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A bs tr ac t

Background

Hospitals have difficulty justifying the expense of maintaining trauma centers 
without strong evidence of their effectiveness. To address this gap, we examined 
differences in mortality between level 1 trauma centers and hospitals without a 
trauma center (non–trauma centers).

Methods

Mortality outcomes were compared among patients treated in 18 hospitals with a 
level 1 trauma center and 51 hospitals non–trauma centers located in 14 states. Pa-
tients 18 to 84 years old with a moderate-to-severe injury were eligible. Complete 
data were obtained for 1104 patients who died in the hospital and 4087 patients 
who were discharged alive. We used propensity-score weighting to adjust for ob-
servable differences between patients treated at trauma centers and those treated at 
non–trauma centers.

Results

After adjustment for differences in the case mix, the in-hospital mortality rate was 
significantly lower at trauma centers than at non–trauma centers (7.6 percent vs. 
9.5 percent; relative risk, 0.80; 95 percent confidence interval, 0.66 to 0.98), as was 
the one-year mortality rate (10.4 percent vs. 13.8 percent; relative risk, 0.75; 95 per-
cent confidence interval, 0.60 to 0.95). The effects of treatment at a trauma center 
varied according to the severity of injury, with evidence to suggest that differences 
in mortality rates were primarily confined to patients with more severe injuries.

Conclusions

Our findings show that the risk of death is significantly lower when care is pro-
vided in a trauma center than in a non–trauma center and argue for continued ef-
forts at regionalization.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
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In 1976, the American College of Sur-
geons Committee on Trauma published crite-
ria for categorizing hospitals according to the 

resources required to provide various levels of 
care for traumatic injuries.1 Increasingly, states 
are using these criteria as a basis for designating 
trauma centers as part of a regionalized approach 
to trauma care.2 However, this process has not 
been uniform. There is substantial variation across 
states in the number and geographic distribution 
of trauma centers,2-4 owing in part to the lack of 
strong evidence of the effectiveness of trauma 
centers coupled with high costs of verifying their 
capabilities.5 The existing evidence is based on 
studies of preventable deaths involving subjective 
reviews and restricted inclusion criteria,6 registry-
based studies that rely on comparisons of the 
number of observed deaths in trauma centers 
with the number expected on the basis of nation-
al normative data,7 or population studies limited 
by their use of administrative data and historical 
controls.8,9 Furthermore, studies have focused on 
in-hospital mortality, yet a substantial proportion 
of patients with traumatic injuries die of their in-
juries in the year after discharge.10,11 The Nation-
al Study on the Costs and Outcomes of Trauma 
(NSCOT) was designed to address these limita-
tions and identify differences in outcomes and 
costs associated with treatment at hospitals with 
a level 1 trauma center and hospitals without a 
trauma center (non–trauma centers). In this re-
port, we examine the effect of care in a trauma 
center on the risk of death. We hypothesized that 
the risk of death would be lower at a trauma center 
as compared with a non–trauma center and that 
the effect would be largest for younger patients 
with more severe injuries.

Me thods

Setting

The NSCOT was conducted in 15 regions defined 
according to contiguous Metropolitan Statisti-
cal Areas in 14 states (Table 1). The Metropoli-
tan Statistical Areas were selected from among 
the 25 largest such areas in 19 states (Arizona, 
California, Colorado, Florida, Illinois, Indiana, 
Iowa, Maryland, Massachusetts, Michigan, New 
Jersey, New York, North Carolina, Oregon, Penn-
sylvania, South Carolina, Virginia, Washington, 
and Wisconsin) for which routinely collected hos-
pital-discharge data were available in 1999. We 

excluded Metropolitan Statistical Areas in which 
large non–trauma centers collectively treated 
fewer than 75 patients with major trauma annu-
ally, as defined according to an Injury Severity 
Score of more than 15, on the basis of the di-
agnostic codes of the International Classification 
of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM).12,13

Within each Metropolitan Statistical Area, we 
identified all level 1 trauma centers and large 
non–trauma centers (Table 1). Hospitals were 
identified as level 1 trauma centers if designated 
by a state or regional authority or verified by the 
American College of Surgeons Committee on 
Trauma. Large non–trauma centers were neither 
designated nor verified as trauma centers at any 
level and treated at least 25 patients with major 
trauma annually. Although virtually all non–
trauma centers that met the study criteria were 
asked to participate (124 of 131), only a sample 
of trauma centers (27 of 68) was selected. This 
sample was devised to achieve approximately 
equal numbers of small, medium, and large cen-
ters on the basis of the annual volume of pa-
tients with major trauma. Eighteen (66.7 percent) 
of the trauma centers and 51 (40.8 percent) of 
the non–trauma centers agreed to participate 
and received approval from their institutional 
review board. The principal reason for nonpar-
ticipation among trauma centers was lack of ap-
proval by the institutional review board (7 of 9), 
whereas the majority of nonparticipating non–
trauma centers (48 of 73) declined to partici-
pate because of a lack of administrative support 
to facilitate the study.

Non–trauma centers were, on average, smaller 
than trauma centers, were less likely to be mem-
bers of the Council of Teaching Hospitals, and 
treated fewer patients with major trauma (Table 
2). However, 17 such centers had a designated 
trauma team, and 8 of these had a trauma di-
rector. As compared with the universe of level 1 
trauma centers and non–trauma centers located 
in Metropolitan Statistical Areas, the NSCOT 
sample consisted of larger hospitals that were 
more likely to be members of the Council of 
Teaching Hospitals.2 During the study, one of 
the non–trauma centers was designated a level 1 
trauma center and one level 1 trauma center lost 
its verification. For the analysis, these hospitals 
were categorized according to their status at en-
rollment.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
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Table 1. Number of Participating Trauma Centers and Non–Trauma Centers, According to Metropolitan Statistical Area.

Metropolitan Statistical Area Level 1 Trauma Centers Non–Trauma Centers 

 
Met 

Criteria 
Selected  
for Study

Enrolled  
in Study

Met 
Criteria

Selected  
for Study

Enrolled  
in Study

Boston; Providence, R.I., Fall River, Mass., and Warwick, R.I. 5 3 1 8 8 4

New York City 18 3 1 9 9 4

Philadelphia and N.J.; Allentown, Bethlehem, and Easton, 
Pa.; Reading, Pa.

8 3 2 12 12 2

Williamsport, Pa.; Scranton  
and Wilkes-Barre, Pa.; Pittsburgh

3 2 1 7 0 0

Baltimore; Washington, D.C., Maryland and Virginia,  
and West Virginia

3 2 2 5 5 5

Charlotte, N.C.; Gastonia, N.C., and Rock Hill, S.C.; 
Greensboro, Winston Salem, and High Point, N.C.; 
Fayetteville, N.C.

2 2 2 7 7 4

Miami; Ft. Lauderdale, Fla. 3 1 1 10 10 1

Chicago; Gary, Ind. 13 2 2 15 15 2

Detroit; Saginaw, Mich. 3 2 1 18 18 8

Evansville and Henderson, Ind. 0 0 0 3 3 2

Milwaukee and Waukesha, Wis.; Madison, Wis.; Racine, Wis. 2 1 1 6 6 4

San Diego, Calif. 1 1 1 3 3 3

San Francisco; Oakland, Calif.; Modesto, Calif.; Stockton, 
Calif.

1 1 1 10 10 3

Los Angeles and Long Beach, Calif. 5 3 1 15 15 6

Seattle, Bellevue, and Everett, Wash. 1 1 1 3 3 3

All regions 68 27 18 131 124 51

 

Table 2. Characteristics of Participating and Nonparticipating Hospitals According to Trauma Center Status.*

Characteristic Trauma Centers Non–Trauma Centers

Participating 
Trauma Centers 

(N = 18)

All U.S. Level 1 
Trauma Centers† 

(N = 177)

Participating 
Hospitals  
(N = 51)

All U.S. Hospitals† 
(N = 1836)

Publicly owned (%) 44.4 34.4 3.9 11.3

Member of the Council of Teaching Hospitals (%) 100.0 75.7 15.7 5.4

Average no. of acute care beds 303.0 270.6 207.2 114.3

Average no. of ICU beds 41.9 33.9 19.1 12.2

Average no. of admissions/yr (all conditions) 23,018 14,339 16,672 8638

Average no. of admissions for major trauma/yr‡ 319.2 NA 39.9 NA

Designated trauma team (%) 100.0 NA 34.0 NA

Trauma director (%) 100.0 NA 16.0 NA

Continuous in-house call for general surgery (%) 84.2 NA 30.0 NA

Continuous in-house call for neurosurgery (%) 42.1 NA 16.0 NA

Continuous in-house call for orthopedic surgery (%) 42.1 NA 16.0 NA

*	ICU denotes intensive care unit, and NA not applicable.
†	Only hospitals located in a Metropolitan Statistical Area were included.
‡	Major trauma was defined by an Injury Severity Score of more than 15.
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Patient Population and Selection

Patients were eligible for the study if they were 18 
to 84 years of age, arrived alive at a participating 
hospital, and were treated for a moderate-to-
severe injury (defined by at least one injury with 
a score of at least 3 on the Abbreviated Injury 
Scale) between July 2001 and November 2002.14 

Patients who presented with no vital signs and 
were pronounced dead within 30 minutes after 
arrival were excluded, as were patients who de-
layed seeking treatment for more than 24 hours, 
patients 65 years of age or older with a first listed 
diagnosis of hip fracture, patients with major 
burns, patients who spoke neither English nor 
Spanish, non–U.S. residents, and patients who 
were incarcerated or homeless at the time of in-
jury. The patients were selected and eligibility 
was determined in two stages (Fig. 1). First, ad-
ministrative discharge records and emergency 
department logs were prospectively reviewed to 
identify patients with a principal ICD-9-CM diag-

nosis code of 800 to 959 (excluding those due to 
late effects, foreign bodies, complications, burns, 
and [among patients 65 years of age or older] hip 
fractures). We then used a computer program to 
map ICD-9-CM diagnoses to Abbreviated Injury 
Scale scores13 to select patients with at least one 
diagnosis involving a score of at least 3 on the 
Abbreviated Injury Scale. A total of 18,198 patients 
met these initial eligibility criteria.

In the second stage, we selected all 1438 pa-
tients who had died in the hospital and a sample 
of 8021 patients who were discharged alive, 
stratified within hospitals according to age (18 to 
64 years vs. 65 to 84 years), ICD-9-CM–derived 
Injury Severity Scores (15 or less vs. more than 
15); and principal body region injured, hierarchi-
cally classified beginning with the head, arms 
and legs, and other regions. A quota sampling 
strategy was used with the goal of enrolling ap-
proximately 3000 patients who were 18 to 64 
years of age and 1200 patients who were 65 to 

33p9

18,198 Patients eligible
(≥1 diagnosis assigned an AIS score of ≥3)

51,783 Patients 18–84 years old who died
in the emergency department or were

discharged alive with a first listed diag-
nosis of ICD-9-CM code of 800–959

16,760 Patients
discharged alive

8021 Selected 8739 Not selected

1438 Patients who
died in the emergency
department or hospital

7558 Estimated
to be eligible

4866 Enrolled 3155 Not enrolled

4087 Eligible with
complete data

2660 Estimated
to be eligible

1391 Enrolled 47 Not enrolled

1104 Eligible with
complete data
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to be eligible
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Figure 1. Approach to Enrollment.

The patients who were estimated to be eligible were determined according to sampling cell within hospitals, and 
the values were applied to the corresponding numbers of patients who were not enrolled or not selected. ICD-9-CM  
denotes International Classification of Diseases, Ninth Revision, Clinical Modification, and AIS Abbreviated Injury Scale.
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84 years of age, evenly distributed across trauma 
centers and non–trauma centers and across cat-
egories of injury severity and principal region 
injured.

In stage 2, we reviewed patients’ complete 
medical records to determine their final eligibility. 
Medical records were obtained for 1391 (96.7 
percent) of the patients who died in the hospital. 
Of these, 287 were excluded, leaving 1104 eligi-
ble patients for whom medical-record data were 
abstracted. The most common reasons for exclu-
sion in the second stage were death within 30 
minutes after arrival and no vital signs (50.8 per-
cent), lack of evidence of trauma (19.6 percent), 
and treatment sought more than 24 hours after 
injury (21.5 percent).

Patients discharged alive and selected for the 
study were contacted at 3 months by mail and 
then by telephone, and consent was obtained to 
access their medical records and interview them 
at 3 and 12 months. Of the 8021 such patients 
who were selected for the study, 4866 (60.7 per-
cent) were enrolled, 1635 could not be located, 
1177 declined to participate, and 343 completed 
the interview but never provided written permis-
sion for a review of their medical records. Of the 
4866 who were enrolled, 779 (16.0 percent) were 
determined to be ineligible on review of their 
medical records, leaving 4087 eligible live pa-
tients for whom complete medical-record data 
were abstracted. The most common reasons for 
exclusion in stage 2 were treatment sought more 
than 24 hours after injury (70.8 percent) and a 
lack of evidence of trauma (25.4 percent).

For two reasons it was necessary to weight 
data on the 5191 eligible participants with com-
plete medical-record data (1104 of whom died in 
the hospital and 4087 of whom were discharged 
alive) to the population of eligible patients. First, 
the sampling protocol selected all patients who 
died in the hospital but only a proportion of pa-
tients discharged alive. Second, not all patients 
selected for inclusion in the study were enrolled. 
The resulting “sampling” weights consist of the 
reciprocal product of two probabilities: the con-
ditional probability of being selected and the 
probability of being enrolled and having data 
abstracted from the medical record, given that the 
patient was selected. The reference population to 
which inferences are made for the NSCOT con-
sists of 15,440 patients who met or were pro-
jected to meet the inclusion criteria.

Definition of Outcomes and Data Collection

Outcomes of interest included death in the hos-
pital and death within 30, 90, and 365 days after 
injury. We identified deaths that occurred after 
discharge either by interviewing a proxy or through 
a match with the National Death Index.15 To max-
imize the ascertainment of patients who died 
after being discharged, we searched the National 
Death Index 24 months after the last patient had 
been enrolled.

Characteristics of the patients and their inju-
ries that were related to the risk of death were 
obtained from medical records and used in the 
analysis to adjust for differences between those 
treated at trauma centers and those treated at 
non–trauma centers. Nurses, trained specifically 
for the NSCOT and certified in scoring of the 
Abbreviated Injury Scale by the Association for 
the Advancement of Automotive Medicine, ab-
stracted data from the patients’ medical records.

Patients were characterized on the basis of 
their sociodemographic characteristics and pre-
existing medical conditions. Preexisting condi-
tions were identified from a patient’s medical 
record, and a score for the Charlson comorbidity 
index was derived.16 The index is based on 17 
indicators of coexisting conditions, which are 
weighted and then totaled to give a single value. 
A value of 0 indicates that there are no serious 
coexisting conditions. Since the Charlson comor-
bidity index does not include either obesity or 
coagulopathy, both of which correlate with the 
risk of death after trauma,17,18 these conditions 
were included in the analysis as individual co-
variates. The use of alternative models in which 
the Charlson score was replaced with individual 
indicators of preexisting conditions yielded sim-
ilar results.

Injuries were characterized on the basis of 
their mechanism, anatomical severity, and phys-
iological effect. The anatomical severity of indi-
vidual injuries was assessed with the use of the 
Abbreviated Injury Scale.14 Scores derived manu-
ally from a review of the medical record were 
used in all analyses. A total of 381 patients (7.3 
percent) who were selected on the basis of hav-
ing a maximal score of at least 3 were reclassified 
as having a maximal score of less than 3 after a 
review of their medical records. These patients 
were kept in the analysis. Several summary mea-
sures of the overall severity of injury were de-
rived from injury-specific Abbreviated Injury 
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Scales, including the Injury Severity Score,12 the 
New Injury Severity Score,19 the Anatomic Pro-
file Score,20 and the worst survival risk ratio, as 
defined by Meredith and colleagues.21

We used the first assessment of blood pres-
sure and pupillary response in the emergency 
department and the first assessments of the mo-
tor score of the Glasgow Coma Scale22 in the 
field and the emergency department to measure 
the degree of physiological derangement. In cate-
gorizing patients according to the motor score of 
the Glasgow Coma Scale, we separated patients 
who were pharmacologically paralyzed from 
those with a score of 1 who were not pharmaco-
logically paralyzed.

Statistical Analysis

Excluded from the present analysis were 137 pa-
tients who were transferred to a participating 
hospital 24 hours or more after injury as well as 
11 patients whose length of stay before transfer 
from a participating center was less than 24 hours. 
We included 1107 patients who were transferred 
to a participating hospital from another hospital 
within 24 hours after injury (880 within 6 hours). 
When the analysis was repeated excluding these 
1107 patients, similar results were obtained.

We used multiple imputation techniques23 to 
account for missing covariates. Data were miss-
ing for fewer than 5 percent of patients except for 
the categories of prehospital intubation (6.9 per-
cent had data missing), the first score for the 
Glasgow Coma Scale (13.4 percent), and the score 
for the Glasgow Coma Scale obtained before hos-
pitalization (30.9 percent). Ten imputed data sets 
were created. For each data set, robust standard 
errors were computed to account for clustering 
within hospitals. Across data sets, estimates and 
standard errors were computed with the use of 
Rubin’s combining rules.24

All analyses were performed with the use of 
data weighted to the population of eligible pa-
tients. To adjust for observable differences be-
tween patients treated at trauma centers and those 
treated at non–trauma centers, we used the in-
verse probability of treatment weighting approach 
described by Robins and colleagues.25 In this 
approach, data on each patient are further weight-
ed according to the reciprocal of the conditional 
probability of receiving care at a trauma center 
given all demographic and injury characteristics 
listed in Table 3 together with relevant interac-

tion terms. These “adjustment” weights, often re-
ferred to as propensity scores, serve to create an 
“adjusted population,” which has two important 
characteristics: the receipt of care at a trauma 
center is not confounded by covariates, and the 
effect of care at a trauma center is the same in 
the adjusted population as it is in the original 
reference population. This method hinges on the 
correct specification of a model for the propen-
sity score. To check the adequacy of this model, 
we evaluated the balance on covariates in the 
adjusted population.26 We also trimmed the ad-
justment weights to reduce the effect of influ-
ential observations on the overall results. The 
degree of trimming was chosen to minimize mean 
squared error.27

R esult s

As compared with patients treated in trauma 
centers, those treated in non–trauma centers were 
older; had more coexisting conditions; were more 
likely to be female, non-Hispanic white, and in-
sured; and tended to have less severe injuries 
(Table 3). After further weighting according to 
propensity scores, the two groups of patients 
were similar (Table 3).

The observed (unadjusted) case fatality rate in 
the hospital was higher among patients treated 
at trauma centers than among patients treated at 
non–trauma centers (8.0 percent vs. 5.9 percent). 
An additional 3.1 percent of patients died after 
discharge, with a smaller percentage dying after 
discharge from a trauma center than after dis-
charge from a non–trauma center (1.9 percent vs. 
6.3 percent).

After adjustment for differences in the case 
mix, the risk of death within one year after in-
jury was significantly lower when care was pro-
vided in a trauma center than when care was 
provided in a non–trauma center (10.4 percent 
vs. 13.8 percent; relative risk, 0.75; 95 percent con-
fidence interval, 0.60 to 0.95) (Table 4). The rela-
tive reduction in risk was similar for in-hospital, 
30-day, and 90-day mortality (Table 4). We as-
sessed whether the relative risk of death in a 
trauma center as compared with a non–trauma 
center varied according to the overall severity of 
injury. We observed a significant interaction be-
tween the score for the Abbreviated Injury Scale 
and treatment at a trauma center with regard to 
in-hospital mortality (two-sided P = 0.02 by a glob-
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al test for two-way interactions between the type 
of hospital and maximal scores), 30-day mortal-
ity (P = 0.03), and 90-day mortality (P = 0.02) but 
not 365-day mortality (P = 0.61). As shown in 
Table 4, the relative risks of death among pa-
tients with a maximal score for the Abbreviated 
Injury Scale of 4 or a maximal score of 5 or 6 

were lower than the risks among those with a 
maximal score of only 3. On the other hand, 
there were minimal differences in risk between 
patients with a maximal score of 4 and those 
with a maximal score of 5 or 6.

Although a formal test for an interaction be-
tween the type of hospital and age was not sig-

Table 3. Characteristics of the Patients and Their Injuries before and after Propensity-Score Adjustment.*

Characteristic

Unweighted 
No. of 

Patients

Death 
within 365 

Days Before Adjustment After Adjustment 

 
Trauma 
Centers

Non–Trauma 
Centers

Trauma 
Centers

Non–Trauma 
Centers

weighted % percent distribution

Patients

Age†

 <55 yr 3096 6.9 78.6 53.0 71.9 72.5

55–64 yr 559 10.8 9.6 16.1 11.0 11.1

65–74 yr 607 17.3 6.3 11.3 8.0 7.4

75–84 yr 781 32.2 5.5 20.6 9.0 9.0

Sex

Male 3363 10.2 73.1 57.4 68.9 67.0

Female 1680 11.4 26.9 42.6 31.1 33.0

Race or ethnic group 

Non-Hispanic white 3245 11.4 55.7 71.6 59.7 58.1

Non-Hispanic nonwhite 1054 9.3 25.9 15.8 23.9 24.9

Hispanic 744 9.1 18.4 12.6 16.4 17.0

Health insurance before injury 

Medicare only 609 29.5 6.7 12.2 7.9 6.5

Medicare plus private insurance 958 21.6 8.4 23.9 12.8 12.7

Private insurance 1703 5.9 39.0 36.0 38.4 37.1

Medicaid 437 17.5 8.9 6.3 8.4 10.9

Other 206 3.4 4.2 5.2 4.2 5.9

None 1130 5.6 32.8 16.4 28.3 26.8

Charlson comorbidity index score‡ 

0 3306 7.7 76.5 57.8 71.5 72.8

1 758 9.8 13.8 16.7 14.4 12.7

2 409 19.8 5.0 9.8 6.2 6.4

≥3 570 31.1 4.8 15.6 7.8 8.2

Obesity 

Yes 77 17.3 1.3 1.6 1.3 1.6

No 4966 10.5 98.7 98.4 98.7 98.4

Coagulopathy 

Yes 76 20.1 0.8 1.7 1.2 1.3

No 4967 10.4 99.2 98.3 98.8 98.7
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nificant except with respect to the risk of death 
at 365 days (two-sided P = 0.04, as compared with 
P = 0.22 for in-hospital mortality, P = 0.34 for 30-
day mortality, and P = 0.29 for 90-day mortality), 
the results suggest a larger effect of treatment at 
a trauma center among patients younger than 55 
years of age (relative risks ranged from 0.61 to 

0.68) than among those 55 years of age or older 
(relative risks ranged from 0.88 to 0.94).

Discussion

Previous studies of the effectiveness of trauma 
centers have been inconclusive and hampered by 

Table 3. (Continued.) 

Characteristic

Unweighted 
No. of 

Patients

Death 
within 365 

Days Before Adjustment After Adjustment

 
Trauma 
Centers

Non–Trauma 
Centers

Trauma 
Centers

Non–Trauma 
Centers

weighted % percent distribution

Injuries

Mechanism

Blunt, motor vehicle 2190 8.0 53.2 31.9 48.2 49.9

Blunt, fall 1714 14.6 20.3 52.5 27.9 27.3

Blunt, other 512 9.8 9.5 9.5 9.9 8.5

Penetrating, firearm 475 14.3 11.9 4.2 9.7 10.3

Penetrating, other 152 5.1 5.0 1.9 4.3 3.9

First ED measurement of SBP <90 mm Hg 

Yes 304 32.2 4.3 3.2 4.1 5.3

No 4739 9.7 95.7 96.8 95.9 94.7

First ED assessment of pupils  
abnormal 

Yes 678 49.0 9.0 4.7 7.7 9.1

No 4365 7.4 91.0 95.3 92.3 90.9

First ED assessment of GCS motor score§ 

6 3669 5.7 74.0 89.5 78.0 77.2

4–5 379 20.2 7.6 4.3 6.7 6.4

2–3 97 32.7 1.4 1.2 1.3 1.1

1, not chemically paralyzed 401 52.5 5.0 3.0 4.4 4.4

Chemically paralyzed 497 21.2 11.9 2.0 9.6 10.9

Field GCS motor score§ 

6 3753 6.6 75.3 88.4 78.3 76.8

4–5 410 19.5 7.9 5.4 7.2 6.9

2–3 89 27.8 1.5 1.1 1.3 1.8

1, not chemically paralyzed 444 43.1 6.2 3.3 5.7 5.9

Chemically paralyzed 347 18.0 9.2 1.8 7.6 8.5

New Injury Severity Score¶ 

<16 1460 5.9 22.5 52.3 30.0 30.2

16–24 1265 5.5 30.0 24.2 28.6 27.7

25–34 1270 10.6 29.0 15.0 25.6 23.6

>34 1048 28.6 18.5 8.5 15.8 18.5
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limitations in study design and reliance on in-
hospital mortality as a measure. Most problem-
atic has been the difficulty in adequately adjust-
ing for referral bias — that is, the reality that 
trauma centers treat a higher proportion of young, 
severely injured patients, whereas non–trauma 

centers treat a higher proportion of elderly pa-
tients with coexisting conditions. We addressed 
this issue by stratifying the patients according to 
the type and severity of injury and age, collecting 
detailed information on important covariates 
known to influence the risk of death, and by us-

Table 3. (Continued.) 

Characteristic

Unweighted 
No. of 

Patients

Death 
within 365 

Days Before Adjustment After Adjustment

 
Trauma 
Centers

Non–Trauma 
Centers

Trauma 
Centers

Non–Trauma 
Centers

weighted % percent distribution

Injury Severity Score‖

<16 2121 4.8 40.7 66.1 47.0 46.4

16–24 1397 10.2 28.6 21.7 26.9 26.5

25–34 1110 20.9 21.8 9.7 18.8 18.1

>34 415 22.8 8.9 2.5 7.2 9.0

Anatomic Profile Score**

< 4.0 2495 4.9 50.2 69.0 54.8 54.8

4.0–4.9 505 6.2 12.2 7.3 11.1 10.3

5.0–5.9 804 13.8 14.9 12.9 14.4 13.2

6.0–6.9 550 21.6 10.0 6.0 8.8 10.2

≥7.0 689 30.7 12.7 4.8 10.9 11.5

Worst survival risk ratio†† 

<0.25 194 71.0 2.0 0.9 1.8 2.3

0.25–0.49 568 35.4 8.6 4.8 7.6 8.0

0.50–0.74 590 15.1 13.5 5.8 11.5 10.7

0.75–0.89 2168 7.2 46.9 35.8 38.5 40.0

≥0.90 1523 5.1 29.0 52.7 40.6 39.0

Maximal AIS score, overall‡‡

≤3 2744 4.9 57.5 73.0 60.9 60.4

4 1368 12.7 27.2 19.6 25.9 25.7

5–6 931 32.5 15.3 7.4 13.3 13.9

Maximal AIS score, head‡‡ 

≤2 2988 5.8 63.2 72.0 65.2 63.5

3 526 7.3 11.0 9.2 11.0 12.3

4–6 1529 25.2 25.8 18.8 23.8 24.2

Midline shift 

Yes 505 52.1 6.1 4.6 5.7 5.6

No 4538 8.2 93.9 95.4 94.3 94.4

Open skull fracture 

Yes 160 27.8 2.8 1.3 2.4 2.0

No 4883 10.1 97.2 98.7 97.6 98.0
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ing propensity-score weighting to adjust for po-
tential biases in the analysis.

After adjustment for differences in the case 
mix, the overall ris k of death was 25 percent low
er when care was provided at a trauma center than 

when it was provided at a non–trauma center. 
Relative differences in risk, however, varied ac-
cording to the severity of injury, with evidence 
to suggest that differences in the risk of death 
according to the type of hospital were primarily 

Table 3. (Continued.) 

Characteristic

Unweighted 
No. of 

Patients

Death 
within 365 

Days Before Adjustment After Adjustment

 
Trauma 
Centers

Non–Trauma 
Centers

Trauma 
Centers

Non–Trauma 
Centers

weighted % percent distribution

Maximal AIS score, arms and legs‡‡ 

0–1 2454 14.9 44.7 39.8 44.1 44.9

2 891 8.6 17.7 17.1 17.7 18.4

3–5 1698 6.7 37.6 43.1 38.1 36.7

≥2 Long-bone fractures or amputation 

Yes 347 8.4 8.7 5.0 7.7 8.0

No 4696 10.7 91.3 95.0 92.3 92.0

Maximal AIS score, abdomen‡

≤2 4441 10.6 86.3 95.5 87.9 87.5

3 307 9.1 7.4 2.2 6.3 6.5

4–6 295 12.4 6.3 2.2 5.8 6.0

Maximal AIS score, thorax‡ 

≤2 3375 11.4 62.3 78.2 65.6 64.6

3 1106 7.5 25.5 15.5 23.5 22.6

4–6 562 12.2 12.1 6.4 10.9 12.8

Flail chest 

Yes 85 15.3 1.9 0.9 1.6 1.8

No 4958 10.5 98.1 99.1 98.4 98.2

Any spinal cord injury 

Yes 191 10.8 4.8 1.6 4.0 5.0

No 4852 10.6 95.2 98.4 96.0 95.0

EMS level and intubation 

ALS, intubated 574 29.1 11.6 2.8 9.5 10.3

ALS, not intubated 2767 8.1 69.1 40.6 61.4 61.2

BLS 1024 11.0 11.3 34.6 16.8 16.7

Not transported by EMS 678 8.1 8.0 22.1 12.2 11.9

*	 ED denotes emergency department, SBP systolic blood pressure, EMS emergency medical services, ALS advanced life support, and BLS 
basic life support.

†	 The mean age of patients treated at trauma centers and patients treated at non–trauma centers was 45.4 years and 52.0 years, respective-
ly, before adjustment and 43.2 years and 42.8 years, respectively, after adjustment.

‡	 Scores for the Charlson comorbidity index can range from 0 (no serious coexisting conditions) to 17, with higher scores indicating a great-
er number of coexisting conditions.

§	 Motor scores for the Glasgow Coma Scale (GCS) can range from 1 to 6, with higher numbers indicating better function.
¶	 New Injury Severity Scores can range from 1 to 75, with higher scores indicating more severe injury.
‖	 Injury Severity Scores can range from 1 to 75, with higher scores indicating more severe injury.
**	 An Anatomic Profile Score of more than 4 generally indicates more severe injury.
††	Worst Survival Risk Ratios range from 0 to 1, with higher scores indicating less severe injury.
‡‡	Scores for the Abbreviated Injury Scale (AIS) can range from 1 to 6, with higher scores indicating more severe injury.
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among patients with Abbreviated Injury Scale 
scores of 4 or higher. Although there is insuffi-
cient evidence to establish a hospital-based effect 
among patients with scores of less than 4, the 
risk of death in this group of patients, especially 
among the young, is low. It is possible, however, 
that treatment at a trauma center could benefit 
these patients by reducing complications and over-
all treatment costs or improving functional out-
comes and increasing the likelihood that they 
will return to productivity.

Differences in the risk of death according to 
the type of hospital also appeared to be greater 
among younger patients than older patients. Al-
though the risk of death was lower among older 
patients treated at trauma centers than among 
those treated at non–trauma centers, the differ-

ences were not as large as those between young-
er patients and the relative risks of death were 
not significantly different from 1.0. An important 
limitation of our study, however, was the small 
number of older patients with severe injuries, 
resulting in wide confidence intervals for this 
cohort. This limitation may have contributed to 
our inability to detect a significant interaction 
between the type of hospital and age. Elderly pa-
tients with trauma represent a serious challenge, 
because they are at high risk for complications 
and death from injuries that would not necessar-
ily prove fatal to their younger counterparts.28-30 
Paying more aggressive attention to coexisting 
medical conditions during the acute and post-acute 
phases may improve the outcome among such 
patients and is worthy of further study.10,31-34

Table 4. Adjusted Case Fatality Rates and Relative Risks of Death after Treatment in a Trauma Center as Compared with Treatment  
in a Non–Trauma Center.*

Variable
Weighted No.  

of Patients
Death  

in Hospital
Death within 30 
Days after Injury

Death within 90 
Days after Injury

Death within 365 
Days after Injury

Overall population 15,009

Trauma center (%) 7.6 7.6 8.7 10.4

Non–trauma center (%) 9.5 10.0 11.4 13.8

Relative risk (95% CI) 0.80 (0.66–0.98) 0.76 (0.58–1.00) 0.77 (0.60–0.98) 0.75 (0.60–0.95)

Age <55 yr 10,678

Trauma center (%) 5.9 5.9 6.3 6.6

Non–trauma center (%) 9.0 8.7 9.2 10.8

Relative risk (95% CI) 0.66 (0.48–0.89) 0.68 (0.48–0.95) 0.68 (0.50–0.94) 0.61 (0.46–0.81)

Age ≥55 yr 4,331

Trauma center (%) 12.3 12.4 15.6 20.7

Non–trauma center (%) 13.1 13.8 17.8 22.5

Relative risk (95% CI) 0.94 (0.56–1.61) 0.90 (0.56–1.44) 0.88 (0.60–1.27) 0.92 (0.67–1.28)

Maximal AIS score, ≤3 9,193

Trauma center (%) 2.3 2.6 2.7 4.8

Non–trauma center (%) 1.6 1.9 3.3 5.5

Relative risk (95% CI) 1.44 (0.86–2.73) 1.36 (0.81–2.27) 1.24 (0.83–1.85) 0.89 (0.61–1.29)

Maximal AIS score, 4 3,847

Trauma center (%) 8.3 8.4 9.9 12.3

Non–trauma center (%) 11.8 10.9 14.2 16.9

Relative risk (95% CI) 0.70 (0.49–1.02) 0.78 (0.56–1.08) 0.70 (0.52–0.93) 0.73 (0.55–0.97)

Maximal AIS score, 5–6 1,969

Trauma center (%) 30.2 29.4 31.4 31.8

Non–trauma center (%) 43.2 43.9 44.4 44.4

Relative risk (95% CI) 0.70 (0.51–0.96) 0.67 (0.48–0.92) 0.71 (0.52–0.97) 0.72 (0.52–0.98)

*	CI denotes confidence interval, and AIS Abbreviated Injury Scale.
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Our estimates may be conservative for two 
reasons. First, we included only non–trauma cen-
ters that treated at least 25 patients with major 
trauma per year. Most non–trauma centers are 
small and may have a lower quality of trauma 
care than larger facilities. More important, 17 of 
the non–trauma centers in our study had a des-
ignated trauma team, and 8 of the 17 had a 
trauma director. Including these hospitals as non–
trauma centers may have biased the results to-
ward a more conservative estimate of the effect.

Caution is needed in generalizing our results. 
Because the NSCOT is a study of the effectiveness 
of trauma centers in urban and suburban Amer-
ica, our results cannot readily be extrapolated to 
rural areas of the country. In addition, we did not 
address the relative effectiveness of intermediate 
levels (2, 3, or 4) of trauma care. Finally, we ex-
cluded children and adolescents; the effect of care 
in a trauma center in this population must be ad-
dressed in a separate study.

Our results show that the overall risk of death 
is significantly lower when care is provided in a 
trauma center than when it is provided in a non–
trauma center, and they argue for continued ef-
forts at regionalization. At the same time, they 
highlight the difficulty in decreasing the risk of 
death among elderly patients with trauma.

Funded by a grant (R49/CCR316840) from the National Center for 
Injury Prevention and Control of the Centers for Disease Control 
and Prevention and a grant (R01/AG20361) from the National 
Institute on Aging of the National Institutes of Health.

We are indebted to the members of the NSCOT National 
Advisory Committee who provided invaluable assistance in the 
design of the study and in the interpretation of the results, in-
cluding: A. Brent Eastman, M.D. (chair), John W. Ashworth, III, 
M.H.A., Robert R. Bass, M.D., Gloria J. Bazzoli, Ph.D., Michael 
J. Bosse, M.D., Nathan Cope, M.D., Maurine Goehring, R.N. M.S.N., 
David B. Hoyt, M.D., Frank R. Lewis, Jr., M.D., James P. LoGerfo, 
M.D., M.P.H., Ronald F. Maio, D.O. M.S., Donald W. Marion, M.
D., M.Sc., Colleen A. McHorney, Ph.D., J. Wayne Meredith, M.D., 
Jeffrey Michael, Ed.D., John A. Morris, Jr., M.D., Richard J. Mullins, 
M.D., Louis A. Quatrano, Ph.D., John C. Sacra, M.D., Donald M. 
Steinwachs, Ph.D., Marc F. Swiontkowski, M.D., Roger S. Taylor, 
M.D., M.P.A., Harry Teter, J.D., and John A. Weigelt, M.D.; to 
Anthony R. Carlini, M.S., Lele Tang, M.S. and the NSCOT nurse 
coordinators — Linda Agnello, R.N. Marcia Baldwin, R.N., J.D.; 
Sharon Blassingame, R.N. Linda Carrier, R.N., Carla Kimberlin, 
R.N. Elaine Kooima, R.N., Leah LeClerc, R.N. M.S. Cynthia Lemmon, 

R.N., Dana McDermott, R.N., M. Christine Michaelis, R.N., Yeni 
Quintana, R.N., Allana Richmond, M.S., R.N.C., Carleen Sparks, 
R.N., Eleanor Walsh, R.N., and Karen Yuhas, R.N., M.P.H. for their 
commitment to the study; to Ciprian M. Crainiceanu, Ph.D., and  
Zhiqiang Tan, Ph.D., for their assistance in refining our approach to 
the statistical analysis of the data; and, for their participation in the 
study, to the following hospitals:  Beverly Hospital, Beverly, Mass.; 
Boston Medical Center, Boston; Brockton Hospital, Brockton, 
Mass.; Cape Fear Valley Health System, Fayetteville, N.C.; Caritas 
Good Samaritan Medical Center, Brockton, Mass.; Carolinas Medical 
Center, Charlotte, N.C.; Citrus Valley Medical Center, Covina, Calif.; 
Cook County Hospital, Chicago; Deaconess Hospital, Evansville, 
Ind.; Doctors Medical Center, Modesto, Calif.; Forsyth Medical 
Center, Winston-Salem, N.C.; Frederick Memorial Hospital, Frederick, 
Md.; Froedtert Memorial Lutheran Hospital, Milwaukee; Garden 
City Hospital, Garden City, Mich.; Gaston Memorial Hospital, 
Gastonia, N.C.; Greater Baltimore Medical Center, Baltimore; 
Harborview Medical Center, Seattle; Henry Ford Hospital, Detroit; 
Hospital of the University of Pennsylvania, Philadelphia; Jackson 
Memorial Hospital, Miami; Jacobi Medical Center, Bronx N.Y.; 
Johns Hopkins Hospital, Baltimore; Kaiser Foundation Hospital, 
Woodland Hills, Calif.; Kaiser Foundation Hospital, Los Angeles; 
Kaiser Foundation Hospital, San Diego, Calif.; Kendall Medical 
Center, Miami; Los Angeles County–University of Southern California 
Medical Center, Los Angeles.; Lawrence Hospital, Bronxville, 
N.Y.; Lehigh Valley Hospital, Allentown, Pa.; Little Company of 
Mary Hospital, Evergreen Park, Ill.; Long Island College Hospital, 
Brooklyn, N.Y.; Loyola University Medical Center, Maywood, Ill.; 
Maimonides Medical Center, Brooklyn, N.Y.; Mary Washington 
Hospital, Fredericksburg, Va.; Memorial Medical Center, Modesto, 
Calif.; Methodist Hospital of Southern California, A rcadia, Ca.; 
Montefiore Medical Center, Bronx, N.Y.; J. Mount Clemens General 
Hospital, Mount Clemens, Mich.; North Carolina Baptist Hospital, 
Winston Salem, N.C.; NorthEast Medical Center, Concord, N.C.; 
Oakwood Hospital & Medical Center, Dearborn, Mich.; PinnacleHealth 
Harrisburg Hospital, Harrisburg, Pa.; Presbyterian Intercommunity 
Hospital, Whittier, Calif.; Providence Hospital & Medical Centers, 
Southfield, Mich.; Saint Mary’s Medical Center, Racine, Wisc.; Saint 
Mary’s Medical Center, Saginaw, Mich; San Francisco General 
Hospital Medical Center, San Francisco; San Joaquin General 
Hospital, French Camp, Calif.; Shady Grove Adventist Hospital, 
Rockville, Md.; Sharp Grossmont Hospital, La Mesa, Calif.; Sinai 
Grace Hospital, Detroit; South Jersey Hospital-Newcomb, Vineland, 
N.J.; St. Catherine Hospital, East Chicago, Ind.; St. Joseph Medical 
Center, Towson, Md.;  St. Luke’s Hospital of New Bedford, New 
Bedford, Mass.; St. Mary Mercy Hospital, Livonia, Mich.; St. Mary’s 
Health Services, Evansville, Ind.; St. Mary’s Hospital Medical Center, 
Madison, Wisc.; St. Luke’s Medical Center, Milwaukee; Swedish 
Health Services, Seattle; Swedish Medical Center, Seattle; Tri-City 
Medical Center, Oceanside, Calif.; University of Maryland Medical 
Center, Baltimore; University of California San Diego Medical Center, 
San Diego; University of Pittsburgh Medical Center Presbyterian 
Hospital, Pittsburgh; Virginia Mason Medical Center, Seattle; 
Waukesha Memorial Hospital, Waukesha, Wisc.; White Memorial 
Medical Center, Los Angeles; William Beaumont Hospital-Troy, 
Troy, Mich.

No potential conflict of interest relevant to this article was re-
ported.

references

Committee on Trauma. Resources for 
optimal care of the injured patient: 1999. 
Chicago: American College of Surgeons, 
1998.

MacKenzie EJ, Hoyt DB, Sacra JC, et 
al. A national inventory of hospital trau-
ma centers. JAMA 2003;289:1515-22.

Nathens AB, Jurkovich GJ, MacKenzie 

1.

2.

3.

EJ, Rivara FP. Resource-based assessment 
of trauma care in the United States.  
J Trauma 2004;56:173-8.

Branas CC, MacKenzie EJ, Williams 
JC, et al. Access to trauma centers in the 
United States. JAMA 2005;293:2626-33.

Taheri PA, Butz DA, Lottenberg L, 
Clawson A, Flint LM. The cost of trauma 

4.

5.

center readiness. Am J Surg 2004;187:7-
13.

MacKenzie EJ. Review of evidence re-
garding trauma system effectiveness re-
sulting from panel studies. J Trauma 1999; 
47:Suppl:S34-S41.

Jurkovich GJ, Mock CN. Systematic 
review of trauma system effectiveness 

6.

7.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at UNIVERSITY MASS MEDICAL SCHOOL on June 1, 2010 . 



n engl j med 354;4  www.nejm.org  january 26, 2006378

A National Evaluation of the Effect of Tr auma-Center Care on Mortality

based on registry comparisons. J Trauma 
1999;47:Suppl:S46-S55.

Mullins RJ, Mann NC. Population-
based research assessing the effectiveness 
of trauma systems. J Trauma 1999;47:
Suppl:S59-S66.

Nathens AB, Jurkovich GJ, Cummings 
P, Rivara FP, Maier RV. The effect of orga-
nized systems of trauma care on motor 
vehicle crash mortality. JAMA 2000;283: 
1990-4.

Mullins RJ, Mann NC, Hedges JR, et 
al. Adequacy of hospital discharge status 
as a measure of outcome among injured 
patients. JAMA 1998;279:1727-31.

Gubler KD, Davis R, Koepsell T, So-
derberg R, Maier RV, Rivara FP. Long-
term survival of elderly trauma patients. 
Arch Surg 1997;132:1010-4.

Baker SP, O’Neill B, Haddon W Jr, 
Long WB. The Injury Severity Score:  
a method for describing patients with 
multiple injuries and evaluating emergen-
cy care. J Trauma 1974;14:187-96.

MacKenzie EJ, Steinwachs DM, Shan-
kar B. Classifying trauma severity based 
on hospital discharge diagnoses: valida-
tion of an ICD-9CM to AIS-85 conversion 
table. Med Care 1989;27:412-22.

Committee on Injury Scaling. The  
Abbreviated Injury Scale: 1998 revision 
(AIS-98). Des Plaines, Ill.: Association for 
the Advancement of Automotive Medicine, 
1998.

National Death Index user’s manual. 
No. 03-0078. Hyattsville, Md.: National Cen-
ter for Health Statistics, October 2000.

Charlson ME, Pompei P, Ales KL, 
MacKenzie CR. A new method for classi-
fying prognostic comorbidity in longitu-
dinal studies: development and validation. 
J Chronic Dis 1987;40:373-83.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Morris JA Jr, MacKenzie EJ, Edelstein 
SL. The effect of preexisting conditions 
on mortality in trauma patients. JAMA 
1990;263:1942-6.

Neville AL, Brown CV, Weng J, Deme-
triades D, Velmahos GC. Obesity is an 
independent risk factor of mortality in 
severely injured blunt trauma patients. 
Arch Surg 2004;139:983-7.

Osler T, Baker SP, Long W. A modifi-
cation of the Injury Severity Score that 
both improves accuracy and simplifies 
scoring. J Trauma 1997;43:922-6.

Sacco WJ, MacKenzie EJ, Champion 
HR, Davis EG, Buckman RF. Comparison 
of alternative methods for assessing inju-
ry severity based on anatomic descriptors. 
J Trauma 1999;47:441-7.

Meredith JW, Kilgo PD, Osler T. A fresh 
set of survival risk ratios derived from in-
cidents in the National Trauma Data Bank 
from which the ICISS may be calculated.  
J Trauma 2003;55:924-32.

Healey C, Osler TM, Rogers FB, et al. 
Improving the Glasgow Coma Scale score: 
motor score alone is a better predictor.  
J Trauma 2003;54:671-8.

Raghunathan TE, Lepkowksi JM, Van 
Hoewyk J, Solenbeger P. A multivariate 
technique for multiply imputing missing 
values using a sequence of regression 
models. Surv Methodol 2001;27:85-95.

Rubin DB. Multiple imputation for 
nonresponse in surveys. New York: John 
Wiley, 1987.

Robins JM, Hernan MA, Brumback B. 
Marginal structural models and causal 
inference in epidemiology. Epidemiology 
2000;11:550-60.

Tan Z. Efficient and robust causal  
inference: a distributional approach. Work-
ing paper no. 48. Baltimore: Johns Hop-

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

kins University, Department of Biostatis-
tics, 2004. (Accessed December 30, 2005, at 
http://www.bepress.com/cgi/viewcontent. 
cgi?article=1048&context=jhubiostat.)

Potter F. A study of procedures to iden-
tify and trim extreme sampling weights. In: 
Proceedings of the section on survey  
research methods. Washington, D.C.: 
American Statistical Association, 1990: 
225-30.

Champion HR, Copes WS, Buyer D, 
Flanagan ME, Bain L, Sacco WJ. Major 
trauma in geriatric patients. Am J Public 
Health 1989;79:1278-82.

Morris JA Jr, MacKenzie EJ, Damiano 
AM, Bass SM. Mortality in trauma pa-
tients: the interaction between host factors 
and severity. J Trauma 1990;30:1476-82.

Hannan EL, Waller CH, Farrell LS, 
Rosati C. Elderly trauma inpatients in New 
York State: 1994-1998. J Trauma 2004;56: 
1297-304.

Meldon SW, Reilly M, Drew BL, Man-
cuso C, Fallon W Jr. Trauma in the very 
elderly: a community-based study of out-
comes at trauma and nontrauma centers. 
J Trauma 2002;52:79-84.

Mann NC, Cahn RM, Mullins RJ, 
Brand DM, Jurkovich GJ. Survival among 
injured geriatric patients during construc-
tion of a statewide trauma system. J Trau-
ma 2001;50:1111-6.

Tepas JJ III, Veldenz HC, Lottenberg 
L, et al. Elderly injury: a profile of trauma 
experience in the Sunshine (Retirement) 
State. J Trauma 2000;48:581-6.

Richmond TS, Kauder D, Strumpf N, 
Meredith T. Characteristics and outcomes 
of serious traumatic injury in older adults. 
J Am Geriatr Soc 2002;50:215-22.
Copyright © 2006 Massachusetts Medical Society.

27.

28.

29.

30.

31.

32.

33.

34.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at UNIVERSITY MASS MEDICAL SCHOOL on June 1, 2010 . 


