The Evolution of Trauma Systems
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1.1 Introduction

By any measure, injury is a serious public health
problem. Worldwide, road traffic injuries are the
leading cause of death among the young (aged
15-29 years), responsible for over a million deaths
per year [1]. In the United States, unintentional
injury is the leading cause of death for persons under
the age of 45 years and is among the top ten causes
of death for all decades of life [2], a pattern that has
not changed significantly in decades (Fig. 1.1).
Overall, injury is responsible for almost a third of all
years of potential life lost. Moreover, it is a substan-
tial economic burden [3]. In real numbers, highway
transportation-related events in the United States
were responsible for about 2.2 million injuries and
33,000 deaths in 2010 [4]. And yet, there is no
focused public health policy at the federal level to
address the problem of injury in a systematic fash-
ion. Moreover, state and regional approaches are
nonuniform, ranging from the very robust to the
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nonexistent. This lack of policy-level response is not
universal. By comparison, the 2014 West African
Ebola outbreak drew tremendous headlines and pro-
duced a massive public health response worldwide,
despite accounting for only about 23,000 identified
cases and about 9,800 deaths worldwide in its first
year, according to CDC statistics [5] (Fig. 1.2). Over
50 years after Accidental Death and Disability: The
Neglected Disease of Modern Society [6] was pub-
lished by the National Academy of Science, injury
remains the “neglected epidemic [6]” of modern
society.

When Accidental Death and Disability was
published in 1966, the field of injury care con-
sisted of largely disconnected elements: ambu-
lance services, emergency departments, intensive
care units, and trauma research units. The report
established the foundational and seminal ele-
ments of what has come to be recognized as a
trauma system, recommending measures to
address the entire spectrum of injury including
epidemiology, prehospital care, definitive care,
rehabilitation, research, and injury prevention.
Significant progress has been made in these indi-
vidual areas, including the evolution of the
Emergency Medical Services (EMS) system,
establishment of national standards for trauma
centers, dramatic improvements in automobile
safety, as well as a greatly expanded base of
scientific knowledge in the areas of injury, shock,
and resuscitation. The Injury Prevention and
Control Center was established within the
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Fig. 1.1 Leading causes of death in the United States, 2013 (Source: CDC WISQARS. http://webappa.cdc.gov/sas-

web/ncipc/leadcaus10_us.html)
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Fig. 1.2 The relative impact of injury [5, 46]

Centers for Disease Control and Prevention in
1985. These advances have been associated with
substantially lower death rates from injury over
the last 30 years (Fig. 1.3). Though there is sig-
nificant evidence to demonstrate that coordina-
tion of these individual elements into a
comprehensive system of trauma care leads to
improved outcomes after injury [7-15], these
data have not led to a broad implementation of
trauma systems across the country [16, 17]. At
the present time, systems for the provision of
injury care remain a patchwork, dependent upon

the degree to which state and local government
has been inspired to address the problem and the
extent to which volunteer efforts by engaged sys-
tem stakeholders can drive improvement.

The sections that follow trace the historical
evolution of the approach to injury care within
the context of changing socioeconomic circum-
stances, the emergence of a set of essential ele-
ments that define a trauma system, and the
integration of these elements into a functional
design. The legislative and structural challenges
to effective implementation of trauma systems
will be discussed, and strategies of successful
models will be explored with the objective of
framing future efforts to expand the coverage of
trauma systems throughout the nation.

1.2  The Process of Evolution

In the current age of highly technical and
institution-based medical care, it is worth looking
back to realize that it has not always been this
way. At the start of the twentieth century, only a
bit more than 100 years ago, the majority of
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health care was delivered in the home. Large
hospitals existed primarily for the care of the
indigent or casualties of war, a state of affairs that
dated back to antiquity. Outside of the military,
these hospitals were usually established and
operated as private charities or as elements of
social infrastructure funded through local gov-
ernment to care for the poor.! There was often
little differentiation between the care of the sick
and the housing of the poor and indigent, and
many hospital facilities served both purposes. In
either case, these facilities were places to be
avoided by those with the means to do so. The
sick and injured were cared for at home by their
family, and “no gentleman...would have found
himself in a hospital unless stricken by insanity
or felled by epidemic or accident in a strange
city” [18]. Based upon the care available and the
associated high mortality, this conception of hos-
pital care was well founded. Prior to the late nine-
teenth century, medicine had little to offer by way
of curative therapy, and the hospital environment

'In fact, prior to the advent of Social Security in the 1930s,
the provision of aid to needy populations was felt to be
completely outside the Constitutional mandate of the
Federal government.

itself often carried a great risk of death through
infectious complications. Only with the rise of
the Lister’s antisepsis, the bacterial theory of dis-
ease, and the expansion of surgical capabilities
that followed did the balance shift. Hospitals
began to take their current form as places that
offer highly technical therapies well beyond what
could be accomplished in the home and as places
that offered the potential to cure.

Even though the development of the hospital
was well under way in the early decades of the
twentieth century, the concept of the modern
trauma center is much newer. Through the 1950s,
hospitals and hospital care were defined by the
conquering of infectious diseases, the evolution
of modern surgical techniques, and the progres-
sive interdependence of the hospital and the
academy of medicine, including training and
research. In both the historical and the practical
literature on hospital development from the mid-
twentieth century, the care of the injured is a
passing comment, if it is mentioned at all. Only
since the late 1980s, with the development of
national standards and the Trauma Center
Verification program of the American College of
Surgeons Committee on Trauma, has the idea
of the modern trauma center become firmly
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established as a highly sophisticated institution
that is focused on improving injury care through
clinical excellence, teaching, and research.

The first hospitals to embody the concept that
care of the injured should be an area of specialty
and focus, recognizing the importance of this idea
in improving outcomes, arose in the 1960s. Their
roots were firmly in the traditional past of the pub-
lic hospital. These hospitals were a refuge for the
indigent sick by intent and the injured by neces-
sity. They were also at the heart of medical educa-
tion and research. Two hospitals among the first
with organized trauma services were the Cook
County Hospital [19] and San Francisco General
Hospital, but the public hospitals in many US cit-
ies also functioned increasingly as centers for the
care of the injured. Over the next decade, an
expanding number of such facilities became
known for their hard-earned trauma expertise.
Initially the hospitals that could claim the title of
“trauma center” were almost exclusively located
in large urban areas with high rates of poverty and
violence. Outside the sphere of influence of these
centers, injury care remained haphazard, under-
taken in the facility that happened to be the closest
and by the practitioner who happened to be avail-
able. Injury care was largely a matter of chance, a
situation that persisted well into the 1970s, and, it
might be argued, persists to the present day. These
chances could be improved if the patient, or those
bringing the patient to the hospital, had the knowl-
edge of the receiving hospital’s capabilities and
the ability to choose their destination. The princi-
ple that injured patients fared better at a hospital
experienced in trauma care was initially based
upon the experience of the providers of direct
patient care but has subsequently been upheld by
objective data [20-22]. The fact that all hospitals
are not created equal in terms of care of the injured
has been well established, and it follows that one
key element of establishing a system to improve
care after injury is the ability to identify hospitals
with the commitment to care for the injured and to
verify their capabilities.

The next logical step in the process is to
establish a way to ensure that injured patients
are treated at the appropriate trauma center.
Historically, patients literally applied for

admission to a hospital. The decision to admit
was often made by the hospital board and
weighed many factors beyond need for medical
care [18]. Not all types of illness were admitted
for treatment, nor were all socioeconomic groups.
Even into the middle of the twentieth century, the
mission of the hospital to care for certain dis-
eases, including contagion and mental illness,
was a topic of debate [23]. Patients presented
themselves to the hospital either under their own
power or with the assistance of friends and fam-
ily. The first hospital-based ambulance system in
the United States, providing a vehicle and a
trained attendant to be summoned to transport
patients to the hospital for care, was established
by Bellevue Hospital, in New York City, in 1869.
The system began with two horse-drawn vehi-
cles, which were to be kept “in good order and fit
for service at all times,” and presaged modern
regulations regarding ambulance equipment lists
by requiring that a box be kept beneath the driv-
er’s seat containing among other things a quart
flask of brandy and two tourniquets [24].
Ambulance systems soon appeared in other major
cities, transitioning from horse to internal com-
bustion engine in the early twentieth century.
These systems focused primarily on getting the
patient to the hospital rather than initiating care
and did not evolve far beyond the provision of the
most basic prehospital care until much later.

For the next 100 years, through the 1950s and
1960s, there was also little evolution in the stan-
dards regarding ambulance equipment or training
of attendants. Because the focus of ambulances
remained primarily that of transporting bodies,
vehicles were designed for use interchangeably
as ambulances and hearses, and mortuaries often
functioned as ambulance agencies due to the
interoperability of the vehicles. The principle that
a modern network of Emergency Medical
Services (EMS), with the expectation that prop-
erly equipped vehicles, manned by medically
trained staff, would respond within minutes of a
call as an essential public service, arose from rec-
ommendations made in the 1966 white paper
Accidental Death and Disability and from the
provisions of the Highway Safety Act of 1966
[25], which was enacted later the same year. This



1 The Evolution of Trauma Systems

act included provisions for funding as well as
requirements that states take action or face penal-
ties. Implementation was further accelerated by
the passage of the 1973 Emergency Medical
Services Systems Act [26], which established
guidelines and provided funding for regional
EMS development. With this stimulus, EMS sys-
tems rapidly developed and matured during the
next 25 years of the twentieth century, coincident
with the differentiation of hospitals into trauma
centers. Combined with the recent wartime expe-
rience in Korea and Vietnam, which clearly dem-
onstrated the advantages of rapid evacuation and
early definitive treatment of casualties [27], it
became increasingly apparent that coordination
of field treatment and transportation to ensure
that injured patients arrived at a capable trauma
care facility was of critical importance, and the
conception of a trauma system, as opposed to an
isolated trauma center, began to evolve.

Initially, the concept of a trauma system was
centered upon the large urban trauma centers,
which established standards and protocols within
their region, promulgated through their own EMS
systems or through their relationship with EMS
providers in the region. For hospitals with their
own large EMS, or those with clearly pre-existing
roles in the community, the destination hospital
was preordained. It was common knowledge that
serious injured patients were best cared for at the
trauma center, even though there were no estab-
lished rules or regulations directing the flow of
ambulance traffic. The growing knowledge that
outcomes for seriously injured patients were bet-
ter in hospitals that had the experience and
resources to care for them, combined with an
increasing perception of the element of chance
involved in unregulated choice of ambulance des-
tination, led to the first efforts to coordinate the
prehospital system to transport injured patients
with the dedicated facilities that provided defini-
tive care.

Drawing on the experience at the Cook County
Hospital, the State of Illinois passed legislation
establishing a statewide coordinated network of
trauma centers in 1971 [28]. This statewide plan
identified many of the terminologies and con-
cepts that would come to be considered key ele-

ments of trauma system design, including the
concept of an administrative lead agency to gov-
ern system operations, the identification of differ-
ent levels of trauma hospital capability, the
integration of EMS, and the role of process
improvement. The first operational statewide
trauma system was created with the establish-
ment of the Maryland Institute for Emergency
Medicine in 1973. The small size of the state of
Maryland allowed for implementation of a sys-
tem in which all severely injured patients within
the state were transported by air to a single dedi-
cated trauma facility. In the years that followed,
similar efforts were made to establish coopera-
tive networks of trauma centers that were con-
nected by a coordinated EMS system and linked
by shared quality improvement processes. These
efforts were driven both by the Vietnam experi-
ence and by the finding that a large proportion of
deaths after injury in non-trauma hospitals were
due to injuries that could potentially have been
better managed and controlled [29]. The imple-
mentation of such systems led to dramatic
decreases in what was perceived to be “prevent-
able death,” [7] as well as overall improvements
in post-injury outcomes that were duplicated in
widely varying geographic settings. Following
the models established in Illinois and Maryland,
these regional systems were founded upon the
premise that all critically injured patients should
be transported to a trauma center and that other
acute care facilities within a region would be
bypassed. Based upon the “exclusion” of non-
designated hospitals from the care of the severely
injured, this approach is frequently referred to as
the exclusive model of trauma system design.
The exclusive model works well in urban and
suburban settings, where there are sufficient
trauma centers to provide access and to care for
the expected number of injuries. Though often
described as a regional system, an exclusive sys-
tem functions as a funnel, not a network, and it
does not utilize, let alone maximize, the resources
of other health-care facilities within the region.
This approach has the advantage of focusing
patient volume and experience at the high-level
centers and the disadvantage of leading to attenu-
ation of skills in non-designated centers, with
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resultant loss of flexibility and surge capacity.
Paradoxically, because of the attrition of local
resources, the model may serve to decrease
access to competent care in larger geographical
areas and in low-resource areas. In such circum-
stances, transport times to the trauma center may
be very long, especially in periods of inclement
weather when aeromedical transport cannot be
used. Moreover, the volume of injuries seen may
overtax the resources of the few available trauma
centers, and the number and length of inter-
facility transfers may place a severe burden on
EMS resources. The only way to increase the
depth of coverage within an exclusive system is
to recruit or build additional trauma centers,
which can be both expensive and politically dif-
ficult, given the complex set of drivers that lead a
hospital to undertake the significant commitment
to being a trauma center.

The limitations of the exclusive model, and
the difficulties in deploying the model on a large
scale, were experienced throughout the 1990s
[30]. Despite evidence of the benefit of trauma
systems, very few states and regions were able to
establish a system as a matter of governmental
policy, and fewer still were able to fulfill a set of
eight criteria that had been proposed as corner-
stones of exclusive system design [31]. This stag-
nation in system development arose in part due to
the difficulties inherent in extending the exclu-
sive system model and from a lack of public sup-
port for system finance and governing policy. In a
broader sense, exclusive systems often lacked a
truly integrative overarching structure that could
tie together and build upon the significant gains
achieved by the individual components in the
trauma system universe. The 1999 Institute of
Medicine report Reducing the Burden of Injury:
Advancing Prevention and Treatment [32] helped
to open the aperture through which injury care
was perceived and identified five broad areas of
focus for future development: improving coordi-
nation and collaboration between individual pro-
grams, strengthening capacity for research and
practice, integrating the full spectrum the injury
field, nurturing public awareness and support,
and promoting informed policy making. In this
context, the thrust of trauma system development

embraced a different paradigm: the inclusive
model of trauma system design.

As the name suggests, the inclusive model
involves the design of a system in which all
health-care facilities within a region are involved
with the care of injured patients, at a level com-
mensurate with their commitment, capabilities,
and resources. Ideally, through its regulations,
rules, and interactions with EMS, the system
functions to efficiently match an individual
patient’s needs with the most appropriate facility,
based upon resources and proximity. Under this
paradigm, the most severely injured would be
immediately recognized and either transported
directly or expeditiously transferred to the top-
level trauma care facilities. At the same time,
there would be sufficient local resources and
expertise to facilitate the optimal management of
the less severely injured, avoiding the risks and
resource utilization incurred for transportation to
a high-level facility whose resources were not
truly needed. The basic concepts of the inclusive
model were described in the 1992 Model Trauma
System Care Plan [33] and refined in the 2006
Model Trauma Systems Planning and Evaluation
[34] document, both published by the Health
Resources and Services Administration of the US
Department of Health and Human Services.
Consistent with the findings of the 1999 IOM
report, the 2006 Model Trauma Systems Planning
and Evaluation document places the previously
identified elements of trauma system function
within an overarching public health framework,
emphasizing the need to integrate the entire spec-
trum of injury care, from prevention through
rehabilitation. The document also highlights the
importance of coalition building at the grassroots
level and of policy development and implementa-
tion at the governance level. The inclusive system
model has been the primary guiding framework
for systems development for the last 10 years.

Despite its relatively universal acceptance at
the theoretical level, the inclusive model is often
misconstrued and misapplied in practice, not as
a system with global involvement of all facili-
ties but as a voluntary system in which any hos-
pital that wishes to participate is included at
whatever level of participation they choose.
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This approach fails to fulfill the primary goals
of an inclusive trauma system that all resources
in the region are involved and to ensure that the
needs of the patient are the primary driver of
resource utilization. An inclusive system does
mean that all hospitals must participate in the
system and be prepared to care for injured
patients at a level commensurate with their
resources and capacity, but it does not mean that
hospitals are free to determine their level of par-
ticipation based upon their own perceived best
interest. Objectively assessed, the needs of the
patient population served are the parameters
that should determine the apportionment and
utilization of system resources, including the
level and geographic distribution of trauma cen-
ters within the system. When this maxim is for-
gotten, system function suffers, and problems of
either inadequate access or oversupply can
develop.

The implementation of a scheme for the distri-
bution of system resources that is based solely on
the needs of the patient population served can be
fraught with conflict. While the potential for such
conflict exists at all levels of resource allocation,
it is often most prominent involving decisions
around trauma center designation because these
decisions often carry heavy political and finan-
cial consequences that extend well beyond mat-
ters of patient care. To heighten the challenge,
these difficult policy implementation decisions
are generally the responsibility of the lead agency
governing the system, which is most often a rela-
tively underfunded state or regional agency. In
addition to lacking staff and resources, these
agencies are most often led by political appoin-
tees and government employees who do not stay
in a particular job for more than a few years at a
time. These factors have the combined effect of
limiting both the stability of institutional direc-
tion and the ability of agency leaders to take a
strong stand in the face of opposition from large
and well-funded health-care organizations. These
challenges have proven the Achilles’ heel of
inclusive system development and have ham-
pered their broad implementation, which
continues to fall far short of a nationwide system
for the care of the injured.

1.3 TheNewEra

The period of time from the 1980s through the
early years of the twenty-first century saw the
rise of the trauma center as a center of excellence,
a place where injured patients had better care
with demonstrably better outcomes, and the con-
comitant understanding that with such differ-
ences in care, all injured patients deserved to be
treated at a trauma center. At the same time,
major changes in health-care finance in the age of
managed care and managed competition
increased the financial pressure on hospitals,
especially those caring for the most severely ill
patients and those patients with insufficient fund-
ing. At a time when the system-based approaches
to trauma care were trying to grow, and there was
a need for more high-level trauma centers, the
economic pressures on hospitals made trauma
care an undesirable mission, one that could lead
to financial ruin. The 1990s saw a rising tide of
trauma center closings and contractions, even
involving some of the iconic public hospitals and
foundational trauma centers. One study reported
that while 60 trauma centers closed between
1981 and 1991, over 300 closed between 1990
and 2005 [35]. The same study identified that, not
surprisingly, financial pressures were one of the
chief risk factors for trauma center closure.

The crisis atmosphere engendered by the real
and threatened loss of trauma care capacity led
many regions to develop methods of funding sup-
port to assist trauma centers in their care mission.
In the first years of the twenty-first century, the
decline of managed care and managed competi-
tion, a nationwide decrease in levels of interper-
sonal violence, and other changes in the climate
of health-care finance combined to create a sea
change in the financial attractiveness of provid-
ing care for the injured in many geographic
regions. Hospitals began to look upon the care of
the injured population not as a burden to be
shifted but as a potentially profitable line of busi-
ness to be actively sought after.

Somewhere in the first 5 years of the twenty-
first century, the balance of forces shifted to the
point that the number of hospitals claiming
trauma center status was larger than the number
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of traditional trauma centers threatened with clo-
sure. According to self-designation data col-
lected annually by the American Hospital
Association [36], in the year 2000, 258 (6.1%) of
hospitals reported having a level I trauma center.
In 2010 the number had risen to 387 (9.4%), and
in 2013 there were 416 hospitals claiming level I
trauma center status. This data is concordant
with that collected by the Trauma Center
Verification Review and Consultation program
of the American College of Surgeons Committee
on Trauma, which reports a similar increase in
verified trauma centers, rising from 208 in 2005
to 430 in 2014, with level I centers rising from
81 to 120 over the same period. This new eco-
nomic climate, while having the benefit of
increasing the number of participants in the
inclusive trauma system, has done so at the cost
of a major redistribution in the way resources
and patients are deployed. Not surprisingly, the
largest number of new trauma centers arose not
in the major urban areas, which remain relatively
poor and where trauma center closings remain a
concern, but in more affluent suburban areas.
These new centers can encircle the pre-existing
centers and decrease their patient volumes, as
well as cutting into government incentives
intended to stabilize those pre-existing centers.
Increasingly, providing care for the population
of patients suffering injuries as a result of motor
vehicle crashes, falls, or other accidents could be
a profitable undertaking, especially if the patients
with the highest level of acuity could still be
transferred to larger traditional centers, avoiding
the financial risks associated with handling com-
plex cases, with associated high resource utiliza-
tion, under current strategies implemented to
control health-care costs. As a result, established
centers find themselves once again facing an
unpredictable economic future, and decisions
around the designation of new trauma centers in
many geographical areas have become increas-
ingly contentious. This trend may well result in
decreased access to trauma center resources for
highly vulnerable populations [37], despite
larger overall numbers of centers.

This new era, in which the concern has shifted
from trauma center closings to trauma center

“propagation,” carries with it a new set of chal-
lenges. These challenges cut to the very core of
many unique elements that drive the social and
political philosophy of the United States and
have clearly placed the determination of need for
a new trauma center as much in the political
arena as the scientific one. In the political climate
of the second decade of the twenty-first century,
governments have been generally unwilling to
regulate free markets, including health care. Yet
Adam Smith’s “invisible hand” of the market-
place is not likely to provide wise guidance for
the development of a sustainable network for the
care of the injured, which is arguably a central
feature of the social structure. Recent history has
demonstrated that changes in economic factors
can easily lead hospitals to exit the trauma “mar-
ket” regardless of the burden of injury within the
population and that the commoditization of
trauma care has the potential to disrupt stable
access to trauma care across the board. The cur-
rent debate over “trauma deserts” [38] identified
in the city of Chicago, the most prominent of
which has at its center a large and capable hospi-
tal that closed its trauma center in the late 1980s,
brings the issue of the potential conflict between
public service and economic performance into
sharp relief.

Ultimately, the model of the inclusive trauma
system has been well developed, and there is sub-
stantial evidence to show the efficacy of these
systems in improving outcomes after injury, but it
is undeniable that inclusive systems are difficult
to develop, finance, operate, and sustain. The sys-
tem has a scale and function that undeniably
places it in the realm of an essential element of
the public service sector, yet it operates primarily
within the private sector, the largely market-
driven world of health-care delivery. In most
areas, the public health elements of the trauma
system are not well recognized and not well
funded within the governmental bureaucracy of
the state or region. This infrastructure has been
increasingly challenged to find funding for many
other critical social elements, including the over-
all provision of health care itself. If trauma sys-
tem development is to proceed, these barriers
must be identified and overcome.
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1.3.1 Optimal Design Elements

The functional development of trauma systems
has paralleled an evolving understanding of the
problem of injury. Trauma centers and the coor-
dinated EMS systems that bring patients to them
began as a reactive element; trauma was seen as a
sporadic event, an “accident” that could not be
prevented or predicted. The best a system of care
could do was to be very efficient in delivering
care to those affected. Early system advances
were logically driven by the frontline care pro-
viders, whether in the field or the hospital, and
resulted in substantial improvements in outcome
for the injured. Increasing sophistication in the
acute care of the injured also highlighted the fact
that most injury mortality occurs at the scene,
prior to any intervention, and can never be
addressed by post-injury treatment, no matter
how well optimized. This realization, as well as a
deepening body of research on the causes and
mechanisms of injury, illustrated the need to
focus efforts on prevention of injury if further
progress was to be made.

This evolution of understanding is analogous
to the course of historical progress made in the
treatment of epidemic diseases and the develop-
ment of modern public health systems, an obser-
vation not lost on those involved with trauma
system development. If injury is viewed not as a
sporadic event but as an epidemic, it is a logical
next step to apply well-proven principles of pub-
lic health that have been so successful in the
management of infectious epidemic diseases to
the broader problem of injury. This concept was
at the heart of the 2006 Model Trauma Systems
Planning and Evaluation document, which
adopted the public health framework developed
by the CDC.

The CDC framework builds upon the 1988
Institute of Medicine report The Future of Public
Health [39], which proposed that there were
three core functions of public health agencies:
assessment, policy development, and assurance.
The report placed the primary responsibility for
public health on the state. It recommended that
the federal government function to establish
nationwide objectives and provide technical

assistance and funding to strengthen state capac-
ity while at the same time assuring “actions and
services that are in the public interest of the entire
nation [39].” This basic framework was further
expanded by the 1994 Core Public Health
Steering Committee into ten essential services,
represented graphically in relation to the three
IOM core functions in Fig. 1.4. This framework
was applied, utilizing functional elements felt to
be critical from experience in trauma systems, to
create an injury-specific diagram of essential ser-
vices that was put forward in the Model Trauma
Systems Planning and Evaluation document
(shown in Fig. 1.5). The public health structure is
a good model to use for setting the structure and
outlining what we need from a trauma system
from a high-level strategic perspective. It is based
upon broad principles that are global in applica-
tion and as a result provides a working frame-
work that is largely independent of specific
circumstances.

The challenge of the public health model for
trauma system development, like the larger pub-
lic health model from which it is derived, is that
it offers no tactical advice as to how the specific
goals are to be achieved. Further, the high degree
of variability in geography, resource availability,
and political climate across the country requires
that any such implementation be context depen-
dent and thus tailored to specific local circum-
stances. There is no global approach or proven
framework to assist in pulling the elements of a
trauma system together. Further, the federal gov-
ernment has not taken up the role outlined by the
Institute of Medicine of assuring ‘“‘actions and
services that are in the public interest of the entire
nation.”

In this evolution to an expanded public health
model, the approach to trauma care has grown far
beyond the frontline providers of emergency care
and into a complex and interconnected entity that
touches on a large group of people distributed
across many professions, some far removed from
direct health care. This multidisciplinary and
integrative process brings together groups who
approach the problem of injury in fundamentally
different ways, melding the epidemiologists, the
statisticians, and the regulators, all of whom
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Fig. 1.4 The CDC model of
public health: the ten
essential functions and their
relationship to the three goals
defined by the IOM [33]

Fig. 1.5 The public health
model of trauma system
design [33]
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manage problems at a broad population level,
with the clinicians and other providers in acute
care and rehabilitation, who approach the prob-
lem from the level of the individual patient. The
development and maintenance of such a coalition
is a considerable project, as is the governance
and leadership necessary to ensure its longevity,
sustainability, and success. These factors alone
would be sufficient to make trauma system devel-
opment a long and arduous process.

The funding mechanisms for trauma systems
and trauma care are equally complex and in many
cases work to make the problem of cooperative
system development event more difficult.
Elements of the trauma system that address the
larger population-based issues of epidemiology,
prevention, and governance have most frequently
arisen from governmental agencies already work-
ing in more traditional public health arenas.
These agencies are often relatively poorly funded
and have been even more vulnerable in difficult
economic times. As a result, resources are chron-
ically scarce, and efforts are often divided across
a number of different project areas. Further, the
time frame for progress is on a longer scale and
considers data and trends longitudinally. Those
collecting and analyzing the data are often far
removed from the front lines of patient care and
the individual patient perspective. Thus, the
problem of injury has not often been uniformly
enough of a priority within the public heath
bureaucracy.

In contrast, direct patient care after injury is
funded through the health-care delivery system
and has been subject to the variations in the
health-care market, payer reform, and efforts
toward cost containment. The expenditures are
generally orders of magnitude larger than those
seen for the more population-based functions and
typically funded through a combination of
government benefits and private insurance. The
work in direct patient care follows a much shorter
time frame, as the episodes of care typically
extend over days and weeks, rather than years.
Frontline providers work almost exclusively at
the level of the individual patient and rarely see
the problem of injury framed in the context of
population health or overall health-care costs.
This relatively narrow focus often limits the

degree to which frontline care providers become
involved in the broader area of policy develop-
ment and implementation around the problem of
injury across its full spectrum.

This differential in both funding and focus,
between the public health and direct patient care
sectors, is a major challenge to the cohesion of
trauma systems. While trauma centers and EMS
agencies deal in millions of dollars, most of
which are external to the governance of a trauma
system, the necessary elements of infrastructure
that form the essential glue binding the system
together are often sacrificed to lean governmental
budgets at the state level. Thus, in many systems,
the medical elements are fairly well developed at
the level of the individual center or small coop-
erative network, while development has stalled at
the level of system integration, large-scale pre-
vention, and quality assurance because there are
insufficient resources to carry out these large-
scale system tasks on a daily basis. The situation
is perpetuated by a lack of public understanding
of the need and resultant inability to mobilize
legislation that produces structural change. This
is the impasse that most regional trauma systems
face in the second decade of the twenty-first cen-
tury. There are a few systems that have been able
to allocate and preserve the critical infrastructure
needed to administer the system and continue to
grow, but most have not.

1.4  Barriers to Implementation

Given a general acceptance of the primary
elements that make up a trauma system, and the
previously cited evidence of their effectiveness
in improving the care of the injured, it is perplex-
ing that trauma system development remains so
haphazard and inconsistent, raising the question
of why trauma systems have not really caught on.
A significant component is undoubtedly the
nature and perception of injury among the
general population and, even more importantly
for trauma system development, the role of
post-injury care in modulating that risk. From a
psychological perspective, studies suggest that
individual estimates of risk are inaccurate, tend-
ing to overestimate more sensational and



14

R.J. Winchell

dramatic causes [40], leading individuals to rate
the risks of injury lower than what they actually
are. Moreover, media coverage is highly influen-
tial on societal perception of risk [41] and hence
supports for policies to reduce that risk [42, 43].
Media coverage that addresses injury is generally
focused on the event and its immediate after-
math, with relatively little coverage of the avail-
ability and impact of post-injury care or
celebration of trauma survivors, in direct contrast
to disease entities such as cancer, in which the
opposite is generally true. These elements com-
bine to lessen public awareness of the personal
risks of injury and impact of trauma care. Data
show that over half of those surveyed did not
know that injury was the leading cause of death
in the first decades of life and that though the
public general supports the concept of trauma
care, most believe it to be already in place [44].
Another significant element in the complexity
of trauma system development and implementa-
tion lies in the multifaceted nature of trauma sys-
tems. By their very nature, trauma systems
involve a large number of people and agencies,
each with their own focus and expertise and each
with unique and sometimes divergent culture,
objective, and focus. This reality puts the design
and operation of a trauma system beyond the pur-
view of one single professional group or single
sector of the trauma care spectrum; an effective
solution requires the creation and maintenance of
a broad coalition. It further establishes the need
for a neutral governance process that can balance
competing priorities while keeping the needs of
the population served as the guiding principle.
Finally, it can be argued that a system of care for
the injured, for that matter, a system of health care
in general, is part of the essential network of pub-
lic services provided by government. These con-
siderations place a large portion of trauma system
development firmly in the governmental, and
hence the political and legislative, arena. This is
especially true with decisions mediating complex
issues of resource allocation, financial support,
and governance. In this arena, scientific argu-
ments alone are insufficient to make the case, and
the problem of injury has rarely held public atten-
tion in a way that has engendered decisive politi-

cal action. In the complex interplay of the political
process, market forces, and patient needs, it has
proven impossible for most regions to achieve
public policy support and significant stable fund-
ing. Without these elements, systems struggle to
make consistent and lasting progress in trauma
system implementation beyond a level that can be
sustained by the largely volunteer efforts of sys-
tem stakeholders who share the mission.

The nature of health care, and particularly the
nature of injury care, presents a particularly dif-
ficult challenge within the context of the socio-
economic structure of the United States.
A majority of US citizens will endorse the
concept of emergency care for the sick and
injured as a fundamental human necessity, and
that the provision of such care is a vital function
of society. This concept dates back to the found-
ing principles for the original public hospitals
and gained increasing prominence in US policy
through the mid-twentieth century, reaching a
peak with the establishment of the Medicare and
Medicaid programs in the 1960s. The momentum
was focused on the problem of road traffic acci-
dents during the Kennedy administration and car-
ried over to the care of the injured with the
publication of Accidental Death and Disability
and the subsequent burst of progress in EMS and
trauma system development that it enabled.

The era of strong public support, and thus of
federal support, came to an end in the last decades
of the twentieth century, as policy turned more
toward deregulation, limited government, and the
culture of individual financial responsibility that
characterized the 1980s and 1990s. In this set-
ting, the model of the large publically financed
hospital providing care for those in need became
largely untenable, and most city and county gov-
ernments have divested themselves of this
responsibility or operate their health-care facili-
ties on increasingly austere budgets. Private hos-
pitals have been forced to assume an increasing
share of the care for patients with little or no
funding, while insurers have exerted intense
downward pressure on payments. Health-care
facilities have become increasingly competitive
for patients with a funding source and face
increasing risk in providing care for those who do
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not. Injury care can be either a catastrophic loss
or a significant profit, depending upon the popu-
lation treated and the severity of injury
encountered.

As a result, health care today is characterized
by intense competition between health-care sys-
tems and health-care providers, driven by eco-
nomic forces that create a focus on individual
patient encounters rather than the broad provi-
sion of emergency care to the population as a
whole. The result is an atmosphere that is highly
disruptive to the coalition building and coopera-
tion necessary in a public health-based trauma
system model. The implementation of the ACA
contains financial incentives for health-care sys-
tems to think more broadly in terms of “popula-
tion health,” but these incentives may not have a
beneficial effect on trauma care, as the popula-
tions referred to are actually small diagnosis or
disease-based groups rather than the entire popu-
lation at risk of injury. Moreover, the uncertainty
created by widely variant projections of the true
financial impact of the ACA has led to further
cost-cutting measures on the part of health-care
systems and increased economic pressures that
work to make trauma system development more
difficult.

This situation is compounded by the national
trend toward decreased social services and mini-
mization of government intervention that leaves
most state legislatures and state bureaucracies
unwilling to take a strong position in establishing
standards and regulations governing emergency
medical care. With no stabilizing authority to
intervene, health-care facilities may engage injury
care in areas where it is profitable, while abandon-
ing injury care in others that are less so. The result
is a maldistribution of resources, leading either to
lack of access as described above or to an over-
supply with duplication of efforts, resources, and
increased cost to the region as a whole.

1.5 The Road Ahead

The challenges to trauma system development
are substantial, but not insurmountable. Several
regions, usually of smaller geographic scale,

have created successful and sustainable trauma
systems, despite economic and political chal-
lenges. The single most important factor in
these regions has been the crystallization of a
focused political effort resulting in strong gov-
erning policy, both in the establishment of
authority for operations and in the financing of
critical system infrastructure. The difficulty in
generalizing these successful models lies in the
inherently unique local factors that tipped the
political scale to the side of decisive action. In
some circumstances, the impetus has arisen
from successful grassroots efforts to raise public
interest and awareness, which drive legislative
action; while in others, the progress has been
driven because of a focused interest in the exec-
utive branch. In either circumstance, the essen-
tial turning point has been in finding the political
will to create policy that provides some objec-
tive authority over the resources necessary for
the care of the injured and for that matter all
patients with emergency or “unscheduled” ill-
ness, in order to ensure availability and access,
but without a degree of governmental control
that some factions with current society find
unacceptable. The other key element of success-
ful solutions has been in the ability to find stable
funding for essential trauma system infrastruc-
ture, in order to support system oversight,
quality improvement, and day-to-day operations.
Efforts that focus solely on supporting trauma
centers for underfunded care often result in
adverse incentives for overall system
development.

The Affordable Care Act (ACA) will certainly
change the balance of forces and dynamics
affecting trauma systems. However, it is difficult
to predict in which direction, as some elements
within provisions of the Act stand to increase
funding available for trauma care, while others
remove existing funding streams; and both of
these elements occur in a setting intended to
decrease overall expenditures for health care.
Although as yet there has been no grassroots sup-
port or political agenda sufficient to drive a
policy-level solution to the nationwide problem
of uniform systems for trauma care, the ACA and
the tools being used in its implementation do
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contain some elements that may prove to be
useful in this arena. In a recent perspective paper,
Sylvia Burwell, the US Secretary of Health and
Human Services, outlined three strategies that
will be used to guide reform of the health-care
payment system under the ACA [45]. The first
strategic area centers on creating incentives to
provide value-based care that center on alternate
payment models, including the potential for
shared responsibility for a particular patient
group, both among providers and among health-
care facilities. The second focuses on the integra-
tion of facilities and coordination of health-care
efforts with an emphasis on population health.
Both of these areas have the potential to provide
financial incentives and a financial basis for the
development of truly sustainable and effective
systems of care. This is a stark contrast to the
current fee-for-services models, which are most
often a strong disincentive to cooperative regional
systems.

The primary challenge to these options lies in
the way the word population is generally under-
stood in the world of accountable care organiza-
tions and bundled payment, where the concept of
population referred to is in fact a subgroup of
patients with a specific disease process (e.g., dia-
betics or patients with heart disease), rather the
entire population of the region, who are all at risk
for injury. Payment reforms have potential to pro-
vide a strong impetus to drive regionalization of
emergency care, if they are implemented in a way
that either coalesces the health-care market to
large integrated systems with such broad cover-
age that there is a financial incentive to provide
efficient injury care for the entire regional popu-
lation or if similar pressures create an environ-
ment in which the major health-care providers
within a region have a financial incentive to
cooperate and to decrease duplication of expen-
sive efforts. Any change in the pattern of health-
care funding, away from current competitive
fee-for-service structures that focus on individual
patient encounters toward mechanisms that
incentivize a population-based approach, will
greatly aid the normative commitment to prog-
ress toward public health centered trauma
systems.

References

1. Global Status Report on Road Safety 2013. Geneva:
World Health Organization 2013, at http://www.who.int/
violence_injury_prevention/road_safety_status/2013/en/.

2. Leading Causes of Death Reports, National
and Regional, 1999-2011. CDC, 2014. (Accessed 11
June 2014 at http://webappa.cdc.gov/sasweb/ncipc/
leadcaus10_us.html).

3. Costs of Transportation-Related Injuries and Deaths
in the United States, 2005. 2011. (Accessed 11 June,
2014, at http://www.cdc.gov/motorvehiclesafety/data/
cost-estimates.html).

4. Bureau of Transportation Statistics. Unites States
Department of Transportation, 2015. (Accessed 16
Aug 2015, 2015, at http://www.rita.dot.gov/bts/sites/
rita.dot.gov.bts/files/publications/by_the_numbers/
transportation_safety/index.html).

5. 2014 Ebola Outbreak in West Africa — Case Counts.
Centers for Disease Control and Prevention, 2015.
(Accessed 03/07/2015, 2015, at http://www.cdc.gov/
vhf/ebola/outbreaks/5.-west-africa/case-counts.html).

6. Accidental Death and Disability: The Neglected
Disease of Modern Society. Washington (DC):
National Academies Press (US); 1966.

7. Cales RH. Trauma mortality in orange county: the
effect of implementation of a regional trauma system.
Ann Emerg Med. 1984;13:1-10.

8. Barquist E, Pizzutiello M, Tian L, Cox C, Bessey
PQ. Effect of trauma system maturation on mortality
rates in patients with blunt injuries in the Finger Lakes
Region of New York State. J Trauma. 2000;49:63-9;
discussion 9-70.

9. Nathens AB, Jurkovich GJ, Rivara FP, Maier
RV. Effectiveness of state trauma systems in reducing
injury-related mortality: a national evaluation.
J Trauma. 2000;48:25-30; discussion -1.

10. Esposito TJ, Sanddal TL, Reynolds SA, Sanddal
ND. Effect of a voluntary trauma system on prevent-
able death and inappropriate care in a rural state.
J Trauma. 2003;54:663-9; discussion 9-70.

11. Celso B, Tepas J, Langland-Orban B, et al. A system-
atic review and meta-analysis comparing outcome of
severely injured patients treated in trauma centers
following the establishment of trauma systems.
J Trauma. 2006;60:371-8; discussion 8.

12. Lansink KW, Leenen LP. Do designated trauma sys-
tems improve outcome? Curr Opin Crit Care.
2007;13:686-90.

13. Eastridge BJ, Wade CE, Spott MA, et al. Utilizing a
trauma systems approach to benchmark and improve
combat casualty care. J Trauma. 2010;69(Suppl
1):S5-9.

14. McKee JL, Roberts DJ, van Wijngaarden-Stephens
MH, et al. The right treatment at the right time in the
right place: a population-based, before-and-after
study of outcomes associated with implementation of
an all-inclusive trauma system in a large Canadian
Province. Ann Surg. 2015;261(3):558-64.


http://www.who.int/violence_injury_prevention/road_safety_status/2013/en/
http://www.who.int/violence_injury_prevention/road_safety_status/2013/en/
http://webappa.cdc.gov/sasweb/ncipc/leadcaus10_us.html
http://webappa.cdc.gov/sasweb/ncipc/leadcaus10_us.html
http://www.cdc.gov/motorvehiclesafety/data/cost-estimates.html
http://www.cdc.gov/motorvehiclesafety/data/cost-estimates.html
http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/by_the_numbers/transportation_safety/index.html
http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/by_the_numbers/transportation_safety/index.html
http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/by_the_numbers/transportation_safety/index.html
http://www.cdc.gov/vhf/ebola/outbreaks/5.-west-africa/case-counts.html
http://www.cdc.gov/vhf/ebola/outbreaks/5.-west-africa/case-counts.html

The Evolution of Trauma Systems

17

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Morrissey BE, Delaney RA, Johnstone AJ, Petrovick
L, Smith RM. Do trauma systems work? A compari-
son of major trauma outcomes between Aberdeen
Royal Infirmary and Massachusetts General Hospital.
Injury. 2015;46:150-5.

Bazzoli GJ, Madura KJ, Cooper GF, MacKenzie EJ,
Maier RV. Progress in the development of trauma sys-
tems in the United States. Results of a national survey.
JAMA. 1995;273:395-401.

Eastman AB. Wherever the dart lands: toward the
ideal trauma system. J Am Coll Surg. 2010;211
Rosenbert CE. The care of strangers. New York: Basic
Books; 1987.

Boyd DR. Trauma systems origins in the United
States. J Transcult Nurs. 2010;17:126-34. quiz 35-6
MacKenzie EJ, Rivara FP, Jurkovich GJ, et al. A
national evaluation of the effect of trauma-center care
on mortality. N Engl J Med. 2006;354:366-78.
MacKenzie EJ, Weir S, Rivara FP, et al. The value of
trauma center care. J Trauma. 2010;69:1-10.
Morshed S, Knops S, Jurkovich GJ, Wang J, MacKenzie
E, Rivara FP. The impact of trauma-center care on mor-
tality and function following pelvic ring and acetabular
injuries. J Bone Joint Surg Am. 2015;97:265-72.
Bachmeyer, Arthur Charles, 1886. In: Bachmeyer
AC, Gerhard H, editors. The Hospital in Modern
Society. New York: The Commonwealth Fund; 1943.
Galdston M. Ambulance notes of a Bellevue Hospital
intern: May 1938. J Urban Health Bull N Y Acad
Med. 1999;76:509-32.

Highway Safety Act of 1966 (PL 89-564). US
Government Printing Office; 1966.

Emergency Medical Services Systems Act (PL
93-154). US Government Printing Office; 1973.
Wanek SM, Trunkey DD. Organization of trauma
care. Scand J Surg. 2002;91:7-10.

Boyd DR, Dunea MM, Flashner BA. The Illinois plan
for a statewide system of trauma centers. J Trauma.
1973;13:24-31.

West JG, Trunkey DD, Lim RC. Systems of trauma
care. A study of two counties. Arch Surg. 1979;114:
455-60.

Richardson JD. Trauma centers and trauma surgeons:
have we become too specialized? J Trauma. 2000;48:
1-7.

West JG, Williams MJ, Trunkey DD, Wolferth
CC. Trauma systems current status — future chal-
lenges. JAMA. 1988;259:3597-600.

Institute of Medicine Committee on Injury P, Control.
In: Bonnie RJ, Fulco CE, Liverman CT, editors.
Reducing the burden of injury: advancing prevention
and treatment. Washington, DC: National Academies

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Press (US); 1999. Copyright 1999 by the National
Academy of Sciences. All rights reserved

Model Trauma Care System Plan. In: Administration
HRaS, ed. Rockville: U.S Department of Health and
Human Services; 1992.

HRSA. Model trauma systems planning and evalua-
tion. Rockville: U.S. Department of Health and
Human Services; 2006.

Shen YC, Hsia RY, Kuzma K. Understanding the risk
factors of trauma center closures: do financial pres-
sure and community characteristics matter? Med
Care. 2009;47:968-78.

The Roller-Coaster Supply of Burn and Trauma Care.
American Hospital Association, 2015. (Accessed 22
Aug 2015, at http://www.hhnmag.com/Daily/2015/
April/trauma-burn-centers-vary-article-friedman).
Hsia RY, Shen Y-C. Changes in geographical access
to trauma centers for vulnerable populations in the
United States. Health Aff (Proj Hope). 2011;30:
1912-20.

Crandall M, Sharp D, Unger E, et al. Trauma deserts:
distance from a trauma center, transport times, and
mortality from gunshot wounds in Chicago. Am
J Public Health. 2013;103:1103-9.

Health CftSotFoP. The future of public health.
Washington, DC: Institute of Medicine; 1988.
Lichtenstein S, Slovic P, Fischhoff B, Layman M,
Combs B. Judged frequency of lethal events. J Exp
Psychol Hum Learn Mem. 1978;4:551-78.

Kone D, Mullet E. Societal risk perception and media
coverage. Risk Anal Off Publ Soc Risk Anal.
1994;14:21-4.

Slater MD, Lawrence F, Comello ML. Media influence
on alcohol-control policy support in the U.S. adult pop-
ulation: the intervening role of issue concern and risk
judgments. J Health Commun. 2009;14:262-75.

Slater MD, Hayes AF, Chung AH. Injury news cover-
age, relative concern, and support for alcohol-control
policies: an impersonal impact explanation. J Health
Commun. 2015;20:51-9.

Champion HR, Mabee MS, Meredith JW. The state of
US trauma systems: public perceptions versus real-
ity — implications for US response to terrorism and
mass casualty events. J Am Coll Surg. 2006;203:
951-61.

Burwell SM. Setting value-based payment goals —
HHS efforts to improve U.S. health care. N Engl
J Med. 2015;372:897-9.

Projections of mortality and causes of death, 2015 and
2013. World Health Organization, 2016. (Accessed 31
Jan 2016, at http://www.who.int/healthinfo/global_
burden_disease/projections/en/).


http://www.hhnmag.com/Daily/2015/April/trauma-burn-centers-vary-article-friedman
http://www.hhnmag.com/Daily/2015/April/trauma-burn-centers-vary-article-friedman
http://www.who.int/healthinfo/global_burden_disease/projections/en/
http://www.who.int/healthinfo/global_burden_disease/projections/en/

	1: The Evolution of Trauma Systems
	1.1	 Introduction
	1.2	 The Process of Evolution
	1.3	 The New Era
	1.3.1	 Optimal Design Elements

	1.4	 Barriers to Implementation
	1.5	 The Road Ahead
	References


