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Objective
This study used population-based data bases to assess the association of trauma centers with
per capita county hospitalization and trauma death rates in the State of North Carolina.

Summary Background Data
The current study extended previous work using two North Carolina data bases to assess the
association of the presence of a trauma center with per capita county trauma death rates.

Methods
Data on per capita county trauma hospitalizations and deaths were obtained from the state
hospital discharge data base and the North Carolina Medical Examiner's data base. Bivariate and
multivariate analysis techniques were used. The dependent variables of interest were prehospital,
hospital, and total trauma death rates and hospitalization rates for injury.

Results
Bivariate analysis identified a number of factors associated with per capita county
hospitalizations and trauma death rates. These included the per cent unemployment, racial
distribution, county alcohol tax receipts, and advanced life support certified emergency medical
services providers. The per capita trauma death rates were significantly lower in counties with
trauma centers compared with those without trauma centers (4.0 ± 0.5 and 5.0 ± 1.1 deaths
per 10,000 population, p = 0.0001, respectively). The per capita hospitalizations for trauma were
also lower in counties with trauma centers. Multivariate modeling showed that the presence of
a trauma center and advanced life support providers were the best predictors of decreased per
capita county trauma death rates.

Conclusions
The study showed that the presence of a trauma center and advanced life support training were
the two medical system factors that were the best predictors of the per capita county prehospital
and total trauma death rates. These findings are consistent with the hypothesis that trauma
centers are associated with a decrease in trauma death rates.
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Trauma remains one of America's most devastating
public health problems.' Trauma centers have been de-
signed to decrease the morbidity and mortality of injury
through the development of regional trauma systems.
Unfortunately, the increased expense of maintaining
trauma centers and the poor reimbursement associated
with trauma care have led fewer hospitals to seek a
trauma center designation, and a number of trauma
centers have allowed their designation to lapse.2'3 Al-
though there are data that support the value of trauma
centers and justify the investments needed to maintain
trauma centers, most ofthese do not involve large popu-
lation-based studies. Large-scale randomized clinical
trials are impractical for various reasons, including costs,
set referral patterns, the heterogeneous nature oftrauma,
and the ethical concerns of performing such a study.4
The current study is based on previous work that used

the statewide population-based North Carolina Medical
Examiner's data base and the University of North Caro-
lina Health Research data base to assess the association
ofthe presence ofa trauma center with per capita county
trauma death rates.5 It extends the previous analysis by
accessing another statewide data base, the North Caro-
lina Medical Database Commission Database (NC
MDCD) to determine the association oftrauma centers
with county per capita hospitalizations and hospital
deaths from trauma. Because the previous study demon-
strated that the presence of a trauma center is not the
only factor associated with county per capita trauma
death rates, a number ofother demographic and medical
system factors that might have an impact on per capita
trauma hospitalizations and death rates were also evalu-
ated. The primary hypothesis tested in this study was
that the per capita county hospitalization and death rates
for injury would be lower in counties with trauma
centers than in counties without trauma centers.

MATERIALS AND METHODS
The Trauma Centers of North Carolina
The State ofNorth Carolina began designating trauma

centers through the Office of Emergency Medical Ser-
vices in 1982. The criteria for trauma center designation
closely paralleled the criteria established by the Ameri-
can College of Surgeons.6 Of the eight trauma centers in
North Carolina, five are level I, and three are level II.
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Regardless ofthe level, each hospital must meet essential
criteria (verified by a written request for proposal and an
in-depth site visit) before designation and routinely un-
dergo renewal visits.

Study Population
The population selected for this study was North Car-

olina trauma patients who were injured and admitted to
hospitals in North Carolina or who died of an injury in
the state. Patients who fulfilled these criteria were in-
cluded as the study population. North Carolina is the
tenth most populous state in the nation and has large
rural and urban populations (80 counties are rural, and
20 are urban). In addition, a significant portion of its
population are minorities (21%) or the poor (7%), for
whom trauma is a more common problem. During the
years 1988 through 1991, there were 13,100 trauma
deaths in North Carolina; 60% of those who died were
boys and men with 40% girls and women (average age,
26 ± 10 years).

Data Sources
North Carolina Medical Examiner's Data Base

Data on the number and characteristics of trauma
deaths for this study were obtained for the years 1988
through 1991 from the North Carolina Medical Exam-
iner's data base. This is a long-standing, well-validated,
population-based data base that collects information on
every trauma death in the state of North Carolina. This
data base has been extensively used and has been con-
firmed as an accurate population-based tool in numer-
ous studies.7-9
North Carolina Medical Database Commission
Database
Data on all hospitalizations from injury in North Car-

olina are sent to the NC MDCD. These hospital dis-
charges are coded by International Classification of Dis-
ease ninth revision (ICD-9) diagnoses and procedures
and entered into a state-mandated hospital discharge
data base. Patient outcome is available for analysis.

University of North Carolina Department of
Surgery Health Research Data Base

Data on county variables, including geographic, socio-
economic, and county medical system factors, were ob-
tained from a combined data base developed and stored
at the Department of Surgery at the University ofNorth
Carolina at Chapel Hill. This data base contains demo-
graphic and medical system data on the State of North
Carolina consolidated from several population-based
national and statewide sources.
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Variables

Dependent Variables

The dependent variables of interest for this study were
the per capita hospitalizations for injury and prehospital,
hospital, and total trauma death rates in each of North
Carolina's 100 counties. The per capita values were ob-
tained by determining the number oftrauma deaths (in-
cluding prehospital, hospital, and total trauma deaths),
dividing this number by the county population, and mul-
tiplying it by 10,000 (per capita county trauma death
rate = [resident trauma deaths/number of county resi-
dents] x 10,000). The per capita county hospitalization
rate for injury was determined in a similar fashion (per
capita county hospitalization rate = [resident hospitaliza-
tions/number of county residents] x 10,000).

Independent Variables Tested

The independent variables were divided into three
groups (Table 1). The groups were (1) geographic vari-
ables (including county population density and per cent
of county area that was rural); (2) socioeconomic vari-
ables (including mean personal income and unemploy-
ment levels in the county, the per cent of the county
population that was not white, and the county alcohol
tax receipts); and (3) county medical system factors (in-
cluding the presence or absence of a trauma center, the
level of emergency medical services [EMS] certification
in the county, i.e., advanced life support [ALS] or basic
life support [BLS]), the presence of 91 1 emergency tele-
phone access, the number of general surgeons in the

Table 1. LIST OF VARIABLES

Dependent variables
Total per capita county trauma deaths
Prehospital per capita county trauma deaths
Per capita hospitalizations from trauma
Per capita hospital deaths from trauma

Independent variables
Geographic

Per cent of county area that is rural
County population density

Socioeconomic
Mean personal income
Per cent unemployment
Per cent non-white
Alcohol tax receipts

Medical system
Presence of a trauma center
ALS or BLS EMS service
Presence of 911 emergency access
No. of general surgeons
No. of hospitals
Average EMS scene time

county, the number of hospitals in the county, and the
county average EMS scene time).

Statistical Methods
Bivariate analysis was performed as the first step in an

attempt to determine the association ofthe multiple inde-
pendent variables with the dependent variables (per ca-
pita hospitalizations, prehospital and hospital deaths,
and total county trauma death rate). Pearson correlation
coefficients were derived for each independent and de-
pendent variable. The mean per capita trauma death
rates were grouped by the values of the categoric vari-
ables (presence of a trauma center, EMS certification,
and presence of 91 1 telephone access). These were then
compared using Student's t test when they were dichoto-
mous or analysis of variance when they were not. For
comparison purposes, the categoric variables were trans-
formed to numeric variables, coded as 0 and 1, and used
in the bivariate correlation analysis with the other candi-
date variables (trauma center = 1, no trauma center = 0;
ALS = l, BLS = 0; and 911 = 1, no 911 = 0).

After bivariate analysis, multiple linear regression anal-
ysis was performed. To avoid problems with multicolin-
earity, variables with a high degree of correlation with
one another were excluded from multivariate modeling.
Linear regression was performed using stepwise selection
to build a model to predict the value of the each of the
dependent variables. Testing ofthe regression model was
performed to identify problems such as multicolinearity,
heteroskedasticity, and autocorrelation using a statistical
analysis system for personal computers (SAS, Cary, NC)
program. Residuals were plotted, and standard tests of
influence, including Cook's D, were analyzed to discover
whether any observations were outliers. These diagnos-
tics showed that the assumptions of linear regression
held.

RESULTS
Population Description
The population distribution, the distribution of the

absolute number of trauma deaths in each county, the
distribution of the per capita county trauma death rates,
and the location of this state's trauma centers are shown
in the maps in Figures 1 to 5. During the time of the
study, there were an average of 37,000 hospital admis-
sions for injury per year, 3500 total trauma deaths per
year, and 1100 hospital trauma deaths per year.

Bivariate Analysis
Counties with trauma centers were more urban in pop-

ulation (251,000 ± 156,000 vs. 52,000 ± 46,000, p =
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Figure 1. Per capita hospitalizations for trauma.

0.007) and had more total trauma deaths (309 ± 190 vs.
78 ± 67, p = 0.01). Trauma center counties had more
total hospitalizations for trauma and more hospital
trauma deaths (5337 ± 3208 vs. 1181 ± 943 and 122 ±
70 vs. 27 ± 25, p < 0.01 in both, respectively). The mean
trauma death rate in counties with trauma centers was
significantly lower than that in those without trauma
centers (4.0 ± 0.5 and 5.0 + 1.1, respectively; p = 0.001;
Figs. 6 to 8). When analyzed on a per capita basis,
trauma center counties had a trend toward lower hospi-
talizations (51.3 ± 7 vs. 57.7 + 17, respectively, p = 0.07)
and had the same per capita hospital death rate (1.6 ± 0.4
vs. 1.7 ± 0.7, respectively; p = 0.5; Fig. 9). The most
significant difference was in the prehospital death rate in
trauma center counties (2.3 ± 0.3 vs. 3.2 ± 1.3, respec-
tively; p = 0.0001). A comparison of prehospital and
hospital death rates in the counties with ALS versus BLS
certified EMS showed that counties with ALS certifica-
tion had significantly lower prehospital death rates (2.9
± 1.0 vs. 4.1 ± 1.3, respectively; p = 0.0002) and slightly
higher hospital death rates (1.8 ± 0.6 vs. 1.5 ± 0.7, respec-
tively; p = 0.05; Fig. 10). Bivariate analysis revealed a
number of significant associations between the indepen-
dent and dependent variables (Table 2). Of the demo-
graphic factors that were tested, the county racial distri-
bution, unemployment levels, population density, and
alcohol tax receipts were found to be associated with
county per capita trauma death rates.

Medical System Factors
Of the medical system factors studied, neither the

number of surgeons nor the number of hospitals in a

Per Capita Prehospital
Trauma Deahw

Li 3.07 to 4 (6 _
n .03to3.07 (50) J

Figure 2. Per capita prehospital trauma deaths.

Figure 3. Per capita hospital trauma deaths.

county were significantly associated with trauma death
rates. The EMS scene time was associated with trauma
death rates but in the opposite direction than expected,
that is, as the scene time increased, the per capita prehos-
pital death rate decreased, hospital deaths increased, and
total deaths decreased. County ALS certification and the
presence of a trauma center were associated with preho-
spital, hospital, and total trauma deaths. Counties with
ALS certification had lower prehospital trauma death
rates, higher hospital death rates, and lower total trauma
death rates (Table 2).

Multiple Linear Regression
Multiple regression analysis with ordinary least

squares was used to assess the relationship ofthe indepen-
dent variables of the study with the dependent variables
(per capita county trauma hospitalizations and trauma
death rates). This technique was used to build a mathe-
matic model of the dependent variables using selected
independent variables to explain the variation in the de-
pendent variables. Because misapplication of this tech-
nique can lead to erroneous results, the steps in creating
and testing the regression model are detailed subse-
quently. Regression modeling was performed for each of
the four dependent variables in the study (county per
capita hospitalizations, prehospital trauma deaths, hospi-
tal trauma deaths, and total trauma deaths).

Multiple regression was performed selecting those
candidate variables that were shown to be strongly asso-
ciated with outcome by the bivariate analysis. The steps

I

Figure 4. Total per capita trauma deaths.
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and results of stepwise multiple regression are shown in
Tables 3 to 6.

Prehospital Trauma Deaths

Prehospital trauma death rates were best predicted us-

ing a model that included the per cent of the nonwhite
population, the county alcohol tax receipts from the de-
mographic data, the level ofEMS training, and the pres-
ence of a trauma center (Table 3).

Hospital Trauma Deaths

Hospital trauma death rates were best predicted using
a model that included measures ofpoverty (per cent un-

employment and mean personal income), racial distri-
bution, and one medical system factor, the presence ofa
trauma center (Table 4).

Total Trauma Deaths
The total trauma death rates were best predicted using

a model that included a variety ofdemographic and med-
ical system factors. County alcohol tax receipts, racial
distribution, and per cent unemployment were all se-
lected for the model. The EMS level of training and the
presence of a trauma center were the medical system
factors selected as the best model predictors from the
medical system factors tested.

Hospitalizations for Trauma

Modeling ofthe county per capita hospitalization rate
for injury identified a variety ofpredictors ofcounty hos-
pitalization rates. Although a larger nonwhite popula-
tion in a county was a predictor ofan increased prehospi-
tal and hospital death rate injury, it was also a predictor
of a lower hospitalization rate for injury. Increased
county per cent unemployment and increased mean
county personal income were predictors ofincreased per
capita hospitalization rates for injury. Decreased popula-
tion density was a predictor of increased hospitalization
rates. Two medical system factors were found to be addi-
tive predictors ofhospitalization rates. Countieswith hos-
pitals and those with ALS level EMS were likely to have
higher hospitalization rates. The addition of a trauma
center to the model did not improve the predictive
power of the model.

DISCUSSION
Because of the serious nature of injury as the most

common killer ofyoung adults and the third most com-
mon cause ofdeath among Americans, trauma has been
receiving increased attention as an important public
health issue.'0 The development of hospital trauma
centers has been a critical approach for decreasing the
morbidity and mortality of injury. Unfortunately, being
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identified as a trauma center can have disastrous finan-
cial consequences."'06 Economic factors have led to neg-

ative repercussions for those hospitals that continue to
invest the necessary personnel and material resources

required to provide care for the seriously injured.'620
Care ofthe trauma patient is expensive and poorly reim-
bursed. One study estimated that, in 1988, the average

cost ofa trauma case was $12,000 compared with $4130
per admission in a hospital for other acute care admis-
sions.3'2' Trauma center losses ranged from $100,000 to
more than $7 million. Ifthe nation is to commit itself to
the financial support of trauma care, it is necessary to
provide solid information demonstrating the benefit of
this investment.
Although several studies have demonstrated the posi-

tive impact ofa trauma center on trauma deaths,'7 only a
few large-scale, population-based studies have been per-
formed. 10-15,22-24 The purpose ofour current study was to
extend previous work that used the North Carolina Medi-
cal Examiner's data base and the University of North

1.840.6 I HospIa Death

Pro spitl D

BLS ALS

Figure 10.

Carolina Health Research data base5 to compare county
trauma death rates with a variety of factors that might
affect outcome. The current study accesses another state-
wide, population-based data base, the NC MDCD,
which tracks the hospital outcome of all hospitalized pa-

tients in the state. This permitted information on hospi-
talization rates to be included in the study. Discharge
information on all patients admitted for trauma (ICD-9
codes 800 to 959.9) was obtained for analysis. Hospital-
ization, hospital death, and prehospital death rates were
calculated for injury in each of the counties of the state.
These values were then used to determine the association
between the presence of a trauma center and trauma
admissions and outcomes.
North Carolina is the tenth most populous state in the

nation, and it has large areas of both rural and urban
populations. A significant portion of its population is
comprised of the poor or minorities, but it also contains
some of the fastest growing urban areas in the nation.
Because of this, examining the entire population base in

Table 2. RESULTS OF BIVARIATE ANALYSIS

Prehospital Hospital Total
Trauma Trauma Trauma
Deaths Deaths Deaths Hospitalizations

Variable Mean ± SD (Pearson r) (Pearson r) (Pearson r) (Pearson r)

Avg. personal income 8850 ± 1476 -0.19* 0.31* -0.02 0.18
% Unemployment 4.2 + 9.9 0.12 0.15 0.22* 0.15
% Non-white 23 + 16 0.44* -0.25* 0.33* -0.34*
% Rural 73 + 24 0.11 -0.01 0.11 -0.02
Pop. density 132 + 147 -0.21* 0.05 -0.20* -0.06
Alochol tax receipts ($/person) 27 + 28 0.28* -0.13 0.23* -0.13
No. of surgeons 7 + 14 -0.16 -0.01 -0.15 -0.05
No. of hospitals 1.3 + 1.1 -0.14 0.10 -0.08 0.10
EMS scene time 14.6 + 4.7 -0.32* 0.20* -0.23* 0.20*
911 911 = 15 -0.19 -0.08 -0.27* -0.13

No911 = 62
ALS certification ALS = 76 -0.43* 0.19* -0.36* 0.22*

BLS = 24
Trauma center TCenter = 8 -0.19* -0.04 -0.23* -0.10

Non-TC = 92

*p < 0.05.
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Table 3. MODEL FOR PER CAPITA PREHOSPITAL TRAUMA DEATHS

Parameter
Variable No. In Est. Partial R2 Model R2 F Statistic p Value

% Non-white 1 2.06 0.196 0.196 23.8 0.0001
ALS/BLS 2 -0.78 0.068 0.263 8.9 0.004
Alcohol 3 0.009 0.040 0.304 5.5 0.02
Trauma center 4 -0.812 0.031 0.0335 4.4 0.04

Table 4. MODEL FOR PER CAPITA HOSPITAL TRAUMA DEATHS

Parameter
Variable No. In Est. Partial R2 Model R2 F Statistic p Value

Average income 1 0.18 0.100 0.100 10.9 0.001
% Unemployment 2 14.6 0.053 0.153 6.0 0.01
Trauma center 3 -0.44 0.038 0.191 4.5 0.03
% Non-white 4 -0.65 0.026 0.217 3.1 0.07

Table 5. MODEL FOR TOTAL PER CAPITA TRAUMA DEATHS

Parameter
Variable No. In Est. Partial R2 Model R2 F Statistic p Value

ALS/BLS 1 -0.56 0.127 0.127 14.2 0.0003
Alcohol 2 0.007 0.048 0.175 11.1 0.01
Trauma center 3 -0.834 0.039 0.213 4.7 0.03
% Non-white 4 1.33 0.028 0.242 3.5 0.06
% Unemployment 5 18.8 0.027 0.269 3.4 0.06

Table 6. MODEL FOR TOTAL PER CAPITA TRAUMA HOSPITALIZATIONS

Parameter
Variable No. In Est. Partial R2 Model R2 F Statistic p Value

% Non-white 1 -21.5 0.115 0.12 12.8 0.0005
% Unemployment 2 514 0.078 0.19 9.5 0.003
Average income 3 3.6 0.035 0.23 4.4 0.04
Pop. density 4 -0.04 0.024 0.25 3.1 0.08
ALS/BLS 5 6.3 0.021 0.27 2.7 0.1
No. of hospitals 6 2.7 0.0175 0.29 2.3 0.1

Ann. Surg. * October 1993
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North Carolina provides a valuable view ofa broad spec-
trum of traumatic injury. Although the positive impact
oftrauma centers has been demonstrated in several stud-
ies comparing outcome in individual hospitals,25 few
other studies have evaluated the impact of trauma
centers on the outcome in an entire state with multiple
trauma centers in a population-based study.5'25

This study builds on previous work5 by adding hospi-
talization rates as an additional independent variables.
There has been a concern in other areas of medicine
about possible overuse and excess costs of subspecialty
care. The fear is that, if a resource is made available, it
will be used whether or not it is needed, resulting in over-
use and overexpenditures. In this study, it was found
that, although trauma center counties had a higher over-
all number of hospital admissions for injury, they had a
slightly lower per capita hospital admission rate for in-
jury than nontrauma center counties (51 ± 7.7 vs. 57.7 ±
17.4, p = 0.07, respectively). Thus, the use ofthe special-
ized care ofthe trauma center did not appear to be over-
used by county residents. If anything, it appeared that
the residents of counties with trauma centers could be
expected to be admitted less frequently than were resi-
dents of nontrauma center counties.

Bivariate analysis showed that counties with trauma
centers have lower total per capita trauma death rates,
but the question remains, "Is the difference in trauma
death rates seen in trauma center and nontrauma center
counties related to the presence of the trauma center or
are other factors at work?" A variety of demographic
factors may affect trauma death rates. Other studies have
shown increased trauma death rates in poor and minor-
ity populations.2S30 Susan Baker et al.3' noted that
rural-urban factors are important county features that
are associated with trauma death rates. Using bivariate
analysis, the current study showed that population den-
sity, per cent nonwhite, per cent unemployment, and
personal income were all associated with total per capita
county trauma death rates. These associations were docu-
mented in our previous work.5
The current study was also designed to assess the asso-

ciation ofother medical system factors with trauma hos-
pitalizations and prehospital, hospital, and total trauma
death rates. Medical resource variables tested included a
variety of both prehospital and hospital factors. Pre-
hospital factors tested included the presence of ALS
training and the presence of 91 l telephone access. Pre-
vious studies by our group analyzed both these fac-
tors.27,28

County ALS Certification and Trauma
Outcome
By contrast with the results ofother studies reported in

the literature,32'33 our previous work found that the pres-

ence of ALS is associated with decreased total trauma
mortality rates.27 The current study again demonstrated
that ALS counties had lower total trauma death rates
and that ALS was the most powerful predictor of de-
creased total per capita trauma death rate in the multi-
variate analyses. This study extended the previous work
by assessing the association of county ALS certification
with county prehospital and hospital death rates. Investi-
gation into county prehospital and hospital death rates
clarified where the effect of ALS occurred. The results
demonstrated that ALS certification was associated with
a significant decrease in the county prehospital death
rate but that the hospital death rates in ALS counties
were increased slightly. A possible explanation for this
finding is that, if prehospital care such as that provided
by EMS, is effective, its impact would be in the prehospi-
tal arena where the intervention occurs. ALS interven-
tions might prolong the lives of a number of critically ill
patients who would otherwise die at the scene or during
transport and, thus, not be admitted to the hospital.
Some of these critically ill patients might later die in the
hospital and increase the hospital's mortality rate. Al-
though this explanation could not be confirmed by the
data available in our current study, the supposition that
the effect ofEMS was greatest in the prehospital phase of
trauma seemed to be logical.

Trauma Centers and Trauma Death Rate
The primary goal ofthis study was to assess the associa-

tion oftrauma centers with trauma hospitalizations and
death rates. Bivariate analysis demonstrated that the
mean trauma death rate in counties with trauma centers
(4.0 ± 0.5) was significantly lower than that in non-
trauma centers (5.0 ± 1.1, p = 0.001). These findings
were similar to those in our previous work. A new find-
ing was that the majority of this change in outcome was
found in the decrease in the prehospital death rate.
The problem with bivariate analysis as an analysis

technique is that it does not account for confounding
factors, and with regard to trauma center counties, there
may be other factors that contribute to the differences in
trauma death rates. Trauma center counties are gener-
ally more urban, have a higher percentage of minorities,
higher mean personal incomes, and higher population
densities. All these factors might affect the per capita
trauma death rate, and the presence of a trauma center
may only be an indicator ofthe presence ofother factors.
In addition, it may not be the trauma center designation
per se but other hospital resources that are affecting the
per capita trauma death rate. For example, it could be
that increased hospital size, larger emergency depart-
ments, more hospital admissions, a larger staffofgeneral
surgeons, and/or greater total hospital expenditures

Vol.218-No. 4
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might be the critical factors affecting the per capita
trauma death rate rather than the trauma center designa-
tion itself. To quantify the association of these other hos-
pital resources with the per capita trauma death rate,
multivariate analyses were performed. These other mea-
sures of hospital resources were not significantly asso-

ciated with the per capita trauma death rates.
Of the medical system variables tested, county ALS

certification was the most significant predictor ofthe per
capita trauma death rate, followed by trauma center des-
ignation. Linear regression estimated parameters quan-
tify the effect of the independent variable on the depen-
dent variable. Given the value of the independent vari-
able, we can estimate a predicted value for the dependent
variable. In the current study, parameter estimates for
trauma center and ALS training allowed estimates to be
made of the potential impact of the presence of these
factors on county per capita trauma death rates. Using
the parameters estimated for multiple linear regression,
the presence ofALS and a trauma center were associated
with a decrease in the per capita trauma death rates of 1

to 2 per 10,000 population. Given that the mean county
population ranges from 50,000 to 250,000 people, 5 to
25 lives could be saved per county per year. Trauma
center designation, in contrast to other measures ofhos-
pital resources, was also associated with a decreased per
capita trauma death rate. These results are consistent
with the hypothesis that trauma centers save lives and
that the majority of this effect occurs in the prehospital
arena.

SUMMARY
Trauma remains a critical problem in America. Al-

though other studies have evaluated the impact of
trauma centers on outcome from trauma, these studies
have generally been retrospective chart reviews of rela-
tively small numbers of patients. To gain national sup-
port for trauma centers, a strong demonstration of the
value of trauma centers is needed. The current study
used two large, well-validated, population-based data
bases to look at all the trauma deaths and hospitaliza-
tions in the state of North Carolina for the years 1988 to
1991. This study expanded our previous work by adding
trauma hospitalization rates, prehospital death rates,
and hospital death rates per county to the total per capita
trauma death rates as measures of outcome. Similar to
the results of other studies, a number of demographic
and socioeconomic factors were found to be associated
with increased per capita trauma death rates. These in-
cluded measures of rural character, such as population
density, per cent of unemployment, and per cent of the
county population that is nonwhite.
Of the medical system variables tested, ALS training

and trauma centers were consistently found to be the two
most powerful predictors ofthe per capita trauma death
rates. Other medical system factors, such as hospital size
and clinical activity (represented by the number of ad-
missions and the number of general surgeons), were not
found to be predictors ofcounty trauma death rates. The
results of this study are consistent with the hypothesis
that trauma centers significantly decrease trauma deaths
and confirm the findings in our previous work, which
show a decreased per capita trauma death rate associated
with advanced life support (ALS) training.
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Discussion
DR. ROBERT E. CONDON (Milwaukee, Wisconsin): I en-

joyed this presentation by Dr. Rutledge very much. It attempts
to approach an issue ofmajor concern in terms ofhealth policy
for this country-the continuing disparity between outcomes
of trauma in the rural environment and in the urban environ-
ment.

In this study, Dr. Rutledge compared the crude total trauma
death rates in 8 North Carolina counties that had trauma
centers with 92 counties that didn't and concluded that the
presence of the trauma center was associated with a significant
decrease in the trauma death rate.

In some ways that's almost a self-fulfilling prophecy, and I
don't question the conclusion. But I do want to raise some
other questions about the study because careful analysis of epi-
demiologic studies of trauma potentially provides the insights

that we'll need to guide development of appropriate medical
system responses to the problem.
We're never going to get a trauma center in every rural

county in America, so we need to do carefully stratified analy-
ses to identify other factors that we can influence. In doing
these analyses, it's essential to avoid an ecologic fallacy result-
ing from the bias inherent in the arbitrary process of aggregat-
ing epidemiologic data.
Now, in this study, the arbitrary classification ofthe data by

county and by the presence or absence of a trauma center may
in fact confound analysis of the data. Counties are political
subdivisions that have little to do with human health or other
similar factors that impact on the response to trauma, and the
presence of a trauma center is largely a phenomenon of an
urban environment. That's where the trauma centers are.
The urban environment is different from the rural environ-

ment. Automobile speeds are lower, response times are
quicker, and the population in terms of the extremes of life
tends to be underrepresented in the urban centers. Rural
centers are overrepresented with the very young and the very
old, who are more frail and who have a worse outcome from
trauma.

It is these kinds of confounding factors, as well as the more
societal factors which Dr. Rutledge has gone through, that may
be very important in the analysis of data and in avoiding the
ecologic fallacy.
Now, "ecologic fallacy" is an epidemiologic term, and it's

still early on Saturday morning after Friday evening, but let me
give by analogy an example of ecologic fallacy for which I am
indebted to Dr. Mark Gottlieb. In Wisconsin, air quality varies
a good bit from one county to another. Also, the number of
cows per acre varies from one county to another. And it turns
out that those Wisconsin counties with the highest density of
cows per acre also have the best quality air. Would you con-
clude from that data that cows cause clean air? No, that would
be a fallacy in Wisconsin. It would also be a fallacy in North
Carolina.

I would like Dr. Rutledge to address the important issue of
how he has adjusted and stratified his crude epidemiologic data
to avoid falling into that sort of trap.
The second question I'd like to raise has to do with the pre-

hospital death rates. Have you looked at the data in your ab-
stract book? The difference between hospital death rate and
total death rate I'm assuming is primarily related to the pre-hos-
pital deaths. And the difference is 2 deaths per 100,000 people
and it's identical in both those counties with trauma centers
and those without.
That doesn't seem to fit the conclusion that counties with

trauma centers have a lower pre-hospital death rate. I'd appreci-
ate it if you could explore that issue in a little bit more detail
with us.

DR. CHARLES L. RICE (Dallas, Texas): I'd like to congratu-
late Dr. Rutledge and his colleagues on an excellent paper and a
superb presentation and thank the Program Committee for
putting a study such as this on the program for us.
As violence becomes increasingly recognized as a public

health issue, it is clear that we must begin to take public health
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