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TRAUMA SYSTEMS ARE DESIGNED

to provide an organized and
coordinated response to in-
jury.1-4 Fully operational trauma

systems ensure a continuum of care in-
volving public access to the system, out-
of-hospital emergency medical ser-
vices, and timely triage and transport
to definitive acute care and rehabilita-
tion. Fundamental to the trauma sys-
tem infrastructure is a network of
hospitals committed to treating indi-
viduals with injuries that span the spec-
trum of severity.

In 1976, the American College of
Surgeons Committee on Trauma (ACS/
COT) developed criteria for categoriz-
ing hospitals according to the level of
trauma care available (BOX).2 Increas-
ingly, states are using these guidelines
as a basis for designating or certifying
hospitals as trauma centers. In states
without formal trauma systems, hos-
pitals have voluntarily sought verifica-
tion by the ACS/COT. Numerous stud-
ies have documented the beneficial
effects of trauma systems and trauma
centers.5-9 Nathens et al5 estimate that
full implementation of a trauma sys-
tem is associated with an 8% decrease
in mortality from motor vehicle traffic
deaths. Other studies suggest that when

the most severely injured patients are
treated at trauma centers, the reduc-
tion in the proportion of deaths judged
preventable can exceed 50%.7

Trauma centers that benefit the thou-
sands of individuals who are injured ev-
ery day also play a critical role in re-
sponding to mass casualties and
disasters resulting from conventional
weapons of mass destruction. As part
of the larger trauma system, trauma cen-
ters are organized to respond to un-
planned multiple casualties that often
tax existing resources and use a team
approach that involves specialists from

throughout the hospital. They also have
established linkages with emergency
medical service personnel, fire and po-
lice departments, and participate in an
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Context Trauma centers benefit thousands of injured individuals every day and play
a critical role in responding to disasters. The last full accounting of the number and
distribution of trauma centers identified 471 trauma centers in the United States
in 1991.

Objective To determine the number and configuration of trauma centers and iden-
tify gaps in coverage.

Design, Setting, and Subjects Interviews with trauma center directors (September
2001 to April 2002), data from the American Hospital Association’s Annual Survey of
Hospitals (2000), and the US Health Resources Administration’s Area Resource File (2001)
were used to determine characteristics of trauma center hospitals and the geographic
areas they serve in all 50 states and in the District of Columbia. Characteristics of trauma
centers were examined by level of care and compared with nontrauma centers. Hospi-
tals are designated or certified as trauma centers by a state or regional authority or veri-
fied as trauma centers by the American College of Surgeons Committee on Trauma. Trauma
centers that treat only children (n=31) were excluded.

Main Outcome Measure Total number of trauma centers and number of trauma
centers per million population.

Results In 2002, there were 1154 trauma centers in the United States, including 190
level I centers and 263 level II centers. Several states have categorized every hospital
with an emergency department at some level of trauma care while others have des-
ignated a limited number of level I and level II centers only. The number of level I and
II centers per million population ranges from 0.19 to 7.8 by state. When compared
with nontrauma center hospitals, trauma centers are larger, more likely to be teaching
hospitals, and more likely to offer specialized services.

Conclusions Although the availability of trauma centers has improved, challenges
remain to ensure the optimal number, distribution, and configuration of trauma cen-
ters. These challenges must be addressed, especially in light of the recent emphasis on
hospital preparedness and homeland security.
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existing network of hospitals with
whom they regularly communicate both
online and offline, share data through
regional and state registries, and col-
laborate in system-wide quality-
improvement activities.

However, there has not been a full
accounting of the number and distri-
bution of trauma centers in the
United States since 1991.10 Since that
time, the number of states with formal
trauma systems has increased from 21
to 35 and the landscape of trauma
center coverage in the United States
has changed. In this article, we
describe the development of a com-
prehensive inventory of trauma cen-
ters in the United States and use the
inventory to describe the distribution
of trauma centers by state and to iden-
tify gaps in trauma center coverage.

Organizational and resource charac-
teristics of trauma centers are exam-
ined by level of care and compared
with nontrauma centers.

METHODS
Development of the
Trauma Center Inventory

The inventory was developed by the
American Trauma Society’s Trauma In-
formation Exchange Program as a first
step toward establishing a national net-
work of trauma centers to be used for
ongoing communication and collabo-
ration among centers across state bound-
aries. The process of identifying trauma
centers necessarily differed for states that
have formal trauma systems and those
that do not. In states that currently des-
ignate or certify trauma centers at ei-
ther the state or regional level, trauma

centers were identified through discus-
sions with the appropriate lead agen-
cies. In states that do not have a formal
process for designating or certifying
trauma centers, hospitals were identi-
fied as being trauma centers if they re-
ported being verified by the ACS/
COT.2 Hospitals that are self-designated
trauma centers without any outside veri-
fication of resources or capabilities were
excluded from the inventory.

Since a trauma center can be both
designated by a state or regional au-
thority and verified by the ACS/COT,
all trauma centers in the inventory can
be categorized into 3 mutually exclu-
sive groups: (1) centers that are desig-
nated or verified by a state or regional
authority only; (2) centers that are both
designated by a state or regional au-
thority as well as verified by the ACS/
COT; and (3) centers that are verified
by the ACS/COT, but located in states
that do not formally designate or verify
trauma centers.

Each hospital identified as having a
trauma center was surveyed by tele-
phone to confirm its status as a trauma
center and to collect the (1) name, ad-
dress, and Web site of the center; (2)
name of the lead agency, year of last des-
ignation/certification, level of care for
adult and pediatric trauma, and if, and
by whom, an on-site evaluation is re-
quired for designation or certification,
and if the center has been designated/
certified by a lead agency in the state;
(3) ACS level of care for adult and pe-
diatric trauma; and (4) characteristics
of the trauma registry supported by the
center, including software used,
whether the center contributes to a state
or regional registry, and whether the
center contributes to the National
Trauma Data Bank.11

Interviews were conducted by a per-
son with more than 20 years of expe-
rience as a trauma program manager
who made telephone calls between Sep-
tember 2001 and April 2002. Care was
taken by the interviewer to make con-
tact with the most knowledgeable per-
son at each hospital. Typically, the in-
terviewer asked to speak with the
trauma coordinator, the trauma pro-

Box. American College of Surgeons Committee on
Trauma Classification System of Trauma Center Level2

Level I
Provides comprehensive trauma care, serves as a regional resource, and provides
leadership in education, research, and system planning.

A level I center is required to have immediate availability of trauma surgeons,
anesthesiologists, physician specialists, nurses, and resuscitation equipment. Ameri-
can College of Surgeons’ volume performance criteria further stipulate that level I
centers treat 1200 admissions a year or 240 major trauma patients per year or an
average of 35 major trauma patients per surgeon.

Level II
Provides comprehensive trauma care either as a supplement to a level I trauma
center in a large urban area or as the lead hospital in a less population-dense area.

Level II centers must meet essentially the same criteria as level I but volume
performance standards are not required and may depend on the geographic area
served. Centers are not expected to provide leadership in teaching and research.

Level III
Provides prompt assessment, resuscitation, emergency surgery, and stabilization
with transfer to a level I or II as indicated.

Level III facilities typically serve communities that do not have immediate ac-
cess to a level I or II trauma center.

Level IV/V
Provides advanced trauma life support prior to patient transfer in remote areas in
which no higher level of care is available.

The key role of the level IV center is to resuscitate and stabilize patients and
arrange for their transfer to the closest, most appropriate trauma center level fa-
cility.

Level V trauma centers are not formally recognized by the American College of
Surgeons, but they are used by some states to further categorize hospitals provid-
ing life support prior to transfer.
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gram manager, or the trauma director.
If that person could not be identified,
the interviewer asked for the director
of the emergency department, the hos-
pital’s medical director, or the direc-
tor of nursing. All hospitals in the in-
ventory were successfully surveyed.

All trauma centers were classified into
1 of 5 levels ranging from a level I trauma
center that provides comprehensive
trauma care to the most severely in-
jured to a level IV/V trauma center that
provides initial evaluation and assess-
ment with transfer to a higher level of
care when necessary. The following ap-
proaches were followed when there were
discrepancies between the trauma cen-
ter level reported by the hospital, the
state, and the ACS/COT. In states with
formal trauma systems, the level as-
signed to the hospital was the level re-
ported by the state. In states without for-
mal trauma systems, the level assigned
to the hospital was the level verified by
the ACS/COT (TABLE 1). It is impor-
tant to emphasize that the definition of
level varies somewhat by state. Al-
though all states use the ACS/COT cri-
teria as a foundation for their designa-
tion or certification process, some have
modified the criteria making them more
or less stringent. In the few states that
do not formally classify trauma centers
into levels, the lead agency was asked to
provide a best approximation of the level
of each center as defined by ACS/COT
criteria.

Hospital Characteristics
Organizational characteristics and avail-
ableservicesof thehospital inwhicheach
trauma center is located were obtained
from the American Hospital Associa-
tion’s (AHA’s) Annual Survey of Hospi-
tals.12 All but 11 level IV/V trauma cen-
ters were identifiable in the AHA
database; 2 of these were classified as
critical access hospitals and 6 as clinics.
Foreachtraumacenterhospital, theAHA
survey extracted (1) type of ownership;
(2) participation in a health care sys-
tem and/or hospital network; (3) num-
ber of beds staffed and set up; (4) pres-
ence of resident physician training
program; and (5) membership in the

Council of Teaching Hospitals of the
Association of American Medical Col-
leges. Centers were also characterized
according to their provision of medical/
surgical intensive care, magnetic reso-
nance imaging, cardiac catheterization
laboratory, computed tomography,open
heart surgery, transplantation services,
burn care, and rehabilitation care.

Data were also obtained from 2001
US Health Resources Administration’s
Area Resource File13 and were used to
classify each center according to the re-
gion of the country and the rurality of
the county in which the center was lo-
cated. Rurality was characterized by ur-
ban influence codes developed by the
US Department of Agriculture that dis-
tinguish metropolitan counties by their
population and nonmetropolitan areas
by their adjacency to metropolitan areas
and the size of the largest city in their
area.14

Analysis
In this analysis, we exclude hospitals
that are designated or verified as trauma
centers that treat children only (n=31).
Many level I and II centers included in
this study treat both children and
adults. The number of trauma centers
and their distribution by level was first
examined by state. Within each state,
intercensual estimates of the 2001
population15 were used to compute the
number of centers (total and level I and
II only) per million population. Hos-
pital characteristics were compared
across levels of trauma center and be-
tween hospitals with and without
trauma centers. �2 Statistics were used
to test whether differences were statis-
tically significant. Nontrauma center

hospitals were identified as all nonfed-
eral, short-term, acute-care hospitals
with 25 beds or more that responded
to the AHA Annual Survey of Hospi-
tals in 2000 (n=3373).

RESULTS
Number and Geographic
Distribution of Trauma Centers

As of April 2002, 35 states and the Dis-
trict of Columbia had formally desig-
nated or certified trauma centers
(TABLE 2). Two of the states, Arkansas
and Wyoming, had only recently imple-
mented a formal process of designation
and were in the process of designating
centers at the time of the survey. Only
those centers in these 2 states that had
been designated as of April 2002 are in-
cluded. Another state, Massachusetts,
was in the process of changing from a
system in which regional emergency
medical service agencies designated cen-
ters to one in which designation was
implemented at the state level. Since the
procedures for state-wide designation
were still under development at the time
of the survey, included hospitals in Mas-
sachusetts had ACS verification. The
number of states that designate or cer-
tify trauma centers has increased from
21 in 1991 to 35 in 2002.16,17

A total of 1154 adult trauma cen-
ters were identified in the 50 states and
the District of Columbia, including 190
level I and 263 level II centers (Table
1). Only 839 (72.7%) of 1154 trauma
centers included in the inventory were
identified in the AHA survey as hav-
ing a certified trauma service. Further-
more, 531 of 3373 nontrauma centers
indicated in the AHA survey that they
had a certified trauma service.

Table 1. Trauma Centers by State or Regional Designation/Certification and ACS Verification
Status by Level of Trauma Care

Level of Center

Designated or Certified
by State or Region

ACS Verification
Only All CentersNot ACS Verified ACS Verified

I 101 48 41 190

II 183 51 29 263

III 236 8 7 251

IV and V 450 0 0 450

All 970 107 77 1154
Abbreviation: ACS indicates American College of Surgeons.
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Of the 1154 trauma centers identi-
fied, 1077 (93.3%) are designated or cer-
tified by a state or regional authority
(Table 1). Of these, 107 (9.9%) are also
ACSverified, including48(32.2%)of149
state/regiondesignated level Icentersand
51 (21.8%) of 234 state/region desig-
nated level II centers. An additional 77
hospitals are verified only by ACS.

The distribution of trauma centers
across the United States is displayed in
the FIGURE. Every state in the country
has at least 1 center of some level, and
all but 1 state (Arkansas) have at least
1 level I or II center (Table 2). The num-
ber of level I and II centers per million
population varies widely, however, rang-
ing from 0.19 to 7.8 (Table 2). Six states

(Washington, Oregon, Oklahoma, Iowa,
Delaware, and Colorado) have catego-
rized all or nearly all short-term gen-
eral medical/surgical hospitals with 25
beds or more with a 24-hour/7 day per
week emergency department into 1 of
5 levels of trauma care (Table 2 and
Figure). An additional 4 states (Texas,
Mississippi, Connecticut, and North Da-
kota) have categorized over half of their
hospitals into 1 of 4 categories of trauma
care. Twenty-four states do not main-
tain any level III, IV, or V trauma cen-
ters. All but 1 of 10 states that have cat-
egorized 50% or more of their hospitals
as trauma centers began designating cen-
ters after 1991.

Comparison of Trauma Centers
With Nontrauma Centers
The distribution of trauma centers by
region of the country and rurality is
similar to the distribution of non-
trauma center hospitals (TABLE 3).

When compared with hospitals with-
out traumacenters,hospitalswith trauma
centers are significantly more likely to be
public hospitals and less likely to be pri-
vate for-profit institutions (Table 2).
Trauma centers are larger than non-
trauma center hospitals. A higher per-
centage of trauma centers have a signifi-
cant commitment to teaching programs,
which is reflected in the percentage that
are members of the Council of Teach-
ing Hospitals. In addition, a higher per-
centage of trauma center hospitals offer
specialized services.

Comparisons Across Levels
of Trauma Centers
Level I and II trauma centers are sig-
nificantly more likely than level III
and IV/V centers to be located in met-
ropolitan areas. More than 90% of
level I and II hospitals are located in
metropolitan areas compared with
49% of level III and only 16% of level
IV/V (Table 3). Level III and IV/V cen-
ters are more common in the South
(due in large measure to the large
numbers of levels III through V cen-
ters in Texas and Oklahoma). These
levels are far less common in the
Northeast and Midwest.

Table 2. Number of Trauma Centers per Million Population by State

Year of
First Designation/

Certification

All Levels Level I and II Only

No. of
Centers

Per Million
Population

No. of
Centers

Per Million
Population

Formal Trauma System*

Alaska 1996 1 1.60 1 1.60
Arkansas† 2002 1 0.37 0 0
California 1980 54 1.59 41 1.21
Colorado 1998 62 14.41 11 2.56
Connecticut 1995 16 4.70 13 3.82
Delaware 1998 7 8.93 1 1.28
District of Columbia 1976 3 5.24 3 5.24
Florida 1985 17 1.06 17 1.06
Georgia 1981 13 1.59 9 1.10
Hawaii 1995 1 0.83 1 0.83
Illinois 1988 61 4.91 61 4.91
Iowa 2001 116 39.64 12 4.10
Louisiana 1991 2 0.45 2 0.45
Maine 1998 3 2.35 3 2.35
Maryland 1978 9 1.70 7 1.32
Massachusetts† 2002 7 1.10 5 0.79
Mississippi 2000 64 22.50 6 2.11
Missouri 1987 29 5.18 19 3.40
Nevada 1988 3 1.50 2 1.00
New Hampshire 1997 12 9.71 5 4.05
New Jersey 1981 10 1.19 10 1.19
New Mexico 1986 3 1.65 1 0.55
New York 1990 45 2.37 45 2.37
North Carolina 1982 11 1.37 9 1.12
North Dakota 1993 27 42.04 5 7.79
Oklahoma 2001 102 29.56 3 0.87
Oregon 1987 45 13.15 7 2.05
Pennsylvania 1986 25 2.04 25 2.04
South Carolina 1980 23 5.73 6 1.50
Tennessee 1988 13 2.28 9 1.58
Texas 1993 183 8.78 21 1.01
Utah 1985 4 1.79 4 1.79
Virginia 1981 12 1.70 7 0.99
Washington 1993 79 13.40 11 1.87
West Virginia 1985 14 7.74 4 2.21
Wyoming† 2001 7 14.18 2 4.05

No Formal Trauma System

Alabama 2 0.45 2 0.45
Arizona 1 0.19 1 0.19
Idaho 1 0.77 1 0.77
Indiana 3 0.49 3 0.49
Kansas 3 1.12 3 1.12
Kentucky 4 0.99 2 0.49
Michigan 12 1.21 12 1.21
Minnesota 6 1.22 6 1.22
Montana 3 3.33 3 3.33
Nebraska 3 1.75 3 1.75
Ohio 23 2.03 20 1.76
Rhode Island 1 0.95 1 0.95
South Dakota 2 2.65 2 2.65
Vermont 1 1.64 1 1.64
Wisconsin 5 0.93 5 0.93

*Defined as states with legislative authority to designate/verify and in which designation/verification has taken place.
†Indicates that as of April 2002, state is in process of designating trauma centers.
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Distribution of trauma centers by own-
ership varies by level of care (Table 3).
The majority of level IV/V centers are
publicly owned hospitals, whereas level
II centers are predominantly private and
not for profit. More than three quarters
of level I and II hospitals are members
of health care systems compared with
55.5% of level III and 34.8% of level IV/V.
The percentage participating in hospi-
tal networks is also higher for level I and
II centers compared with level III and
IV/V center hospitals. Average number
of beds also varies significantly by level
of trauma center, with higher levels being
located in larger hospitals. Ninety per-
cent of level I centers have residency pro-
grams and three quarters are members
of Council of Teaching Hospitals. A
much smaller percentage of level II cen-
ters have residency programs or are
members of the Council of Teaching
Hospitals.

The percentage of hospitals offering
special services also varies signifi-
cantly by level of trauma center, with
level IV/V centers offering far fewer ser-
vices compared with other levels of
trauma centers and when compared
with nontrauma centers more gener-
ally (Table 3).

Although all trauma centers support
a trauma registry, not all contribute to a
state or regional registry. Hospitals not
contributing to a state or regional regis-
try are more likely to be level I or II cen-
ters instateswithouta formal traumasys-
tem. Less than 10% of all trauma centers
arecurrentlycontributingtotheNational
Trauma Data Bank, although the per-
centage of level I and II centers contrib-
uting to the National Trauma Data Bank
(19%) ishigher than for level III andIV/V
centers (2%). The type of registry soft-
ware used varies substantially. Collec-
tor (Digital Innovation, Inc, Forest Hill,
Md) is the most widely used software
(used by 27% of centers), followed by
Trauma One (Lancet Technology, Inc,
Boston,Mass)(13%),andTrauma!(Digi-
tal Innovation, Inc) (13%).

COMMENT
The results of this national inventory
show that the number of trauma cen-

ters has more than doubled since 1991.
At that time, 471 trauma centers were
identified (165 level I centers; level II,
209; level III, 76; and level IV/V, 21).10

Although the largest increase has been
in the number of level III and IV/V cen-

ters (97 in 1991 compared with 701 in
2002), the number of level I and II cen-
ters alone has increased by 21% (from
374 in 1999 to 453 in 2002). This in-
crease in level I and level II centers re-
flects a growing commitment on the part

Figure. Trauma Centers in the United States Plotted by ZIP Code
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of states to develop and maintain for-
mal trauma systems. Even in states with-
out formal systems of care, hospitals
have voluntarily sought verification by
the ACS/COT so that today all states

have at least 1 hospital that has made a
substantial commitment to the care of
the injured. For example, in 1991, a
smaller share of trauma centers (24%)
were located in the South compared with

nontrauma center hospitals (39%).10

This is no longer the case and reflects the
more recent development of organized
systems of trauma care in the South.
However, there is wide variation by

Table 3. Geographic and Organizational Characteristics of Trauma Centers and Nontrauma Centers

Level of Trauma Center

P
Value*

All Levels
(n = 1154)

Hospital Without
Trauma Center

(n = 3373)
P

Value†
I

(n = 190)
II

(n = 263)
III

(n = 251)
IV to V

(n = 450)

Region
Northeast 55 (28.9) 53 (20.1) 12 (4.8) 0 (0) 120 (10.4) 515 (15.3)

Midwest 55 (28.9) 96 (36.5) 35 (13.9) 104 (23.1)
�.001

290 (25.1) 1002 (29.7)
�.001

South 57 (30.1) 51 (19.4) 136 (54.2) 236 (52.4) 480 (41.6) 1275 (37.8)

West 23 (12.1) 63 (24.0) 68 (27.1) 110 (24.4) 264 (22.9) 581 (17.2)

Rurality (as defined by urban influence codes)
Metropolitan area, population by millions

Large (�1) 119 (62.6) 115 (43.7) 37 (14.7) 29 (6.4) 300 (26.0) 1053 (31.5)

Small (�1) 68 (35.8) 123 (46.8) 86 (34.3) 41 (9.1) 318 (27.6) 798 (23.8)

Nonmetropolitan area, population by thousands
Adjacent to metropolitan area

City �10 0 (0) 9 (3.4) 43 (17.1) 30 (6.7) �.001 82 (7.1) 271 (8.1) �.001
No city �10 1 (0.5) 1 (0.4) 15 (6.0) 120 (26.7) 137 (11.9) 437 (13.0)

Not adjacent to metropolitan area
City �10 2 (1.1) 15 (5.7) 48 (19.1) 30 (6.7) 95 (8.2) 214 (6.4)

No city �10 0 (0) 0 (0) 22 (8.8) 200 (44.4) 222 (19.2) 575 (17.2)

Ownership
Public 65 (34.2) 25 (9.5) 57 (22.7) 276 (61.3) 423 (36.6) 746 (22.1)

Private
Not for profit 120 (63.2) 226 (85.9) 154 (61.4) 141 (31.3)

�.001
641 (55.6) 2052 (60.8)

�.001

For profit 5 (2.6) 12 (4.6) 40 (15.9) 33 (7.3) 90 (7.8) 575 (17.1)

Bed size
�100 0 (0) 2 (0.8) 81 (32.3) 386 (85.8) 469 (40.6) 1473 (43.6)

100-299 19 (10.0) 125 (47.5) 133 (52.9) 59 (13.1)
�.001

336 (29.1) 1477 (43.8)
�.001

300-499 70 (36.8) 94 (35.7) 33 (13.2) 4 (0.9) 201 (17.4) 313 (9.3)

�500 101 (53.2) 42 (16.0) 4 (1.6) 1 (0.2) 148 (12.9) 110 (3.3)

Participation‡
Hospital care system 136 (80.5) 176 (76.2) 126 (55.5) 139 (34.8) �.001 577 (56.2) 1657 (56.8) .75

Hospital network 70 (41.4) 97 (42.0) 78 (34.1) 112 (28.1) �.001 357 (34.8) 945 (32.5) .18

Teaching status§
COTH member 137 (75.7) 30 (12.0) 1 (0.4) 0 (0) �.001 168 (15.2) 100 (3.0) �.001

Residency program 163 (90.1) 121 (48.4) 30 (12.5) 8 (1.8) �.001 322 (29.1) 395 (11.7) �.001

Services�
Intensive care unit 174 (99.4) 235 (98.7) 220 (93.2) 203 (48.2) �.001 832 (77.8) 2402 (77.3) .75

Computed tomography 174 (99.4) 235 (98.7) 227 (96.2) 326 (77.4) �.001 962 (90.0) 2823 (90.8) .37

Magnetic resonance imaging 157 (89.7) 197 (82.8) 175 (74.2) 112 (26.6) �.001 641 (59.9) 1713 (55.1) .006

Cardiac catheter laboratory 168 (96.0) 204 (85.7) 137 (58.0) 26 (6.2) �.001 535 (50.0) 1128 (36.3) �.001

Open heart surgery 155 (88.6) 154 (64.7) 59 (25.0) 7 (1.7) �.001 375 (35.0) 551 (17.7) �.001

Organ/tissue transplantation 115 (65.7) 43 (18.1) 27 (11.4) 2 (0.5) �.001 187 (17.5) 180 (5.8) �.001

Burn care 74 (42.3) 11 (4.6) 4 (1.7) 1 (0.2) �.001 90 (8.4) 48 (1.5) �.001

Registration
State or local registry¶ 153 (84.1) 234 (92.9) 236 (96.7) 446 (99.8) �.001 1069 (95.0) �.001

National Trauma Data Bank# 50 (26.4) 37 (14.2) 10 (4.1) 4 (0.9) �.001 101 (8.8) �.001
Abbreviation: COTH, Council of Teaching Hospitals.
*Distribution across trauma center levels.
†Difference of distribution between trauma and nontrauma centers.
‡Missing data for 127 trauma center hospitals and 453 nontrauma center hospitals.
§Missing data for 47 trauma center hospitals and 14 nontrauma center hospitals.
�Missing data for 84 trauma center hospitals and 265 nontrauma center hospitals.
¶Missing data for 29 trauma center hospitals.
#Missing data for 12 trauma center hospitals.
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state in both the availability and con-
figuration of hospital trauma resources.
The results of this survey suggest the
need for several aggressive steps to im-
prove day-to-day care of the injured and
bolster the infrastructure needed to ad-
equately respond to mass casualties and
disasters when they occur.

First, despite the encouraging growth
in trauma system development, gaps in
trauma center coverage remain and must
be addressed. The geographic distribu-
tion of trauma centers highlights the
areas of the country where availability
of trauma center care is limited. More
refined measures of access are needed
to identify more adequately under-
served areas (eg, percentage of the popu-
lation that resides within 15 to 30 min-
utes of a trauma center), as individuals
in some parts of the country do not cur-
rently benefit from the care afforded by
a trauma center. Poor access to trauma
center care is particularly acute in more
rural areas of the country.

Second, to ensure effective and effi-
cient systems of care, evidence-based
guidelines are needed to establish the op-
timal number of level I and II trauma cen-
ters. The fundamental principle under-
pinning regional trauma systems is that
the concentration of the most severely
injured patients in a limited number of
specialty care facilities (ie, level I or II
trauma centers) will increase patient vol-
umes and experience at these centers and
thus improve patient outcomes. While
increasing evidence supports this prin-
ciple, there is disagreement as to the op-
timal volume needed to ensure ad-
equate experience.18-22 The ACS/COT has
promulgated 1 set of criteria, recom-
mending that level I centers treat ap-
proximately 1200 trauma patients an-
nually, of whom 240 should be major
trauma (defined as patients with Injury
Severity scores �15).2,23 However, a re-
cent studybyNathenset al18 suggests that
improvements in mortality are associ-
ated with trauma center volumes of at
least 650 major trauma patients.

Applying these criteria to previously
published, population-based estimates
of the rate of major trauma patients
discharged (44 per 100000 person-

years)24 suggests the need for only 1 to
2 level I or II trauma centers per million
population. Our inventory indicates that
in stateswith formal traumasystems, the
number of level I and II trauma centers
varies from less than 1 to more than 7;
8 states have more than 3 level I and II
centers per million population. The con-
sequences of having a large number of
trauma centers has been illustrated by
Nathensetal,24 whoshowedastrongcor-
relation between the density of trauma
centersandindividual traumacentervol-
umes. In a comparison of 18 states for
which patient-level hospital discharge
data were available, the annual number
of major trauma patients treated at level
I and II trauma centers ranged from 348
in the state with the least number of level
I and II centers to 52 in the state with
the most number.

In addition to having implications for
volume performance criteria, varia-
tions in the number and density of
trauma centers may have significant cost
implications associated with the unnec-
essary duplication of expensive re-
sources. However, political realities and
resource constraints may dictate the need
to share volumes of major trauma pa-
tients across a larger number of centers
than what is dictated strictly on the ba-
sis of need. Priority should be given to
the development of methods for opti-
mizing traumacenterplacement that take
into account demand for trauma ser-
vices, geography, and local constraints
such as resource availability, weather
conditions, and traffic patterns. Quan-
titative location techniques hold prom-
ise for optimizing trauma center re-
source allocation and should be
considered in the development of sound
trauma system policy, which will ulti-
mately save lives and reduce costs.25

In addition to establishing the opti-
mal number and distribution of level I
and II trauma centers, it will be impor-
tant to define the appropriate role for
level III and IV/V trauma centers and
the benefits and possible disadvan-
tages of inclusive systems of trauma care
in which every hospital with a 24-hour/
7-day per week emergency depart-
ment is categorized at some level of

trauma center care. Level III and IV/V
hospitals have traditionally played a
critical role in more rural areas in which
no level I or II centers are immediately
accessible. Since the early 1990s, how-
ever, the number of level III and IV/V
centers has proliferated in both urban
and rural areas in an attempt to de-
velop more inclusive systems. If these
hospitals are fully integrated into the
trauma system and well-defined crite-
ria are operationalized for transport-
ing the most severely injured patients
directly to a level I or II center when at
all possible, inclusive systems may pro-
vide a substantial advantage, espe-
cially in light of the recent emphasis on
disaster preparedness. Since it is well-
known that individuals involved in a di-
saster will present at the hospitals that
are geographically closest to the disas-
ter site, an inclusive network of hospi-
tals may be of more value than a sys-
tem that recognizes the capabilities of
a more limited number of level I and
II centers. Level I and II trauma cen-
ters will continue to serve an impor-
tant role in providing definitive care to
the most severely injured patients in a
disaster, but they must be integrated
into a larger community-wide re-
sponse. However, there are concerns
that poorly managed inclusive sys-
tems could encourage an initial evalu-
ation of a severely injured trauma pa-
tient at a lower level trauma center and
then transfer the patient to a higher level
trauma center, which would result in
time delays that could have deleteri-
ous effects on patient outcome.26-28

This inventory was conducted at a
time when the threats to trauma sys-
tems and trauma center viability have
never been greater. Increasing num-
bers of uninsured, declining reimburse-
ment for both physicians and hospi-
tals, soaring malpractice premiums, and
new limits on resident physician hours
have contributed to a tenuous environ-
ment for trauma centers. While these
trends are affecting the health care sys-
tem more broadly, trauma centers are
particularly vulnerable because they
treat a disproportionate share of unin-
sured and underinsured patients and
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have high standby costs. To remain
open, trauma centers are being forced
to subsidize surgical specialists for on-
call availability. To meet the demands
of injuries that occur daily as well as re-
spond to the needs of homeland secu-
rity, communities must recognize the
need to support these systems by rev-
enues outside traditional patient care
funding.

CONCLUSION
Although the availability of hospital
trauma resources has improved, several
challenges remain in determining the op-
timal number and configuration of these
resources. It is imperative these chal-
lenges be addressed, especially in light
of the recent emphasis on hospital pre-
paredness. The role of trauma centers in
responding to disasters must be more ad-
equately addressed in the criteria for
trauma center designation or verifica-
tion. Although existing criteria address
the resources necessary for a coordi-
nated response to mass casualties, re-

cent events have defined new threats of
vastly different scope and character,
which dictate the need for organized ap-
proaches for response and strong link-
ages with public health.29

Previous disasters (natural and man-
made) indicate that traumatic injury is
a major threat. The infrastructure for
treating patients’ injuries must pre-
date the disaster to provide an ad-
equate response to acts of terrorism. In-
vesting in the existing trauma system
infrastructure so that it is fully opera-
tional when needed to respond to in-
frequent but unpredictable disasters will
be cost-effective in the long term. The
inventory described herein is a first step
in building this network. It will be
maintained and used as a basis for es-
tablishing ongoing communications
among centers and to encourage on-
going federal, state, and local ensur-
ance of a comprehensive system that
serves everyone.
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