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Introduction: An effective trauma system should offer patients triaged
to a trauma center (TC) a survival advantage and cost-effective treat-
ment. Three questions were asked: 1) Does treatment at a TC versus a
nontrauma center (NTC) improve survival? 2) Is the system cost-
effective? 3) Is access to the system equitable?
Methods: The 2003 Florida discharge database identified patients with
ICD9 codes 800 to 959. Survival risk ratios (SRR) were calculated
using1999–2000 data and ICISS were produced for each code. Using
2003 data, mortality rates were calculated for matched patients at TCs
and NTCs. Instrumental variables methodology was used to account for
differences in mortality risks of patients triaged to TCs versus NTCs.
Logistic regression analysis was used to determine differences in
mortality. Charge/cost ratios were analyzed to compute the cost care
and cost/life saved. Accessibility to a TC within 85 minutes of injury
was assessed.
Results: Treatment at a TC was associated with an 18% reduction in
mortality. Mean costs of care in TCs and NTCs were $11,910 and
$6019, respectively. Dividing the mean cost difference by the reduction
in mortality yields a cost of $34,887/life saved. A total of 42% of
patients returned to work within 24 months of injury. Using an
expected median of 19 years of employment for a 33-year-old
individual and proposed state funding figures for the trauma system,
a life saved results in an approximate annual cost to the state of
between $100 and $500. Currently, 95% of citizens of the state have
access to the trauma system within 85 minutes of injury; however,
only 38% of trauma patients are triaged to a TC. Addition of 3 TCs
would increase these percentages to 99% and 65%.
Conclusions: Triage to a Florida TC is associated with a decreased
risk of death. Moreover, cost/life year saved is favorable when com-
pared with societal expenditures for other health problems. Im-
proved deployment of TCs is necessary to optimize access. This
assessment methodology is a useful model for evaluation of mature
trauma systems.

(Ann Surg 2006;243: 775–785)

The necessary components of an inclusive trauma system
were first outlined in the Model Trauma Care Systems

Plan published by the U.S. Bureau of Health Resources

Development in 1992.1 In an inclusive system, patients with
minor to moderate injuries may be treated at nontrauma
centers (NTC) with the goal of matching the needs of the
patient to the resources of the facility. One of the necessary
components of the system is periodic evaluation to assess
performance of the system and to determine if modifications
are required.2–4 This evaluation may be difficult because of a
number of factors. First, accurate data may be difficult to obtain
because, while the trauma centers (TC) maintain trauma regis-
tries, there are no requirements for nontrauma acute care hospi-
tals to maintain a database of trauma patients.5,6 Second, it may
be difficult to demonstrate a survival advantage attributable to
treatment at a TC because in a mature trauma system with
adequate triage, delivery of seriously injured patients to TCs
means that the patients with the largest risk of dying will be
clustered in these centers.7 Thus, it would not be unexpected
to observe an increased or unchanged mortality risk in TCs in
a mature system.8–11 In addition, a “halo effect” may be seen
with the maturation of a trauma system. This effect results in
improved survival of injured patients regardless of whether
they are treated at a TC.12 Shortened EMS response times,
improved prehospital medical control, and the performance
of airway and resuscitation interventions by emergency med-
ical services personnel have been demonstrated to improve
clinical outcomes whether the patient is transported to a TC
or a community hospital.13

Finally, the assessment of the cost-effectiveness of a
trauma system relies on the return of trauma victims to a
productive life. This requires longitudinal follow-up of large
groups of patients. This may be difficult to achieve given the
limited data sources available. Because of these challenges, few
studies have been able to evaluate the effectiveness of mature
inclusive trauma systems.

The Florida trauma system was established in 1982 when
legislation was passed requiring the Florida Department of
Health (DOH) to designate individual TCs based on the Amer-
ican College of Surgeons standards. The Roy E. Campbell
Trauma Act, passed in 1990, set up a system of state approved
trauma centers. In 1998 the DOH’s Bureau of Emergency
Medical Services (EMS) provided a report to the legislature
entitled “Timely Access to Trauma Care,” which examined
the feasibility of establishing a prehospital triage plan to
ensure that trauma patients were transported to the closest
appropriate TC. This report laid the groundwork for Florida
to establish an inclusive trauma system in 1999 when legis-
lation was passed directing the DOH to plan, coordinate, and
establish a 5-year plan for a statewide trauma system.
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Despite having a long-standing trauma system, Florida
has never provided a durable source of funding to support the
system. Cost and manpower concerns have resulted in ten-
sions within the trauma system such that over the life of the
system the number of trauma centers has declined from a high
of 66 TCs in 1987 to 21 TCs in 2004. During 2003 to 2004,
2 additional trauma centers were threatened with closure. One
of these centers was 1 of the 6 level I centers for the state and
the only center serving a city with a population of nearly 1
million. This crisis was solved, at least temporarily, by a
coalition of local government and hospital leaders who were
able to arrange funding for support of trauma patient care.

State government support of the Florida trauma system
has taken the form of an annual appropriation to each trauma
center as well as favorable payment methodologies for trauma
centers via the Medicaid insurance system. In May 2004,
Governor Bush vetoed the funding bill that would have contin-
ued the annual award of grants providing equal amounts of
money to each trauma center. In the veto message, the Governor
cited the potential inequities of a funding method that awards
a set amount to each trauma center regardless of the number
of patients served, the absence of a clear plan for the future
deployment of trauma system resources, an absence of a clearly
articulated plan for consistent local participation in the financial
support of the trauma system, and the need to document the
effectiveness of the trauma system. Regarding the issue of
effectiveness, the Governor stated “Trauma centers save lives,
but so do hospitals that are not designated trauma centers. What
is the difference derived from adherence to our (trauma system)
regulations? If state government is to initiate trauma center
unique payments, we must first know we are paying for perfor-
mance.” The surviving legislation from this bill mandated a
study to be funded to ascertain the need for local and state
funding for the trauma system, determine the best deployment of
the system, and provide outcome data to ensure that the system
does confer a survival advantage.

The purpose of this paper is to outline the methodology
used to evaluate a mature inclusive trauma system such as the
one found in the state of Florida and to answer 3 questions: 1)
Does treatment at a TC versus a NTC improve survival? 2) Is the
system cost-effective? 3) Is access to the system equitable?

MATERIALS AND METHODS

Overview
This is a population-based study. Because the state of

Florida does not require NTCs to maintain trauma registries,
data were obtained from the Florida Agency for Health Care
Administration (AHCA), which maintains a database on admis-
sions to all Florida hospitals. This database includes informa-
tion on the patients’ age, sex, race, up to 9 ICD-9 codes and
procedures, and the discharge status of the patient. The AHCA
data sets from 2001 to 2003 were queried to identify all patients
with ICD-9 codes of 800 to 959. From this group of patients
the following diagnoses were excluded: 1) elderly patients
with femoral neck fractures resulting from a fall (age �65
ICD-9 code 820.xx), 2) patients with a single injury that had
no potential for mortality, 3) admissions not classified as an
emergency, 4) patients with diagnoses relating to the inser-

tion of foreign objects into body orifices, 5) patients admitted
for complications occurring from a previous trauma, 6) pa-
tients admitted as a transfer from another acute care hospital,
7) patients discharged to another acute care hospital and
patients discharged to hospice care or a nursing home, and 8)
patients with a length of stay less than 24 hours who had no
intensive care unit charges. The study group consisted of pa-
tients with the following injuries: 1) patients with fractures of the
skull, neck, trunk, intracranial injury, and spinal cord injuries
(ICD-9 codes 800–809, 850–854, 952), 2) other fractures
(810–819, 821–829), 3) internal injury of the thorax, abdomen,
or pelvis (860–869), 4) injury of blood vessels (900–904), and
5) burns (940–949). These patients were defined as “true
trauma” patients for the purposes of the study.

The International Classification Injury Severity Scores
(ICISS) methodology was used to estimate the severity of
injury and the risk of mortality for patients admitted to
Florida hospitals.14–16 Survival risk ratios (SRRs) for specific
injuries were calculated from the AHCA database for the 3
years prior to the study (1998–2000). ICISS for patients with
multiple injuries were calculated as the product of the indi-
vidual SRRs.

Mortality
The ACHA data set for the 3-year period 2001 to 2003

was used to identify “true trauma patients” as defined above.
The data was examined for structural breaks using the Chow
test in a linear specification model (P � 0.01).17 This test indi-
cated that the elderly population (age �65 years) was sys-
tematically different from the rest of the trauma population as
they have a higher risk of comorbid disease and a dispropor-
tionally higher mortality than younger patients. In addition,
only 3.8% of elderly trauma patients with an ICISS �0.75
were treated at NTCs compared with 21.8% treated in TCs.
Because the overall number of elderly patients with severe
injuries treated at NTCs was small, it was not possible to
perform a meaningful statistical analysis of this patient pop-
ulation. For these reasons, the elderly were excluded from the
mortality analysis.

Comparisons of mortality between TCs and NTCs may
be further complicated because once a trauma system is estab-
lished, a selection bias may exist whereby the more severely
injured patients are preferentially transported to a TC. To the
extent that selection bias is present the TC population will be
systematically different from the NTC population. This bias
must be controlled to compensate for measurement error inher-
ent to variables used to approximate injury severity. The endog-
enous variable in the analysis is defined as dichotomous, with
values of one or zero for, respectively, nonsurviving or surviving
patients. A logistic estimator is used to determine the odds of
mortality:

Logit(mortality)i � � � TCi � �1 � Agei � �2 � Genderi

� �
r � 1

3

�r � 2 � Racer,i � �6 � ICISSi � �
t � 1

4

�t � 6 � Trauma Typet,i � ei
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In the specification, the subscripts i, r, and t indicate,
respectively, the individual patient, the ethnicity of that pa-
tient, and the type of trauma that resulted in hospitalization.

Since it is not possible in practice to randomize trauma
patients to treatment at a TC or a NTC, as in a conventional
clinical trial, special care must be applied to constructing the
statistical analysis using the logistic estimator. A well-estab-
lished method to deal with the selection bias is known as
instrumental variables: in this case the observed admission to
a TC is replaced by an “instrument” that is correlated with the
selection (treatment at a TC) but is not independently related
to the odds of mortality. This has the effect of creating an
analysis with case matched controls.18–21

Instruments must pass 2 tests: theoretical and statistical.
The elements that make up the instrument were chosen on
theoretical grounds based on 3 factors. The first is geographic
residence location, which is itself independent from the
expected mortality but is highly correlated to the probability
of transport to a DTC. Thus, the first element of the instru-
ment is based on the relative distance of the individual’s
residence to the nearest TC. Similarly, the time of an injury
is itself independent of the risk of mortality. This assumption
forms the basis of the second instrument which is dichoto-
mous with a value of one if the injury took place during a
weekend. The probability of transport to a NTC decreases
during weekends as staffing levels at those facilities are not as
assured during those times. The third instrument is the overall
number of injuries. The literature suggests that the number of
injuries is itself an extremely poor predictor of mortality. This
last instrument is not as theoretically “clean” as the previous
but was demonstrated not to enter the equation directly.

In statistical terms, the instruments must 1) be as
strongly correlated as possible to the probability of treatment
at a DTC, and 2) they must be independent of the probability
of mortality. The first criterion is easily tested by the joint
significance of the instruments. The second is tested using a
�2 statistic that tells whether any of the instruments should
have been included in the primary equation. If they should
have been in the primary equation, they cannot be considered
independent of mortality. The instruments included in the
first stage model include distance, weekend injuries, and the
number of injuries. The distance variable contains 6 intervals
indicating whether the center of the patient’s zip code was
within 10, 20, 30, 40, and 50 miles from a TC. The estimated
coefficients associated with the instruments in the first stage
equation were: distance �0.004 (P � 0.0001), weekend
injuries 0.057 (P � 0.08), and the number of injuries 0.03
(P � 0.001). The F-statistic for overall significance of the
first stage regression was 185 (P � 0.001). These tests
indicate that the instruments are not invalid.

The introduction of instruments tends to produce un-
derestimated standard errors. True standard errors are ob-
tained using the bootstrapping method. Bias-corrected stan-
dard errors for the estimates were derived using bootstrapping
with 1000 repetitions. Convergence took place at approxi-
mately 500 repetitions. All P values reported were derived
using this method.

Cost
Cost-to-charge ratios were derived from the AHCA

hospital financial characteristics dataset for the year 2002, the
last year for which cost data were available. The ratios were
calculated for each individual hospital based on the institu-
tion’s reported total direct costs associated with inpatient care
and the total charges levied to patients. Because capital costs
and expenses for nondirect patient care activities, for exam-
ple, finance and other operations, are not included, the cost
estimates tend to be biased downward. Moreover, the cost
ratio estimates apply to all hospitalizations including non-
trauma cases, which tend to be less costly, therefore causing
further downward bias in the estimates. For these reasons, the
cost estimates used in this paper should be interpreted as lower
bounds. A separate estimate of the fixed cost of operating a TC
was obtained from the “Medicare Cost Reports” of 18 of the 21
TCs. These figures include the costs of uncompensated care as
well as “preparedness costs” for such things as maintaining
operating rooms, radiology suites, emergency departments, and
personnel staffing including physicians, 24 hours a day 7 days a
week.

Access
Access to care was estimated by obtaining each coun-

ty’s population, growth statistics, and area in square miles
from the 2004 Florida Statistical abstract. The number of
advanced life support (ALS) vehicles, emergency medical
technicians (EMT) and paramedics per county was obtained
from the DOH. This information was used to calculate each
county’s ALS vehicles, EMTs, and paramedics per 1000/
population and per 100 square miles. Air medical services
were identified through EMS air licenses on file at the DOH,
and through the Association of Air Medical Services Direc-
tory and the Atlas and Database of Air Medical Services.
Trauma volumes, population, and prehospital resources were
analyzed by Domestic Security Task Force (DSTF) regions.
This analysis was used to identify areas of population that
lacked access to the trauma system and to make recommen-
dations about the placement of additional trauma centers.
Data for access to care was obtained from the AHCA data set
for the year 2003 only.

RESULTS

Trauma Demographics and Access to Care
In the year 2003, Florida had 20 TCs and 221 NTC

hospitals. TCs consisted of 6 level I centers and 14 level II
centers. Florida does not designate level III centers. All level
I trauma centers were also pediatric trauma centers. A level I
center was added at the University of Florida, Shands Hos-
pital, Gainesville in 2004. This hospital was not included in
the mortality analysis. On average, TC hospitals were larger
in overall bed size averaging 590 hospital beds in contrast to
210 beds at NTC hospitals. Thirteen of Florida’s 67 counties
had a trauma center, and 6 counties had more than one TC. In
2003, TCs, on average, served 10 counties and level I centers
served 22 counties. The geographic distribution of TCs and
the number of trauma patients served per county are illus-
trated in Figure 1.
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During calendar year 2003, 2,422,655 discharges took
place from Florida hospitals. State designated TCs provided
care for 22% (n � 533,720) of all patients, trauma and non-

trauma. There were 37,842 “true trauma” patients, as defined in
the materials and methods section, treated at Florida hospitals in
2003. State designated TCs treated 38.3% (14,240) of these
patients. Table 1 illustrates the distribution of trauma cases
among the 21 designated trauma centers. This analysis underes-
timates the actual number of “true trauma” patients treated at
TCs because of problems associated with the coding of pa-
tients in the AHCA data set. Two TCs (Lee Memorial and
All Children’s Hospital) recorded approximately 1800 and 600
trauma patients respectively in their trauma registries for the
year 2003 but were listed as treating only 127 patients total in the
AHCA database. The effects of miscoding on the proportion of
patients treated in TCs versus NTCs are unknown because the
NTC do not keep trauma registries with which the AHCA data
can be compared.

Finally, the age distribution of trauma patients treated
at TCs and NTCs is different. The TC population reflects the
traditional bell-shaped curve peaking for the ages 21 and 45
years (Fig. 2). The NTC population is skewed toward elderly
patients with less severe injuries as demonstrated by the fact
that 96.2% of elderly patients treated at NTCs had a survival
probability between 0.75 and 1 compared with 78.2% at TCs.

Florida’s Domestic Security Strategy was developed as
a comprehensive approach to address and limit potential
vulnerabilities related to acts of terrorism and natural disas-
ters. These efforts are organized around 7 DSTF regions. In
July 2004, the state created trauma regions that are cotermi-
nous with these DSTF regions. Demographic data regarding
Florida’s 7 DTSF regions including their corresponding pop-
ulations, number of TCs per region, and TCs per million
population are listed in Table 2.

FIGURE 1. Distribution of trauma center patients by county
of residence, 2003.

TABLE 1. Distribution of True Trauma Patients by Trauma Center

Hospital Number and Name

Trauma Category

All Fractures Torso Vascular Burns Spinal

100022 Jackson Memorial Hospital 1818 692 340 10 93 823

100006 Orlando Regional Medical Center 1356 578 206 14 51 616

100001 Shands Jacksonville Medical Center 1295 584 220 19 6 658

100128 Tampa General Hospital 1238 476 187 5 121 577

100032 Bayfront Medical Center 1084 490 159 9 3 620

100017 Halifax Medical Center 953 367 119 4 9 470

100019 Holmes Regional Medical Center 826 323 85 5 0 409

100075 St Josephs Hospital, Inc. 824 331 128 11 4 351

100039 Broward General Medical Center 775 296 118 6 15 303

100157 Lakeland Regional Medical Center 743 313 89 10 7 289

100113 Shands Hospital at the Univ. of Florida 640 215 78 4 110 259

100038 Memorial Regional Hospital 604 251 90 2 4 283

100086 North Broward Medical Center 589 264 63 4 2 282

100025 Sacred Heart Hospital 368 165 60 0 4 137

100093 Baptist Hospital 306 142 34 0 1 138

100010 Saint Mary’s Medical Center 247 94 18 0 0 121

100231 West Florida Hospital 202 88 23 1 1 89

110199 Miami Children’s Hospital 151 68 11 0 3 36

100258 Delray Medical Center 94 39 5 0 2 60

100250 All Children’s Hospital 80 30 16 0 1 46

100012 Lee Memorial Hospital 47 19 10 0 0 24
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Prehospital resources are listed by DSTF region in Table
3. Areas with less than average resources are listed in bold print.
In 2003, the ratio of paramedics to population in Florida was 1
to 1163 in urban counties and 1 to 1293 for rural counties. Air
transport was available to approximately 80% of the population.
Figure 1 demonstrates areas within a 50-mile buffer of a trauma
center. Assuming an average speed of 45 mph, a 15-minute
scene time, and a 5-minute dispatch time the majority of the
population had access to TCs within 85 minutes. When areas
served by air transport using a 75 mile buffer zone are added,
95.7% of the population of the state is within 85 minutes of
a TC.

Mortality
The AHCA database for the years 2001 to 2003 was

used to compare mortality between TCs and NTCs. There
were 415,709 admissions to Florida hospitals with an ICD-9
code of 800–959. Patients with admission diagnoses related
to foreign objects in body orifices, complications of previous
injuries, or the late effects of injuries were excluded. All
cases with a single injury associated with an ICISS of 1.0
were also excluded. The latter exclusion criterion had the
effect of excluding the majority of pediatric patients as these
patients tended to have single injuries that were not associ-
ated with mortality.

After these exclusions, 105,527 patients with an ICISS
scores �0.99 remained for the 3-year period; an average of

35,176 “true trauma” patients per year. Analysis of the distribu-
tion of patients for the year 2003 indicate that as expected in a
mature trauma system the most severely injured patients are
preferential directed to the trauma system (Table 4).

The AHCA database allows for the classification of ad-
missions as elective, urgent or emergent. As the primary interest
was in the outcome of patients with injuries associated with a
significant risk of mortality who would have required trauma
team activation at a TC, patients whose admission was not
classified as emergent were excluded. This criterion resulted
in the majority of exclusions to the 105,527 “true trauma”
patients treated over the years 2001 to 2003. Patients dis-
charged to another short term hospital, admitted as a transfer
from another short term hospital, or discharged to a hospice
or nursing home were excluded because of the inability to
control for the initial care that the patient received prior to
transfer or discharge and because the survival status of
patients discharged to other acute or long-term care facilities
could not be determined. Finally, patients with a length of
stay less than 24 hours and no ICU charges were excluded to
prevent bias from patients who were moribund on arrival to
the emergency room. Patients excluded for the latter reasons
comprised about 3% of the “true trauma” patient exclusions. The
final data set consisted of 21,854 patients of whom 98.3% were
admitted through hospital emergency rooms.

Table 5 contains the means and proportions of the
model variables for all observations for patients treated at
either TCs or NTCs. Nonsurviving patients make up 10% of
the sample. The majority of patients in the sample (71%)
were treated in TCs. The average age of patients in the
sample is 33 years and the majority (72%) are male. The
average ICISS score was 0.87.

A 2-stage instrumental variables technique was used
to adjust for the systematic bias introduced by the prefer-
ential transport of more severely injured patients to TCs. In
the second stage of the analysis the variable TC* in the
logistic estimator was replaced by the fitted instrument.
(Table 6).

The focus of this paper is on the influence of TCs;
therefore, the following provides only a brief summary of the
findings related to the remaining factors. According to ex-
pectations, age has a highly significant and direct impact on

TABLE 2. Florida Trauma Statistics by Trauma Region in 2003

Trauma
Region

2003
Population

2000–2003
Growth

(%)
Urban

Counties
Rural

Counties
Trauma
Volume

No. of Trauma
Centers

Trauma
Volume to TC

TC per
1 million

Population

Treated
in TC*

(%)

Pensacola 934,092 6.09 4 6 1,655 3 552 3.2 53

Tallahassee 530,127 5.39 1 12 770 0 N/A 0 0

Jacksonville 1,948,237 8.07 6 7 3,841 1 1,920 1 50

Orlando 3,275,362 10.04 9 0 6,934 3 2,311 0.9 44

Tampa Bay 3,550,457 7.48 8 1 8,531 5 1,706 1.4 47

Fort Myers 1,496,891 6.34 4 5 2,678 1 2,678 0.7 2

Miami 5,336,342 4.26 3 1 10.913 7 1,559 1.3 39

Florida 17,071,508 6.81 35 32 37,442 20 1,783 1.23 38

*Percent treated in trauma center � (trauma center volume/trauma volume).
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FIGURE 2. Age distribution of all trauma discharges.
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the probability of mortality. Holding all other variables fixed,
women face a lower risk of mortality. The severity of the
injury, measured by the ICISS variable has the largest impact
on the probability of mortality, both in terms of absolute
magnitude and statistical significance. Vascular and, espe-
cially burn patients have a substantially higher risk of mor-
tality as compared with general fractures.

The estimated coefficient associated with the trauma
center variable (�0.7027) indicates a significantly lower risk
of mortality for trauma victims treated in a TC after control-
ling for the confounding influence of age, gender, race, ICISS,
injury type, and selection bias. Using the transformation

exp���x�
1 � exp���x�

the probability of mortality is estimated to be 0.185 and 0.364
for patients treated in a TC and a NTC, respectively. In this
equation, the �s are the estimated parameters (Table 5) and
the x’s are the mean values of the explanatory variables
(Table 6). The difference (0.178), or 17.8%, represents the
decrease in the probability of mortality for trauma victims
who receive treatment in a TC.

Cost Per Life-Year Saved
Table 7 lists both costs to the hospital and charges to

the patient. The cost data may be interpreted as the lower
bound and charges as the upper bound estimate of the

expense of caring for a trauma patient. In both estimates, care
at a TC is more expensive than at a NTC. Row C shows the
marginal or added cost of caring for the average trauma victim
at a TC compared with a NTC. Dividing by the marginal
probability of death yields the marginal cost per life saved listed
in row E. According to the CDC’s National Vital Statistics
Report of 2002, the expected remaining years of survival for
a 33-year-old individual (the mean age of the patients in the
sample) for all races and all sexes is approximately 43.6 years
(row F). Dividing the marginal cost per life saved by the life
expectancy yields the marginal cost per life-year saved. The
marginal cost per life-year saved is $746 and the charge per
life-year saved is $2815.

Fixed Costs
Indirect or fixed costs associated with being a TC were

estimated from the Medicare cost.
Reports submitted by 18 of the 21 trauma centers for

the year 2003. Net losses include cost for uncompensated
care as well as preparedness costs minus funds received from
the state (Table 8). The overall net loss for 18 TCs for the
year 2003 was $92,607,000.

TABLE 4. Patients Treated at TC Versus NTC by ICISS
Categories for the Year 2003

Ps Categories ICISS Category

NTC TC

N % N %

All trauma discharges, excluding burns

Not expected to survive (most severe)
ICISS �0.125

159 0.7 414 3.0

Not expected to survive (severe)
0.125 �ICISS �0.25

77 0.3 271 2.0

Intermediate 0.25 �ICISS �0.50 25 0.1 127 0.9

Expected to survive ICISS �0.50 22,492 98.9 12,842 94.1

TABLE 5. Model Variables

Variable All NC TC

Nonsurviving patients 0.10 0.06 0.12

Treated in DTC 0.71 0.00 1.00

Age 32.5 35.9 31.2

Female 0.28 0.33 0.26

White 0.62 0.68 0.60

Black 0.18 0.14 0.20

Hispanic 0.14 0.14 0.14

Other non-white 0.06 0.04 0.06

ICISS 0.87 0.94 0.85

Fractures other than those related to the
skull, neck, and trunk

0.24 0.35 0.20

Internal injuries of the thorax, abdomen,
pelvis

0.22 0.20 0.23

Injuries associated with blood vessels 0.01 0.01 0.02

Fractures skull, neck, trunk; intracranial
and spinal cord injuries

0.47 0.43 0.48

Burns 0.05 0.01 0.07

TABLE 3. Pre-Hospital Resources

Region

Per 1000 Population Per 100 Square Miles

EMT Paramedic ALS Vehicle EMT Paramedic ALS Vehicle

Pensacola 1.34 0.63 0.16 15.2 7.2 1.5

Tallahassee 1.56 0.55 0.20 7.3 3.2 0.8

Jacksonville 1.44 0.86 0.15 28.5 16.2 2.2

Orlando 1.89 0.93 0.11 85.3 42.1 5.2

Miami 1.52 1.07 0.16 92.3 88.3 9.3

Fort Myers 1.16 0.7 0.14 23.1 12.8 1.8

Tampa Bay 1.11 0.58 0.08 79.5 47.3 5.4

Florida 1.3 0.84 0.1 41.2 26.6 3.2
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DISCUSSION
In 2004, we received a mandate from the state of

Florida to conduct a comprehensive assessment of its trauma
system. This study concentrates on 3 aspects of that assess-
ment: 1) evaluation of the system comparing outcomes of
patients at TCs versus NTCs, 2) costs of the system, and 3)
access to care.

Florida established an inclusive trauma system in 1998.
Evaluation of Florida’s trauma system is difficult because
NTCs are not required to maintain a trauma registry. For this
reason, we elected to use the AHCA data set, which contains
ICD-9 codes for all patients admitted to acute care hospitals
in the state of Florida. However, as in other population-based

studies, there were a number of limitations associated with
the use of this data set.6,8,22,23 First, there was a problem with
miscoding. It was not possible to determine the degree of
these coding errors for NTCs as no other data sources were
available. However, when compared with the trauma regis-
tries at 2 TCs approximately 2200 patients listed in their
registries for the year 2003 were not coded as “true trauma”
patients in the AHCA database. This problem with miscoding
did not affect any of the other 18 TCs.

In the mortality analysis, the intent was to study pa-
tients, at significant risk who would have required trauma
team activation if treated at a trauma center. These patients
represented about 20% of the patients with trauma ICD-9
codes as defined in the materials and methods section. Nine-
ty-eight percent of these patients were admitted through the
emergency room. Transfers were excluded from the analysis
either because the effect of transfer on mortality from one
acute care hospital to another could not be determined or
because the patients’ final outcome could not be ascertained.
However, transfers made up less than 3% of the patients and
when a second logistic regression was performed including
transfers there was no change in the study findings.

Based on the AHCA data it was determined that TC
populations tended to be younger and more severely injured
then NTC populations. The elderly with minor to moderate
injuries tended to be concentrated in NTCs. Statistical anal-
ysis using the Chow test demonstrated that the elderly pop-
ulation (age �64 years) was structurally different from the
younger trauma patient population. For this reason, elderly
patients were not included in the mortality analysis. However,
we did analyze mortality for the elderly trauma patients in a
separate study (unpublished data). Overall mortality in the
elderly at TCs versus NTCs was higher (8.6% vs. 3.8%).
However, as with younger patients, the more severely injured
patients tended to be concentrated in the TCs. The small
number of elderly patients with severe injuries treated at
NTCs did not allow for meaningful statistical analysis by
ICISS quartile.

In Florida’s mature trauma system, patients triaged to
TCs are systematically different from NTCs. This bias in
triage was corrected by a statistical technique (instrumental
variables) that has the effect of creating a case-matching meth-
odology.18–21 Using this methodology, a 17.8% improvement in
survival was demonstrated associated with treatment at a TC
versus a NTC for similarly injured patients. This is similar to the
15% to 20% improvement in survival associated with organized
trauma care that Mullins et al found in their review of popula-
tion-based studies.6

The cost of treatment at a TC was higher than at an NTC.
The additional cost for treatment in a TC was between $5797

TABLE 6. Logistic Probability Regression Results

Parameter
Logistic

Regression (P)

Intercept �1.4838 (0.7673)

DTC �0.7027* (0.020)

Age 0.0267† (�0.0001)

Female �0.1594* (0.0308)

Black 0.2399* (0.0466)

Hispanic �0.3147† (0.0001)

Other non-white race 0.3125* (0.0295)

ICISS �5.7523† (�0.0001)

Internal injuries of the thorax, abdomen, pelvis �0.2967† (0.0005)

Injuries associated with blood vessels 0.6201† (0.0003)

Fractures of the skull, neck, and trunk,
intracranial injury, and spinal cord injuries

�0.2392* (0.0452)

Burn 3.2228† (�0.0001)

*Significant at the alpha � 0.05 level.
†Significant at the alpha � 0.01 level.

TABLE 7. Marginal Cost Per Life-Year Saved and RP Value
of Life Year Calculations

Mean cost per admission

A. Designated trauma hospitals $11,825

B. Non-trauma hospitals $6,028

C. Additional cost associated with treatment in trauma
hospital

$5,797

D. Improvement in odds of survival 0.178

E. Marginal cost per life saved $32,514

F. Life expectancy for a 33-year-old (all races and sex)* 43.6

G. Marginal cost per life-year saved $746

Mean charge per admission

H. Designated trauma hospitals $57,657

I. Non-trauma hospitals $35,772

J. Additional charge associated with treatment in trauma
hospital

$21,885

K. Improvement in odds of survival 0.178

L. Marginal charge per life saved $122,750

M. Life expectancy for a 33-year-old (all races and sex)* 43.6

N. Marginal charge per life-year saved $2,815

*Source: Arias E. National Vital Statistics Reports: United States Life Tables 2000,
vol. 51. CDC, December 19, 2002.

TABLE 8. Hospital Costs (millions of dollars, 2003)

Level I Level II Total

Cases 15,530 14,184 29,714

Net loss $46,624 $46,018 $92,643

Preparedness costs $45,889 $48,718 $94,607

State funds received $6,450 $7,840 $14,290
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(cost) and $21,875 (charges). The marginal cost per life saved
was between $32,514 and $122,750. This translates into a cost
per life-year saved between $746 to $2815 using the mean age
of this trauma population as 33 years and a mean life expectancy
of 77 years. This compares favorably with the cost of treating
other major healthcare problems. Examples of costs per life-
year saved for widely accepted medical interventions include
renal dialysis (approximately $50,000), implantable cardioverter-
defibrillators ($30,000), breast cancer treatment ($22,000),
coronary artery bypass ($26,000), and coronary artery angio-
plasty ($11,000).24–26 From a productivity standpoint, assum-
ing that 42% of patients return to work within 2 years of
injury and work for 19 years the cost per work/year gained is
between $1708 and $5800. Currently, the median Florida yearly
income is $30,446.27 Thus, for each trauma patient returned to
work there is a 5- to 15-fold return of the investment.

In the state of Florida, as in other trauma systems, costs
associated with maintaining TCs have been one of the major
threats to the system. Using Medicare cost reports, it was
estimated that for the 18 centers reporting financial data the
net loss for the year 2003 was about $92 millions. This has
had the effect of reducing the number of TCs over time and
of discouraging additional hospitals from applying for trauma
designation. The end result has been gaps in access to care in
some areas of the state. At the time that data were collected
for this study, Florida had no durable state funding for trauma
care. Since this report was written, legislation has been passed
that designates money collected for red light traffic violations
and for fines collected, in which the driver is deemed at fault for
traffic crashes that result in death or serious bodily injury, to be
set aside for distribution to TCs. This legislation is expected to
generate $10 to $30 million to be distributed among the 21
TCs based on a formula that takes into account the number of
trauma patients treated, the severity of injury, and the pres-
ence of local funding for trauma care. This funding remains
well below the estimated deficit of $92 million.

The state of Florida in the year 2003 had 20 TCs or about
1.23 TCs per million population. This is slightly higher than the
1.06 TCs per million population estimated by Mackenzie et al
who did not include pediatric TCs in their analysis.28 TCs per
million population based on DSTF regions ranged from 0 in the
Tallahassee region (no TCs for a population of 530,127) to 3.2
in Pensacola (3 level II centers for a population of 934,092). This
compares with a range of 0.19 to 7.8 level I and II TCs per
million population reported per state by Mackenzie et al.28

Prehospital resources varied by region based in part on
rural-urban mix. Counties with TCs tended to have fewer
ALS vehicles per 1000 population, possibly reflecting shorter
transport times and the presence of helicopter programs with
ALS capabilities. Regions with less than average resources
per 100 square miles tended to have more rural than urban
counties.

National standards for triage rates to TCs in inclusive
trauma systems have not been established. Nathens et al, in an
assessment of trauma care in the United States, found that
56% of all trauma patients and about one third of severely
injured patients were treated in NTCs.29 In Florida, 38% of
eligible trauma patients were treated in TCs in the year 2003.

With the addition of a level I TC at the University of Florida,
this triage rate has risen to over 50%. Addition of 2 trauma
centers in underserved areas in Bay County and Tallahassee
would increase the triage rate to 59%. Secondary priorities
are to add level II trauma centers in the Jacksonville and Orlando
regions, which are currently served by level I centers with large
trauma populations to bring the triage rate to TCs to 65%.
Finally, the state of Florida does not have a limit on the number
of TCs that may be designated. As TC performance has been
linked to volume, it has been suggested that no more than one or
2 TCs are necessary per million population.28,30 In addition to
improving performance, limiting the number of trauma centers
decreases the duplication of expensive resources. This did not
appear to be an issue for the Florida trauma system, except in the
Pensacola area where there are 3 level II TCs with volumes
ranging from 202 to 368 patients.

Branas estimated that, as of January 2005, 84% of
Americans had access to a level I or II center within 60
minutes and that 69% had access within 45 minutes.31 Their
analysis of Florida indicated that 78% and 94% of the
population had access to a TC within 45 and 60 minutes,
respectively. Our analysis, using a longer evacuation time of
85 minutes by ground or air, indicated that 95.7% of the
population had access to a TC. This would be increased to
99.7% if TCs were added in Bay County and Tallahassee as
previously discussed. Reassessment of the trauma system
after these changes would be necessary to determine if the
addition of TCs to further decease transport times would be
cost-effective in an inclusive trauma system. Based on these
assessments, prehospital transport times in Florida are better
than the national average as would be expected in a mature
trauma system and may have improved survival at both TCs
and NTCs.

CONCLUSION
Patients admitted to TCs compared with NTCs tended

to be younger and more severely injured based on ICISS.
After adjustment for this systematic triage bias, there was an
approximately 18% improvement in survival associated with
treatment at a TC. This resulted in a marginal cost per life
year saved of $746 to $2815. This cost compares favorably
with other major public health expenditures. In this popula-
tion-based analysis of a mature trauma system, access to TCs
was better than the national average but could be improved
further by the addition of TCs in underserved areas. Periodic
assessment of trauma systems is necessary to assure that the
system does confer a survival advantage and that it is cost-
effective.
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Discussions
DR. STEPHEN M. COHN (SAN ANTONIO, TEXAS): Trauma

systems exist in approximately two thirds of states in the
United States. They have been demonstrated to reduce the
risk of death attributable to vehicular crashes by about 10%.

In this study, the authors found that the great majority
of Floridians have rapid access to state designated trauma
centers and that survival in these centers is better than at
non-trauma centers, when controlling for contributing factors
such as severity of injury and age.

Unfortunately, less than 40% of the injured were actu-
ally taken to trauma centers. The care of patients at trauma
centers is more costly than at non-trauma centers. The esti-
mated additional $2800 charge incurred per year life saved
appears justified when compared to the costs of common
interventions such as $26,000 for coronary bypass surgery
per year of life saved.

I have got a few questions for the authors.
First, how confident are the authors that the database is

accurate and how do you plan to improve the reliability of
your data? For example, a level 1 trauma center, Lee Memo-
rial Hospital, reported in your paper over 1800 trauma admis-
sions in their trauma registry, but the ACHA database found
only 47 trauma patients that were included in your analysis.

Second, most patients with severe injuries, those with
less than a 75% predicted likelihood of survival by the
International Classification Injury Severity Scores, were man-
aged at designated trauma centers. In these severely injured
patients, did they do better if they were managed at trauma
centers? Also, what was the impact of trauma center care on
patients with specific injuries that we are most concerned
about, for example, severe brain injuries?

Third, if in fact the state of Florida decides to ade-
quately finance verified trauma centers, who will control the
number and site of these centers? In reviewing your data,
there are some areas of Florida, such as Broward County, where
there are quite a number of trauma centers with low patient
volumes. Considering the limited funds available to support
trauma care, should Florida limit the location of trauma centers
to those specific facilities necessary to provide adequate access
to optimal quality trauma care for the populace?

Finally, if the state financially supports trauma centers
and they were located appropriately to optimize patient ac-
cess, how would the authors ensure that the injured were
actually taken to these hospitals?

I would like to thank the Association for the privilege
of discussing this interesting paper, and commend the authors
on completing this major investigation.
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DR. RODNEY M. DURHAM (TAMPA, FLORIDA): As in any
population-based study, it is only as good as the data you get.
Non-trauma centers in the state of Florida do not keep trauma
registries, so the only way that we could compare mortality
between non-trauma centers and trauma centers was to use
the ACHA database.

You correctly identified, as we did in the paper, that
Lee Memorial had 1800 patients in their registry. About 50%
of these patients were trauma alerts, which were the real
population that we wanted to study. So that was about 900
patients that they had there. I think that 900 patients out of
21,584 patients didn’t make a major difference. I will point
out that none of the other 18 trauma centers had this problem
in classification of their ACHA database. Most of that oc-
curred because Lee Memorial failed to designate these pa-
tients as emergency admissions.

The comparison of the more severely injured patients’
mortality we did not look at. It was difficult to compare
because of the differences in patient population served in
trauma centers and non-trauma centers. The non-trauma cen-
ters tended to admit elderly patients with minor injuries,
whereas the trauma centers tended to admit the more severely
injured younger patients, so it was difficult to get major
groups of patients in the non-trauma centers to perform a
valid statistical analysis.

The same was also true for head injuries. These trauma
centers tend to be large regional resources, and point of fact,
most of the non-trauma centers don’t have neurosurgical
capabilities available. So it is very common that, head-injured
patients are transferred immediately to a trauma center.

Who decides where the trauma centers are put? At the
current time, the state does. Now, as you are aware, one of the
West criteria is: does the state have the capability of limiting
the number of trauma centers that are present? At the current
time, the state of Florida does not limit the number of trauma
centers present. This has not been a problem for the majority
of the state because of the costs associated with trauma
centers.

It has been a problem in the Pensacola area where for
political reasons there are 3 level IIs for a population of about
1 million. Again, because of political reasons, we have not
addressed that. In addition, if you look at the Pensacola
Domestic Security Task Force Region, there is an area in Bay
County, that doesn’t have any trauma centers, and is far
enough away from Pensacola that they were really one of the
underserved areas that you looked at in the panhandle. That is
one of the things that Dr. Lottenberg, who is here and is the
trauma director for the state of Florida, will have to address
at some point.

I think Florida actually has a fairly strong trauma
system. Ensuring that the most severely injured patients are
taken to trauma centers has not been a problem at the present
because the non-trauma centers don’t want anything to do

with them. If it at some there actually becomes financial
advantage to keeping these patients, then I think possibly the
state would have to step in and look at where these patients
are being treated.

DR. NORMAN E. MCSWAIN, JR. (NEW ORLEANS, LOUISI-
ANA): Once again, the outstanding group of trauma surgeons
from Florida has given us a lot of data, and it has added to the
care of the trauma patient nationwide by looking at their
program.

I have a concern, however, that a lot of patients seem-
ingly were carried to non-trauma centers which were trauma
patients. And that would mean that the EMS personnel are
undertriaging the patients and not carrying them directly to
the trauma center or you don’t have a good protocol for
appropriately delivering the patient to the trauma center, or
there may be some political reasons for this to occur. Could
you address your pre-hospital assessment of patients and how
you determine who goes to what hospital?

DR. RODNEY M. DURHAM (TAMPA, FLORIDA): We have
some of the same concerns. If you look at Nathan’s paper
looking at access to trauma centers published in 2002, he
actually stated that about 56% of trauma patients across the
country are treated in non-trauma centers.

When we looked at our data and one of the reasons for
doing this study was to look at access to trauma centers there
were particular gaps in the panhandle, and at the time the
study was started there was a gap in the middle of the state.
Since that time, a level 1 trauma center has come online at the
University of Florida in Gainesville, and currently our data
indicate that about 50% of trauma patients are treated in
trauma centers with the addition of this trauma center.

We have fairly standard triage criteria for transport to a
trauma center. The problem has not been with the triage
criteria; it has been the location of the trauma centers in the
state. We have recommended an additional increase to 60%
trauma center in Tallahassee which is well above the national
average.

DR. STEVEN M. STEINBERG (COLUMBUS, OHIO): I do have
one question, and it has to do with the cost and charge data
that you presented. Why did you compare the cost data from
the trauma centers and the non-trauma centers? You made the
point that the trauma centers are caring for a more severely
injured patient population than the non-trauma centers. It
only stands to reason that the cost per patient is going to be
higher. I am afraid you might bias the politicians against the
trauma centers a little bit if that data are looked at too
superficially.

DR. RODNEY M. DURHAM (TAMPA, FLORIDA): I would
agree with you. Unfortunately, the government had already
figured out that the cost was more expensive in trauma
centers than non-trauma centers. And we were trying to show

Durham et al Annals of Surgery • Volume 243, Number 6, June 2006

© 2006 Lippincott Williams & Wilkins784



them that indeed we were treating more severely injured
patients and that it only costs about $746 per life-year saved
to treat these patients at a trauma center versus a non-trauma
center.

In addition, if you look at cost per life saved the cost
was about $245 more at a trauma center versus a non-trauma

center. And as mentioned earlier, this compares favorably
with the cost data for other major health care, public health
problems, like dialysis and coronary artery bypass.

In this era of pay for performance, the government is
demanding this type of data before authorizing public funding
of trauma systems.
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