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On average, every six seconds someone dies as a consequence of accidental or inten-
tional trauma, resulting in more than 5 million deaths per year around the globe.1 Trauma 
is one of the leading causes of death in people under 45 years of age. It is estimated that 
injuries are responsible for 16% of the total disease burden and 9% of total mortality 
worldwide.1 Data from the World Health Organization (WHO) estimate that the number 
of deceased caused by violence and injuries to be nearly twice as high as the combined 
number of deaths from HIV / AIDS, tuberculosis, and malaria worldwide. [Figure 1]

Even so, the millions of deaths that occur each year due to injuries are only the tip 
of the iceberg of the entire burden of trauma-related disease, as shown in Figure 2. For 
every death there are many more who survive their injuries but are left with permanent 
disability. Injuries are estimated to be responsible for up to 6% of all years lived with 
disability.1 Therefore, despite trauma being recognized as a major public health problem 
for over 50 years, it still remains “the neglected disease of modern society”.2

Besides leading to physical, emotional, and economic losses for the victims and their 
families, the fi nancial burden of trauma aff ects nations as a whole, primarily in relation 
to the young and working population, as they are being precluded from production.3 
For example, it has been estimated that the consequences of road traffi  c crashes con-
sume approximately 2% of the gross domestic product (GDP) of high-income countries 
and around 5% of the GDP of low- and middle-income countries.1 Costs are expected to 
increase even further in the future. The WHO indicates that the number of injury-related 
deaths will rise dramatically, partly due to a projected 65% increase in road traffi  c deaths 
and injuries worldwide.4, 5

Figure 1. Number of deaths (in millions per year) as a consequence of traumatic injuries and HIV/AIDS, 
tuberculosis and malaria1
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DeVeLoPMent oF tRAUMA CARe sYsteMs

Up until the second half of the 20th century trauma was managed in an unstructured and 
unpredictable way, without any organized approach or system. The patient was usually 
transferred directly to the closest hospital and trauma care was provided by the on-call 
general surgeon, regardless of interest or expertise in trauma. Thus, the quality of care 
the injured patient received was more or less dependent upon chance. This became 
painfully obvious after the tragic airplane crash of Dr. Styner and his family.2 The care 
that he and his family received in rural Nebraska was considered below the standards of 
customary clinical care. This event and the fi nding that a large proportion of the trauma 
deaths were “preventable deaths” further motivated improvements in trauma care.6, 7 
Among multiple processes and interventions, it led to the introduction of the Advanced 
Trauma Life Support (ATLS) and the extensive document of the American College of 
Surgeons (ACS) that describes the guidelines on optimizing hospital resources for the 
injured patient.8, 9

Following the establishment of the ATLS course and the dissemination of the ACS 
guidelines, the fi rst trauma systems were developed and implemented. In these systems 
the care of the severely injured patients was centralized to designated trauma centers. If 
the patient was instead transferred to a non-trauma center, stabilization was ensued and 
transport to a trauma center followed according to pre-established protocols. Often, 
transport times were long, and delays plagued transport to the places of defi nitive care. 
Although this exclusive trauma system worked well in urban areas with a suffi  cient num-
ber of acute care facilities and relatively short transport times, it produced suboptimal 

Figure 2. Pyramid of injuries reported in the health care system.1
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results in rural areas. Therefore, an inclusive trauma system was proposed. In this system, 
trauma care is regionalized and coordinated throughout the entire chain of trauma 
care. All hospitals in a certain region participate in trauma care to the extent that their 
resources allow.10, 11 In 1999 the American College of Surgeons - Committee on Trauma 
(ACS-COT) proposed criteria for the inclusive trauma system by categorizing hospitals 
according to their available resources.12

Based on these criteria, hospitals providing trauma care were categorized into five 
different levels; a level I trauma center provides comprehensive trauma care and is 
required to have around-the-clock immediate availability of a trauma team with high 
level facilities; level II and III hospitals have the ability to provide prompt assessment, 
perform emergent operations, maintain intensive care facilities, and function as a 
supplement to the level I facilities; level IV and V centers, often located in remote areas, 
have the capacity to stabilize polytrauma patients according to ATLS principles before 
transferring the patient to a center with a higher level of care.13 After the introduction 
of this trauma system in the United States, other countries, such as Canada, Hong Kong, 
Australia, the United Kingdom, Israel, the Netherlands, and Germany implemented an 
inclusive trauma system based on the ACS-COT guidelines adapted to their local needs 
and policies.14-24

The implementation of inclusive trauma systems has since proven its positive effect on 
outcomes, resulting in lower overall mortality rates in numerous countries, especially for 
the severely injured.25-29 However, despite the obvious and evidence-based advantages 
of a trauma system, international differences in the organization of trauma care remain. 
There is neither consensus about the ideal organization of trauma systems worldwide 
nor is a trauma system implemented in every country.30, 31

Trauma systems in the Netherlands

Similar to the rest of the world, injuries present a public health problem in the Neth-
erlands, affecting all ages and strata of society. Currently, more than one-third of the 
approximately 2,000,000 annual Emergency Department (ED) visits are injury-related. 
In 150,000 cases, hospital admission is required, of which more than 5,000 patients are 
admitted with serious or multiple injuries.32

Annually, an average of 8,000 people die as a result of an accident or violence in the 
Netherlands.33 An even greater number of patients suffer disabilities.34 Approximately 
6% of the victims of injuries have a permanent handicap.32 It has been estimated that the 
total economic burden due to injuries in the Netherlands is approximately €3.5 billion 
annually, of which €2.0 billion is attributable to direct health care costs and €1.5 billion 
to loss of productivity.35, 36
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In the early 1980s, Dutch surgeons first expressed their concern about the absence 
of trauma care standardization, collaboration, organization, and the suboptimal qual-
ity of both prehospital and in-hospital care provided to injured patients.16, 37 Following 
this concern and the subsequent increase in political and societal awareness, the Dutch 
Association for Trauma Surgery was founded in 1982. Directly thereafter the association 
joined the discussion about the organization of trauma care in the Netherlands. The first 
mission and vision report was published in 1985 and described an initial set of criteria 
that hospitals receiving trauma should meet.38-40 However, despite good intentions, 
none of the Dutch hospitals met those criteria and a formal system for transferring 
patients between hospitals continued to be non-existent.38

A horrifying airplane crash in Amsterdam (The Bijlmer Disaster, 1992) and a compelling 
report by the Public Health Inspectorate were needed to make trauma care a matter of 
political and public priority. This report showed that a formal prehospital and in-hospital 
trauma system was lacking in both daily practice and during a disaster.39, 41. In 1998, al-
most 20 years after these first concerns about the organization of trauma care, the Dutch 
Government appointed ten (later 11) trauma centers in the Netherlands [Figure 3].

Figure 3. Eleven trauma centers and their trauma regions in the Netherlands
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The aim of the trauma center appointment was to optimize Dutch trauma care through 
regionalization of care with one coordinating center per trauma region. Consequently, 
the entire chain of trauma care, from prevention to recovery was to be improved [Figure 
4].42, 43 Quality measures were installed to guarantee quality of care and its ongoing 
improvement: trauma hospital level criteria were defi ned for level 1, 2 and 3 centers, 
a national trauma registry became mandatory for all hospitals, and the certifi cation for 
specialist (orthopedic) trauma surgeons was established. Since then, the outcomes for 
the injured patients have improved signifi cantly with a mortality rate reduction of 16% 
in all injured patients and a striking 21% mortality rate reduction in the most severely 
injured patients.28, 29, 44

ChALLenges In oPtIMIZIng tRAUMA CARe

Signifi cant improvements in outcomes were seen after the implementation of all-
inclusive trauma systems. Nevertheless, it is still a challenge to defi ne the most effi  cient 
way to provide structured and optimal care. Considerable variation in the organization 
of trauma care remains between and even within countries, despite internationally 
accepted standards for trauma care. However, not all of these standards are evidence-
based. Many factors that infl uence trauma system functionality and their relationship to 
clinically important outcomes remain unclear.

Although the American and Dutch trauma systems share many similarities, there are 
also considerable diff erences. Amongst others, the incidence and nature of the trauma 
mechanisms, patient volumes, trauma training, prehospital care, clinical experience and 

Figure 4. Chain of trauma care in the Netherlands
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rehabilitation differ between the two countries. These differences in demographics and 
healthcare processes could potentially affect outcomes. Clarifying the differences and 
the resulting effects by comparing trauma system characteristics and demographics 
internationally might help us identify modifiable factors that could improve outcomes.

Since the first introduction of the concept of trauma systems, the trade-off between 
centralization of care and accessibility of trauma centers has been controversial. On the 
one hand, centralization of care resulting in higher hospital volumes will increase the 
expertise of the trauma teams and pose organizational and process of care advantages. 
On the other hand, trauma center accessibility and population coverage could be better 
achieved by multiple, and consequently smaller-volume trauma centers. Given that the 
advantages and disadvantages of these differing organizational approaches have not 
been rigorously studied, the ideal trauma center configuration is still unknown. There 
is a need for a generally applicable model that could be modified to a trauma region’s 
needs, based on local injury data, capacity, and demographical data. Identifying factors 
that influence trauma center accessibility, such as traffic flow, in combination with -for 
example- population coverage, is essential in order to determine the optimal geographic 
location of trauma centers in a certain region.

As important as it is to seek structural improvement in broad organizational aspects, 
the care of the individual patient and the improvements we can create on a case-by-case 
base are equally important. One of the areas in which progress is direly needed relates 
to the nutrition therapy of trauma patients, particularly during the acute phase of care. 
About 20-40% of all hospitalized patients are affected by malnutrition, a percentage that 
is even higher in critically ill patients.45-48 Malnutrition is considered a risk factor for poor 
clinical outcomes, such as higher morbidity and mortality, in hospitalized patients.45, 49-51 
However, little is known about the influence of malnutrition in trauma patients during 
hospitalization. More insight into malnutrition, how to recognize it and eventually 
prevent it, is necessary. Therefore, the Department of Trauma Surgery of the Leiden Uni-
versity Medical Center, initiated in collaboration with its American research partners a 
multi-center prospective study to investigate the occurrence and effect of malnutrition 
in trauma patients admitted to the Intensive Care Unit.

Aim and outline of this thesis

Differences in trauma care between countries result in inconsistent care and present an 
opportunity to identify areas of improvement. The primary aim of this thesis is to ana-
lyze the presence and structure of trauma systems and evaluate specific care-delivery 
processes and their parameters. The second aim is to evaluate one of these parameters, 
the role of the nutritional status in the outcome of polytrauma patients.
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Chapter 2 gives an overview of the current state of trauma systems globally. Chapter 
3 aims to compare the demographics, injury characteristics, and outcomes of patients 
with blunt polytrauma treated in two comparable, urban, academic, Level I Trauma Cen-
ters, one in the United States and the other one in the Netherlands. Chapter 4 discusses 
the characteristics and outcomes of patients with penetrating injuries treated at multiple 
urban level-1 trauma centers in the United States and the Netherlands. Chapter 5 intro-
duces a new model for the quantification of the effects of trauma center distribution on 
transportation time. In chapter 6 we aim to evaluate the impact of structured trauma 
care on the concentration of severely injured patients over time. Chapter 7 provides an 
overview of the current knowledge about the pathophysiology, prevalence, and effects 
of malnutrition in severely injured patients. Chapter 8 shows the proportion of total 
caloric and protein deficit that is attributable to the RAMP-UP protocol (i.e. initiating 
enteral nutrition (EN) at a low rate and slowly increasing the rate) in patients admit-
ted to the Surgical Intensive Care Unit. Chapter 9 discusses the study protocol of the 
international multicenter prospective Malnutrition in Polytrauma Patients [MaPP] study, 
which aims to describe the effect and consequences of malnutrition in polytrauma 
patients admitted to the Intensive Care Unit. In chapter 10 a discussion on the topics 
described above is presented, as are the future perspectives and potential implications 
of the findings in this thesis.
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Abstract

Background

Implementation of trauma care systems has resulted in improved patient outcomes, but 
international differences obviously remain. Improvement of care can only be established 
if we recognize and clarify these differences. The aim of the current review is to provide 
an overview of the recent literature on the state of trauma systems globally.

Methods

The literature review over the period 2000 to 2016 was conducted following the Pre-
ferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. Prehospital 
care, acute hospital care and quality assurance were classified using the World Health 
Organization Trauma System Maturity Index in four levels from I (least mature) to IV 
(most mature).

Results

The search yielded 93 articles about trauma systems in 32 countries: 23 high-income 
(HI), 8 middle-income (MI) countries and 1 low-income (LI) country. Trauma-related 
mortality was highest in the MI and LI countries. Level IV prehospital care with Advanced 
Life Support was established in 19 HI countries, in contrast to the MI and LI countries 
where this was only reported in Brazil, China, and Turkey. In 18 HI countries, a Level III/IV 
hospital-based trauma system was implemented, whereas in nine LI- and MI countries 
Level I/II trauma systems were seen, mostly lacking dedicated trauma centers and teams. 
A national trauma registry was implemented in 10 HI countries.

Conclusion

Despite the presence of seemingly sufficient resources and the evidence-based benefits 
of trauma systems, only nine of the 23 HI countries in our review have a well-defined 
and documented national trauma system. Although 90% of all lethal traumatic injuries 
occur in middle and LI countries, according to literature which our study is limited to, 
only few of these countries a hold formal trauma system or trauma registry. Much can be 
gained concerning trauma systems in these countries, but unfortunately, the economic 
situation of many countries may render trauma systems not at their top priority list.
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Introduction

Trauma is a major health problem worldwide and the leading cause of death in people 
younger than 45 years.1 Each year about 5 million people die as a result of traumatic 
injuries, of which 90% occur in low-income (LI) and middle-income (MI) countries.2 A 
study by Mock et al.3 showed that mortality due to trauma is inversely related to the 
economic level of a country. According to their results, an injured patient in Ghana is 
almost twice as likely to die as a patient with the same injuries in the United States. 
These differences are even more dramatic for multiple injuries patients (Injury Severity 
Score ≥ 16), for whom the mortality rate is six times higher in LI countries compared with 
high-income (HI) countries.4

In HI countries, the implementation of trauma care systems has led to a significant 
decrease in mortality and disability. It is estimated that improvements in trauma care 
systems worldwide may prevent about one third of injury-related deaths.1 However, 
these improvements come at a cost, and the economic situation of many countries 
may render trauma systems not at their top priority list. The World Health Organization 
(WHO) published guidelines for essential trauma care and for trauma quality improve-
ment programs to reduce the trauma-related mortality differences between the HI 
and LI countries.2 Still, the management of trauma requires personnel for a preferably 
multidisciplinary approach, not only within the hospital, but also for prehospital care. 
The American College of Surgeons-Committee on Trauma (ACS-COT) identified several 
aspects as crucial for optimal trauma care.5 Education, adequate resources, and an orga-
nized system need to be in place. The presence or absence of all of these individual parts 
of the chain of trauma care determines the potential for existence of a trauma system. 
The goal of this review is to give an overview of the similarities and differences of trauma 
systems around the world, based on the available literature. In this review, we focused 
on prehospital care, acute hospital care, and quality assurance.

Materials and Methods

The review was conducted according to the preferred reporting items for systematic 
reviews and meta-analyses statement.6

Search Strategy and Article Selection

An extensive literature search in PubMed was performed with the help of an experienced 
medical librarian in June 2016. We used the following search terms: “Traumatology/orga-
nization and administration,” “trauma management,” “trauma system,” “emergency medical 
services,” “emergency medical service,” “trauma care system,” “trauma care,”“ prehospital 
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care,” “trauma registry,” “national,” “nationwide,” “global,” “worldwide.” The exact search 
strategy is provided in the Appendix. Title and abstract of identified articles were screened 
for relevancy. Articles from 2000 until June 2016 were included. The full text of selected ar-
ticles was retrieved. Articles providing descriptive national data on trauma epidemiology, 
prehospital care, acute hospital care, and quality assurance were included in the definite 
selection. To provide a comprehensive overview, we aimed to include at least one article 
from a country in every continent. Articles that primarily focused on pediatric trauma 
systems were excluded. Also, when an article provided information about just one param-
eter (prehospital care, acute hospital care, or quality assurance), this article was excluded 
from the review. Furthermore, only articles in English, German, and Dutch were included. 
The reference lists of the included articles were screened for additional relevant articles. 
Also, official websites mentioned in the publications (ACS, WHO, German Trauma Register, 
Canadian Institute for Health Information) were accessed to obtain recent and valid data.

Classification of Trauma Systems

The level of prehospital care, acute hospital care, and quality assurance in each country 
was scored according to the Trauma System Maturity Index. This index was developed 
by the WHO to assess and determine the maturity of trauma systems within countries, 
according to a classification in four levels ranging from Level I maturity (least mature) 
to Level IV maturity (most mature) (Table 1).7 It is of interest to note that this classifica-
tion is the opposite of the classification of trauma centers by the ACS-COT, in which the 
Level I trauma centers provide the highest level of trauma care. If there were differences 
noted in trauma system implementation within countries, such as in the United States, 
we generalized the information based on the available literature to be able to classify 
the country within one level.

Prehospital Care

The level of prehospital trauma care and the level of education and training of emer-
gency medical services (EMS) personnel are both important factors for the outcome of 
patients.8 Level of prehospital care was scored according to the Trauma System Maturity 
Index (Table 1). Levels I and II of the prehospital care maturity index reflect “unorganized 
prehospital care.” In these levels, no formal Emergency Medical Service (EMS) system is 
implemented, and patients are transported to the hospitals mostly by private or public 
vehicles.9 Levels III and IV of the prehospital care maturity index reflect well- established 
and organized prehospital care systems with the difference that in Level IV systems, a 
formal lead agency and legislative system is established.

Two types of EMS systems and prehospital care training were distinguished, based on 
an article by Roudsari et al.9 In Basic Life Support (BLS) EMS systems, noninvasive care is 
given by emergency medical technicians, whereas in Advanced Life Support (ALS) EMS 
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systems, more sophisticated and invasive therapy is given by either medical technicians 
or physicians (Doc-ALS). For countries where prehospital care is not provided by person-
nel with a training, the type of EMS system was scored as “no formal training.”

Acute Hospital Care

The level of facility-based trauma care was scored according to the WHO Trauma System 
Maturity Index (Table 1). In contrast to the ACS-COT criteria, the Level I and II maturity 
categories of the WHO Trauma System Maturity Index concerns acute hospital care for 
which no formal hospital-based trauma system is implemented. Also, resources are not 
always available, and the methods of referring patients are not always clear. Level III 
hospital-based care provides comprehensive trauma care but without a formal network, 
with a lead agency but no formal accreditation and verification by the (federal) govern-
ment in place. In Level IV hospital-based trauma care verification and accreditation by 
the government is in place, and a lead agency is established with mandate to supervise 
trauma care. Also, the presence of dedicated Level I trauma centers according to the 
ACS-COT guidelines and of dedicated trauma teams were scored.

Education and Training

Besides the level of the facility-based trauma care, the level of education and training of 
hospital personnel according to the WHO Trauma System Maturity Index (Table 1) and 
the implementation of Advanced Trauma Life Support (ATLS) or equivalent courses were 
scored for each country.

Quality Assurance

The level of quality assurance was scored according to the WHO Maturity Index (Table 1). 
Also, the presence or absence of a trauma registry was recorded, since this is considered 
to be a key element of a mature trauma care system and to form the basis of quality 
assurance programs.10

Data Extraction

Two independent readers (S.D. and C.N.) classified the trauma systems according to the 
parameters described above. They classified data from the included papers and other 
mentioned sources using a predesigned data extraction form. Disagreement on scores 
was resolved by consensus discussion, if needed with involvement of the senior authors.

The trauma-related mortality rate in each country was derived from data of the WHO.11

The development of trauma systems comes at a cost, and the economic welfare is pos-
sibly related to the development of trauma systems. Therefore, the economic income 
level of the countries described in the selected articles was classified according to data 
of the World Bank.12
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ResULts

selection of Articles

The search identifi ed 2,728 articles. After removal of duplicates and screening the titles 
and abstracts for relevance, 231 full-text articles were screened for eligibility. After ap-
plication of the exclusion criteria, 63 articles on trauma systems in 32 countries were 
included (Fig. 1). Additionally, 30 references were identifi ed through the other sources. 
Articles with data from countries in all continents were included. All 14 included Euro-
pean countries as well as two North-American countries and two countries in Oceania 
were classifi ed as HI. Of the included countries in Africa, one was classifi ed as HI, one as 
LI, and two as MI countries. Four countries in Asia were classifi ed as HI, and fi ve as MI 
(Table 2). The trauma-related mortality rates are summarized also by sex in Table 2.

Figure 1. Flowchart search strategy
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Prehospital Care

In all low and middle economic income level countries described in this review, a well-
organized prehospital care system is absent or still in its early stages, and a substantial 
part of the injured patients is not transported to hospital by specialized EMS vehicles 
(Table 2).13,16,36 In most of these countries, the persons involved in the transport of injured 
patients had not followed any form of certified training.19,25,36 Differences in access to 
prehospital care between the cities and rural areas were reported for some countries.19,27 
The Seychelles Islands formed an exception in this group being an HI country lacking a 
prehospital system.15

Levels III and IV of the prehospital care were typically found in HI countries and up-
coming upper MI countries, such as Brazil, China, and Turkey (Table 2). In China and 
Turkey, an educational system for paramedics was implemented, and in Brazil, the 
government was prioritizing education programs on emergency medicine.20,37,68 In 
these EMS systems, certified EMS personnel provided BLS or ALS. In many countries with 
formally trained EMS personnel, such as New Zealand, Croatia, and Saudi Arabia, the 
organization of prehospital care, and type and skills of EMS personnel was dependent 
on the national geography, with a lower level of life support available in the more rural 
areas.33,40,72 Although the prehospital care trauma systems in HI countries were well 
established and organized, they were not entirely similar. Differences existed not only 
with regard to EMS personnel training skills but also in the organization of prehospital 
care. In many European countries, ambulances were staffed with both highly trained 
paramedics and physicians, depending on the severity of the injuries29,38,41,45,50,54,57,59,60,63, 
whereas in, for example, the United States, Hong Kong, and Japan, the EMS system was 
entirely run by paramedics.23,31,65 In most countries, ground ambulances formed the core 
of the EMS system. Differences were noticed in the number of helicopters and dispatch 
criteria for helicopter EMS. Mostly, helicopters were used to enable rapid transporta-
tion of severely injured patients to the trauma center.63,65 The use of helicopters was 
not only dependent on the earlier mentioned criteria but also on the geographical 
differences between countries. Helicopters were used less frequently in the smaller 
and more densely populated countries, whereas countries, such as Canada, Australia, 
and the Scandinavian countries with less densely populated areas relied more on air 
transport.8,41,45,46,51,60,63,70

Acute Hospital Care

Facility-Based Trauma Care
Levels I and II hospital-based trauma care based on the WHO Trauma System Maturity 
Index was mostly found in LI and MI countries with maturing trauma systems, such as 
India, Iran, Saudi Arabia, Brazil, Thailand, Ghana, and China (Table 2). In many countries, 
a formal hospital trauma care pathway was lacking and surgical residents or general 
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surgeons were responsible for the initial care of the injured patients. Their availability, 
however, was far less than 24/7 in many hospitals. 14,19,21,36 Differences between hospitals 
in the urban and rural areas were seen within countries, well-trained personnel and 
advanced facilities were available in large hospitals located in more urban areas, resem-
bling level III facility based care, but were not available in rural regions of, for example, 
Saudi-Arabia, India, and Iran.26,28,34

In most HI countries, some form of hospital trauma care pathway was documented. 
In WHO Trauma System Maturity Index Level III hospital-based care, severely injured 
patients were often attended to by a physician trained in emergency medicine or by 
a general surgeon. Several differences between countries were found. For example, a 
trauma team was implemented in 88% of the hospitals that receive trauma patients in 
Norway, but only in 20% of those hospitals in Finland.41,42,53 The care in the majority of 
trauma receiving hospitals is organized ad hoc, mostly without having legislation and 
protocols for transfer, triage and management in place.37,38,40,44,50,51,58,72,73 A different situ-
ation is found in South Africa, which had seven specialized trauma centers spread over 
the country with an experienced general surgeon and immediately available surgical 
facilities, however, without a formal network.17

Level IV hospital-based care according to the WHO Trauma System Maturity Index 
was primarily seen in the HI countries with dedicated trauma centers and trauma teams. 
Many countries based their trauma system and the distribution of trauma centers on the 
criteria set by the American College of Surgeons-Committee on Trauma (ACS-COT) pub-
lished in 1999.5 As a consequence of the implementation of these guide- lines, trauma 
care became increasingly regionalized first in the United States, and subsequently in 
many other countries, such as Canada, Hong Kong, Australia, The United Kingdom, Israel, 
the Netherlands, and Germany.24,45,46,54,61,63,66,70 However, other organizational models are 
seen, for instance, in Japan, where a three-tiered trauma care system has been imple-
mented.32 Despite the well-implemented trauma systems in these countries, there are 
still differences in organization of trauma care and the distribution of trauma centers 
due to local policies, population density, and geographical differences.46,63 At a facility 
base level, it was seen that what all these countries have in common is that they imple-
mented a system with dedicated trauma centers and dedicated trauma teams (Table 2). 
Various studies in numerous countries have shown that inclusive trauma systems result 
in an overall lower mortality risk for severely injured patients.55,56,74

Education and Training
ATLS courses are given in 28 of the 32 countries included in this review75, although this 
training has not been implemented nationwide in many LI and MI countries. However, 
efforts for improvement are undertaken, for instance, in India which participated in the 
Essential Trauma Care Project since 2003 and in Saudi Arabia where a trauma system 
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Table 2. Trauma System Characteristics

Continent/
Country

Economic
income
level 12

Trauma-
related 
mortality 
per 100,000 
Population11

Prehospital care Acute Hospital Care Quality assurance

WHO 
level of 
Prehospital 
Trauma 
Care7

Education and 
training of EMS 
Personnel9

WHO level 
of Facility 
Based 
Trauma 
Care 7

Dedicated 
level-1 
trauma 
centers

Trauma team WHO level 
of Education 
and Training7

ATLS or equivalent 
course 60

WHO level 
of Quality 
Assurance 7

Trauma registry

Africa

Ghana13,14 Lower Middle ♂ 100.1
♀ 41.1

I No formal training I/II No I/II No national trauma registry

Seychelles15 High ♂ 81.7
♀ 17.2

I/II No formal training I/II No No II Yes (Mass Casualty 
Incident Responder 
Course)

South Africa16–18 Upper Middle ♂ 93.9
♀ 34.7

II/III No formal training II/III Yes No II/III Yes II Hospital-based registries

Zimbabwe19 Low ♂ 86.8
♀ 26.9

II No formal training I No II

Asia

China20–22 Upper Middle ♂ 86.3
♀ 53.1

III ALS/BLS I/II No II Initiatives for, Chinese National Injury 
Surveillance System

Hongkong23,24 High ♂ n/a
♀ n/a

IV ALS IV Yes Yes IV Yes III Trauma registries in trauma centres, no 
central system

India25,26 Lower Middle ♂ 103.0
♀ 26.6

I/II No formal training I/II No No II Yes II Hospital based registries

Iran27,28 Lower Middle ♂ 108.4
♀ 43.2

I/II No formal training I/II No No II Yes I No trauma registry established.

Israel29,30 High ♂ 37.8
♀ 17.4

IV ALS/BLS IV Yes Yes IV Yes IV Israel National Trauma Registry

Japan31,32 High ♂ 76.1
♀ 46.4

IV ALS IV Yes No IV Yes (and JATEC) IV Japan Trauma Data Bank

Saudi Arabia33–35 High ♂ 89.9
♀ 26.9

II BLS I/II No I/II Yes II Currently building a nationwide 
surveillance system for injury

Thailand36 Upper Middle ♂ 169.9
♀ 46.3

I/II No formal training II No No II Yes

Turkey37 Upper Middle ♂ 42.8
♀ 13.6

IV ALS II/III No No III No (Turkish Association 
for Trauma and 
Emergency)

Europe

Belgium38,39 High ♂ 72.7
♀ 44.6

IV ALS III No No IV Yes (European trauma 
course)

Croatia39,40 High ♂ 92.1
♀ 45.1

III ALS/BLS III Yes No II/III No III Joining EuroTARN

Finland41–43 High ♂ 114.7
♀ 45.6

IV ALS III No Yes (20% 
trauma team)

III Yes III Hospital based registries, some hospitals 
join TARN

France44 High ♂ 74.1
♀44.5

IV ALS III No No III Yes III Regional and hospital based Registries

Germany45–47 High ♂ 48.6
♀ 29.3

IV ALS Yes Yes IV Yes IV TraumaRegister DGU
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Table 2. Trauma System Characteristics

Continent/
Country

Economic
income
level 12

Trauma-
related 
mortality 
per 100,000 
Population11

Prehospital care Acute Hospital Care Quality assurance

WHO 
level of 
Prehospital 
Trauma 
Care7

Education and 
training of EMS 
Personnel9

WHO level 
of Facility 
Based 
Trauma 
Care 7

Dedicated 
level-1 
trauma 
centers

Trauma team WHO level 
of Education 
and Training7

ATLS or equivalent 
course 60

WHO level 
of Quality 
Assurance 7

Trauma registry

Africa

Ghana13,14 Lower Middle ♂ 100.1
♀ 41.1

I No formal training I/II No I/II No national trauma registry

Seychelles15 High ♂ 81.7
♀ 17.2

I/II No formal training I/II No No II Yes (Mass Casualty 
Incident Responder 
Course)

South Africa16–18 Upper Middle ♂ 93.9
♀ 34.7

II/III No formal training II/III Yes No II/III Yes II Hospital-based registries

Zimbabwe19 Low ♂ 86.8
♀ 26.9

II No formal training I No II

Asia

China20–22 Upper Middle ♂ 86.3
♀ 53.1

III ALS/BLS I/II No II Initiatives for, Chinese National Injury 
Surveillance System

Hongkong23,24 High ♂ n/a
♀ n/a

IV ALS IV Yes Yes IV Yes III Trauma registries in trauma centres, no 
central system

India25,26 Lower Middle ♂ 103.0
♀ 26.6

I/II No formal training I/II No No II Yes II Hospital based registries

Iran27,28 Lower Middle ♂ 108.4
♀ 43.2

I/II No formal training I/II No No II Yes I No trauma registry established.

Israel29,30 High ♂ 37.8
♀ 17.4

IV ALS/BLS IV Yes Yes IV Yes IV Israel National Trauma Registry

Japan31,32 High ♂ 76.1
♀ 46.4

IV ALS IV Yes No IV Yes (and JATEC) IV Japan Trauma Data Bank

Saudi Arabia33–35 High ♂ 89.9
♀ 26.9

II BLS I/II No I/II Yes II Currently building a nationwide 
surveillance system for injury

Thailand36 Upper Middle ♂ 169.9
♀ 46.3

I/II No formal training II No No II Yes

Turkey37 Upper Middle ♂ 42.8
♀ 13.6

IV ALS II/III No No III No (Turkish Association 
for Trauma and 
Emergency)

Europe

Belgium38,39 High ♂ 72.7
♀ 44.6

IV ALS III No No IV Yes (European trauma 
course)

Croatia39,40 High ♂ 92.1
♀ 45.1

III ALS/BLS III Yes No II/III No III Joining EuroTARN

Finland41–43 High ♂ 114.7
♀ 45.6

IV ALS III No Yes (20% 
trauma team)

III Yes III Hospital based registries, some hospitals 
join TARN

France44 High ♂ 74.1
♀44.5

IV ALS III No No III Yes III Regional and hospital based Registries

Germany45–47 High ♂ 48.6
♀ 29.3

IV ALS Yes Yes IV Yes IV TraumaRegister DGU
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Table 2. Trauma System Characteristics (continued)

Continent/
Country

Economic
income
level 12

Trauma-
related 
mortality 
per 100,000 
Population11

Prehospital care Acute Hospital Care Quality assurance

WHO 
level of 
Prehospital 
Trauma 
Care7

Education and 
training of EMS 
Personnel9

WHO level 
of Facility 
Based 
Trauma 
Care 7

Dedicated 
level-1 
trauma 
centers

Trauma team WHO level 
of Education 
and Training7

ATLS or equivalent 
course 60

WHO level 
of Quality 
Assurance 7

Trauma registry

Greece48,49 High ♂ 54.0
♀ 14.3

III ALS No No II/III Yes II Hospital and multiregional registries

Italy39,50 High ♂ 49.7
♀ 32.6

IV ALS No IV Yes III Hospital based registries, initiatives to 
implement national trauma registry, 
EuroTARN

Ireland51,52 High ♂ 52.6
♀ 21.7

III ALS/BLS No Yes IV Collaborating with the TARN, 
implementing Major Trauma Audit

Norway41,43,53 High ♂ 62.3
♀ 39.3

IV ALS/BLS No Yes IV Yes III Individual or hospital based registries, 
working toward national registry 
(Kvalitetsregister i traumasjukvården 
(Kvittra)

the Netherlands54–56 High ♂ 36.8
♀ 28.2

IV ALS Yes Yes IV Yes IV National Trauma Registry

Scotland57,58 High ♂ 43.2
(= UK 
numbers)
♀ 26.8

III ALS No No III Yes IV STAG

Spain59 High ♂ 45.6
♀ 26.4

IV ALS No No III Yes II No nationwide trauma registry, 
initiatives in autonomous regions

Sweden41,43 High ♂ 64.1
♀ 37.6

IV ALS No IV Yes III Individual or hospital based registries, 
initiatives for national registry

United Kingdom60–62 High ♂ 43.2
♀ 26.8

IV ALS Yes Yes IV CNIII Yes IV TARN

North America

Canada63,64 High ♂ 52.7
♀ 29.9

IV ALS Yes Yes III Yes III Canadian National Trauma Registry 
(1997–2014), currently regional trauma 
registries

USA65–67 High ♂ 83.3
♀ 38.0

IV ALS Yes Yes IV Yes IV National Trauma Data Bank

South America

Brazil68,69 Upper Middle ♂ 125.7
♀ 27.5

II/III BLS No Yes I/II No National Trauma Data Bank

Oceania

Australia24,67,70,71 High ♂ 50.0
♀ 24.8

IV ALS Yes. Yes IV Yes (and Emergency 
Management of Severe 
Trauma course)

IV NTRC

New Zealand71–73 High ♂ 56.8
♀ 28.2

III ALS/BLS Yes No III Yes (and Emergency 
Management of Severe 
Trauma course

IV NTRC

JATEC, Japan advanced trauma evaluation and care course;
NTRC, National Trauma Registry Consortium; STAG, Scotland Trauma Audit Group;
TARN, Trauma Audit & Research Network.
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Table 2. Trauma System Characteristics (continued)
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centers

Trauma team WHO level 
of Education 
and Training7

ATLS or equivalent 
course 60

WHO level 
of Quality 
Assurance 7

Trauma registry
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the Netherlands54–56 High ♂ 36.8
♀ 28.2

IV ALS Yes Yes IV Yes IV National Trauma Registry

Scotland57,58 High ♂ 43.2
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numbers)
♀ 26.8

III ALS No No III Yes IV STAG

Spain59 High ♂ 45.6
♀ 26.4

IV ALS No No III Yes II No nationwide trauma registry, 
initiatives in autonomous regions

Sweden41,43 High ♂ 64.1
♀ 37.6

IV ALS No IV Yes III Individual or hospital based registries, 
initiatives for national registry

United Kingdom60–62 High ♂ 43.2
♀ 26.8

IV ALS Yes Yes IV CNIII Yes IV TARN

North America

Canada63,64 High ♂ 52.7
♀ 29.9

IV ALS Yes Yes III Yes III Canadian National Trauma Registry 
(1997–2014), currently regional trauma 
registries

USA65–67 High ♂ 83.3
♀ 38.0

IV ALS Yes Yes IV Yes IV National Trauma Data Bank

South America

Brazil68,69 Upper Middle ♂ 125.7
♀ 27.5

II/III BLS No Yes I/II No National Trauma Data Bank

Oceania

Australia24,67,70,71 High ♂ 50.0
♀ 24.8

IV ALS Yes. Yes IV Yes (and Emergency 
Management of Severe 
Trauma course)

IV NTRC

New Zealand71–73 High ♂ 56.8
♀ 28.2

III ALS/BLS Yes No III Yes (and Emergency 
Management of Severe 
Trauma course

IV NTRC

JATEC, Japan advanced trauma evaluation and care course;
NTRC, National Trauma Registry Consortium; STAG, Scotland Trauma Audit Group;
TARN, Trauma Audit & Research Network.
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with internationally accepted trauma courses was being implemented since 2010.26,34 
Although, in South Africa, a similar situation is seen, where not every surgeon is be-
ing trained according to ATLS course, this seems to be compensated for by the high 
exposure and experience with trauma.17

In the HI countries, differences regarding the implementation of trauma courses were 
noticed as well. Some countries, such as Turkey, have implemented their own course 
or combined the ATLS course with another course. Examples of such courses included 
the Emergency Management of Severe Trauma in Australia and New Zealand, the Japan 
Advanced Trauma Evaluation and Care course in Japan and the European Trauma Course 
in Belgium.37,38,72,73 The availability of a training program in a country did not necessarily 
mean that all trauma care doctors in a hospital were trained accordingly.40,41,45,48,54

Quality Assurance

Despite the major trauma burden, in LI and MI countries, trauma registries are generally 
not part of the trauma care system (Table 2).76 Apart from local and private initiatives in 
some of these countries, there was no nationwide trauma registry in India, South Africa, 
Iran, Brazil, Saudi Arabia, Spain, Ghana, and China at the dates of publication of these 
articles.14,18,20,22,26,28,69 In many countries, the need for a trauma registry is acknowledged, 
for example, in 2015, Saudi Arabia initiated plans for a nationwide trauma registry.35

Mainly, the HI countries had nationally implemented trauma registries based on strict 
criteria, which subsequently would be classified as a Level IV trauma registry.24,30,45,58,67 
Several international collaborations in the field of trauma registries were seen. Some 
contribute to the German Trauma Register-DGU, United Kingdom and Ireland are col-
laborating within the Trauma Audit & Research Network, Australia and New Zealand 
established the binational National Trauma Registry Consortium, and the Scandinavian 
countries are collaborating in the Scandinavian Trauma Registry.43,47,51,62,67,71 Some Euro-
pean countries that were classified as having Level III quality assurance, such as Croatia 
and Italy, did not have a national trauma registry but worked together since 2007 in 
creating a European database, the EuroTARN.39 In other countries without a nationwide 
trauma registry, local initiatives were present, for example, in Greece, only 40% of the 
health care facilities contributed to the trauma registry, and in 2009, some autonomous 
regions in Spain had shown initiatives to implement a registry.49,59 In contrast, the Ca-
nadian National Trauma Registry, which was established in 1997, was closed in 2014 for 
diverse reasons, such as availability of data elsewhere and changing priorities.64
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Discussion

The goal of this article is to give an international overview of the trauma systems world-
wide, based on the available literature over the past 16 years. Despite internationally 
accepted standards and several initiatives by the WHO, it is apparent that there are still 
important differences between the organization and maturity of trauma care systems 
worldwide. Mature trauma systems are implemented in all included HI countries, whereas 
these are absent in most of the LI and MI countries, despite their high trauma burden. It 
seems that improvements in trauma care are, at least in part, related to a country’s level 
of economic welfare. Mock et al.3 suggested that increased economic welfare most likely 
first led to a reduction of prehospital trauma deaths due to improvements in prehospital 
care. This assumption is supported by historic data from the United States, where a de- 
crease in prehospital deaths was seen over time.77 On the other hand, a global rise in 
motor vehicle ownership in countries with increasing welfare is expected to lead to an 
increase in deaths due to road traffic crashes from 1.3 million deaths currently to 1.9 
million deaths worldwide in 2020.78 Although this is not a part of the trauma system, 
also preventive measures including legislation and improvement of infrastructure are 
needed to decrease trauma-related mortality in upcoming economies.78 Research has 
shown that measures aimed at prevention, prehospital care, and in-hospital care are 
cost-effective in decreasing mortality of injured patients.3

Several initiatives, such as the Essential Trauma Care Project, have been initiated by 
the WHO to improve trauma care worldwide with affordable and reasonable minimum 
standards of care. Basic innovations have had a major effect on trauma care which offers 
leads for further development of trauma systems in several countries. For example, the 
collaboration between the government of Ghana and the Essential Trauma Care Project 
has led to initiatives to implement a National Ambulance.79 A systematic review by La-
Grone et al.80 concerning the implementation of the guidelines of the Essential Trauma 
Care project showed that 40% of all LI countries and 30% MI countries documented 
some form of implementation of the Essential Trauma Care Project Guidelines. However, 
in only 14% of the countries, this implementation led to the formulation of policy. This 
trend is also seen in the implementation of trauma registries. It has been acknowledged 
worldwide that trauma registries are important for assessing and evaluating the de-
velopment and improvement of global trauma care and quality assurance programs.10 
However, this review showed that a nationwide trauma registry is absent in most coun-
tries, especially in MI and LI countries (Table 2). The implementation of a trauma registry 
not only requires a central organization but also a digital infrastructure and trained staff. 
Subsequently maintaining an implemented trauma registry is costly.10 However, the lack 
of any form of trauma registry has a negative impact on the development of a mature 
trauma system and the implementation of rules and regulations concerning trauma 
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care.26 The development and worldwide implementation of an internationally accepted 
minimum set of data on trauma patients could facilitate and improve future trauma care 
improvement projects.

Limitations

This review has some limitations. First, we used the most commonly used instrument for 
classifying trauma systems, the WHO trauma system maturity index.7 We had difficulty, 
however, to apply the level criteria of the index for some countries information. Espe-
cially if specific criteria were not mentioned and some of the criteria within one level 
were not met. If we hesitated between two levels, we chose to assign the higher level. 
A classification system with less composite levels and clearer criteria would help to clas-
sify trauma systems in a less ambiguous manner. For countries in which trauma care is 
organized on a federal or regional level, such as the United States, possible differences in 
the levels of care between the federal or regional trauma systems could not be identified 
due to a lack of data. Second, the literature on which we based the review was published 
over a period of 16 years. Although we did our best to retrieve the most up-to-date 
information available and did not include articles published before to the year 2000, 
some countries will have improved their trauma systems since the publication of the 
selected articles in this review. Improvements that had not been published and of which 
we were not aware could thus not be addressed in this review. Similarly, some countries 
may not have published about their trauma system at all. Finally, the methodological 
quality of the selected articles could not be assessed, because we are not aware of an 
instrument that can be used to evaluate the quality of this type of descriptive literature.

Conclusion

Despite the presence of seemingly sufficient resources and the evidence-based benefits 
of trauma systems, only nine of the 23 HI countries in our review have a well-defined 
and documented national trauma system. In most MI and LI countries, a formal trauma 
system is absent despite the high trauma burden in these countries. Much can be gained 
by improving trauma systems in these countries, but unfortunately, it also is apparent 
that trauma system development depends, at least in part, on the economic welfare.
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Appendix I: search strategy

Years: 2000-2016
(“trauma management”[ti] OR “Traumatology/organization and administration”[Mesh] 
OR “trauma system”[ti] OR “trauma systems”[ti] OR “polytrauma”[ti] OR “polytraumas”[ti] 
OR “poly trauma”[ti] OR “poly traumas”[ti] OR “trauma care systems”[ti] OR “trauma care 
system”[ti] OR “ trauma care” [ti] OR “emergency medical services” [ti] OR “emergency 
medical service” [ti] OR “ prehospital care” [ti] OR “pre-hospital care” [ti] OR “trauma regis-
try” [ti] OR “ trauma registries” [ti] ) AND (“Geographic Locations”[Mesh] OR “national”[tw] 
OR “nationwide”[tw] OR “global”[tw] OR “worldwide”[tw])
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Abstract

Background

Modern trauma systems differ worldwide, possibly leading to disparities in outcomes. 
We aim to compare characteristics and outcomes of blunt polytrauma patients admitted 
to two Level 1 Trauma Centers in the US (USTC) and the Netherlands (NTC).

Methods

For this retrospective study the records of 1367 adult blunt trauma patients with an 
Injury Severity Score (ISS) ≤ 16 admitted between July 1, 2011 and December 31, 2013 
(640 from NTC, 727 from USTC) were analyzed.

Results

The USTC group had a higher Charlson Comorbidity Index (mean [standard deviation] 
1.15 [2.2] vs. 1.73 [2.8], p < 0.0001) and Injury Severity Score (median [interquartile range, 
IQR] 25 [17 - 29] vs. 21 [17 - 26], p < 0.0001). The in-hospital mortality was similar in 
both centers (11% in USTC vs. 10% NTC), also after correction for baseline differences in 
patient population in a multivariable analysis (adjusted odds ratio 0.95, 95% confidence 
interval 0.61–1.48, p = 0.83). USTC patients had a longer Intensive Care Unit stay (median 
[IQR] 4 [2 - 11] vs. 2 [2 - 7] days, p = 0.006) but had a shorter hospital stay (median [IQR] 
6 [3 - 13] vs. 8 [4 - 16] days, p < 0.0001). USTC patients were discharged more often to a 
rehabilitation center (47% vs 10%) and less often to home (46% vs. 66%, p < 0.0001), and 
had a higher readmission rate (8% vs. 4%, p = 0.01).

Conclusion

Although several outcome parameters differ in two urban area trauma centers in the 
USA and the Netherlands, the quality of care for trauma patients, measured as survival, 
is equal. Other outcomes varied between both trauma centers, suggesting that differ-
ences in local policies and processes do influence the care system, but not so much the 
quality of care as reflected by survival.
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Introduction

Despite several internationally accepted standards for trauma care, there is still 
significant variation among countries according to unique national demands and regu-
lations. In the United States of America (U.S.), trauma care is organized according to the 
recommendations set by the American College of Surgeons Committee on Trauma (ACS-
COT).1 With five levels for Trauma Center designation and strict criteria for the resources 
required at each level, trauma care in the U.S. has been regionalized and the outcomes 
have improved after the implementation of the trauma system.2–4

The Dutch trauma system is comparable to the U.S. model in many ways. In 1999, the 
Dutch government designated 10 hospitals as trauma centers in an effort to regionalize 
prehospital patient triage of severely injured patients.5 All hospitals were categorized 
into level 1, 2, or 3 trauma centers, based on nationally adopted trauma level criteria set 
by the Dutch Society for Trauma Surgery and closely resembling the ACS-COT criteria. 
Currently, the Dutch system is organized in eleven trauma regions, with a coordinating 
level 1 trauma center commanding a catchment area of minimally 1.2 million inhabit-
ants in every region.6 In The Netherlands, the implementation of trauma centers has 
reduced the overall mortality risk by 16%, and by 21% in polytrauma patients.7,8

Despite the similarities between the U.S. and the Dutch trauma systems, differences 
do exist, for instance regarding trauma training, patient volumes, type of injuries, pre-
hospital care, distances travelled, and access to rehabilitation, possibly leading to differ-
ences in outcomes of care. The purpose of this study was to compare two urban Level-1 
Trauma Centers, one in the U.S. and the other in the Netherlands, regarding demograph-
ics, injury characteristics, and outcomes of severely injured patients after blunt trauma.

Material and methods

Trauma centers

This retrospective cohort study was performed at the Level 1 Trauma Center of the Mas-
sachusetts General Hospital in Boston, USA (USTC) and two Level 1 locations of Trauma 
Center West Netherlands (NTC), the Haaglanden Medical Center Westeinde and Leiden 
University Medical Center. The same trauma protocols apply for both Dutch trauma 
center locations and a previous study demonstrated that the characteristics of the poly-
trauma patients were similar. No differences were found in in-hospital mortality adjusted 
for clinical predictors between both Dutch trauma center locations (unpublished data).

The basic characteristics of trauma organization and management of USTC and NTC 
are summarized in Table 1. Differences were noted in the catchment area, the number of 
patients admitted annually, and the composition of the trauma team.
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The Institutional Review Boards of both trauma centers granted permission for this 
study.

Patients and data collection

All trauma patients admitted to the NTC or USTC following a blunt trauma between July 
1, 2011 and December 31, 2013, older than 16 years of age, and with an Injury Severity 
Score (ISS) of 16 or higher, were included for analysis. Patients who died before arrival or 
in the emergency department were excluded from the analysis. Also, patients who were 
first managed in another hospital before arriving at the NTC or USTC were excluded.

Patients were identified in the trauma registries of the two trauma centers. 9,10 Data 
obtained from the trauma registries were supplemented in identical databases in each 
TC by information acquired from the electronic medical records.

Table 1. Characteristics of trauma systems

NTC USTC

Level trauma center 1 1

Number of locations 2 1

Hospital catchment area Urban area 2 million 
inhabitants

Urban area 6.0 million 
inhabitants

Total number of trauma patients/year 2270 2500

Polytrauma patients/ year 400 600

ATLS training Yes Yes

Protocol ‘Management of polytrauma’ Yes No

Specific criteria for activation of the trauma team Yes Yes

24/7 in house coverage Yes (junior surgical resident, 
under close supervision of an 
attending surgeon)

Yes (attending surgeon)

CT-scan available at ED In 1 of 2 locations Yes

X-ray/ultrasound available at ED Yes Yes

Operating room available 24/7 Yes Yes

OR-team available 24/7 Yes, on call Yes

ICU bed available Yes Yes

Trauma team members Attending surgeon, 
surgical resident, 
emergency physician, an 
anesthesiologist, intensive 
care doctor, radiologist, 
ICU-nurse, two emergency 
department nurses and an 
OR-nurse

Attending surgeon, fellow 
in trauma surgery (junior 
attending), senior resident, 
intern, ED senior resident, 
ED junior resident, nurse 
practitioner

Other specialties available for consultation Yes Yes
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Data

Demographic data, type and severity of injuries classified according to the Abbreviated 
Injury Scale (AIS update 1998)11, Injury Severity Score (ISS)12, and vital signs and Revised 
Trauma Score (RTS) on admission were obtained from the trauma registries.13 Missing 
data for the RTS were determined based on vital signs documented in the hospital 
records in 16.3% of all the cases in both trauma centers. Injuries with AIS code >2 were 
considered serious injuries. Data on comorbidity, intubation, and complications was 
collected from the medical charts. To describe the pre-trauma condition of the patients, 
the age-adjusted Charlson Comorbidity Index (CCI) was calculated by using a Microsoft 
Excel Macro. 14,15The APACHE II score was used to assess the severity of illness of the 
patients admitted to the Intensive Care Unit (ICU).16

The primary outcome was in-hospital mortality. Secondary outcomes included length 
of stay in the hospital (HOS-LOS) and the ICU (ICU–LOS), ventilator-free days, complica-
tions (surgical complications including superficial and deep surgical site infections and 
rebleeding, pneumonia, urinary tract infections (UTI), deep venous thrombosis (DVT) 
and pulmonary embolism), readmission, and discharge disposition.

Statistical analysis

After data collection, the two TC databases were merged for statistical analysis. The de-
mographic and clinical characteristics of the (NTC and USTC populations were compared 
by univariable analysis. Normally distributed continuous variables were summarized as 
mean and standard deviation (SD) and compared using unpaired t-tests. Skewed con-
tinuous data were summarized as median and interquartile range (IQR), and compared 
using Wilcoxon rank sum tests. Categorical variables were summarized as number (%), 
and compared using the Chi-squared test with continuity correction. The odds ratios 
with 95% confidence interval (CI) for in-hospital mortality, ICU-admission, complications 
and (unplanned) readmission after polytrauma in the NTC compared to the USTC were 
calculated using multivariable logistic regression analysis. Multiple linear regression 
analysis was used to calculate the mean difference (with 95% CI) in HOS-LOS and ICU-
LOS between the NTC and USTC. In all multivariable analyses, available relevant clinical 
characteristics (age, gender, CCI, ISS and RTS) were included as independent variables to 
adjust for differences in case mix between the USTC and NTC. In the multivariable analy-
sis for unplanned readmission, discharge disposition was also added as an independent 
variable. In the multiple linear regression analysis used to analyze ICU-LOS the APACHE-
score was also added. For this observational study, no hypothesis was prespecified, and 
therefore no formal sample size was calculated.

Two-sided p-values <0.05 were considered statistically significant. The statistical 
analyses were performed using IBM SPSS Statistics for Windows, version 23 (IBM Corp., 
Armonk, N.Y., USA).
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Results

Comparison of trauma populations

Over the study period, 853 blunt polytrauma patients in the NTC and 1520 patients in 
the USTC met the inclusion criteria. Application of the exclusion criteria resulted in 640 
NTC patients and 727 USTC patients eligible for analysis (Fig. 1).

Table 2 presents the characteristics of the patients in both trauma centers. USTC pa-
tients were more frequently male and had higher CCI and ISS compared to NTC patients. 
Fig. 2 shows that USTC patients had more often serious injuries in the chest (43.6% vs. 
37.8%, p = 0.02) and extremities (29.6% vs. 19.5%, p < 0.0001), as well as injuries in more 
than one body region (47.5% vs. 34.7%, p < 0.0001).

Figure 1. Flowchart of patient selection
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In-hospital mortality

The crude in-hospital mortality rate was 10.0% at the NTC and 10.9% at the USTC (p = 
0.60) (Table 3) with an unadjusted odds ratio for mortality at the NTC compared to the 
USTC of 0.91 (95% CI 0.64- 1.29). After correction for differences in patient populations 
at baseline, the adjusted odds ratio for in-hospital mortality in the NTC compared to the 
USTC was 0.95 (95% CI 0.61-1.48; p = 0.83) (Table 4). Higher age, ISS, and RTS < 12 were 
statistically significant predictors of in-hospital mortality in the model.

Table 2. Patient characteristics

NTC (N = 640) USTC (N = 727) P

Age, mean (SD) 56.5 (21.0) 55.0 (23.0) 0.19

Male, n (%) 398 (62.2) 493 (67.8) 0.03

CCI, median (IQR) 0 (0–2) 0 (0–4) <0.0001

Mean (SD) 1.2 (2.3) 1.8 (2.8)

Trauma mechanism, n (%) 0.03

Road traffic accident 242 (38.4) 280 (38.5)

Fall from height 353 (55.9) 375 (51.6)

Assault 16 (2.5) 34 (4.7)

Other 20 (3.2) 38 (5.2)

ISS, median (IQR) 21 (17–26) 25 (17–29) <0.0001

RTS, n (%) 0.13

RTS 12 447 (69.8) 522 (72.4)

RTS 11 71 (11.1) 57 (7.9)

RTS ≤10 122 (19.1) 142 (19.7)

Initial vital signs at ED

SBP, mean (SD) 145.0 (30.9) 143.7 (32.6) 0.46

HR, mean (SD) 85.0 (20.7) 89.1 (22.6) 0.001

GCS, n (%)

Mild TBI; GCS 13–15 464 (73.2) 542 (75.0) 0.08

Moderate TBI; GCS 9–12 60 (9.5) 45 (6.2)

Severe TBI; GCS 3–8 110 (17.4) 136 (18.8)

APACHE-scorea, median (IQR) 14 (9–24) 20 (15–25) <0.0001 

NTC: Trauma Center West Netherlands; USTC: Massachusetts General Hospital; SD: standard deviation; CCI: 
Charlson Comorbidity Index; ISS: Injury Severity Score; IQR: interquartile range; RTS: Revised Trauma Score; 
SBP: systolic blood pressure in mmHg; HR: heart rate in beats/min; GCS: Glasgow Coma Scale; APACHE: 
Acute Physiology and Chronic Health Evaluation. a In patients admitted to the Intensive Care Unit (n = 303 
in NTC and n = 373 in USTC).
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Secondary outcome measures

HOS-LOS was longer for NTC patients compared to USTC patients (Table 3). Admission 
rates for the ICU were similar for both trauma centers but, when admitted, ICU-LOS was 
longer at the USTC. (Table 3) These results were unchanged after correction for differ-
ences in clinically relevant variables between the patient populations in the multivari-
able analyses (data not shown). In ICU- admitted patients, the number of ventilator-free 
days was also comparable between the two hospitals (Table 3).

DVT occurred more frequently in the USTC patients compared to the NTC patients 
(2.2% vs. 0.3%, p = 0.002). The incidence of other complications was comparable be-
tween the centers.

There was a statistically significant difference in discharge destination between the 
trauma centers (p < 0.0001); more NTC patients were sent home compared to USTC 
patients (66.3% vs. 46.1%), whereas more USTC patients were sent to a rehabilitation 
center (46.8% vs. 9.7%). The unadjusted unplanned readmission rate after the primary 
admission was higher in the USTC (7.6% vs. 4.2%, p = 0.01) (Table 3). This association 
was no longer statistically significant after correction for clinically relevant differences 
in the case mix of the patient populations (odds ratio 0.63, 95% CI 0.35-1.15, p = 0.13). 
Discharge to any other location than home was predictive for readmission in the multi-
variable model (data not shown).

Figure 2. Distribution of injured body regions (AIS >2) by trauma center
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Table 3. Outcomes

NTC (N = 640) USTC (N = 727) P

In-hospital mortality, n (%) 64 (10.0) 79 (10.9) 0.66

HOS-LOS in days, median (IQR) 8 (4-16) 6 (3-13) <0.0001

ICU admission, n (%) 303 (47.3) 373 (51.7) 0.12

ICU-LOS in daysa, median (IQR) 2 (2-7) 4 (2-11) 0.0006

Ventilator-free daysa, median (IQR) 26 (17-28) 26 (14-28) 0.47

Complications

Surgical complicationsb, n (%) 18 (2.5) 11 (1.7) 0.44 

Pneumonia, n (%) 68 (10.6) 91 (12.5) 0.31 

Urinary tract infection, n (%) 47 (7.3) 45 (6.2) 0.46 

Deep venous thrombosis, n (%) 2 (0.3) 16 (2.2) 0.005 

Pulmonary embolism, n (%) 7 (1.1) 11 (1.5) 0.66 

Discharge locationsc, n (%) <0.0001

Home 382 (66.3) 299 (46.1) 

Rehabilitation center 56 (9.7) 303 ( 46.8) 

Nursing facility 104 (18.1) 25 (3.9) 

Other institution 34 (5.9) 21 (3.2) 

Readmission (unplanned)c, n (%) 24 (4.2) 49 (7.6) 0.01

Table 4. Multivariable logistic regression analysis of in-hospital mortality by center, adjusted for differences 
in patient populations at baseline

Factor OR (95% CI) P

Center

USTC 1  

NTC 0.95 (0.61–1.48) 0.83

Age 1.05 (1.03–1.06) <0.0001

Gender

Female 1  

Male 1.14 (0.72–1.81) 0.58

CCI 1.05 (0.96–1.14) 0.31

ISS 1.04 (1.02–1.06) 0.001

RTS

RTS 12 1  

RTS 11 3.44 (1.74–6.82) <0.0001

RTS ≤ 10 16.42 (9.72–27.73) <0.0001

USTC: Massachusetts General Hospital; NTC: Trauma Center West Netherlands; OR: odds ratio; CI: confidence 
interval; CCI: Charlson Comorbidity Index, ISS: Injury Severity Score, RTS: Revised Trauma Score.
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Discussion

In an overseas collaboration between two trauma centers in the Netherlands and the 
United States we compared the demographic disposition existed with the majority 
of USTC patients being discharged to a rehabilitation center and the majority of NTC 
patients being discharged home.

The study populations of polytrauma patients in the USTC and NLTC were not entirely 
similar. For instance, the patients from the USTC had higher injury severity scores than 
the patients from the NTC which may be explained by the fact that the patients from 
the USTC had severe injuries in more body areas than the patients from the NTC (Fig. 
2). At the same time the RTS scores on admittance were comparable. In general, we do 
know that the RTS only moderately correlates with the AIS scores. For instance, elderly 
patients often have the combination of a hip fracture and 3 rib fractures. This results in 
an ISS of 18 for a stable patient that does have a normal RTS and generally no indication 
for ICU admittance. Despite the fact that the USTC patients had higher ISS scores, the 
ICU-admission rate was similar in both centers (47% vs. 51%).

The CCI scores were low in both study groups, which reflects the fact that the CCI was 
not developed to assess comorbidities in trauma patients, who are generally young and 
healthy. 17,18 Nevertheless, there was a small but statistically significant difference be-
tween the study groups regarding the age-adjusted Charlson Comorbidity Index, which 
was higher CCI in USTC. We cannot rule out that this difference might be explained by 
differences in history taking in the participating trauma centers. However, we think it is 
more likely that the slightly higher CCI in the US population can be explained by the fact 
that the prevalence of various chronic diseases, such as diabetes, hypertension, obesity 
and heart disease are more prevalent in the US population than in the general popula-
tion in Western European countries including the Netherlands. 19–21

In-hospital mortality was 10% in both trauma centers, which is similar to or lower than 
the percentage found in other studies.2,7,8,22–25 Although some differences between the 
patient populations were statistically significant, the clinical relevance of these differ-
ences should not be overestimated. Correction for the potentially confounding effect 
of patient characteristics (age, gender, comorbidity, ISS and RTS) in the multivariable 
analysis of in-hospital mortality, did not lead to a notable change in the odds ratio of 
in-hospital mortality (unadjusted OR 0.91, adjusted OR 0.95).

Nearly every other outcome measure in the study differed between both centers. For 
example, the ICU stay was longer in the USTC. This may be explained by the higher injury 
severity of the USTC patients admitted to the ICU in comparison to the NTC patients 
(median ISS [IQR] of 26 [21 - 34] vs 25 [17 - 29], p < 0.0001) and their consequently higher 
APACHEII-scores (median [IQR] of 20 [15 - 25] vs. 14 [9 - 24], p < 0.0001).19,20 However, 
beside the generally sicker ICU population in the USTC, their ICU stay may also be pro-



3

Polytrauma patients in the Netherlands and the USA 57

longed due to the unavailability of floor beds. The USTC operates constantly at a 100% 
capacity, which may result in delays in ICU discharge when a floor bed is not empty. 
Another possible explanation is the use of a Medium Care Unit (MC-unit) in TCWN in 
which patients can be closely monitored but cannot receive advanced respiratory sup-
port. This unit makes it possible to transfer patients out of the ICU if they are weaned 
from the ventilator even if they still need close monitoring. Despite the differences in 
ICU-LOS, these numbers are in agreement with those found in other North American 
and Dutch studies.22,26

The average total hospital length of stay of NTC patients was statistically and relevantly 
longer compared to USTC patients, but comparable or even shorter than that reported 
in other studies from the Netherlands.7,22 The shorter length of stay for USTC patients 
might be explained by the fact that more patients were discharged to rehabilitation 
centers, suggesting a difference in discharge disposition policy. There are indeed dif-
ferences between both countries in the organization of care after discharge from the 
hospital. In the Netherlands home support after discharge is very common and well 
organized. Most hospitals have a specialized nurse who is responsible for discharge 
disposition. Based on the advice of the doctor, nurses, and often a physical therapist, the 
best discharged location is determined. If home is the decided discharge location, home 
support will be organized. Home support is given by well-trained community health 
nurses who help patients with their personal care but are also able to provide more 
advanced medical care such as wound care. The USTC in this study has a close collabora-
tion with an extensive regional rehabilitation network, a consortium of advanced reha-
bilitation centers. In these institutes patients not only receive intensive rehabilitative 
therapy but also medical care, thus allowing for earlier discharge from the hospital. It has 
been suggested that the establishment of trauma centers influenced discharge policies 
with an increasing number of patients being discharged to a rehabilitation center in the 
US.27 A study by Brotemarkle et al. in the elderly trauma population showed that many 
factors, beside demographic and clinical characteristics, such a personal circumstances 
(e.g., family support, type of housing), financial (e.g. insurance) and political factors (e.g., 
organization health care), play a role in the discharge disposition.28 In this study, data on 
these types of personal, financial and political factors were not available and could not 
be compared.

Although the readmission rates in both centers fell within the range of rates reported 
in literature (4.3–14.6%)29–31, these rates differed between the centers. In our multivari-
able analysis, the increased risk of readmission in the USTC was no longer statistically 
significant after correction for differences in case mix, which was (at least in part) due 
to a lack of statistical power (unadjusted OR 1.8, p = 0.02; adjusted OR 1.5, p = 0.13). 
The higher readmission rate in the USTC might be influenced by the varying discharge 
dispositions between the centers. A study by Copertino et al. identified discharge dispo-
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sition to a rehabilitation center or nursing facility as predictors for readmission. Also in 
our study, discharge to any other location than home was as well identified as a statisti-
cally significant predictor for readmission. Other established predictors for readmission 
in the literature, comorbidities (CCI) and ISS, were not found to be statistically significant 
predictors in our study.32

Last to be mentioned are the higher deep venous thrombosis rates seen in USTC. DVT 
is a common complication in admitted trauma patients, with rates ranging from 5–58% 
in the literature depending on the populations and diagnostic methods used.33 In both 
centers in this study diagnostic approaches, such as an ultrasound, were used to diag-
nose DVT and all patients with clinical signs of DVT received prophylactic treatment such 
a low molecular weight heparin. Risk factors for the development of a DVT are longer 
ICU stay, 3 ventilator days, age 40, venous injury and lower extremity fracture with AIS 
3.34,35 Our study showed that USTC patients had more risk factors, such as longer ICU stay 
and more lower extremity injuries, which might the explain the higher incidence of DVT 
in the USTC. It has been suggested that pulmonary embolism is a better quality indicator 
for outcome of care due less variability in diagnostic approaches and aggressiveness. 
However, we think it is important to report the incidence of DVT as well as of pulmonary 
embolism, as both complications are considered clinically relevant. In addition, increas-
ing evidence suggests that a different pathophysiology causes pulmonary embolism in 
trauma patients which might make DVT and PE two potential different and unrelated 
complications in this population. 3

Strengths and limitations

A strength of our study is the detailed collection of data in comparison to previous 
publications on this topic. Data from the trauma registry was complemented by data 
collected from electronic medical records. Although our study is limited by its retro-
spective design the amount of missing data was minimal and all data was collected 
in a uniform manner by one researcher (SD). This was in contrast to other studies that 
used trauma registries established in two different countries without collecting more 
detailed data.37 We excluded patients who were managed in another hospital before 
being admitted to one of the participating centers. Although the literature shows that 
there is no difference in mortality between transferred and non-transferred patients, it 
has been shown that there are differences in complications and time between injury 
and definitive care.38,39 Exclusion of transferred patients from our analyses may have 
caused a biased interpretation of the patient population at the USTC, because about 
50% of the polytrauma patient population was managed at another (typically small) 
hospital first. Since it was not feasible to collect the primary data of these transferred 
patients, we felt compelled to exclude them from our study group. Lastly, although we 
feel that the NTC and USTC are representative for Level 1 trauma centers in the US and 
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the Netherlands, they may not offer an complete representation of the trauma systems 
in these two countries.

Conclusion

The in-hospital mortality for polytrauma patients of two Level 1 trauma centers in two 
Western countries was similar, but there were notable differences in several other out-
comes. Possible differences in critical care delivery, discharge disposition policies, and 
availability of rehabilitation centers may have contributed to these differences. As we 
move to integrated and standardized systems of trauma care around the world, it may 
be important to continue comparing trauma systems worldwide in order to uncover dif-
ferences in outcomes. Such differences may point to best practices, which when applied, 
could improve care worldwide.
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Abstract

Introduction

The incidence and nature of penetrating injuries differ between countries. The aim of this 
study was to analyze characteristics and clinical outcomes of patients with penetrating 
injuries treated at urban Level-1 trauma centers in the USA (USTC) and the Netherlands 
(NLTC).

Methods

In this retrospective cohort study, 1331 adult patients (470 from five NLTC and 861 from 
three USTC) with truncal penetrating injuries admitted between July 2011 and Decem-
ber 2014 were included. In-hospital mortality was the primary outcome. Outcome com-
parisons were adjusted for differences in population characteristics in multi- variable 
analyses.

Results

In USTC, gunshot wound injuries (36.1 vs. 17.4%, p = 0.001) and assaults were more 
frequent (91.2 vs. 77.7%, p = 0.001). ISS was higher in USTC, but the Revised Trauma 
Score (RTS) was comparable. In-hospital mortality was similar (5.0 vs. 3.6% in NLTC, p 
= 0.25). The adjusted odds ratio for mortality in USTC compared to NLTC was 0.95 (95% 
confidence interval 0.35–2.54). Hospital stay length of stay was shorter in USTC (differ-
ence 0.17 days, 95% CI -0.29 to -0.05, p = 0.005), ICU admission rate was comparable (OR 
0.96, 95% CI 0.71–1.31, p = 0.80), and ICU length of stay was longer in USTC (difference of 
0.39 days, 95% CI 0.18–0.60, p = 0.0001). More USTC patients were discharged to home 
(86.9 vs. 80.6%, p = 0.001). Readmission rates were similar (5.6 vs. 3.8%, p = 0.17).

Conclusion

Despite the higher incidence of penetrating trauma, particularly firearm-related injuries, 
and higher hospital volumes in the USTC compared to the NLTC, the in-hospital mortality 
was similar. In this study, outcome of care was not significantly influenced by differences 
in incidence of firearm-related injuries.
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Introduction

Worldwide, traumatic injuries are an important cause of death and disability, especially 
under 45 years of age.1 In most developed countries, blunt trauma is responsible for 
the majority of the trauma burden, while roughly 15% of all injuries are caused by 
penetrating trauma.2 Despite the lower incidence, penetrating trauma is a considerable 
health burden leading to premature mortality, permanent disability and psychological 
problems.3, 4

The incidence and nature of penetrating injuries differ between countries. In the USA 
and South Africa, urban epidemics of penetrating injuries are seen, with penetrating 
injuries being responsible for 20–45% and up to 60–80% of all injuries, respectively.2, 5 
In European countries, the incidence of penetrating trauma is low; for instance, 3–4% 
of all injuries in the Netherlands are penetrating, and in Switzerland, only 0.2% of all 
emergency department visits are penetrating injuries.3, 6, 7 However, in the Netherlands, 
70% of the fatal violent incidents penetrating injuries were seen.3 Besides the varying 
incidence, differences in penetrating trauma mechanism are also reported. In European 
countries, stab wounds represent the majority of penetrating injury, whereas in the 
USA a considerable proportion of penetrating trauma are gunshot wounds. The overall 
firearm-related mortality rate is roughly six times higher in the USA compared to Euro-
pean countries.3, 7–13

Both the primary assessment and treatment of patients with penetrating injuries 
are often highly complex and require a multidisciplinary team. Similar to the American 
situation, regionalized inclusive trauma systems are implemented in the Netherlands 
with dedicated Level-1 trauma centers providing 24/7 comprehensive trauma care.14, 15 
However, differences in clinical routine and experience with penetrating injuries may 
exist between these countries due to the low incidence of penetrating trauma in the 
Netherlands, potentially affecting the clinical outcome.

The goal of this study was to compare the demographics, trauma mechanism, injury 
characteristics and outcomes of patients with truncal penetrating injuries treated in 
urban Level-1 trauma centers in the USA and the Netherlands. We aimed to gain insight 
into differences in care to identify factors that may influence patient outcome.

Materials and methods

Trauma centers

This multi-institutional retrospective cohort study was performed at five Level-1 trauma 
centers in the Netherlands (Netherlands trauma center (NLTC): Academic Medical Center, 
Erasmus Medical Center, Vrije Universiteit Medical Center, Haaglanden Medical Center 
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and Leiden University Medical Center) and three Level-1 trauma centers in Boston, USA 
(US trauma center (USTC): Boston Medical Center, Brigham and Women’s Hospital, and 
Massachusetts General Hospital). These NLTC and USTC are all located in urban areas 
with comparable population densities (4200/km2 in Boston versus 5000/km2 in the 
Amsterdam–Leiden–Rotterdam region)16, 17 and comparable violent crime rates (390 and 
360/100.000 in Massachusetts and the Dutch region, respectively).18, 19

Patients and data collection

Eligible patients were identified in the trauma registries of the participating centers. All 
patients over 15 years of age who had been admitted to the NLTC or USTC with truncal 
penetrating injuries, i.e., penetrating injuries to the neck, thorax, abdomen, back or in-
guinal area, between July 1, 2011, and December 31, 2014, were included. Patients with 
isolated penetrating injuries to the head or the extremities (i.e., without truncal pen-
etrating injuries) were excluded. Patients who were managed at another hospital before 
arriving at the participating hospital or were transferred to another hospital after initial 
treatment in participating hospital were excluded. Also, patients who died before arrival 
or arrived more than 48 h after trauma at the emergency department were excluded. 
Institutional review board permission was obtained from all participating centers.

Data
Demographic data and injury data, defined according to the Abbreviated Injury Score 
(AIS, updated 1998)20, Injury Severity Score (ISS)21, vital signs and Revised Trauma Score 
(RTS)22 on admission were extracted from the trauma registries. Data on comorbidity, 
scored using the age-adjusted Charlson comorbidity index23, 24, and complications were 
collected from the medical records.

The primary outcome was in-hospital mortality. Secondary outcomes included hospi-
tal length of stay (HOS- LOS), intensive care unit admission and length of stay (ICU-LOS) 
ventilator-free days25, readmission rates, complications (pneumonia, urinary tract infec-
tion (UTI), deep venous thrombosis (DVT), sepsis and wound infection) and discharge 
disposition.

Statistical analysis

Demographic and clinical characteristics were compared by univariable analysis. Con-
tinuous variables were com- pared by the Pearson’s t test or Wilcoxon rank sum test, de-
pending on data distribution. Categorical variables were compared by the Chi-squared 
test or Fisher’s exact test.

For in-hospital mortality, ICU admission, complications and (unplanned) readmission 
in NLTC compared to USTC, the odds ratio (OR) with 95% confidence interval (CI) were 
calculated using multivariable logistic regression analysis. Multiple linear regression 
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analysis was used to calculate the mean difference (with 95% CI) in HOS-LOS and 
ICU- LOS between NLTC and USTC. Based on the literature and biological plausibility, po-
tential clinically relevant confounders were analyzed. Age, gender, penetrating trauma 
mechanism, ISS and RTS were identified as clinically potential important confounders 
in the univariate analysis and adjusted for in all multivariable analyses. For this observa-
tional study, no hypothesis was prespecified, and therefore, no formal sample size was 
calculated.

Statistical testing was two-sided, and p values <0.05 were considered statistically 
significant. All statistical analyses were performed using IBM SPSS Statistics for Windows, 
version 23 (IBM Corp., Armonk, NY, USA).

Results

Comparison of trauma populations

During the study period, 470 patients with truncal penetrating injuries were admitted 
in the NLTC and 861 in the USTC. The number of included patients per trauma center in 
each country is presented in Fig. 1. In general, more patients with penetrating trauma 
per trauma center were admitted in the USTC compared to the NLTC.

Table 1 summarizes the demographics and clinical characteristics in both centers. 
USTC patients were younger, slightly more often male and had a somewhat higher ISS 
than NLTC patients (median ISS 9 in both groups, p = 0.01), but no difference in RTS was 
seen. In USTC, significantly more patients with gunshot wounds were admitted (36.1 
vs. 17.4%, p = 0.0001), which were more often the result of assault compared to NLTC. 

Figure 1. Number of patients with penetrating trauma, by trauma center location (USTC: 3 trauma centers 
in the USA; NLTC: 5 trauma centers in The Netherlands)
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In both centers, the ISS of gunshot wound patients (NLTC median ISS 16 [interquartile 
range IQR 7.5 - 25] vs. USTC median ISS 16 [IQR 9 - 20], p = 0.82) was significantly higher 
compared to the ISS of patients with stab wounds (NLTC median ISS 9 [IQR 2 - 11] vs. 
USTC median ISS 6 [IQR 2 - 11], p = 0.64).

Figure 2 shows the distribution of severe penetrating injuries (AIS [ 2) per body region 
in both centers. NLTC patients had more often severe injuries to the spine (2.3 vs. 0.1%, 
p = 0.0001), while in USTC patients more penetrating injuries to the abdomen (24.2 vs. 
18.9%, p = 0.03), extremities (9.4 vs. 4.9%, p = 0.0003) and multiple body regions (30.2 
vs. 18.4%, p = 0.001) were seen.

Table 1. Characteristics of patients with truncal penetrating injuries

NLTC (n = 470) USTC (n = 861) P

Age [median (IQR)] 31.0 (24.0–34.5) 27.0 (22.0–37.0) <0.0001

Male gender [n (%)] 410 (87.2) 783 (90.9) 0.03

Comorbidity [n (%)] 42 (9.2%) 88 (10.2) 0.30

Penetrating mechanism [n (%)]

Stab wound 388 (82.6) 550 (63.9) <0.0001 

Gunshot wound 82 (17.4) 311 (36.1)

Mechanism of injury [n (%)]

Assault 365 (77.7) 785 (91.2) <0.0001

Self-inflicted 82 (17.4) 52 (6.0)

Other/unknown 23 (4.9) 24 (2.8)

ISS, median (IQR) 9 (2–14) 9 (3–16) 0.01

RTS [n (%)]

12 373 (86.3) 702 (86.1) 0.30

11 35 (8.1) 53 (6.5)

 ≤10 24 (5.6) 60 (7.4)

GCS on admission [n (%)]    

GCS < 9 19 (4.4) 58 (6.8) 0.21

GCS 9–12 11 (2.6) 25 (2.9)

GCS >12 401 (93.0) 768 (90.1)

SBP on admission [mean (SD)] 130.1 (27.6) 134.1 (31.3) 0.02

RR on admission [mean (SD)] 20.2 (11.2) 19.2 (5.0) 0.03

HR on admission [mean (SD)] 93.2 (22.3) 95.6 (26.1) 0.09

NLTC Netherlands trauma center, USTC US trauma center, SD standard deviation, CCI Charlson comorbid-
ity index, ISS Injury Severity Score, IQR interquartile range, RTS Revised Trauma Score, GCS Glasgow Coma 
Scale, SBP systolic blood pressure in mmHg, RR respiratory rate per minute, HR heart rate in beats/min
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In-hospital mortality

The in-hospital mortality rate in NLTC was 3.6% (17/470) compared to 5.0% (43/861) in 
USTC (p = 0.25) (Table 2). The unadjusted OR for mortality in the USTC compared to the

NLTC was 1.40 (95% CI 0.75–2.49, p = 0.25). After correction for clinically relevant 
confounders, the adjusted OR for in-hospital mortality in the USTC compared to the 
NLTC was 0.95 (95% CI 0.35–2.54, p = 0.91). Higher ISS, RTS < 10 and gunshot wounds 
were statistically significant predictors of in-hospital mortality (Table 3). There was no 
difference in mortality in patients with gunshot wounds (NLTC 11.3% vs. USTC 11.0%, p 
= 0.48) and patients with stab wounds (NLTC 2.1% vs. USTC 1.5%, p = 0.94).

Secondary outcome measures

HOS-LOS was similar in both centers (Table 2). After correction for differences in case 
mix, USTC HOS-LOS was on average 0.17 days shorter than in NLTC (95% CI -0.29 to 
-0.05, p = 0.005). A higher age,gunshot wounds, higher ISS and low RTS were statistically 
significant predictors of a longer LOS. The ICU admission rate in USTC appeared higher 
compared to NLTC (33.8 vs. 28.6%, p = 0.05), but this association was not statistically 
significant after adjustment for differences in case mix (OR 0.96, 95% CI 0.71–1.31, p = 
0.80). ICU-LOS was significantly longer in USTC compared to NLTC (median 2 [IQR 1 - 5] 
days vs. 1 [IQR 1 - 2] days, p = 0.0001). This association remained statistically significant 
after correction for differences in case mix (difference of 0.39 days, 95% CI 0.18–0.60, p 
= 0.0001). A higher ISS and gunshot wounds were statistically significant predictors of a 
longer ICU- LOS. More ICU admitted USTC patients received mechanical ventilation than 
NLTC patients (47.1 vs. 58.1%, p = 0.04), after correction for clinically relevant parameters 

Figure 2. Percentage of patients with severe penetrating injury (AIS [ 2), per body region by trauma center 
location
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this difference was no longer statistically significant (OR 1.59, 95% CI 0.99–2.57, p = 0.06). 
DVT was more often diagnosed in USTC, and the incidence of other complications was 
similar in both countries (Table 2). This difference in DVT incidence ceased to exist after 
adjustment for differences in case mix (OR 3.0, 95% CI 0.36–35.1, p = 0.31).

A statistically significant difference in discharge disposition was seen (p = 0.0001), 
with more USTC patients being discharged to a rehabilitation center (5.0 vs. 1.1%), while 
more NLTC patients were discharged to a mental health facility (9.3 vs. 5.6%) or nursing 
home (2.4 vs. 0.7%). Readmission rates were similar, even after correction for differences 
in case mix (OR 1.4, 95% CI 0.75–2.71, p = 0.28) (Table 2).

Discussion

In this binational collaboration between five Level-1 trauma centers in the Netherlands 
and three Level-1 trauma centers in the USA, we found that patient volumes, especially 

Table 2. Outcomes for patients with truncal penetrating injuries

NLTC (n = 470) USTC (n = 861) P

In-hospital mortality [n (%)] 17 (3.6) 43 (5.0) 0.25

HLOS [median (IQR)] 3 (1–6) 2 (1–6) 0.11

ICU admission [n (%)] 134 (28.6) 291 (33.8) 0.05

ICU-LOS [median (IQR)] 1 (1–2) 2 (1–5) \0.0001

Ventilator-free daysa [median (IQR)] 27 (26–28) 27 (25–28) 0.02

Mechanical ventilationa [n (%)] 56 (47.1) 168 (58.1) 0.04

Complication [n (%)]

Pneumonia 12 (2.6) 24 (2.8) 0.83

Urinary tract infection 4 (0.9) 15 (1.7) 0.20

Deep venous thrombosis 1 (0.2) 14 (1.6) 0.02

Sepsis 4 (0.9) 9 (1.0) 0.74

Wound infection 18 (3.9) 44 (5.1) 0.30

Discharge disposition [n (%)]

Home 365 (80.6) 625 (86.9) \0.0001

Mental health facility 42 (9.3) 40 (5.6)

Rehabilitation 5 (1.1) 36 (5.0)

Nursing home 11 (2.4) 5 (0.7)

Other/unknown 30 (6.6) 13 (1.8)

Readmissionb [n (%)] 17 (3.8) 46 (5.6) 0.15

NLTC Netherlands trauma center, USTC US trauma center, HLOS hospital length of stay in days, IQR interquar-
tile range, ICU intensive care unit, ICU-LOS intensive care unit length of stay in days aOf patients admitted to 
ICU bOf patients surviving hospital admission
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of gunshot victims, were significantly higher in the USTC compared to NLTC. Apart from 
patient volumes and trauma mechanism, the patient populations were fairly comparable 
with similar ISS and RTS. The in-hospital mortality was similar (4–5%) and comparable 
with or lower than rates reported in other studies.3, 26, 27

Although the studied geographical areas in both countries had comparable urbaniza-
tion and violent crime rates, the proportion of admitted patients with gunshot wounds 
was almost twice as high in the USTC. This is most likely due to differences in legislation 
concerning firearm use and ownership. Dutch citizens can only obtain a firearm permit 
under very strict conditions28, 29, whereas guns can easily be obtained in the USA. Re-
search has shown that a major determinant of firearm-related deaths is the availability 
of guns and that the implementation of restrictive laws in firearm purchase or access 
led to a reduction in firearm-related deaths in several countries, such as Australia, New 
Zealand, South Africa and Canada.30–32

In our study, no difference in in-hospital mortality was found between both centers, 
despite that the penetrating trauma patient volumes in USTC were generally higher than 
in NLTC. Although it has been suggested that higher trauma patient volumes are associ-
ated with better outcomes, this relationship remains inconclusive due to heterogeneity 
of studies.33, 34 Nevertheless, there is evidence that regionalization of trauma care may 
lead to reduced mortality rates.35 Implementation of comprehensive trauma systems by 
regionalizing and standardizing complex trauma care in Level-1 facilities is likely to be 
more effective for improving outcomes after trauma than case volume itself.34, 36

Table 3. Risk factors for in-hospital mortality in patients with truncal penetrating injuries

Risk factor Odds ratio (95% CI) P

Location

NLTC 1 (reference)

USTC 0.95 (0.35–2.54) 0.91

Gender

Female 1 (reference)

Male 0.60 (0.14–2.62) 0.49

Age 1.02 (0.99–1.06) 0.23

ISS 1.08 (1.04–1.13) <0.0001

RTS

12 1 (reference)

11 4.28 (0.95–19.16) 0.06

≤10 59.26 (20.62–170) <0.0001

Type of trauma

Stab wound 1 (reference)

Shot wound 3.85 (1.37–10.81) 0.01
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In both USTC and NLTC, all-inclusive trauma systems have been implemented that 
provide 24/7 acute trauma care and have similar facilities such as immediate availability 
of CT scanning, ICU beds and an in-house surgical team with an operating room avail-
able at all times. Surgeons and surgical residents in both systems receive similar surgical 
training, and management of penetrating trauma is broadly similar both following 
ATLS protocol.37 Despite these similarities, some differences in clinical outcomes and 
processes were observed. Firstly, higher DVT rates were seen in USTC, although these 
differences ceased to exist after correction for differences in case mix. In both USTC and 
NLTC, patients received prophylactic treatment, mainly low molecular weight heparin, 
but inferior vena cava (IVC) filters were not routinely placed. Diagnostic approaches such 
as ultrasound were used if there were clinical signs indicating a potential DVT. Higher 
DVT rates might be explained by differences in clinical management; however, more 
likely it is explained by USTC patients experiencing more in the literature identified risk 
factors for DVT such as a younger age, and more thoracic and abdominal injuries.38, 39

Secondly, although the ICU admission rates were similar, the ICU-LOS in USTC was 
somewhat longer. Although this might be explained by the larger numbers of patients 
with gunshot wounds with a higher ISS and of patients needing mechanical ventilation, 
the longer ICU- LOS in USTC is most likely due to the unavailability of floor beds which 
may delay ICU discharge, as the USTC operates at a constantly 100% capacity. Another 
likely explanation is the availability of medium care units in most of the NLTC, to which 
patients can be discharged when they are weaned from the ventilator but still need 
close monitoring. However, although statistically significant, the differences for both 
ICU- and HOS-LOS less than 1 day were too small to be considered clinically relevant.

Lastly, although the majority of patients in both groups were discharged home, there 
were noticeable differences in discharge protocol. Significantly more NLTC patients 
were discharged to a mental health facility possibly explained by the higher incidence 
of self-inflicted wounds in this population. More USTC patients were discharged to a 
rehabilitation center, possibly explained by the extensive network of rehabilitation 
centers in the USTC region with which they work closely. Despite these differences in 
hospital discharge policy, the readmission rates were similar.

Strengths and limitations

The detailed data collection and the large cohort are strengths of our study. Data col-
lected from the trauma registries were complemented by data from electronic medical 
records collected by one researcher (AH), limiting the amount of missing data. A limita-
tion of our study was that no information on morbidity and mortality was available after 
hospital discharge. A second limitation is that we excluded specific patient groups from 
the study such as patients with isolated penetrating injuries to the brain and extremities. 
They are considered a different group, and the involvement of trauma surgery is often 
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limited after the initial resuscitation phase. Additionally, all patients who were first man-
aged in another hospital before being admitted to one of the participating centers were 
excluded. Although studies have shown that mortality is similar between transferred 
and non-transferred patients, differences in complication rates do exist.40 By excluding 
these patients, we may have caused a selection bias in the study groups, since transfer 
rates were higher in USTC. However, it was not feasible to collect primary data for these 
patients, so we felt compelled to exclude them. A third limitation is that the study was 
performed in a limited number of trauma centers in both countries. Although we feel 
that the participating USTC and NLTC are representative for the Level-1 trauma centers 
in the densely populated urban areas in the USA and Netherlands, the results of this 
study may not allow for a comparison of care for patients with penetrating injuries in 
the two countries as a whole.

Conclusion

Despite the higher incidence of penetrating trauma, particularly firearm-related injuries, 
and higher hospital volumes in the USTC compared to the NLTC in this study, the in-
hospital mortality was similar in these centers. We also did not see clinically important 
differences in other outcomes between the centers in both countries. Despite variations 
in trauma system organization and clinical routine, implementation of all-inclusive 
trauma systems in both countries seems to have led to a comparable standard of care. 
More in-depth research is needed to uncover other potential factors that might contrib-
ute to differences in outcomes for specific patient subgroups, to further improve the 
care for penetrating trauma patients.
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Abstract

Background

There is no generally accepted methodology to assess trauma system access. The goal 
of this study is to determine the influence of the number and geographical distribu-
tion of trauma centers(TCs) on transport times(TT) using Geographical-Information-
System(GIS)-technology.

Methods

Using ArcGIS-PRO, we calculated differences in TT and population coverage in seven sce-
narios with 1, 2, or 3 TCs during rush[R]- and low traffic[L] hours in a densely-populated 
region with 3TCs in the Netherlands.

Results

In all seven scenarios, the population that could reach the nearest TC within (<) 45min-
utes, varied between 96-99%. In the three-TC-scenario, roughly 57% of the population 
could reach the nearest TC <15minutes both during [R] and [L]. The hypothetical geo-
graphically well-spread two-TC-scenario showed similar results as the three-TC-scenario. 
In the one-TC-scenarios, the population reaching the nearest TC <15minutes decreased 
to between 19-32% in [R] and [L].

In the three-TC-scenario the average TT increased by about 1.5minutes to almost 
21minutes during [R] and 19minutes during [L]. Similar results were seen in the sce-
narios with two geographically well-spread TCs. In the one-TC-scenarios and the less 
well-spread two-TC-scenario the average TT increased by 5-8minutes [L] and 7-9minutes 
[R] in comparison to the three-TC-scenario.

Conclusion

This study shows that a GIS-based model offers a quantifiable and objective method to 
evaluate trauma system access under different potential trauma system configurations. 
Transport time from accident to trauma center would remain acceptable, around 20 
minutes,if the current three trauma center situation would be changed to a geographi-
cally well-spread two center scenario.
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Background

Although the implementation of trauma systems has proven to be effective in reducing 
mortality rates for injured patients, there are still controversies regarding trauma center 
(TC) access, and more specifically regarding the optimal number and geographical 
distribution of TCs.1-4 According to the principles of the American College of Surgeons 
Committee on Trauma, TC designation and distribution should be based on the needs 
of the population served.

The trauma system in The Netherlands resembles the American trauma system and 
was initially based on the criteria set by the American College of Surgeons Committee 
on Trauma. Over time, the Dutch Trauma Society has adapted the criteria to the national 
needs.5,6 Currently, the Dutch system is organized in 11 trauma regions, each with a 
coordinating TC, and a catchment area of a minimal 1.2 million inhabitants. All other 
hospitals within these trauma regions are classified as non-TCs.7 Trauma centers have 
multidisciplinary trauma teams available 24/7 that are equipped to manage severely 
injured patients, including specialties such as neurosurgery and cardiothoracic surgery. 
The non-TCs are well-equipped trauma hospitals but lack the 24/7 presence of multidis-
ciplinary trauma teams, including neurosurgeons and cardiothoracic surgeons.

Transport times are short in this small and densely populated country with 18 million 
inhabitants that measures only 300 km from north to south and 200 km from east to 
west. In the present situation, the numbers of severely injured (polytrauma) patients 
per TC are relatively low (140-420 per year). Per January 1, 2020, the minimum annual 
volume requirement was raised from 100 to 240 polytrauma patients per TC.8 Without 
further concentration of polytrauma care, only 5 of 11 level-1 TCs fulfill the minimum 
volume requirements.7

In the most densely populated mid-western trauma region of The Netherlands, the TC 
is organized in a different way than in the other trauma regions. In this trauma region, 
3 hospitals act as separate TC locations, together forming 1 TC. The increased volume 
requirement urges further regional concentration of polytrauma care in 1 or 2 of these 
3 hospitals. It is unknown, however, how the quality of trauma care might be affected 
by further centralization, taking into account the prerequisite that all severely injured 
patients should be able to reach the nearest TC within 45 minutes after the call for 
ambulance assistance, with a maximum transport time of 20 minutes in case of high 
urgency.6, 9

To solve the ongoing debate about TC accessibility, not only in The Netherlands but 
also worldwide, there is a need for an objective, generally accepted methodology to 
assess trauma system access and optimal geographical TC distribution. Geographic 
information system (GIS)–based technology can facilitate decision making on trauma 
systems by combining local data from different sources. Geographic information sys-
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tem–based technology was previously used for evaluation of different aspects of trauma 
systems in various countries, such as the relationship between TC access and outcome, 
quantification of trauma load, and the relationship between patient volume and TC 
location.10-16 To our knowledge, this technology has not been deployed for the Dutch 
situation.

The goal of this study was to determine the effect of a reduced number of TCs in the 
mid-western trauma region in The Netherlands, in combination with traffic flow varia-
tion, on transport time from accident scene to the closest TC in different scenarios, using 
GIS-based technology.

Material and Methods

Setting

Trauma Center West Netherlands (TCWN) is located in the midwestern trauma region of 
The Netherlands. This TC has 3 locations: Leiden University Medical Center in Leiden and 
Haaglanden Medical Center Westeinde and Haga Hospital, both in The Hague (Fig. 1).7 

Figure 1. The region of Trauma Center West Netherlands with its population density and the location of the 
three trauma centers. The 7 scenarios for trauma center distribution are presented at the bottom.
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These TCs are located in one of the most densely populated areas in The Netherlands, 
with roughly 1.86 million inhabitants in an area of 3403 km2. According to the national 
guidelines, severely injured patients (defined as having an injury severity score ≥ 16) 
should be transported to a TC. Each year, approximately 500 severely injured patients 
are transported by the ambulance services in the TCWN region. According to national 
guidelines, which state that at least 90% of the severely injured patients primarily should 
be brought to a TC, patients classified as severely injured should be directly transported 
to the nearest TC in the region.9

Although Helicopter Emergency Medical Services are available 24/7 throughout in The 
Netherlands, only 3% of the polytrauma patients are transported by helicopter.7 Most 
patients in the TCWN are brought to the TC by 2 regional ambulance services (RAS). RAS 
Mid-Netherlands mainly covers the area around the Leiden University Medical Center, 
whereas RAS Haaglanden mainly covers The Hague.

The high population density and mobility in the TCWN region are cause for constant 
traffic jams during rush hour. Also, ambulances are only allowed to go 40 km/h faster 
than the actual traffic, so they often cannot drive full speed. The high traffic flow and 
the speed limit could potentially contribute to longer transport times to the closest TC 
during rush hour.

Study Design

We assessed average high-urgency ambulance ride transport times to the nearest TC 
in 7 scenarios (Fig. 1); 1 scenario reflected the current situation with 3 trauma centers 
(3-TC scenario, 1), 3 hypothetical scenarios with 2 trauma centers (2-TC scenarios, 2-4), 
and 3 hypothetical scenarios with 1 trauma center (1-TC scenarios, 5-7). Each scenario 
was evaluated for situations with low and high traffic flow. Based on information of the 
Dutch Traffic Information Service, the traffic situation on an average Tuesday morning at 
8 AM was used as proxy for rush hour, and on an average Saturday morning at noon was 
used as a proxy for low traffic hours to calculate average transport times to the nearest 
TC.17 Ambulance rides are classified as high-urgency if the emergency medical dispatch 
center classifies the patient’s situation as potentially life-threatening or as associated 
with a high risk of immediate deterioration. In these cases, the ambulance is authorized 
to drive at high speed with lights and sirens.

GIS-based model and data sources

The ambulance transport times in the 7 scenarios were assessed using a geospatial ap-
proach. Over the past decade, the GIS-based technology has been increasingly used in 
population health and has become a distinct research area.18,19 In our GIS-based model, 
different layers of information from independent sources were combined.
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The first layer of information about the Dutch road network and traffic flow was ob-
tained via Esri Netherlands Content.20 This map is continuously updated to give the most 
up-to-date information about the road network and average traffic flow in The Neth-
erlands, taking the average speed, speed limits, and traffic volume into account. The 
second layer of population density data was obtained from The Netherlands Statistics. A 
total of 27 municipalities within the trauma region were included, with 1023 neighbor-
hoods and 1 866 160 inhabitants.21 The third layer included the GPS locations of the TCs 
in the Trauma Center West Region. The fourth layer consists of assumed accident scene 
locations, being the accident location zip codes.

Analysis

All GIS-based analyses were performed using ArcGIS Pro 2.3 (Esri, Redlands, CA). All 
descriptive analyses were performed using IBM Statistics for Windows, version 23 (IBM 
Corp., Armonk, NY).

First, we validated the GIS-based model. The patient location GPS codes of the high-
urgency rides provided by RAS Hollands Midden were uploaded in ArcGIS-Pro. These 
included all high-urgency rides with an indication to go to one of the TCs in the region, 
including but not limited to trauma patients. The transport times generated by the 
GIS-based model (calculated) were compared with factual transport times obtained 
from the RAS Hollands Midden (observed). The observed data were divided in 2 groups: 
(1) ambulance rides during rush hour (between 6:00AM and 9:00AM and 4:00PM and 
7:00PM during weekdays), and (2) ambulance rides during low traffic (12:00AM 6:00AM, 
9:00AM 4:00PM, 7:00PM 12:00AM on weekdays and on the weekend).17

The fastest transport time from the accident scene to hospital was calculated using 
the “Network Analyst Find Closest Facility” function in the ArcGIS-Pro system. Data about 
accident scene location and actual transport time from accident scene to the TC for 
high-urgency rides were obtained from the Regional Ambulance Service Mid-Nether-
lands and were imported in the model. Observed and calculated transport times were 
reported as median and interquartile range (IQR). To evaluate the agreement between 
the observed (factual) and calculated (model) transport times, the median difference 
between observed and expected transport times with IQR during low-traffic hours and 
during rush hours was reported and tested using a related-samples Wilcoxon signed 
rank test. Also, the intraclass correlation coefficient (ICC) between the observed and cal-
culated transport times during low-traffic hours and during rush hours was calculated 
with the corresponding 95% confidence interval (CI).

To assess the effect of TC distribution in the 7 scenarios (Fig. 1), central data points 
(“centroids”) in the 1023 neighborhoods in the TCWN region were created and used as 
accident scenes in the “network analyst” function in ArcGIS-Pro to assess transport times 
to the nearest TC in each scenario in rush hour as well as in low-traffic hours. Population 
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coverage was calculated by combining the centroids layer with the drive time layer by 
summing the population from all the centroids within the transport time bands, 0 to 15, 
15 to 30, 30 to 45, and 45 to 60 minutes.

Results

Validation of GIS-based transport time model

Between January 1, 2018 and December 31, 2018, a total of 28 556 patients were trans-
ported by ambulance. In total, 4963 patients, including but not limited to trauma pa-
tients, were transported by RAS Mid-Netherlands with high urgency to the emergency 
department of 1 of the 3 regional TCs. After excluding ambulance rides with missing 
zip code of the patient location or recorded transport time, 4487 were included in the 
analysis (n = 3689 during low-traffic hours and n = 798 during rush hour).

The median observed and expected transport times during low-traffic hours were, 
respectively, 11.4 minutes (IQR 7.8 - 16.3) and 11.1 minutes (IQR 7.9 - 16.0). The median 
difference between the observed transport and calculated transport times from patient 
location to the nearest TC in low-traffic hours was 0.3 minutes (IQR -1.8 - 2.1, Wilcoxon 
signed rank test P<.0001). The median observed and expected transport times during 
rush hour were, respectively, 12.1 minutes (IQR 8.5 - 17.5) and 12.0 (IQR 8.4 - 17.0). The 
median difference between the observed transport and calculated transport times from 
patient location to the nearest TC in rush hour was 0.1 minutes (IQR -2.4 - 2.4, Wilcoxon 
signed rank test P=.20). The ICC for the transport times in low-traffic hours was 0.82 (95% 
CI 0.81 - 0.83) and for transport times in rush hour was 0.77 (95% CI 0.74 - 0.80).

Effect of number of trauma centers and geographical distribution during rush 
hour and low traffic

In the 7 scenarios, the population that could reach the nearest TC location within 45 
minutes varied from 97% to 99% among all models during low traffic, and 96% to 98% 
during rush hour (Figs. 2 and 3).

In scenario 1, roughly 57% of the population reached the nearest TC within 15 min-
utes in both rush hour and low-traffic hours (Fig. 3). The hypothetical scenarios with 2 
geographically well-spread TC locations (2 and 3) showed similar results as the current 
3-TC location scenario, with a population coverage within 15 minutes of about 53% in 
scenario 2 and 51% in scenario 3 in both traffic circumstances (Fig. 3).

This decrease in population coverage < 15 minutes was the largest in the 1-TC sce-
narios (5-7). In scenario 5, 19% of the population could reach the nearest TC within 15 
minutes in both rush and low-traffic hours, and 31% to 34% of the population was able 
to reach the nearest TC within 15 minutes in scenario 6 and 7 in both rush hour and 
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low-traffic circumstances. Scenario 4 showed a decrease to 36% of the population that 
could reach the nearest TC within <15 minutes (Fig. 3).

Figure 2. Seven scenarios in which the geographic coverage within 15, 30 , 45 and 60 minutes of closest 
trauma center for all models in rush hour (R ) and low traffic hours (L) is shown

Figure 3. Percentage of TCWN population that can be brought to the closest trauma center in the seven 
scenarios during rush hour (R ) and low traffic hours (L) within 15, 30, 45 and 60 minutes.
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In scenario 1, the current situation (1), the average transport time of 19 minutes 
during low-traffic hours increased by about 1.5 minutes to almost 21 minutes in rush 
hour (Fig. 4). Transport times in both scenarios 2 and 3 were comparable to scenario 
1 with a transport time of 20 minutes in low traffic and 22 minutes during rush hour. 
The 1-TC-location scenarios (5-7) and the geographically less well-spread 2-TC scenario 
(4) showed an increase of 5 to 8 minutes to the average transport time during low traf-
fic, and an increase of 7 to 9 minutes during rush hours compared to the current 3-TC 
scenario (1) (Fig. 4).

Discussion

This model allows for the assessment of different potential changes in the number and 
location of TCs in the midwest trauma region in The Netherlands, and predicts that 
a suboptimal approach to centralization of trauma care (scenario 4-7) could result in 
increased transport times to the closest TC, especially during rush hour. The influence 
of high traffic density on transport times was substantial in the 1-TC scenarios (5-7) and 
in the 2-TC scenario with 2 TCs that are geographically near to each other (scenario 4), 
compared with the current situation with 3 TCs in the region (scenario 1) and the situ-
ation with 2 geographically well-spread TCs (scenarios 2 and 3). As mentioned before, 
the Dutch government set a time limit of approximately 20 minutes for transporting 
severely injured patients to the nearest TC. This study showed that the transport time in 

Figure 4. Mean transport times to closest trauma center in different models during rush hour (R) and low 
traffic hours (L)
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the geographically less well spread 2-TC scenario (scenario 4) and in the 1-TC scenarios 
(scenario 5-7) exceeds the maximum time with 4 to 10 minutes. Although in all scenarios 
roughly 98% of the population could reach the hospital within 45 minutes in both rush 
hour and low traffic, the transport time for the population living in the region’s periph-
ery did increase substantially. The transport times for these patients would, in fact, be 
shorter if they were to be brought to the nearest TC in an adjacent region.

Although the GIS-based approach has been used earlier to evaluate geographical TC 
distribution in other countries,10,12,16,22-24 this study is, to our knowledge, the first that 
used the GIS-based technology to assess access to TCs in The Netherlands and validated 
the model. There was only a 0.3-minute difference between observed and expected 
transport times during low-traffic hours and 0.1-minute difference during rush hour. 
Although the difference in transport time was statistically significant owing to the large 
number of ambulance rides, this was not deemed clinically relevant. In combination 
with the good agreement between the calculated transport times and the observed 
transport times (ICC > 0.75),25 this model can be considered a valid tool for evaluating 
the access to TCs in different geographic settings.

The GIS-based results may be useful to help guide policy decisions regarding trauma 
system organization. Although the importance of well-developed trauma systems is 
internationally recognized, there is still no consensus about their optimal organization. 
In almost all cases, trauma systems have developed organically, with TCs arising in exist-
ing hospitals based on historical practice patterns, instead of strategically locating the 
TCs geographically in the most efficient way, taking access and population coverage 
into account.23

The trade-off between centralization of care with sufficient hospital volumes on the 
one hand and better TC access in transport times and population coverage achieved by 
a distributed system of smaller centers on the other hand is a difficult one. Several stud-
ies have shown that reduced TC access led to differences in outcomes, such as higher 
mortality rates.26-29 Nevertheless, providing 24/7 highly specialized trauma care comes 
at a cost. Year-round TC readiness costs around $2.7 million per TC annually in the Unites 
States.30 Efficient planning of distribution of TCs could therefore not only lead to better 
outcomes in patients, but also to more efficient distribution of resources and potentially 
lower healthcare costs.

Although concentration of complex trauma care in fewer TCs could potentially in-
crease the expertise of the trauma teams in the resulting higher-volume centers, and 
also may have organizational and process advantages, it would also have consequences 
for system access. Our results suggest that hospital volume is not the only objective as-
pect of trauma care that can be modeled and taken into account in trauma system plan-
ning. Research has shown that especially time is of the essence for the hemodynamically 
unstable trauma patients and that rapid transport to a TC can improve outcomes.31,32 The 
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GIS-based model offers an objective way to evaluate the effects of proposed changes 
in trauma systems for specific regions or countries with their specific geography and 
demography.10,12,16,22-24

Strengths and Limitations

A major strength of this study is that the outcomes of the model were validated, using 
factual data of a large number of high-urgency cases, largely publicly available data, 
and commercially available GIS-based technology. There are also some limitations. 
Although we validated the model, we must emphasize that the results are based on a 
mathematical model, which is of course a simplification of the real world. For example, 
instead of using the exact geographic coordinates of the accident scenes, the zip codes 
were used as a proxy. In our opinion, these 4-digit, 2-letter zip codes are an acceptable 
proxy because these codes cover areas of a few streets at most, meaning that the actual 
accident scene is in close proximity. Another limitation is that the data used to validate 
the model outcomes may have contained erroneous transport times that could not be 
corrected, which is illustrated by some extremely short or very long transport times in 
the database provided by the RAS. Because it is not possible to determine which of the 
extreme data points were errors and which were actual outliers, we included all avail-
able data in the validation to not manipulate the data. Unfortunately, owing to strict 
privacy regulations, we were unable to include patient characteristics in this study. This 
prevented us from a more detailed investigating of the types and severity of the injuries 
of the included patients.

Third, as mentioned before, ambulances in The Netherlands are allowed to drive 
40 km/h faster than the speed of the surrounding traffic for high-urgency transports. 
Unfortunately, we were not able to correct for the effect of the increased speed of the 
ambulance in the model. Nevertheless, the GIS-model transport times did not differ 
significantly from the actual RAS Hollands Midden data, despite the assumed speed 
differences.

Last, only a specific part of the trauma system (ie, transport time from accident scene 
to TC) was evaluated in this study. Other components that influence TC access, such as 
shifts in volumes as a consequence of changes in TC distribution, were not analyzed. 
Although we do feel that maximum capacity and shifts in patient volume should be an 
important part of strategic TC planning, this could not be analyzed using the currently 
available data. We therefore want to emphasize that decisions about the organization 
of trauma care, both prehospital and in-hospital, should be based on more factors than 
only transport times. Nevertheless, despite this limitation, we do think that this type 
of objective data can help to guide policy decisions such as those involving potential 
centralization of trauma care resources.
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Conclusion

This study shows that a GIS-based model offers a quantifiable and objective method to 
evaluate trauma system access under different potential trauma system configurations. 
Applying this technology to one of the most densely populated areas in The Netherlands 
shows that the transport time from accident to TC would remain acceptable if the cur-
rent situation with 3 TCs were changed to a scenario with 2 geographically well-spread 
centers; it also shows that a single-center configuration, or one with 2 poorly located 
centers, could have an adverse effect on patient access to care. This type of objective 
data can support strategical and political decisions, such as those involving potential 
centralization of resources.
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Abstract

Background

Twenty years ago an inclusive trauma system was implemented in the Netherlands. The 
goal of this study was to evaluate the impact of structured trauma care on the concen-
tration of severely injured patients over time.

Methods

All severely injured patients (Injury Severity Score [ISS] ≥16) documented in the Dutch 
Trauma Registry (DTR) in the calendar period 2008-2018 were included for analysis. We 
compared severely injured patients, with and without severe neurotrauma, directly 
brought to trauma centers (TC) and non-trauma centers (NTC). The proportion of pa-
tients being directly transported to a trauma center was determined, as was the total 
Abbreviated Injury Score (AIS), and ISS.

Results

The documented number of severely injured patients increased from 2350 in 2008 to 
4694 in 2018. During this period on average 70% of these patients was directly admit-
ted to a TC (range 63-74%). Patients without severe neurotrauma had a lower chance 
of being brought to a TC compared to those with severe neurotrauma. Patients directly 
presented to a TC were more severely injured, reflected by a higher total AIS and ISS, 
than those directly transported to a NTC.

Conclusion

Since the introduction of a well-organized trauma system in the Netherlands, trauma 
care has become progressively centralized, with more severely injured patients being 
directly presented to a TC. However, still 30% of these patients is initially brought to a 
NTC. Future research should focus on improving pre-hospital triage, to facilitate swift 
transfer of the right patient to the right hospital.
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Background

Following concerns about the organization of both pre-hospital and in-hospital trauma care 
and the increased public awareness about the importance of well-organized acute care 1,2, 
the Dutch government appointed ten trauma centers (TC) in 1998. 3,4 Currently, the Dutch 
trauma care is organized in eleven trauma regions and resembles the American trauma sys-
tem based on the criteria set by the American College of Surgeons- Committee on Trauma.5 
Each region has a catchment area of at least 1.2 million inhabitants with one coordinating 
TC and several non-trauma centers (NTC) in every region. Since the introduction of the 
regionalized trauma care, several quality measures were deployed such as a mandatory 
participation in the Dutch Trauma Registry [DTR] (2008) which led to 100% participation by 
all emergency departments in the registry in 2015. Also, level criteria for trauma- and non-
trauma centers (2013), and certification for trauma surgeons were implemented. In 2010, 
ten years after the introduction of well-organized trauma systems, the overall mortality risk 
after trauma was found to be reduced by 16%.6 In the past decade further development of 
trauma care in the Netherlands concerned, amongst others, the regionalization of the am-
bulance care including an update of the national guideline for emergency medical service 
providers (2011), 24/7 availability of helicopter emergency services (HEMS) for acute trauma 
(2011), yearly quality reports by the Dutch Trauma Registry (2012) and the introduction of 
trauma related quality indicators by the Dutch government (2015) (Figure 1).

Twenty years after the introduction of trauma systems in the Netherlands knowledge 
about parameters that may influence the distribution of trauma patients is relevant, per 
se and as a prelude to the analysis of the clinical effects of this concentration of care 
over time. The objective of this study is to describe the impact of structured trauma 
care on the distribution of severely injured patients between trauma centers (TC) and 
non- trauma centers (NTC).

Material and Methods

Patients and data

Patients admitted to either one of the appointed regional trauma centers (TCs) or to 
a non-trauma center (NTCs) are registered in the Dutch Trauma Registry (DTR). This 
retrospective cohort study included all severely injured patients (Injury Severity Score 
[ISS] ≥16) who were registered in the DTR during the calendar period 2008-2018. Up to 
2015, injury coding and calculation of the ISS7 in the DTR was based on the Abbreviated 
Injury Scale (AIS) version 19988 and after 2015 on the AIS version 2008 9. To enable a 
comparison of patients’ injury severity over time, a tool developed by Palmer et al. was 
used to reclassify all AIS1998 injury codes to AIS2008 injury codes. 10



98 Chapter 6

Fi
gu

re
 1

. C
ha

ng
es

 in
 o

rg
an

iz
at

io
n 

of
 tr

au
m

a 
ca

re
 in

 th
e 

N
et

he
rla

nd
s



6

The impact of regionalized trauma care on the distribution of severely injured patients in the Netherlands 99

Since 2008, all eleven coordinating TCs contribute data of their admitted trauma 
patients to the DTR. During the study period (2008-2018), the participation of NTCs in 
the DTR increased from 62% in 2008 to (near) 100% in 2018 (Table 1). From 2014 on, all 
Dutch hospitals participate in the DTR.

The distinction between TCs and NTCs is based on the set of trauma center- criteria 
established by the Dutch Society for Trauma Surgery. TCs (level-I centers) in the Nether-
lands need to have 24/7 multidisciplinary trauma team availability and are equipped for 
multidisciplinary management of severely injured patients, including the presence of 
facilities such as 24/7 angio-interventions, intensive care and specialties like neurosur-
gery and cardiothoracic surgery. The NTCs are well equipped trauma-hospitals but lack 
the 24/7 presence of multidisciplinary trauma teams, and are not appointed primarily to 
provide care to severely injured patients.

Table 1. Number of trauma centers (TCs) and non-trauma centers (NTCs) participating in the Dutch Trauma 
Registry, by calendar year.

2008 2009 2010 2011

Total number of NTCs with ED 105 104 102 102

Number (%) of NTCs participating in the registry 76 (72) 79 (76) 85 (83) 89 (87)

Total number (%) of TCs participating in the registry 11 (100) 11 (100) 11 (100) 11 (100)

Total number of severely injured patients (ISS≥16) in the registry 2350 2450 2479 2968

Number (%) of patients with ISS≥16 and severe neurotrauma 1483 (63) 1515 (62) 1655 (67) 1950 (66)

Number (%) of patients with ISS≥16 without severe neurotrauma 867 (37) 935 (38) 824 (33) 1018 (34)

2012 2013 2014 2015

Total number of NTCs with ED 101 101 99 96

Number (%) of NTCs participating in the registry 97 (96) 100 (99) 98 (99) 96 (100)

Total number (%) of TCs participating in the registry 11 (100) 11 (100) 11 (100) 11 (100)

Total number of severely injured patients (ISS≥16) in the registry 3394 3578 4006 4205

Number (%) of patients with ISS≥16 and severe neurotrauma 2211 (65) 2416 (68) 2783 (69) 2413 (57)

Number (%) of patients with ISS≥16 without severe neurotrauma 1183 (35) 1162 (32) 1223 (31) 1792 (43)

2016 2017 2018

Total number of NTCs with ED 95 95 91

Number (%) of NTCs participating in the registry 95 (100) 95 (100) 89 (98)

Total number (%) of TCs participating in the registry 11 (100) 11 (100) 11 (100)

Total number of severely injured patients (ISS≥16) in the registry 4422 4450 4694

Number (%) of patients with ISS≥16 and severe neurotrauma 2410 (55) 2403 (54) 2545 (54)

Number (%) of patients with ISS≥16 without severe neurotrauma 2012 (45) 2047 (46) 2149 (45)
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Statistical analysis

The statistical analyses were performed in R 11 for three types of patients:
A)	 all severely injured patients (ISS≥16),
B)	 patients with ISS≥16 and severe (head-AIS≥3) neurotrauma, and
C)	 patients with ISS≥16 without neurotrauma or with only mild to moderate (AIS≤2) 

neurotrauma.

Separate analysis of the subgroups with and without severe neurotrauma was consid-
ered relevant, since a large part of the patients with ISS≥16 have severe neurotrauma.

First, the distribution of severely injured patients who were directly brought to a TC 
and those who were directly brought to a NTC was described over time (Figure 2).

To assess a potential trend in the proportion of severely injured patients directly 
brought to a TC over time, the proportion per year was modelled with adjustment for 
case mix variables (Figure 3). For this purpose, the PSNL15 case mix model was used, 
which was developed by the National Network Acute Care (Landelijk Netwerk Acute 
Zorg, LNAZ), based on the TRISS-model13 and adjusted to the Dutch population.14 The 
PSNL15 case mix model includes factors associated with the survival of trauma patients, 
such as trauma mechanism, vital signs on admission, age and ISS.14 The proportion of 
patients that were directly brought to a TC was also corrected for the centers that did 
not participate in the DTR from the start in 2007. Multiple imputation was used to esti-
mate the number of (severely) injured patients in NTCs for the calendar years in which 
these centers did not report to the DTR. The multiple imputation for the not reported 
years was based on the number of and trend in the observed numbers of patients these 
centers had reported in later years.

Second, the median ISS (Figure 4) and median total AIS (calculated as the sum of all 
separate AIS severity codes per patient) (Figure 5) of patients brought to the TCs and 
NTCs were described over time. The median total AIS was analyzed as several studies 
have shown that the low inter observer reliability of the ISS limits its use for benchmark-
ing trauma system performance.15,16 Total AIS might be a useful marker of injury severity 
because it includes all injuries (i.e. multiple injuries in one body region).17

Results

Distribution of severely injured patients

The number of severely injured patients registered in the Dutch Trauma Registry in-
creased from 2350 patients in 2008 to 4694 in 2018 [Figure 2A]. At the same time the 
number of participating NTCs varied from 76 to 100 (72-100%; Table 1.) In the years 
2008-2014, on average 66% of all documented severely injured patients had severe 
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neurotrauma, while this was 55% over the years 2015-2018 (Table 1). Both the numbers 
of registered patients with severe neurotrauma (Figure 2B) and without severe neu-
rotrauma (Figure 2C) increased over the 10-year period. The unadjusted proportion of 
all severely injured patients that were directly brought to a TC was 70% on average. This 
proportion decreased from 74% to 63% between 2008 and 2014, when the number of 
NTCs participating in the DTR still increased, and then increased to 70% in 2018 (Figure 

a. All patients

b. Patients with severe neurotrauma (AIS≥3)

c. Patients without severe neurotrauma (no neurotrauma or only mild-moderate [AIS≤2] neurotrauma)

Figure 2. Distribution of severely injured patients (ISS≥16) registered in the Dutch Trauma Registry, directly 
brought to a level I trauma center or to a non-trauma center over time for (A) all patients, and separately for 
patients (B) with and (C) without severe neurotrauma, by calendar year.



102 Chapter 6

2A). A similar trend was seen in both the subgroup of patients with severe neurotrauma 
(Figure 2B) and the subgroup of patients without neurotrauma or with only mild/moder-
ate neurotrauma (Figure 2C).

A similar trend in the proportion of severely injured patients that were directly brought 
to a TC was seen after adjustment for variation in case mix and for non-participation of 
NTCs (Figure 3). After a decreasing trend between 2008 and 2014, the adjusted propor-
tion increased over the years 2014-2016 and remained stable thereafter. On average 
over the past decade 73% of the patients with severe neurotrauma and 66% of patients 
without severe neurotrauma were directly transported to a TC.

Injury severity
During the entire study period, the patients directly brought to a TC were more severely 
injured, refl ected by a higher median ISS (22, interquartile range [IQR] 17 - 27) and higher 

a. All patients

b. Patients with severe neurotrauma (AIS≥3) c.  Patients without severe neurotrauma (no neu-
rotrauma or only mild-moderate [AIS≤2] neurotrau-
ma) neurotrauma)

Figure 3. Proportion of severely injured patients (ISS≥16) directly brought to a trauma center, after correc-
tion for diff erence in case mix and for non-participation in the Dutch Trauma Registry, for all patients(A), 
and separately for patients with(B) and without(C) severe neurotrauma, per calendar year.
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median total AIS (13, IQR 9 - 20), than the patients that were directly brought to a NTC 
(ISS 18, IQR 17 - 25 and total AIS 8, IQR 6 - 12 ) (Figures 4 and 5). For all severely injured 
patients and for the subgroup of patients with severe neurotrauma, the total AIS and ISS 
in the patients directly brought to a TC (median ISS 24, IQR17 - 29 and total AIS 14, IQR 9 

a. All patients b. Patients with severe 
neurotrauma (AIS≥3)

c. Patients without severe 
neurotrauma (no neurotrauma 
or only mild-moderate [AIS≤2] 
neurotrauma)

Figure 5. Median total Abbreviated Injury Score (AIS) for severely injured patients (ISS≥16) directly brought 
to a trauma center or a non-trauma center, for (A) all patients, and separately for patients (B) with and (C) 
without severe neurotrauma, by calendar year.

a. All patients b. Patients with severe neu-
rotrauma (AIS≥3)

c. Patients without severe 
neurotrauma (no neurotrauma 
or only mild-moderate [AIS≤2] 
neurotrauma)

Figure 4. Median Injury Severity Score (ISS) for severely injured patients (ISS≥16) directly brought to a 
trauma center or a non-trauma center, for (A) all patients, and separately for patients (B) with and (C) with-
out severe neurotrauma, by calendar year. 



104 Chapter 6

- 21 ) increased from 2014 onward (ISS 2014 22, IQR 17 - 27 vs ISS 2018 25, IQR 19- 29 and 
total AIS 2014 13, IQR 9 - 20 vs total AIS 2018 17, IQR 12 - 24), while it remained steady 
over the years for the patients that were brought to a NTC (ISS 19, IQR 17 - 25 and total 
AIS 9, IQR 6 - 12) (Figures 4A-B and 5A-B). For the subgroup of severely injured patients 
without severe neurotrauma, the median ISS and total AIS remained similar over time, 
for both the patients that were directly brought to a TC (ISS 20, IQR 17 - 25 and total AIS 
12, IQR 7 - 17) and for those directly brought to a NTC ( ISS 18, IQR 17 - 22 and total AIS 
8, IQR 5 - 12) (Figures 4C and 5C).

Discussion

Over the period 2008-2018 the centralization of trauma care in the Netherlands contin-
ued. The total number of registered severely injured patients has increased to annually 
about 4500. This increase is at least partly attributable to increased participation of NTCs 
in the DTR and to a more accurate registration. As of 2014, all TCs and NTCs with an 
ED participated in the registry and from then on representative data was available. The 
proportion of the severely injured patients that were directly brought to a TC slightly 
increased, and stabilized at 70% in the most recent years. This proportion was somewhat 
higher for the severely injured patients with severe neurotrauma than for those without 
neurotrauma or only mild or moderate neurotrauma. The injury severity within the 
group of severely injured patients that were directly brought to a TC has increased since 
2014, especially in the subgroup of patients with severe neurotrauma.

Despite many improvements, challenges remain to be faced. As a consequence of the 
introduction of a trauma system, severely injured patients are more likely to be admitted 
to a TC than in the 1990s.6 However, about 30% of these patients are still transported to 
NTCs in the Netherlands. Similar percentages are seen in other countries such as Norway 
and the United States.18-22 According to the American College of Surgeons- Committee 
on Trauma an under-triage rate above 5% is unacceptable, as under-triage increases the 
risk of mortality and morbidity due to patients not being managed in the best equipped 
hospital.23 In addition, MacKenzie et al. showed in their study that, especially for the 
younger, more severely injured patients, treatment at a TC is not only more effective but 
also cost-effective, which underlines the importance of bringing the severely injured to a 
TC.24 Studies show that especially the most severely injured patients, with ISS≥25, hemo-
dynamically instable and patients with severe traumatic brain injury (AIS≥3), benefit the 
most from proper hospital triage, demonstrating lower mortality rates for these patients 
when brought to a TC.25-28 Reducing under-triage should therefore be given priority. This 
does however, remain a major challenge even in mature trauma systems.23,29 Van Rein et 
al. showed in their systematic review that almost all prehospital triage protocols had a 
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low sensitivity and therefore failed to identify all severely injured patients who needed 
treatment in a TC.30 Especially identifying serious neurotrauma by EMS providers has 
proven to be difficult; 32% of all neurotrauma and 21% of the severe neurotrauma is 
not recognized at the accident scene.12Particularly for these patients, the hospital triage 
may be further optimized by advanced triage tools. In trauma patients, the effects of 
drugs and alcohol often obscure the real trauma related neurological symptoms so that 
symptoms often do not correspond with findings on the CT-scans once the patients 
have arrived at the ED.12

The current lack of field triage criteria able to adequately predict if a patient will be 
classified as severely injured contributes to the challenge to fulfill the Dutch Healthcare 
Institute’s prerequisite of 90% severely injured patients being brought directly to a 
dedicated TC. In practice, emergency service providers guide their decision whether or 
not to go to a TC based on their clinical experience, and clinical signs of severe injury 
at the accident scene in addition to what the ambulance protocols prescribe.31 Future 
research should focus on developing tools for scientifically substantiated assistance in 
this decision making and improve the quality of pre-hospital triage in severely injured 
patients.32,33

Strengths and limitations

A strength of this study is that it includes data of all documented severely injured pa-
tients over a period of 10 years in one country. There are also some limitations that need 
to be addressed. We observed an increasing number of (severely) injured patients in 
the study period. Although we tried to correct for the fact that some NTC’s did not par-
ticipate at the beginning of the DTR, the increase in patient numbers may still, at least 
partly, be explained by the increasing NTC participation over the years. The increase in 
trauma patient numbers might also be caused by more accurate registration. Another 
potential bias was posed by the AIS conversion in 2015, when the way of injury coding 
in the DTR was changed from the 1998 version of the Abbreviated Injury Scale to the 
2005/2008 update version. It is well known that the AIS08 version substantially differs 
from the AIS98 version with regard to the classification of injury severity and accuracy. 
Specifically, the AIS08 classification results in less patients being classified as severely 
injured patients (ISS≥16) and less patients with severe (AIS≥3) neurotrauma. This prob-
ably also explains the increase in numbers of patients with minor TBI and the reduction 
in numbers of severely injured patients with severe neurotrauma, which was on average 
66% over the years 2008-2014 and 55% over the years 2015-2018. This assumption is 
confirmed by Pal et al. who showed an increase in head AIS1 and AIS2 classifications and 
a decrease in AIS>3 or higher classifications after using the AIS2008 classification.34 So, 
despite our best efforts in reclassifying the AIS98 to AIS08 codes according to Palmer’s 
model10, it remains challenging to combine the data of both classifications.10,34,35
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Conclusion

Since the introduction of a well-organized trauma system in the Netherlands, trauma 
care has become progressively centralized, with more severely injured patients being 
brought directly to a TC. The injury severity within the group of severely injured patients 
that are directly transported to a TC has increased slightly in the most recent years, 
especially in the subgroup of patients with severe neurotrauma. However, still 30% of 
all severely injured patients is initially brought to a NTC. Future research should focus on 
improving pre-hospital triage, to facilitate swift transfer of the right patient to the right 
hospital.
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Abstract

Background

In hospitalized patients, malnutrition is associated with adverse outcomes. However, 
the consequences of malnutrition in trauma patients are still poorly understood. This 
study aims to review the current knowledge about the pathophysiology, prevalence, 
and effects of malnutrition in severely injured patients.

Methods

A systematic literature review in PubMed and Embase was conducted according to 
PRISMA-guidelines.

Results

Nine review articles discussed the hypermetabolic state in severely injured patients in 
relation to malnutrition. In these patients, malnutrition negatively influenced the meta-
bolic response, and vice versa, thereby rendering them susceptible to adverse outcomes 
and further deterioration of nutritional status. Thirteen cohort studies reported on 
prevalence of malnutrition in severely injured patients; ten reported clinical outcomes. 
In severely injured patients, the prevalence of malnutrition ranged from 7 to 76%, de-
pending upon setting, population, and nutritional assessment tool used. In the geriatric 
trauma population, 7–62.5% were malnourished at admission and 35.6–60% were at risk 
for malnutrition. Malnutrition was an independent risk factor for complications, mortal-
ity, prolonged hospital length of stay, and declined quality of life.

Conclusions

Despite widespread belief about the importance of nutrition in severely injured pa-
tients, the quantity and quality of available evidence is surprisingly sparse, frequently 
of low-quality, and outdated. Based on the malnutrition-associated adverse outcomes, 
the nutritional status of trauma patients should be routinely and carefully monitored. 
Trials are required to better define the optimal nutritional treatment of trauma patients, 
but a standardized data dictionary and reasonable outcome measures are required for 
meaningful interpretation and application of results.
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Introduction

Malnutrition is an underestimated problem in the general hospitalized population. 
Estimations up to a 50% prevalence of this condition have been reported, with prob-
ably even higher numbers in the critically ill.1-4 Malnutrition in hospitalized patients is 
an important factor to consider, because it is associated with adverse outcomes such as 
prolonged hospital length of stay, increased complications, in- hospital mortality, and 
healthcare costs.1,5,6 . Although most physicians are aware of the risk of malnutrition, half 
of all malnourished patients are not identified during their hospital stay.7

In severely injured patients, the relationship between nutritional status and clinical 
outcome is complicated by the systemic pathophysiological responses to trauma, which 
may affect, as well as may be affected by, the patient’s nutritional status.8-11 The impact 
of nutrition on metabolic changes and clinical outcomes in severely injured trauma 
patients is therefore unique and complex but remains poorly understood. More insight 
into these mechanisms may increase awareness of nutritional status in severely injured 
patients so that both, as classified by the American Society of Parenteral and Enteral 
Nutrition (A.S.P.E.N), acute disease or injury- related malnutrition and its consequences 
may be prevented.12 The purpose of this systematic review is to summarize and evaluate 
the available literature on: (1) the metabolic effects of malnutrition in severely injured 
trauma patients, and (2) the incidence/prevalence of malnutrition, the risk of develop-
ing malnutrition, and clinical outcomes of malnutrition in severely injured patients.

Material and methods

Search strategy

This systematic review was conducted according to the Preferred Reporting Items for 
Systematic reviews and Meta- Analyses (PRISMA) statement.13 A systematic literature 
search was performed in PubMed and Embase with help of an experienced medical li-
brarian in May 2019. The search strategy, provided in Appendix 1, included related terms 
and synonyms for nutritional status, malnutrition, undernutrition, and adult polytrauma 
patients.

Eligibility criteria and article selection

Articles about the pathophysiology and metabolic effects of malnutrition in severely 
injured trauma patients were considered eligible for inclusion, as well as clinical studies 
in which the prevalence and/or outcomes of malnutrition in severely injured trauma 
patients were reported. We did not use a specific definition of malnutrition and severely 
injured patients because different criteria and assessments tools for both malnutrition 
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and severely injured patients were used in the literature. We selected publications in 
Dutch, English, French, and German without restriction on publication year. Identified 
articles were first screened for relevance based on title and abstract. Articles without 
full-text were not included; the majority (56%) of these were outdated (> 20 years old). 
The full-text of potentially eligible articles were read before inclusion in the review. The 
reference lists of the included articles were screened for additional literature. Expert 
opinions, conference papers and letters to the editor were excluded. Selected articles 
were grouped by topic: (1) articles describing the metabolic response of mal- nutri-
tion in severely injured trauma patients, and (2) clinical cohort studies describing the 
prevalence of malnutrition and its association with clinical outcomes in severely injured 
trauma patients during hospital admission.

Data extraction and risk of bias assessment

Metabolic effects; reviews
All selected articles about the pathophysiology and metabolic effects of malnutrition 
in severely injured trauma patients were review articles. Data on pathophysiology and 
metabolic effects of malnutrition in these articles were summarized and combined in a 
model. The methodological quality of the included review articles could not be assessed 
according to the AMSTAR tool or equivalent as suggested by the PRISMA-guidelines. 14,15, 
because none of these articles were systematic reviews.

Incidence/prevalence and outcomes of malnutrition; cohort studies
Patients’ age and gender, reported prevalence of malnutrition, type of nutritional as-
sessment tool, and reported clinical outcomes were extracted from the selected cohort 
studies. Authors were contacted for more detailed information on the severely injured 
and geriatric patients groups in their studies, however none of the contacted authors 
responded to our query. Due to the inconsistent and different assessment tools and 
reported outcomes, the extracted data of these studies could not be pooled.

The risk of different types of bias of the included cohort studies was assessed using 
the ‘Methodological index for non-randomized studies’ (MINORS criteria) on a 3-point 
scale ranging from 2 (reported and adequate) to 0 (not reported).16

Article selection, data extraction and assessment of methodological quality were 
performed independently by the first two authors. Disagreement was resolved by 
discussion.
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Results

Selection of articles

The search yielded 3689 articles. After removing 418 duplicates, 3271 articles were 
screened for eligibility. Seventy- three articles were excluded because no full-text was 
avail- able. Twenty articles fulfilled the inclusion criteria and were included in this review. 
Two more studies were included based on hand search of the reference lists (Fig. 1).

Metabolic effects

Nine articles, published between 1968 and 2011, were non-systematic reviews about 
the altered metabolic state of severely injured trauma patients.11, 17-24 All these articles 
discussed a specific part of the metabolic response in relationship to malnutrition.

Figure 1. Studies resulting from literature search with reasons for in-/exclusion



118 Chapter 7

Table 1. Included cohort studies about prevalence of malnutrition and its effects on outcomes in trauma
patients in this review (n = 10)

Authors Year Country Design n Male
(%)

Age
in years

Nutritional 
assessment tool

Prevalence
MN on admission (unless 
indicated otherwise) (%)

ARM (%) Mortality Length of stay
in days

Complications

Wilson et al. 36 2019 United 
States

Prospective cohort 
study

377 50.9 73.70m

± SD 12.73
Visceral proteins Hypoalbuminaemia: 17.5

Low TLC: 62.3
- Hypoalbumi-

naemia: OR2.22 
95% CI 1.26-3.92
TLC: n/a

Hypoalbumi-
naemia: r=-0.14, 
p=0.024
TLC:n/a

≥1 adverse event 
associated with MN,
p < 0.001

Wilson et al. 34 2019 United 
States

Retrospective 
cohort study

5,673 43.8 46.69 m

± SD 13.62
Visceral proteins Hypoalbuminaemia: 29.6 WN: 0.4%,

MN: 3.2%,
RR 4.86,
95% CI 2.66-8.87

WN: 3.57 (± SD 
5.0)
MN: 7.5 (± SD 
10.45)
p < 0.001

≥1 adverse event RR 1.46 
95% CI 1.30-1.64;
Sepsis RR 1.99 95% CI 
1.03-3.86;
Unplanned intubation 
RR 2.95 95% CI 1.49-5.84;
Reoperation RR 1.52 95% 
CI 1.11-2.07;
Readmission RR 2.0 95% 
CI 1.55-2.57

Wintermeyer 
et al. 35

2019 Germany Prospective cohort 
study

1,642 - 57.8m

± SD 16.6
NRS - Overall: 18.3

Geriatric 
trauma: 35.6

- - ≥1 adverse event 
associated with ARM, 
p < 0.01; quality of life 
negatively associated 
with ARM, p < 0.01

Ihle et al. 33 2017 Germany Prospective cohort 
study

521 56.2 53.9m

± SD 18.1
NRS - 19.2 - NRS ≥3 (ARM): 16 

± SD 12
NRS <3 (WN):
11 ± SD 10

≥1 adverse event 
associated with ARM, p 
< 0.001

Müller et al. 26 2017 Switzerland Non-comparative 
prospective cohort 
study

169 42.6 79.7m

± SD 6.5
MNA 7.1 49.1 - - -

Goisser et 
al. 27

2015 Germany Non-comparative 
retrospective 
cohort study

97 20.6 84.0m

± SD 5.0
MNA
(long form)

17.0 38.0 WN:13%,
ARM: 21%,
MN: 0%,
p = 0.120

WN:11med

IQR 10-16, 
ARM:12med

IQR 9-17,
MN:10med

IQR 7-15,
p = 0.388

WN: 86%,
ARM: 97%,
MN: 100%,
p = 0.095

Chakravarty 
et al.28

2013 India Non-comparative 
prospective cohort 
study

61 78.7 - SGA 15.0 - - - -

Banks et al. 29 2010 Ireland Non-comparative 
prospective cohort 
study

30 37.0 78.5med

IQR 68-85
MNA - 60.0 - - -

Dhandapani 
et al. 25

2007 India Non-comparative 
prospective cohort 
study

61 92.0 35.4m

± SD not 
reported

Anthropometric 
measurements

Clinical features of pedal 
edema, cheilosis, skeletal 
prominence, xerosis, gum 
bleed:
Week 1: 45.0
Week 3: 76.0

- - -
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Table 1. Included cohort studies about prevalence of malnutrition and its effects on outcomes in trauma
patients in this review (n = 10)

Authors Year Country Design n Male
(%)

Age
in years

Nutritional 
assessment tool

Prevalence
MN on admission (unless 
indicated otherwise) (%)

ARM (%) Mortality Length of stay
in days

Complications

Wilson et al. 36 2019 United 
States

Prospective cohort 
study

377 50.9 73.70m

± SD 12.73
Visceral proteins Hypoalbuminaemia: 17.5

Low TLC: 62.3
- Hypoalbumi-

naemia: OR2.22 
95% CI 1.26-3.92
TLC: n/a

Hypoalbumi-
naemia: r=-0.14, 
p=0.024
TLC:n/a

≥1 adverse event 
associated with MN,
p < 0.001

Wilson et al. 34 2019 United 
States

Retrospective 
cohort study

5,673 43.8 46.69 m

± SD 13.62
Visceral proteins Hypoalbuminaemia: 29.6 WN: 0.4%,

MN: 3.2%,
RR 4.86,
95% CI 2.66-8.87

WN: 3.57 (± SD 
5.0)
MN: 7.5 (± SD 
10.45)
p < 0.001

≥1 adverse event RR 1.46 
95% CI 1.30-1.64;
Sepsis RR 1.99 95% CI 
1.03-3.86;
Unplanned intubation 
RR 2.95 95% CI 1.49-5.84;
Reoperation RR 1.52 95% 
CI 1.11-2.07;
Readmission RR 2.0 95% 
CI 1.55-2.57

Wintermeyer 
et al. 35

2019 Germany Prospective cohort 
study

1,642 - 57.8m

± SD 16.6
NRS - Overall: 18.3

Geriatric 
trauma: 35.6

- - ≥1 adverse event 
associated with ARM, 
p < 0.01; quality of life 
negatively associated 
with ARM, p < 0.01

Ihle et al. 33 2017 Germany Prospective cohort 
study

521 56.2 53.9m

± SD 18.1
NRS - 19.2 - NRS ≥3 (ARM): 16 

± SD 12
NRS <3 (WN):
11 ± SD 10

≥1 adverse event 
associated with ARM, p 
< 0.001

Müller et al. 26 2017 Switzerland Non-comparative 
prospective cohort 
study

169 42.6 79.7m

± SD 6.5
MNA 7.1 49.1 - - -

Goisser et 
al. 27

2015 Germany Non-comparative 
retrospective 
cohort study

97 20.6 84.0m

± SD 5.0
MNA
(long form)

17.0 38.0 WN:13%,
ARM: 21%,
MN: 0%,
p = 0.120

WN:11med

IQR 10-16, 
ARM:12med

IQR 9-17,
MN:10med

IQR 7-15,
p = 0.388

WN: 86%,
ARM: 97%,
MN: 100%,
p = 0.095

Chakravarty 
et al.28

2013 India Non-comparative 
prospective cohort 
study

61 78.7 - SGA 15.0 - - - -

Banks et al. 29 2010 Ireland Non-comparative 
prospective cohort 
study

30 37.0 78.5med

IQR 68-85
MNA - 60.0 - - -

Dhandapani 
et al. 25

2007 India Non-comparative 
prospective cohort 
study

61 92.0 35.4m

± SD not 
reported

Anthropometric 
measurements

Clinical features of pedal 
edema, cheilosis, skeletal 
prominence, xerosis, gum 
bleed:
Week 1: 45.0
Week 3: 76.0

- - -
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Incidence/prevalence and outcomes of malnutrition

Thirteen cohort studies about the prevalence of malnutrition in severely injured trauma 
patients were found, published between 1987 and 2019 (Table 1).10, 25–33 Outcomes were 
reported in ten articles, of which six described the general trauma population with 
severe injuries10, 25, 31, 33–35, four described the geriatric trauma population.26, 27, 30, 34 The 
risk of bias in the included cohort studies was generally low (Table 2).

Malnutrition and the metabolic response in severely injured patients

The pathophysiological processes and metabolic effects of malnutrition in severely 
injured patients described in the nine review articles are summarized in Fig. 2. Essen-
tially, the reviews describe the combination of a prolonged and/or disturbed metabolic 
response following traumatic injury and the negative influence of malnutrition upon 
this response that leads to a vicious circle of further deterioration of the nutritional- and 
health status and the metabolic response. 20, 21, 24

After severe trauma, burns, or infection, a universal acute phase response is seen, 
characterized by a predominantly hypermetabolic catabolic state.11, 17–20, 23, 24 Although 
this acute phase response seems to be essential for recovery, a maladaptive prolonged 
and/or disturbed metabolic response is associated with complications, morbidity and 
mortality.24

Table 1. Included cohort studies about prevalence of malnutrition and its effects on outcomes in trauma
patients in this review (n = 10) (continued)

Authors Year Country Design n Male
(%)

Age
in years

Nutritional 
assessment tool

Prevalence
MN on admission (unless 
indicated otherwise) (%)

ARM (%) Mortality Length of stay
in days

Complications

Goiburu et 
al. 10

2006 Paraguay Non-comparative 
prospective cohort 
study

161 94.0 27.0med

IQR 14-92
SGA 40.0 - RR 4;

95% CI 1-15
>14 days RR 2.3; 
95% CI 1.2-4.7

RR 2.9;
95% CI 1.4-5.8

Compan et 
al. 30

1999 France Non-comparative 
prospective cohort 
study

299 33.0 82.9m

± SD 7.0
MNA 24.7 - - Longer stay 

associated 
with MN, p not 
reported

Death during 
hospitalization 
associated with MN, p 
<0.0001

McClave et 
al.31

1992 United 
States

Non-comparative 
prospective cohort 
study

- - - Visceral proteins 
Anthropometric 
measurements

Low visceral proteins 
(albumin, transferrin, 
TLC): 17.6%, Underweight: 
20.6%, Mix: 15.6%

OR 4.04;
p <0.05

OR 1.29;
p <0.05

Sepsis: OR 2.64; p <.05; 
Nosocomial infections: 
OR 2.26; p <0.05

Kaufman et 
al. 32

1987 United 
States

Non-comparative 
prospective cohort 
study

76 - - Visceral proteins 
Anthropometric 
measurements

Albumin, transferrin, TLC, 
and others: not defined

- - - -

* n refers to the number of trauma patients in the study
m mean	 med median
MN: Malnourished, ARM: At risk for malnutrition, WN: Well-nourished, NRS: Nutritional Risk Screening, MNA: 
Mini Nutritional Assessment, SGA: Subjective Global Assessment scale, TLC: Total lymphocyte count, SD: 
Standard deviation, IQR: Interquartile range, RR: relative risk, CI: confidence interval, OR: adjusted odds ratio
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The initial post-injury state in severely injured patients, caused by tissue damage, is 
characterized by an acute phase response and increased energy expenditure. Released 
cytokines (e.g., interleukins and tumor necrosis factor-α) together with post-injury 
released hormones (including epinephrine, cortisol, and glucagon), act as catabolic 
stimulants.11, 17, 18, 23 Depending upon the severity of injury, energy expenditure increases 
by 20–50% in trauma patients compared to patients after elective surgery (Fig. 2).

Table 1. Included cohort studies about prevalence of malnutrition and its effects on outcomes in trauma
patients in this review (n = 10) (continued)

Authors Year Country Design n Male
(%)

Age
in years

Nutritional 
assessment tool

Prevalence
MN on admission (unless 
indicated otherwise) (%)

ARM (%) Mortality Length of stay
in days

Complications

Goiburu et 
al. 10

2006 Paraguay Non-comparative 
prospective cohort 
study

161 94.0 27.0med

IQR 14-92
SGA 40.0 - RR 4;

95% CI 1-15
>14 days RR 2.3; 
95% CI 1.2-4.7

RR 2.9;
95% CI 1.4-5.8

Compan et 
al. 30

1999 France Non-comparative 
prospective cohort 
study

299 33.0 82.9m

± SD 7.0
MNA 24.7 - - Longer stay 

associated 
with MN, p not 
reported

Death during 
hospitalization 
associated with MN, p 
<0.0001

McClave et 
al.31

1992 United 
States

Non-comparative 
prospective cohort 
study

- - - Visceral proteins 
Anthropometric 
measurements

Low visceral proteins 
(albumin, transferrin, 
TLC): 17.6%, Underweight: 
20.6%, Mix: 15.6%

OR 4.04;
p <0.05

OR 1.29;
p <0.05

Sepsis: OR 2.64; p <.05; 
Nosocomial infections: 
OR 2.26; p <0.05

Kaufman et 
al. 32

1987 United 
States

Non-comparative 
prospective cohort 
study

76 - - Visceral proteins 
Anthropometric 
measurements

Albumin, transferrin, TLC, 
and others: not defined

- - - -

* n refers to the number of trauma patients in the study
m mean	 med median
MN: Malnourished, ARM: At risk for malnutrition, WN: Well-nourished, NRS: Nutritional Risk Screening, MNA: 
Mini Nutritional Assessment, SGA: Subjective Global Assessment scale, TLC: Total lymphocyte count, SD: 
Standard deviation, IQR: Interquartile range, RR: relative risk, CI: confidence interval, OR: adjusted odds ratio

Figure 2. Model of effects of the hypermetabolic state and malnutrition in severely injured patients
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The combination of this acute phase response and increased energy expenditure 
after trauma leads to a hypermetabolic state (Fig. 2; “Hypermetabolic state I”). This 
hypermetabolic state alters protein metabolism, leading to increased muscle protein 
mobilization for energy, and decreased protein synthesis leading to catabolism.19, 22 In 
addition, leukocytosis, changes in the glucose metabolism, and retention of sodium and 
water are seen.18 These biochemical adaptations are distinctive for severely injured pa-
tients, and increase the susceptibility of the trauma patient for developing malnutrition.

Recovery of the trauma patient is threatened by the combination of increased loss of 
body resources and the prolonged and/or disturbed hypermetabolic state. This state is 
characterized by impaired anabolic function characterized by continued muscle protein 
breakdown and ongoing elevated energy expenditure remains high (Fig. 2).18, 20, 23 Ad-
ditionally, between three to seven days post-injury, severely injured trauma patients 
developed increased lipid metabolism, insulin resistance, and hyperglycemia (Fig. 2; 
“Hypermetabolic state II”).23 Due to this insulin resistance, patients develop a glucose 
deficit, causing the body to oxidize branched carbon chains from amino acids for en-
ergy production.17, 18, 22, 23 This altered fat metabolism further contributes to significant 
breakdown in amino acids and body protein stores, reflected by a negative nitrogen 
balance.24 It has been suggested that 10–15% of the weight loss in trauma patients is 
a consequence of depleting normal protein stores.22 However, severely malnourished 

Table 2. Risk of Bias in the included cohort studies according to Methodological Index for Non-Randomized 
Studies (MINORS) criteria. [16]
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patients are unable to increase their protein turnover, which has been associated with a 
higher risk of mortality, with inefficient wound healing, and less cell renewal.24

One clinically relevant consequence of muscle breakdown is seen in respiratory mus-
cle inadequacy and the associated prolonged ventilator dependency, pneumonia, and 
subsequent risk of mortality.17-22 Immunosuppression and the cytokine cascade can lead 
to a functionally impaired gastrointestinal tract, contributing to delayed gastric empty-
ing, diarrhea, and malabsorption.17,.24 These consequences of the distinctive metabolic 
response following traumatic injuries not only increase mortality and morbidity rates, 
but also potentiate deterioration of the nutritional status.17, 22, 24 Once malnutrition has 
developed, the circle is complete, as it negatively influences the metabolic response, 
leading to relative immunodeficiency, such as an impaired white blood cell function, 
decreased T-cell function and anti-body and complex formation.17, 22, 24 This again makes 
the patient particularly susceptible to infectious complications and further loss of body 
resources.18, 20, 22, 24

Prevalence of malnutrition and its association with patient outcomes

Thirteen cohort studies reported on the prevalence of malnutrition in severely injured 
trauma patients (Table 1). The prevalence of malnutrition ranged from 7 to 76% in 
trauma patients in general.10, 25–32, 34–36

Six studies specifically reported the prevalence of malnutrition on geriatric patients 
admitted with traumatic injuries. On admission, 7–62.6% of the geriatric trauma patients 
were malnourished and 35.6–60% were at risk for malnutrition according to the Mini 
Nutritional Assessment (MNA) tool, Nutritional Risk Screening (NRS 2002) tool and 
serum biomarkers (visceral proteins).26, 27, 29, 30, 35, 36 Dhandapani et al. also examined the 
development of malnutrition during hospital stay and showed an increase in prevalence 
from 45% in the first week of hospital admission to 76% in the third week.25

Ten studies reported on clinical outcomes, such as mortality, hospital length of stay, 
quality of life, and complications associated with malnutrition, six in the general trauma 
population10, 25, 31, 33–35 and four in the geriatric trauma population specifically (Table 
1).26, 27, 30, 36 Malnutrition was associated with higher morbidity, delayed mobilization 
both after conservative and operative treatment, higher in-hospital mortality, prolonged 
hospital length of stay, reoperation and readmissions.10, 31, 33–35 In malnourished patients 
with traumatic brain injuries, neurological outcome after 6 months was less favorable, 
classified as death, persistent vegetative state or severe disability according to the 
Glasgow Outcome Scale (adjusted odds ratio 12.5; 95% confidence interval 2.6–61.0) 
compared to well-nourished patients.25

Geriatric patients at risk for malnutrition or suffering from malnutrition had more 
often cognitive impairments, infectious complications, depressive symptoms, comor-
bidity, less amelioration of their nutritional status, a higher prevalence of frailty and 
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suspected sarcopenia than well- nourished patients.26, 27, 29, 36 Two studies observed no 
differences in length of stay, readmission rates and mortality rates27, 30, while one cohort 
study observed a negative associations between malnutrition and these aforementioned 
outcomes.36 Malnutrition seemed to have an influence on health-related quality of life, 
as malnourished geriatric trauma patients suffered more often than well-nourished geri-
atric trauma patients from irreversible loss of independency and worse physical, mental, 
and cognitive health after trauma.27

Discussion

It is universally recognized that baseline “malnutrition” is a risk factor for worse clinical 
outcomes and that nutritional adequacy is important in component of the complex 
multidisciplinary care of severely injured patients. Yet, our comprehensive review of 
the published literature reveals that the evidence-base for these commonly held tenets 
is surprisingly sparse, outdated, and frequently of low-quality. The practice of critical 
care is rapidly changing, and many of the “landmark” studies in metabolism have been 
performed prior to recent treatment paradigm shifts in blood transfusion, fluid adminis-
tration, sedation interruption, and ventilator management, to name but a few. Very few 
actual scientific studies have been conducted in the modern era of critical care and the 
literature is marked by heterogeneity in assessment tools, assessment times, interven-
tions, and outcomes. It is thus impossible to quantitatively synthesize the literature. 
As such, we attempt to qualitatively synthesize the literature and offer suggestions to 
improve future studies in the field of nutrition in polytrauma patients.

The metabolic changes after trauma are distinctive and complex and make trauma 
patients more susceptible for developing malnutrition. Second, in these patients a 
vicious circle is set in motion by malnutrition, leading to further deterioration of the 
nutritional- and health status. The results of the review also underline the importance of 
early malnutrition recognition and intervention to prevent further deterioration.

The prevalence of malnutrition varied widely in the selected studies and depends 
upon the way in which malnutrition was defined and measured. Malnutrition has been 
defined in various ways37, 38, due to the lack of a gold standard for diagnosing malnutri-
tion. Sánchez-Rodriquez et al. compared two different tools in the same patient popula-
tion and demonstrated little agreement on the presence of malnutrition.39 To uniformly 
diagnose malnutrition and determine its prevalence, a generally accepted standard 
definition and validated assessment tool is required. According to the American Society 
for Parenteral and Enteral Nutrition (A.S.P.E.N.) clinical guidelines there are currently 
11 screening tools for assessing the risk of malnutrition, and two validated tools for 
diagnosing malnutrition.40 We therefore conclude that there is a need for a simple, valid, 
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and generally accepted method for the assessment of nutritional status in hospitalized 
patients, which facilitates early identification and treatment of malnutrition but also de-
termination of the prevalence of malnutrition in this patient population. At present, the 
best candidate for this assessment tool is the Nutrition Risk in the Critically Ill (NUTRIC) 
score.41–44 The NUTRIC-score was specifically developed to identify critically ill patients 
who would benefit from nutritional support.45 and has been well-validated for several 
important outcomes, such as ICU length of stay, ventilator-free days, and mortality. The 
NUTRIC-score is currently recommended by the Society of Critical Care Medicine (SCCM) 
and American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.) 2016 guidelines to 
assess the nutritional status.42, 44, 46

The detection of malnutrition in an early phase provides the clinician with the op-
portunity to intervene and attempt to prevent further deterioration of the nutritional 
status. The literature suggests that only a fraction of malnourished hospitalized patients 
receive timely nutritional support to prevent nutritional status decline.47 Kondrup et 
al. suggested that hospitalized patients often receive less than the optimal amount 
of nutrition due to lack of awareness and suboptimal education of the medical staff.48 
This is supported by Dupertuis et al. who showed that if patients’ nutritional require-
ments were not met, this was often due to other reasons than illness or treatment, 
such as inadequate meal services.49 Improved training of medical staff in recognizing 
and treating malnutrition is needed to create more awareness for the underestimated 
problem of malnutrition. Although it seems intuitively obvious that the problem can 
be easily solved by providing the patients with the appropriate amount of calories and 
proteins, there is no strong evidence that increasing nutrient delivery improves clinical 
outcomes.46, 50. Recent high-profile trials even suggest that intensive medical nutrition 
therapy, (receiving > 75% of estimated daily energy and protein requirements) is associ-
ated with higher mortality and that permissive underfeeding does not worsen clinical 
outcomes in patients.51–53 However, it is important to note that the majority of subjects 
enrolled in these trials were not malnourished at baseline. Large observational trials have 
demonstrated that only patients with a BMI < 25 or > 35 seem to benefit from increased 
nutrition elivery.54, 55 Additionally, in both the EDEN- and PermiT-trials, the “full” nutrition 
group did not achieve currently recommended doses of calories nor protein. In all those 
studies, severely injured trauma patients only comprised a very small percentage of 
enrolled subjects. The potential benefit for early enteral nutrition in trauma patients is 
still debatable. Included studies are often of low-quality, heterogenous and included a 
small study population, and still leaves questions unanswered, such as composition of 
the enteral nutrition used, nutritional goal, use of supple- mental parenteral nutrition 
and adding supplements to the formula.56 Thus, our current understanding about the 
role of malnutrition in trauma patients is built upon a thin evidence-base and most of 
current practice is extrapolated from studies in non-surgical and -trauma patients.
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Limitations

A limitation of our systematic review on pathophysiological processes and metabolic 
changes after severe trauma is that this part was based on reviews (some published 
more than two decades ago) and mostly not performed according to the currently ap-
plied systematic review guidelines. We do consider this knowledge to be important, al-
though we do acknowledge that there are currently new insights being developed. The 
clinical studies on prevalence and outcomes of malnutrition were small cohort studies, 
with ill-defined patient populations and great variation in outcomes. Other limitations 
are that our review was incomplete as the full-texts of 73 identified articles could not be 
retrieved, and that we imposed language restrictions.

Recommendations for future research

Based on the overall findings uncovered by this systematic review, we believe that future 
research on nutrition- related research in severely injured trauma patients should incor-
porate the following: First, as already mentioned, we recommend the widespread use of 
a uniform, simple, and validated risk stratification score for which we would recommend 
the NUTRIC-score. Second, recognizing that traditional biomarkers for monitoring nutri-
tional status (i.e., albumin and prealbumin) are strongly influenced by the acute phase 
response, we recommend that a C-reactive protein be measured concomitantly to give 
information about the inflammation status to show that albumin and prealbumin are 
more related to the acute phase response than nutritional status.57, 58 In addition, future 
research should focus on finding new biomarkers that are less affected by the acute 
phase response and pre-existent comorbidities.57 Third, we recommend that future 
studies should carefully consider baseline nutritional status when defining inclusion/
exclusion criteria and consider stratifying interventions according to malnourishment. 
Fourth, we recommend that clinical outcomes be carefully chosen to be reasonably af-
fected by nutritional interventions, clinically relevant, and that time points be standard-
ized across research studies.59

Conclusion

Despite widespread belief about the importance of nutrition in severely injured pa-
tients, the quantity and quality of available evidence is surprisingly sparse, low-quality, 
and outdated. Nutritional assessment and ongoing monitoring is hampered by low 
prioritization and heterogeneous, unvalidated tools. However, based on the malnutri-
tion- associated adverse outcomes, the nutritional status of severely injured trauma 
patients should be routinely and carefully monitored. This review shows that the combi-
nation of a prolonged and/or disturbed metabolic response following severe traumatic 
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injuries that negatively influences the nutritional status and the negative influence of 
malnutrition upon this response, leads to a vicious circle of further deterioration of the 
nutritional- and health status. Additional trials are required to better define the optimal 
nutritional treatment of severely injured patients, but a standardized data dictionary 
and reasonable outcome measures are required for meaningful interpretation and ap-
plication of results.
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Abstract

Background

Calorie/protein deficit in the surgical intensive care unit (SICU) is associated with worse 
clinical outcomes. It is customary to initiate enteral nutrition (EN) at a low rate and 
increase to goal (RAMP-UP). Increasing evidence suggests that RAMP-UP may contrib-
ute to iatrogenic malnutrition. We sought to determine what proportion of total SICU 
calorie/protein deficit is attributable to RAMP-UP.

Methods

This is a retrospective study of a prospectively collected registry of adult patients (N = 
109) receiving at least 72 hours of EN in the SICU according to the RAMP-UP protocol 
(July 2012–June 2014). Subjects receiving only trophic feeds or with interrupted EN dur-
ing RAMP-UP were excluded. Deficits were defined as the amount of prescribed calories/
protein minus the actual amount received. RAMP-UP deficit was defined as the deficit 
between EN initiation and arrival at goal rate. Data included demographics, nutritional 
prescription/delivery, and outcomes.

Results

EN was started at a median of 34.0 hours (interquartile range [IQR], 16.5 - 53.5) after ICU 
admission, with a mean duration of 8.7 ± 4.3 days. The median total caloric deficit was 
2185 kcal (249–4730), with 900 kcal (551–1562) attributable to RAMP-UP (41%). The pro-
tein deficit was 98.5 g (27.5–250.4), with 51.9 g (20.6–83.3) caused by RAMP-UP (53%).

Conclusion

In SICU patients initiating EN, the RAMP-UP period accounted for 41% and 53% of the 
overall caloric and protein deficits, respectively. Starting EN immediately at goal rate 
may eliminate a significant proportion of macronutrient deficit in the SICU.
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Introduction

Malnutrition is prevalent in the intensive care unit (ICU), affecting as many as 40% of 
critically ill patients.1 These patients are often incapable of maintaining adequate intake 
to meet metabolic demands, and artificial nutritional support is therefore an essential 
component of therapy. While the optimal amount of calorie and protein prescription is 
controversial2 and likely depends on multiple factors (baseline nutritional status, degree 
of inflammation, severity of critical illness, etc), one fact is indisputable: once a target 
amount of calories/protein is decided for a patient, our ability to reliably deliver that 
amount is poor. Worldwide, cross-sectional studies demonstrate that, on average, ICU 
patients receive only about 50%–65% of prescribed nutrition, with surgical patients 
receiving less compared with their medical counterparts.3,4 This gap between prescribed 
and actual received nutrition contributes to caloric and protein deficits, which are in turn 
associated with worse patient outcomes,5-8 such as prolonged ventilator dependence, 
impaired immunologic function, and increased risk for infections.9-1

Caloric deficit can be partially attributable to interruptions in enteral nutrition (EN), 
commonly for intubation/extubation, bedside procedures involving the airway or 
gastrointestinal tract, and imaging studies.13,14 However, the caloric and protein deficits 
that occur in the early phase of EN initiation have received little attention. In many 
ICUs, it is customary practice, when initiating EN, to begin at a low rate and gradually 
increase to the final goal rate (RAMP-UP).15 The RAMP-UP practice was presumably in-
troduced because EN initiation is sometimes poorly tolerated, and complications such 
as regurgitation and vomiting are believed to be associated with an increased risk of 
aspiration pneumonia. This RAMP-UP strategy is thus classically recommended as a pru-
dent approach but may not be appropriate in all patients. Several recent studies have 
demonstrated that starting immediately at goal rate is usually well tolerated and does 
not increase complications.16,17

At present, it remains unclear to what extent the RAMP-UP period contributes to 
overall caloric deficit in the critically ill patient. The aim of this study was to determine 
what proportion of total cumulative calorie/protein deficit in surgical ICU (SICU) patients 
receiving EN is caused by the RAMP-UP practice. We hypothesized that the RAMP-UP 
period was a major contributor to overall cumulative macronutrient deficit.

Subjects and Methods

This is a retrospective analysis of a prospectively collected registry. From July 2012 
to June 2014, we enrolled adult SICU patients initiating EN and who received at least 
72 hours of EN in the SICU. EN was delivered according to the local standards of care, 
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starting at 10 mL/h and increasing by 10 mL/h every 2 hours as tolerated (RAMP-UP) 
to the goal rate. Subjects who were kept deliberately at low rates (“trophic feeds”) or 
who had extended interruptions (>24 hours) after EN initiation during the RAMP-UP 
period were excluded. Caloric/protein deficit was defined as the difference between the 
amount of prescribed calories and the actual amount of calories received. Cumulative 
caloric/protein deficit was calculated as the sum of all daily deficits, starting from EN 
initiation until progression to oral intake, ICU discharge, or death. The RAMP-UP deficit 
was defined as the caloric deficit accrued from EN initiation until arrival at goal rate. 
Subsequent interruptions (after at least 24 hours at goal rate) were not included in the 
RAMP-UP deficit. If the EN rate was decreased and again gradually increased to goal, 
only the initial RAMP-UP period was included in the RAMP-UP deficit. Data collected 
included age, sex, APACHE II (Acute Physiology and Chronic Health Evaluation II) score, 
Deyo-Charlson Comorbidity Index, Injury Severity Score, weight, body mass index, ICU 
admission diagnosis, presence/absence of gastro- intestinal surgery, nutrition prescrip-
tion and delivery, ICU length of stay, 28-day ventilator-free days, hospital length of stay, 
and in-hospital mortality. Institutional Review Board approval was obtained, and the 
requirement for informed consent was waived.

Statistical Analysis

Data analysis was performed with SPSS 22.0 (SPSS Inc, Chicago, IL). Normally distributed 
data were expressed as mean ± SD, and nonnormally distributed data were expressed as 
median (interquartile range).

Results

A total of 109 patients met inclusion criteria. The mean age was 60.1 ± 18.4 years, and 
71.6% of the patients were men. Average body mass index was 27.8 ± 7.0, and the 
median Deyo-Charlson Comorbidity Index was 2.0 (0–4). The median APACHE II score 
was 14.0 (9.0–20.0), and the median Injury Severity Score was 26.0 (19.0–35.0) in injured 
patients (Table 1).

The median time of start of EN was 34.0 hours (16.5–53.5 hours) after ICU admission; 
68.8% of the patients were started on EN within 48 hours after ICU admission. The 
mean duration of EN was 8.7 ± 4.3 days. The median total cumulative caloric deficit per 
patient was 2185 kcal (1248.8–4729.5), of which 900 kcal (550.6–1561.7) accumulated 
during the RAMP-UP period (41%). Figure 1 is a histogram displaying the distribution of 
subjects and the number of days elapsing from EN initiation until achievement of goal 
rate. During the ICU stay, the overall protein deficit was 98.5 g (27.5–250.4), of which 51.9 
g (20.6–83.3) accumulated during the RAMP-UP period (53%). ICU and hospital length 
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of stay, 28-day ventilator-free days, 30-day readmission (in survivors), and mortality are 
summarized in Table 2.

Figure 1. Histogram showing number of days from enteral nutrition (EN) initiation until achievement of 
goal rate.

table 1. Baseline Demographics of Patients Admitted to the SICU.a

Characteristic Patients (n = 109)

Age, y 60.1 ± 18.4

Male 78 (71.6)

APACHE II score 14.0 (9.0–20.0)

Deyo-Charlson Comorbidity Index 2.0 (0.0–4.0)

Injury Severity Score 26.0 (19.0–35.0)

Weight, kg 70.7 ± 14.0

Body mass index 27.8 ± 7.0

Reason for SICU admission

Trauma 35 (32.1) 

Emergency surgery 16 (14.7) 

Elective surgery 23 (21.1) 

Nonoperative 35 (32.1) 

Gastrointestinal surgery 10 (9.1) 

APACHE, Acute Physiology and Chronic Health Evaluation; SICU, surgical intensive care unit.
aValues presented as mean ± SD, No. (%), or median (interquartile range).
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Discussion

In this study, we demonstrate that caloric and protein deficits occurring during the 
initial RAMP-UP period accounted for 41% of the overall cumulative caloric deficit and 
53% of the cumulative protein deficit of the ICU patient. As such, they represent a major 
contributor to overall deficits and are an excellent potential target area for quality im-
provement.

The optimal amount and starting rate of EN for ICU patients are controversial, and 
there are some who question the need to provide any nutrition early in the course of 
illness.18 Indeed, some observational studies have concluded that near-target nutrient 
delivery may be associated with worse clinical outcomes.19,20 However, these conclusions 
may be confounded by the statistical methods used and the patient inclusion criteria. 
For example, healthy patients with lower severity of critical illness may have short ICU 
stays (<3 days) and generally do and proteins needs) as compared with patients who 

Table 2. Nutrition and Clinical Outcomes of Patients Receiving EN in the Surgical ICU.a

Outcomes Patients (n = 109)

Hours from ICU admission to EN initiation 34.0 (16.5–53.5

EN started, h

<48 75 (68.8) 

48–72 17 (15.6) 

72–96 4 (3.7) 

>96 13 (11.9) 

Days on EN 8.7 ± 4.3

Parenteral nutrition 6 (5.5)

Total cumulative deficit

Caloric, kcal 2185.4 (1248.8–4729.5) 

Protein, g 98.5(27.5–250.4) 

RAMP-UP deficit

Caloric, kcal 900.0 (550.6–1561.7) 

Protein, g 51.9 (20.6–83.3) 

Length of stay, d

ICU 11.0 (7.0–21.0) 

Hospital 22.0 (15.0–33.0) 

28-d ventilator-free days 20.0 (14.0–25.0)

30-d readmissions in survivors 17 (17.7)

Mortality 18 (16.5)

EN, enteral nutrition; ICU, intensive care unit; RAMP-UP, initiate EN at a low rate and gradually increase to 
goal.
aValues presented as mean ± SD, No. (%), or median (interquartile range).
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received standard nutrition support care who were diagnosed with acute lung injury. 
These findings are concerning and need to be replicated in additional multicenter trials.

Several investigators have demonstrated the safety of higher, faster EN advancement 
or starting EN immediately at goal rate. In a comparison of 5 ICUs in the United Kingdom, 
Adamet al. did not report any difference in gastrointestinal intolerance despite varying 
RAMP-UPpractices.23 In a randomized study involving brain-injured trauma patients, 
Taylor et al. usedan enhanced EN protocol (which included starting immediately at goal 
rate) to increase the amount of calories delivered to the intervention group. There was 
no increase in the incidence of aspiration. In that trial, the enhanced EN protocol also ap-
peared to reduce the risk of major infectious complications and postinjury inflammatory 
responses.17 Interestingly, the same EDEN trial that concluded no difference between 
initial trophic versus “full” EN also demonstrated the safety of a very short RAMP-UP 
period (<18 hours). There was no difference in the incidence of diarrhea, aspiration, or 
abdominal distention or cramping. While there was increased regurgitation, vomiting, 
and elevated gastric residual volumes, there was no difference in clinically important 
outcomes, such as pneumonia, ventilator-free days, and mortality.22,24,25 Heyland et al. 
proposed an even more aggressive feeding protocol, the “Enhanced Protein-Energy Pro-
vision via the Enteral Route Feeding Protocol (PEP uP protocol).” This protocol is based 
on 4 pillars: (1) EN is initiated at goal rate; (2) a 24-hour volume goal is used (as opposed 
to hourly rate goal), and nurses are empowered to provide compensatory nutrition in 
case of EN interruption; (3) protein supplements are prescribed separately from tube 
feedings to prevent protein deficit; and (4) motility agents are prescribed prophylacti-
cally.16 Implementation of the PEP-uP protocol has been shown to improve the delivery 
of EN.26 However, full compliance with all components of the bundle may be difficult to 
achieve. As with any bundle, it may be difficult to determine the relative contributions 
of the bundle elements in case of successful implementation and improved clinical 
outcomes. Our study is an attempt to quantify the contribution to nutrient delivery of 1 
element of the PEP-uP protocol: starting immediately at goal rate.

There are a few limitations to our study. This was a single- center study at an urban 
academic hospital with a relatively small sample size. Our collection of nutrition data 
ended once the patient progressed from artificially delivered EN (tube feeds) to oral 
intake, and we did not attempt to quantify the percentage of oral intake. As such, it 
is possible that the true caloric deficit is larger than what we have calculated and our 
RAMP-UP deficit may be proportionally smaller. Another fac- tor to consider is that we 
did not begin counting calorie or protein deficits until the patient actually started re-
ceiving EN, a median of 34 hours after ICU admission. We acknowledge that the patient 
begins accumulating macronutrient deficits from the moment of ICU admission. How-
ever, initiation of tube feeds is often deferred for reasons of hemodynamic instability 
requiring ongoing resuscitation or impending intubation/extubation. It is our belief that 
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aggressively feeding EN is not within the standard of care in these situations and may, in 
fact, be harmful overall to patient outcome.

Therefore, we did not count macronutrient deficits accumulating prior to the decision 
to initiate EN, because short of starting every patient routinely on parenteral nutrition, 
there is little that can be done to eliminate calorie/protein deficit in this very early stage. 
Second, we did not include patients who had extended (>24 hours) interruptions in 
their EN during the RAMP-UP period. These cases are infrequent, and it is possible that 
such extended interruptions have a clinically justified reason (eg, a newly discovered 
anastomotic leak or massive upper gastrointestinal bleeding requiring endoscopy) 
and, therefore, nothing can be done to eliminate the calorie/protein deficit. Given our 
study design (retrospective analysis of a registry), we were unable to deter- mine the 
clinical rationale and, as such, felt it best to exclude those patients. Furthermore, the 
main focus of our study was to quantify the deficits that accumulate when EN is being 
delivered and the intention (presumably) is to provide adequate nutrition. It is possible 
that shorter-duration interruptions occurred, which we were not able to discern on 
the daily caloric deficits. The fact that some patients took longer to achieve their goal 
rates suggests that either interruptions did occur or rate increase was performed even 
slower than our stated proto- col. Because this is a retrospective analysis of prospective 
data, we cannot determine a cause-and-effect relationship. However, the primary aim 
of this study was not to draw associations or establish causality but rather to provide 
descriptive characteristics of a practice (RAMP-UP) that we believe is unsupported by 
existing literature. Despite these limitations, we feel our study is informative because it 
provides quantitative evidence that the RAMP-UP practice contributes to a significant 
percentage of overall ICU macronutrient deficit. Objective reexamination of the benefits 
and potential harms of this practice is warranted.

Conclusion

The initial period (RAMP-UP) accounted for 41% of the overall caloric deficit and 53% 
of the overall protein deficit in SICU patients. Starting EN immediately at goal rate may 
eliminate a significant proportion of macronutrient deficit in the SICU.
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Abstract

Background

Polytrauma patients are at risk of considerable harm from malnutrition due to the 
metabolic response to trauma. However, there is little knowledge of (the risk of ) malnu-
trition and its consequences in these patients. Recognition of suboptimally nourished 
polytrauma patients and their nutritional needs is crucial to prevent complications and 
optimize their clinical outcomes.

Aim

The primary objective is to investigate whether polytrauma patients admitted to the 
Intensive Care Unit (ICU) who have or develop malnutrition have a higher complica-
tion rate than patients who are and remain well nourished. Secondary objectives are to 
determine the prevalence of pre-existent and in-hospital acquired malnutrition in these 
patients, to assess the association between malnutrition and long-term outcomes, and 
to determine the association between serum biomarkers (albumin and pre-albumin) 
and malnutrition.

Methods

This international observational prospective cohort study will be performed at three 
Level-1 trauma centers in the United States and two Level-1 centers in the Netherlands. 
Adult polytrauma patients (Injury Severity Score 16) admitted to the ICU of one of the 
participating centers directly from the Emergency Department are eligible for inclusion. 
Nutritional status and risk of malnutrition will be assessed using the Subjective Global 
Assessment (SGA) scale and Nutritional Risk in Critically Ill (NUTRIC) score, respectively. 
Nutritional intake, biomarkers and complications will be collected daily. Patients will be 
followed up to one year after discharge for long-term outcomes.

Conclusion

This international prospective cohort study aims to gain more insight into the effect and 
consequences of malnutrition in polytrauma patients admitted to the ICU.
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Introduction

Malnutrition is widespread among hospitalized patients, with 20-40% of patients af-
fected by malnutrition depending on the population, setting, and criteria used. This 
percentage is estimated to be even higher in the critically ill population.1-4 Although 
there is still debate about the exact definition, malnutrition is currently defined as 
an imbalance in nutrition due to inadequate nutrient intake, or the inability to use or 
absorb ingested nutrients, resulting in an altered body composition (decreased fat-free 
mass and a decreased body cell mass) and diminished body function (e.g. muscular 
performance, organ function, body composition, and functional capacity).5-7

Malnutrition in hospitalized patients is a risk factor for increased morbidity and 
mortality.1, 8-10 Patients with malnutrition suffer from decreased functional capabilities 
and impaired quality of life during their hospital stay.11 Because of its negative effect on 
patient recovery and outcome, malnutrition is also associated with increased hospital 
costs: Annual costs of disease-associated malnutrition in the United States was esti-
mated to be $156.7 billion.12

In a Dutch study, roughly 6% of admitted trauma patients were at risk for malnutri-
tion.10 Severely injured patients (‘polytrauma patients’) are at even greater risk for harm 
from malnutrition due to a trauma-related inflammatory (‘stress’) response. Because of 
the stress response following traumatic injuries, polytrauma patients often endure an 
altered metabolic state in order to preserve energy for vital tissues.13-16 This state is asso-
ciated with catabolic processes, tissue breakdown, muscle wasting and anorexia. 17 The 
more severe the injuries, the more severe the stress response. This renders polytrauma 
patients susceptible to complications such as infections, gastrointestinal dysfunction, 
acute kidney injury and multiple organ dysfunction syndrome. 9 However, there is little 
factual up-to-date knowledge about the consequences of malnutrition in the poly-
trauma patient population.

Currently, the diagnosis of malnutrition is often based on clinical questionnaires and 
measurement of body parameters (‘anthropomorphic measurements’); however, both 
methods have proven to be challenging in polytrauma patients. The use of anthropo-
morphic measurements is limited due to edema and/or history taking is not possible 
in sedated or mechanically ventilated patients. There is increasing interest in the use of 
biomarkers to assess nutrition status, but their predictive value in polytrauma patients 
remains questionable.18

The overall aim of this study is to obtain insight into the prevalence, incidence and im-
pact of malnutrition in polytrauma patients in the Intensive Care Unit (ICU). The primary 
objective is to investigate whether polytrauma patients (Injury Severity Score [ISS] ≥ 16) 
admitted to the ICU, who have or develop malnutrition during hospital admission, have a 
higher complication rate than polytrauma patients, who are and remain well-nourished 
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during hospital admission. Our primary hypothesis is that polytrauma patients who 
are and remain well-nourished have less complications compared to patients that are 
malnourished, and to patients that have a decline in nutritional status.

Secondary objectives are to determine the prevalence of patients with (a risk of ) 
malnutrition on admission, and the incidence of patients that develop malnutrition 
on the ICU or during their stay in the hospital. Furthermore, we aim to assess whether 
calorie/protein deficiencies during ICU and hospital stay are associated with malnutri-
tion and subsequently with worse clinical outcomes, and to assess the predictive value 
of biomarkers in the development of malnutrition during ICU admission and hospital 
admission. Also, we intend to determine the relationship between malnutrition and 
long-term outcomes, if any.

Methods

For this prospective study a template for clinical research provided by the Dutch Central 
Committee on Research Involving Human Subjects Committee (CCMO) was used. This 
template incorporates all the checkpoints provided by the SPIRIT guidelines. 19

Design and setting

This observational prospective cohort study will be performed at three Level-1 trauma 
centers in the United States (Massachusetts General Hospital and Brigham and Women’s 
Hospital in Boston, and Ryder Trauma Center in Miami) and two Level-1 trauma centers 
in the Netherlands (Leiden University Medical Center in. Leiden and Haaglanden Medi-
cal Center Westeinde in The Hague).

Study Population

Inclusion criteria
Adult (≥18 years) polytrauma patients (Injury Severity Score [ISS] ≥ 16), with a blunt 
trauma mechanism, admitted to the ICU of one of the enrolling Level-1 trauma cen-
ters within 6 hours after trauma and for a period longer than 48 hours, are eligible for 
inclusion. Patients will be excluded if they are transferred from another hospital to the 
participating center. Patients with burn wounds or penetrating traumatic injuries will be 
excluded.

Sample size calculation
In the study by Goiburu et al. 20, 40% of the ICU trauma patient population was found 
to have malnutrition according to the Subjective Global Assessment [SGA] -tool. The 
complication rate in the well-nourished group was 50%, and 71% in the malnutrition 
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group. To determine such a difference in complication rate in our study with alpha of 
0.05 and power of 0.80 (beta = 0.20), 195 patients are needed (117 in the well-nourished 
group and 78 in the malnutrition group). Our goal is to include 140 patients in both 
countries, thereby meeting our threshold to answer our primary aim.

Recruitment

Newly ICU-admitted trauma patients will be screened on inclusion criteria upon admis-
sion by the investigators in the participating hospitals. In case of uncertainty about 
presence of polytrauma (ISS ≥ 16), the attending trauma surgeon is consulted.

Eligible patients will be asked to provide written informed consent (IC) for study 
participation. If the patient is unable to do so (e.g. due to unconsciousness), a legal 
representative will be asked IC. When a legal representative has provided IC and the 
patient is able to give the IC him- or herself during the study, the patient will be asked 
to confirm the consent. If the patient does not have a legal representative data will be 
collected prospectively and the patient will be asked for IC when he is able to do so. 
If the patient does not want to participate in the study his or her data will be deleted 
from the electronic database. The patient and his/her legal representative can withdraw 
consent and leave the study at any time.

Study parameters

Demographic data and vital signs
The following study parameters will be acquired from the electronic patient files: age, 
sex, medical history, usual body weight (kg), height, actual body weight (ABW), body 
mass index (BMI), recent weight loss and the mechanism of injury on admission. Vital 
signs that are collected on admission are systolic blood pressure (SBP), heart rate (HR) 
and respiratory rate (RR).

Severity of disease classifications
Abbreviated Injury Scale (AIS) and Injury Severity Score (ISS)
The AIS (update 2008) score is a consensus-derived scoring system, that classifies injury 
severity on a 6-point scale and according to the anatomical body regions. 21 The overall 
severity of (multiple) injuries is expressed by the ISS. 22 The ISS is calculated as the sum 
of squares of highest AIS codes in the three most severely injured body regions. The ISS 
is an internationally recognized scoring system in trauma patients and correlates with 
mortality and morbidity. 22

Acute Physiology and Chronic Health Evaluation II (APACHE II) score
The APACHE II score estimates ICU mortality based on the worst laboratory values and 
clinical parameters in the first 24 hours of ICU admission. The higher the APACHE II score 
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the higher the mortality risk. 23 The APACHE II score has been validated in different pa-
tient populations including the critically injured patient in whom it has shown accurate 
predictive value with a specificity and sensitivity of 94.6 and 79.2% respectively. 24, 25 The 
APACHE II score will be calculated within 24 hours of ICU admission. The full APACHE II 
score is shown in Appendix I26.

Sequential Organ Failure Assessment (SOFA) score
The SOFA score is a tool used to track a patient’s clinical status during ICU admission. 
Based on the score for each of the six variables (respiratory, hepatic, coagulation, renal, 
cardiovascular and neurological) the SOFA score is calculated. Both the mean SOFA 
score and the total maximum SOFA score on the ICU are predictors of outcome. 27 The 
SOFA score has been validated for the critically ill injured patient and a higher score is 
associated with a longer ICU LOS. 28 The SOFA score will be calculated daily during ICU 
admission (Appendix II)29.

Nutritional status parameters
Malnutrition: Subjective Global Assessment (SGA) and Patient Generated
Subjective Global Assessment (PG-SGA)
The SGA score is recommended as assessment tool of nutritional status in the critically 
ill. 5, 30-33 The SGA is validated for the acute hospital setting, surgical patients and patients 
admitted to the ICU requiring mechanical ventilation. 34-36 The PG-SGA was originally 
developed to assess the nutritional status of oncology patients, however it has been 
validated for diverse groups of patients, including surgical patients, since then and it has 
been translated into many languages. 37-39

The SGA and PG-SGA scores are based on weight change (past 6 months and 2 weeks), 
adequate dietary intake change, gastrointestinal symptoms (less appetite, nausea, vom-
iting, diarrhea) and functional capacity (dysfunction, bedridden, difficulty with normal 
activities). Both scales include a physical examination on subcutaneous fat loss (eyes, 
triceps, biceps) and muscle wasting (e.g. clavicle, knee, shoulder and quadriceps). 34

The SGA and PG-SGA scale range from 1 to 7. Patients are classified as A: well-nour-
ished (scores 6-7), B: mild/moderate malnutrition (scores 3-5) and C: severe malnutrition 
(scores 1-2). Following general consensus, patients will be divided into two categories: 
Well-nourished (A, scores 6-7) and malnutrition (B and C, scores 1-5).

After inclusion in the study, the SGA scale will be scored within 24 hours after ICU 
admission by a trained dietician, nurse or member of the research team to determine 
pre-existing malnutrition. The SGA will be assessed every 5 days at the ICU and on the 
day of discharge from the ICU to determine in-ICU developed malnutrition. At the hos-
pital ward the nutritional status will be assessed every 7 days to determine in-hospital 
developed malnutrition. The nutritional status will be assessed using the PG-SGA on 
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the hospital discharge day, and 3, 6, 9, 12 months after hospital discharge. The full SGA 
questionnaire is displayed in Appendix III40. The PG-SGA can be found on the website of 
the PG-SGA/Pt-Global Platform.41

Risk of malnutrition on admission: Nutrition Risk in the Critically Ill Score 
(NUTRIC score).
The NUTRIC is designed and recommended for nutritional risk assessment in critically ill 
adult patients. 42, 43 The NUTRIC score consists of six items collected from the electronic 
patient file: age, APACHE II score, number of comorbidities, Sequential Organ Failure 
Assessment (SOFA) score, days in-hospital prior to ICU admission and interleukin-6 (IL-
6). The APACHE II score 26 is an item of the NUTRIC score, and is computed based on 
the following parameters: age, temperature, acute renal failure, history of severe organ 
failure (or immune-compromised), mean arterial pressure, pH, heart rate, respiratory 
rate, creatinine, hematocrit, potassium, sodium, and white blood cell count. The SOFA 
score 27 is computed based on the parameters PaO2, FiO2, bilirubin, creatinine, platelet 
count, hypotension level and GCS.

The NUTRIC scale ranges from 1 to 10, and a score ≥ 6 (if IL-6 is available) is regarded 
as high risk for malnutrition. (The items of ) the NUTRIC score are all strongly correlated 
with mortality rate, mechanical ventilation duration and LOS. 42, 44 In this study, the NU-
TRIC score will be determined without IL-6. The NUTRIC scale without IL-6 available is as 
reliable (≥ 5 indicates high risk). 42

After inclusion, the Nutrition Risk in the Critically Ill (NUTRIC) scale will be assessed 
within 24 hours after ICU admission by a dietitian, trained to score the questionnaire. 
The NUTRIC-score questionnaire is displayed in Appendix IV42, the criteria for the SOFA-
score in Appendix II and the criteria for the APACHE II score in Appendix I.

Nutritional needs and support
Resting energy expenditure
The energy expenditure is the amount of energy used for the basal metabolic processes, 
the thermic effect of food, e.g. the energy required to digest and absorb food, and 
the energy used for physical activity. Indirect calorimetry, which is considered clinical 
golden standard to measure resting energy expenditure 45, is not available in all par-
ticipating hospitals. Therefore, the Harris-Benedict equation will be used to measure 
resting energy expenditure, which is a well-validated alternative, although it is known 
that it overestimates resting energy expenditure. 46-48 The following equation is used for 
women: 447,593 + (9,247 X weight) + (3,098 X height) - (4,33 X age). The equation for 
men is: 88,362 + (13,397 X weight) + (4,799 X height) - (5,677 X age). The resting energy 
expenditure will be assessed daily during hospital stay.
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Nutritional support
During stay at the ICU, a careful record of caloric and protein prescription and intake is 
recorded in the electronic patient file of the patients staying at the ICU in the participat-
ing centers. In addition, the amount of propofol given is collected daily in the electronic 
patient file in the ICU. Propofol is a lipid-soluble emulsion often used in the ICU to provide 
sedation for patients on mechanical ventilation. This propofol lipid emulsion contains 
1.1 kcal/ml. Although, on average the total contribution of propofol to the total calories 
received will not be clinically significant, if the continuous infusion rate is above 20ml/
hour it has significant caloric value and can even contribute to overfeeding.  49 Calorie 
and protein deficiency will be computed as the calories and proteins delivered minus 
the calories and proteins prescribed. Both deficiencies are calculated daily from day 
0 to ICU discharge. During hospital admission, type of nutritional support will also be 
registered as enteral nutrition, parenteral nutrition or oral diet.

Biomarkers of nutritional status
Albumin
Albumin is the most abundant plasma protein and is vital for maintaining the colloidal 
oncotic pressure within the vasculature. In clinical practice albumin is often considered 
an important factor in the nutritional status assessment. 50 However, the long half-life of 
roughly 20 days and the influence of systemic inflammation and acute phase proteins 
on albumin levels, makes the use of albumin as nutritional status marker in polytrauma 
patients possibly inaccurate. 18, 51 Our goal is to assess the relationship between albumin 
and nutritional status in polytrauma patients, therefore it will be assessed daily in the 
ICU and weekly in the ward.

Pre-albumin (PAB)
PAB is suitable as a malnutrition marker due to its shorter half-life of 2 days and its small 
total body pool. 52, 53 Research suggests that PAB levels increase during the course of 
adequate nutrition support. 53-57 In postoperative patients, PAB showed to be a better 
indicator of nutrition status than albumin. 54 Serial PAB measurements will be taken daily 
in ICU patients to assess the relationship with malnutrition and weekly in the ward. 53 
An additional 5ml blood will be collected during standard blood draws (to minimize 
risks and additional discomfort) in a separate blood collection container to measure 
pre-albumin.

C-reactive protein (CRP)
CRP is a typical inflammation marker and is inversely related to pre-albumin. 53, 58 In 
traumatic brain injury patients, a shorter hospital LOS and a more aggressive enteral 
nutrition therapy are both associated with low CRP (in proportion to albumin). 59 This 
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inflammation marker can be used to determine if the changes in malnutrition (albumin 
and prealbumin) is caused by a change in inflammation response, or by a change in 
nutritional status. 52 CRP will be measured daily in the ICU and weekly at the ward.

White blood cell (WBC) count and differential count
WBC are a heterogeneous group of cells that play an important role in phagocytosis and 
immunity. The WBC count and differential count are used to assess the body’s reaction 
to certain conditions such as inflammation, infection, but also to traumatic injuries. 60 
In addition to CRP the WBC and differential count can be used to assess if the change 
in pre-albumin and albumin are due to changes in nutritional status or inflammatory 
status. This marker will be measured daily.

Primary outcome
Data will be collected prospectively from the electronic patient files and with question-
naires (see Table 1 and Table 2 for measurement moments). The primary outcome is 
the complication rate, calculated as the proportion of patients with one or more of the 
following complications which will be recorded from the electronic patient files during 
hospital stay and through surveys during one year after hospital discharge. Complica-
tions will be recorded from the electronic patient files:
•	 Systemic complications, such as sepsis (i.e. life-threatening organ dysfunction 

induced by a dysregulated response to infection 61), multiple organ failure (MOF; 
i.e. potentially reversible and progressive physiologic dysfunction involving two 
or more organ systems, induced by various acute insults 62), and acute respiratory 
distress syndrome (ARDS; acute, diffuse, bilateral inflammatory lung injury, not fully 
explained by fluid overload or cardiac failure 63)

•	 Surgery-related complications, such as anastomotic leak, abscess, (re)bleeding, and 
wound infection (i.e. deep, superficial, or organ/space surgical site infection within 
30 days postoperatively 64)

•	 Acute kidney injury for which continuous renal replacement therapy is needed (AKI-
CRRT). 65

•	 Pneumonia
•	 Urinary tract infection
•	 Venous thromboembolisms, such as deep venous thrombosis and pulmonary embo-

lism
•	 Fracture-related complications, such as compartment syndrome, thromboembolic 

disease, fat embolism syndrome, reoperation (other than due to non-union or mal-
union)

•	 In-hospital mortality
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Table 1. Overview of study measurements during admission in the ICU department.

< 24h after
ICU admission

Daily
at ICU

Every 5 days at 
the ICU

ICU discharge 
day

Baseline characteristics* X

Vital signs on admission
  SBP, HR, RR

X

Weight X

NUTRIC score►

  APACHE II
  SOFA
  Number of comorbidities
  Days in hospital before ICU admission

X

APACHE II score
  A-a Gradient or PaO2

  Potassium
  Sodium
  Creatinine
  Hematocrit
  WBC count
  GCS
  HR
  Mean arterial pressure
  Temperature
  RR

X

SOFA score
  PaO2

  FiO₂
  Bilirubin
  Coagulation platelets
  Creatinine
  GCS
  Level of hypotension

X X X

SGA scale►

  Weight (change)
  Dietary intake
  Gastrointestinal symptoms
  Functional capacity
  Comorbidities
  Subcutaneous fat loss
  Muscle wasting
  Edema

X X X

Biomarkers
  Albumin
  Pre-albumin►

  CRP
  WBC count
  Differential count

X X X

Resting energy expenditure►

  Harris-benedict calculation
X X X
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Secondary outcomes
Secondary outcome parameters include ICU LOS until ready for discharge (i.e. judged 
clinical ready for discharge, but remains on the ICU beyond the ready for ICU discharge 
date), ICU LOS, hospital LOS until fit for hospital discharge (i.e. judged clinical ready 
for discharge, but remains on the ward beyond the ready for hospital discharge date), 
hospital LOS, ventilator-free days 66, surgery (if yes, the number of surgical procedures, 
elective or emergency procedure, and type of operation) and discharge disposition. 
Furthermore, ICU mortality, hospital mortality and 1-year mortality will be collected.

Long-term outcomes
Glasgow outcome scale extended (GOSE)
The GOSE is a global scale used to measure general functional outcome, ranging from 
death to good outcomes. 67, 68 Based on a structured interview the patient is classified 
in a specific category. It has been validated in patients with traumatic brain injury and 
has been shown to correlate well with the Glasgow Coma Scale. 69 The GOSE will be 
measured at discharge from the hospital and then 3 monthly until 1 year. The GOSE 
structured interview is shown in Appendix V.70

Table 1. Overview of study measurements during admission in the ICU department. (continued)

< 24h after
ICU admission

Daily
at ICU

Every 5 days at 
the ICU

ICU discharge 
day

Energy intake and deficiency
  Calories prescribed (kcal/kg)
  Calories received (kcal/kg)
  Protein prescribed (g/kg)
  Protein received (g/kg)
  Dose propofol received (ml)

X X X

Type nutritional support
  Parenteral nutrition
  Enteral nutrition
  Oral diet

X X X

Complications** X X X

Other study parameters*** X

► Parameters collected not part of standard clinical practice
* Age, sex, medical history, weight, height, ABW, BMI, weight loss, mechanism of injury on admission, AIS 
codes, ISS score, GCS, RTS, CCI
** Systemic complications (Sepsis, MOF, ARDS), surgery related complications (surgical site infection deep 
and superficial, abscess, (re)bleeding), wound infection, pneumonia, urinary tract infection deep venous 
thrombosis, pulmonary embolism, fracture-related complications (compartment syndrome, thromboem-
bolic disease, fat embolism syndrome, reoperation rates due to non-union or mal-union), In-hospital mor-
tality
*** ICU LOS, readiness for ICU discharge, hospital- LOS, readiness for hospital discharge, ventilator-free days, 
surgery, reoperation rates due to other reasons than non-union or mal-union, discharge disposition, read-
mission rates, 30-day mortality
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Table 2. Overview of study measurements after ICU discharge.

Daily after 
ICU discharge 

during hospital 
stay

Weekly after 
ICU discharge

during hospital 
stay

Hospital 
discharge

Every three months 
after hospital 

discharge up to one 
year after hospital 
admission (Survey)

SGA►

  Weight (change)
  Dietary intake
  Gastrointestinal symptoms
  Functional capacity
  Comorbidities
  Subcutaneous fat loss
  Muscle wasting
  Fluid status

X X

PG-SGA►

  See SGA items
X X

Weight X

Biomarkers
  Albumin
  Pre-albumin►

  CRP
  WBC count
  Differential count

X

Resting energy expenditure►

  Harris-benedict calculation
X

Protein/caloric deficiency
  Calories prescribed (kcal/kg)
  Calories received (kcal/kg)
  Protein prescribed (g/kg)
  Protein received (g/kg)

X

Type nutritional support
  Parenteral nutrition
  Enteral nutrition
  Oral diet

X

Complications* X X X

Other study parameters** X X

Functional outcome and 
health related quality of life►

  GOSE
  EQ-5D

X X

► Parameters collected not part of standard clinical practice
*Systemic complications (Sepsis, SIRS, MOF, ARDS), surgery related complications (surgical site infection 
deep and superficial, abscess, (re)bleeding), wound infection, pneumonia, urinary tract infection deep ve-
nous thrombosis, pulmonary embolism, fracture-related complications (compartment syndrome, throm-
boembolic disease, fat embolism syndrome, reoperation rates due to non-union or mal-union), In-hospital 
mortality
** ICU LOS, readiness for ICU discharger, hospital- LOS, readiness for hospital discharge, ventilator-free days, 
surgery, reoperation rates due to other reasons than non-union or mal-union, discharge disposition, read-
mission rates, 30-day mortality
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EQ-5D
The EQ-5D is a standardized tool to measure the health-related quality of life. The tool 
consists of five questions on different health dimensions (mobility, self-care, usual activi-
ties, pain/discomfort and anxiety/depression) that together describe the respondent’s 
health status and a visual analogue scale for rating the respondent’s perceived health-
related quality of life. The EQ-5D has been validated in many languages and in a wide 
variety of patient groups, including patients admitted to the ICU. 71

Data handling and statistical analysis
After finishing the study and analysing the data, all patient data will be de-identified, 
and the key to decode the data will be held on a location separate from patient data. The 
database will be password-protected. Any paper forms such as signed consent forms 
will be locked in a file cabinet. Data and blood samples will be stored for 15 years with 
permission of the patient.

Statistical analyses are carried out using IBM SPSS Statistics. Before analysis, data will 
be checked for sphericity and homogeneity of variance. P-values < 0.05 are considered 
statistically significant. Normally distributed variables will be displayed as mean (± 
standard deviation) and compared using independent-samples t-test. Non-normally 
distributed variables are displayed as medians (± interquartile range) and compared 
with Wilcoxon-rank-sum-test. Categorical variables will be presented as percentage (%) 
and compared using Chi-squared test or Fisher’s exact test. The proportion of patients 
with pre-existing malnutrition (according to SGA score < 24 hours after admission), pa-
tients that developed malnutrition (decline in SGA score from category well-nourished 
to malnutrition between admission at ICU and at hospital discharge), and patients at risk 
for malnutrition (according to NUTRIC score ≥ 6 on ICU admission) will be calculated. 
A chi-square test will be used to compare complication rate (yes/no) and long-term 
outcomes between the group that has or develops malnutrition and the group that 
remains well-nourished. Multivariate logistic regression analysis will be performed 
with complication rate (yes/no) as outcome, including potential confounders (e.g. age, 
gender, APACHE-II scores and ISS).

The difference between resting energy expenditure and calories and proteins pre-
scribed by the clinicians will be calculated. An independent sample T-test is performed 
to test this difference between patients with and without in-ICU developed malnutrition, 
and between patients with and without in-hospital developed malnutrition. The associa-
tion between caloric and protein deficiencies (i.e. calories and proteins delivered minus 
the calories and proteins prescribed) and in-ICU or in-hospital developed malnutrition 
is unknown. This will be explored graphically by visually inspecting the course of the 
deficiencies during ICU admission between patients with and without in-ICU developed 
malnutrition, and during hospital stay between patients with and without in-hospital 
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developed malnutrition. Multiple regression analysis or mixed models including poten-
tial confounders (e.g. age, gender, APACHE-II scores and ISS) will be used if there seems 
to be a trend over time.

The added value of the NUTRIC score for the identification of developing malnutrition 
in the ICU will be evaluated by constructing a Receiver Operating Characteristic (ROC) 
curve, and by calculating the area under the ROC curve (Area Under the Curve- AUC). 
The added value of the change in biomarkers over time (CRP, albumin, pre-albumin 
and white blood cell count) to the SGA score will be assessed using a multivariable 
logistic regression model. ROC analysis will be performed and a c-statistic (AUC) will be 
calculated for the SGA model and the SGA with the change in biomarkers model. Lastly, 
sensitivity and specificity for different cut-off points in the change of biomarkers will be 
calculated.

Summary

Severely injured patients (polytrauma patients) are at risk of considerable harm from 
malnutrition, due to disease-related malnutrition with inflammation. Even though this 
is acknowledged, there is little knowledge of (the risk of ) malnutrition and its conse-
quences in the polytrauma patient population. The primary objective is to investigate 
whether polytrauma patients (Injury Severity Score [ISS] ≥ 16) admitted to the ICU who 
have or develop malnutrition have a higher complication rate than patients who are 
and remain well-nourished. Secondary objectives of the study are to investigate the 
prevalence of both pre-existent and in-hospital developed malnutrition in polytrauma 
patients admitted to the intensive care unit (ICU), to assess the association between 
malnutrition and complications, to determine the association between caloric and 
protein deficiencies and malnutrition and to assess the relationship between malnutri-
tion and long-term outcomes. Lastly, we would like to assess the predictive value of 
biomarkers in malnutrition.

This international multicenter observational prospective cohort study will be per-
formed at three Level-1 trauma centers in the United States and two Level-1 trauma 
centers in the Netherlands, including adult (age ≥18 years) polytrauma patients (ISS 
≥ 16) admitted from January 2018 to January 2019, to the ICU within six hours after 
trauma. Patients are excluded if they are transferred from other hospitals to one of the 
participating trauma centers and if they stay less than 48 hours on the ICU.

Results of this study may help identify patients at risk and thus help optimize care for 
the vulnerable polytrauma patient. Trials like these, with standardized data dictionaries 
and clinically relevant outcomes are essential to further improve the nutritional status 
of polytrauma patients.
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Appendix II SOFA score29

Variables
SOFA score

0 1 2 3 4

Respiratory PaO2/FiO2, 
mmHg

>400 ≤400 ≤300 ≤200 ≤100

Coagulation platelets 
×10³/µL

>150 ≤150 ≤100 ≤50 ≤20

Liver bilirubin, mg/dl <1.2 1.2~1.9 2.0~5.9 6.0~11.9 >12.0

Cardiovascular 
hypotension*

No 
hypotension

MAP <70 
mmHg

Dop ≤5 or Dob 
(any dose)

Dop >5, Epi or 
Norepi ≤0.1

Dop >15, Epi 
>0.1, Norepi 
>0.1

Central nervous system 
Glasgow Coma Scale

15 13~14 10~12 6~9 <6

Renal creatinine, mg/dl 
or urine output, ml/dl

<1.2 1.2~1.9 2.0~3.4
3.4~4.9 or 
<500

> 5.0 or <200
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Appendix III SGA40 

Subjective Global Assessment (SGA) is a widely used and validated method for identifying and classifying 
malnutrition
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APPenDIx IV nUtRIC sCoRe42
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Appendix V Glasgow Outcome Scale Extended (GOSE)70

Key for scoring 8-point Extended Scale

The GOSE is a global scale for functional outcome that rates a patient status into one of five categories: 
Dead, Vegetative State, Severe Disability, Moderate Disability or Good Recovery. The GOSE provides 
more detailed categorization into eight categories by subdividing the categories into lower and upper 
categories.

Category GOSE descriptor Key features

1 Dead 0

2 Vegetative state VS • unable to obey commands or say words

3 Severe disability - Lower SD- • needs frequent help or someone to be around most of the time

4 Severe disability - Upper SD+ • �does not need frequent help, able to be alone at home for up to 
8 hrs.

• not able to shop without assistance
• not able to travel locally without assistance

5 Moderate disability - Lower MD- • �not able to work, or, only in a sheltered or non-competitive 
position

• �unable to participate (or, rarely if ever) in regular social and 
leisure activities outside home

• �constant and intolerable (daily) disruption of family 
relationships or friendships due to psychological problems

6 Moderate disability - Upper MD+ • able to work or study but at a reduced capacity
• �participates much less (less than half as often) in regular social 

and leisure activities outside home
• �frequent but tolerable (once per week) disruption of family 

relationships or friendships due to psychological problems

7 Good recovery – Lower GR- • �participates at least half as often as before in regular social and 
leisure activities outside home

• �occasional disruption of family relationships or friendships due 
to psychological problems

• �other problems relating to the injury (headache, fizziness, 
tiredness, sensory sensitivity, slowness, memory failures, 
concentration problems) affect daily life

8 Good recovery - Upper GR+ • �able to work to previous capacity
• �able to resume regular social and leisure activities outside home
• �no psychological problems resulting in ongoing family 

disruption or disruption to friendships
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“When I can provide better care in the field with limited resources than my children and I 
received at the primary facility, there is something wrong with the system and the system 
has to be changed.”

Since Dr. Styner said those famous words, there have been many improvements in the 
field of trauma care, such as the introduction of the Advanced Trauma Life Support (ATLS) 
course and the implementation of all-inclusive trauma systems. Still, 5 million people die 
each year due to their injuries and 90% of these deaths occur in low- and middle-income 
countries.1 The primary aim of this thesis is to analyze the trauma systems regarding their 
presence and organization in two high-income countries, their processes of care and 
their influence on clinical outcome of trauma patients. Although the low- and middle 
income countries carry the brunt of the trauma mortality burden, trauma continues to 
claim lives even in high-income countries. Given that high-income countries may serve 
as examples in developing trauma systems and establishing value-based care, we chose 
to focus on two countries, characterized by robust economies but also subject to differ-
ent cultural, organizational, economic, and administrative principles. The second aim 
is directed towards individualized trauma care, specifically the evaluation of the role 
of nutritional status in polytrauma patients. To further improve trauma care both glob-
ally as a system and for the individual patient per se, many more questions need to be 
answered and challenges must be overcome. Several of these will be discussed below.

Trauma systems

Injury prevention, pre-hospital care, facility-based care, and post-hospital care are all 
considered essential components of a mature trauma system [Figure 1].2,3 The crucial 
part of a well-functioning trauma care system is that each of those four elements (Levels 
1 through 4 trauma centers) work together to assure a seamless transition of patient 
care from each phase to the next; this is believed to result in improved outcomes and 
optimal utilization of resources. In addition, quality assurance by means of clinical train-
ing and registries, is considered an essential element of mature trauma systems.

Injury prevention

Injury prevention represents one of the great opportunities to: 1) further reduce 
mortality, 2) prevent long-term morbidity, and 3) lower the trauma burden and related 
costs. Many strategies for preventing injuries (such as improving road safety, installing 
smoke detectors, improving safety around the house, and firearm restrictions) have 
already shown to be both effective and cost-effective.4,5 For example, in this thesis it was 
demonstrated that the proportion of patients admitted due to gun violence was almost 
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twice as high in the USA compared to the Netherlands, despite both countries having 
comparable urbanization (population density 4200/km2 in Boston versus 5000/km2 in 
the Randstad region) and violent crime rates (respectively 390 and 360/100.000 popula-
tion in Massachusetts and the Dutch region, respectively). (Chapter 4) However, despite 
having similar violent crime rates there is an enormous diff erence in fi rearm-related 
injuries; for example, there are many more mass shooting events in the USA.6 The high 
numbers of fi rearm-related deaths could possibly be explained by the relatively lax laws 
on gun ownership in the USA, with more availability of fi rearms directly correlated to 
more fi rearm-related deaths.7,8 The implementation of laws restricting firearm purchase 
or access, as a preventive measure have led in many countries, such as South Africa, 
New Zealand, Australia, and Canada, to a reduction in firearm-related deaths in those 
countries.9-11

The shift in paradigm in the recent era to an increase focus on injury prevention has 
resulted in many new initiatives. Examples are the “Stop the Bleed” initiative in the USA 
and new restrictive laws for telephone use while operating a bicycle or automobile in 
the Netherlands.12,13 Other eff ective preventive strategies include programs aimed at 
preventing falls and fall-related injuries in the elderly. Each year, 25% of elderly (age 
> 65 years) fall and in 10-25% of the cases this results in injury, hospital admission, or 

Figure 1. Components of a trauma system



10

General discussion 173

even death.14,15 Randomized controlled trials have consistently shown that strength and 
balance training for the elderly can reduce falls by 15-50%.16

Gaining insight into epidemiological patterns of injury is essential to target preven-
tive measures and evaluate the effectiveness of those interventions. Focusing more on 
prevention has the greatest potential in reducing injury-related deaths.17,18

Prehospital care

Unfortunately, not all injuries can be prevented despite extensive preventive measures 
and legislation. Therefore, it is essential that all other parts of the trauma system func-
tion optimally. This thesis has shown global variation in prehospital care, varying from 
non-existent, to fully developed paramedic- and physician-staffed emergency medical 
service (EMS) systems. (Chapter 2) With the majority of trauma-related deaths occurring 
in the prehospital setting (especially in the low-and middle-income countries) there is 
great opportunity for improvement.19,20 Several studies have shown that relatively low-
cost interventions, such as the introduction of Prehospital Trauma Life Support (PHTLS) 
training and increased numbers of ambulance dispatch centers, have resulted in lower 
numbers of prehospital deaths.19,21,22

Although education and training of EMS personnel improve outcomes, the level of 
advanced expertise needed at the trauma scene is controversial, with studies both refut-
ing23,24 and supporting physician-staffed EMS.25-30 It seems that the advantage is mainly 
for the severely injured and severely ill patients (cardiac arrest, myocardial infarction 
and respiratory distress).25-31The presence of physician-assisted EMS is associated with 
increased on-scene time and more interventions; however, this association may be 
confounded by the severity of the injuries of the patients rather than being related to 
the presence of the physician.31-33Other factors likely also play a role in the number of 
interventions performed by medics and paramedics, with a longer transport time being 
associated with longer on-scene time and more interventions being performed.34 This 
suggests that the difference between “scoop and run” vs “stay and play” may not be as 
clear as suggested, and that prehospital care is a more nuanced process.

A second ongoing debate is the tradeoff between optimizing trauma center accessi-
bility with shorter transport times and more hospitals able to provide around-the-clock 
care of the severely injured on one hand versus having fewer, but high-volume hospitals 
and longer transport times. Currently there are eleven trauma centers in the Netherlands 
that are geographically close (in comparison to other countries) and care for relatively 
low volumes of severely injured patients.35 This raises the question if there are too many 
trauma centers in the Netherlands and if outcomes of patients might be improved even 
more by further centralizing care for the severely injured. However, centralizing the 
trauma care into fewer high-volume centers inherently means longer transport times. In 
this thesis, the geographical distribution and number of trauma centers were shown to 
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influence the transport times, with longer transport times in scenarios with geographi-
cally suboptimal located centers especially during rush hour. (Chapter 5) Literature 
suggests that reduced trauma center access is associated with differences in outcomes 
such as higher mortality rates.36-39 However, the threshold beyond which outcomes 
are affected is unknown. Although a transport that lasts two hours is intuitively more 
risk-prone than a transfer that lasts 10 minutes, it is not known whether outcomes are 
affected by a transfer of 10 vs. 20 minutes. In the Netherlands, even if trauma care would 
be further centralized, it is unlikely that the transfer times will be prohibitively long. 
However, the contrary scenario, whereby each trauma center can barely treat a critical 
mass of severely injured patients to ensure physician expertise, may ultimately lead to 
less optimal outcomes.40 On the other hand, if a hospital is overburdened beyond its 
optimum trauma patient capacity, adding new accredited trauma centers in the region 
may improve outcome by reducing the burden.41,42 Unfortunately, despite years of 
research, there is still no universal standard for trauma system planning and the optimal 
trade-off between transport times and hospital volumes remains unclear. The annual 
cost for having a fully staffed around-the-clock trauma center, including physician sti-
pends, verification, outreach and prevention costs, has been estimated to be around 2.7 
million dollars per trauma center in the USA.43

There is a need for an internationally applicable tool to evaluate the best geographical 
organization of trauma care (i.e., optimal combination of trauma center access, popula-
tion coverage, and hospital trauma volume). The Geographical Information System 
(GIS)-based model offers an objective way to evaluate the effects of different scenarios 
with varying numbers of trauma centers and their geographical distribution in specific 
regions or countries taking the local geographical and demographical characteristics 
into account. (Chapter 5) Strategic planning of geographical trauma center distribution 
will lead to better patient care through efficient distribution of patient volumes and 
resources.

The efficient distribution of trauma patients, meaning getting the right patient to the 
right hospital remains a challenge. 20 years after the introduction of an inclusive trauma 
system in the Netherlands still 30% of the severely injured patients is primarily brought 
to a non-trauma center (Chapter 6). However, studies have shown that it is hard to pre-
dict which patient will be classified as a polytrauma patient (ISS≥16) and which are not, 
for example, 32% of the traumatic brain injuries (TBI) and 21% of the severe traumatic 
brain injuries are not recognized at the accident scene.44 EMS providers often base their 
decision, despite many protocols, to go to trauma or non-trauma center on their own 
experience, the mechanism of injury, and early visual cues of severe injury at the ac-
cident scene.45 Future research should focus on developing tools to improve the quality 
of pre-hospital triage in severely injured patients, such as the TraumaTriageApp.46-48,49
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Facility-based care

Since the introduction of formalized trauma systems, the volume-outcome relationship 
in trauma care has been an ongoing debate, with the literature showing both supporting 
and opposing evidence.50-58 Although in many surgical specialties, the volume-outcome 
relationship has been ascertained, even with clear cut off points, this has not been the 
case for trauma surgery.59-61 However, Chowdhury et al. showed in their review that not 
only hospital volume, but also specialization and high surgeon volume, are associated 
with improved outcomes.62 Also in trauma care, it seems that other factors, such as the 
experience of the trauma surgeon63,64, implementation of accreditation and verification 
measures 65,66, standardization of complex care2,67, and the implementation of a dedicated 
trauma team68,69 may potentially influence outcome independently of hospital patient 
volume. This is consistent with results shown in this thesis, in which it was demonstrated 
that mature trauma systems have similar outcomes (measured as in-hospital mortality) 
despite differences in volume of both blunt polytrauma and truncal penetrating trauma 
patients. (Chapters 3 and 4).

Despite the inconclusive evidence, minimum volume requirements are still in place 
in many countries, including the Netherlands. The Dutch Trauma Society, in collabora-
tion with the Dutch National Health Care Institute, raised the minimal annual volume 
requirement from 100 to 240 polytrauma patients per trauma center.70 Currently, only 
five out of eleven level I trauma centers fulfill the minimum volume requirements [Figure 
2].35 The currently available evidence suggests that, if we want to improve outcomes for 
severely injured patients in the Netherlands, we should focus on improving processes of 
care within the hospital, rather than simply focus on volume. 2,63-67

Figure 2. Polytrauma patient volumes per level-1 traumacenter in 2017 the Netherlands*33

*Landelijk Netwerk Acute Zorg. Traumazorg in beeld - landelijke traumaregistratie 2013-2017- rapportage Nederland. 
Utrecht 2018.
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Post-hospital care

With an increasing number of patients surviving their injuries, focusing on mortality as 
the sole outcome does not seem appropriate anymore in the evaluation of the quality of 
trauma care. This raises two major questions: 1) which outcomes to monitor, and 2) how 
to improve outcomes for patients surviving their injuries?

For many studies, including the studies in this thesis (Chapters 3 and 4), parameters 
such as in-hospital mortality, hospital length of stay, and ICU length of stay are con-
sidered the primary outcomes to measure quality of care. Several studies have shown 
that although severely injured patients may have good functional outcomes, they have 
a significantly lower quality of life compared to the general population, and often do 
not regain preinjury functional status.71-73 A significant proportion of these patients 
(about 20-25%) cannot return to their preinjury employment.72-78 Focusing on outcomes 
relevant for trauma patients instead of only focusing on mortality rates could further 
improve quality of life. Comprehensive rehabilitation programs have been proven effec-
tive in improving outcomes in patients with severe brain injury.79 A recently published 
study by Wiertsema et al. concluded that a rehabilitation program specifically for trauma 
patients, in which trauma surgeons work in close collaboration with hospital-based and 
primary care physical therapists, improved disease-specific health-related quality of life, 
reduced pain, and improved functional status in comparison to regular care. 80,81 It seems 
that further establishing cooperation between rehabilitation and trauma care for the 
severely injured is both effective and cost-effective. 82,83

Quality Improvement

Improvements in mature trauma systems have been driven by evaluation of data on 
outcomes and processes of care in regional and national trauma registries. 84,85 However, 
this thesis has shown that, despite having the largest trauma burden, the majority of 
low-and middle-income countries lack a formal trauma registry. (Chapter 2). It seems 
that implementation of a trauma system including a formal national trauma registry is 
inversely related to a country’s economic status.20

The development of a global standardized data set with clearly defined inclusion/ex-
clusion criteria to evaluate trauma care would not only facilitate national improvements 
in trauma care but also allow international comparisons. With higher survival rates, the 
shift towards a greater focus on patient-centered long-term outcomes is justified and 
much needed.86,87 Several studies have shown that currently used parameters, such as 
the Glasgow Outcome Score, EQ-5D, and Functional Independence Measure were not 
predictive of long-term outcomes in severely injured patients.88,89 Patient Reported 
Outcome Measures (PROMs), specifically developed for severely injured patients, offer 
new options to measure long-term outcomes.90 Unfortunately, although some of these 
newer tools, such as the Trauma Quality of Life Measure (TQLM) and Trauma Outcome 
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Profile (TOP), they were only used in 4% of studies published.90-92 In the future we should 
focus on using standardized PROM’s, such as TQLM and TOP, better reflecting the pa-
tients’ perspectives on outcome and quality of life, in clinic and research to provide more 
insight in trauma outcomes beside mortality and to improve trauma care in the long 
run.93

Training residents, surgeons, and other healthcare providers is essential to maintain 
good quality of care in a mature trauma system. (Chapter 2) Due to stricter duty-hour 
restrictions in both Europe and the US and the rise in non-operative and endovascular 
treatment, the experience in trauma care and more specifically certain operative skills 
are becoming more difficult to maintain for both residents and attending surgeons. 94-96 
Trauma skills courses such as the Advanced Trauma Life Support (ATLS), Definitive Surgi-
cal Trauma Care (DSTC), Advanced Trauma Operative Management (ATOM) and many 
more have been developed to improve the residents’ and surgeons’ skills with regards 
to trauma management. Mackenzie et al. identified 21 trauma courses given all across 
the globe, many with overlapping parts and focal points. Although most courses dem-
onstrated benefits for the patient when compared to no training, it is still unclear what 
is the most efficient and effective trauma training, mostly due to lack of standardization, 
different levels of trainees, and disparities in training conditions.96 To further improve 
trauma training, future research should focus on standardized evaluation of both techni-
cal and non-technical skills before and after trauma courses and long-term skills in order 
to identify the most efficient and effective way of training (future) trauma surgeons.

Malnutrition in Trauma Patients

In this thesis, malnutrition was shown to be an underestimated and underrecognized 
problem in trauma patients. The review in chapter 7 has shown that trauma patients 
are particularly susceptible to deterioration of their nutritional status and associated 
complications due to the unique metabolic response following injury. Early recognition 
of malnutrition and targeted interventions could prevent malnutrition-related compli-
cations. Unfortunately, malnutrition is not easy to prevent and treat. Many challenges lie 
ahead and questions need to be answered before we can move forward in nutritional 
support management.

The study in chapter 8 showed that slowly increasing the enteral nutrition delivery rate 
contributes to a protein and calorie deficit. Intuitively, malnutrition could be prevented 
by giving the patient the needed nutritional support, e.g. sufficient energy and protein. 
However, the evidence supporting the stance that improved nutritional support leads to 
better outcomes is not robust.97,98 Some trials have even suggested that receiving more 
than 75% of the daily energy and protein requirements is associated with higher mortal-
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ity in patients with acute lung injury.99,100 Permissive underfeeding, receiving 40-60% 
of the estimated needed requirements, did not improve clinical outcomes in critically 
ill patients.101 However, large observational studies have demonstrated that critically ill 
patients with a BMI<25 kg/m2 or >35 kg/m2 do seem to benefit from increased energy 
delivery.102,103 Unfortunately, the proportion of severely injured trauma patients enrolled 
in these studies was very low. Thus, the current knowledge about the best nutritional 
support for the severely injured patient is based upon sparse evidence, heterogeneous 
data, and is mostly extrapolated from studies in which trauma patients were not enrolled 
or only comprised a very small proportion.

Recognizing the need for more insight into the prevalence and effects of malnutri-
tion in polytrauma patients, the Malnutrition in Polytrauma Patients (MaPP) study was 
initiated. (Chapter 9) Designing this multicenter prospective observational study, we 
experienced the hardships of conducting malnutrition-related research. The main 
problem in all malnutrition-related research is the absence of a gold standard for di-
agnosing malnutrition and assessing its severity.104 Although BMI is still considered an 
important element of diagnosing malnutrition104, it is actually a poor surrogate.105,106 
Nutritional deficiencies are often present in obese patients, despite their high BMI.107-110 
Higher mortality and morbidity rates have been shown in obese patients 111,112; however, 
Robinson et al. advocate that it is actually malnutrition, not obesity, that causes worse 
outcomes.105 This is probably also the case in so-called “sarcopenic obese elderly”. These 
elderly patients appear to be well-nourished because of their normal or elevated BMI, 
but actually suffer from relative muscle loss e.g. sarcopenia.113-115 Several studies have 
shown an association between worse outcomes and sarcopenic obesity. 116-118 Current 
definitions do not assess malnutrition in these patients. Developing a definition for 
malnutrition without relying on BMI is essential.

In an effort to promote consistency and agreement on malnutrition, the Academy of 
Nutrition and Dietetics and the American Society for Parenteral and Enteral Nutrition 
(A.S.P.E.N.) proposed their combined consensus guidelines for documenting and diag-
nosing malnutrition in 2012.119 The adult malnutrition consensus (AMC) characteristics 
consists of five components: weight loss, energy intake, body fat, muscle mass, fluid 
accumulation, and hand grip strength. Malnutrition, classified from well-nourished to 
moderate and severe malnutrition, is divided in three categories: acute illness and 
injury-related malnutrition; chronic disease-related malnutrition; and social and 
environmental related-malnutrition.120 Although these diagnostic criteria have shown 
some promising results in feasibility and reliability, big validation studies have not been 
published yet and are much needed. 121

In addition to the need for a generally applicable definition of malnutrition, there 
is a need for objective diagnostic tools to identify malnutrition. As mentioned in the 
AMC, hand grip strength is an accurate marker of malnutrition and can be used to as-
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sess malnutrition as well as evaluate nutritional support interventions.122-124 Bioelectric 
impedance analysis (BIA) also offers potential as a noninvasive, low-cost, diagnostic 
tool that can be used to assess the body composition, in particular fat and muscle 
mass. 125 Some studies suggest that malnutrition is related to changes in tissue electrical 
properties, which can be detected by BIA.126 However, before implementation in clinical 
practice, clear cutoff points for defining malnutrition in different patient groups need to 
be identified for all diagnostic tools.127

In the current practice, albumin and transthyretin (i.e., prealbumin) are often consid-
ered valuable markers of a patient’s nutritional status. However, increasing evidence 
suggests that these biomarkers are more reflective of the acute phase response after 
trauma rather than the nutritional status.128,129 The developing fields of proteomics and 
metabolomics may be suitable to characterize and anticipate acute changes in trauma 
patients’ metabolism and energy needs, as it reflects the response to nutrition deficien-
cies and the effects of nutrition administration in trauma (i.e. oxidative stress metabolites, 
muscle catabolism metabolites, and nucleotide synthesis metabolites).128,130-134 So far, 
several metabolites have been found to be associated with nutritional status in critically 
ill patients: purine, tathione, kynurenine, tryptophan pathways.135 Fatty acid patterns are 
highly correlated with nutrition and the particular catabolic state in trauma patients.130 
There are several limitations to the studies that presented, including the small study 
sample sizes, low metabolite numbers, and the small number of measured time points. 
New studies designed to overcome the previously mentioned limitations are needed 
to further evaluate the value of metabolomics for diagnosing malnutrition in severely 
injured patients.

To improve nutritional support and allow for comparison between studies, we recom-
mend a standardized data set of clinically relevant outcomes and time points affected 
by nutritional support for future studies.127, 136 At the moment, the best potential for a 
validated standardized nutritional risk assessment tool is the Nutrition Risk in the Criti-
cally Ill (NUTRIC) score, which is also supported by the Society of Critical Care Medicine 
(SCCM) and A.S.P.E.N. 97,137-139.

Final consideration

Although it may seem that malnutrition and trauma systems are not directly connected, 
this thesis has shown that both elements are essential in the management of the care 
for the injured patient. Trauma care improved greatly in the past 40 years; however 
global differences remain. There is no “one-size-fits-all” model for the optimal care for 
the injured, though there are certain elements essential for all trauma systems, inde-
pendent of location, population, and regulation: dedicated trauma teams, strategically 
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planned trauma center distribution, quality control measures and individualized care. Many 
decennia ago it has been recognized that trauma care is built on disciplines working 
together; team-work is the corner stone of trauma care. In the future, we need to further 
focus on the continuum of trauma care, recognizing that strengthening each element 
of the trauma care chain improves outcomes for the severely injured patient. Further 
well designed studies, that take the four essential trauma system elements into account 
will help to take the next step in trauma care, locally, regionally and eventually globally.
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Annually around 5 million people die as a consequence of injuries and many more 
suffer from livelong disabilities. Although implementation of trauma care systems and 
structured trauma training has led to decreased mortality and disability in several coun-
tries, controversies remain to exist. The awareness of the current trauma burden and 
its expected increase has led to new initiatives for scientific research in an attempt to 
eventually improve trauma care worldwide. Despite the improvements there is room for 
further optimization of care. The primary aim of this thesis was to analyze the presence 
and structure of trauma systems, evaluate specific care-delivery processes, and focus on 
patient-centered and clinically important parameters and outcomes. The second aim is 
to evaluate one of these parameters, the role of the nutritional status in the outcome of 
polytrauma patients.

In chapter 1 the historic development of trauma systems and the trauma system in 
the Netherlands is discussed. In addition, background information about malnutrition in 
polytrauma patients is described.

Chapter 2 gives an overview of the recent literature on the state of trauma systems 
globally. Despite the presence of seemingly sufficient resources and the evidence-based 
benefits of trauma systems, only nine of the 23 high-income countries in this review 
had a well-defined and documented national trauma system according to the identified 
studies. Although 90% of all lethal traumatic injuries occur in middle and low income 
countries, according to the literature, to which our study is limited to, only few of these 
countries hold a formal trauma system and/or trauma registry. Much improvement in the 
trauma systems in these countries might be achieved, but unfortunately the economic 
situation of many countries may render trauma systems not at their top priority list.

The review showed that there are still many differences in trauma care worldwide. 
By studying these differences, factors of influence on outcome of care may be identi-
fied. Chapters 3 and 4 describe the differences in patient characteristics, outcomes and 
processes of trauma care between the Netherlands and the United States. Chapter 3 
discusses the characteristics and outcomes of 1367 blunt polytrauma patients (Injury 
Severity Score≥16) admitted to a level I trauma center in the US (USTC) or in the Neth-
erlands (NLTC). Although several outcome parameters differed between the two urban 
area trauma centers in the USA and the Netherlands, such as a higher injury severity and 
more comorbidity in the USTC patients, the in-hospital survival of the trauma patients in 
these trauma centers was similar. Other outcome parameters, such as the length of stay 
in hospital and in the Intensive Care Unit, varied between the trauma centers, suggesting 
that differences in local policies and processes do influence the care system, but not so 
much the outcome of care as reflected by in-hospital mortality. Similar results were seen 
in the study described in chapter 4, on the characteristics and clinical outcomes of 1331 
patients with penetrating injuries treated at urban Level-1 trauma centers in the USA 
(USTC) or the Netherlands (NLTC). Despite the higher incidence of penetrating trauma, 
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particularly firearm-related injuries, and higher hospital volumes in the USTC compared 
to the NLTC, the in-hospital mortality was similar. In this study, outcome of care was not 
significantly influenced by differences in incidence of firearm-related injuries.

Since the introduction of trauma systems in the Netherlands, the trade-off between 
centralization of care with sufficient hospital volumes on one hand and adequate 
trauma center access in terms of transport times and population coverage by means of 
more but smaller centers on the other hand is an important but complex issue. Chapter 
5 discusses the use of geographical information system (GIS) technology as a potential 
methodology for objectifying trauma access. The goal of this study was to determine 
the influence of trauma center distribution (the number and geographical location) 
during high and low traffic flow in a densely-populated region with 3 trauma centers 
in the Netherlands using GIS-technology. Not only was the current three trauma center 
scenario analyzed, but also six other scenarios with a varying number of trauma centers 
on different locations. This study showed that a GIS-model for trauma center access 
offered a quantifiable and objective method to evaluate trauma system distribution in 
areas with different geography and demography. Applying this technology to one of the 
most densely populated areas in the Netherlands shows that the transport time from 
accident to trauma center would remain acceptable if the current situation with three 
trauma centers would be changed to a scenario with two geographically well-spread 
trauma centers.

In 1998, after years of discussion, an inclusive trauma system was implemented in 
the Netherlands. The objective of the study, described in chapter 6, was to evaluate 
the impact of structured trauma care on the concentration of polytrauma patients over 
time in the Netherlands. This study shows that over the past 20 years trauma care has 
been progressively centralized, with more polytrauma patients primarily being brought 
to a trauma center. During the entire study period, the patients primarily brought to a 
trauma center were more severely injured, reflected by a higher median Injury Severity 
Score and higher median total Abbreviated Injury Score than the patients that were 
primarily brought to a non-trauma center. However, despite the well-organized Dutch 
EMS system, still roughly 30% of the polytrauma patients were primarily brought to a 
non-trauma center, indicating a need for improving pre-hospital triage.

The second part of this thesis focuses on the individualized care of polytrauma patients 
and more specifically on the role of malnutrition in severely injured patients admitted 
to the intensive care unit (ICU). Chapter 7 gives an overview of the current knowledge 
about the pathophysiology, prevalence, and effects of malnutrition in severely injured 
patients. This review showed that despite the widespread belief about the importance 
of nutrition in severely injured patients, the quantity and quality of available evidence 
is sparse, mainly of low-quality, and outdated. Based on the malnutrition-associated 
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adverse outcomes, the nutritional status of severely injured trauma patients should be 
routinely and carefully monitored.

Malnutrition is associated with, but not only due to, calorie and protein deficits. It 
is customary to initiate enteral nutrition at a low rate and slowly increase the delivery 
rate to goal rate (RAMP-UP-protocol). Increasing evidence suggests that RAMP-UP may 
contribute to iatrogenic malnutrition. In chapter 8 it was determined which proportion 
of total Surgical Intensive Care Unit calorie/protein deficit is attributable to RAMP-UP. 
In Surgical Intensive Care Unit patients initiating enteral nutrition, the RAMP-UP period 
accounted for 41% and 53% of the overall caloric and protein deficits, respectively. 
Starting enteral nutrition immediately at goal rate may therefore prevent a significant 
proportion of macronutrient deficit in the SICU.

It seems that polytrauma patients are at risk of considerable harm from malnutrition 
due to the metabolic response to trauma. However, little is known about (the risk of ) 
malnutrition and its consequences in these patients. Recognition and acknowledgment 
of sub-optimally nourished polytrauma patients and their nutritional needs is crucial 
to prevent complications and optimize their clinical outcomes. Therefore, the trauma 
department of the LUMC initiated a multicenter international observational prospective 
cohort study. This Malnutrition in Polytrauma Patient (MaPP) study aims to gain more in-
sight into the effect and consequences of malnutrition in polytrauma patients admitted 
to the ICU. The research protocol of the study is described in chapter 9. The objective 
is to investigate whether polytrauma patients admitted to the Intensive Care Unit, who 
are already malnourished before admission or develop malnutrition during admission, 
have a higher complication rate than patients who are and remain well-nourished. This 
study is performed at three Level-1 trauma centers in the United States and two Level-1 
trauma centers in the Netherlands.

The general discussion in chapter 10 presents an overview of issues that remain to be 
studied and future perspectives both on the organization of trauma care worldwide as 
well as malnutrition in polytrauma patients. Although substantial improvements were 
seen in the care for the injured in the past few decades, there are still many opportu-
nities for improvement. In the future, we need to further focus on the continuum of 
trauma care, recognizing that strengthening each element of the trauma care chain im-
proves outcomes for the severely injured patient. Malnutrition is still an underestimated 
problem in the polytrauma patient population, especially severely injured patients who 
are particularly susceptible to malnutrition and its related complications. New studies 
should focus on better defining the optimal nutritional treatment of severely injured 
patients. However, standardized data dictionaries and reasonable outcome measures 
are required for meaningful interpretation and application of results in malnutrition 
related research.
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Elk jaar sterven ongeveer 5 miljoen mensen als gevolg van ongevallen. Een aanzien-
lijk deel van deze ongeval slachtoffers krijgt te maken met levenslange invaliditeit in 
verschillende gradaties van ernst. De implementatie van traumasystemen en gestruc-
tureerde opleidingen binnen de traumazorg hebben geleid tot lagere sterfte en minder 
invaliditeit. Deze kennis in combinatie met de te verwachten groei in het aantal slachtof-
fers van ongevallen heeft geleid tot nieuwe wetenschappelijke initiatieven wereldwijd 
ter verbetering van de traumazorg. Ondanks de gemaakte vorderingen is verdere 
verbetering mogelijk.

Het primaire doel van dit proefschrift is het analyseren van de aanwezigheid en struc-
tuur van traumasystemen, specifieke zorgverleningsprocessen en hiermee gerelateerde 
belangrijke patiëntgerichte en klinische parameters en uitkomsten. Het secundaire doel 
is om een van deze parameters verder uit te lichten en te evalueren, namelijk de rol en 
het effect van de voedingsstatus op de uitkomsten van polytrauma patiënten

In hoofdstuk 1 wordt als introductie de historische ontwikkeling van traumasyste-
men wereldwijd en in Nederland besproken. Tevens wordt de rol van ondervoeding bij 
traumapatiënten nader toegelicht.

Hoofdstuk 2 geeft een overzicht van de recente literatuur over de status van trau-
masystemen wereldwijd. Ondanks de aanwezigheid van ogenschijnlijk voldoende 
middelen en de bewezen voordelen van traumasystemen, hadden slechts negen van 
de drieëntwintig landen met een hoog- inkomen volgens de studies in deze review een 
goed gedefinieerd en gedocumenteerd nationaal traumasysteem. Hoewel 90% van alle 
dodelijke traumatische ongevallen plaatsvindt in midden- en laag- inkomen landen, is, 
volgens de beschikbare literatuur, slechts in een beperkt aantal van deze landen een 
formeel traumasysteem en/of een traumaregistratie aanwezig. Vooral in deze landen 
kan nog veel verbetering in de traumazorg worden gerealiseerd op het gebied van 
prehospitale zorg, intramurale organisatie, scholing en registratie.

Uit de literatuurstudie in hoofdstuk 2 bleek dat, ondanks internationaal geaccep-
teerde standaarden, er nog veel verschillen zijn in de organisatie van traumazorg we-
reldwijd. Door deze verschillen te herkennen en erkennen, kunnen mogelijke factoren 
van invloed op de uitkomst geïdentificeerd worden. In de hoofdstukken 3 en 4 zijn 
de verschillen in patiëntkarakteristieken, organisatie van traumazorg en uitkomsten 
van trauma patiënten in Nederland en de Verenigde Staten bestudeerd. Hoofdstuk 3 
bespreekt de kenmerken en uitkomsten van 1367 polytrauma patiënten (Injury Severity 
Score ≥ 16) met stomp letsel die zijn opgenomen in stedelijk gelegen level 1-traumacen-
tra in de VS (USTC) en in Nederland(NLTC). Hoewel de uitkomsten van meerdere parame-
ters verschilden tussen de twee traumacentra in de VS en Nederland, zoals een hogere 
letselernst en meer comorbiditeit bij de USTC-patiënten, was de ziekenhuismortaliteit 
bij de traumapatiënten in de traumacentra gelijk. De variatie in de andere uitkomsten, 
zoals duur van ziekenhuis- en intensive care opname, suggereert dat verschillen in 
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lokaal beleid en zorgprocessen invloed hebben op het zorgsysteem, maar niet zozeer 
op de uitkomst van zorg zoals weerspiegeld in de ziekenhuismortaliteit. Vergelijkbare 
resultaten werden gezien in hoofdstuk 4 waarin een studie naar de patiëntkarakteris-
tieken en uitkomsten van 1331 patiënten met penetrerend letsel die werden behandeld 
in stedelijk gelegen level-1 traumacentra in de VS (USTC) en Nederland (NLTC), wordt 
beschreven. Ondanks de hogere volume van penetrerend letsel, met name schotwon-
den, en de hogere ziekenhuisvolumes in de USTC’s in vergelijking tot de NLTC’s, was de 
ziekenhuismortaliteit in beiden landen vergelijkbaar.

Sinds de introductie van traumasystemen in Nederland is de afweging tussen centra-
lisatie van zorg door grotere traumacentra met hogere patiëntvolumes enerzijds en een 
goede bereikbaarheid van traumacentra voor de bevolking middels meer maar kleinere 
traumacentra een belangrijke maar lastige discussie. In hoofdstuk 5 wordt het gebruik 
van geografische informatie systeem(GIS) technologie als een potentiële methode voor 
het evalueren van de bereikbaarheid van traumacentra besproken. Het doel van deze 
studie was het evalueren van de invloed van de verkeersdrukte en geografische ligging 
van drie traumacentra in de Traumaregio West op de aanrijtijden naar het dichtstbijzijnde 
traumacentrum op basis van gegevens verkregen met GIS-technologie. Hierbij werden 
naast de huidige situatie, de drie traumacentra, zes andere scenario’s geanalyseerd met 
een verschillend aantal traumacentra op verschillende locaties. Deze studie liet zien dat 
de op GIS-technologie gebaseerde analyse een manier biedt om de toegankelijkheid 
van de traumasystemen in verschillende omstandigheden, zoals wisselende verkeers-
drukte en mogelijke structurele traumasysteemwijzigingen, zoals geografische TC-
spreiding, te objectiveren. In de geanalyseerde traumaregio zijn de aanrijtijden naar het 
dichtstbijzijnde traumacentrum acceptabel in het huidige 3-traumacentrum-scenario 
en zouden dat blijven indien gekozen werd voor een 2-traumacentrum-scenario met 
goede geografische spreiding van deze centra.

In 1998 werd er, na jaren van discussie, in Nederland een inclusief traumasysteem 
ingevoerd. In hoofdstuk 6 wordt de evaluatie van de impact van gestructureerde 
traumazorg op de concentratie van polytrauma patiënten over de afgelopen 20 jaar 
beschreven. In de afgelopen 20 jaar is de traumazorg in Nederland geleidelijk gecen-
traliseerd, waarbij steeds meer polytrauma patiënten primair naar een trauma centrum 
werden gebracht. Gedurende de gehele onderzoeksperiode waren de patiënten die 
primair naar een traumacentrum werden gebracht, zwaarder gewond, weergegeven 
door een hogere mediane ISS en een hogere mediane totale AIS, dan de patiënten die 
primair naar een niet-traumacentrum werden gebracht. Ondanks het goed georgani-
seerde Nederlandse ambulance systeem werd echter nog steeds ongeveer 30% van de 
polytrauma patiënten primair naar een niet-traumacentrum gebracht, wat aangeeft dat 
er behoefte is aan verbetering van de prehospitale triage in het veld.
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Het tweede deel van dit proefschrift richt zich op individuele traumazorg en meer 
specifiek op de rol van ondervoeding bij ernstig gewonde patiënten die werden opge-
nomen op de intensive care. Hoofdstuk 7 geeft een overzicht van de huidige kennis 
over de pathofysiologie, prevalentie en effecten van ondervoeding bij ernstig gewonde 
patiënten. Dit literatuuroverzicht laat zien dat, ondanks de wijdverbreide overtuiging 
dat een goede voedingsstatus essentieel is voor een goed herstel van ernstig gewonde 
patiënten, de kwantiteit en kwaliteit van beschikbare literatuur over dit onderwerp 
schaars, grotendeels van lage kwaliteit en verouderd is. Gezien de vele met ondervoe-
ding geassocieerde complicaties, met name voor traumapatiënten, is het van belang de 
voedingsstatus van ernstig gewonde traumapatiënten routinematig en zorgvuldig te 
monitoren.

Ondervoeding is geassocieerd met, maar niet alleen ten gevolge van, calorie- en 
eiwittekorten. In de klinische praktijk is het gebruikelijk om enterale voeding met een 
lage toedieningssnelheid te initiëren en deze vervolgens langzaam te verhogen tot 
doelsnelheid (RAMP-UP- protocol). Toenemend bewijs suggereert dat RAMP-UP kan 
bijdragen aan iatrogene ondervoeding. In hoofdstuk 8 is geprobeerd om te bepalen 
welk deel van het totale calorie- en eiwittekort ten tijde van een opname op de Surgical 
Intensive Care Unit (SICU) kan worden toegeschreven aan RAMP-UP. Bij SICU-patiënten 
waarbij enterale voeding was gestart, droeg de RAMP-UP-periode bij aan respectievelijk 
41% en 53% van de totale calorie- en eiwittekorten. Indien de RAMP-UP periode wordt 
overgeslagen en enterale voeding direct volgens behoefte wordt gegeven, kan een 
aanzienlijk deel van het tekort aan macronutriënten verkregen tijdens de SICU-opname, 
worden voorkomen.

De literatuur suggereert dat polytrauma patiënten een hoger risico hebben op het 
ontwikkelen van ondervoeding als gevolg van de metabole reactie op letsel. Er is echter 
weinig kennis over zowel het risico op als de gevolgen van ondervoeding voor deze 
patiënten. Herkennen en erkennen van een suboptimale voedingsstatus bij polytrauma 
patiënten en hun hogere voedingsbehoeften is cruciaal om complicaties te voorkomen 
en hun klinische uitkomsten te optimaliseren. Daarom is door de afdeling Trauma-
chirurgie van het LUMC een internationale multicenter observationele prospectieve 
cohortstudie geïnitieerd. Deze Manutrition in Polytrauma Patient (MaPP) -studie heeft 
als doel te evalueren of polytrauma patiënten die op de intensive care unit zijn opgeno-
men en die dan wel bij opname al ondervoed zijn dan wel ondervoeding ontwikkelen 
gedurende opname, meer complicaties hebben dan patiënten die een goede voedings-
status hebben en deze ook behouden gedurende opname. Het onderzoeksprotocol 
van deze studie wordt beschreven in hoofdstuk 9. In de studie wordt onderzocht of 
Dit onderzoek wordt uitgevoerd in drie level-1 traumacentra in de Verenigde Staten en 
twee level-1 traumacentra in Nederland.
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In de algemene discussie van het proefschrift (hoofdstuk 10) worden de resultaten 
uit alle hoofdstukken van dit proefschrift en toekomstperspectieven besproken. Hoe-
wel in de afgelopen decennia grote verbeteringen zijn gerealiseerd in de zorg voor 
traumapatiënten, zijn er nog veel mogelijkheden voor verdere optimalisatie van de 
zorg en zorgprocessen. In de toekomst moet er verder geconcentreerd worden op het 
verbeteren van de ketenzorg bij de ernstig gewonde patiënt, waarbij het van belang 
is om elk element van de traumaketen te optimaliseren om zo de uitkomsten voor 
traumapatiënten verder te verbeteren. Ondervoeding is een onderschat probleem in 
de traumapopulatie, vooral omdat deze bijzonder vatbaar is voor ondervoeding en de 
bijbehorende complicaties. Nieuwe studies moeten gericht zijn op het beter definiëren 
van de optimale voedingsstatus van ernstig gewonde patiënten. Gestandaardiseerde 
datasets en universeel gedefinieerde klinisch relevante uitkomstmaten zijn echter 
vereist voor een zinvolle interpretatie en toepassing van de resultaten van nieuwe en 
internationale studies wat betreft ondervoeding.
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