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Abstract

Background—Trauma is a leading cause of death and disability in the United States (US). This
analysis describes trends and annual changes in in-hospital trauma morbidity and mortality;
evaluates changes in age and gender specific outcomes, diagnoses, causes of injury, injury severity
and surgical procedures performed; examines the role of teaching hospitals and Level 1 trauma
centers in the care of severely injured patients.

Methods—We conducted a retrospective descriptive and analytic epidemiologic study of an
inpatient database representing 20,659,684 traumatic injury discharges from US hospitals between
2000 and 2011. The main outcomes and measures were survey-adjusted counts, proportions,
means, standard errors, and 95% confidence intervals. We plotted time series of yearly data with
overlying loess smoothing, created tables of proportions of common injuries and surgical
procedures, and conducted survey-adjusted logistic regression analysis for the effect of year on the
odds of in-hospital death with control variables for age, gender, weekday vs. weekend admission,
trauma-center status, teaching-hospital status, injury severity and Charlson index score.

Results—The mean age of a person discharged from a US hospital with a trauma diagnosis
increased from 54.08 (s.e.= 0.71) in 2000 to 59.58 (s.e. = 0.79) in 2011. Persons age 45 to 64 were
the only age group to experience increasing rates of hospital discharges for trauma. The proportion
of trauma discharges with a Charlson Comorbidity Index score greater than or equal to 3 nearly
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tripled from 0.048 (s.e. = 0.0015) of all traumatic injury discharges in 2000 to 0.139 (s.e. = 0.005)
in 2011. The proportion of patients with traumatic injury classified as severe increased from 22%
of all trauma discharges in 2000 (95% CI 21, 24) to 28% in 2011 (95% CI 26, 30). Level 1 trauma
centers accounted for approximately 3.3% of hospitals. The proportion of severely injured trauma
discharges from Level 1 trauma centers was 39.4% (95% CI 36.8, 42.1). Falls, followed by motor-
vehicle crashes, were the most common causes of all injuries. The total cost of trauma-related
inpatient care between 2001 and 2011 in the US was $240.7 billion (95% CI 231.0, 250.5). Annual
total US inpatient trauma-related hospital costs increased each year between 2001 and 2011, more
than doubling from $12.0 billion (95% CI 10.5, 13.4) in 2001 to 29.1 billion (95% CI 25.2, 32.9)
in 2011.

Conclusions—Trauma, which has traditionally been viewed as a predicament of the young, is
increasingly a disease of the old. The strain of managing the progressively complex and costly
care associated with this shift rests with a small number of trauma centers. Optimal care of injured
patients requires a reappraisal of the resources required to effectively provide it given a mounting
burden.
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Introduction

Trauma is a leading cause of death and disability in the United States (US). For children and
adults younger than age 45, trauma accounts for an estimated 79,000 deaths each year,
compared to 49,000 non-communicable disease deaths and 15,000 infectious disease
deaths.! In the US, trauma is the single most important cause of potential years of life lost
for persons under age 65.2

There have been notable advances in our knowledge of the epidemiology of trauma in the
US since Donald Trunkey declared “We simply do not know what the incidence of trauma is
in this country, or where it occurs”. 3 The advent of national registries coupled with
improved hospital record keeping and standardized billing over the past decade has led to
the accumulation of a vast amount of information on trauma in the US. Numerous studies in
the past five years have utilized databases such as the National Trauma Data Bank (NTDB)
and Healthcare Cost and Utilization Project (HCUP) to investigate a wide range of trauma-
related injuries and treatments. The nationwide scope of these studies and their findings
inform clinicians, researchers, and policy makers alike.

Most studies utilizing large databases have focused on specific injuries such as vascular
trauma to the extremities,* spinal cord injuries, ® and penetrating abdominal injury. ® Other
studies have concentrated on specific populations, such as the elderly, 7- 8 and adolescents. °
Still other studies have used these databases to evaluate specific treatment protocolst? or
policy changes. 11

Those studies that have taken a broader view of the epidemiology of trauma in the US have
generally concentrated on mortality, 12 and have been either largely based on trauma registry
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data, 13 single institutions,14 or have been based on literature review.1®> While informative in
their own right, these studies fail to capture the full spectrum of the evolving patterns of
trauma morbidity in the US over time.

In this paper, we present a large-data, nationally-representative, population-based study
evaluating the descriptive epidemiology and trends of the inpatient incidence of trauma
morbidity in the US between 2000 and 2011. We examine changes in the demographic
characteristics of inpatient trauma, injury severity, the role of Level 1 trauma centers, the
type of trauma (e.g. crush, burn, fracture), the most common causes of trauma, the most
common trauma-related surgical procedures performed, and the hospital costs for the care of
trauma patients. We believe it presents one of the fullest, most expansive recent pictures of a
critically important cause of morbidity and mortality in the US.

Discharge Data

Data were obtained from the US Agency for Healthcare Research and Quality (AHRQ)
Healthcare Cost and Utilization Nationwide Inpatient Sample for the years 2000 to 2011.
HCUP is a group of inpatient and outpatient files created by AHRQ. The Nationwide
Inpatient Sample (NIS) is a 20% weighted sample of the State Inpatient Database. It is
released yearly and appropriate for analysis at the national, regional and census area level.
The Nationwide Inpatient Sample (NIS) is a stratified, single-cluster sample design
(geographic area, urban/rural, ownership, teaching status, bed size). It is based on a sampling
frame of all community hospitals in the US and is designed to be a 20% sample of all
community hospitals in the US. Community hospitals are defined as hon-Federal general
and specialty hospitals including public hospitals and academic medical centers. A complete
census of discharges for each sampled hospital is included in the database. Weights must be
applied to each entry to get national or regional estimates.

Injury Classifications

Raw data were read into a comma-separated file, and national survey adjusted estimates for
individual years were verified against estimates obtained from a publicly available HCUP
online query system. 16 Trauma discharges were identified using principal or first-listed
international classification of diseases 9th edition 17 diagnosis codes for acute injury 800
904.9, 909.4, 909.9, 910-994.9, 995.5-995.59, and 995.80-995.85. As noted in the HCUP
documentation “The ICD-9-CM coding guidelines define principal diagnosis as “that
condition established after study to be chiefly responsible for occasioning the admission of
the patient to the hospital for care.” 18 Discharges with codes for “late effect” primary
diagnoses (ICD 905.0-909.9), insect bites (910.4, 910.5, 9114, 911.5, 912.4, 912.5, 913.4,
913.5,914.4, 9145, 915.4, 915.5, 916.4, 916.5, 917.4, 917.5, 919.4, 919.5), poisonings
(960.0-964.9, 965.00-965.02, 965.09, 965.1, 965.4, 965.5, 965.61, 965.69, 965.7-969.0,
969.00-969.09, 969.70-969.73, 969.1-969.7, 967.0-967.9, 969.79, 969.8-980.9, 970.81,
970.89, 981, 982.0-985.9, 986, 987.0-989.7, 989.81:989.89, 989.9, 990, 991.0-995.2,
995.20-995.29, 995.3, 995.4), anaphylaxis (995.60-995.69,995.7) and some additional
miscellaneous diagnoses (malignant hyperthermia, systemic inflammatory response
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syndrome, malfunctioning cardiac devices, 995.86-996.00) were removed. The R 19
“jcd9” 20 package was used to apply descriptors to the diagnostic ICD9 codes and external
cause of injury E-codes.

Primary 1CD9 codes were categorized according to the Barell Matrix, an injury diagnosis
matrix tool used internationally to standardize the classification of ICD-9 injury codes 800
to 995 according to 12 nature-of-injury columns and 36 body-location rows.2%: 22 Injury
severity was quantified using the ICD-derived Injury Severity Score (IC1SS).23 In this
approach, “survival risk ratios (are) calculated as the ratio of the number of times a given
ICD-9 code occurs in a surviving patient in a cohort or data set to the total number of
occurrences of that code. ICISS calculations were based on all listed diagnoses for all
patients during the entire study period. The ICISS is a probability that ranges from 0 to 1,
and is defined as the product of all the survival risk ratios for each of an individual patient’s
injuries (for as many as ten different injuries)”. 24 Patients (discharges) with severe injuries
were defined as those with an ICISS below 0.94. 25 The Charlson comorbidity index score
was calculated for each discharge using listed ICD-9 codes. 20 The score was then
categorized into an indicator variable for patients with a Charlson comorbidity index greater
than or equal to 3.

Trauma Center Classifications and Costs

Analyses

Information on 2040 US trauma centers was obtained from the American Trauma Society
website. 26 27 The data consisted of both American College of Surgeons verified and state
designated trauma centers and included all levels. These data were matched on name and
address to 3,706 HCUP-sampled US hospitals in the study data set. The matching process
returned 1,038 hospitals that were present in both the ATS database and the NIS study
sample. The hospitals were assigned trauma center level designations 1 to 5 as reported by
the ATS. Hospitals that did not match were assumed to non-trauma centers. A full
description of the matching process and a link to the code is available as supplementary
material. Teaching hospitals were identified by an NIS variable. Income quartiles were based
on an NIS variable that assigns a quartile classification of the estimated median household
income of residents in the patient’s ZIP Code. Hospital submitted charges were available for
the period 2001-2011. Hospital reported charges were converted to costs with the AHRQ
HCUP cost-to-charge ratio files using the group weighted average cost-to-charge ratio
variable. Costs were then adjusted for inflation and standardized to 2010 US dollars based
the all-item average yearly consumer price index obtained from the Bureau of Labor
Statistics.28 We used the HCUP Clinical Classification Software system was used to
categorize procedure codes.

Statistical analysis consisted of survey-adjusted counts, proportions, means, standard errors,
and 95% confidence intervals. Annual rates were calculated using US Census data obtained
from the Agency for Healthcare Research and Quality as part of the HCUP family of data
products. We analyzed yearly data with overlying loess smoothing lines and present tables of
the proportion of common injuries and surgical procedures. We assessed strength and
statistical significance of the beta coefficient for bivariate linear association between year
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and annual incidence rates. The importance of geographic region on this association was
assessed with an interaction term for geographic region. We conducted a survey-adjusted
logistic regression analysis for the effect of year on the odds of in-hospital death with
control variables for age, gender, weekday vs. weekend admission, injury severity, trauma-
center status, teaching-hospital status, injury severity and Charlson index score. We used the
R “survey” package?? to adjust for the complex sampling design of NIS and conduct
analyses. We tested for the assumption of linearity of the year variable and controled for
year-to-year variability in the survey results using an approach recommended by the Centers
for Disease Control and Prevention. 3031

A complete set of notes and code to reproduce or adapt the study methods are available at
http://www.injuryepi.org/resources/Misc/knitHCUPCode.pdf. The study was approved by
the New York University School of Medicine Institutional Review Board as exempt.

Descriptive Statistics and Incidence Rates

There were 20,659,684 (se = 266,857) inpatient traumatic injury discharges in the US
between 2000 and 2011, representing 4.4 % (95% CI 4.3, 4.5) of the total 465,342,651 (se =
2,635,360) all-cause hospital discharges during that time. For all traumatic injury discharges,
the proportion of male and female discharges was approximately evenly split, with 50.2%
female (sd = .4%). In Level 1 trauma centers, the proportion of female patients was 38.2%
(sd=1.0%). For severely injured patients (ICISS <0.94), the proportion of female patients
was 36.9% (sd=0.4%). The mean age of traumatic injury discharges over the study period
increased from 54.08 (se= 0.71) in 2000 to 59.58 (se = 0.79) in 2011, or approximately 6
months per year. The median age of traumatic injury discharges increased from 56 in 2000
to 65 in 2011. During the same time period, the median age for all US hospital discharges
increased from 50 to 54.

The average annual rate of trauma discharges remained steady at 524.3 per 100,000
population (95% CI 483.3, 505.4) (B for effect of year on trauma discharge rate —1.67,
se=1.76, p=0.364). An interaction term for census region by year was statistically significant
for a higher trend over the study period for the South (B = 14.5, se=3.8, p < 0.0005) and
West (p = 11.1, se=3.8, p = 0.0006) census regions. (Figure 1) U.S. Population-based rates
of traumatic injury discharges for children and younger adults declined during the study
period, while rates for older adults held constant. (Figure 2) The only group that experienced
increasing rates of trauma discharges were those aged 45 to 64.

Comorbidity, Case-Fatality and Severity

The number of comorbidities associated with trauma patients incrased during the study
period. The proportion of all trauma discharges with a Charlson Comorbidity Index score
greater than or equal to 3 increased from 0.048 (s.e. = 0.0015) of all traumatic injury
discharges in 2000 to 0.139 (s.e. = 0.005) in 2011. The largest increase in comorbidities was
seen for the older age groups. (Figure 3) Patients who died prior to hospital discharge had
significantly more comorbid disease than patients who survived (1.14 vs 0.70, p < 0.0001).
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There were 451,058 (se = 14693) inpatient deaths due to trauma during the study period.
The overall mean in-hospital mortality rate during the 12 years was 2.4% (se = 0.04) with
some graphical evidence of a decline in inpatient mortality. (Figure 4)

The overall proportion of discharged trauma cases classified as having severe injury was
25.9% (95% CI 24.8, 26.9); the annual proportion increased over the study period, from
22% of all trauma discharges in 2000 (95% CI 21, 24) to 28% in 2011 (95% CI 26, 30).
(Figure 5) While all age groups experienced some increase in the proportion of severe
trauma over the study period, the age group with the highest proportion of severe trauma was
the 18-to-44 year-old group (37%, se = 0.01). (Figure 6) The proportion of trauma classified
as severe was highest among the lowest income quartile (28.9%, se = 0.01). Differences
between income quartiles were statistically significant (f for association of income quartile
with proportion of severe trauma = —0.009, se = 0.004, p=0.02)

Teaching Hospitals , Trauma Centers

A higher proportion of severely injured discharges were from teaching hospitals (32.6%,
95% Cl 31.1, 34.0) than from non-teaching hospitals( 18.7%, 95% CI 17.9, 19.5). In a
survey logistic regression model, severely injured trauma discharges were more than twice
as likely to be discharged from a teaching hospital than from a non-teaching hospital (OR
=2.1,95% CI 1.9, 2.3). Teaching hospitals had a higher inpatient trauma case fatality ratio
than non-teaching hospitals. (2.8% (se .06%) vs 1.9% (se .03%)).

The proportion of severely injured trauma discharges from Level 1 trauma centers was
39.4% (95% CI 36.8, 42.1). The unadjusted case fatality ratio in Level 1 trauma centers was
3.4% (95% ClI 3.2, 3.7) compared to 2.3% (95% CI 2.2, 2.3) in non-Level 1 trauma centers.
In a survey logistic regression model, the unadjusted association of Level 1 trauma status
with inpatient mortality was 1.53 (95% CI 1.4, 1.7). In a survey logistic model adjusted for
age, gender, injury severity, comorbidity score, teaching hospital and trauma center status,
the odds of inpatient mortality decreased by approximately 5% per year during the study
period. (Table 1)

Injury Classifications, E-codes and Procedures

Extremity fractures represented 52.5% (8,727,070/16,624,488) of all injury discharges with
sufficient data to characterize them according to the Barrel matrix. By contrast, only 0.6% of
severely injured discharges were primarily characterized as extremity fractures. (Table 2)
Using Barrel matrix terminology, 4.2% of non-severe injuries our data (594,179/14,236,234)
were located in the upper leg and thigh, compared to 3.8% of severe injuries
(156,431/4,142,538); 16.84% of non-severe injuries were classified as being located in the
head and neck, vs. 33.57% of severe injuries. There was a relative increase in the proportion
of TBI injuries Over the study period. It appeared that older-age discharges accounted for
the much of the increase in TBI discharges over time. (Figure 7)

Primary trauma E-code information was available for 14,074,803 trauma discharges between
2003 to 2011 representing 68.1% of the total traumatic injury discharge data set. For the
entire set of E-codes, the most common trauma mechanism involved a fall (6,653,916
trauma discharges; 47.27% of all trauma mechanisms), the next most common involved a
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motor vehicle crash (1,022,621 trauma discharges, 7.27% of all trauma mechanisms).
3,811,988 (27.08%) of the entire set of E-codes were associated with severe injuries. Among
these discharges, the most common mechanism involved a fall (1,010,694 discharges;
26.52% of total severe trauma) and the next most common mechanism involved a motor
vehicle crash (767,771 discharges; 20.14% of total severe trauma). Trauma mechanisms
varied by age group, with falls becoming increasingly important in older age groups.
Younger persons were more likely to be admitted due to a violent assault. (Table 3)

A total of 14,219,737 procedures were listed for trauma discharges during the study period.
The most common procedures for the total cohort of trauma discharges in the US between
2000 and 2011 were orthopedic in nature, with treatment of hip and femur fractures being
the most common procedures. Among severely injured trauma discharges, the proportion of
orthopedic injuries declined, and procedures involving the chest and central nervous system
were more common. (Figure 8)

Length of Stay and Costs

The average length of stay for all trauma discharges during the study period was 5.1 days
(95% CI 5.0, 5.2), with a median length of stay of 3 days (Interquartile Range (IQR) =6 -2
= 4 days) For severely injured discharges, the average length of stay was 7.5 days (95% ClI
7.3, 7.7), with a median stay of 4 days (IQR = 8 — 2 = 4 days).

The total cost of trauma-related inpatient care between 2001 and 2011 in the US reported in
2010 dollar was $240.7 billion (95% CI 231.0, 250.5), accounting for approximately 6.3%
of the total $3.8 Trillion inpatient hospital costs in the US during that time period. Annual
total US inpatient trauma-related hospital costs increased each year between 2001 and 2011,
more than doubling from $12.0 billion (95% CI 10.5, 13.4) in 2001 to $29.1 billion (95% CI
25.2,32.9) in 2011. (Figure 9) This 2.4 time increase was only slightly greater than overall
inpatient costs in the US during the same period, which increased from 2.3 times from
$204.6 billion (95% CI 195.4, 213.8) in 2001 to $474.6 billion (95% CI 436.9, 512.2) in
2011.

Discussion

The epidemiology of the inpatient traumatic injury caseload in the US is changing in
important and challenging ways. Inpatient trauma cases are increasingly older, approaching
60 years, more severely injured, and have an increased burden of co-morbid conditions
compared to 10 years ago. Our results confirm and expand on initial reports of these
trends.13 14 This report places these changes in a national perspective by basing analyses on
the largest most comprehensive cohort of inpatient trauma discharges to date.

The ageing of the inpatient trauma population is a reflection of the ageing of the nation, with
a 21.1% increase in the population over the age of 62 during our study period.32 The
increasing burden of elderly trauma has been recognized for some time. 33: 34 More recent
data, including the results of this study, continue to emphasize the importance of this
population.3%: 36 Elderly trauma patients, compared with a younger cohort, suffer more
significant injuries for a given mechanism of injury37=39 and have higher mortality rates for
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a given injury severity. The increased comorbidities observed in this population#?: 41 often
contribute to both the reason for injury and the poor outcomes that follow. Falls in the
elderly are a particular challenge and our analyses indicate that this mechanism persists as
an increasingly important cause of injury. Unsteady gait, vision and hearing alterations and
polypharmacy put the elderly at increased risk of falling and the widespread use of
anticoagulation medications increases the risk of intracranial hemorrhage. Head, chest and
extremity injuries are also more apt to occur in this vulnerable population.38

For the elderly, a seemingly minor mechanism of injury such as a fall from standing height
may result in disproportionately severe injury when compared to younger patients. 3739
Head, chest and extremity injuries specifically are more likely to occur in the elderly
following low velocity falls.38 This may be due in part to a significantly higher rate of
comorbidities. 40 41 We found that while extremity injuries represented only a small fraction
of the most severely injured patients, there was a relatively larger proportion of fractures of
the upper leg and thigh, consistent with fractures of the femur. This type of injury is
common among older individuals and has been reported as an important cause of severe
injuries.*2 Trauma surgeons are faced not only with the management dilemma of severe
injuries in this frail population, but must also consider post-discharge issues such as the
safety of restarting medications, the most appropriate post-acute care setting, and patients’
short and long-term functionality.

According the American Hospital Association there are 5,686 hospitals of all types in the
US. 43 The number of Level 1 trauma centers in the US has been estimated at 190 at the
midpoint of this study period 44 accounting for 3.3% of hospitals. Our results indicate that
this relatively small number of hospitals cared for nearly 40% of the most severely injured
cases in the US. Despite this nearly 20-fold greater preponderance of the most severely
injured trauma patients, the adjusted odds of in-hospital mortality was only 20% higher than
that of non-Level 1 trauma centers. We were unable to demonstrate a lower odds of in-
hospital mortality for severely injured patients in Level 1 trauma centers, as was recently
reported. 4> This was not unexpected and may be due in part to unmeasured or residual
confounding. Unlike a report39 based on individual-level propensity matching for clinical
variables like obesity and coagulopathies, our adjustments were limited to the available
administrative variables.

Similarly, teaching hospitals, which according to the Association of American Medical
Colleges account for 1,009 (or 17.8%) of all hospitals € in the US, cared for approximately
a third of the most severely injured cases. The role of teaching hospitals in treating trauma
and their relation to trauma centers is complicated. In general, Level 1 trauma centers are
distinguished by their research and scholarly activities Participation in resident and fellow
training and education and the performance of trauma-related research typically requires the
academic infrastructure inherent in teaching hospitals. Although Level 2 centers are not
required to take part in these activities, they must meet the same standards for clinical care
provision as Level 1 centers. Level 1 centers require a higher volume of those most severely
injured in their communities so that staff experience and expertise in the care of these
patients are maintained.*’ The significantly higher percentage of severely injured discharges
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apparent in Level 1 centers is expected, and the higher in-hospital mortality is a result of the
severity and critical nature of these injuries.

Our results are consistent with studies that have reported a 30% to 40% decrease in overall
in-hospital trauma deaths during a similar time span. 12 Our adjusted regression coefficient
result for year-to-year decline in case fatality should be interpreted cautiously. In a causal
context, these regression coefficients can be taken as the strength of an association with all
the other variables “held constant”. Properly, in a predictive context, this often means (as it
does here) with all the other variables held to zero. For some variables, this is simple, e.g.
gender set to male, injury severity set to non-severe, Charlson comorbidity set to zero. For
others, it is quite difficult, e.g. age set to zero. These studies, though were based solely on
trauma center data and started from baseline in-hospital fatality rates of nearly 8%. While
these results for declines in overall mortality are welcome news, our results also mirror a
national review of population-based injury mortality that found a 46% increase in rates of
fall-related mortality. 12

We found the cost of trauma care to be increasing at a rate greater than increases in overall
healthcare spending. This finding is consistent with reports that the increasing financial
burden of caring for traumatic injuries has led some institutions to reconsider their
traditional roles as trauma centers. 48

The study is subject to a number of important limitations. These are deidentified
administrative discharge data. We refer to discharges rather than hospitalizations or patients
because we cannot, from these data, distinguish multiple admissions for the same condition
in the same individual. Administrative data themselves are a blunt instrument with which to
conduct health research. The variables, including diagnoses, are generally entered by non-
clinical personnel based on chart reviews. Clinically relevant variables are limited to
diagnostic codes, age and gender. Other potentially important variables, such as race/
ethnicity and marital status are not captured. Also, changes over time can be due to changes
or improvements in coding.

Our approach to trauma center identification is far from perfect and our results are at best
approximate. ldeally, we would have identified trauma centers using an internal NIS
variable. The NIS does not howevser, like the Nationwide Emergency Department Survey
(NEDS), have a separate variable that explicitly identifies trauma centers. The NIS uses a
variable that since 2003 identifies admissions to a trauma center service (“ATYPE =5")
based on Uniform Billing (UB-04) specifications. But, realistically, traumatic injuries could
also receive admission codes as emergencies (“ATYPE=1"). When using the admission type
variable provided in the HCUP data, we found a systematic undercount of trauma center
admissions when compared to reports published by the National Trauma Databank. 4° For
this reason we undertook the process of matching NIS hospitals to ATS trauma centers.

This approach was vulnerable to a number of errors, not the least of which is accurately
matching potentially missed and variably spelled hospital identifying information. There
was also a shortfall in the number of hospitals identified based on state restrictions on
releasing hospital identifiers. Although it is difficult to estimate how many trauma centers
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were missed, in 2011, 19 of 46 states did not include hospital names. >0 While the NIS
sampling strategy should ensure that that the 71 Level 1 trauma centers we were able to link
were representative of the states which allow hospital names and addresses to be released,
they may not be nationally representative. Most readers will also note that we excluded
Level 2 trauma centers, which essentially mirror the clinical capabilities of Level 1 trauma
centers. By restricting our analyses to the smaller number of Level 1 trauma centers, we
hoped in part to minimize some of the potential misclassifications in our trauma center
matching process.

We chose to dichotomize injury severity into severe vs. less severe both as a way to capture
injury acuity and to address inherent problems with injury severity score as a continuous
variable. ®1 Dichotomizing a continuous variable like ICISS can result in the loss of
important information, and our choice of 0.94 as the cut off for severe vs. non-severe injury,
while not entirely arbitrary, can be subject to debate. 32 Dichotomization erases
intercategorical differences. So, in our study, a patient with an ICISS of 0.93 is the same as
one with a score of 0.01. But injury severity scoring is inherently statistically problematic.
Both the classic and new injury severity score behave poorly as a continuous variable, with
some authors recommending “that for statistical or analytical purposes the ISS/ NISS should
not be considered a continuous variable”. 1 While ICISS has been reported to generally
perform as well as 1SS®?, it also behaves similarly poorly as a continuous variable. We found
statistical manipulations as log, square root and inverse logit transformations to be unhelpful
in this regard and chose to dichotomize. This approach also allowed us to calculate useful
and informative statistics based on probabilities, like odds ratios. A categorization scheme
for ICISS using cutoffs for minor to critical injuries has been proposed 2% and may be
informative for future studies.

We are used to seeing trauma incidence mostly through the lens of trauma center registry
data. The picture presented here differs from that in some respect. For instance, our data
shows that the overall distribution of trauma discharges was equal for men and women.
However, most trauma registry-based epidemiologic data describe trauma as a
predominantly male disease. As reported in this study using HCUP data, there were more
males who were severely injured and more males discharged from Level 1 trauma centers,
which is consistent with registry data. However, the registry data does not seem to capture
the same number of female trauma patients that HCUP does, perhaps among the less injured
or non-Level 1 trauma centers. This discrepancy may suggest that HCUP data give a more
complete picture of all injured patients without a bias toward the more injured and those
managed in major trauma centers.

The relatively new use of HCUP compared to NTDB has been the subject of some debate,
with concerns raised that HCUP does not offer detailed information pertinent to trauma
research, is not representative of a typical trauma center population as NTDB, and that
HCUP data report more comorbidities and a lower case fatality rate compared to

NTDB.3# 55 Others question the varying methodologies used when handling these large data
sets, cautioning the need for advanced statistical approaches. °> Despite these concerns,
HCUP has grown in use throughout the scientific community and over 3,450 journal
publications feature data from HCUP. In an analysis of TBI patients, it was noted that HCUP
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data were not only comparable, but in some ways superior to the widely-used National
Hospital Discharge Survey and National Hospital Ambulatory Medical Care Survey. 56

We conclude that the face of trauma in the US is evolving. Trauma, which has traditionally
been viewed as a predicament of the young, is increasingly a disease of the old. The strain of
managing the progressively complex and costly care associated with this shift rests with a
small number of trauma centers. While there is no evidence for significant changes in the
character of that care, the already small number of trauma centers may be further
constricting in coming years in the face of economic challenges with potential implications
for the availability and quality of trauma care in the US. Likely, optimal care of injured
patients requires a reappraisal of the resources required to effectively provide it given a
recognized mounting burden.
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Figure 1.
Annual Traumatic Injury Hospital Admission Rates per 100,000 Population with Overlying

Loess Smoothing Line and Confidence Envelope. US Census Regions, 2000-2011.

Injury. Author manuscript; available in PMC 2017 January 27.

T
2010



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

DiMaggio et al. Page 16

0to18 1810 44 45to 64

600 =

400 -

200

Injury Admssion Rate per 100,000 Population

0+

1 1 1 1 T 1 1 1 T ] 1 1 ] 1 1 1 1 T
2000 2002 2004 2006 2008 2010 2000 2002 2004 2006 2008 2010 2000 2002 2004 2006 2008 2010
Year

Figure 2.
Annual Traumatic Injury Hospital Admission Rates per 100,000 Population with Overlying

Loess Smoothing Line and Confidence Envelope. Children and Young Adults. US, 2000—
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Proportion of Discharges with Charlson Index Score > 2 by Age Group. Inpatient Traumatic
Injury Discharges, US Hospitals, 2003-2011.
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Figure5.
Annual Proportion of Hospital Trauma Discharges Classified as Severe. US, 2000 to 2011.
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Figure7.
Percentage of Annual Traumatic Injury Discharges Classified as TBI by Age Group. US

Hospitals 2000-2011.

Injury. Author manuscript; available in PMC 2017 January 27.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

DiMaggio et al.

Frequency

1000000 1500000

500000

Ten Most Frequent Inpatient Procedures,
Severely Injured Trauma Inpatient Discharges. US Hospitals, 2000-2011.

Page 22

Ten Most Frequent Inpatient Procedures,
All Injured Trauma Inpatient Discharges. US Hospitals, 2000-2011.

©
- =]
5 3
/. 'Q_ 0 ./. =
/. /./
.
/. '/
. © /
e 2 ®
. r o 3 -
/ L
* g
/ g
.o 8§ 8
LS ¢ & % -
32 2 <
. s o
>
E
>
~ o
° 8
S e
L 5 L
« &
i g =
# 4 [ i
© ]
= - - - o & = - -
z £ % 2 § &£ & 2 % 3§ g ¢ § & & § 8 T E §
5 2 5 o 2 g e | © £ E 3 w 4 5 w 2 7} @ = >
& 7 Q o e 2 = = = [ & — a & 2 @ © E ] =
= X o = ) =} e = 5 o @ S o
=3 © & =5 (o] 5 = k=3 I o 1 S B
T s 8 o] 3 T = B 8
=S 2 o g 2
c I =
Figure8.

Pareto Chart 10 Most Frequent Inpatient Procedures, Severely Injured vs. All Trauma
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Results of Logistic Regression Model for In-Hospital Mortality. Trauma Hospital Discharges, US Hospitals,

2000-2011.
Variable Odds Ratio (95% CI)
Year 0.95 (0.95, 0.96)
Age 1.02 (1.02, 1.03)
Female 0.68 (0.66, 0.69)

Teaching Hospital
Weekend Admission
Level 1 Trauma Center
Severe Injury

Charlson Index

1.41 (1.35, 1.48)
1.05 (1.03, 1.07)
1.25 (1.16, 1.34)
6.75 (6.48, 7.03)
1.30 (1.29, 1.31)
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Top 5 Trauma Mechanisms by Age Group, Inpatient Trauma Discharges, US Hospitals, 2003-2011.

Table 3

AgeGroup E-code Description Count Percent of Total
‘Younger than 18 E884.9 Fall-1 level to oth NEC 66039 5.18
(1,395,273 Total Count) .
E812.1 MV Collision NOS-pasgr 59282 4.65
E884.0 Fall from playgrnd equip 52335 411
E826.1 Ped cycl acc-ped cyclist 49684 3.90
E885.9 Fall from slipping NEC 47747 3.75
18to 44 E812.0 MV collision NOS-driver 240000 6.87
(3,820,488 Total Count) i
E816.0 Loss control MV acc-driv. 169912 4.86
E885.9 Fall from slipping NEC 145362 4.16
E966.0 Assault Cutting Piercing 134566 3.85
E960.0 Unarmed fight or brawl 113261 3.24
45t0 64 E885.9 Fall from slipping NEC 439800 15.26
(3,207,080 Total Count)
E888.9 Fall NOS 310644 10.78
E880.9 Fall on stair/step NEC 153398 5.32
E812.0 Mv collision NOS-driver 140980 4.89
E881.0 Fall from ladder 108330 3.76
65 to 84 E885.9 Fall from slipping NEC 1227898 30.54
(4,520,989 Total Count)
E888.9 Fall NOS 1030323 25.63
E880.9 Fall on stair/step NEC 217820 5.42
E888.8 Fall NEC 170919 4.25
E812.0 Mv collision NOS-driver 87655 2.18
85 and Older E888.9 Fall NOS 805236 34.05
(2,626,759 Total Count) o
E885.9 Fall from slipping NEC 782996 33.11
E888.8 Fall NEC 126996 5.37
E884.4 Fall from bed 83642 3.54
E880.9 Fall on stair/step NEC 75222 3.18
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