonyms. All studies meeting the search criteria were included.

Prior to the selection of relevant articles, all double articles were excluded. The citations were 

initially assessed by two reviewers (ACG, MvH). After applying the inclusion and exclusion criteria 

presented in the flowchart (Figure 1), the full text of the remained articles were independently 

assessed for methodological quality by two reviewers (ACG, MvH). Any discrepancies between 

figure 1. Flowchart of the selection process
Date of search January 10th, 2016



29

Global comparative assessments of trauma system performances

2

the two reviewers were discussed with a third reviewer (LPHL) and resolved by consensus. The 

references of the initial selected articles were screened using the same criteria, as well as the 

studies citing the selected articles using Web of Science. The references of relevant and related 

reviews were also screened.

Comparison studies containing the same patient cohorts were not excluded because the meth-

odology used in these studies may have been different and therefore relevant to the aim of this 

review.

data analysis
Studies were evaluated by their methodological quality and whether they identified and 

adjusted for potential sources of bias, e.g. the variation in case-mix. In the absence of a stan-

dardised quality assessment guideline for these specific types of studies, we used the critical 

appraisal criteria of the ‘Centre for Evidence Based Medicine of the University of Oxford’[13] 

as a guideline to assess the methodological quality of the articles. The quality assessments for 

which the studies were checked are explained in the legend of Table 2.

table 1. Characteristics of included studies

Study Hospital setting Source data 
collection

Patient 
population in 
data source

Study population Primary 
outcome

Arreola-Risa 
et al.15

Urban hospital 
(Mexico)

Hospital records All admitted 
patients

All seriously injured 
(ISS≥9) and (pre)
hospital deaths

In-hospital 
mortality

Level I trauma 
centre (USA)

Institutional 
trauma registry

All admitted 
trauma patients; 
Excl: patients 
≥65yrs with 
isolated fracture 
neck of femur

Brinck et al.25 
Nov 2014

All trauma centre 
levels (Germany)

Trauma Registry 
of the German 
Trauma Society 
(DGU)

Admission 
through ED + 
ICU-stay or dead

≥16 years, ISS>15 
(exclusion penetrating 
trauma without head 
injury)
From TR-DGU only 
including level I trauma 
centres treating >50 ISS 
>15 patients annually

30-day 
in-hospital 
mortality

All trauma centre 
levels (Finland)

Helsinki 
University 
Hospital trauma 
registry

Adult trauma 
patients (>15 yrs) 
with ISS >15
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table 1. (continued)

Study Hospital setting Source data 
collection

Patient 
population in 
data source

Study population Primary 
outcome

Brinck et al.26 
July 2015

All trauma centre 
levels (Germany)

Trauma Registry 
of the German 
Trauma Society 
(DGU)

Admission 
through ED + 
ICU-stay or dead

≥16 years, ISS>15, 
pre-hospital GCS 3-8 
(exclusion penetrating 
trauma without head 
injury, missing baseline 
data)
From TR-DGU only 
including level I trauma 
centres treating >50 ISS 
>15 patients annually

30-day 
in-hospital 
mortality

All trauma centre 
levels (Finland)

Helsinki 
University 
Hospital trauma 
registry

Adult trauma 
patients (>15 yrs) 
with ISS >15

Cheng et al.10 All trauma centre 
levels (Australia)

Victorian State 
Trauma Registry

Major trauma; 
Death, ISS>15, 
ICU stay >24h 
with mechanical 
ventilation, 
urgent surgery

Blunt trauma patients 
with ISS>15

In-hospital 
mortality

University-based 
teaching hospital 
(China)

Institutional 
trauma registry

Injured patients 
admitted via 
resusciation 
room, trauma 
deaths, admitted 
at ICU

DeKeyser et 
al.16

Level I trauma 
centre (USA)

Institutional 
trauma registry

All patients 
admitted due 
to injury, except 
patients ≥65yrs 
with isolated 
fracture neck of 
femur

All patients in the 
registry

In-hospital 
mortality

Level I trauma 
centre (Israel)

Institutional 
trauma registry

All patients 
admitted due to 
injury

Gomez et 
al.19

All hospitals in 
the region (Spain)

Region specific 
database 
(includes all data 
sources)

All injured 
patients in the 
region

Severely injured; death, 
RTS<12, life-threatening 
injuries, ICU, Surgery 
<24h thorax/abdomen/
pelvis

In-hospital 
mortality

All hospitals 
in the region 
(France)

Region specific 
database 
(includes all data 
sources)

All injured 
patients in the 
region



31

Global comparative assessments of trauma system performances

2

table 1. (continued)

Study Hospital setting Source data 
collection

Patient 
population in 
data source

Study population Primary 
outcome

Gunning et 
al.17

Level I trauma 
centre (Australia)

Institutional 
trauma registry

All patients 
admitted with a 
Full Trauma Team 
Activation or 
ISS>15

All patients registerd in 
the trauma registries

In-hospital 
mortality

Level I trauma 
centre 
(Netherlands)

Institutional 
trauma registry

All admitted 
trauma patients

Level I trauma 
centre (USA)

Institutional 
trauma registry

All admitted 
trauma patients; 
excl: patients 
≥65yrs with 
isolated fracture 
neck of femur

Haider et al.9 
2013

Academic 
tertiairy hospital 
(France)

Institutional 
hospital records

All patients 
admitted at 
the trauma 
resuscitation unit

≥16 years, ISS≥9, blunt/
penetrating injury, 
treated at Level I 
trauma centre

In-hospital 
mortality

Level I and II 
trauma centres 
(USA)

US National 
Trauma Data 
Bank

Trauma patients 
collected in the 
insititutional 
trauma registries 
(Excl: patients 
≥65yrs with 
isolated fracture 
neck of femur

Haider et al.14 
2014

Academic 
tertiairy hospital 
(France)

Institutional 
hospital records

All patients 
admitted at 
the trauma 
resuscitation unit

≥16 year, blunt/
penetrating
NTDB: inclusion, annual 
trauma volume 25-400 
patients; exclusion 
NTDB hospitals >20% 
missing data

In-hospital 
mortality

Level I trauma 
centre (Pakistan)

Institutional 
trauma registry

All patients 
meeting the 
hospitals’ trauma 
activation criteria

Level I and II 
trauma centres 
(USA)

US National 
Trauma Data 
Bank

Trauma patients 
collected in the 
insititutional 
trauma registries 
(Excl: patients 
≥65yrs with 
isolated fracture 
neck of femur
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table 1. (continued)

Study Hospital setting Source data 
collection

Patient 
population in 
data source

Study population Primary 
outcome

Mock et al.27 
1993

District hospital 
(Ghana)

Hospital records All admitted 
patients

All admitted trauma 
patients in the study 
period

In-hospital 
mortality, 
long-term 
disability

Level I trauma 
centre (USA)

Institutional 
trauma registry

All admitted 
trauma patients; 
Excl: patients 
≥65yrs with 
isolated fracture 
neck of femur

Mock et al.20 
1998

Urban hospital 
(Mexico)

Hospital records, 
vital statistic 
registry

All admitted 
patients

≥15 years, ISS≥9, (pre)
hospital trauma deaths

Pre-hospital 
and in-
hospital 
mortalityLevel I trauma 

centre (USA)
Institutional 
trauma registry, 
vital statistic 
registry

All admitted 
trauma patients; 
excl: patients 
≥65yrs with 
isolated fracture 
neck of femur

Urban teaching 
hospital (Ghana)

Hospital records, 
epidemiologic 
survey

All admitted 
patients

Morrissey et 
al.18

Major trauma 
centre

Scottish Trauma 
and Audit Group 
registry

Patients ≥12y, 
≥72h admission 
or dead; Excl: 
≥65y with 
isolated neck of 
femur pubic rami 
fracture

All patients in the 
registry (exclusion 
elderly patients with 
isolated hip fracture

In-hospital 
mortality

Level I trauma 
centre (USA)

Institutional 
trauma registry

All admitted 
trauma patients

Nijboer et 
al.21

Level I trauma 
centre (Australia)

Queensland 
Trauma Registry

All trauma deaths 
in the hospital, 
≥24h admission

Admitted alive at 
trauma centre, ≥15 
years, ISS≥16 (burn 
excluded)

In-hospital 
mortality

All trauma centre 
levels (Germany)

Trauma Registry 
of the German 
Trauma Society 
(DGU)

Admission 
through ED + 
ICU-stay or dead
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table 1. (continued)

Study Hospital setting Source data 
collection

Patient 
population in 
data source

Study population Primary 
outcome

Spicer et al.22 All trauma centre 
levels (USA)

WISQARS 
(vital statistics) 
and NHDS 
(hospitalized 
cases)

National 
representative 
sample of 
hospital 
discharges and 
all vital statistics 
mortality 
censusus

AIS≥3; non-fatal 
hospitalized injury or 
death with principal 
ICD-9 diagnosis 
between 800 and 995

Case fatility 
rate

All trauma centre 
levels (Germany)

National hospital 
discharge 
and mortality 
censuses

Hospital 
discharges 
and mortality 
censuses

Squyer et al.23 Level I trauma 
centre (USA)

Institutional 
trauma registry

UK ((All admitted 
trauma patients; 
excl: patients 
≥65yrs with 
isolated fracture 
neck of femur))

All patients in Turkish 
hospitals during the 
study period matched 
with patients in the 
other institution

In-hospital 
mortality

University 
hospitals (Turkey)

Hospital records All admitted 
patients

Tan et al.24 Different acute 
care hospitals 
(Scotland)

Scottish Trauma 
and Audit Group 
registry

Patients ≥12y, 
≥72h admission 
or dead; Excl: 
≥65y with 
isolated neck of 
femur pubic rami 
fracture

ISS≥16 (excluded: 
isolated NOF/pubic 
rami fracture)

Mortality at 
120 days

All trauma centre 
levels (Germany)

Trauma Registry 
of the German 
Trauma Society 
(DGU)

Admission 
through ED + 
ICU-stay or dead

outcome
We describe the different outcome parameters used in the studies. Furthermore, we provide an 

overview of the crude and adjusted outcome and comment on the effect of the used method in 

the study on the adjusted outcome.

The results of this systematic review are presented descriptively.
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table 2. Evaluation of methodological quality of studies

Study Statistical analysis A) 
Comparable 
population 

setting

B) 
Comparable 

patient in 
data source

C) Minimal 
selection 

bias

D) 
Correction 

for bias

E) Complete 
patient 
group 

analysed

F) Overall 
risk of 
bias

Arreola-Risa 
et al.15

Crude analysis - - + - + High

Brinck et 
al.25 Nov 
2014

RISC analysis + - + ± - High

Brinck et 
al.26 July 
2015

RISC analysis + - + ± - High

Cheng et 
al.10

Multivariable 
logistic regression 
& TRISS analysis

- - + ± + Medium

DeKeyser et 
al.16

Multivariable 
logistic regression

+ - + ± + High

Gomez et 
al.19

Multivariable 
logistic regression

+ + + ± + Medium

Gunning et 
al.17

Multivariable 
logistic regression 
& TRISS analysis

+ - + ± + Medium

Haider et 
al.9 2013

Coarsened exact 
matching

- - + + - Low

Haider et 
al.14 2014

Multivariable 
logistic regression

- - + ± + Medium

Mock et al.27 
1993

Crude analysis - - + - + High

Mock et al.20 
1998

Crude analysis - - + - + High

Morrissey et 
al.18

Multivariable 
logistic regression

- - + ± + Medium

Nijboer et 
al.21

TRISS anlaysis - - + ± + Medium

Spicer et 
al.22

Crude analysis + + + - + High

Squyer et 
al.23

Case matched 
logistic regression 
analysis

- - + + - Low

Tan et al.24 TRISS anlaysis + - + ± + Medium

legend
A) + comparable population setting; - different population setting
B) + similar inclusion criteria data source collection; - different inclusion criteria data source collection
C) + clearly defined inclusion criteria for study population; - study population not defined
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rEsults

search strategy results
The initial search identified 1251 articles. We excluded 297 duplicates and applied the inclu-

sion and exclusion criteria to the remaining articles (Figure 1). First, we screened the title and 

abstract of all articles. We selected all studies in which the authors compared data of trauma 

patients in trauma institutions between different countries. Second, we screened the full texts 

of the selected articles and found fifteen studies to be eligible for this review.[9,10,14-26] All 

references and citations from the sixteen articles selected after the first screening were identi-

fied in Web of Science. One eligible article was added to the review.[27]

Characteristics study populations
Seven studies [16,17,19,22,24-26] were performed in comparable population settings. The 

population setting differed in the remaining articles, which included institutions in trauma 

and non-trauma systems. The included studies compared individual hospitals operating within 

trauma systems and those without trauma systems [15,18,21,27] regional trauma systems and 

national trauma systems [19,22,23-25] and individual hospitals with national trauma systems 

and those with regional trauma systems.[9,10,14,21] Only two studies [16,17] compared indi-

vidual trauma institutions with similar verified trauma status level.

All trauma institutions have different criteria for including patients in the trauma registry (Table 

1). Inclusion criteria even differ amongst verified trauma centres that provide similar level of 

trauma care.

In two studies[9,23] the patients were matched, and the number of included patients limited by 

the number of patients in the low-volume hospitals and the number of eligible matches.

All studies clearly described predefined inclusion criteria (Table 1) for the study population. Only 

one study[19] included all admitted patients for analysis. The majority of the studies included 

severely injured patients in the study population.

An overview of all characteristics of the compared hospitals is demonstrated in Table 1.

D) + matched patient groups; ± adjustment for confounders or standardized analysis; - crude analysis, no 
adjustment for confounders
E) + all patients meeting the inclusion criteria are included for analysis; ± not all patients (<15%) meeting the 
inclusion criteria are included for analysis; - >15% of patients meeting the inclusion criteria are excluded for 
analysis
F) high, selection bias in study population or no adjustment for confounders in analysis; medium, minimal 
selection bias in study population and adjustment for confounders in analysis; low, minimal selection bias in 
study population, and matched patient groups
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statistical methodology
Four articles [15,20,22,27] only performed crude analysis and did not adjust for confounders in 

the analysis. All other articles used a method to adjust for confounders. The confounders ad-

justed for were variables known to influence the mortality in trauma patients or variables which 

differed in the two populations, such as age and injury severity. In four studies [14,16,18,19], 

a multivariable logistic regression analysis was performed to calculate odds ratios (OR) with 

adjustment for confounders. The Trauma Revised Injury Severity [TRISS] [28] analysis was per-

formed in four studies [10,17,21,24]; however, only two studies [10,17] presented appropriate 

Z-scores. The other two studies [21,24] calculated the standardised mortality rate and observed 

versus expected mortality. In Cheng et al [10] and Gunning et al [17], the TRISS analysis was 

combined with a multivariable logistic regression. Two studies [25,26] compared the outcome 

with the Revised Injury Severity Classification (RISC) analysis.[29]

Patient data were matched in two studies.[9,23] Squyer et al.[23] matched all patients from the 

patient group with the lowest number of patients with a control patient in the compared trauma 

institution. In this study, approximately 75% of the trauma patients in the high-volume hospital 

were unmatched. The patients were matched by age (± 5 years), sex, and ISS (± 5 points), and 

the matched data was analysed with logistic regression. Haider et al.[9] used coarsened exact 

matching to match patients with a 1:1 ratio. With this method the data were coarsened, the 

variables exact matched, and the analysis was run on the uncoarsened, matched data. In this 

study, 18% of the patients was unmatched and excluded in the analysis. The patient character-

istics of the unmatched group were similar to the matched group.

Gomez et al.[19] performed a complete case analysis without missing data. With the exception 

of Gomez et al. [19], none of the authors described how they dealt with missing data.

outcome
In-hospital mortality was the most common outcome. Thirty-day mortality was the primary 

outcome in two studies [25,26]. Two studies [15,21] also included pre-hospital deaths, and 

one study[24] analysed the 120-day mortality rate after trauma. Furthermore, one study [22] 

evaluated the case fatality rate, defined as the percentage of fatal injuries, which was calculated 

by dividing the number of fatal injuries by the number of fatal injuries plus hospitalised injuries. 

Only one study [27] evaluated long-term disability with an average of 7 months follow-up; 

however, more than 50% of the patients were lost to follow-up in this study. An overview of all 

study specific outcomes is demonstrated in Table 1.
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table 3. Differences in crude and adjusted outcome

Study Crude outcome Adjusted / standardized outcome

Arreola-Risa et al.15 Mexico: 55%; 19% * NA

USA: 34%; 8.0% *  

Brinck et al.25 Nov 2014 Finland: 15.5% Ratio = 0.79 §

Germany: 18.6% Ratio = 0.82 §

Brinck et al.26 July 2015 Finland: 34.9% Ratio = 1.01 §

Germany: 40.5% Ratio = 0.91 §

Cheng et al.10 China: 20.2% OR = 2.173 [1.610 - 2.932] †

Australia: 11.9%  

DeKeyser et al.16 Israel: 4% OR = 0.75 [0.53-1.0] †

USA: 5%  

Gomez et al.19 Spain: 49.1% OR = 1.79 [0.45 - 7.10] ‡

France: 54.3%  

Gunning et al.17 Australia: 3.6% OR = 0.498 [0.303-0.818] (NL-AUS)

Netherlands: 6.5% OR = 0.473 [0.325-0.690] (NL-USA)

USA: 4.8% OR = 1.002 [0.664-1.514] (AUS-USA)

Haider et al.9 2013 France: 18.7% France: 13.7%

USA: 8.3% USA: 13.5%

 OR = 1.0 [0.77 - 1.39] ‡

Haider et al.14 2014 France = 16.3% Ratio = 1.11 § [0.92-1.35] (Fra-USA)

Pakistan = 4.8 % Ratio = 1.52 § [1.23-1.88] (Pak-USA)

USA = 3.3%  

Mock et al.27 1993 Ghana: 6% NA

USA: 6%  

Mock et al.20 1998 Mexico: 55%; 19% * NA

USA: 35%; 8% *  

Ghana: 63%; 7% *  

Morrissey et al.18 Scotland = 4.9% OR = 1.4 (1.2-1.6)

USA = 5.2%  

Nijboer et al.21 Australia: 9.8% Ratio = 0.89 [0.51 - 1.26] §

Germany: 17.9% Ratio = 0.79 [0.68 - 0.89] §

Spicer et al.22 NZ: 18% NA

USA: 14%  

Ratio = 1.25 [1.22 - 1.28]  

Squyer et al.23 NA Turkey: 8.3%

 USA: 0.79%

 OR = 11.36 [4.042 - 31.926) ‡

Tan et al.24 Scotland: 23.8% Scotland: 3.8 ¶

Germany: 22.2% Germany: 2.2 ¶

* Given first percentage is pre- and in-hospital mortality, second percentage is only in-hospital mortality; † 
Odds for survial; ‡ Odds for death; § ratio observed/expected deaths; ¶ standardized mortality;
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In Gomez et al.[21], the adjusted mortality showed nearly twofold elevated odds of death in the 

France region, while the difference in the unadjusted mortality was only 4.8%. The matching 

strategy used by Haider et al.[9] resulted from a significant difference in the crude analysis to 

no difference in mortality in the matched patient group. Four studies [14,18,19,21,24) showed 

a substantial difference in the outcome after adjustment of several variables. In only two stud-

ies[10,16,17], the crude and adjusted analyses resulted in comparable outcomes. The effect of 

the matching method used in the study of Squyer et al.[23] could not be ascertained because 

the authors did not provide any data of the crude mortality in the American population. All the 

crude and adjusted outcomes are presented in Table 3.

disCussion

Global comparative assessments of quality of trauma care are necessary to improve the de-

velopment and implementation of trauma systems worldwide. It still remains a challenge to 

combine global trauma data due to the lack of standardised data collection practices [30]. This 

systematic review of the literature presents an overview of the methods, outcomes, and chal-

lenges of studies comparing and benchmarking global trauma care performances.

We identified sixteen studies[9,10,14-27] that compare the trauma centre performance on an 

international level and addressed the different methods used in these studies. The validity of 

these studies is closely related to the comparability of the trauma populations and requires 

analysis of contemporaneously collected data using comparable methods.[14] The American 

College of Surgeons Committee on Trauma (ACSCOT) has been aiming for this uniformity and 

has published guidelines for all certified trauma centres on data collection to attain this goal.

[31]

Comparable population setting
One of the most important elements when performing this type of study is to obtain comparable 

populations for comparison. Four studies[15,18,20,27] compared the outcome of individual 

hospitals in a trauma system versus those in a non-trauma system. These studies no longer have 

true value because it has already been demonstrated extensively that the outcome of patients 

who receive care in trauma centres functioning with an established trauma system is favorable.

[2-6] The ideal comparison of individual trauma institutions is between trauma centres with 

the same trauma verification level. These centres meet the criteria outlined by the ACSCOT 
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and have similar resource depths, and therefore they are expected to receive similarly injured 

patients.[31]

In the study by Keyser et al.[16], two verified Level I trauma centres were compared; however 

no TRISS analysis was performed in advance, which evaluates whether the performance of an 

institution meets the international standard.

In addition to the comparison of individual trauma centres, it is very informative to compare 

two entire trauma systems, as demonstrated by Gomez et al.[19], Spicer et al.[22], and Tan et 

al.[24]

Only seven studies [16,17,19,22,24-26] were performed in comparable population settings, 

therefore the case-mix of the trauma population could be expected to be somewhat similar. 

The population setting differed in the remaining articles, which may cause a large discrepancy in 

the case-mix and influence the mortality rates and subsequently the outcome of these studies.

data source collection
In trauma centres verified by the ASCOT[31], a uniform method of data collection is used by the 

data managers. Data from trauma admissions are prospectively registered in the institutional 

trauma registry and include the same variables as the Major Trauma Outcome Study database.

[32] Nevertheless, selection bias may have occurred because the criteria for trauma patients to 

be included in the registry differ between countries.

To solve the incomparability between trauma populations, studies should use predefined inclu-

sion criteria. This is a good alternative as long as all patients that meet the inclusion criteria 

are registered and all data is retrievable. In this review, all included studies used predefined 

inclusion criteria. However, in some studies, it is not clear whether all patients meeting the 

criteria were included for the analysis. At least one of the hospitals retrospectively selected 

patients from hospital records, which increases the possibility of missing eligible patients.

Adjustment for patient characteristics
The majority of the articles [9,10,14,16-19,21,23,24] strove to minimise bias and adjusted for 

several variables (Table 2). The substantial differences between crude and adjusted outcomes in 

these studies showed the importance and necessity of adjusted analyses. A crude analysis alone 

is not justified because it does not take specific patient and injury characteristics into account 

and should always be followed by an analysis which adjusts for confounders.

We state that studies comparing two or more hospitals and only demonstrate crude analyses 

present unreliable results and should be interpreted with some skepticism. Adjustment is 
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required for all patient characteristics which differ between the populations or are known to 

influence the outcome, such as type of injury, severity of injuries, and age. Pre-hospital times 

and deaths also influence the in-hospital mortality rates substantially and should be taken into 

account.

Another common method to adjust for confounding is to match the patients for several variables 

in advance and perform a regression analysis on the matched data.[9,23] The effect of patient 

matching is clearly demonstrated in the study by Haider et al.[9] In this study, a significant 

difference in mortality was observed in favor of the American trauma population using the 

unmatched data. However, matching these patients in a 1 to 1 ratio nullified this difference 

and resulted in similar mortality rates. This method is very accurate and valid for comparing 

trauma care results but does carry a risk of excluding an important part of the population. As 

demonstrated in the two studies [9,23] using a matched design, a substantial percentage of the 

patients was not included in the analysis. This could result in a non-representative sample of the 

study population and biased results due to observed and non-observed confounding. That said, 

one of the two studies [9] took this factor into account and showed that the characteristics of 

the non-matched patients were similar to those of the matched patients.

A matched study design most likely leads to less biased results but should be performed with 

caution. To avoid a substantial loss of patients, studies should utilise near matching instead of 

exact matching or adjust the 1:1 ratio to a better fit for both populations.

outcome parameters
All studies used in-hospital mortality as the primary outcome, with exception of Tan et al.[24], in 

which the 120-day mortality was evaluated. Future studies should address long-term mortality 

after discharge because in-hospital mortality could be influenced by global differences in poli-

cies regarding withdrawal of treatment in inevitable deaths or patients who are declared brain 

dead. Furthermore, evaluating and comparing causes of death and time of death distribution 

could provide detailed, useful information on trauma-related and non-trauma-related deaths.

Apart from mortality, there is also a need to further develop reliable and valid non-fatal long-

term performance indicators, such as quality of life.[33] Possible quality of life instruments that 

could be used for these evaluations are the Short Form 36 Health Survey [34] and the EuroQol 

5 Dimension [35], both of which are extensively used in current trauma research. No studies 

have been published yet regarding quality of life as an indicator of trauma system performance 

[33]. Only one study [27] analysed and compared long-term disability. This study modified the 
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scale developed by MacKenzie et al.[36] by classifying the patients into three categories, major, 

minor or no disability.

missing data
A common issue in trauma research is missing data, particularly undocumented physiological 

parameters.[37] Gomez et al. [19] reported a complete case analysis without any missing data. 

In contrast, none of the other articles described if data were missing and how missing data were 

dealt with. As demonstrated by previous studies on trauma database analysis, missing physi-

ological parameters should be imputed by multiple imputation, regardless the type of missing 

data.[38,39] Analysing imputed data is considered more valid than complete case analysis or 

omitting data on the physiological parameters. [39]

ConClusion

Global comparative assessments between trauma care systems in different countries is of 

utmost importance to identify their strengths and weaknesses and introduce one systematic 

approach to care for the injured patient.

Currently, there is no global guideline to perform these types of studies. We have observed a 

large heterogeneity in the methods used to perform these international benchmarking studies. 

In future studies, non-fatal and long term outcomes should be introduced, missing data should 

be adequately dealt with, and adjustment for confounders or a certain matching method should 

be performed. Furthermore, a similar trauma verification level and standardised data collection 

in the compared institutions should be employed in order to accurately aggregate the data. 

All of these factors should be taken into account in order to perform adequate international 

benchmarking.
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ABstrACt

introduction: Trauma systems were developed to improve the care for the injured. The des-

ignation and elements comprising these systems vary across countries. In this study, we have 

compared the demographic patterns and patient outcomes of Level I trauma centers in three 

international trauma systems.

methods: International multicenter prospective trauma registry based study, performed in the 

University Medical Center Utrecht (UMCU), Utrecht, the Netherlands, John Hunter Hospital 

(JHH), Newcastle, Australia, and Harborview Medical Center (HMC), Seattle, the United States.

Inclusion: patients ≥18 years, admitted in 2012, registered in the institutional trauma registry.

results: In UMCU, JHH, and HMC respectively 955, 1146, and 4049 patients met the inclusion 

criteria of which 300, 412, and 1375 patients with Injury Severity Score (ISS)>15. Mean ISS was 

higher in JHH (13.5;p<0.001) and HMC (13.4;p<0.001) compared to UMCU (11.7).

Unadjusted mortality: UMCU=6.5%, JHH=3.6%, and HMC=4.8%. Adjusted odds of death: 

JHH=0.498 (95% confidence interval [CI], 0.303-0.818) and HMC=0.473 (95% CI, 0.325-0.690) 

compared to UMCU. HMC compared to JHH was 1.002 (95% CI, 0.664-1.514). Odds of death 

patients ISS>15: JHH=0.507 (95% CI, 0.300-0.857) and HMC=0.451 (95% CI, 0.297-0.683) com-

pared to UMCU. HMC=0.931 (95% CI, 0.608-1.425) compared to JHH.

TRISS analysis: UMCU: Ws=0.787, Z=1.31, M=0.87; JHH, Ws=3.583, Z=6.7 M=0.89; HMC, 

Ws=3.902, Z=14.6 M=0.84.

Conclusion: This study demonstrated substantial differences across centers in patient charac-

teristics and mortality, mainly of neurological cause. Future research must investigate whether 

the outcome differences remain with nonfatal and long-term outcomes. Furthermore we must 

focus on the development of a more valid method to compare systems.
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introduCtion

Trauma systems were developed during the last forty years to coordinate and improve the care 

for the injured.1 A regionalized care approach was established with a combination of levels of 

designated trauma centers. Evaluations have demonstrated the efficacy in terms of better triage 

and improved patient outcomes.2-5

The verified trauma centers in a trauma system follow the criteria outlined by the American 

College of Surgeons Committee on Trauma (ACS-COT).1 Although the aim of a trauma system is 

similar in each country, major differences and variations exist in the designation and elements 

comprising the system both within and across countries. For instance, differences in geographi-

cal service areas, trauma mechanisms, demographic injury patterns, trauma patient volumes, 

and trauma resources, such as the availability of dedicated trauma teams, trauma surgeons, and 

operation facilities. Each of these factors may have an influence on patient characteristics and 

the outcome of patients. Lessons can be learned from different system designs, therefore it is 

important for trauma systems to compare and benchmark other systems.

In this study, we examine three international trauma systems by comparing the demographic 

patterns and patient outcomes in three Level I trauma centers.

mEthods And PAtiEnt sEttinG

study design
We performed an international multicenter trauma registry based study with prospectively col-

lected data at three Level I trauma centers functioning within verified trauma systems:

– University Medical Center Utrecht (UMCU), Utrecht, the Netherlands

– John Hunter Hospital (JHH), Newcastle, Australia

– Harborview Medical Center (HMC), Seattle, United States

Each tertiary care facility has a central role and leadership within a trauma system and has 

adequate depth of resources and personnel to care for the most severely injured patients.1 

Data on all trauma admissions are registered in the institutional trauma registry and the na-

tional trauma registry, which includes the same variables as the Major Trauma Outcome Study 

database (MTOS).6
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This study is conducted in accordance with the principles of the Declaration of Helsinki7 and 

Good Clinical Practice Guidelines.8 The Institutional Review Board of the UMCU, JHH and HMC 

approved the study.

University Medical Center Utrecht

In 1999 regionalized trauma care was instituted in the Netherlands. In the Dutch trauma system 

11 Level I trauma centers were established, each covering a specific region in the Netherlands. 

The UMCU officially became a Level I trauma center in 2000 and covers the central region of 

the Netherlands. Four Level II and III trauma centers are connected to this network. The longest 

distance between the centers is approximately 50 kilometres. The Medical Air Assistance of 

the Royal Dutch Touring Club (ANWB) provides the prehospital care in the air, and the Regional 

Ambulance Care Utrecht (RAVU) on the road.

The trauma registry includes all direct trauma admissions from the emergency department (ED).

John Hunter Hospital

The first introduction of a system for trauma care in Australia was in New South Wales (NSW); in 

1988, it became Australia’s first state trauma plan and was implemented in NSW in 1992.9 JHH is 

a state-designated Level I trauma center, verified by the Royal Australasian College of Surgeons. 

It is the only major tertiary referral hospital for the Hunter New England region. The John Hunter 

trauma service was established in 2005.

The prehospital care in the Hunter region is provided by the Ambulance Service of NSW and 

utilizes both road and helicopter primary retrieval from the trauma scene. Two helicopters 

serve the area. By protocol, all major trauma patients in the Hunter New England region are 

transported to the Level I trauma center.

All trauma patients registered in the trauma registry had a Full Trauma Team Activation or an 

ISS>15.

Harborview Medical Center

The first trauma systems were developed in the United States (US) in the late 1960s.10,11 HMC 

was the first designated Level I trauma center in the state of Washington and verified in 1993. It 

serves as the only Level I trauma center in four states, Washington, Alaska, Idaho, and Montana. 

The majority of the trauma patients, approximately 95%, come from the state of Washington.
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The prehospital transportation is provided by ground ambulances from the Seattle Emergency 

Medical Service (EMS) system and the King County EMS system, and the air ambulance system 

is managed by Airlift Northwest.12

In HMC all trauma admissions are registered in the institutional trauma registry, except for 

patients aged ≥65 years with an isolated neck of femur fracture.

An overview of the key differences of the three trauma centers is presented in Table 1.13-19

table 1. Key demographic and trauma center differences

 UMCU JHH HMC

Country The Netherlands Australia The United States

Service area, km2 1,500 130,000 185,000

Residents, n 1,300,000 840,000 7,000,000

Verification level trauma center Level I Level I Level I

Annually total hospital patient 
volume

± 35000 ± 40000 ± 19000

Annually trauma patient volume ± 1300 ± 4500 ± 6000

Annually trauma patient volume, 
ISS>15

± 375 ± 425 ± 2000

Surgeons involved in acute 
trauma care

6 4 10

km, kilometres; n, number of patients; ISS, Injury Severity Score;

Patients
All consecutive patients, aged 18 years and older, with blunt or penetrating injury admitted to 

each of the trauma centers between January 1, 2012 and December 31, 2012 were selected 

from the institutional trauma registry. Patients dead on arrival in ED, or with injuries due to 

burns, electrocution or drowning were excluded.

data
Data were collected from the institutional trauma registry and electronic medical records. The 

collected data were age, gender, trauma mechanism, Glasgow Coma Score (GCS), systolic blood 

pressure (SBP), respiratory rate (RR), Revised Trauma Score (RTS), Abbreviated Injury Scale (AIS) 

score (version 2005), Injury Severity Score (ISS), survival probability, hospital-length of stay (H-

LOS) in days, intensive care unit-length of stay (ICU-LOS) in days, in-hospital mortality, and cause 

of death.
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A patient with an ISS above 15 was considered a severely injured patient. Patients with an AIS 

score in the head region were noted as a patient with neurotrauma, an AIS>3 was scored as 

severe neurotrauma.

statistical analysis
We used multiple imputation methods for missing data of the physiological parameters (i.e. 

GCS, SBP, RR). Studies have demonstrated that multiple imputation leads to less biased results.20 

Furthermore, we have demonstrated in a previous study that multiple imputation is a reliable 

method despite the percentages of missing data.21 In UMCU, GCS, SBP, and RR was missing in 

respectively 29.2%, 21.9%, and 65.3% of the patients. In JHH GCS, SBP, and RR was missing in 

respectively 14.8%, 11.3%, and 11.4% of the patients. In HMC, in 12.0%, 0.2%, and 1.1% of the 

patients respectively GCS, SBP, and RR was missing.

Trauma and Injury Severity Score (TRISS) methodology was used to compare the trauma center 

performances. We have calculated the standardized Ws score, proposed by Hollis et al.22, Z score 

and M statistic. The Ws score states the number of excess survivors compared to the baseline 

database (MTOS database) per 100 patients.6 The significance of the Ws score is determined 

by the Z score, a value below -1.96 and above 1.96 indicates a respectively significantly worse 

and better performance. The M statistic describes the injury severity mix between the studied 

institution and the baseline database, a value below 0.88 indicates a disparity in the severity 

match between the two groups.23

A multivariable logistic regression model adjusted for confounders was used to calculate odds 

ratio (OR). The OR was used as an estimate of the relative risk of death, given the outcome was 

rare. The covariates adjusted for were age, ISS, RTS and severe neurotrauma, all parameters 

known to influence the outcome substantially. To achieve comparable populations, we have 

standardized the inclusion criteria and performed a subanalysis for the odds of deaths in pa-

tients with ISS>15.

Continuous variables were compared with independent sample Student’s t test and the Mann-

Whitney U-test. Categorical variables were compared with the chi-square test. Mean values are 

presented with their standard deviations (SD) and medians with their interquartile range (IQR).

The imputation of missing data and the statistical analysis were performed with SPSS, version 

20.0 (IBM Corp., Armonk, NY) for Windows. Significance of statistical differences was attributed 

to p < 0.05.
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rEsults

An overview of the study patients is shown in figure 1. In total 955 patients met the inclusion 

criteria from UMCU, 1146 patients from JHH, and 4049 patients from HMC. Patients in UMCU 

were slightly older, more likely to be female and had longer hospital lengths of stay. Penetrating 

trauma was more common at HMC compared to UMCU (P<0.001) and JHH (P<0.001). Com-

pared to the UMCU population mean ISS was higher in both JHH (P<0.001) and HMC (P<0.001). 

The proportion of patients with neurotrauma was highest in JHH followed by UMCU and HMC. 

UMCU had the highest proportion of patients with severe neurotrauma. Almost 50% of the 

patients in HMC were admitted to the ICU in contrast to 20.6% in UMCU and 15.8% in JHH. 

Though the ICU patients in UMCU and JHH were more severely injured (median ISS respectively 

21 [13-27] and 25 [17-34]) compared to HMC (median ISS 17 [10-26]). Unadjusted mortality 

was significantly higher at UMCU compared to JHH and HMC. All these patient characteristics 

are presented in Table 2.

figure 1. Flowchart of patients included for analysis
1 Inclusion: Full Trauma Team Activation or Injury Severity Score >15
2 Exclusion: ≥65 years + isolated neck of femur fracture
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table 2. Patient characteristics

 UMCU JHH HMC

Patients, n 955 1146 4049

Patients ISS>15, n (%) 300 (31.5) 412 (36.0) * 1375 (34.0)

Type of injury

  Blunt, n (%) 889 (93.1) 1086 (94.8) 3508 (86.6) * †

  Penetrating, n (%) 66 (6.9) 60 (5.2) 541 (13.4) * †

Mean age (SD) 51.5 (21.057) 45.7 (20.284) * 49.5 (20.599) * †

Gender

  Male, n (%) 608 (63.6) 836 (72.9) * 2741 (67.7) *†

  Female, n (%) 348 (36.4) 310 (27.1) * 1308 (32.2) *†

ISS

  Mean (SD) 11.7 (9.735) 13.5 (10.514) * 13.4 (10.977) *

  Median (IQR) 9 (4-17) 10 (5-17) * 10 (5-17) *

ISS, patients ISS>15

  Mean (SD) 23.4 (7.551) 24.4 (9.940) * 25.5 (10.170) *

  Median (IQR) 21 (17-26) 22 (17-28.5) * 22 (17-29) *

ISS subgroups

  ISS <9 (median, IQR) 4 (2-5) 5 (4-6) * 5 (4-5) *

  ISS 9-15 (median, IQR) 10 (9-12) 10 (9-13) * 10 (9-12) *

  ISS 16-24 (median, IQR) 17 (17-21) 17 (17-21) 17 (17-21)

  ISS 24-40 (median, IQR) 27 (25-29.75) 29 (25-33) 29 (26-33) *

  ISS >40 (median, IQR) 43 (41-49) 50 (45-57) * 48 (43-57) *

RTS, mean (SD) 7.31 (0.997) 7.44 (0.964) * 7.17 (1.316) *

Mean Ps (SD) 0.92 (0.162) 0.93 (0.154) * 0.90 (0.194) *†

Neurotrauma, n (%) 457 (47.9) 690 (60.2) 1702 (42.0)

  Mild (AIS ≤3), n (%) 261 (27.3) 481 (42.0) * 989 (24.4) †

  Severe (AIS≥4), n (%) 196 (20.5) 209 (18.2) 712 (17.6) *

ICU admission, n (%) 197 (20.6) 181 (15.8) * 1954 (48.3) * †

H-LOS, days

  Mean (SD) 10.5 (13.331) 8.9 (14.347) * 8.2 (11.301) *

  Median (IQR) 6 (2-13) 5 (3-9) * 5 (2-9) *

ICU-LOS, days

  Mean (SD) 7.0 (10.438) 6.7 (6.995) 5.4 (5.853)

  Median (IQR) 3 (2-9) 4 (2-8) 3 (3-6)

Mortality 62 (6.5) 41 (3.6) * 194 (4.8) *

Mortality, patients ISS>15 54 (18%) 40 (9.7%) * 171 (12.4%) *

* significantly different from UMCU; † significantly different from JHH;
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After adjustment the OR for mortality for all patients at JHH and HMC was 0.498 (95% con-

fidence interval [CI], 0.303-0.818) and 0.473 (95% CI, 0.325-0.690) respectively compared to 

UMCU. The odds for death in HMC compared to JHH was 1.002 (95% CI, 0.664-1.514).

For the severely injured patients, the adjusted OR for death were 0.507 (95% CI, 0.300-0.857) in 

JHH and 0.451 (95% CI, 0.297-0.683) in HMC compared to UMCU (Table 3). The odds for death 

for the severely injured patients in HMC was 0.931 (95% CI, 0.608-1.425) compared to JHH. 

Unadjusted causes of death are presented in Table 4.

table 3. Adjusted odds for death, OR (95% CI)

 All patients Patients ISS>15

UMCU vs JHH 0.498 [0.303-0.818], P=0.006 0.507 [0.300-0.857], P=0.011

UMCU vs HMC 0.473 [0.325-0.690], P<0.001 0.451 [0.297-0.683], P<0.001

JHH vs HMC 1.002 [0.664-1.514], P=0.991 0.931 [0.608-1.425], P=0.742

table 4. Causes of death

 UMCU JHH HMC

Exsanguination 3 (4.8) 4 (9.8) 14 (7.2)

CNS injury 42 (67.7) 33 (80.5) * 115 (59.3) *

Resp failure / PNA / ARDS 8 (12.9) 1 (2.4) * 37 (19.1) †

Sepsis 0 0 4 (2.1)

SOF / MOF 5 (8.1) 1 (2.4) 7 (3.6) *

Cardiac 0 2 (4.9) 8 (4.1)

Multiple injuries 2 (3.2) 0 5 (2.6)

Other (CVA) 0 0 1 (0.5)

Unknown 2 (3.2) 0 3 (1.5)

* significantly different from UMCU; † significantly different from JHH;

In Table 5, we observed a positive number of excess survivors in JHH and HMC compared to the 

baseline population. TRISS analysis in the UMCU population showed no significant difference 

from the baseline database, therefore the number of excess survivors equals zero. The M score 

of UMCU and HMC was below the allowed value of 0.88.
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table 5. TRISS analysis

 UMCU JHH HMC

Ws 0.787 3.583 3.902

Z 1.31 6.7 14.6

M 0.87 0.89 0.84

disCussion

In this study we have described differences between international trauma systems by compar-

ing the demographic patterns and outcomes of trauma patients in three international Level I 

trauma centers.

A significant difference in the results were the survival rates at the trauma centers. The crude 

mortality in UMCU was significantly higher compared to JHH and HMC. Adjusted for confound-

ers the odds for death in JHH and HMC was much lower compared to UMCU (Table 3). Both 

crude and adjusted mortality did not significantly differ between JHH and HMC.

The difference was also demonstrated with the TRISS method. These analyses showed that both 

HMC and JHH performed better than the international standard. The performance of UMCU 

was equal to this standard. (Table 5) Based on these results we could state that HMC and JHH 

performed better than UMCU. However, at both HMC and UMCU the M score was just below 

its threshold value, suggesting a disparity in injury severity match in these populations. Several 

authors have stated that TRISS has become an inappropriate tool to compare trauma center 

performances. It has an unacceptably high misclassification rate in severely injured patients, 

and the TRISS coefficients are drifting out of calibration.24-26 Furthermore, TRISS is thought to 

underestimate the severity in penetrating injury and could have caused an underestimation 

of the W and Z score. TRISS is also known to overestimate the severity in patients who are 

intubated for presumed head injury in the presence of intoxicating substance. This could not be 

addressed in this study because we did not have these specific patient data.

Furthermore, the large differences between service areas in the various countries might influ-

ence the prehospital times substantially. The prehospital times in JHH and HMC are longer, 

therefore similarly injured patients might have worse physiological parameters at the time of 

arrival which influences the RTS.23 Because of the substantial weight of the RTS in the TRISS 

model this might lead to different mortality predictions in similar patients and qualify a trauma 

center incorrectly as an outlier.27
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Though the TRISS methodology is limited, it is the only benchmark we currently have across 

separate trauma systems. We have to readdress and update the TRISS method and search for a 

solution to cope with the demographic differences in the trauma populations.

The differences in mortality in this study could be partially assigned to the difference in patient 

volumes in the centers. Several authors have described a positive volume-outcome association 

for trauma patients.28-30 In the current literature there is no exact definition for high or low 

volume trauma centers, but most would consider UMCU a low-volume center, JHH a moderate 

and HMC a high-volume center. In our opinion in high-volume centers three key factors attribute 

to better outcomes: the overall focus is better oriented towards the trauma patient, the pres-

ence of highly dedicated trauma teams, and the individual experience of the trauma surgeon. In 

the UMCU 4% of the admissions are trauma related, compared to 11% at JHH and over 30% at 

HMC.13,14,17 Furthermore, the numbers of severely injured patients treated per trauma surgeon 

is substantially higher in JHH (>100 patients/surgeon) and HMC (>200 patients/surgeon) com-

pared to UMCU (approximately 60 patients/surgeon).

Our data revealed a discrepancy in the causes of death demonstrated between the centers. 

The majority of patient deaths in all three centers was following CNS injuries, with JHH being 

more than 80%. The cause is unclear, but may related in part to transport times. There is a 

higher proportion of patients with neurotrauma in JHH (60.2%), although the majority were 

only mild injuries (70%). Whereas, the higher proportion of CNS injury deaths in UMCU (68%) 

compared to HMC (60%) could be partially explained by the higher proportion of patients with 

severe neurotrauma in the UMCU population (21% vs 18%). The proportion of patients who 

died from exsanguination was the lowest at UMCU (5%), which may be a consequence of the 

much smaller service area and shorter prehospital times.

Importantly, different cultural policies regarding withdrawal of treatment with inevitable death 

or brain death may exist at each institution, and might have distorted the in-hospital mortality 

rates. There were no essential differences in discharge destinations or supportive data that sug-

gested different discharge rates to specialized high care facilities or hospices (data not shown 

here). In future research, long-term mortality, and nonfatal outcomes such as the quality of life 

among the survivors should be addressed to eliminate some of these potential biases.

Similarly, we observed a large difference in the number of ICU admissions between the trauma 

centers (Table 2). This can be explained by the different policies and the availability of ICU 

beds in the hospitals. While patients in various conditions are admitted at the ICU in HMC, a 

patient in UMCU or JHH is only admitted at the ICU in critical condition when close monitoring 
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or ventilation is indicated. As presented in the results, the higher median ISS of the ICU patients 

in UMCU and JHH support these thoughts.

Several other reasons could contribute to the differences in outcome and should be explored 

in future studies.

Our data have several weaknesses. There is a difference in the inclusion criteria for the trauma 

registries which could have influenced the results, but should be controlled by examine out-

comes with ISS >15 only. Elderly patients with an isolated neck of femur fracture are registered 

in the UMCU trauma registry, which may be a surrogate for unrecognized comorbidities.31 

Though, the number of these patients in UMCU is very low and therefore the influence on the 

analysis very minimal.32,33

This study demonstrated the demographic patterns and patient outcomes of trauma patients in 

Level I trauma centers in three international trauma systems. Besides the differences in patient 

characteristics and causes of death, a substantial difference in the mortality was demonstrated, 

mainly from neurological injury. Future research should reveal whether the outcome differences 

between the trauma centers still exist when nonfatal and long-term outcomes are compared. 

Furthermore we must continue to benchmark and compare different trauma care systems with 

valid and reliable methods and identify strengths and weaknesses of systems in order to further 

inform trauma systems globally.
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ABstrACt

introduction: The extensively used trauma scores to evaluate trauma center performances 

have been derived decades ago. This leaves its applicability in the current trauma population a 

subject of discussion. In this study, we evaluate the applicability of the current trauma scores in 

today’s trauma population.

methods: This study was performed in the central trauma region (Utrecht) of the Netherlands. 

Data from all admitted trauma patients were collected and split according to trauma mechanism, 

that is, blunt or penetrating trauma. The number of events in the penetrating trauma popula-

tion was too small to derive or validate a model. We have validated the original predictors and 

their coefficients (i.e., Revised Trauma Score [RTS], Injury Severity Score [ISS] and age index) in a 

regional trauma population and derived a new model in a Level I trauma population. The model 

was checked for its quality and internally validated using bootstrapping methods.

results: Regional data set included 10,235 patients, 9,903 (96.8%) of whom with blunt and 332 

(3.2%) with penetrating trauma. Level I data set included 4,649 patients, of whom 4,373 (94.1%) 

with blunt and 276 (5.9%) with penetrating trauma. In the regional data set, the external valida-

tion showed an R2 of 0.293, a good fit (p = 0.168), and an area under the curve of 0.851. The 

new model in the Level I data set resulted in Glasgow Coma Scale (GCS) score, ISS, age index, 

and systolic blood pressure (SBP) in the model (R2 = 0.516; a good fit test, p = 0.104; and AUC, 

0.939). The Wald test of the SBP in this model was 6.46.

Conclusion: We conclude that the current trauma predictors are applicable in a regional mixed 

trauma population, but not in a Level I trauma population. The physiologic parameters, SBP and 

RR, must be excluded from the current model, and new coefficients should be calculated to 

maintain accurate predictions in a Level I trauma population.
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introduCtion

Trauma systems have been designed and implemented in global trauma care. Several studies 

showed improved patient outcomes in these trauma systems and efficacy in terms of better 

triage.[1-6] In these studies[1-6] the performance of the trauma center is measured by the 

survival rates through the years within the hospitals. This is measured and evaluated using 

the Trauma and Injury Severity Score (TRISS) analysis.[7] This method compares the outcome 

of a trauma center with the worldwide accepted norm, which is based on the Major Trauma 

Outcome Study (MTOS) [8] population. Before TRISS was implemented, the trauma scores have 

changed a lot since its development as a field scoring system by Champion et al.[9] At first, the 

Triage Score included five predictors that had the highest correlation with mortality, that is, the 

eye, motor, and verbal component of the Glasgow Coma Scale (GCS), respiratory expansion, 

and capillary refill. Consequently, Champion et al.[10] modified the Triage Score into the Trauma 

Score, which also included systolic blood pressure (SBP) and respiratory rate (RR). The modi-

fied model turned out to be slightly less powerful; however, the face validity for the attending 

physician was higher. They further investigated whether the addition of age and injury severity 

would be meaningful. Altogether, all the variables performed very well as a predictor of the 

outcome, with an R value of 0.90 [10], which means a high predictive power. Following this, the 

Revised Trauma Score (RTS) with weighted coefficients was introduced [11]; capillary refill and 

respiratory expansion were excluded in this scoring system. All this led to the introduction of the 

TRISS methodology to evaluate institution performances. The TRISS method describes the prob-

ability of survival using the coefficients from the MTOS and the original Trauma Score. Separate 

coefficients were derived for patients with blunt and penetrating trauma. The variables included 

in this methodology are the RTS (calculated from the GCS score, SBP, and RR), the age index 

(divided into patients <55 years and ≥55 years), and the Injury Severity Score (ISS).

The TRISS is currently the only method used in global trauma care to evaluate the trauma center 

performance. Nevertheless, several authors stated that TRISS has a lot of limitations and an 

unacceptably high misclassification rate in patients with severe trauma.[12,13] This is in line 

with our concern that the current TRISS model no longer has the ability to predict the outcome 

correctly.

The TRISS predictors and coefficients were derived in the late 1980s from the MTOS population, 

an American trauma population admitted in acute care hospitals of different levels.[8] The dif-

ferences in epidemiology and demography in other countries question its applicability in other 

trauma populations throughout the world. Furthermore, the improvements in prehospital and 
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in-hospital care cause a change in the parameters at the first presentation of the patients at the 

emergency department (ED) and the outcome of the patients. This might influence the TRISS 

analysis substantially and leaves its current validity a subject of discussion.

Moreover, it is debatable whether a model derived in a mixed trauma population could be ap-

plied in a Level I trauma population because the patient characteristics differ substantially. Level 

I trauma centers have a more severely injured population with on average worse parameters at 

the initial ED admission.

In this study, we have evaluated the applicability of TRISS in a regional trauma population and a 

Level I trauma population in the Netherlands.

PAtiEnts And mEthods

hospital setting
Data for the regional trauma population were retrieved from the hospitals in the central trauma 

region of the Netherlands. The participating trauma centers in this region are the University Medi-

cal Center Utrecht, St. Antonius Hospital, Diakonessen Hospital, Meander Medical Center, and 

Zuwe Hofpoort. Together, the hospitals serve an area of 1,500 km2. The University Medical Center 

Utrecht is the only Level I trauma center in the region and provides the highest level of trauma 

care, in particular for the severely injured patients. The other hospitals are assigned as Level II and 

III trauma centers.

Patients
Available data from all consecutive trauma patients admitted in one of the hospitals between 

January 1, 2007, and December 31, 2012, were included in the study. However, for the regional 

data set, it only included patients from January 1, 2010, through December 31, 2012. Data were 

only fully accessible in this period, and we aimed for an equal distribution of data among the 

hospitals.

The patients were selected from the institutional trauma registry. All patients, directly admitted 

from the ED, are registered in the trauma registry of the trauma centers. We included patients 

with either blunt or penetrating trauma, 18 years and older. Patients who were dead on arrival, 

who did not have a trauma-related injury (e.g., subarachnoid bleeding, seizure), or who had 

metastatic diseases were excluded. We have excluded the data from patients transferred from 

a hospital abroad or patients discharged to another hospital.
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data
Data were collected from the regional trauma registry and electronic medical records. The col-

lected data were sex, age, trauma mechanism, GSC score, SBP, RR, and Abbreviated Injury Scale 

(AIS) score (version 1998). The primary outcome was in-hospital mortality. We have calculated 

the RTS, from the GSC score, SBP, and RR, according to the formula by Champion et al.[11] The 

ISS is calculated from the AIS and represents the severity of all injuries.

statistical Analysis
We have analyzed two data sets: the regional data set, with data from all five hospitals, and the 

Level I data set, with only data from the Level 1 trauma center in the region. The trauma scores 

are separately derived for patients with blunt and penetrating trauma. Therefore, we have split 

the data set into two different data sets by type of injury.

The rule of thumb of at least 10 events per predictor [14] was not fulfilled in the penetrating 

trauma population (Tables 2 and 3). Therefore, the derivation and validation of the model were 

limited to the blunt trauma population.

In the regional data set, GCS score, SBP, and RR were missing in 51%, 25%, and 80% of the pa-

tients, respectively. In 15% of the patients, all three parameters were missing. In the Level I data 

set, GCS score, SBP, and RR were missing in 29%, 26%, and 60% of the patients, respectively. 

In 18% of the patients, all physiologic parameters were missing. The patients with missing data 

were less severely injured compared with patients without missing data. We have imputed the 

missing data of the GCS score, SBP, and RR with multiple imputation methods. The variables 

in the regression model were the eye, motor, and verbal component of the GCS; SBP; RR; ISS; 

sex; age; and survival. RR of the patients who were intubated at the time of admission was 

considered insufficient and coded with zero, provided that the SBP and GCS score were not 

missing and also coded with zero. In all the other cases, the RR was imputed. In Table 1, the 

mean values of the original and imputed data sets are outlined.

table 1. Mean values orginal versus imputed dataset

 Regional dataset Level I dataset
 Original Imputed Original Imputed
Eye score * 3.3 3.8 3.4 3.3
Motor score * 5.8 5.8 5.3 5.2
Verbal score * 4.7 4.7 4.1 4.0
Systolic blood pressure (mmHg) 143 143 136 135
Respiratory rate (min) 18 19 18 18

* Individual component of the Glasgow Coma Score;
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The imputation of missing data was performed with SPSS version 20.0 (IBM Corp., Armonk, NY) 

for Windows. The analyses were further performed with both SPSS and R statistical software 

version 3.0.1. Significance of statistical differences was attributed to p<0.05.

regional data set
We have externally validated the predictors (RTS, SBP, and RR) and their coefficients described 

by Boyd et al.[7] in the regional data set. These coefficients were derived from multiple regres-

sion analysis of the MTOS database.8 We have evaluated the quality of the model by the power 

of explanation of the model (Nagelkerke’s R2) and its calibration (Hosmer-Lemeshow test) and 

discriminative power (area under the receiver operating characteristic curve [AUC]).

level i data set
We have derived a model in the Level I data set with the predictors used in the TRISS methodol-

ogy. Because we wanted to evaluate each of the RTS components (i.e., SBP, GCS, and RR), we 

have entered the coded RTS values (range, 0-4) of the parameters separately in the model.[11] 

We have used a backward logistic regression method to select the predictors for the models. 

We have started to remove the predictors with a p value of 0.10. We aimed to evaluate whether 

the model is subject to change depending on the p value. Therefore, we have decreased the p 

value and observed whether the predictors in the model changed. The quality of the model was 

checked as described earlier.

The internal validation of the Level I data set was performed using bootstrapping methods, 

adjusting the regression coefficients with a shrinkage factor. This method allows us to use the 

full data set for the derivation and testing of the model while providing estimates of prediction 

error with relatively low variability and minimal bias.[14]

rEsults

regional data set
In the regional data set, 39 patients (0.4%) were discharged to a hospital outside the region 

and therefore excluded from further analysis. In total, 10,235 patients were included, 9,903 

(96.8%) of whom with blunt trauma and 332 (3.2%) with penetrating trauma. In total, 339 pa-

tients (3.3%) died in our trauma region. All patient characteristics divided according to trauma 

mechanism are presented in Table 2.
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table 2. Patient characteristics validation model

 Blunt Penetrating
Patients, n 9903 332
Age (years) * 63.1 (22.3) 42.1 (16.4)
Sex (male) † 4554 (46.0) 274 (82.5)
Glasgow Coma Score ‡ 15 (15-15) 14 (12-15)
Systolic blood pressure (mmHg) ‡ 141 (129-156) 128 (119-138)
Respiratory rate (min) ‡ 19 (17-21) 19 (17-22)
Revised Trauma Score ‡ 7.8 (7.8-7.8) 7.8 (6.9-7.8)
Injury Severity Score * 8.2 (6.3) 4.9 (7.2)
Multitrauma, ISS≥16 † 1048 (10.6) 24 (7.3)
Mortality † 335 (3.4) 4 (1.2)

* mean with standard deviation; † number with percentage; ‡ median with interquartile range;

The validation of the coefficients of the predictors in the blunt regional trauma population re-

sulted in an R2 of 0.293. This means that the three predictors in the model could explain 29.3% 

of the mortality. The Hosmer-Lemeshow test showed not a significant difference (chi-square 

= 9.11, p = 0.168) between the frequencies in the observed data set and as predicted by the 

model. This indicates a good fit and calibration of the model. The calibration curve of the model 

is presented in Figure 1. As was demonstrated by the goodness-of-fit test, the curve of the   

figure 1. Calibration curve of model in validation dataset
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model indicates a good fit; all points are near on the line of identity. The model demonstrated 

good discrimination ability; the AUC was 0.851 (95% confidence interval [CI], 0.830-0.872).

level i data set
A new model was derived in the Level I data set using the TRISS predictors (GCS score, SBP, RR, 

age index, and ISS).[10]

In total, 248 patients (5%) were discharged to another hospital, of whom 39 with ISS greater 

than 15. The patient characteristics of all included patients are presented in Table 3, divided 

according to trauma mechanism. At first, we used a p value of 0.10 to remove predictors from 

the model. The predictors in the final model were GCS score, SBP, ISS, and the age index; only 

the RR was removed from the model. The R2 was 0.516, which means that the predictors in the 

model could explain 51.6% of the mortality. The fit of the model was good (chi-square = 13.25, p 

= 0.104). The points of the calibration curve are near on the line of identity (Fig. 2). With an AUC 

of 0.939 (95% CI, 0.928-0.950), the model had a good ability to discriminate between negative 

and positive patients (Fig. 3). The p value for the removal of predictors decreased to 0.01 until 

the next predictor, SBP, was removed from the model. The quality of this model, with only 

  

figure 2. Calibration curve of model in derivation set
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GSC score, ISS, and age index as predictors, remained similar. The fit was satisfying (chi-square 

= 14.16, p = 0.078), the discrimination was good (AUC, 0.938; 95% CI, 0.927-0.949), and the 

explained power was 51.3%. The predictors in the model remained the same after a further 

decrease of the p value to almost 0. We have validated the model with bootstrapping methods 

and derived a shrinkage factor, 0.9922, for the coefficients. The adjusted model coefficients 

and characteristics are presented in Table 4. The variables GCS score, ISS, and age index have 

the highest explanatory power in the derived model, which is reflected in the Wald test (Table 

4). The model’s fit, calibration, and discrimination ability remained similar (chi-square = 13.27, 

p=0.103; R2 = 0.516; and AUC, 0.939 [95% CI, 0.928-0.950],respectively).
 

figure 3. Receiver Operating Curve blunt trauma population
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table 3. Patient characteristics derivation model

 Blunt Penetrating

Patients, n 4373 276

Age (years) * 51.1 (21.9) 39.4 (16.0)

Sex, n (male) † 2759 (63.1) 230 (83.3)

Glasgow Coma Score ‡ 14 (12-15) 12 (12-15)

Systolic blood pressure (mmHg) ‡ 135 (125-145) 125 (116-133)

Respiratory rate (min) ‡ 18 (16-19) 18 (17-20)

Revised Trauma Score ‡ 7.8 (6.9-7.8) 6.9 (6.9-7.8)

Injury Severity Score * 12.9 (10.4) 7.5 (9.3)

Multitrauma, ISS≥16 † 1471 (33.6) 41 (14.9)

Mortality † 340 (7.8) 12 (4.3)

* mean with standard deviation; † number with percentage; ‡ median with interquartile range;

disCussion

In this study, we discuss whether the current predictors used to calculate the trauma scores are 

still applicable in the current trauma care and whether the TRISS method is suitable to evaluate 

the trauma center performance of a single Level I trauma center.

The external validation of the TRISS coefficients in our regional trauma population was satisfy-

ing. The presented calibration curve indicated a good fit, and the model’s ability to discriminate 

between negative and positive cases was very good. However, the R2 of the validation model was 

29.3%, which in our view is not acceptable because it is nowhere near approaching the R value 

of 0.9, previously described in the literatue.10 The derivation of a new model with the same 

predictors in our Level I trauma population resulted in different predictors in the model (Table 

4). The model showed to have a good discrimination ability, and the calibration was acceptable. 

The highest explanatory variables in the model are the GCS score, ISS, and age index. The vari-

able SBP is also included in the model; however, the explanatory power is very marginal (Wald 

test, 6.46). Furthermore, as we decreased the p value for the removal of predictors to 0.01, the 

SBP is removed from the model, while the performance of the model remains similar. These 

findings show that a regional trauma population differs from a Level I trauma population and 

advocate the derivation of center-specific models. Using the same predictors and coefficients in 

trauma populations with a substantial difference in severity mix might lead to an overestimation 

of the predicted mortality in a more severely injured trauma population. As a consequence, the 

performance of a trauma center with the current model might be reflected as too optimistic.



73

Applicability of the predictors of the historical trauma score in the present Dutch trauma population

4

table 4. Model coefficients and odds ratio adjusted for shrinkage factor

 B (95% CI) Wald test P Value OR (95% CI)

Constant -1.2630 3.267 0.071

Glasgow Coma Score -0.8801 (-1.00 – -0.79) 274,478 <0.001 0.42 (0.37 – 0.46)

Systolic blood pressure -0.4217 (-0.85 – 0.02) 6,462 0.011 0.66 (0.47 – 0.91)

Respiratory rate - - - -

Injury Severity Score 0.0833 (0.07 – 0.10) 158,921 <0.001 1.09 (1.07 – 1.10)

Age Index 1,9983 (1.66 – 2.43) 125,927 <0.001 7.38 (5.19 – 10.48)

B, regression coefficient, OR, odds ratio;

In the current TRISS model, the physiologic parameters have the highest predicted value in 

the calculation for the survival probability.[7] However, as we have demonstrated in this study, 

the RR and SBP no longer have a valuable explanatory power for mortality in a Level I trauma 

population. This might be caused by the improvements in trauma care and, following this, the 

better and faster management of blood pressures and insufficient airways. Patients with initially 

worse SBP and RR are more likely to survive in nowadays’ practice. Therefore, using the current 

TRISS model in today’s Level I trauma population results in an imbalance in observed and pre-

dicted mortality. Trauma centers, which receive a relatively high number of patients with worse 

physiologic parameters, that is, SBP and RR, will show a better performance than actually exists.

The change in the predictors in the derived model and the weight of the explanatory variables 

support our hypothesis that the predictors used in the current TRISS model are subject to 

change, in particular the physiologic parameters. Moreover, other variables should be consid-

ered as strong predictors as is previously described in the literature, such as the severity of head 

injury and base deficit.[16,17]

We further have to take the case mix in the different countries into account. The differences 

in service areas among countries and, as a consequence, the longer prehospital times might 

influence the physiologic parametersmeasured at the time of admission. The patients in trauma 

centers with a relatively small catchment area and shorter distance between trauma scene and 

center, as in the Netherlands, are more likely to have better physiologic parameters at the time 

of admission. Following this lead time bias and, along with this, the difference between the 

physiologic parameters, the calculated probability of survival of similarly injured patients might 

differ a lot because of the substantial weight of the RTS coefficient in the TRISS analysis.[7] For 

this reason, it is important to address the variation in case mix because this might lead to a larger 

difference in trauma center performance than actually exists and might qualify a trauma center 
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incorrectly as an outlier.[18] Possible solution for the difference in case mix is the derivation of 

geographically specific regression coefficients, which is suggested by several authors.[15,19,20]

We have carefully designed and performed this study; nevertheless, there are some limitations. 

The ability to generalize the results of this study might be a subject of discussion. It is known 

that the selection criteria for including patients in the institutional trauma registry differ among 

countries. In the United States, patients 65 years and older with an isolated fracture of the 

neck of the femur are not registered in the trauma registries.[21] In Australia, only severely 

injured patients, ISS of 16 or greater, or patients admitted with a full trauma team activation 

are registered in the institutional trauma registry.[22]. This causes a substantial discrepancy in 

the case mix in the studied population between countries. In our trauma registry, all admitted 

trauma patients are included, which increases the average age of the trauma population. This 

further questions the comparability of the trauma populations and thereby the generalizability 

of the trauma models derived in different trauma populations. Trauma registry data are often 

incomplete, in particular the psychological data (i.e., GCS score, SBP, and RR). Previous studies 

have indicated that multiple imputation of missing physiologic data might be a valid solution.

[23,24] It is argued that multiple imputation might not work well if data are ‘‘missing not at 

random.’’ However, studies have demonstrated that multiple imputation when missing not at 

random is the case has led to less-biased results compared with other methods.[25-27] More-

over, analyzing imputed data is considered more valid compared with complete case analysis or 

omitting the data of the physiologic parameters because that might lead to unacceptable bias.

[24]

The results of this study demonstrate that the TRISS model remains applicable in a regional 

trauma system with a mixed trauma population, although its explained variance is far from what 

it used to be. On the contrary, the TRISS model seems not to be applicable in a Level I trauma 

population because the physiologic parameters, SPB and RR, no longer have the explanatory 

power for mortality that is assumed in the current TRISS model. Using this model in a Level I 

trauma population leads to incorrect predictions and invalid statements regarding the perfor-

mance of a trauma center. These results are of an important value because it changes our view 

toward the quality parameters currently used to evaluate trauma patients and the performance 

of a trauma center. We suggest revising the current TRISS model for accurate predictions in 

a Level I trauma population. The SBP and RR should be removed from the model, new coef-

ficients must be derived, and new potential predictors (e.g., head injury, base deficit) should be 

included to maintain accurate outcome predictions.
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ABstrACt

introduction: To determine the validity and reliability of international comparative assessments, 

based on survival probabilities calculated with physiology, knowledge of the distribution and 

predictive value of the parameters in the trauma populations is required. This study evaluates 

the distribution and predictive value for the mortality of the physiologic parameters in three 

global level I trauma populations.

methods: Trauma registry based study at three level I trauma centers: University Medical Center 

Utrecht (UMCU), the Netherlands; John Hunter Hospital (JHH), Australia; Harborview Medical 

Center (HMC), the United States.

The physiologic parameters (GCS, SBP, RR) were divided into three categories normal, bad, and 

worse parameters, based on the Revised Trauma Score. Univariable and multivariable analyses 

were performed. The discriminative power was evaluated with the area under the curve (AUC).

results: Included patients: UMCU=1841, JHH=2432, HMC=7950. In each center, the SBP and 

RR were abnormal in ≤2% of the patients and normal in the majority of the trauma deaths. 

The majority of the trauma deaths had an abnormal GCS value. Univariable model: the AUC 

of the SBP and RR ranged from 0.526-0.584; the GCS was in UMCU=0.852, JHH=0.786, and 

HMC=0.796. Multivariable model: the AUC was in UMCU=0.860, JHH=0.806, HMC=0.813.

Conclusion: The study demonstrated that the majority of the trauma deaths had a normal SBP 

and RR, and abnormal GCS. Univariable analysis showed high predictive power for each of the 

parameters. However, the additional value of SBP and RR in a multivariable model was negli-

gible. Therefore, caution is needed with the use of physiology for comparative analyses because 

the outcome might cause artifactual discrepancies between trauma centers.
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introduCtion

In trauma care, the condition of a patient at time of arrival in the hospital is used to calculate 

survival probabilities. These survival probabilities are used to evaluate and compare trauma 

center performances. In the past, comparisons of outcome primarily utilized the Trauma and 

Injury Severity Score (TRISS) methodology.[1] However, TRISS has been challenged and has 

recognized limitations, such as a high misclassification rate.[2, 3] Several other models have 

been developed to increase the predictive quality of TRISS. For example, the Revised Injury 

Severity Classification (RISC) score was developed for use in severely injured patients.[4] Other 

methodologies include a modification of the TRISS[5] and the Simplified Acute Physiology Score 

II (SAPS II)[6], the TRISS-SAPS Score, and the Trauma Risk Adjustment Model (TRAM).[7] All these 

models include physiologic parameters and assign a substantial weight to these parameters.

A previous study [8], demonstrated in a Dutch level I trauma population that the physiologic 

parameters, systolic blood pressure (SBP) and respiratory rate (RR) did not produce the explana-

tory power for mortality that is assumed in the current TRISS model. Furthermore, the study 

showed that the vast majority of the physiologic parameters in this population lie within normal 

ranges at time of admission.[8]

In the TRISS model, a worse value means a decreased survival probability. Based on these pre-

dictions, a distinction can be made between patients who are likely to die and likely to survive. 

However, hypothetically, if there are no abnormal values of a parameter in a population, it is 

not possible to distinguish patients based on that parameter. Both discriminative power and 

calibration will be very poor. Including such a parameter in a prediction model, might even 

overestimate the survival probabilities in a population.

Knowledge of the distribution of the physiologic parameters in today’s trauma populations is 

important in order to produce reliable survival probabilities. Therefore, this study provides an 

overview of the distribution of the physiologic parameters (Glasgow Coma Score [GCS], SBP, RR) 

in three global level I trauma populations, and study the predictive and additive value of each 

parameter in estimating mortality.
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mEthods

hospital setting
An institutional trauma registry based study from three separate countries was performed in-

volving the University Medical Center Utrecht (UMCU), Utrecht, the Netherlands, John Hunter 

Hospital (JHH), Newcastle, Australia and Harborview Medical Center (HMC), Seattle, WA, United 

States. All three hospitals are level I trauma centers functioning in a regionalized trauma system.

The UMCU covers the central region of the Netherlands and four level II and III trauma centers 

are connected to this network. JHH is the only major tertiary referral hospital for the Hunter 

New England region. HMC serves as the only level I trauma center in four states, Washington, 

Alaska, Idaho, and Montana, although the majority of the trauma patients, (approximately 

95%), come from the state of Washington.

A detailed description of the three trauma centers is described in our previous study.[9]

Patients
Data for this study were retrieved from the institutional trauma registries. Available data from 

all trauma patients directly admitted from the ED and registered in the trauma registry were 

selected for this study. The inclusion period was from January 1, 2012 till December 31, 2013.

We included patients with blunt trauma, aged 18 years and older. Patients, who were dead on 

arrival or with injuries due to burns, electrocution, (near-)drowning, and strangulation were 

excluded. We further excluded patients transferred to another hospital.

data
Data were collected from the regional trauma registry and electronic medical records. The 

collected data were gender, age, trauma mechanism, the first measurements of the GCS, SBP, 

RR in the hospital, and the ISS. The primary outcome was the in-hospital mortality. The ISS is 

calculated from the AIS score version 2005 and represents the severity of the top three body 

group injuries.[10]

statistical analysis
Multiple imputation was used to deal with missing data of the physiologic parameters (i.e. GCS, 

SBP, RR) to minimize bias induced by case exclusion from analysis. In UMCU, GCS, SBP, and RR 

were missing in respectively 27.1%, 17.3%, and 46.0% of the patients. In JHH, GCS, SBP, and 

RR were missing in respectively 21.3%, 18.3%, and 18.8% of the patients. In HMC, in 15.1%, 
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0.3%, and 1.3% of the patients respectively GCS, SBP, and RR were missing. The variables in the 

regression model for the multiple imputation were the eye, motor, and verbal component of the 

GCS, furthermore SBP, RR, ISS, sex, age, trauma mechanism and survival. Missing data were in 

particular observed in the less injured patients, suggesting that missing data are not at random, 

though studies have demonstrated that multiple imputation leads to less biased results even in 

the case of non-random missing data.[11]

The physiologic parameters of the patients were divided into three categories, based on the 

values of the Revised Trauma Score [12], representing normal values, and abnormal values. The 

latter subdivided in bad and worse physiologic parameters (Table 1). A univariable and multi-

variable regression analysis of the physiologic parameters were performed and presented in 

odds ratios (OR). The reference group was category 1, group with normal values. Subsequently 

the Area Under the Receiver Operating Characteristic curve [AUC] was given to evaluate the 

discriminative power. An AUC of 0.50 suggests a model with no discriminative power, while an 

AUC of 1.0 reflects perfect discrimination.

table 1. Categories physiologic parameters

 Category 1 Category 2 Category 3

SBP ≥89 50-89 ≤49

GCS ≥13 6_12 ≤5

RR 10_29 6-9, ≥30 ≤5

SBP Systolic blood pressure; GCS Glasgow Coma Score; RR Respiratory rate;
The imputation of missing data and the analyses were performed with SPSS, version 22.0 (IBM Corp., Armonk, 
NY) for Windows. Significance of statistical differences was attributed to p <0.05.

rEsults

Following the inclusion and exclusion criteria respectively 1841, 2432, and 7950 patients were 

selected from the trauma registry in UMCU, JHH, and HMC. The patient characteristics of the 

three trauma populations are described in table 2.

Almost all patients had a normal SBP at time of arrival, less than 2% were abnormal in all three 

populations. The RR was abnormal in 2.4% of the patients. The GCS had the highest percentages 

of patients with an abnormal value, respectively 15%, 6.6% and 19.3% in UMCU, JHH, and HMC.

When evaluating the SBP values, 33%, 50%, and 93% of the patients in the category with the 

worst physiologic parameters (category 3) died in respectively UMCU, JHH, and HMC. Including 
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all patients, the majority of the trauma deaths had a normal SBP value at time of admission. A 

comparable distribution was revealed with the RR values.

In the GCS group, the highest proportion of deaths within the categories was observed in 

category 3. Including all patients, the majority of the trauma deaths were demonstrated in the 

patient group with the worst GCS (category 3), followed by category 2. An overview of all these 

data are presented in detail in table 3 and 4.

table 3. Distribution and mortality rates of the physiologic parameters

Frequencies Mortality

SBP GCS RR SBP GCS RR

umCu

Category 1 1800 (97.8) 1266 (68.8) 1797 (97.6) 94 (89.5) 16 (15.2) 97 (92.4)

Category 2 38 (2.1) 449 (24.4) 43 (2.3) 10 (9.5) 26 (24.8) 7 (6.7)

Category 3 3 (0.2) 126 (6.8) 1 (0.1) 1 (1.0) 63 (60.0) 1 (1.0)

Jhh

Category 1 2378 (97.8) 1919 (78.9) 2367 (97.3) 63 (78.8) 24 (30.0) 71 (88.8)

Category 2 50 (2.1) 412 (16.9) 60 (2.5) 15 (18.8) 21 (26.3) 6 (7.5)

Category 3 4 (0.2) 101 (4.2) 5 (0.2) 2 (2.5) 35 (43.8) 3.0 (3.8)

hmC

Category 1 7739 (97.3) 5779 (72.7) 7826 (98.4) 300 (84.7) 77 (21.8) 331 (93.5)

Category 2 197 (2.5) 1113 (14.0) 101 (1.3) 41 (11.6) 70 (19.8) 10 (2.8)

Category 3 14 (0.2) 1058 (13.3) 23 (0.3) 13 (3.7) 207 (58.5) 13 (3.7)

presented in number of patients (%)

table 2. Patient Characteristics

 UMCU JHH HMC

Patients, n 1841 2432 7950

Age, y* 51.8 (21.0) 44.7 (20.1) 49.8 (20.6)

Sex, male** 1172 (63.7) 1784 (73.4) 5420 (68.2)

GCS† 15 (12 - 15) 15 (13-15) 15 (12 - 15)

SBP, mm Hg† 135 (123 - 150) 130 (120 - 144) 134 (116 - 149)

RR, min† 18 (15 - 20) 18 (16 - 20) 16 (16 - 18)

ISS† 9 (4 - 17) 9 (4 - 17) 10 (5 - 17)

Multitrauma, ISS≥16 571 (31.0) 729 (30.0) 2649 (33.3)

Mortality** 105 (5.7) 80 (3.3) 354 (4.5)

* Mean (SD), **n (%), † Median (IQR)
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table 4. Percentages of trauma deaths within the physiologic parameter category

SBP GCS RR

umCu

Category 1 5.2 1.3 5.4

Category 2 26.3 5.8 16.3

Category 3 33.3 50.0 100.0

Jhh

Category 1 2.6 1.3 3.0

Category 2 30.0 5.1 10.0

Category 3 50.0 34.7 60.0

hmC

Category 1 3.9 1.3 4.2

Category 2 20.8 6.3 9.9

Category 3 92.9 19.6 56.5

In table 5, the univariable regression analyses for the SBP, GCS, and RR value within the three 

categories showed a significant increase in odds of deaths; with the highest OR in the third 

category. The AUC of the SBP and RR ranged from 0.526-0.598 in all three populations. The AUC 

of the GCS was in UMCU, JHH, and HMC respectively 0.852, 0.786, and 0.796. In the multivari-

able model, the AUC respectively increased to 0.860, 0.806, and 0.813 (Table 5).

table 5. Univariable analysis with odds ratio and AUC and AUC of multivariable analysis

 UMCU   JHH   HMC   

 Category 2 Category 3 AUC Category 2 Category 3 AUC Category 2 Category 3 AUC

SBP 6 [3-14] 9 [1-101] 0.544 16 [8-30] 37 [5-265] 0.598 7 [5-9] 322 [42-2472] 0.566

GCS 5 [3-9] 78 [43-143] 0.852 4 [3-8] 42 [24-74] 0.786 5 [4-7] 18 [14-24] 0.796

RR 3 [1-7] - 0.528 6 [1-7] 49 [8-295] 0.545 2 [1-5] 29 [13-68] 0.526

Mulitvari-
able with 
SBP, GCS, 
RR

0.852 0.786 0.796

Category 1 is reference category; results presented in odds ratio with 95% confidence interval; AUC, Area 
Under the Curve;

disCussion

In trauma care, the difference between predicted and observed mortality is used to evaluate 

and compare the performance of trauma centers. To calculate the predictive mortality several 

parameters are used, such as physiologic parameters and severity of injury. Due to quality im-
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provements in trauma care the distribution of the physiologic parameters in today’s trauma 

population might have changed, leaving the applicability of these parameters questionable.

This study shows that the majority of the trauma patients had a normal SBP, GCS, and RR value 

at time of arrival in the ED. The vast majority of the trauma deaths had a normal SBP and RR 

value. Furthermore, the predictive power for mortality in a univariable model was for all three 

parameters very high. However, in a multivariable model the GCS had the highest predictive 

value of the three parameters and the added value of the SBP and RR was very low.

The mortality clearly shows a positive association with a deteriorating GCS value in these three 

trauma populations. Furthermore, the AUCs of the multivariable models are mainly determined 

by the GCS value. The difference between the AUC of the univariable model with GCS and the 

multivariable model with GCS, SBP and RR is more or less negligible (≤0.02). While, the odds 

for death for these two parameters in a univariable analysis is significantly high, the additional 

value in a multivariable analysis is very low. This could be a consequence of better and faster 

management of circulatory derangements, insufficient airways and ventilation impairments. 

Moreover, patients dying from exsanguination or chest injury with hemorrhage are only a small 

proportion from all trauma deaths in these populations.[9] Many studies have demonstrated 

that similarly injured patients are more likely to survive in current trauma practice in compari-

son with the past.[13]

A previous study demonstrated that the physiologic parameters (RR, SBP) no longer have a 

predictive value for mortality in a Dutch level I trauma population.[8] Evaluating those results 

in the perspective of this study and on an international scale give us an explanation for these 

observations. The low frequencies of abnormal SBP and RR values in the populations could 

define why these parameters demonstrated a low explanatory power for mortality.

Calculating survival probabilities in populations with predominantly normal physiologic param-

eters might be overly optimistic. In this case, a trauma center could only change a predicted 

survival into an observed mortality. On the other hand, trauma centers with a substantial pro-

portion of patients with abnormal values and subsequently a low survival probability have the 

opportunity to change the predicted mortality into an observed survival. Such trauma centers 

are more likely to show a better performance than the trauma center with a population with 

normal values. Therefore, trauma centers with a relatively high number of patients with ab-

normal parameters are more likely to show a better performance than trauma centers with a 

low number of patients with abnormal values. In other words, the patient has to be in a bad 

condition in order to demonstrate institutions performances above expected level: therefore, 

“the patient has to be bad to be good”.
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These trauma centers are more likely centers with a large service area and longer prehospi-

tal times, because the patients have more time for physiologic detoriation. Similarly injured 

patients in smaller service areas simply do not have the time to deteriorate because they are 

in the hospital before SBP will drop markedly. On the other hand, severly injured patients in a 

worse physiologic condition might not even reach the hospital due to longer prehospital times. 

This causes a survival bias in large service areas. Using these parameters in prediction models 

might result in an imbalance in observed and predicted mortality and might qualify a trauma 

center incorrectly as an outlier. Thus, ongoing use of physiologic parameters may be inappropri-

ate for institutional comparisons, while the GCS appeared to be a very important predictor 

for the mortality in this study. Though, we need to realize that this parameter could also be 

influenced by multiple external factors, such as specific environmental factors and variations in 

the care protocols, such as prehospital intubations. For example, the prehospital intubation rate 

in the Netherlands is substantially lower compared to other countries, such as Germany and the 

United States.[14, 15]

There have been numerous suggestions for improvement of the predictions. The base deficit 

(BD) is an objective indicator for the physiologic derangement and has proven to be a valid 

substitute for the physiologic parameters in the TRISS model.[16] The ISS [10] or NISS [17] are 

the most commonly used parameters for the overall severity of the injuries. A disadvantage 

of including these parameters is that the calculation can only occur when the evaluation of all 

the injuries have been completed. A substitute could be the worst single injury; Kilgo et al [18] 

showed in their study that the model including this parameter had the best performance. This 

allows prediction calculations in an earlier stage. In addition, due to the high predictive power of 

the GCS, the severity of head injury should be considered for outcome predictions.

Further studies are needed to develop a reliable model to calculate survival probabilities and 

benchmark trauma center performances from multiple countries. Because of the differences in 

case mix, one overarching global model to evaluate multinational trauma care would perhaps 

be selectively overly optimistic. In previous literature, several authors have advocated for the 

introduction of geographic specific coefficients to cope with these differences across trauma 

populations.[19-21] A prediction model should be designed as simple as possible with the high-

est predictive value.[22] In trauma research, it is desirable to develop a model which can be 

used immediately after the initial survey in order to plan treatment strategies, with objective 

and easy to obtain parameters.

This is a retrospective study of data prospectively registered in the hospital registration system. 

Trauma registry data, in particular the physiological parameters, are often incomplete. We have 
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used multiple imputation methods to cope with this issue, to prevent bias induced by the exclu-

sion of a large proportion of the cases in the regression analysis.

ConClusion

The majority of the trauma patients have normal physiologic parameters at time of arrival. The 

SBP and RR were also normal in the majority of the trauma deaths. The GCS was abnormal in the 

majority of the trauma deaths. The univariable analysis showed a high predictive power for the 

mortality in all three parameters. However, the additional value of SBP and RR in a multivariable 

prediction model with the GCS was negligible. Trauma centers with a relatively high number of 

patients with abnormal parameters are more likely to show a better performance than trauma 

centers with a low number of patients with abnormal values. Therefore, caution is needed with 

the use of physiologic parameters for comparative analyses because this might cause artifactual 

discrepancies between trauma centers.
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ABstrACt

introduction: A previous study demonstrated a substantial difference in mortality of patients 

with severe traumatic brain injury (TBI) across international trauma centers. This differences 

could be attributed to variability in the severity coding of the injuries. This study evaluated the 

inter-rater reliability of AIS scores of patients with severe TBI across three level I trauma centers 

in different countries.

methods: In total 150 patients (50 from each trauma center), were randomly selected from 

the trauma registry of three level I trauma centers: University Medical Center Utrecht (UMCU), 

the Netherlands; John Hunter Hospital (JHH), Australia; Harborview Medical Center (HMC), the 

United States. From UMCU, JHH, and HMC respectively three, three, and two AIS coders scored 

the head injuries. The reliability between individual AIS coders and between the trauma centers 

was measured with the intraclass correlation coefficient (ICC).

results: The reliability between the coders and the original score in the trauma registry was 

0.50, 0.50, and 0.41 in respectively UMCU, JHH, and HMC. The AIS coders at UMCU scored the 

most AIS codes of 4 and higher.

The reliability between the AIS coders within the same trauma center was substantial in UMCU 

(ICC=0.62) and HMC (ICC=0.78) and almost perfect in JHH (ICC=0.85).

The reliability between the trauma centers was 0.70 between the AIS coders from UMCU and 

JHH, and JHH and HMC and 0.59 between the coders from UMCU and HMC.

Conclusion: The results of this study demonstrated a substantial and almost perfect reliability of 

the AIS coders within the same trauma center. Across trauma centers the reliability was however 

variable between the AIS coders. These results indicate that there is room for improvement in 

the reliability between AIS coders. In future studies, the impact of differences in AIS scoring on 

the outcome predictions should be investigated. Furthermore, quality assessments of trauma 

registry data should be implemented and performed routinely.



95

Inter-rater reliability of the Abbreviated Injury Scale scores in patients with severe head injury

6

introduCtion

One of the primary goals of the American College of Surgeons Committee on Trauma is to have 

a uniform method of data collection in the trauma registries.[1] The use of this data makes 

national and international comparative assessments of trauma patients in different trauma 

systems possible.

In a previous study [2], a substantial difference in mortality of patients with severe traumatic 

brain injury (TBI) was demonstrated across three international trauma systems.

The differences in this study could not only be attributed to different treatment strategies, but 

also variability in the severity of the injury scores. All injuries are scored according to the Abbre-

viated Injury Scale (AIS) score. The AIS score was introduced and implemented in global trauma 

care in the 70s [3]. It is an anatomically based, consensus derived, global severity scoring system 

that classifies each injury by body region according to its relative importance. The score ranges 

from 1 to 6 on an ordinal scale, the higher the score the more severe the injury. The highest 

scores from the three most severely injured body regions are squared and summed to obtain 

the Injury Severity Score (ISS).[3,4] Both the AIS as well as the ISS scores have been extensively 

used in several trauma scores and trauma care analysis.[5-9] A rater variability in these scores 

across trauma centers might cause differences in outcome analyses.

Only a few studies have evaluated the variability of the AIS scores; between educated coders 

within a hospital, different AIS coding versions or between different specialties in a hospital.

[10-17] None of the studies addressed the rater variability in the AIS coding across trauma 

centers in different international trauma systems. Therefore, the aim of the present study is to 

evaluate the inter-rater reliability of AIS scores of patients with severe TBI across three level I 

trauma centers in different countries.

mEthods

study design
This study is performed in three level I trauma centers from three countries, the University 

Medical Center Utrecht (UMCU), Utrecht, the Netherlands, John Hunter Hospital (JHH), New-

castle, Australia and Harborview Medical Center (HMC), Seattle, WA, United States. A detailed 

description of the key demographic and trauma center differences is described in our previous 

study.[2]
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The study is performed following the Guidelines for Reporting Reliability and Agreement Studies 

(GRRAS).[18]

This study was approved by the Institutional Review Board of the UMCU, JHH, and HMC and 

conducted in accordance with the principles of the Declaration of Helsinki [19] and Good Clini-

cal Practice Guidelines.[20]

Patients
Patients were selected out of the institutional trauma registry from the year 2012. This database 

includes all directly admitted trauma patients, aged 18 years and older.

The original AIS score in the trauma registry was used to include the patients. Patients with an 

AIS score of 3 or higher in the head region were included. Our previous study [2] demonstrated 

a difference in mortality in the patients with a head AIS score of 4 and higher. We explicitly 

included patients with an AIS score of 3 and higher in order to allow differentiation between 

the severity of injuries. An overview of the frequencies of the highest severity score in the head 

region of the selected patients is demonstrated in table 1.

table 1. Frequencies of the severity of the original AIS scores in the trauma registry

 3 4 5 6

UMCU 15 23 12 -

JHH 16 24 9 1

HMC 15 21 14 -

Patients were excluded if they were dead on arrival at the Emergency Department (ED) (i.e. 

all patients presented at the ED with no vital signs or those who died within 30 minutes after 

arrival at the ED), if they had major burns (>20% of total body surface area) and if transferred 

to another hospital.

A total of 150 patients were randomly selected by the computer without replacement, 50 

patients out of each trauma center.

Ais coders
Both UMCU and HMC have three trained AIS coders. In UMCU, all coders completed an AIS 

course provided by the Dutch National Trauma Registry and attend national user group meet-

ings four times a year. The AIS coders in HMC have all completed the AIS coder training from the 

Association for the Advancement of Automotive Medicine. Two of the three coders consented 
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to participate in this study. JHH has five trained AIS coders. The coders are trained through a 

central teaching system in New South Wales. Coders had AIS coding experience varying between 

2 months and 20 years with a median of 6 years.

Each coder was asked to code the head injuries of the 150 selected patients. They all used the 

AIS score version 2005. The coding was performed independently from each other. In addition, 

the coders were blinded for the registered AIS score in the institutional trauma registry.

data collection
All relevant radiology reports, admission report, discharge report, prehospital information, 

and other relevant patient notes addressing the TBI were gathered. The Dutch reports were 

translated in English for the AIS coders in JHH and HMC. The Dutch AIS coders used the English 

reports from JHH and HMC.

statistical analysis
For each patient the highest AIS score in the head region was selected. Mean scores from each 

center were calculated and compared across trauma centers. The highest AIS score given to 

the patient by coders of the same hospital was selected to compare differences between the 

centers.

To quantify agreement between coders and centers, the weighted kappa for ordinal variables 

was measured with a two-way mixed, single-measures, intraclass correlation coefficient (ICC).

[21] ICC was calculated between AIS coders from the same trauma center and across the trauma 

centers. The arbitrary classification of Landis and Koch was used to classify the agreement (Table 

2).[22]

table 2. Guidelines for agreement measures1

0.00 - 0.20 Slight

0.20 - 0.40 Fair

0.40 -0.60 Moderate

0.61 - 0.80 Substantial

0.81- 1.00 Almost perfect

1Landis JR, Koch GG. Biometrics 2008

The analyses were performed for the overall dataset and separated for each country-specific 

dataset. The statistical analyses were performed with SPSS, version 20.0 (IBM Corp., Armonk, 

NY) for Windows. Significance of statistical differences was attributed to p < 0.05.
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rEsults

The AIS coders at UMCU scored the most AIS codes of 4 and higher, with a mean frequency of 92 

between the three AIS coders, followed by the coders from HMC (mean=70) and JHH (mean=70) 

(Table 3). Altogether, the three AIS coders from UMCU scored the injuries of 39 patients with 

a severity below 3. A total of 46 patients were scored with a severity below 3 by the three AIS 

coders in JHH, and the two AIS coders in HMC scored 29 patients with a severity below 3 (Table 

3). Only one AIS coder scored all patients, while the other coders scored some patients with a 

‘zero’ (no head injury) or ‘not applicable’ because they felt that there was no trauma preceded 

or the trauma was too long ago.

table 3. Frequencies of AIS score severity

1 2 3 4 5 6

UMCU

Coder 1 5 11 47 48 34 1

Coder 2 - 8 32 63 41 -

Coder 3 3 12 45 59 31 -

JHH

Coder 1 2 13 6 32 38 1

Coder 2 - 16 64 30 37 -

Coder 3 1 14 60 32 40 -

HMC
Coder 1 1 16 56 35 37 -

Coder 2 3 9 68 28 38 1

The overall reliability between the AIS coders in UMCU was substantial (ICC=0.62), ranging from 

ICC=0.55 in the HMC dataset to ICC of 0.67 in the UMCU dataset. The AIS coders from JHH 

had an almost perfect reliability (ICC=0.85), ranging from an ICC of 0.78 in the HMC dataset 

and ICC=0.90 in both UMCU and JHH dataset. In HMC, the overall reliability was substantial 

(ICC=0.78), ranging from 0.71 in the HMC dataset to 0.83 in the JHH dataset (Table 4).

table 4. Intraclass correlation of AIS coders within same trauma centers

 UMCU JHH HMC

Overall dataset 0.62 0.85 0.78

UMCU dataset 0.67 0.90 0.77

JHH dataset 0.63 0.90 0.83

HMC dataset 0.55 0.78 0.71
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The overall reliability between the trauma centers was the highest between the AIS coders from 

UMCU and JHH, and JHH and HMC, with both an ICC=0.70. Separated in country-specific data-

sets the reliability was almost perfect between JHH and HMC in the UMCU dataset (ICC=0.84). 

The overall reliability was lowest between the AIS coders from UMCU and HMC, with the lowest 

ICC in the HMC dataset (ICC=0.52) (Table 5).

table 5. Intraclass correlation of highest overall AIS code between centers

 UMCU vs JHH UMCU vs HMC JHH vs HMC

Overall dataset 0.70 0.59 0.70

UMCU dataset 0.58 0.65 0.84

JHH dataset 0.78 0.55 0.56

HMC dataset 0.63 0.52 0.77

In table 6, an overview of the correlations between two individual AIS coders within and across 

the trauma centers is presented. No clear outliers exist between the AIS coders.

table 6. Intraclass correlation between all AIS coders

UMCU JHH HMC

Coder 1 Coder 2 Coder 3 Coder 1 Coder 2 Coder 2 Coder 1 Coder 2

UMCU

Coder 1 - - - - - - - -

Coder 2 0.59 - - - - - - -

Coder 3 0.66 0.62 - - - - - -

JHH

Coder 1 0.68 0.54 0.74 - - - - -

Coder 2 0.64 0.54 0.69 0.83 - - - -

Coder 3 0.65 0.58 0.76 0.88 0.85 - - -

HMC
Coder 1 0.69 0.60 0.65 0.64 0.68 0.65 - -

Coder 2 0.68 0.59 0.60 0.69 0.68 0.66 0.78 -

The overall reliability between the coders and the original score in the trauma registry was 0.50, 

0.50, and 0.41 in respectively UMCU, JHH, and HMC.
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disCussion

To our knowledge, this is the first study measuring inter-rater reliability of AIS scores on an 

international level. The overall reliability within the trauma centers was substantial in UMCU 

(ICC=0.62) and HMC (ICC=0.78), and almost perfect in JHH (ICC=0.85). A variability was seen in 

the reliability of highest overall AIS scores between trauma centers, with ICCs ranging from 0.52 

to 0.84 (Table 5).These findings indicate that there is room for improvement in the reliability 

between AIS coders.

There are only a few studies addressing the reliability of the AIS scores in terms of ICC or 

(weighted) kappa statistics. These studies have compared scores between a computer system 

and human coders [15], evaluated the intra-rater differences after a training course [10,12], and 

between AIS coders working with the same trauma registry.[16,17]

The scores in these studies evaluating the agreement between the AIS scores vary from a kappa 

score of 0.79 [10] to an agreement of the AIS codes of 39%.[16]

The AIS scores are used to evaluate injury patterns and characteristics in trauma populations and 

are extensively used in comparison studies of injury outcomes across hospitals. The AIS scores 

belong to the most important parameters in trauma care, therefore it is of utmost importance 

to evaluate the reproducibility of the AIS codes.

The AIS and calculated ISS are used to calculate survival probabilities.[5] Variability in the scoring 

of the AIS codes might have a substantial influence on the calculated probability of survival. In a 

trauma center where the severity of the injuries are scored systematically higher compared to 

other trauma centers the survival probabilities will be lower. As a consequence, similarly injured 

patients might have different probabilities leading to different outcome predictions. If this is 

a systematic error, this could cause differences in the performances of trauma centers which 

actually do not exist. In this study, the distribution of the original AIS score severity divided in 

below 4 and 4 and higher was similar (Table 1). Nevertheless, the UMCU coders scored more 

patients with a severity of 4 and higher compared to JHH and HMC (Table 3). Interesting to 

investigate in future studies is the impact of a difference in AIS scores on the outcome predic-

tions. Discrepancies of one point in the AIS scores could easily lead to a significant higher or 

lower ISS. For example, the squared AIS score of 3=9, 4=16, and 5=25, could lead to a difference 

in ISS score ranging from 7 to 9 points in patients with severe injuries. A previous study [16] 

demonstrated that a low percentage agreement of the AIS scores (39%) did not affect the reli-

ability of the ISS (ICC=0.90) calculated with the AIS scores. Though, this study did not compare 

the severity of the AIS score, but the exact matches of the AIS codes.
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The highest severity score of the AIS code in the head region was at least 3 in the trauma registry 

in all patients. Still, a substantial number of patients were coded with a severity score below 3. 

This demonstrates that there are numerous injuries, which were overestimated in the original 

trauma registry or underestimated, in the present study. There is no gold standard available for 

the AIS coding, therefore some influence of subjectivity will always be present.

This study only addressed the patient with TBI. The demonstrated variability in this study could 

also apply to other body regions, with an even greater impact on the overall severity score. 

Reliability studies for severity scoring should therefore be introduced on a larger scale and for 

all body regions. Despite the training effort, scoring injuries with AIS remains a subjective evalu-

ation. The introduction of a standardized quality assessment process for trauma registries will 

help maintain high quality data in the registries. Currently, there is no uniform design how to 

perform these quality assessments. Olthof et al.[17] developed a format for these studies which 

showed to be feasible and could be used as a basis to develop such a methodology.

Based on the data in this study, there is no clear explanation for the variability between and 

within trauma centers. All AIS coders were trained with a course recognized on at least a national 

scale. Still, there might be a difference in the process of training and maintaining expertise that 

could influence the reliability. Furthermore, the experience of the AIS coders varies between 

the trauma centers. One could think that years’ of experience play a role in the agreement 

between AIS coders, however the data of this study do not demonstrate this. (Data not shown 

here, securing anonymity of the AIS coders) The reliability of the individual AIS coder could be 

measured in intra-rater reliability.

Another explanation could be the sampling of the patients. The sampling of more patients will 

probably reduce the overall variation, “do more, less well”.[23]

The English and thus foreign language medical records could influence the greater variability 

within the UMCU AIS coders in comparison with the JHH and HMC coders. The UMCU cod-

ers used the original English records for the severity coding of the JHH and HMC dataset. In 

contrast to the JHH and HMC coders who received the UMCU medical records translated in 

English. Though, the English language is the second best known and spoken language in the 

Netherlands, there still might be a slight influence of a language barrier responsible for the 

results in the study.

Some recall bias might have occurred during the scorings, because AIS coders could have recog-

nized cases and remember the AIS codes. Though, the timing between the original scoring and 

the scoring of this study was at least 3.5 years, minimizing the influence of recall bias.
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The results of this study demonstrated a substantial and almost perfect reliability of the AIS cod-

ers within the same trauma center. Across trauma centers the reliability was however variable 

between the AIS coders. These results indicate that there is much room for improvement in 

the reliability between AIS coders. In future studies, the impact of differences in AIS scoring on 

the outcome predictions should be investigated. Furthermore, quality assessments of trauma 

registry data should be implemented and performed routinely.
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ABstrACt

introduction: Quality assessments of trauma center performances and benchmarking of 

trauma centers are currently measured by evaluating the in-hospital mortality rates. There is a 

lack of knowledge regarding the validity of nonfatal outcomes as a performance indicator, such 

as health-related quality of life (HRQoL).

In this systematic review we have evaluated the methodology and the measurement properties 

of HRQoL instruments in general trauma populations.

method: We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

guideline. A systematic search was performed in Pubmed, Embase, and the Cochrane library. All 

titles and abstracts, references and citing articles of selected articles were screened. We used 

the Consensus-Based Standards for the Selection of Health Status Measurement Instrument 

(COSMIN) checklist to assess the measurement properties.

results: Ten articles were included in this review and eight different HRQoL instruments were 

used in this study. The majority of the relevant measurement properties, 62%, was not assessed.

The ‘hypothesis testing’ was reported the most, followed by the ‘content validity’.

The least frequent reported properties were the ‘criterion validity’ and the ‘cross-cultural valid-

ity’. The ‘content validity’ had the most excellent ratings, in contrast the ‘internal consistency’ 

had the most poor ratings.

Conclusion: This review showed a wide variety in the methodological quality of the measure-

ment properties. None of the HRQoL instruments were adequately assessed in a general trauma 

population, according to the COSMIN checklist. Given these circumstances this systematic 

review revealed the Trauma Outcome Profile (TOP) as the most adequate HRQoL instrument in 

a general trauma population.

To allow for worldwide comparison studies, we must reach consensus about which HRQoL 

instrument to use to evaluate the HRQoL and how to use this parameter as an indicator for the 

trauma center performance.
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introduCtion

Traumatic injuries are a major public health problem worldwide and account for 10% of the 

global mortality. Optimizing trauma care is essential to improve the survival chances for injured 

patients and avert many lifelong injury-related disabilities. Improvements in patient outcome 

and decreased mortality rates were achieved by the implementation of integrated trauma 

systems. [1-5]

Currently, the evaluations are mostly limited to risk-adjusted mortality rates.[6] Many of the 

patients surviving a trauma suffer from minor and major disabilities.[7] There is a general con-

sensus that nonfatal outcomes should also be used [8-11] for the evaluation and benchmarking 

of trauma center performances, such as quality of life. Moore et al.[6] reviewed the literature 

and concluded that the quality of life has never been used as an indicator for this purpose. They 

suggested striving for more research in order to develop methods to evaluate trauma center 

performances in terms of quality of life.

Currently, there is a lack of knowledge about the validity of health-related quality of life (HRQoL) 

instruments in trauma patients. To select the best HRQoL instrument for trauma patients and 

guarantee appropriate conclusions in these studies, it is necessary to evaluate the quality of the 

measurement properties of the HRQoL instruments in trauma patients.

We have conducted a systematic review and quality assessment to evaluate the measurement 

properties of HRQoL instruments in general trauma populations.

mEthods

search
We conducted a systematic review of all published literature according to the Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.[12] On the 8th of 

May 2016 we systematically searched the Pubmed, Cochrane library, and Embase databases. 

We used the search terms ‘quality of life’ and its synonyms and, ‘trauma’ or ‘injury’ and its 

synonyms and combined this with a measurement property term (i.e. ‘reliability’, ‘consistency’, 

‘measurement error’, ‘validity’, ‘hypotheses testing’, ‘responsiveness’, ‘generalizability’).

selection
We aimed to identify all studies that evaluated the quality of life in a general trauma population 

and studied the measurement property of a HRQoL instrument in trauma patients. Studies must 
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contain a representative sample of the entire trauma population or a critically injured trauma 

population. We have excluded all studies evaluating the quality of life in specific trauma patient 

groups, e.g. patients with disease-specific trauma injuries or children.

We included all studies describing a measurement property according to the Consensus-based 

Standards for the selection of health Measurement Instrument (COSMIN) checklist.[13]

Cosmin checklist
We have used the COSMIN checklist to evaluate the methodological quality of the included 

studies on measurement properties. The COSMIN checklist was developed in a multidisciplinary 

international Delphi study.[13] The checklist provides standards to evaluate the methodological 

quality of studies on measurement properties. Three quality domains are assessed, i.e. ‘reli-

ability’, ‘validity’ and ‘responsiveness’. ‘Reliability’ is the extent to which scores for patients who 

have not changed are the same for repeated measurement under several conditions (e.g. over 

time or using different sets of items from the same instrument). This quality domain includes 

the measurement property ‘internal consistency’ and ‘reliability’. The ‘validity’ is the degree 

to which an instrument measures the construct that it is supposed to measure. It contains 

the measurement property ‘content validity’, which is the degree to which an instrument is an 

adequate reflection of the construct to be measured. It also contains the ‘construct validity’, 

which is divided into ‘hypothesis testing’ and ‘structural validity’. The ‘structural validity’ is the 

degree to which the scores of an instrument are an adequate reflection of the dimensionality of 

the construct to be measured.

The ‘criterion validity’ is the degree to which the scores of an instrument are an adequate reflec-

tion of a gold standard. Notably, the COSMIN panel reached consensus that no gold standard 

exist for a HRQoL instrument. The only exception is when a shortened instrument is compared 

to the longer original instrument. The measurement ‘property responsiveness’ is the ability of 

an instrument to detect change over time.[14]

data extraction
Prior to the selection of relevant articles, all double articles were excluded. The citations were 

assessed by two reviewers (ACG and MvH). After applying the inclusion and exclusion criteria, 

presented in the flowchart (Figure 1), the full text of the remained articles was screened. Stud-

ies performing a quality assessment of a measurement property were included and assessed for 

its methodological design and quality by two reviewers (ACG, MvH) using the COSMIN checklist. 

Each study is assessed on nine measurement properties. Each measurement property contains 
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several items, ranging from 4 to 18 items, in total 119 items. Each item is scored on a four-point 

Likert scale (i.e., “poor”, “fair”, “good”, or “excellent”). The lowest rating within a measurement 

property reflects the overall methodological quality of the measurement property.[14] The 

measurement property is not applicable when the property is not assessed in the study. (Table 

2)

figure 1. Flowchart
Date of search 8th of May, 2016
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Discrepancies in the process between the two reviewers was discussed with a third reviewer 

(LPHL) and resolved by consensus. The references of the initial selected articles were screened 

using the same criteria, as well as the studies citing the selected articles using Web of Science. 

The references of relevant and related reviews were also screened.

In studies using the same patient cohort, the study with the most completed patient group and 

with the required outcome was included.

The results of this systematic review are presented descriptively.

rEsults

search strategy results
The initial search identified 2670 articles from the databases; 2435 remained after excluding 

duplicates. We applied the inclusion and exclusion criteria on the remaining articles (Figure 1). 

At first we screened the title and abstract of all articles. We selected all studies in which the 

authors evaluated quality of life in a general trauma population or a critically injured trauma 

population and studied the reliability or validity of a measurement instrument. Subsequently 

the full texts of the 18 selected articles were screened.[15-32] All references and citations from 

the 18 selected articles after the title/abstract screening were identified. No other articles were 

added to.

In total, ten articles performed a quality assessment of at least one a measurement property 

and were eligible for this review.[15-24]

study characteristics
The included population in the studies had a median of 162 patients, with a range from 43 to 

1240 patients. Eight studies evaluated the quality of life in a general adult trauma population.

[16,17,19-24] Two studies [15,18] measured quality of life in a severely injured trauma population. 

In two of the ten studies patients with predominantly neurological injuries were excluded.[17,24]

The time point of the assessments varied across the studies, from 4-6 days to at least 2 years 

after trauma. Only one study [24] determined the pre-injury quality of life. Four studies per-

formed measurements at more than one time point. Kiely et al.[16] and Marshall et al.[20] 

measured at two time points, and Watson et al.[24] measured five time points. Furthermore, 

Kopjar et al.17] measured only a second time in patients with limitations in the first survey.

All study characteristics are presented in Table 1.
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health related quality of life instruments
Each article assessed the quality of the measurement properties of one HRQoL instrument.

In total eight different HRQoL instruments were investigated in the ten studies.

Six generic HRQoL instruments were investigated: Short Form (12) Health Survey (SF-12), Short 

Form (36) Health Survey (SF-36), Functional Capacity Index (FCI), Impairment Questionnaire 

(IP), Health Consequences of Injury Questionnaire (HCIQ), and the Assessment of Quality of Life 

(AQoL). Two trauma-specific HRQoL instruments were used: the Trauma Outcome Profile (TOP), 

and Trauma-Specific Quality of Life questionnaire (T-QoL). The TOP and FCI were both used in 

two studies, the other instruments were used in one study. An overview is presented in Table 1.

Several HRQoL instruments (Appendix A) were used as a comparator instrument to validate the 

studied instrument in the study. The most frequently used comparator instrument was the SF-

36. Two articles did not use a comparator instrument, but compared the outcome with patients 

without activity restrictions [17] or compared the observed outcome with the predicted quality 

of life outcome [22].

methodological quality of the measurement properties
The methodological quality of the measurement properties in each study are presented in Table 

2. The majority of the measurements properties were not assessed in the studies; 34 out of 

90 ratings (38%) were assessed. The measurement property ‘hypothesis testing’ was reported 

in all the studies and rated from poor to excellent. The ‘content validity’ was reported second 

best, though most of the studies referred to a previous study in which the instrument’s ‘content 

validity’ was tested.

The least frequent reported properties were the ‘criterion validity’ and the ‘cross-cultural valid-

ity’. The measurement property ‘cross-cultural validity’ was not applicable in all of the studies.

In the study by Marshall et al.[20] the most measurement properties (5) were assessed and in 

Schluter et al.[22] the least (2). The TOP had the most and the best ratings on measurement 

properties. The ‘content validity’ was the most adequately performed measurement property 

in the studies.
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disCussion

This systematic review evaluated the measurement properties of HRQoL instruments used to 

evaluate the quality of life in a general trauma population. A high methodological quality of 

studies assessing measurement properties is required to ensure appropriate conclusions about 

measurement properties of a certain instrument. To our best knowledge, this is the only system-

atic review that has evaluated the measurements properties of HRQoL instruments in trauma 

patients.

This review showed a wide range in methodological quality of the measurement properties 

of the various instruments. None of the HRQoL instruments were completely and adequately 

assessed according to the COSMIN checklist. The majority of the studies evaluating the mea-

surement properties of HRQoL were of poor methodological quality.

According to the checklist the methodological quality of a study is considered only adequate 

if all items in a box are considered adequate. An excellent score means that there is a clear 

description in the study that the item is adequately assessed. When there is no description in 

the article, but it can be otherwise assumed that the quality aspect is adequate the score is 

good and if it is doubtful whether the quality of the items is adequate it should be scored fair. 

An item is scored poor when it is clear that the quality aspect is not adequate.[33]

Quality indicator systems were established to maintain and improve the quality of healthcare. 

The success of the implementation of quality indicators has been measured by changes in the 

in-hospital mortality.[34] Differences in cultural policies regarding the withdrawal of treatment 

in inevitable deaths or brain deaths, could distort and therefore bias the in-hospital mortality 

rates.[35] Nonfatal outcomes, such as the quality of life, could eliminate some of these biases. 

Moreover, quality of life assessments are an important indicator for the success of treatment 

and can help identify areas where interventions are needed.[36] We should strive to introduce 

this parameter as an indicator for the performance of a trauma system and an instrument for 

inter-country and inter-hospital comparisons.

This review showed a wide variety of HRQoL instruments used in the included studies. This 

suggests that there is no consensus about the preferred HRQoL instrument to use in trauma 

patients. The most widely used generic instruments to measure quality of life in trauma patients 

are the Quality of Well-Being Index (QWB) and the SF-36.[16,37-39] Both instruments are very 

informative for the general quality of life, but lack the specificity to accurately determine quality 

of life in trauma patients after their injuries. The SF-36, only used in one of the included studies 
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[17], does not show an adequate assessment nor adequate quality in this review. Only three 

measurement properties were assessed with the respective scores good, fair and poor.

Nowadays, the importance and usefulness of a trauma-specific quality of life measurement be-

comes more and more recognized.[40-42] In this review only three studies used trauma-specific 

HRQoL instruments.[15,18,23]

The measurement properties of the TOP were assessed the most and were scored the best 

in this review. This instrument has been thoroughly used in the German population, but not 

investigated in other countries. Based on the results of this trauma-specific instrument in this 

review, the TOP seems a potentially useful and reliable instrument for measuring quality of life. 

Therefore, the quality of the measurement properties of the TOP should also be investigated in 

other trauma populations.

A remarkable observation is the included number of patients in the studies. The range was very 

wide (43-1240) with a median of only 162 patients. For the majority of measurement properties 

there is a required sample size of at least 100 patients for an excellent rating and 50 patients for 

a good rating. All studies, except Marshall et al.[20], meet the required number of patients. In 

addition, the internal consistency and structural validity also require at least 7 or 5 patients for 

each item within the instrument for achieving an excellent or good rating, respectively. The ma-

jority of the studies do not meet the criteria for the required number of patients included. Due 

to this criterion even well-designed studies, like Wanner et al.[23] automatically receive poor 

ratings on certain properties accompanied by a drastic decrease in methodologically quality.

With regard to the domain ‘reliability’ it is necessary to have more than one assessment in a very 

short period of time under similar test conditions in order to determine whether an instrument 

is able to reproduce a similar outcome in a patient and to quantify the normal measurement 

error of that instrument. Furthermore, it requires appropriate statistical methods to quantify 

the ‘reliability’, such as the Intraclass Correlation Coefficient, Kappa, and Standard Error of 

Measurement. In this review only Marshall et al.[20] and McClure et al.[21] have assessed the 

‘reliability’ and the ‘measurement error’. In both studies the majority of the items within these 

two measurement properties were adequately assessed, but the score of the property was 

limited due to the number of patients included in the studies. Marshall et al.[20] had a sample 

below 30 resulting in a poor score. McClure et al.[21] had a sample size of 53 just resulting in a 

good score.

Currently, the most common method to interpret the post-injury outcome is to compare it 

with the general population. The ideal method is a comparison with the pre-injury state of 

the patient. However, due to the obvious unpredictable origin of trauma patients the assess-
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ment of a pre-injury status is challenging and not often used in studies. Furthermore, there is 

no standardized timing for the assessment of quality of life in trauma patients. In the current 

studies the authors decide which time points are assessed. In the case the HRQoL instruments 

are going to be used as an performance indicator, there should be a consensus of standardized 

assessments time points.

The majority of the studies had an excellent ‘content validity’ and evaluated or referred to 

a study which assessed the relevance of the items and the reflections of the construct to be 

measured. This could be performed by an expert panel, but the relevancy of the questions could 

also be asked to the patients.

The COSMIN checklist assigns great significance to clearly stated hypotheses. It does not provide 

a specific required number of hypotheses, but does request to state the expected direction of 

correlations or mean differences in advance. Without appropriate hypotheses the risk of bias 

is high due to the possibility of creating alternative explanations for low correlations instead of 

concluding that an instrument may not be valid.[33]

According to the COSMIN checklist, the ‘criterion validity’ could only be assessed in one study.

[16] This is a consequence of the consensus of the COSMIN study group that a HRQoL instru-

ment cannot be used as gold standard.[43] There is only one exception, when a shortened 

instrument is compared to the original instrument.

It seems to be a valid argument to take this statement because there is no objective method to 

measure quality of life. For example, perception of pain and sense of happiness are experienced 

differently by each individual. It makes it difficult in quality of life studies to meet the criteria of 

this measurement property considering the COSMIN checklist.

In all the studies assessing the ‘criterion validity’, the authors assumed the comparator instru-

ment as the gold standard.

The COSMIN panel tries to overcome this issue by including the assessment of the comparator 

instrument using the measurement property ‘hypotheses testing’. The authors must hypoth-

esize the expected relations of the studied instrument with the comparator instrument in terms 

of the construct they intend to measure. It is important that the measurement property of the 

compared instrument is adequate, because it is difficult to decide afterwards whether negative 

results are because of lack of validity of the studied instrument or poor quality of the compara-

tor instrument.[33]

The COSMIN checklist is an easy-to-use checklist to evaluate the methodological quality of stud-

ies on measurement properties. Though, it is a very strict appraisal tool and still does not cover 
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all measurement properties, such as floor and ceiling effects, predictive validity, and interpret-

ability. This should be taken into account in future studies.[44]

ConClusion

As demonstrated in this review, there is much to gain in methodological quality of studies as-

sessing HRQoL instruments used in trauma patients.

This review showed a wide variety in the methodological quality of the measurement properties. 

The majority of the measurement properties from the HRQoL instruments were inadequately 

assessed or not assessed at all.

For future studies a standardized method for design, with standardized assessment time points 

and preferred statistical analyses should be developed. These studies should also include an 

adequate number of patients in order to draw valid conclusions.

This systematic review revealed the TOP as the most adequate HRQoL instrument in a general 

trauma population. We must further investigate this and other potentially useful instruments 

and reach consensus (e.g. with an expert panel group in a Delphi study) as for which HRQoL 

instrument to use as a worldwide indicator for the trauma care performance, allowing for inter-

country comparisons.
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APPEndix A

Abbreviations of the comparator instruments

SF-36 Short Form (36) Health Survey

FIM Functional Independence Measure

EQ-5D Euroqol-5 Dimensions

MFA Musculoskeletal Functional Assessment

GOS Glasgow Outcome Scale

ALOS Aachen Long-term Outcome Score

NHP Nottingham Health Profile

BDI Beck Depression Inventory

STAI State-Trait Anxiety Inventory

IES-R Impact of Event Scale-Revised

F-SOZU-K22 Social Support Questionnaire

ADL Barthel Index of Activities of Daily Living

SIP Sickness Impact Profile

QWB scale Quality of Well-being scale

PCL-C PTSD Checklist-Civilian Version
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ABstrACt

introduction: It is suggested in literature to use the Health Related Quality of Life (HRQoL) as an 

indicator for evaluating and benchmarking trauma center performances. The expected HRQoL 

should be compared with the observed HRQoL. Patient and injury characteristics associated 

with the HRQoL must be used to calculate the expected HRQoL. This study identifies patient and 

injury characteristics associated with the HRQoL in a general trauma population.

methods: Retrospective study of trauma patients admitted from 1 January 2007 through 31 De-

cember 2012, aged ≥18 years and discharged alive from the level I trauma center. A combined 

health survey (SF-36 and EQ-5D) was sent to all traceable patients. The subdomain outcomes 

and EQ-5D index value (EQ-5Di) were compared with the reference population. A linear regres-

sion analysis was performed to identify highly associated parameters with the HRQoL outcome.

results: A total of 1870 patients were included for analyses. Compared to the eligible popula-

tion, included patients were significantly older, more severely injured, more often admitted in 

the ICU and had a longer admission duration.

The SF-36 and EQ-5Di were significantly lower compared to the Dutch reference population.

The variables age, ISS, H-LOS, ICU-LOS, RTS, probability of survival, and severe injury to the head 

and extremities were associated with the HRQoL in the majority of the subdomains.

Conclusion: This study revealed several factors which could be used to predict the HRQoL in 

trauma patients. In order to use HRQoL as an indicator for trauma center performances, there 

should be a consensus of the ideal timing for the measurement of HRQoL post-injury and the ap-

propriate HRQoL instrument. Furthermore, standardized HRQoL outcomes must be developed.
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introduCtion

In global trauma care mortality rates in trauma patients significantly decreased after trauma 

system implementation.[1-4] Currently, more patients survive severe injuries and non-fatal out-

comes become more in demand. [5] Therefore, outcomes should not only be measured in terms 

of mortality, but also in morbidity.[6] Assessment of health related quality of life (HRQoL) is 

important in order to evaluate the success of treatment and to identify areas in which improve-

ment is required.[7] Several studies have quantified the impact of the injuries by measuring 

HRQoL in these patients.[8-11] It has previously been suggested more research is necessary for 

these outcomes to be used for evaluating and benchmarking trauma center performances.[5] 

Obviously HRQoL should be measured a significant time after the injury for a valid healing time 

frame.

Trauma center performances is currently measured with the Trauma Injury Severity Score 

method and compared to an international standard.[23] In order to compare the quality of 

life between trauma patients HRQoL should be standardized and predicted HRQoL compared 

with observed HRQoL. The first step in order to calculate these HRQoL outcome predictions is 

to identify patient and injury characteristics significantly associated with HRQoL. Subsequently 

standardized HRQoL outcomes must be developed in order to compare observed outcomes 

with predicted outcomes.

The objective of this study was to identify patient and injury characteristics associated with the 

HRQoL in a general trauma population.

mEthods

study design
This study was performed using the complete trauma population of the University Medical 

Center Utrecht (UMCU). UMCU is a level I trauma center in the center of the Netherlands. 

All trauma patients directly admitted from the Emergency Department (ED) were registered in 

the institutional trauma registry. All patient characteristics were prospectively registered in this 

registry.

This study was approved by the Medical Ethics Committee of the UMCU.



130

Part 2 | Chapter 8

Patients
All trauma patients admitted between January 1, 2007 and December 31, 2012 were retrospec-

tively selected from the institutional trauma registry. Patients aged 18 years and older at time of 

admission and alive at time of discharge were included in the study. Furthermore, patients were 

eligible for inclusion if they were at least one year after their admission.

The data from patients transferred from a hospital abroad, discharged to another hospital and 

patients living abroad were excluded.

data
Data of baseline characteristics were collected from the regional trauma registry and electronic 

medical records. The collected data were age, gender, type of injury, Glasgow Coma Scale (GCS), 

systolic blood pressure (SBP), respiratory rate (RR), Abbreviated Injury Scale (AIS) score (version 

2005), Injury Severity Score (ISS), hospital length of stay (H-LOS) Intensive Care Unit length of 

stay (ICU-LOS), and ICU admission.

The Revised Trauma Score (RTS) was calculated from the GSC, SBP, and RR, according to the 

formula by Champion et al.[13] The ISS is calculated from the AIS and represents the severity of 

all injuries. Multitrauma patients were considered severely injured patients with an ISS ≥16. A 

severe injury was considered an injury with an AIS ≥3.

The probability of survival for each individual subject was calculated.[14]

follow-up
The basic municipal registry and the electronic medical records were consulted for the cur-

rent vital status of the patients, deceased or alive. The addresses of all included patients were 

retrieved from the electronic patient data management system. All patients received a health 

survey by mail. The surveys were sent from August 2013 until December 2013, to ensure at least 

1 year of follow up in all patients. After 1 month a reminder was sent to all non-responders. 

Finally, all non-responders were contacted by telephone to ask to participate in the study.

health related Quality of life
Numerous Health Related Quality of Life (HRQoL) instruments have been used in trauma 

patients. For the purpose of this study two generic health instruments were selected which 

are both currently widely used in trauma patients. The Short Form (36) Health Survey (SF-36) 

version 2 [15,16] and the EuroQol 5 Dimensions (EQ-5D).[17] The SF-36 yields eight multi-item 

scales that assess different subdomains of functional and emotional health and well-being. 
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The score ranges from 0 to 100 per subdomain; the higher the score the better the outcome. 

The subdomain ‘physical functioning’ scores the performance of physical activities. ‘Social 

functioning’ is the subdomain score for interference due to emotional and physical problems 

with normal social activities. ‘Role-physical’ grades the limitations in daily activities as a result 

of physical health, and ‘role-emotional’ measures the problems of daily activities as a result 

of emotional problems. The subdomain ‘mental health’ determines the psychological distress 

and well-being and ‘vitality’ measures energy and fatigue. The restrictions due to pain were 

assessed in the ‘bodily pain’ subdomain and the ‘general health’ evaluates the personal health. 

These subdomains can be reduced to a norm-based summary score, the ‘physical component 

summary’ (PCS) and a ‘mental component summary’ (MCS). This score has a mean of 50 and a 

standard deviation of 10.

The index score for EQ-5D (EQ-5Di) ranges from -0.33 to 1.00. One indicates a patient with the 

best health status, zero indicates a HRQoL comparable to death, and a negative score represents 

a health status worse than death.[17] The EQ-5D consists of six dimensions: ‘mobility’, ‘self-

care’, ‘usual activities’, ‘pain / discomfort’, and ‘depression / anxiety’. All the questions have 

five response options: no problems, slight problems, moderate problems, severe problems, and 

extreme problems or unable to. Moreover, the EQ-5D can be dichotomized into ‘problems’ 

versus ‘no problems’. Problems refer to the four response options: slight, moderate, severe and 

extreme problems.[18]

statistical analysis
The missing data of the GCS, SBP, and RR was imputed with multiple imputation methods in 

order to calculate survival probabilities of each subject. In the dataset respectively 32%, 29%, 

and 62% of the GCS, SBP, and RR were missing. A previous study [19] demonstrated that missing 

data in this population was predominantly in the less severe injured patients. Moreover, that 

study showed that multiple imputation did not alter the means of the parameters.[19] The 

variables in the imputation regression model were the eye, motor, and verbal component of the 

GCS, SBP, RR, ISS, gender, age, and severity of head injury.[20,21]

The mean scores were calculated with standard deviations for all eight SF-36 subdomains. The 

mean for each subdomain was compared with the mean score in the Dutch reference popula-

tion.[22]

To calculate the EQ-5Di, a culture dependent tariff is used. The Dutch tariff was used for the 

calculation of the EQ-5Di in this study. In addition, the EQ-5Di scores were compared with the 
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Dutch reference population. The EQ-5Di was calculated using the United Kingdom (UK) tariff, as 

no Dutch tariff was available when the reference scores were established.[18,23]

The outcome of the EQ-5D was dichotomized into ‘problems’ versus ‘no problems’.[18]

Baseline characteristics of the eligible population were compared with the participating popula-

tion. (Table 1) Continuous variables were compared with the Independent-Samples T test or 

Mann-Whitney U test, and categorical variables were compared with the Chi-square test.

table 1. Patient characteristics eligible versus included population

 Eligible population Included population

Number of patients 4373 1870

Age 51 (20.1) 54 (18.4) ‡

Gender

  Male 2878 (66) 1178 (63) ‡

  Female 1495 (34) 692 (37) ‡

Injury type

  Blunt 4104 (94) 1777 (95)

  Penetrating 269 (6) 93 (5)

ISS

  Mean 12.0 (9.5) 13.1 (9.9) ‡

  Median 9 (5-17) 10 (5-18) ‡

Multitrauma ISS≥16 1327 (30) 656 (35) ‡

AIS head ≥3 1153 (26) 568 (30) ‡

AIS face ≥3 118 (3) 58 (3)

AIS thorax ≥3 791 (18) 346 (19)

AIS abdomen ≥3 225 (5) 98 (5.2)

AIS extremities ≥3 1129 (26) 518 (28)

H-LOS

  Mean 12 (17.0) 13 (17.7) ‡

  Median 6 (3-13) 7 (3-15) ‡

ICU-LOS

  Mean 1 (7.7) 2 (5.3) ‡

  Median NA NA

ICU admission 689 (16) 336 (18) ‡

Probaility of survial *  0.98 (0.94-0.99)

Probability of survival <0.50  58 (3)

* Median (IQR), † number (%); ‡ p<0.05



133

The association of patient and trauma characteristics with the health-related quality

8

The patient and trauma characteristics included to evaluate associations with the HRQoL were: 

age, gender, RTS, ISS, type of injury, multitrauma, severe injury (AIS≥3) for all AIS regions except 

external, probability of survival, ICU admission, ICU-LOS, and H-LOS.

A linear regression analysis was performed to demonstrate the association between the patient 

characteristics and the subdomain outcomes of the SF-36 and the EQ-5Di value. The continuous 

scales of the SF-36 and EQ-5Di were used in order to differentiate between the severity of the 

impact on the HRQoL. The associations were reported with unstandardized coefficients and 

their level of significance.

A p-value lower than 0.05 was considered statistically significant. Imputation of missing data and 

the analyses of the data were performed with SPSS Statistics Version 22.0 (IBM Corp., Armonk, 

NY) for Windows.

rEsults

Patients
A total of 4528 patients, aged 18 years or older were discharged alive from the trauma hospital 

of the UMCU through the years 2007 to 2012. After verifying the vital status of the patients, 

sending the survey by surface mail, and contacting the patient by telephone, 1973 patients 

(59% of the traceable patients) returned the health survey. Patients with not completely filled 

out health surveys were excluded from analysis. A total of 1870 patients were included for the 

analysis. An overview of the evolution of the included number of analyzed patients is presented 

in Figure 1.

Compared to the eligible population, the included patients were significantly older, were longer 

admitted in the hospital and more often admitted in ICU. They also were more severely injured 

and had in particular more severe head injuries. The characteristics of eligible and included 

population were outlined in Table 1.

hrQol outcomes
All mean scores of the eight subdomains of the SF-36 were significantly lower compared to 

the Dutch reference population.[22] The largest difference between the study and reference 

population was in the ‘role physical’ domain, followed by the domains ‘general health’ and 

‘social function’. The least difference was within the domain ‘bodily pain’ and ‘mental health’. 

The mean PCS and MCS score were 45.6 and 47.2 respectively. (Table 2)
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A total of 1647 pati ents (88%) reported a problem in one or more domains of the EQ-5D. The 

index value of our trauma populati on, calculated using the UK tariff , was signifi cantly lower 

compared to the Dutch reference populati on. (Table 2)

Associati on between trauma and pati ent characteristi cs and hrQol
An overview of the associati on between each parameter and the subdomains of the SF-36 and 

the EQ-5Di value is demonstrated in Table 3.

In almost all subdomains the female pati ent had a signifi cantly lower score compared to the 

male pati ent. Pati ents with blunt trauma had a substanti al lower physical functi on.

An increase with one unit of the variables age, ISS, H-LOS, ICU-LOS, RTS and probability of 

survival showed a signifi cant decrease in the HRQoL in the majority of the subdomains. Age, 

categorized in four diff erent groups had a large signifi cant infl uence on the HRQoL. In compari-

Figure 1. Flowchart

4528

Trauma patients directly admitted from
the Emergency Department
Inclusion: ≥18 years and alive at time of discharge

Deceased (155)

4373

- Patients refused to participate (293)
- Non responder (1083)

Included patients: 1870

1973

Survey not completely filled out (103)

- Hospital transfers / abroad (18)
- Not traceable on known home address

or telephone number (1006)

3349

figure 1. Flowchart
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son with the other three age groups the eldest patient group (>70 years) had a lower HRQoL up 

to 29.1 points in the physical function.

Being severely injured was negatively associated with the HRQoL. A severe injury of the extremi-

ties influenced the HRQoL substantially, in particular in the ‘physical function’ domain (12.7 

points). The head injury severity had a negative relation with the subdomains ‘social function’, 

the ‘role physical’, and ‘role emotional’. Notable observation is that the severity of head injury 

establishes an increase of the subdomain ‘bodily pain’. The other severity of the AIS regions 

did not have a relationship with the majority of the subdomains of the SF-36 and the EQ-5Di 

value. An admission to ICU showed to have a predominantly negative relation with the HRQoL. 

Patients with a predicted death had a significant worse HRQoL outcome in the majority of the 

subdomains of the SF-36 and the EQ-5Di.

The majority of the significant variables in the subdomains retained their association with the 

summary components, PCS and MCS, though the effect on the HRQoL was less expressive.

table 2. Mean (SD) SF-36 and EQ-5D outcomes in comparison with Dutch reference population

Domain
SF-36 EQ-5D

Reference UMCU Reference UMCU

Physical function 83.0 (22.8) 71.5 (30.3)a Dutch tariff - 0.68 (0.26)

Social function 84.0 (22.4) 74.5 (27.6)a UK tariff 0.88 (0.19) † 0.64 (0.30)a

Role physical 76.4 (36.3) 60.9 (32.9)a    

Role emotional 82.3 (32.9) 72.5 (30.5)a    

Mental health 76.8 (17.4) 72.3 (19.9)a    

Vitality 68.6 (19.3) 60.8 (21.3)a    

Bodily pain 74.9 (23.4) 72.8 (27.1)a    

General health 70.7 (20.7) 61.0 (21.4)a    

PCS * 50.0 (10.0) 45.6 (10.1)a    

MCS * 50.0 (10.0) 47.2 (11.1)a    

asignificantly different from reference population;
* PCS physical component summary, MCS mental component summary
† Weighted Dutch reference population, based on the United Kingdom tariff
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disCussion

This study provides an overview of parameters significantly associated with the HRQoL in a 

general trauma population. Factors highly associated with HRQoL were age, gender, ICU admis-

sion, probability of survival, injury type and severe injury to the head or extremities. These 

parameters can be used in a model for prediction purposes. Observed and expected HRQoL can 

be compared and used to evaluate the performance of a trauma center.

This study provides detailed information which specific subdomain is responsible for the change 

in the overall HRQoL and to what extent. In literature, other studies only used the summary 

component of the physical and mental health.[24,25]

A remarkable observation in the present study was that the severity of an injury measured with 

AIS score did not show a high association with the majority of the subdomains and the PCS and 

MCS score. Only a severe injury of the extremities and head (AIS≥3) had a highly significant and 

clinically relevant influence on the HRQoL subdomains. These results correspond with two previ-

ous studies which investigated the association of patient characteristics and HRQoL.[24,25] The 

authors also concluded that the severity of injury was not associated with the HRQoL outcome.

Gender and age showed to have a substantial influence on the HRQoL in this study. Previous 

studies demonstrated a difference between gender and age in different reference populations. 

[22,26] Therefore, the relation between age and gender with the HRQoL could be overestimated 

in this study and not only trauma-related.

The ‘age category’ variable in this study shows that a category variant is significantly more 

associated with the outcome than the continuous variant of the variable. This also accounts for 

the continuous variable of the admission days and ISS. The increase or decrease of one unit is 

only a very small change on the large continuous scale. For example, a patient has to be admit-

ted in the hospital for ten days in order to lower the HRQoL with 4 points. A category variant of 

these variables might therefore be of more value in a prediction model.

The results of this study could also be used for early intervention programs in patients at risk 

for a significant decrease of HRQoL in a certain subdomain. For example physiotherapy or oc-

cupational therapy in patients with impairments in the physical domains, and early start of 

psychotherapy or cognitive therapy in patients with affected mental health.

In current trauma care performance studies survival probabilities are calculated, observed and 

expected survival evaluated and compared to an international standard.[12] There is a general 

consensus that nonfatal outcomes should actually also be used for these comparisons, for ex-

ample quality of life.[5,27-30] This study identified several factors associated with HRQoL. The 
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next step is to standardize HRQoL outcome for each type of injury and patient, which however is 

quite challenging due to lack of a gold standard. Another huge challenge is dealing with the fact 

that HRQoL is influenced by numerous cultural-specific factors. A solution could be the perfor-

mance of an international consensus-based study. Experts should then agree on the expected 

HRQoL outcome after a certain injury in a specific type of patient and specific geographical area. 

There should also be agreement on the acceptable deviation from this norm and on the timing 

for HRQoL measurements after a trauma.

If HRQoL is to be used as benchmark parameter one of the most important issues to address 

is which differences in HRQoL are clinically relevant. In the original Medical Outcomes Study 

published in 1989 by Stewart et al. a 3 to 5 point shift was considered to be an important dif-

ference on the SF-36 scale of 1-100.[31] More recent studies showed that a difference of 6-8.5 

points [32] and 12-17 points [33] was required for a clinical relevant difference. These findings 

show at least that there is no general consensus in the literature regarding this subject. For the 

EQ-5Di a difference of more than 0.032 points is considered clinically relevant.[23] This seems 

very little, but the range of the EQ-5Di is very small (-0.33–1.0) and the changes of the index 

value very minimal (≥0.01).

The SF-36 and EQ-5D were used in this study because these generic instruments are widely 

used in trauma patients. Still, we have to consider that other trauma specific questionnaires 

might also be needed for prediction purposes, such as the Trauma Outcome Profile [34] and the 

recently developed Trauma-Specific Quality of Life questionnaire.[35] Although these trauma-

specific instruments should first be evaluated and validated in more different countries in order 

to use the surveys for prediction purposes.

Some limitations regarding this study need to be addressed. The relatively long follow up time 

in this study (1-7 years) may have caused for other factors apart from the intial trauma or newly 

developed diseases to have influenced the HRQoL outcome. It is known that HRQoL is also 

associated with other factors, such as compensation factors, and coping mechanisms.[24,36] 

Furthermore, there were some differences between the eligible and participating population 

which might have influenced the results.

In conclusion, this study reveals several factors highly associated with the HRQoL after trauma. 

These factors were age, gender, ICU admission, injury type, probability of survival and being se-

verely injured, in particular to the head and extremities. The parameters can be used to predict 

the HRQoL of patients and compare the difference with the observed HRQoL outcome. Further 

studies must determine the appropriate HRQoL instrument for this purpose and the ideal timing 

for the measurement. Furthermore, country-specific standardized HRQoL outcomes should be 
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developed in an international consensus-based study. These steps must be taken, in order to 

further explore the feasibility to use HRQoL as an indicator for trauma center performances.
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ABstrACt

introduction
Trauma system performances have been measured in terms of mortality, but currently nonfatal 

outcomes are more in demand. A previous study showed a significant difference in mortality 

rates between international trauma centers, suggesting differences in the quality of trauma 

care. This study examines whether these differences are also reflected in the health related 

quality of life (HRQoL) outcome.

methods
This a prospective study performed in three level I trauma centers: University Medical Center 

Utrecht (UMCU), the Netherlands, John Hunter Hospital (JHH), Australia, and Harborview Medi-

cal Center (HMC), United States. We have analyzed two different cohorts: Cohort 2 includes all 

severely injured patients (ISS>15), aged ≥18 years, and discharged alive. In cohort 1 patients 

with severe traumatic brain injury (TBI) (AIS≥4) were excluded. The pre-injury and post-injury 

(6 months) health status was administered with the SF-36. A multivariable linear regression 

analysis was performed to compare the HRQoL outcomes adjusted for confounders (i.e age, 

gender, ISS, severe TBI).

results
Cohort 1 included 32, 27, and 81 patients in respectively UMCU, JHH, and HMC. Patients in JHH 

and HMC were more severely injured compared to UMCU. Cohort 2 included 74 patients at 

UMCU and 94 at HMC. Post-injury HRQoL was significantly lower in all three centers compared 

to pre-injury HRQoL. In both cohorts, after adjustment of confounders no significant in the 

physical (PCS) and mental (MCS) function summary scores after 6 months across the trauma 

centers was seen.

Conclusion
This study showed no significant difference in the post-injury HRQoL of severely injured patients 

with and without severe traumatic brain injury between three international trauma systems. 

This finding dictates caution for interpreting the mortality as the only indicator for trauma 

center performances and the quality of trauma care. In the future, quality of life studies should 

be implemented on a large-scale and evaluate to what extent the quality of trauma care can be 

reflected in the HRQoL.
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introduCtion

The introduction of trauma systems has demonstrated its efficacy in terms of better triage and 

improved patient outcomes.[1-5] Mortality rates decreased [1-5], yet still a large proportion of 

people surviving their injuries are left with temporary or permanent disabilities.[6] In order to 

further inform trauma systems globally and improve quality of trauma care, it is important to 

benchmark and compare different trauma care systems and identify strengths and weaknesses 

of the systems.

Our previous study [7] demonstrated a substantial difference in the in-hospital mortality rates 

of severely injured patients across three international trauma systems and measured with the 

Trauma and Injury Severity Score (TRISS) method.[8] This might suggest that a difference exists 

in the quality of trauma care, although, in-hospital mortality might be influenced by several 

factors. For instance, different cultural policies regarding withdrawal of treatment with inevi-

table death or brain death could distort the in-hospital mortality rates.[7] Furthermore, large 

differences in the scale of service areas could influence prehospital times and consequently the 

physiologic condition of the patient at time of arrival. This in turn influences the physiologic 

parameters and could lead to different mortality predictions in similarly injured patients which 

affects the TRISS analysis.[7-9] Studies evaluating nonfatal outcomes, such as the quality of life 

among the survivors, could eliminate some of these potential biases and evaluate whether the 

outcome differences remain in terms of morbidity. Therefore, the value of measuring quality of 

life additional to the mortality between international trauma systems should be investigated. In 

this study, we compare the health related quality of life (HRQoL) outcome in severely injured 

patients in three international trauma centers.

mEthods

study design
This is a prospective study performed in three level I trauma centers functioning within verified 

trauma systems [10]:

– University Medical Center Utrecht (UMCU), Utrecht, the Netherlands

– John Hunter Hospital (JHH), Newcastle, Australia

– Harborview Medical Center (HMC), Seattle, United States
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The UMCU covers the central region of the Netherlands and four level II trauma centers are 

connected to this network. The center has a service area of 1,500 square kilometers and ap-

proximately 1.3 million residents. Approximately 1300 trauma patients are admitted annually, 

375 of whom are severely injured.

JHH is the only major tertiary referral hospital for the Hunter New England region. JHH covers 

an area of 130,000 square kilometers and serves a population of approximately 840,000 people. 

Annually, 4500 trauma patients are admitted, 425 of whom are severely injured. HMC serves 

as the only level I trauma center in four states, Washington, Alaska, Idaho, and Montana. The 

majority of the trauma patients, approximately 95%, come from the state of Washington. This 

state has a population of approximately 7 million people spread over an area of 185,000 square 

kilometers. Annually, approximately 6000 trauma patients are admitted, over 2000 of them are 

severely injured.

A detailed description of the demographic patterns and patient characteristics of the three 

trauma centers is described in our previous study.[7]

In JHH a prospective functional outcome study was already implemented and includes all 

severely injured patient (ISS>15) without severe traumatic brain injury (TBI) (head AIS >4). At 

UMCU and HMC no routinely evaluation of the functional outcome of trauma patients existed 

and was implemented for this study, including all severely injured patients.

This study is conducted in accordance with the principles of the Declaration of Helsinki [11] and 

Good Clinical Practice Guidelines.[12] The Institutional Review Board of the UMCU, JHH and 

HMC approved the study.

Patients
All severely injured patients, aged 18 years or older at time of admission, admitted directly from 

the Emergency Department and alive at discharge were eligible for inclusion. Patients with an 

Injury Severity Score (ISS) above 15 were considered severely injured.

In UMCU and JHH patients were included from January 1, 2013 till December 31, 2013.

Due to the fact that more time needed for implementation of the health survey study was 

necessary in HMC, the inclusion started June 1, 2014 till August 31, 2015.

Because of the high number of admissions in HMC, we were aiming to select approximately 20% 

of all severely injured patients admitted annually. We randomly selected these patients in order 

to distribute the inclusion over the entire year.
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data
Data were collected from the institutional trauma registry and electronic medical records. The 

collected data were age, gender, type of injury, Abbreviated Injury Scale (AIS) score, ISS calcu-

lated from the AIS score (version 2005), hospital-length of stay (H-LOS) in days, intensive care 

unit-length of stay (ICU-LOS) in days.

follow-up
Patients were asked for their consent to participate in the study during their admission in the 

hospital or directly after they were discharged. The baseline health status was measured by 

asking the patients to fill out the survey according to their pre-injury status. The survey was 

filled out directly after the trauma, or as soon as possible considering their injuries. After ap-

proximately 6 months, the same survey was sent to all patients. In HMC the non-responders 

were reminded to fill out the health survey once after 1 week. In UMCU the non-responders 

were reminded twice, after 1 month and 2 months.

health related Quality of life outcome
The HRQoL outcome was measured with the Short Form (36) Health Survey (SF-36) version 2 

[13,14], a generic health instrument widely used in trauma patients. The SF-36 score ranges 

from 0 to 100 per subdomain; the higher the score the better the outcome. The survey contains 

eight multi-item scales, which assess different subdomains of functional and emotional health. 

The subdomain ‘physical functioning’ scores the performance of physical activities. ‘Social 

functioning’ is the subdomain score for interference due to emotional and physical problems 

with normal social activities. ‘Role-physical’ grades the limitations in daily activities as a result 

of physical health, and ‘role-emotional’ measures the problems of daily activities as a result of 

emotional problems. The subdomain ‘mental health’ determines the psychological distress and 

well-being and ‘vitality’ measures energy and fatigue. The restrictions due to pain are assessed 

in the ‘bodily pain’ subdomain and the ‘general health’ evaluates the personal health.

statistical analysis
Due to the difference in inclusion criteria in JHH and the other two centers, we have analyzed 

two separate datasets. Cohort 1, severely injured patients (ISS>15) without TBI (head AIS≤3) 

admitted to UMCU, JHH, and HMC. Cohort 2, all severely injured patients admitted to UMCU 

and HMC, including all patients with TBI.
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Patients who did not return the questionnaire at 6 months were excluded from the analyses. 

Missing items of the health survey were imputed if at least 50% of the items in that specific 

health dimension were completed.

The mean scores with standard deviations of the eight SF-36 subdomains were calculated for 

each hospital and compared with the reference population of that country.[15-17] The scores 

of the eight health dimensions can be summarized in a physical component summary (PCS) 

and a mental component summary (MCS). A mean score of 50 with a standard deviation of 10 

is a score for a perfect physical and mental health. QualityMetric Health Outcomes™ Scoring 

Software 4.5 was used to calculate these norm based scores, based on the 2009 United States 

populations norms.[18]

The baseline characteristics of the eligible population were compared with the participating 

population. The continuous variable age was compared with the Independent-Samples T test, 

all the other continuous variables were considered not normally distributed and tested with the 

Mann-Whitney U test. Categorical variables were compared with the Chi-square test, the ex-

pected count was above 5. The difference between the PCS and MCS at baseline and 6 months 

follow up within the countries was calculated with a paired t-test. Furthermore, the positive 

difference of the pre-injury and post-injury PCS and MCS score was calculated for each subject 

and compared between trauma centers with the Independent-Samples t-test. A multivariable 

linear regression analysis was performed in order to adjust for possible confounders (i.e. age, 

gender, ISS, severe TBI (AIS≥3) in cohort 2).

A p value below 0.05 was considered statistically significant. The randomization of the patients 

in HMC and the analyses of the data were performed with SPSS Statistics Version 20.0 and 22.0 

respectively (IBM Corp., Armonk, NY) for Windows.

rEsults

Patients
An overview of the evolution of the included patients is presented in figure 1. In cohort 1, 32, 

27, and 81 patients from respectively UMCU, JHH, and HMC completed the survey at baseline 

and follow up and were included for analyses. Cohort 2, resulted in 74 and 94 included patients 

from UMCU and HMC respectively.
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Completed survey at baseline

204

74

UMCU
- Refused to participate (24)
- Deceased (10)
- Non responder / not traceable (60)
JHH
- Refused to participate / non responder / not

traceable (178) 
HMC
- Refused to participate / non responder (14)

229

51

27

UMCU
- Withdrawn from study (3)
- Deceased (1)
- Non responder (32)
JHH
- Withdrawn from study / non responder (24)
HMC
- Withdrawn from study (3)
- Deceased (1)
- Not registered in registry (2)
- ISS<16 in registry(12)
- Non responder (137)

263

94 Completed survey at 6 months

1205

Included after randomization

32 81

249110

Trauma patients directly admitted from the
Emergency Department
Inclusion: ≥18 years, ISS>15, alive at time of discharge

Head AIS≤3

Head AIS≤3 Head AIS≤3

UMCU JHH HMC

Figure 1. Flowchartfigure 1. Flowchart

Cohort 1 There were no signifi cant diff erences between the eligible and included populati on in 

UMCU. In JHH the included populati on had a higher ISS, and in HMC signifi cantly more females 
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participated in the study. Furthermore, patients at JHH and HMC were more severely injured 

compared to the population in UMCU.

The number of severe thorax injuries (AIS≥3) significantly differed between the institutions.

HMC had significantly more severe injuries to the extremities (Table 1).

table 1. Patient characteristics eligible versus included population Cohort 1

UMCU JHH HMC

Eligible Included Eligible Included Eligible Included

Number of patients 77 32 209 27 234 81

Age 48 (21.1) 55 (18.2) 46 (19.8) 51 (15.6) 47 (17.6) 52 (17.4)a

Gender *

  Male 62 (81) 28 (88) 162 (78) 22 (82) 167 (71) 48 (59)abc

  Female 15 (20) 4 (13) 47 (23) 5 (19) 67 (29) 33 (41)abc

Injury type *

  Blunt 76 (99) 32 (100) 191 (91) 37 (100) 223 (95) 80 (99)

  Penetrating 1 (1) - 18 (9) - 11 (5) 1 (1)

Face AIS=3  -  -  -

Thorax AIS=3  19 (59)  2 (10)b  55 (69)c

Abdomen AIS=3  5 (16)  2 (10)  13 (16)

Extremities AIS=3  9 (28)  7 (35)  38 (48)

ISS

  Mean (SD) 22 (7.2) 21 (4.5) 22 (7.1) 26 (7.6)ab 26 (8.3) 26 (9.0)b

  Median (IQR) 21 (17-25) 20 (17-24) 19 (17-24) 25 (18-33)ab 24 (19-29) 22 (17-33)b

H-LOS

  Mean 18 (20.1) 18 (15.7) 15 (21.3) 26 (7.6)a 14 (12.5) 13 (11.9)c

  Median 12 (6-19) 14 (8-18) 8 (4-15) 16 (10-30)a 11 (6-18) 10 (6-17)c

ICU-LOS

  Mean 3 (6.1) 3 (7.1) 2 (6.5) 1 (1.8) 4 (5.6) 5 (6.4)bc

  Median 7 (2-10) 7 (2-7) 7 (1-8) 2 (1-3)b 5 (2-7) 5 (2-4)c

ICU admission * 28 (36) 13 (41) 61 (29) 11 (41) 218 (93) 77 (95)bc

* number (%); asignificantly different from eligible population; asignificantly different from UMCU; bsignifi-
cantly different from JHH

Cohort 2 There were no significant differences between the eligible and included population at 

UMCU and HMC. The ISS and number of patients with severe TBI (head AIS≥3) was significantly 

higher at UMCU compared to HMC.
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An overview of the patient and injury characteristics of the eligible and included population is 

presented in table 1 and table 2.

table 2. Patient characteristics eligible versus included population Cohort 2

UMCU HMC

Eligible Included Eligible Included

Number of patients 204 74 263 94

Age 51 (20.7) 55 (17.8) 47 (17.9) 51 (18.2)

Gender *

  Male 144 (71) 49 (66) 189 (72) 58 (62)

  Female 60 (29) 25 (34) 74 (28) 36 (38)

Injury type *

  Blunt 203 (100) 74 (100) 251 (95) 93 (100)

  Penetrating 1 (1) - 12 (5) 1 (1)

ISS

  Mean (SD) 22 (6.6) 22 (4.9) 28 (10.2) 28 (11.1)a

  Median (IQR) 22 (17-25) 22 (17-25) 28 (20-33) 28 (19-34)a

Head AIS≥3 148 (73) 53 (72) 77 (29) 27 (29)a

H-LOS

  Mean 16 (15.9) 16 (12.7) 16 (14.1) 16 (15.5)

  Median 16 (6-20) 16 (9-20) 16 (7-19) 16 (7-19)

ICU-LOS

  Mean 7 (6.9) 6 (7.6) 5 (6.3) 6 (7.8)a

  Median 7 (2-10) 6 (2-7) 5 (2-6) 6 (2-5)a

ICU admission * 75 (37) 32 (43) 246 (94) 89 (95)

* number (%); asignificantly different from UMCU;

hrQol outcome
Cohort 1 The HRQoL of the baseline of the three trauma populations was in the majority of the 

subdomains higher compared to the reference population, though not significant. The PCS and 

MCS score were all above the mean of 50. There was a significant difference of the baseline PCS 

score between UMCU and HMC, 54 versus 51. Except for the mental health at UMCU, all HRQoL 

subdomain scores after 6 months were significantly lower in comparison with the reference 

population. (Table 3)
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table 4. SF-36 outcomes in comparison with the reference population Cohort 2

Domain UMCU 
reference

UMCU 
baseline

UMCU post-
injury

HMC 
reference

HMC 
baseline

HMC post-
injury

Physical function 83.0 (22.8) 86.8 (24.2) 63.9 (31.2)b 84.2 (23.3) 89.1 (22.8)a 61.5 (29.4)b

Role physical 76.4 (36.3) 81.9 (22.8) 43.9 (31.7)b 81.0 (34.0) 85.6 (20.4) 57.7 (36.3)b

Bodily pain 74.9 (23.4) 78.2 (28.9) 58.4 (28.4)b 75.2 (23.7) 82.0 (21.3)a 58.2 (26.9)b

General health 70.7 (20.7) 77.2 (18.6)a 59.1 (22.0)b 72.0 (20.3) 55.1 (9.8)a 51.2 (13.1)b

Vitality 68.6 (19.3) 71.7 (18.1) 56.8 (21.1)b 60.9 (21.0) 72.1 (21.2)a 53.2 (24.5)b

Social function 84.0 (22.4) 83.1 (22.5) 64.0 (27.5)b 83.3 (22.7) 88.4 (21.0)a 72.1 (30.7)b

Role emotional 82.3 (32.9) 83.4 (23.8) 59.7 (32.8)b 81.3 (33.0) 87.7 (22.5) 78.2 (29.5)b

Mental health 76.8 (17.4) 80.2 (13.8) 70.5 (16.1)b 74.7 (18.1) 81.9 (19.0)a 73.6 (22.0)b

asignificantly different from reference population; bsignificantly different from baseline

The PCS and MCS were significantly lower after 6 months follow up at JHH and HMC. In UMCU, 

only the PCS was lower after 6 months. The unadjusted and adjusted results showed no differ-

ence in the PCS and MCS score after 6 months between the three trauma populations. (Table 5)

table 5. SF-36 physical (PCS) and mental component summary (MCS)

UMCU JHH HMC
Baseline 6 months Baseline 6 months Baseline 6 months

Cohort 1
mean PCS 54.4 (8.2) 41.7 (9.8)a 51.6 (10.2) 37.2 (9.2)a 51.4 (7.0)b 41.4 (10.1)a

mean MCS 51.2 (8.5) 46.8 (9.0) 54.4 (10.9) 48.5 (10.4)a 52.9 (10.9) 49.4 (12.3)a

Cohort 2
mean PCS 53.8 (8.1) 42.9 (10.3)a   51.6 (6.7)b 41.9 (9.8)a

mean MCS 52.2 (8.3) 46.2 (9.7)a   52.6 (10.8) 49.7 (12.3)ab

asignificantly different from baseline (within countries); bsignificantly different from UMCU (unadjusted)

The difference in PCS score between baseline and post-injury was larger in JHH (16) compared 

to HMC (12). No difference was seen in the difference of the MCS scores between baseline and 

post-injury across the hospitals. (Table 6)

table 6. SF-36 mean (SD) difference pre-injury and post-injury physical (ΔPCS) and mental component sum-
mary (ΔMCS)

UMCU JHH HMC

Cohort 1
Δ PCS 14.6 (9.7) 16.2 (10.9) 11.5 (9.6)a,b

Δ MCS 10.5 (8.2) 10.1 (9.8) 9.2 (8.9)

Cohort 2
Δ PCS 13.1 (11.1)  14.2 (14.8)

Δ MCS 11.3 (9.0)  11.8 (14.3)

asignificantly different from JHH; bsignificantly different from JHH (adjusted for age, gender, ISS)
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Adjusted for age, gender and ISS, the difference in pre- and post-injury PCS remained between 

HMC and JHH. Adding the severe AIS scores of all body regions to the analysis did not change 

the results.

Cohort 2 The HRQoL in the baseline population at HMC was in the majority of the subdomains 

significantly higher than the reference population. All HRQoL subdomains were significantly 

lower after 6 months at both institutions. (Table 6) Unadjusted MCS score was significantly 

lower at UMCU compared to HMC. However, the significant difference disappeared when the 

outcome was adjusted for age, gender, ISS, and severe TBI (head AIS≥3). (Table 4)

disCussion

Adjusted for confounders, the results of this study demonstrated no significant difference in the 

HRQoL of severely injured patients with and without TBI between three international trauma 

systems. The HRQoL scores after trauma were significantly lower compared to the health status 

before trauma in all three trauma centers. Furthermore, the patients in JHH showed a larger 

difference between the PCS score before and after trauma in comparison with HMC. This study 

is unique in its kind because it contains both pre- and post-injury health status data.

The use of nonfatal outcomes as a performance indicator is being suggested extensively in cur-

rent literature.[19-23] It is even stated that the quality of life should have a higher priority than 

mortality.[24] Nevertheless, quality of life has never been used as a trauma care performance 

indicator.[23] The only performance indicator currently accepted in trauma care worldwide is 

mortality.[25,26] However the results of the present study shows the need for nonfatal per-

formance indicators in order to accurately reflect and compare the performance of a trauma 

center and assure reliable conclusions of the quality of trauma care in the institutions.

Other influences, such as prehospital times and different protocols regarding withdrawal of 

life-sustaining treatments could distort mortality rates.

The differences in outcome in terms of mortality and morbidity raise the question whether the 

same ‘quality of trauma care’ is measured with the mortality and HRQoL. If trauma centers have 

a similar quality of trauma care, should we not expect that trauma centers with a high mortality 

rate and a more aggressive withdrawal of treatment protocol, have better HRQoL outcomes 

among the survivors? That is not demonstrated in the results of this study.
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The results in this study correspond with the only other study comparing functional outcome 

between international trauma systems [27], as that there is no difference in functional outcome 

between international trauma institutions.

The routine collection of HRQoL by trauma registries is still rarely performed.[28] Implementa-

tion of HRQoL as a performance indicator will be quite challenging, because there is no stan-

dardized HRQoL outcome for trauma patients. This is required in order to decide whether the 

observed HRQoL deviates from the HRQoL that can be expected in a patient a specific time after 

injury.

The pre-injury health status in patients was measured after the trauma occurred. This is usually 

performed in such a way in trauma research due to the lack of pre-injury measurements.[29] A 

previous study describes this approach to be acceptable when this measurement is performed 

as soon as possible after the trauma.[30]

The difference between the pre- and post-injury status was evaluated in order to account for the 

pre-injury health status in the individual patient. The difference between pre-injury PCS score 

and post-injury PCS score was significantly larger in JHH compared to HMC. This might suggest 

that in JHH the post-injury HRQoL decreases relatively more in patients at JHH compared to 

HMC.

The baseline HRQoL outcome was higher compared to the reference populations in the majority 

of the subdomains, although the difference was not significantly in most of the subdomains. 

(Table 3 and 4) This could be a consequence of the low number of included patients. When 

multiplying the number of patients with 2 or 3 in the included population a significant difference 

in nearly all subdomains was demonstrated, compared to the reference population (data not 

shown here). This could be explained by the fact that the scores of the reference population 

[15-17] have been derived more than a decade ago and the quality of life in the general popula-

tion increased through the years.[31] Another explanation might be that patients are influenced 

by their current condition and have a poor estimation of their pre-injury status. As a result they 

have overestimated their pre-injury quality of life.

A remarkable measurement is the outcome of the baseline general health subdomain in the 

HMC population. (Table 3 and 4) A mean of 55 is a substantial lower score than the reference 

population and out of proportion compared to the outcomes in the other domains. We could 

not find an explanation for this observation in the current data. There were no large outliers 

evaluated in this population (data not shown here). Furthermore, the post-injury general health 

was lower (51) which decreases the possibility that the patients systematically filled out the 

form incorrectly.
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As previously demonstrated, the management and approaches to the withdrawal of life-

sustaining therapy of patients with TBI varies widely across centers and countries.[7,32] This 

might cause a difference in the mortality rate in this patient group and following a variability 

in the health status among the survivors. This study did not show a difference in the HRQoL 

between the cohorts with and without severe TBI. Nevertheless, different protocols regarding 

the withdrawal of life-sustaining injuries can ensure that patients in poor condition die earlier. 

This could result in survivors with a relatively better condition in institutions with a more aggres-

sive protocol. The introduction of separate performance indicators for different types of injuries 

might adjust for this.

Some limitations have to be taken into account. One major issue is the follow up rate in these 

patients, which is also evident in the present study. Patients need to consent for their participa-

tion and cannot be included if they refuse to participate. Furthermore, many patients were not 

traceable or do not respond after being discharged from the hospital. The length of the survey 

might also play a substantial role in the willingness of patients to participate in the study. Shorter 

questionnaires, such as the Euroqol-5D [33], could be beneficial for this matter. We assumed 

that the impact of loss to follow up on the results is limited because the patient and injury 

characteristics of the eligible and actually included group of patients were nearly comparable. 

In the future, more investments are needed and lessons should be learned from other trauma 

centers how to increase the follow up rate. Gabbe et al.[34] recently demonstrated that it is 

feasible to evaluate functional outcome on a large scale with limited loss to follow up.

This study shows that the difference in mortality outcome, which is demonstrated in our previ-

ous study [7], is not reflected by a difference in the HRQoL. This finding dictates caution for 

interpreting the mortality as the only indicator for trauma center performances and quality of 

trauma care. Mortality may very well be influenced by other factors in addition to quality of 

trauma care in the institutions. On the other hand, we have to take into account that the HRQoL 

might be skewed in institutions with different withdrawal of life-sustaining injuries protocol. In 

the future, quality of life studies must be introduced on a large-scale in trauma care and evalu-

ated to what extent the quality of trauma care can be reflected in the HRQoL. Furthermore, the 

value of shorter questionnaires on the follow-up rate must be examined. All this will however 

require more investments and more efforts, but will result in a better understanding what 

aspects of a trauma system result in improved patient outcome.
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GEnErAl disCussion

The trauma care system is a network of definitive care facilities, with a combination of levels 

of designated trauma centers that provides a spectrum of care for all injured patients. [1] The 

care of injured patients requires a system approach to ensure optimal care, because it avoids 

excessive and inappropriate resource expenditure. A regionalized trauma care approach has 

demonstrated its efficacy in terms of better triage and improved patients outcomes.[2-5]

To ensure the quality of trauma care, a center must have a continuous process of performance 

improvement e.g. by analyzing trauma registry data. The trauma registry was established as 

a tool for assessments of high quality data and produce reliable outcome results.[1] It allows 

trauma centers to compare their outcomes with national and international benchmarks and 

improve the quality of care in their institution. Moreover, learn from different trauma system 

designs and identify their strengths and weaknesses.

The thesis was designed to gain knowledge on how trauma system structures influence patient 

outcomes and to contribute to the development of inter-country comparisons. The research is 

performed in the University Medical Center Utrecht (UMCU), Utrecht, the Netherlands, John 

Hunter Hospital (JHH), Newcastle, New South Wales, Australia, and Harborview Medical Center 

(HMC), Seattle, Washington, the United States of America.

Evaluation of trauma care
The Trauma and Injury Severity Score (TRISS) method is currently the only standardized method 

which allows us to benchmark the trauma center performance on an international level.[6] 

There is no international guideline which is used to perform comparative assessments between 

international trauma institutions. In our systematic review addressing international comparison 

studies (chapter 2) we have identified several studies which compare outcomes of patients in 

international trauma institutions.[7-22] There is a huge heterogeneity in methods used in these 

studies and in the method of aggregation of the data in the hospitals. Especially the latter is 

important because a uniform method for data collection in the trauma registry is required in 

order to ensure adequate data quality and valid results.[23]

In chapter 3, the patient demographics, injury characteristics and outcome of three verified 

level I trauma centers was compared, UMCU, JHH, and HMC. We have used two different 

methods to compare the outcome, the TRISS method with standardized Ws scores [24] and 

a direct one-by-one comparison between the trauma centers. The adjusted results showed a 

significant difference in the odds for death in JHH (odds ratio [OR] =0.498; OR=0.507) and HMC 
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(OR=0.473; OR=0.451) in comparison with UMCU, respectively for the total trauma population 

and the severely injured patients. There was no difference between the JHH and HMC trauma 

population. The TRISS method showed that JHH and HMC performed better than the standard, 

while the performance of UMCU was equal to the standard.

The TRISS has been extensively used in previous literature and has shown to be a qualitative 

measurement for benchmarking strategies. However, in current literature several authors have 

stated that TRISS has become an inappropriate tool to measure current trauma center per-

formances.[25-27] The method showed an unacceptably high misclassification rate in severely 

injured patients, and the coefficients are drifting out of calibration.[25-27]

In our opinion, several factors could have caused the loss of power of the TRISS method in 

current trauma populations. The TRISS method has been developed in the late 1980s and the 

coefficients have been derived in an American trauma population, the Major Trauma Outcome 

Study population.[28,29] Therefore, different patient characteristics and injury patterns might 

have changed the current trauma populations. Furthermore, the differences in service areas 

between countries might influence the pre-hospital times. Consequently, patients might have 

worse physiologic parameters (Glasgow Coma Score [GCS], systolic blood pressure [SBP], respi-

ratory rate [RR]) at time of arrival in the hospital which influences the Revised Trauma Score 

(RTS). Due to the substantial weight of the RTS in the TRISS analysis this might lead to different 

mortality predictions in similar patients and qualify a trauma center incorrectly as an outlier.[30] 

We have addressed this in chapter 4 and 5.

Applicability of physiologic parameters in current trauma populations
Chapter 4 presents the results of the external validation of the TRISS coefficients in our trauma 

region. The discriminative power and calibration were very good. However, the R-squared was 

only 0.293, which means that the three physiologic parameters, GCS, SBP, RR, only predict 

29.3% of the mortality. The derivation of a new model with the TRISS predictors in the UMCU 

level I trauma population showed to have a good discrimination’s ability, and an acceptable 

calibration. The predictors in the model were GCS, ISS, age-index; all three with a very high 

explanatory power, and SBP with a very marginal explanatory power (Wald test 6.46). The SBP 

was even excluded in the analysis from the model as a predictor when the p-value for the 

removal of predictors was decreased to 0.01, while the performance of the model remained 

similar. Based on these results we concluded that SPB and RR no longer produce the explanatory 

power for mortality that was demonstrated in previous literature.[31] Still, the results were an 

odd finding. If a patient arrives at the hospital after a trauma with a blood pressure of zero and 
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a respiratory rate of zero, you would state that the condition of the patient is bad and that the 

probability of survival is low. So the question remained, why the explanatory powers of SBP and 

RR are so marginal.

We hypothesized as follows: ‘What if there are no abnormal values in a trauma population.’ 

For example, a very low SBP may well have a predictive value for mortality, but in a population 

with no abnormal values it means nothing. It is not possible to distinguish a patient who is more 

likely to die or to survive based on that variable. We have tested this hypothesis in chapter 5 in 

the UMCU, JHH, and HMC trauma populations. The results demonstrate that the majority of the 

patients had normal physiologic values at time of arrival in the Emergency Department. Even, 

the majority of the trauma deaths had normal SBP and RR values. However, if the values were 

abnormal (in the worst category group) the mortality rates in the three trauma centers were 

high; ranging from 33-99% in the worst SBP group and 57-100% in the worst RR group (100% 

because there was only 1 patient in that category). In contrast to the GCS, which showed the 

highest mortality in the group with the worst GCS values.

The results further demonstrate that in a univariable model all three parameters showed that 

the odds of dying increased when the value became worse. Furthermore, in a multivariable 

model the additive value of SBP and RR in a model with GCS was nihil, the Area Under the Curve 

increased with values ≤0.02.

These findings result in a better understanding of the current role of the physiologic parameters 

in the current trauma populations and the influence on the calculation of survival probabilities. 

The survival probabilities in these trauma populations will be too optimistic and more patients 

are expected to survive. In these patients, an observed survival will not influence the perfor-

mance measurement, but an observed mortality will decrease the performance of a trauma 

center. On the other hand, trauma centers with a substantial proportion of patients with ab-

normal values and subsequently a low survival probability have the opportunity to change the 

predicted mortality into an observed survival. This causes a discrepancy in the performances of 

trauma centers that might not be attributable to the quality of trauma care in the institution. 

Thus, with these predictors the trauma center can only show a good performance if the patient 

arrives at the hospital in a bad condition with worse physiologic parameters. Therefore our 

statement: “the patient has to be bad to be good”.

Because of that caution is needed with the use of physiologic parameters for comparative 

analyses, it might cause artifactual discrepancies between trauma centers.
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trauma registry data
The American College of Surgeon’s Committee on Trauma (ACS-COT) advises to have uniform 

and contemporaneously collected data.[23] High quality data is important, because the out-

come results are as valid as the data entered.

In chapter 6, we have performed an international inter-rater reliability evaluation of the severity 

of the AIS scores of patients with severe traumatic brain injury (TBI). We specifically selected 

patients with TBI because the difference in mortality between the three centers (demonstrated 

in chapter 3) was mainly due to neurological cause. The analysis in chapter 3 was adjusted for 

the severity of all injuries and separately for the severity of head injury. The study presented in 

chapter 6 was carried out to evaluate whether the differences in outcome could be attributable 

to variability in the severity of the AIS scores of the patients.

The results of this study demonstrated a substantial and almost perfect reliability of the AIS 

coders within the same trauma center. Across trauma centers a large variability was shown in 

the reliability of the AIS scores. There is much room for improvement between AIS coders.

Quality of life
Currently, the trauma center performances are mostly measured with risk-adjusted mortality 

rates.[32] Still, there is a general consensus that nonfatal outcomes should be used, such as 

quality of life.[33-36] Assessments of health related quality of life (HRQoL) is important in order 

to evaluate the success of treatment and to identify areas in which improvement is required. In 

these studies, a valid health measure instrument is required to ensure reliable measurements. 

Several health surveys are currently used in trauma care with the Short Form (36) Health Survey 

(SF-36) [37,38] and Euroqol 5 Dimensions (EQ-5D) [39] as the most used generic instruments 

in trauma care. There is a lack of knowledge about the validity of HRQoL instruments in general 

trauma populations. Should we use a generic or a trauma-specific instrument, is a longer survey 

more precise than a shorter version? We have reviewed the literature in chapter 7 and evaluated 

the measurement properties of HRQoL instruments in general trauma populations. The results 

demonstrated that the majority of the measurement properties were inadequately assessed 

or not assessed at all. Furthermore, different frequencies and time points of the assessments 

are demonstrated. The Trauma Outcome Profile (TOP) [40] showed to be the most adequate 

instrument in a general trauma population.

There should be some international consensus, which instrument is most appropriate and on 

which time points the measurements should occur in order to allow inter-country comparisons. 

A working group of the European Consumer Safety Association (ECOSA) conducted a literature 
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review and developed guidelines for conducting follow-up studies among trauma patients.

[41] They have recommended the use of the EQ-5D and Health Utilities Index 3 (HUI3) survey. 

The surveys were assessed for their simplicity, brevity, and measurements of relevant health 

domains. These two generic surveys were most applicable to different injury types, severity 

levels, to the widest range of age groups, and to other health problems. They have suggested 

to conduct longitudinal studies with multiple assessments over time. In this way, the recovery 

patterns and permanent disabilities of injuries can be assessed. Measurements at 1, 2, 4, and 

12 months post-injury were advised by the working group as well as the measurement of the 

pre-injury health status retrospectively. For specific types of injury, e.g. major trauma patients, 

an additional follow-up measurement at 24 months was recommended.[41]

The next step is to produce standardized quality of life outcomes based on patient and injury 

characteristics. With these results the standardized predicted HRQoL can be compared with the 

observed HRQoL and evaluated possible differences. In chapter 8, we have identified several 

patient and injury characteristics significantly associated with the HRQoL in a general Dutch 

trauma population admitted in a level I trauma center. The factors were age, gender, ICU admis-

sion, probability of survival, injury type and severe injury to the head or extremities.

In our last study (chapter 9) we examine the differences in HRQoL outcome between severely 

injured patients in international level I trauma centers. The results of the present study shows 

the need for nonfatal performance indicators in order to accurately reflect and compare the 

performance of a trauma center and assure reliable conclusions of the quality of trauma care 

in the institutions. The study showed that there was no significant difference in the adjusted 

HRQoL outcome. The results counter the result in chapter 3; a significant difference in trauma 

center performance in terms of mortality, which suggests differences in quality of trauma care. 

Though if there is a difference in quality of trauma care, would we not expect that this is also re-

flected in a difference in outcome among the survivors? If not, is it then appropriate to measure 

the trauma center performance only in terms of mortality?

We have discussed in several chapters in this thesis that mortality may be influenced by other 

factors in addition to quality of trauma care in the institutions. For example, longer pre-hospital 

times (in chapter 3-5) and different protocols regarding withdrawal of life sustaining (chapter 

3), treatments, which could distort the in-hospital mortality rates. Different protocols regarding 

the withdrawal of life-sustaining injuries can ensure that patients in poor condition die earlier in 

trauma centers with a more aggressive protocol. This could result in survivors with a relatively 

better condition in these institutions and skewed HRQoL outcome.
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So the question remains: “are we measuring the same ‘quality of trauma care’ in a trauma 

institution with the mortality and HRQoL or are we measuring the influence of a protocol on the 

outcome of patients treated in hospitals with different protocols”.

Therefore a combination of both nonfatal and fatal performance indicators must be imple-

mented in current trauma care and might help us with interpreting the results addressing the 

trauma center performances.

futurE PErsPECtivE

This thesis showed that there is much room for improvement in the evaluation of trauma system 

performances and inter-country comparisons.

Despite all the improvements through the years in trauma care, prevention programs, and 

patient outcomes, trauma remains a very serious health problem. It still is one of the leading 

causes of death and disability and it still is the number one cause of death in the 1-44 years 

age group.[42] This is the age category where the society relies and depends on, so there is a 

lot to gain in quality of life years in these patients. Therefore, we are obliged to put all effort 

in increasing the quality of trauma care and to improve patient outcomes and decrease the 

burden of this disease.

The authorities should put ‘quality improvement assessment programs in trauma care’ high 

on their agenda and make it an important issue. In my opinion, quality assessment programs 

should be standardized on an international level and introduced in public health care programs 

all over the world. In order to establish this, the government has to be the leading authority in 

this and be advised by trauma care program experts and researchers. The outcomes of quality 

assessments will inform them about e.g. the incidence, costs, injury patterns and the required 

resources in a trauma system. This knowledge is essential for the further architecture and 

maturation of trauma systems.

One major important issue in trauma care is to learn from other systems. Trauma systems arose 

out of the lessons learned from casualty evacuation and injury management in the military.

[43,44] The first steps towards international cooperation and uniformity in trauma care pro-

grams have been taken. Currently, there is a global initiative of over 60 collaborators from 30 

countries led by Dr. L. Moore and Prof.Dr. H.R. Champion. The goal of the ‘International Injury 

Care Improvement Initiative’, is to have a better understanding of optimal trauma system con-

figuration and to provide knowledge on which components of trauma systems contribute to 
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their effectiveness. This and other collaborative initiatives on other aspects in trauma care are 

very much needed and welcomed in the world of trauma.

As demonstrated in chapter 4 and 5, the only international method currently used to bench-

mark trauma center performances is limited. This method must be readdressed and updated, 

new predictors must be introduced and a method must be developed to cope with demographic 

differences in trauma populations.

Performance indicators of trauma care should not only be measured in terms of mortality, but 

also in terms of morbidity such as functional outcome among the survivors.

International quality of life data, consistently and in a standardized manner collected, allows 

valid burden of injury calculations and cost-effectiveness analyses of injury prevention and 

trauma care, and assessments of quality of care with composite health outcome measures.

[41] The ECOSA working group [41] has taken important steps to provide guidelines and reach 

consensus on how to perform empirical follow-up studies into injury-related disability. The 

study has been cited by several other authors, nevertheless no consensus has been reached 

yet in both national and international trauma care. The routine collection of HRQoL by trauma 

registries is still rarely performed.[45] The first steps to use HRQoL as a performance indica-

tor were demonstrated in this thesis. The next step is to determine the norm of the expected 

HRQoL in an individual patient and the acceptable deviation of the norm. Unfortunately, there 

is no gold standard for quality of life; therefore an international consensus-based study must be 

established to derive the norms.

Knowledge of patterns and injury characteristics of trauma patients is necessary in order to 

inform authorities and policy makers which investments, resources and improvement programs 

are needed to optimize the quality of trauma care. Therefore, trauma research and quality as-

sessments with trauma registry data should be extensively performed. Furthermore, to maintain 

high quality of trauma registry data, quality assessments (e.g. chapter 6) should be performed 

routinely.

The implementation of structured quality improvement assessments programs and benchmark-

ing of international trauma systems will help identify the strengths and weaknesses of a trauma 

system and will result in a better understanding what aspects of a trauma system result in 

improved patient outcome.

All these changes and reformations in trauma care will be very challenging and require a lot of 

efforts and investments from governments and policymakers all over the world. Hence, it will 

improve trauma patient outcome, decrease the burden of disease and improve the quality of 

life among the survivors.
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summAry

Assessments of quality of trauma care are necessary to identify strengths and weaknesses of 

trauma systems. In particular comparative assessments between international systems are 

useful. In this thesis the outcomes of trauma care were evaluated. Trauma systems were bench-

marked on an international level, and the applicability of current evaluation methods in present 

trauma populations were investigated. The studies in this thesis contain data from three level I 

trauma centers: the University Medical Center Utrecht (UMCU), Utrecht, the Netherlands, John 

Hunter Hospital (JHH), Newcastle, New South Wales, Australia, and Harborview Medical Center 

(HMC), Seattle, Washington, United States

In Chapter 2 a systematic review is presented of all studies comparing and benchmarking two 

or more international trauma care systems. The results demonstrate a large heterogeneity in 

the design and methods used to perform these studies. A similar trauma verification level and 

standardized data collection in the compared institutions should be employed in order to ac-

curately aggregate the data. 

Chapter 3 provides an extensive overview of the key differences of the trauma centers and 

the demographic patterns and patient outcomes of three level I trauma centers (UMCU, JHH, 

HMC) functioning in three international trauma systems. This study demonstrated substantial 

differences across centers in patient characteristics and mortality, mainly of neurological cause. 

Future research must investigate whether the outcome differences remain with nonfatal and 

long-term outcomes. Furthermore we must focus on the development of  a more valid method 

to compare systems.

In Chapter 4 the applicability of the Trauma Revised Injury Severity Score (TRISS) predictors in a 

Dutch regional and level I trauma population was evaluated. 

The study results showed that the current trauma predictors are applicable in a regional mixed 

trauma population, but not in a level I trauma population. The physiologic parameters, systolic 

blood pressure (SBP) and respiratory rate (RR), should be excluded from the current model, and 

new coefficients should be calculated to maintain accurate predictions.

In Chapter 5 the distribution and predictive value for the mortality of the physiologic param-

eters in three global level I trauma populations was evaluated. The results demonstrated that 
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the majority of the trauma deaths had a normal SBP, RR, and abnormal Glasgow Coma Score. 

Univariable analysis showed high predictive power for each of the parameters. However, the 

additional value of SBP and RR in a multivariable model was negligible. Therefore, caution is 

needed with the use of physiology for comparative analyses because the outcome might cause 

artifactual discrepancies between trauma centers.

In Chapter 6, the inter-rater variability of the Abbreviated Injury Scale (AIS) scores between 

three level I trauma centers is evaluated. The results of this study demonstrated a substantial 

and almost perfect reliability of the AIS coders within the same trauma center. Across trauma 

centers the reliability was however variable between the AIS coders. These results indicate that 

there is room for improvement in the reliability between AIS coders.

In Chapter 7 a systematic review and quality assessment was performed to evaluate the mea-

surement properties of Health Related Quality of Life (HRQoL) instruments in general trauma 

populations. This review showed a wide variety in the methodological quality of the measure-

ment properties. None of the HRQoL instruments were adequately assessed in a general 

trauma population, according to the Consensus-based Standards for the selection of health 

Measurement Instruments (COSMIN) checklist. Given these circumstances this systematic re-

view revealed the Trauma Outcome Profile as the most adequate HRQoL instrument in a general 

trauma population.  

To allow for worldwide comparison studies, there is a need to reach consensus about which 

HRQoL instrument to use to evaluate the HRQoL and how to use this parameter as an indicator 

for the trauma center performance. 

The study described in Chapter 8 identifies patient and injury characteristics associated with 

HRQoL in a general trauma population. This study revealed several factors which could be used 

to predict the HRQoL in trauma patients. Such as, age, gender, Intensive Care Unit admission, 

injury type, probability of survival and being severely injured, in particular to the head and 

extremities. To further use HRQoL as an indicator for trauma center performances, there should 

be a consensus of the ideal timing for the measurement of HRQoL post-injury and the appropri-

ate HRQoL instrument. Furthermore, standardized HRQoL outcomes must be developed. 

In Chapter 9 the HRQoL outcome is measured and compared in the three level I trauma popula-

tions. This study demonstrates whether differences in outcome in terms of mortality corre-
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spond with the outcome in terms of HRQoL. The results showed no significant difference in the 

post-injury HRQoL of severely injured patients with and without severe traumatic brain injury 

between three international trauma systems. This finding dictates caution for interpreting the 

mortality as the only indicator for trauma center performances and the quality of trauma care.
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sAmEnvAttinG

Het beoordelen van de kwaliteit van traumazorg is nodig om sterke en zwakke punten in een 

traumasysteem te identificeren. Vooral vergelijkingen tussen internationale traumasystemen is 

erg nuttig. In dit proefschrift worden de uitkomsten van traumazorg geëvalueerd.

De traumasystemen worden op internationaal niveau gebenchmarkt en de toepasbaarheid van 

de huidige evaluatiemethoden worden onderzocht.

De studies in dit proefschrift bevat data uit drie level I traumacentra: het Universitair Medisch 

Centrum Utrecht (UMCU), Utrecht, Nederland, John Hunter Hospital (JHH), Newcastle, New 

South Wales, Australië en Harborview Medical Center (HMC), Seattle, Wasthington, Verenigde 

Staten.

In hoofdstuk 2 worden de resultaten beschreven van een systematische review waarin alle 

studies worden besproken die twee of meer internationale traumasystemen vergelijken of 

benchmarken. De resultaten laten een grote heterogeniteit zien in het design en de methode 

die gebruikt wordt bij deze studies. Het doel voor deze vergelijkingsstudies is het vergelijken 

van instellingen die een vergelijkende level van zorg hebben en dezelfde gestandaardiseerde 

methode voor het verzamelen van data, om ervoor te zorgen dat de data zo goed en nauwkeurig 

mogelijk vergeleken kan worden.

hoofdstuk 3 geeft een uitgebreid overzicht van de kenmerkende verschillen van traumacentra 

en de demografische verschillen van drie level I traumacentra (UMCU, JHH, HMC) die function-

eren in drie verschillen traumasystemen. De studie laat substantiële verschillen zien tussen de 

centra in patiëntkarakteristieken en in de mortaliteit, dit laatste met name veroorzaakt door het 

overlijden als gevolg van neurologisch letsel. Verder onderzoek moet aantonen of de verschillen 

in uitkomst ook te zien zijn in niet fatale en lange termijn uitkomsten. Daarnaast moet er een 

nieuwe methode worden gevonden om traumasystemen te vergelijken.

In hoofdstuk 4 is de toepasbaarheid van de ‘Trauma Revised Injury Severity Score’ (TRISS) 

predictoren geëvalueerd in een Nederlandse regionale en level I traumapopulatie.

De resultaten laten zien dat de huidige predictoren toepasbaar zijn in een regionale gemixte 

traumapopulatie, maar niet in een level I traumapopulatie. De fysiologische parameters, sys-

tolische bloeddruk (SBD) en de ademhaling (AH) dienen geëxcludeerd te worden uit het huidige 
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model en nieuwe coëfficiënten moeten berekend worden om een nauwkeurige predictie te 

kunnen maken.

In hoofdstuk 5 wordt de verdeling en voorspellende waarde van de fysiologische parameters 

voor de mortaliteit in drie internationale level I traumapopulaties onderzocht. De studie laat 

zien dat de overgrote meerderheid van de traumadoden een normale SBD, AH en ‘Glasgow 

Coma Score’ hadden. De univariabele analyse liet een hoge voorspellende waarde zien voor 

alle drie parameters. Desalniettemin, is de toegevoegde waarde van de SBD en de AH in een 

multivariabel model verwaarloosbaar. Met deze reden, is voorzichtigheid geboden met het 

vergelijken van uitkomsten bij het gebruik van deze parameters omdat het voor discrepanties 

kan zorgen tussen traumacentra.

In hoofdstuk 6 is de interbeoordelingsbetrouwbaarheid van de ‘Abbreviated Injury Scale’ (AIS) 

scores tussen drie level I traumacentra bestudeerd. De resultaten tonen een substantiële en 

bijna perfecte betrouwbaarheid van de AIS coders werkend in hetzelfde traumacentrum. Tussen 

de traumacentra was de betrouwbaarheid tussen de AIS coders erg variabel. Deze resultaten 

laten zien dat er nog veel ruimte is voor verbetering in de betrouwbaarheid van het scoren van 

de letsels door de AIS coders. 

In hoofdstuk 7 worden de resultaten beschreven van een systematische review en kwaliteits-

beoordeling van de meeteigenschappen van kwaliteit van leven meetinstrumenten. 

De review laat een grote variatie zien van de methodologische kwaliteit van de meetinstrument-

en. Geen van de meetinstrumenten is adequaat onderzocht in een algemene traumapopulatie 

volgens de ‘Consensus-based Standards for the selection of health Measurement Instruments 

(COSMIN) checklist’. In de review wordt de ‘Trauma Outcome Profile’ vragenlijst gescoord als de 

meest adequate kwaliteit van leven meetinstrument in een algemene traumapopulatie.

Het is noodzakelijk om wereldwijd een consensus te hebben over welke kwaliteit van leven 

meetinstrument het beste gebruikt kan worden als een indicator voor de prestatie van een 

traumacentrum en om goede internationale vergelijkingen te kunnen maken.

De studie beschreven in hoofdstuk 8 identificeert verschillende patiënten karakteristieken en 

karakteristieken van de letsels die geassocieerd zijn met de kwaliteit van leven in een algemene 

traumapopulatie. Enkele karakteristieken werden geïdentificeerd, zoals leeftijd, geslacht, Inten-
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sive Care opname, het type letsel, de berekende overlevingskans en ernstig gewond zijn aan het 

hoofd of de extremiteiten. 

Deze studie laat zien dat deze factoren gebruikt kunnen worden om de kwaliteit van traumap-

atiënten te voorspellen. Om verder te onderzoeken of de kwaliteit van leven gebruikt kan wor-

den als indicator voor de prestatie van een traumacentrum, moet er overeenstemming zijn over 

wat het juiste moment is om een vragenlijst af te nemen bij deze traumapatiënten. Daarnaast 

moeten de kwaliteit van leven uitkomsten gestandaardiseerd worden.

In hoofdstuk 9 is de kwaliteit van leven gemeten en vergeleken in drie level I traumapopulaties. 

De studie laat zien of de verschillen in mortaliteit overeenkomen met de uitkomsten in kwaliteit 

van leven. De resultaten lieten geen significant verschil zien in de kwaliteit van leven van ernstig 

gewonde patiënten na een ongeval met en zonder hersenletsel tussen de drie internationale 

traumapopulaties. Deze bevinding gebied voorzichtigheid voor het interpreteren van de mor-

taliteit als de enige indicator voor de prestatie van een traumacentrum en de kwaliteit van de 

traumazorg.
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“Teamwork is the fuel that allows common people to produce uncommon results”

Andrew Carnegie

De meesten van jullie weten wel dat ik het liefst alles zo gedetailleerd mogelijk en met zo veel 

mogelijk woorden en zinnen vertel. Zo ook dit dankwoord.

Geachte prof. leenen, beste prof, hier is dan het moment dat er een kaft om al het werk heen 

zit. Als student klopte ik bij je aan omdat ik vond dat het tijd was om me wat meer te verdiepen 

in de wetenschap en de Traumatologie trok hierbij mijn interesse. Ik werd direct geïnspireerd 

door je aanstekelijke enthousiasme en je kritische blik op zowel de wetenschap als de kliniek. 

Alleen het allerbeste is goed genoeg. Zo ook bij het aanschrijven van de beurs voor het onder-

zoeksproject: het was goed, maar kon en moest beter. Met de woorden: “je moet het meer laten 

swingen, vertel ze de gospel of trauma” motiveerde je mij om het best uit mezelf te halen....

en de rest is geschiedenis. Ik heb bewondering voor het feit dat je precies aan mijn schrijven 

kunt zien wanneer het beter kan. Dank je wel voor alle tijd en energie en hulp in de afgelopen 

jaren. We hebben op internationaal niveau wat teweeg kunnen brengen, and yet more to come. 

Ik hoop nog vele jaren met je samen te werken en kijk ernaar uit om zowel met je aan tafel te 

staan als achter te zitten. 

Dear prof Balogh, it was a great pleasure to meet you at John Hunter Hospital and to meet 

everyone working at the John Hunter Trauma Service. Thank you for your instant permission to 

involve your trauma service in this research project and your strong engagement in the studies. 

It’s a pity that you won’t be able to make it on the day itself, we’ll probably meet at the next 

conference. I hope I will be able to work together in the clinics some day.

Dear prof maier, I was pretty amazed by the magnitude of the hospital and the large amount 

of trauma patients that were admitted annually when I entered Harborview for the first time.

Thank you for giving me the possibility to include the patients from Harborview in this research 

project. Thank you for critically revising all the papers, it is a privilege to have a native speaker 

on board. It’s a great honor to have you as my promoter and I’ll hope we will work together 

again in the nearby future.



196

Dankwoord / Acknowledgements

Geachte dr. van wessem, beste Karlijn, vanaf de start van dit proefschrift ben jij nauw betrok-

ken geweest bij het initiëren van de studies in Australië en de Verenigde Staten. Door jouw 

connecties in John Hunter was dit daar in no time geregeld en nog genoeg tijd om mij de ins en 

outs van de omgeving te laten zien. Gelukkig zijn we het reizen nog niet verleerd en altijd leuk 

als ik weer mee kan op congres. Goed om te zien dat ik niet de enige ben die congressen ziet 

als vakantie. Dank voor al je hulp in de afgelopen jaren en je nuchtere kijk op zo ongeveer alles, 

waar ik nog veel van kan leren.

Geachte dr van heijl, beste Mark, ergens halverwege het traject werden wij aan elkaar gekop-

peld en ik ben blij toe. Jouw vermogen om een ingewikkeld artikel leesbaar te maken voor een 

breed publiek hebben een zeer goede uitwerking gehad op de artikelen in dit proefschrift. Ook 

wist je mij te motiveren tot het veel meer concreter opschrijven van de boodschap van een 

artikel door altijd door te blijven vragen naar wat nou precies mijn boodschap is. Je hebt me de 

afgelopen tijd geleerd om pragmatisch te werk te gaan, waarvoor heel veel dank. Ook dank voor 

je altijd supersnelle revisies, waar menig onderzoeker alleen maar van kan dromen.

Beste Koen, ik bedoel geachte drs. lansink ;) veel lof en dank komt ook jou toe. Als student heb 

jij me de fijne kneepjes van de wetenschap binnen de Traumatologie geleerd en me gemoti-

veerd om de ins en outs van het vak me eigen te maken. In die jaren hebben we de basis gelegd 

voor dit proefschrift, waarvoor heel veel dank. Ik hoop in de toekomst nog een keer met je aan 

tafel te staan.

Geachte leden van de beoordelingscommissie, prof. van der Graaf, prof Borel rinkes, prof 

Castelein, prof Champion en prof ten duis. Dank voor uw tijd en interesse om dit proefschrift 

te beoordelen en om tijdens de verdediging hierover met mij in discussie te gaan.

Special thanks to prof. Champion, you are a leading expert on the topic of my thesis, and I 

have studied a lot of your work over the past few years. It’s a great honor and privilege that 

you are part of the review committee. I admire the way you have gathered all the people in the 

International Injury Care Improvement Initiative group and am very excited to work with you. 

Thank you for attending my PhD defense and I am looking forward to discuss my thesis with you.

Geachte prof Borel rinkes, beste Inne, bij onze eerste ontmoeting kwam je de operatiekamer 

binnen lopen op rood-wit-blauwe klompen met een gouden randje. Toen ik je beter leerde 



197

Dankwoord / Acknowledgements

kennen, begreep ik goed dat dat randje geen andere kleur verdiende. Ik heb veel bewondering 

voor jouw vermogen om werkelijk alles goed te kunnen. Ik hoop in de toekomst nog veel van je 

te leren, zowel op klinisch gebied als daar buiten.

Nederlandse Organisatie voor Wetenschappelijke Onderzoek

“…The cream of the crop and the top of the bill…” met deze ietwat te veel eer toekomende 

woorden werden de laureaten van 2012 gelanceerd. Met trots hier het resultaat. Dank voor de 

financiële steun in de afgelopen jaren, hierdoor had ik de luxe om me volledig te storten op dit 

project. Zonder dit was dit alles niet op deze manier mogelijk geweest.

Medewerkers van Traumazorg Netwerk Midden-Nederland: lukas van spengler, Bob surie, 

heidi Euverman, stasja van Asperen, daniëlle van Boxtel, natasja rabouw.

Jullie stonden altijd paraat als ik weer om data stond te springen en hadden dit dan in no time 

voor elkaar. Heel veel dank voor alle hulp bij het verzamelen van de data en het scoren van de 

patiënten voor de studie. Zonder jullie was me dit allemaal nooit gelukt.

Dear Angela fischer, kate king, simone meakes, kellee ward, Bindi mulligan and all the others 

who worked behind the scene on these studies at the John Hunter Trauma Service. Thank you 

for your warm welcome in your institution, it has been a great pleasure to spend some time 

with you during the initiation of the study. Thank you for all your great efforts and hard work to 

complete this research project. 

Everyone working at Harborview Medical Center: laura hennessy, mark taylor, Joyce mcQuaid, 

Angela wilson, Jyoti sharma and all who worked behind the scene.

Thank you all for working so hard to get the job done, despite my sometimes impossible dead-

lines. This all would not have been possible without you giving your best.

Laura, special thanks to you for helping me out with the initiation of the studies in your hospital. 

Without your help, it would have taken me probably forever to complete the ethics.

Dear prof rivara, thank you for all your help and advices regarding the designs and statistical 

methods of the studies. It has been a great pleasure working with you.

Gijs witkamp, onwijs bedankt voor je hulp bij het opzetten van de website. Het is een mooi 

staaltje werk geworden en heb geen één keer gehoord dat de site eruit lag. 



198

Dankwoord / Acknowledgements

martijn leenen, koen leenen, menno frowijn. Super veel dank dat jullie geholpen hebben 

met het bellen van al die honderden patiënten. Wat een werk was dat! 

Martijn, ben blij dat ik niet de enige in Philly was die een nieuw persoonlijk record ‘hoe snel kan 

jij een driegangendiner naar binnen werken’ heb behaald.

falco hietbrink, marijn houwert. Beste heren, het is bewonderenswaardig hoe jullie de afge-

lopen jaren het traumatologisch onderzoek in de regio naar een hoger niveau hebben getild. 

Werkelijk klasse!

Mede trauma-onderzoekers van het UMC Utrecht:

Jacqueline van laarhoven, marjolein heeres, michel teuben, okan Bastian, Pieter leliefeld.

‘I knew you were trouble when you walked in’ zal nooit meer hetzelfde zijn. Van een motorst-

orung worden wij niet warm of koud en rijden het liefst nog een paar kilometer om voor een 

goede hamburger. Gelukkig had Lyon nog een paar fietsen over. Wat was het mooi!

Veel dank voor alle gezelligheid, mooie grappen en goede hitjes in de auto de afgelopen jaren.

Lieve Jacqie, aan het einde van onze studie leerden we elkaar pas echt kennen. Dat was het 

begin van een goede vriendschap. Ik heb zelden een persoon gezien met zo’n oprecht en lief 

hart. Nu ik dit boekje heb afgerond tijdens de kliniek realiseer ik me pas echt goed wat een 

gekkenwerk dit is. Het feit dat jij dit altijd naast de kliniek hebt gedaan is echt lofwaardig!

Veel bewondering hoe jij je in alle hectiek de afgelopen jaren staande hebt gehouden. Het 

komend jaar wordt een prachtig jaar voor je, geniet ervan, heb je meer dan verdiend. 

Nu mijn boek ook af is, kunnen we weer wat vaker een lekker wijntje drinken in de Boulevard. 

Dank je wel voor je vriendschap, je bent een mooi mens.

mark haverkort, in korte tijd heb jij echt ontzettend veel gaaf werk verricht. Ik ben stiekem 

natuurlijk vet jaloers dat jij je mocht bezig houden met de disaster medicine. Over een week sta 

jij hier ook, geniet ervan.

Georgios Alexandridis, het zal niet heel lang meer duren voordat jouw boekje ook af is. Mooi 

werk wat je neerzet. Nu mijn boek af is, heb ik nog meer tijd om jouw artikelen in mega tempo 

te reviseren, kom maar door met die artikelen.



199

Dankwoord / Acknowledgements

Alle chirurgen, arts-assistenten en physician assistents van de afdeling chirurgie in het UMC 

Utrecht. Dank voor alle gezelligheid en interesses in het onderzoek. Ik kijk met veel plezier uit 

naar het moment dat ik weer terug kom naar jullie.

Geachte prof vriens, beste Menno. De allereerste keer dat ik als co-assistent op een operatieka-

mer kwam, werd ik meteen door jou, toen nog assistent, aan tafel gezet, een hernia cicatricialis. 

Je aanstekelijke enthousiasme voor het vak hebben me toen gemotiveerd om me verder te 

verdiepen in de Chirurgie. Nu zijn we zoveel jaren later, jij hoogleraar en ik net begonnen aan 

mijn opleiding. Dank je wel voor het vertrouwen.

De rotsen in de branding: ingrid, Gioya, marielle, romy, fatiha, susan en Coby.

Zonder jullie wordt de afdeling één grote chaos. Jullie weten werkelijk precies waar je met wat 

bij wie moet zijn en hoe iets te regelen. Dank voor al jullie hulp bij alle wetenschappelijke en 

extra curriculaire activiteiten.

Gioya en Ingrid, altijd gezellig om even bij jullie naar binnen te lopen en uitgebreid bij te praten 

over het onderzoek, de voortgang en over alles en nog wat. Dank voor het altijd parate luiste-

rend oor en jullie altijd goede humeur.

Alle AIOS regio Utrecht: ben er trots op dat ik deel mag uitmaken van deze fantastische groep. 

Ik kijk met zeer veel plezier uit naar de komende jaren.

marjolein schrijver, we zaten heel kort even bij elkaar op de kamer en wat was het gezellig. Nu 

eindelijk tijd voor allemaal andere leuke dingen.

Alle chirurgen, arts-assistenten, physician assistents en verpleegkundig specialisten van het St. 

Antonius ziekenhuis. Mijn eerste echte schreden in de kliniek waren bij jullie. Jullie hebben me 

geleerd om altijd kritisch te blijven nadenken en je altijd af te vragen waarom het gaat zoals 

het gaat. De lat wordt hoog gelegd, hierdoor heb ik ontzettend veel geleerd en een solide basis 

weten te leggen voor de toekomst, waarvoor heel veel dank. 

Beste assistenten: het was af en toe gekkenwerk, maar heb een top tijd met jullie gehad, nooit 

gedacht dat ik zoveel waarde kon hechten aan een A4tje.



200

Dankwoord / Acknowledgements

Chirurgen, arts-assistenten, physician assistents en verpleegkundig specialisten in het Diakones-

sen ziekenhuis. Ik heb het ontzettend getroffen om in zo’n ontzettend leuke groep opgeleid te 

worden. Heel veel zin in de komende jaren!

Geachte dr. van dalen, beste Thijs, dank je wel dat je me de ruimte hebt gegeven om het boekje 

af te schrijven. Ik waardeer het enorm dat je het belangrijk vindt dat de AIOS zijn/haar opleiding 

zelf vorm geeft en je hiervoor alle ruimte biedt.

Het is elke dag genieten in de kliniek, maar het wordt nog mooier met leuke collega’s aan je 

zijde: frans Jasper wijdicks, steven ferree, martijn hulsmans, steven verberne, robbert 

slooff, leonie fassaert.

FJ, wie had ooit zo’n tien jaar geleden kunnen bedenken dat wij van zij aan zij op de planken naar 

zij aan zij de opleiding zouden volgen met precies hetzelfde opleidingsschema. Het was toen al 

genieten en nu weer. Op naar nog een paar mooie jaren.

Ferree, ik heb ontzettend veel bewondering voor de wijze waarop jij zo gefocust recht op je doel 

af gaat en zo in no time kon beginnen aan de opleiding. Dat doen niet veel jou na. Tot snel in 

de kliniek.

Huls, jij laat je echt door niets gek maken. Al drop je honderd patiënten tegelijk op je bordje, 

je werkt ze allemaal weg met een heuse glimlach en een enthousiasme waarmee elke patiënt 

direct weer beter wordt. Altijd veel gelachen met jou in de kliniek. Heel veel succes in het 

Amsterdamse.

Verberne, de samenwerking was kort maar onvergetelijk. Altijd even een high five in de ochtend 

voor een goede start van de dag. Zo blij als we weer eens samen ingedeeld stonden. Succes in 

Amsterdam, ik ga je missen hier. 
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riously. Met jouw ongelooflijke doorzettingsvermogen en drijfveer maakte jij tijdens je promotie 

het onmogelijke mogelijk. Voor ieder moment een vast muziekje, Katy Perry hoorden we het 

liefst, submission! Dank voor alle mooie momenten op het werk en in het leven. De boekjes zijn 

af en het volgende hoofdstuk is alweer aangebroken, genieten van de opleiding.

Lot, gooi alle talenten bij elkaar en tadaaa daar ben jij. Ik heb ontzettend veel bewondering voor 

je moed om te kiezen voor je hart en voor hetgene waar je echt gelukkig van wordt en niets 

for granted neemt. De relaxte weekendjes op jouw lievelingseiland maken ons leven een stuk 

aangenamer, dank je wel dat we daar altijd welkom zijn.

Chris, jouw nuchtere kijk op het leven en no nonsense mentaliteit zorgen er bij mij altijd weer 

voor dat ik niet zo om iets heen blijf draaien en recht op mijn doel afga. Als je niet gelukkig wordt 

van iets, niet zeuren dan moet je dat gewoon niet doen. Jij maakt alles een stuk simpeler. Je 

kaartjes zijn een begrip in de vriendengroep, dank dat je daar altijd aan denkt. Nu eindelijk weer 

tijd voor spontane avondjes chillen.

Do, het is eigenlijk best raar als je ziet hoe wij bij elkaar zijn gekomen. Kenden elkaar al jaren 

maar via een hele andere omweg uiteindelijk vrienden geworden en huisgenoten. Er bestaat 

geen chillere huisgenoot dan jij, we hebben precies dezelfde humor, zinnen hoeven niet af-

gemaakt te worden en hebben dezelfde normen en waarden als het neerkomt op rhythm en 

‘blouse’! Dank je wel dat jij mij in alle rust dit boekje heb laten afschrijven, nu eindelijk weer tijd 

om op de bank te hangen voor ‘brainless television’. Laat de catfish marathons maar komen en 

als we toch bezig zijn zullen we dan maar weer opnieuw gaan beginnen met grey’s en the OC.

Dais, als tieners stonden wij al zij aan zij op de tennisbaan, samen waren we onverslaanbaar. Ons 

allermooiste moment vergeet ik nooit meer: 2-5 achter in de 2e set, 5 match points tegen op rij, 

maar we wonnen de wedstrijd. Hier hebben wij het bewezen ‘it ain’t over till the fat lady sings’. 

Ben trots op je dat je van je allergrootste passie, je baan hebt gemaakt, een nieuwe floortje in 

de making. Geniet ervan.

Lieve meiden, dat we nog maar heel vaak naar Val Tho mogen gaan met de Bernadino en Sven.
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Mijn allerliefste paranimfen: maartje hoogerwerf en lori van roozendaal.

Lieve meiden, de Triplets zijn een waar fenomeen! Er zijn zoveel memorabele en onvergetelijke 

momenten, alles is zo heerlijk ongecompliceerd met jullie. Ook al wonen we zo belachelijk ver 

bij elkaar vandaan, er is geen afstand in de wereld die onze vriendschap maar enigszins zou 

doen wankelen. Alles mag en alles kan, die onvoorwaardelijke steun maakt me elke dag weer 

gelukkig.

Lieve Maart, vanaf het eerste moment in Zuid-Afrika was het meteen dikke mik. Voor de bui-

tenstaander twee vriendinnen op reis die al jaren bevriend waren, voor ons het begin van een 

hechte vriendschap. In Nederland gingen we gewoon door op deze tour. Het ‘famous stukje’ zal 

me altijd dierbaar zijn, bij pachelbel denk ik altijd aan jou en als ‘living on a prayer’ langskomt 

sta je op speed dial. Bon Jovi zegt het precies goed ‘we’ve got to hold on to what we’ve got’. 

Je bent zo’n heerlijk mens en dank je wel voor je lekkere nuchterheid met je alles-komt-goed-

mentaliteit. Ben er trots op dat je als één van de eerste verloskundige artsen werkzaam bent. Zo 

blij dat je in Den Haag helemaal je plek hebt gevonden.

Lieve Lood, gelukkig dat wij zo’n anderhalf jaar nadat ik je naam voor het eerst een keer hoorde 

vallen elkaar dan eindelijk ontmoetten. Op het eerste gezicht een schattig blond meisje, maar in 

jouw schuilt een werkelijke power woman. Jouw promotietijd was werkelijk bewonderenswaar-

dig. Met jouw charmes en doorzettingsvermogen sleepte jij prijs na prijs na prijs binnen. Trots 

dat ik op die dag achter je mocht staan. We delen de passie voor de chirurgie en wat een feest 

dat we nu ook samen in opleiding zijn. De chirurgendagen blijven voor altijd ons congres. Dank 

je wel voor de vriendschap.

Oh lieve meiden, ben er trots op dat jullie op deze dag achter mij staan. Zet een Feyenoorder, 

PSVer en Ajacied bij elkaar en je krijgt de Triplets, het rood en wit de gemene deler. Wij zijn 

onafscheidelijk en ik prijs me gelukkig met jullie en onze onvoorwaardelijke vriendschap. Let’s 

make more memories!

familie Gunning, familie hooker, dank voor al jullie interesses in het onderzoek waar ik de 

afgelopen jaren mee bezig ben geweest. Het is eindelijk af en ja dat betekent dat ik nu minder 

vaak in het buitenland zit en wel naar de familiefeestjes kan komen.

Lieve oma, amazing Grace, still standing strong aan het hoofd van een grote familie die met ge-

mak vijf generaties haalt. Dank voor uw eeuwige enthousiasme en interesse in mijn vak. Ik prijs 

me gelukkig dat ik het zangtalent van de familie geërfd heb. Proud to be your granddaugther. 
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Mijn lieve zussen nathalie en marlise. Als ik aan jullie denk, denk ik meteen aan de foto op mijn 

facebook van de ‘three sisters’, een gebergte in Sydney. Onze band is ook ‘as solid as a rock’. 

Dank jullie wel voor jullie adviezen en altijd luisterende oor in de afgelopen jaren.

Nathalie, als oudste van de drie had je vaak de verantwoordelijkheid om ervoor te zorgen dat 

alles op rolletjes liep, succes als wij dan je zusjes zijn, we hebben het je niet altijd makkelijk 

gemaakt. Ik ben trots op waar je nu staat en wat je allemaal bereikt hebt. Jij verbindt mensen 

met elkaar en bent altijd positief en vrolijk. Ik ben blij dat je een superchille kerel in je leven 

hebt. frank, dank je wel dat je mijn zus zo gelukkig maakt.

Marlise, als er iemand op deze wereld rondloopt met exact dezelfde humor als ik dan ben jij het 

wel. Zo blij dat wij de liefde voor ‘Remember the Titans’ delen, denk niet dat er iemand op de 

wereld rondloopt die het gehele script zo goed kent als wij. Voor ons is ‘pain altijd french bread’ 

en ‘fatigue army clothes’, wij zullen nooit vragen om een ‘water break’. 

Zo gaaf dat jij nu ook gestart bent met een promotietraject bij de Gynaecologie. Geniet ervan 

voor je het weet is het zo voorbij en het is echt heel erg leuk! wouter, zo cool dat jij haar vriend 

bent. Vanaf de eerste dag was het al meteen dikke mik. Binnenkort lekker samenwonen, geniet 

ervan. Marlise, je mag van geluk spreken dat je in zo’n leuk familie terecht bent gekomen als de 

familie Both. Ed en Joke, mooi om te zien hoe jullie mijn kleine zusje hebben opgenomen in de 

familie als één van jullie.

Lieve papa en lieve mama, het boek is eindelijk af, met trots hier het resultaat. Dank dat jullie 

ons altijd gemotiveerd hebben om het beste uit jezelf naar boven te halen. Dank dat jullie ons 

altijd gegeven hebben wat we nodig hadden. Sport, muziek en school, ik realiseer me nu hoe 

belangrijk deze dingen zijn geweest en waardeer het enorm dat jullie ons altijd gemotiveerd 

hebben om hiermee door te gaan, ondanks dat we soms met absolute tegenzin weer naar de 

volgende les sjokten. Dank jullie wel dat jullie mij altijd de ruimte hebben gegeven om te doen 

wat ik wilde doen, ook al bezorgde dat jullie af en toe wat meer schrik. It worked out pretty fine, 

right. Trots dat we hier vandaag staan.
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“Don’t be sad it’s over, 

be glad it happened”

Dr. Suess


