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General introduction, aim and outline of the thesis

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.’ 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.' 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]
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Figure 1. Number of deaths (in millions per year) as a consequence of traumatic injuries and HIV/AIDS,
tuberculosis and malaria’

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.' Therefore, despite trauma being recognized as a major public health problem
for over 50 years, it still remains “the neglected disease of modern society”?

Besides leading to physical, emotional, and economic losses for the victims and their
families, the financial burden of trauma affects nations as a whole, primarily in relation
to the young and working population, as they are being precluded from production.?
For example, it has been estimated that the consequences of road traffic 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.' 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 traffic deaths
and injuries worldwide.*?
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Figure 2. Pyramid of injuries reported in the health care system.’
DEVELOPMENT OF TRAUMA CARE SYSTEMS

Up until the second half of the 20" 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.” The care
that he and his family received in rural Nebraska was considered below the standards of
customary clinical care. This event and the finding that a large proportion of the trauma
deaths were “preventable deaths” further motivated improvements in trauma care.*’
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.*®

Following the establishment of the ATLS course and the dissemination of the ACS
guidelines, the first 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 definitive care.
Although this exclusive trauma system worked well in urban areas with a sufficient num-
ber of acute care facilities and relatively short transport times, it produced suboptimal
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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.' " 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.'

Based on these criteria, hospitals providing trauma care were categorized into five
different levels; a level | 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 Il and Il hospitals have the ability to provide prompt assessment,
perform emergent operations, maintain intensive care facilities, and function as a
supplement to the level | 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.” 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.'***

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.”>”* 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.®**'

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.*

Annually, an average of 8,000 people die as a result of an accident or violence in the
Netherlands.>®* An even greater number of patients suffer disabilities.** Approximately
6% of the victims of injuries have a permanent handicap.® 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.**
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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.'®*’ 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.***° 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.*®

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.*>*'. 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].

Hospital
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. ETZ Elisabeth

A Erasmus Medisch Centrum
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‘ Leids Universitair Medisch Centrum

+ Maastricht Universitair Medisch Centrum
? Medisch Spectrum Twente

' Radboud Universitair Medisch Centrum
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* Universitari Medisch Centrum Groningen

! VU Medisch Centrum

Figure 3. Eleven trauma centers and their trauma regions in the Netherlands
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Figure 4. Chain of trauma care in the Netherlands

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].*** Quality measures were installed to guarantee quality of care and its ongoing
improvement: trauma hospital level criteria were defined for level 1, 2 and 3 centers,
a national trauma registry became mandatory for all hospitals, and the certification for
specialist (orthopedic) trauma surgeons was established. Since then, the outcomes for
the injured patients have improved significantly with a mortality rate reduction of 16%
in all injured patients and a striking 21% mortality rate reduction in the most severely

injured patients.?® > *

CHALLENGES IN OPTIMIZING TRAUMA CARE

Significant improvements in outcomes were seen after the implementation of all-
inclusive trauma systems. Nevertheless, it is still a challenge to define the most efficient
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 influence 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 differences. Amongst others, the incidence and nature of the trauma
mechanisms, patient volumes, trauma training, prehospital care, clinical experience and
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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.***® Malnutrition is considered a risk factor for poor
clinical outcomes, such as higher morbidity and mortality, in hospitalized patients.* “**'
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 | 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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