
Trends in survival and early functional outcomes from
hospitalized severe adult traumatic brain injuries, Pennsylvania,
1998–2007

Álvaro I Sánchez, MD, MS,
Postdoctoral Associate, Department of Surgery, University of Pittsburgh, Pittsburgh, PA

Research Associate, CISALVA Institute, Universidad del Valle, Cali, Colombia

Robert T Krafty, PhD,
Assistant Professor, Department of Statistics, University of Pittsburgh, Pittsburgh, PA

Harold B Weiss, MPH, PhD,
Director and Research Professor, Injury Prevention Research Unit, University of Otago, Dunedin,
New Zealand

Andrés M Rubiano, MD,
Assistant Professor, Department of Neurosciences, South Colombian University, Critical Care
Unit, Neiva University Hospital, Neiva, Colombia

Andrew B Peitzman, MD, and
Professor and Vice-Chair, Department of Surgery, University of Pittsburgh, Pittsburgh, PA

Juan Carlos Puyana, MD
Faculty Professor, Department of Surgery, University of Pittsburgh, Pittsburgh, PA

Abstract
Objective—To determine trends for in-hospital survival and functional outcomes at acute care
hospital discharge for severe adult traumatic brain injury (SATBI) patients in Pennsylvania, during
1998–2007.

Methods—Secondary analysis of the Pennsylvania trauma outcome study database.

Main Outcome Measures—Survival and functional status scores of five domains (feeding,
locomotion, expression, transfer mobility, and social interaction) fitted into logistic regression
models adjusted for age, sex, race, co-morbidities, injury mechanism, extra-cranial injuries,
severity scores, hospital stay, trauma center, and hospital level. Sensitivity analyses for functional
outcomes were performed.
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Results—There were 26,234 SATBI patients. Annual numbers of SATBI increased from 1,757
to 3,808 during 1998–2007. Falls accounted for 47.7% of all SATBI. Survival increased
significantly from 72.5% to 82.7% (OR 1.10, 95%CI 1.08–1.11, P<0.001). In sensitivity analyses,
trends of complete independence in functional outcomes increased significantly for expression
(OR 1.01, 95%CI 1.00–1.02, P=0.011) and social interaction (OR 1.01, 95%CI 1.00–1.03,
P=0.002). There were no significant variations over time for feeding, locomotion, and transfer
mobility.

Conclusions—Trends for SATBI served by Pennsylvania’s established trauma system showed
increases in rates but substantial reductions in mortality and significant improvements in
functional outcomes at discharge for expression and social interaction.

Keywords
Hospitalizations; injury; traumatic brain injury; outcomes; functional limitation; disability; trauma
system

INTRODUCTION
Traumatic brain injury (TBI) accounts for at least one-third of injury-related deaths and
affects more than one million people each year in the United States.1–3 In addition, long-
term disability after TBI affects individuals, families, friends, and society. Approximately
five million Americans live with TBI-associated long-term disabilities. As a result, the
nation spends an estimated $56 billion annually in direct and indirect costs to care for people
sustaining TBI.4, 5

Epidemiologic trend reports using the National hospital discharge survey (NHDS)6 found
that the incidence of TBI-related hospitalizations in acute care facilities in the US decreased
during the 80’s and 90’s,7 but more recent studies reported that the estimated incidence of
hospitalized TBI in 2003 in the US increased compared with the annual totals from 1998 to
2002.8 There was a 61% decline in hospitalization for persons with TBI of mild severity but
a 90% increase in high severity cases.7 On the other hand, the proportion of in-hospital
mortality from severe TBI across the United States has declined from 50% to 25% since
1980, even when adjusted for age and other admission prognostic parameters.9, 10

The delivery of acute care for individuals with severe TBI in the United States in early 1990
varied not only between institutions but also between practitioners at the same institution.
Intracranial pressure monitoring was not used routinely and treatment modalities for
intracranial hypertension were aggressively used despite the lack of evidence of their
efficacy.11 Efforts to promote best practices and to optimize the care of the patient with
severe TBI have driven the development of guidelines emphasizing triage to accredited
trauma centers with adequate neurosurgical facilities and monitoring and maintaining
adequate cerebral perfusion.12–15 The implementation of evidence-based guidelines has
resulted in significant improvements in outcomes after severe TBI as compared with
management based solely on individual preferences.16 However, there is still no single best
way to manage severe TBI. Despite the increased number of randomized controlled trials
recently, there is little progress in head injury care suggested by the failure to identify
effective therapies to improve outcome.17

The burden and trends in severe TBI focus its importance as a public health problem and
raises two questions. First, has survival from severe TBI continued to increase? And second,
have the functional outcomes of survivors improved over time? As more patients survive the
very acute phase, there should be an increased awareness of the role of rehabilitation
medicine for the improvement of patients’ conditions in the community.18 Good baseline
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information on hospitalization and outcomes is important for planning health care and
rehabilitation services.

Pennsylvania trauma centers report that severe TBI was present in more than 40% of all
trauma deaths. To better understand the magnitude and trends of this problem in a state with
an established trauma system, we aimed to determine if the trends in severe adult TBI
(SATBI) in-hospital survival and functional outcomes at acute care hospital discharge of
patients discharged alive have changed significantly in Pennsylvania, during 1998–2007.

METHODS
Study design, settings, and study population

We performed secondary data analysis of 10 years of the Pennsylvania Trauma Outcome
Study (PTOS) database, a trauma registry that encompassed 31 accredited trauma centers in
Pennsylvania, during 1998–2007. Patient information is submitted to the PTOS if the patient
was admitted to any accredited trauma center for treatment of trauma and with any of the
following: was admitted to an intensive care unit, died on or after arrival, was admitted over
48 hours from the time of arrival to the emergency department, or was transferred from
another facility with diagnoses of trauma. Each patient admission recorded in the database is
assigned a unique identifier number, which precluded the data from any successive hospital
admission of a given patient. Out-of-hospital deaths and injuries treated in non-accredited
trauma centers in Pennsylvania were not included.

SATBI case selection
TBI patients were identified using the Barell injury diagnostic matrix,19 a framework that
can serve as a practical tool for standardizing injury diagnosis using the International
Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) codes.20, 21

ICD-9-CM injury codes are arranged by the nature of injury and by body regions. The
matrix can be used to standardize the patterns of injury, enabling comparisons across time or
place. In the matrix, TBI is a specific group of the head and neck body region and is defined
based on the TBI case definition of the Centers for Disease Control and Prevention (CDC).
The matrix excluded patients with ICD-9-CM codes of adverse effects and complications of
medical care, events that are not considered pertinent to injury prevention and surveillance
activities.19, 22 Patients who were admitted to the trauma center more than 48 hours after the
injury event were excluded to avoid diagnoses of late effects or late consequences of the
primary injury event. Adults were defined as patients older than 17 years of age.

TBI severity was classified using the head and neck abbreviated injury scale (AIS), an
anatomically based, consensus derived, severity scoring system. It is the most widely used
anatomic scale for rating severity of injuries and forms the basis for other scoring systems
for risk adjustment and mortality prediction after trauma. The AIS groups injuries in six
body regions (head and neck, face, chest, abdomen, extremity, and external) and classifies
each injury according to its relative importance on a 6-level scale. AIS scores of 1 are minor
injuries and scores of 6 are maximum injury-virtually unsurvivable.23–28 Head and neck AIS
scores of 4 through 6 classified a TBI as severe.

The inter-rater and intra-rater reliability of AIS have been assessed. Although clinical raters
tend to be more reliable, well-trained non-clinical technicians can code severity accurately
and reliably when sufficient information is provided in the charts. However, a person with
clinical background may be more cost-effective in terms of time expended to code from the
inpatient chart.28 AIS scoring is a process that can take, on average, between 10 and 30
minutes depending on the extent of the injury and the clinical experience of the rater.29–31
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This is a significant time commitment that is not always feasible. For large epidemiological
research, less resource-intensive coding systems are desired.

In our study, AIS was derived by the computerized algorithm of the International
Classification of Disease programs for injury categorization (ICDPIC). The ICDPIC
provides inexpensive methods for translating ICD-9-CM codes into standard injury
categories and/or scores. The programming code and associated tables are completely open
for Stata (statistical software) users.32, 33

The initial development of computerized programs to perform translation of ICD-9-CM into
AIS was done at Johns Hopkins School of Hygiene and Public Health and was subsequently
marketed as ICDMAP-90. Its validity was assessed by MacKenzie and colleagues. AIS and
injury severity scores (ISS) derived using the computerized conversion tables (ICDMAP-90)
were compared with those obtained by reviewing the complete medical record for 1,120
consecutive trauma cases treated at two Maryland trauma centers in 1983. It was reported
that if the reliability of ICD codes abstracting could be improved, eliminating most of all of
the disagreements due to abstracting, the percentage of agreement in maximum AIS would
range from 67% for head-neck to 87% for extremities and the percentage of agreement in
ISS grouped into ranges of 1–12, 13–19, and ≥20 would be 68%. The researchers concluded
that although not perfect, the computerized program provided precise information on injury
severity and had the potential for assigning reliable severity scores based on routinely
collected hospital discharge data..29

Computerized programs for the translation of ICD-9-CM into AIS or any other severity
scoring are less accurate than the direct AIS coding by trained registrants, but achieve good
power in discriminating between survivors and non-survivors.31 They can be invaluable
when AIS scoring directly from medical charts is expensive or impractical, facilitating
research and the application of epidemiologic methods for the evaluation of health services
and trauma systems response for geographically defined populations.29

To our knowledge, studies comparing ICDPIC for AIS scoring against direct AIS coding by
trained registrants have not been performed using trauma registries from the United States.
The help files that come with the ICDPIC program for Stata software explain how the
methods were derived and compared against ICDMAP-90, using the National Trauma Data
Bank (NTDB) of the American College of Surgeons and the Nationwide inpatient sample
(NIS) of the Agency for Healthcare Research and Quality (AHRQ). ISS calculated by
ICDPIC was exactly the same as the ISS assigned by ICDMAP-90 in 84.1% of the cases.
When ISS was categorized, 92.9% of cases were assigned to the same category and 99.5%
to the same or an adjacent category.33 The ICDPIC program could be very attractive to
approximate injury severity scoring. It is inexpensive for Stata users and allows exploiting
the administrative data banks on hospital admissions that are comprehensive and easy to
access in the United States.

Study data measures
De-identified information on demographics (age in years, sex, and race categorized as
White, Black and Other), presence of any pre-existing conditions or co-morbidities, injury
characteristics (date and mechanism of injury), ICD-9-CM codes, and hospital information
(date of admission, length of hospital stay in days, and type of trauma center level) was
requested.

PTOS collects information about pre-existing conditions or co-morbidities documented in
the medical record of the patient. They are defined as the effect of all other diseases an
individual patient might have other than the traumatic injuries. Unfavorable evolution of the
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traumatic injury or the medical treatment are not considered pre-existing conditions. PTOS
allows entering up to 10 pre-existing conditions from cardiac diseases, diabetes,
gastrointestinal diseases, hematologic disorders, history of psychiatric disorders,
immunosupressed, liver disease, malignancy, musculoskeletal, neurologic, obesity,
pulmonary disease, renal disease, substance abuse, pregnancy, trauma history, and endocrine
disorders.

Co-morbidities are strongly associated with inpatient death.34 Including information about
pre-existing conditions increases the risk of mortality prediction after trauma, independent
of age and injury severity. Although there is a well known co-morbidity index for risk
adjustment, in trauma patients a comparison of different ways to summarize this information
demonstrated similar discrimination for death in prediction models.35 In our study,
information about the presence of any preexisting condition or co-morbidity was used for
risk adjustment.

PTOS collects information about mechanism of injury using the external cause of injury
codes (E-codes) classified by the ICD-9-CM. Based on the recommendations for presenting
injury mortality data by the CDC22 and for study purposes, mechanism of injury was
grouped into four categories: falls, motor vehicles, firearms, and others.

The new injury severity score (NISS) and the presence of severe extra-cranial injuries were
derived by the computerized algorithm of the ICDPIC. The NISS attempts to assess the
combined effect of multiple injuries sustained by a given person. With ranges from 1 to 75,
it is the sum of the squares of the three most severe AIS, regardless of body region. A
patient with an AIS of 6 is automatically given an NISS of 75. NISS were determined and
used in the statistical analysis for risk adjustment.24, 25, 27, 28

The presence of severe extra-cranial injuries has been previously identified as prognostic for
poor outcome in TBI and was defined as having any injury with AIS score of 4 through 6 in
the following body regions: face, chest, abdomen, extremities, and/or external.36

Main outcome measures
The main outcome was status at hospital discharge; either dead or alive. Survivors were
evaluated at discharge by a trauma unit nurse who assigned a functional status score for the
five domains of feeding, locomotion, expression, transfer mobility, and social interaction.

Functional outcomes were analyzed utilizing the Functional Independence Measure (FIM).
The internal consistency, inter-rater reliability, validity, and other psychometrics of the FIM
have been reported. FIM distinguishes well among patients with the different types of
impairments seen in rehabilitation inpatient, has excellent internal consistency, and provides
good inter-rater reliability across a wide variety of raters with different professional
backgrounds and levels of training.37, 38

The PTOS adopted the initial version of the FIM that uses a 4-point rating scale, where a
score of 1 represents complete dependence in functional status, 2 represents modified
dependence, 3 represents modified independence, and 4 represents complete
independence.39, 40 Finer gradations of assistance for the modified dependence score
(supervision, minimal assistance, and moderate assistance) and for the complete dependence
score (maximal assistance and total assistance) are not specified in the PTOS. Recent
versions of the FIM use a 7-point scale including these gradations of assistance. However,
some recent studies have suggested that the 4-point scale would be more precise in
measuring the level of dependence in clinical settings.39, 41

Sánchez et al. Page 5

J Head Trauma Rehabil. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Statistical analysis
Sample size and power calculation for logistic regression42 was performed for discharge
status using the Power Analysis and Sample Size (PASS) software. With power of 90% and
significance of 5%, it was necessary to have 25,221 SATBI patients to observe a statistically
significant change in the regression coefficient less or greater than 0 when the odds of
survival changes at least 1% per year over time.

Variables were analyzed descriptively by year. When necessary, comparisons of continuous
variables (age, NISS, and length of hospital stay) were performed using non-parametric tests
(Wilcoxon Mann-Whitney or Kruskal-Wallis), given their non-normal distributions.
Comparisons among categorical variables were performed using Chi-square tests.

The proportion of SATBI patients discharged alive was calculated using the total number of
SATBI as the denominator. The proportions of functional status scores for each domain
were calculated using the number of SATBI discharged alive as the denominator.

To evaluate the trend of survival associated with SATBI and the trend of complete
independence in functional status (FIM equal to 4) for each domain, we built generalized
linear mixed effect models. Variations in quality of care among trauma centers have been
reported lately.43 Therefore, mixed models were used to account for variations in care
between trauma centers and for the random effect fact that patients treated in the same
trauma center should be correlated.44 We were not aware of any specific injury prevention
effort or any changes to the treatment of brain injuries which would be expected to alter our
results.

The odds of survival and the odds of complete independence in functional status (probability
of FIM=4/probability of FIM≤3) for each domain were fitted into logistic regressions with
the random effect. As we were aware of missing data in functional status scores, sensitivity
analysis was performed for each domain, conservatively assigning the missing data to the
worst outcome (Missing FIM equal to 1). Trend analyses of the odds of complete
independence during 1998–2007 were repeated to evaluate the robustness of the
conclusions.

The analyses were performed in Stata (Version 11) software. Models were adjusted for age,
sex, race, co-morbidities, injury mechanisms, presence of extra-cranial injuries, NISS,
length of hospital stay, and hospital trauma level. Findings are presented as odds ratios (OR)
with 95% confidence intervals (CI) and P values.

Subgroup analysis
A high incidence of extremity fractures will result in fewer patients discharged with
complete independence scores in mobility domains. A subgroup analysis was performed in
adults with isolated severe TBI (isolated SATBI) and those were defined as SATBI patients
without other injuries or with extra-cranial injuries with maximum AIS of 1. The proportion
of patients discharged alive was calculated using as the denominator the number of isolated
SATBI patients. The proportions of functional status scores for each domain were calculated
using as denominator the number of isolated SATBI patients discharged alive.

RESULTS
The 26,234 SATBI patients accounted for 30.8% of total adult TBI admitted to accredited
trauma centers in Pennsylvania during 1998–2007. Annual SATBI increased from 1,757 in
1998 to 3,808 in 2007 (Table 1). In 1998, SATBI accounted for 28.9% of adult TBI,
increasing to 36.2% by 2007.
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The age of SATBI increased over the study period. Most patients were males, but the
proportion of females increased 2.2% per year during 1998–2007 (Table 1). Males were
significantly younger than females (median age 49 vs. 74 years respectively; P<0.001).
During 1998–2007, the median age increased from 70 to 76 years for females and from 42 to
54 years for males. Whites comprised 80.2% of the patients and blacks 11.6% (Table 1).
Whites were significantly older than blacks and other races (median 62, 42, and 47 years
respectively; P<0.001). The proportion of patients with co-morbidities increased during
1998–2007 (Table 1).

The most frequent mechanism of injury was falls (47.7%) followed by motor vehicle crashes
(33.5%) and firearms (6.2%). During 1998–2007, the proportion of falls increased 8.9% per
year while the proportion of motor vehicle events decreased 6.5% per year. The proportion
of firearm related injuries decreased 7.1% per year (Table 1). The median age was 76 years
for falls, 39 years for motor vehicles, and 30 years for firearms. Differences in age by
mechanism of injury were statistically significant (P<0.001). The median age of patients
injured in falls increased over the study period from 75 to 77 years, the median age of
patients injured in motor vehicle events increased from 38 to 44 years while the median age
of patients injured with firearms decreased from 30 to 27 years.

The proportion of severe extra-cranial injuries decreased 3.9% per year (Table 1). Patients
injured in motor vehicle events had a significantly higher proportion of severe extra-cranial
injuries (11.8%) than patients injured by firearms (5.4%) and those injured in falls (1.4%)
(P<0.001). Median NISS in SATBI patients did not change over the study period (Table 1).
Patients injured by firearms demonstrated significantly higher NISS than patients injured in
motor vehicles and in falls (median scores of 41, 34, and 32 respectively, P<0.001).

Patients were admitted predominantly to level I trauma centers. The length of hospital stay
was significantly higher in level I trauma centers than in level II centers (median of 6 days
vs. 5 days respectively, P<0.001). The level I centers’ hospital stay decreased from 6 days in
1998 to 5 in 2007, in level II centers decreased from 7 to 4 days over the 10 years.

Survival at hospital discharge
20,338 (77.5%) patients were discharged alive. Survivors were significantly younger than
those who died during hospitalization (median 55 years vs. 63 years respectively; P<0.001).
Females were discharged alive in greater proportion than males (79.6% vs. 76.4%
respectively; P<0.001). Blacks were discharged alive in lower proportion (72.8%) than
whites (78.2%) and other races (77.8%) (P<0.001).

Overall, survival was significantly lower in patients injured by firearms (38.4%) than in
patients injured in falls (78.4%), motor vehicles (80%), and other mechanisms (86.5%)
(P<0.001). Over time, survival increased among categories of mechanism of injury.

The proportion of patients with severe extra-cranial injuries who were discharged alive was
57.8%. Patients who were discharged alive were less severely injured than those who died,
(median NISS 34 and 41 respectively; P<0.001). The median hospital stay for survivors was
seven days while in patients who died it was one day (P<0.001).

Trends of survival at hospital discharge associated with SATBI
The proportion of survivors increased from 72.2% in 1998 to 82.1% in 2007 (Table 1). We
used a logistic regression model with the random effect for trauma center and adjusted for
age, sex, race, co-morbidities, injury mechanisms, presence of extra-cranial injuries, NISS,
length of hospital stay, and hospital trauma level. The trend analysis showed a significant
increase of 10% per year in the odds of survival between 1998 and 2007 (OR 1.10, 95%CI
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1.08 to 1.11, P<0.001) (Table 3). All the actual increase in the odds of survival occurred
after 2002 when we observed a significant increase of 26% in the odds of survival compared
with the baseline year of 1998 (OR 1.26, 95%CI 1.06 to 1.50, P 0.008) and this increase in
the odds of survival remained constant until 2007 (OR 2.19, 95%CI 1.85 to 2.58, P<0.001)
(Figure 1-A).

Trends of functional status scores at hospital discharge associated with SATBI
Functional status scores are shown in Table 2. The proportion of survivors with complete
independence scores at discharge was as high as 47.6% for expression and as low as 28.3%
for locomotion. During 1998–2007, the proportion of survivors with complete independence
scores increased in all domains. The largest increases were observed in the social interaction
and expression domains. The smallest increases were observed in locomotion and transfer
mobility (Table 2).

For each domain, logistic regression models with the random effect and adjusted for age,
sex, race, co-morbidities, injury mechanisms, presence of extra-cranial injuries, NISS,
length of hospital stay, and hospital trauma level were performed separately to evaluate
trends of complete independence scores. Initially, statistically significant trends of the odds
of complete independence were observed in all domains (Table 3).

FIM missing data in at least one domain was found in 28.5% of SATBI survivors. When
missing values were coded as the worst FIM score, the sensitivity analysis indicated a
significant trend of 1% increase per year between 1998 and 2007 in the odds of complete
independence for the domains expression (OR 1.01, 95%CI 1.00 to 1.02, P 0.011) and social
interaction (OR 1.01, 95%CI 1.00 to 1.03, P 0.002). The trends of the odds of complete
independence did not reach statistical significance for the domains feeding (OR 1.00, 95%CI
0.99 to 1.02, P 0.121), locomotion (OR 0.99, 95%CI 0.97 to 1.00, P 0.247), and transfer
mobility (OR 0.99, 95%CI 0.97 to 1.00, P 0.142), in the sensitivity analysis (Table 3).
Figures 1-B to F illustrate the adjusted odds of complete independence scores by year in
each domain.

Isolated SATBI
There were 13,959 isolated SATBI patients (i.e., without other injuries or with extra-cranial
injuries with maximum AIS of 1). 78.2% were discharged alive. Trend analyses using
logistic regression models with random effect and adjusted for age, sex, race, co-
morbidities, injury mechanisms, NISS, length of hospital stay, and hospital trauma level are
depicted in Table 3. During 1998–2007, survival increased from 72.2% to 83.9%. The trend
analysis showed a statistically significant increase of 11% per year in the odds of survival
(OR 1.11, 95%CI 1.09 to 1.13, P<0.001).

48% of survivors were discharged with complete independence scores for feeding, 33.2%
for locomotion, 49.2% for expression, 35.5% for transfer mobility, and 49.2% for social
interaction. The regression analyses indicated statistically significant trends of the odds of
complete independence for the domains feeding (OR 1.06, 95%CI 1.03 to 1.08, P<0.001),
expression (OR 1.06, 95%CI 1.04 to 1.09, P<0.001), and social interaction (OR 1.07, 95%CI
1.05 to 1.09, P<0.001). The trends of the odds of complete independence did not reach
statistical significance for the domains locomotion (OR 1.01, 95%CI 0.99 to 1.03, P 0.128)
and transfer mobility (OR 1.01, 95%CI 0.99 to 1.03, P 0.169). FIM missing data in at least
one domain was found in 29.5% of the isolated SATBI survivors. In the sensitivity analysis,
there were no statistically significant trends of complete independence scores (Table 3).
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DISCUSSION
Over the study period, falls became the leading mechanism of SATBI admitted to
Pennsylvania’s trauma centers as the population aged. However, the numbers of SATBI
related to traffic events also increased and remains an important cause of SATBI
hospitalizations and deaths. We found statistically significant trends of increased survival
and increased complete independence scores for expression and social interaction. In the
sensitivity analysis, variations over time of complete independence scores of feeding,
locomotion, and transfer mobility were not statistically significant. In isolated SATBI, the
increase of survival was statistically significant. However, the sensitivity analysis showed no
statistically significant variations over time of complete independence scores of functional
status.

Our study strengths are the use of an established state-wide trauma registry and the large
sample size in relation to the number of confounding variables examined. The PTOS is not
strictly a population-based registry, but it is still robust due to its coverage of all accredited
trauma centers in Pennsylvania over the 10 years of continuous data collection.

There were several limitations. PTOS database is from accredited trauma centers only. TBI
admitted and managed elsewhere are not part of our analysis. However, guidelines for pre-
hospital management of TBI recommend that, whenever there is a trauma system in place,
emergency medical service agencies should transport TBI patients directly from the scene of
the event to a trauma center.15 When trauma systems are in place this is what usually occurs.
Additionally, SATBI deaths are in hospital deaths only and the reported difference in AIS
scoring between ICDPIC and ICDMAP-90 is towards an underestimation of injury
severity.33 Therefore, the true incidence of severe TBI in Pennsylvania may be
underestimated.

PTOS contains pooled entries from numerous different data entry personnel with varying
levels of training and expertise. This might affect accurate classification of TBI and
accuracy of outcomes assessments. This misclassification, if differential in relation with the
outcomes, may underestimate or overestimate our trends. Nonetheless, PTOS is a
requirement for each trauma center in Pennsylvania and each hospital trains data entry
personnel according to the standards for trauma center accreditation in the State of
Pennsylvania.45 Data assessment and quality controls are performed by the institutions
according to the PTOS operations manual. Consistency over time of the accreditation
process might reduce misclassification to a minimum. Finally, PTOS database is by
definition descriptive. The observational approach used to assess trends of survival and
functional outcomes can be biased by trauma care delivered in different trauma centers. The
inclusion of a random effect in our analysis reduces this bias.

A report from the Pennsylvania Department of Health indicated that during 2001–2005 the
age-adjusted TBI hospitalization rates increased 17.5% for males (from 158.4 to 186.2 per
100,000 population) and 15.5% for females (from 82.2 to 95.0 per 100,000 population).46

This and U.S. hospitalization reports7 are consistent with our findings that SATBI
admissions to trauma centers are increasing over time.

Reports of temporal trends of mortality associated with SATBI have shown an overall
reduction in the US9 and internationally47 where trauma systems are in place. Others suggest
that treatment in neurosurgical centers represents an important strategy in the management
of severe head injury, increasing the odds of survival.17 Despite the increased numbers of
SATBI admissions to trauma centers, we found statistically significant trends of increased
survival and increased complete independence scores for cognitive domains such as

Sánchez et al. Page 9

J Head Trauma Rehabil. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



expression and social interaction. We hypothesize that the trend of increased good outcomes
results from the maturation of the trauma system in Pennsylvania.

The proportion of fall related SATBI injuries increased substantially during the last decade,
becoming the leading mechanism of SATBI. Furthermore, the median age of the SATBI
increased during 1998–2007. Older adults are the most vulnerable group in terms of injury
mortality. With further aging, these long terms trends portend a further increase in trauma
center burden.48 Although this may have influenced outcomes over time, age and
mechanism of injury were adjusted for in the analysis.

TBI sequelae such as decreased mobility and impaired cognitive function contribute to
decreased survival following hospital discharge among more severely injured patients.49, 50

A previous report indicated a 15-month post hospitalization mortality rate of 12% among
SATBI.51 The results obtained in our study regarding functional status scores at discharge
indicated that at least half of the SATBI patients are discharged with some degree of
functional limitation in cognitive domains, and at least two-thirds are discharged with some
degree of functional limitation in mobility domains. Nationally, there is an estimated
disability rate of 43.3% from hospitalized TBI survivors.4

TBI remains one of the most frequent causes of disability.52 Public awareness has to be
raised in Pennsylvania (and elsewhere), where the number of SATBI survivors who likely
need rehabilitative or supportive services will increase every year, in greater proportion for
functional limitations in their mobility and locomotion. The early identification of these
patients is necessary to assist in the development of physical medicine and rehabilitation
interventions to improve acute care discharge function and long term rehabilitation in order
to maximize their potential.

The importance of measuring the degree of disability for survivors of major trauma has been
identified previously as a key element for assessing hospital/system performance. Gabbe and
colleagues53 found in a cohort of trauma patients in Australia that the complete
independence score for locomotion increased from 22% at discharge to 76% at 6 months, for
feeding from 46% to 94%, and for expression from 81% to 92%. The modified Functional
Independence Measure at discharge after major trauma was not associated with return to
work or study at 6 months post injury, and only the locomotion item was associated with
poor recovery at 6 months post injury.53 Equivalent data in severe head injury patients has
not been published. Functional outcomes at discharge could be used for assessing hospital/
system performance. In the future, it is likely that improvements in measures of long-term
disability will be needed as part of the Pennsylvania trauma registry.

Finally, the study results are based on SATBI patients admitted to trauma centers in
Pennsylvania. These results cannot be generalized to mild and moderate TBI, to SATBI
treated in non-trauma centers or in other inpatient or outpatient settings, and to those
untreated. Demographic characteristics of Pennsylvania and trauma systems characteristics
may be important to consider for generalizing these results to other communities.

CONCLUSION
SATBI is increasing, and falls have become the leading mechanism in Pennsylvania as its
population ages. This brings more trauma victims with pre-existing conditions to the trauma
and rehabilitation centers, challenging clinicians as never before. Despite the increase in the
numbers of SATBI admissions, inpatient care in Pennsylvania’s established trauma system
is substantially improving in-hospital survival rates and cognitive functional status over
time. While positive from a clinical perspective, safety programs which use fatal outcomes
as evaluation endpoints need to exercise caution about attributing mortality reductions to
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primary injury prevention interventions. Injury surveillance systems need to examine both
mortality and functional status to properly interpret long term trends in recovery from
serious trauma. More effective fall prevention programs may reduce the burden of SATBI in
trauma centers, while further research is needed to improve treatment and rehabilitation of
SATBI. Meanwhile, given the increased survival and the number of patients discharged with
functional limitations, access to health care and to rehabilitation services will be an
increasing burden on the medical care system.
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Figure 1. Yearly odds of survival and complete independence scores in each domain compared
with 1998
Adjusted odds ratios were calculated using logistic regressions adjusting for age, sex, race,
co-morbidities, injury mechanisms, presence of extra-cranial injuries, NISS, length of
hospital stay, trauma center, and hospital trauma level. Y axes are in log scale.
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Table 1

Descriptive trends of characteristics in SATBI patients

Characteristics
Total 1998 2007

Average change per year
(N=26,234) (n=1,757) (n=3,808)

Age (years)

Mean (SD) 55.9 (23.6) 51.1 (23.2) 59.3 (23.1) +0.9 years

Median [PR] 57 [35–78] 47 [30–74] 63 [41–80] +1.8 years

Sex

Female 34.8 31.2 36.7 +2.2

Race

White 80.2 78.6 80.6 +0.5

Black 11.6 14.9 9.8 −4.5

Other 8.2 6.5 9.5 +5.4

Pre-existing conditions or co-morbidities 74.5 60.0 79.6 +10.8

Mechanism of injury

Falls 47.7 33.5 55.7 +8.9

Motor vehicle 33.5 42.9 28.0 −6.5

Firearms 6.2 9.4 4.6 −7.1

Other 12.6 14.2 11.7 +1.5

Severe extra-cranial injuries* 5.4 8.3 5.0 −3.9

NISS

Mean (SD) 33.9 (11.7) 36.2 (11.7) 33.1 (11.6) −0.22 points

Median [PR] 34 [25–41] 34 [29–48] 34 [24–41] 0 points

Length of hospital stay (days)

Mean (SD) 9.9 (13.4) 10.7 (13.6) 9.1 (12.7) −0.22 days

Median [PR] 5 [2–12] 6 [2–14] 5 [2–11] −0.11 days

Type of trauma center

Level I 64.2 63.7 63.8 +1.8

Level II 35.8 36.3 36.2 −1.8

Discharge status

Alive 77.5 72.2 82.1 +6.5

Data are percentages unless otherwise indicated. SD, standard deviation; PR, percentile range; NISS, new injury severity score.

*
Severe extra-cranial injuries are any injury with AIS score of 4 through 6 in the following body regions: face, chest, abdomen, extremities, and/or

external.

J Head Trauma Rehabil. Author manuscript; available in PMC 2013 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Sánchez et al. Page 16

Table 2

Descriptive trends of functional status scores in SATBI patients discharged alive

Total 1998 2007
Average change per year

(N=20,338) (n=1,269) (n=3,128)

Feeding

(1) Complete Dependence 13.9 19.1 12.2 −6.5

(2) Modified Dependence 6.1 8.1 5.0 −5.8

(3) Modified Independence 7.8 10.0 7.3 −2.3

(4) Complete Independence 44.9 41.1 47.8 +2.3

Locomotion

(1) Complete Dependence 16.4 22.2 13.7 −6.6

(2) Modified Dependence 13.6 16.5 14.0 −1.5

(3) Modified Independence 14.5 12.9 15.9 +2.0

(4) Complete Independence 28.3 26.8 28.8 +0.5

Expression

(1) Complete Dependence 8.9 12.9 6.9 −8.5

(2) Modified Dependence 7.4 10.2 6.2 −7.1

(3) Modified Independence 8.7 11.4 8.3 −2.3

(4) Complete Independence 47.6 43.9 50.9 +2.7

Transfer Mobility

(1) Complete Dependence 15.2 20.3 12.7 −6.9

(2) Modified Dependence 14.4 17.6 14.4 −1.6

(3) Modified Independence 12.8 12.0 14.0 +2.1

(4) Complete Independence 30.6 28.6 31.4 +0.5

Social Interaction

(1) Complete Dependence 9.2 14.0 6.9 −9.7

(2) Modified Dependence 7.6 10.7 6.8 −6.4

(3) Modified Independence 8.1 10.2 7.9 −1.6

(4) Complete Independence 47.4 42.9 50.6 +3.0

Data are percentages.
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Table 3

Regression analysis* for the trends of survival and complete independence scores in each domain

Outcome OR (95%CI) P value
Sensitivity analysis†

OR (95%CI) P value

Severe adult traumatic brain injury

Survival 1.10 (1.08 to 1.11) <0.001

Complete independence score‡

Feeding 1.05 (1.03 to 1.06) <0.001 1.00 (0.99 to 1.02) 0.121

Locomotion 1.01 (1.00 to 1.03) 0.010 0.99 (0.97 to 1.00) 0.247

Expression 1.06 (1.05 to 1.08) <0.001 1.01 (1.00 to 1.02) 0.010

Transfer Mobility 1.01 (1.00 to 1.03) 0.018 0.99 (0.97 to 1.00) 0.142

Social Interaction 1.07 (1.05 to 1.08) <0.001 1.01 (1.00 to 1.03) 0.002

Isolated severe adult traumatic brain injury§

Survival 1.11 (1.09 to 1.13) <0.001

Complete independence score‡

Feeding 1.06 (1.03 to 1.08) <0.001 1.00 (0.98 to 1.02) 0.598

Locomotion 1.01 (0.99 to 1.03) 0.128 0.98 (0.96 to 1.00) 0.073

Expression 1.06 (1.04 to 1.09) <0.001 1.00 (0.99 to 1.02) 0.351

Transfer Mobility 1.01 (0.99 to 1.03) 0.169 0.98 (0.96 to 1.00) 0.053

Social Interaction 1.07 (1.05 to 1.09) <0.001 1.01 (0.99 to 1.02) 0.108

OR, Odds ratio; CI, Confidence intervals.

*
Logistic regressions were performed separately for discharge status and separately for complete independence scores of each domain. Each model

was adjusted for age, sex, race, co-morbidities, injury mechanisms, presence of extra-cranial injuries, NISS, length of hospital stay, trauma center,
and hospital trauma level.

†
Sensitivity analyses were performed assigning the missing data in functional status scores to the worst outcome (functional status score equal to

1).

‡
Complete Independence score is the best functional outcome or a functional independence measure score equal to 4 in each domain.

§
Isolated severe adult traumatic brain injury patients were defined as SATBI patients without other injuries or with extra-cranial injuries with

maximum AIS of 1.
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