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Problem/Condition: Previous studies indicate that each year in the United States, approximately 1.5 million Ameri-
cans sustain a traumatic brain injury (TBI). Of those injured, approximately one quarter million are hospitalized.
Approximately one third of adults hospitalized with TBI still need help with daily activities 1 year after their discharge.

Reporting Period: This report summarizes surveillance data for TBI in the United States for January—December 1997.

Description of the System: Data are from 14 states that participated in an ongoing CDC-funded TBI surveillance
system. State health departments used CDC guidelines to identify TBI cases from hospital discharge data or from other
statewide injury data systems. Supplementary information was abstracted from medical records.

Results: The overall age-adjusted TBI-related live hospital discharge rate was 69.7/100,000 population. Rates were
highest for American Indians and Alaska Natives (75.3/100,000) and Blacks (74.4/100,000). The age-adjusted rate for
males was approximately twice as high as for females (91.9 versus 47.7/100,000 respectively). For both sexes, the rates
were highest among those aged 15-19 years and >65 years. Motor-vehicle crashes, falls, and assaults were the leading
causes of injury for TBI-related discharges (27.9, 22.5, and 7.3/100,000 respectively). TBI-related discharge rates for
falls were highest among those aged >65 years (82.3/100,000). Black males and American Indian/Alaska Native males
had the highest rates of TBI attributable to assault (31.3 and 29.5 per 100,000, respectively), approximately 4 times the
rate for white males. An estimated 46% of injured motor-vehicle occupants, 53% of motorcyclists, and 41% of pedal
cyclists reportedly were not using personal protective equipment (PPE) (e.g., seat belts or helmets) at the time of their
TBI. With regard to outcome assessed before discharge from the hospital, approximately 17% of persons hospitalized
with TBI had moderate to severe disability.

Interpretation: Data in this report, the most extensive to date from a multistate population-based TBI surveillance sys-
tem, indicate the importance of TBI as a public health problem. Population-based information regarding TBI hospitaliza-
tions can be useful in assessing the effect of prevention efforts and planning for the service needs of persons with TBL

Introduction

Approximately 1.5 million Americans sustain a traumatic
brain injury (TBI) each year (1). According to a recent esti-
mate, of those injured, approximately one quarter million are
hospitalized and survive (1), which is more than 20 times the
number of hospitalizations each year for spinal cord injury
(2), another key disabling injury. Unlike spinal cord injury,
however, TBI is frequently referred to as the silent epidemic
(3) because the problems that result from TBI (e.g., impaired

memory) often are not visible. One year after discharge, ap-
proximately one third of adults hospitalized with TBI still need
help from another person to perform daily activities (4). Esti-
mated lifetime costs of TBI in the United States totaled ap-
proximately $56.3 billion in 1995 (5).

In 1989, a task force convened by the U.S. Department of
Health and Human Services recommended the establishment
of TBI as a category in public health reporting systems (6). In
response, CDC published Guidelines for Surveillance of Cen-
tral Nervous System (CNS) Injury (7) and funded four states to
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apply these population-based TBI surveillance methods(8).
In 1996, after the passage of Public Law 104-166, the Trau-
matic Brain Injury Act, and the appropriation of additional
funds for TBI surveillance, 11 more states were funded for a
total of 15 states. Unlike the National Hospital Discharge
Survey, which uses information from a representative sample
of hospitals in the United States (9), this multistate surveil-
lance system includes information from nearly all civilian non-
Indian Health Service hospitals, provides state-level data, and
for the majority of states, includes supplementary informa-
tion abstracted from hospital records. This is the first report
of data from an ongoing multistate surveillance system to de-
scribe TBI-related hospital discharges.

Methods

TBI-related hospital discharges from January 1, 1997,
through December 31, 1997, were analyzed for this report.
Data are from 14 states (Alaska, Arizona, California, Colo-
rado, Louisiana, Maryland, Minnesota, Missouri, Nebraska,
New York, Oklahoma, Rhode Island, South Carolina, and
Utah) that were funded in 1997 to conduct TBI surveillance;
four of these states (Colorado, Oklahoma, Missouri, and South
Carolina) were first funded in September 1995 when the sur-
veillance program was initiated. Eleven of the 14 states in-
cluded in this report (Alaska, Arizona, California, Colorado,
Maryland, Minnesota, Nebraska, New York, Oklahoma, South
Carolina, and Utah) and one new state (New Jersey) are funded
through September 2004. Data from another state were not
included because of concerns regarding the completeness of
case ascertainment for the year 1997. Because the focus of
this report is on the public health importance of persons who
are hospitalized and survive a TBI and because another recent
report provides detailed information regarding TBI-related
mortality (10), deaths, including those occurring in-hospital,
were excluded from this report.

Case ldentification

States reported data from any source from which
population-based data could be obtained and TBI cases could
be identified according to one or both of the CDC TBI case
definitions. The majority of states selected cases from admin-
istrative data sets (i.e., statewide uniform electronic hospital
discharge data [HDD)] sets). However, Missouri identified cases
from a specific TBI reporting system in which hospitals are
required by law to report directly to the state’s registry system
all TBI cases admitted to acute-care hospitals. Alaska identi-
fied cases from a trauma registry supplemented by hospital
discharge data; Minnesota identified cases primarily from a

specific TBI reporting system supplemented by hospital dis-
charge data and trauma registry data; and Oklahoma’s cases
were identified from an ICD-9 code-based system in which
hospital discharge data are reported directly to the state health
department.

Case Definition

TBI was defined according to the Guidelines for Surveil-
lance of Central Nervous System Injury (7). Specifically, cases
identified from HDD were included if the patient was alive
at discharge and one or more of the following diagnosis codes
based on the International Classification of Diseases, Ninth Re-
vision, Clinical Modification (ICD-9-CM) (11) were present
in any of the diagnosis fields: codes 800.0-801.9 (fracture of
the vault or base of the skull); codes 803.0—804.9 (other and
unqualified multiple fractures of the skull); codes 850.0-854.1
(intracranial injury, including concussion, contusion, lacera-
tion, and hemorrhage); and code 959.01 (head injury, un-
specified [beginning October 1, 1997]).

Cases identified from a source other than HDD that did
not have ICD-9-CM codes were included if clinical informa-
tion reviewed soon after admission indicated that the patient
had one or more of the following conditions attributed to
head injury:

* observed or self-reported decreased level of consciousness,

* amnesia,

o skull fracture,

* objective neurological or neuropsychological abnormality,
or
diagnosed intracranial lesion.

Data Collection and Processing

All states collected core (basic) data. These data included
demographics, ICD-9-CM diagnosis codes and cause of in-
jury (E codes), according to standards in the CDC
Guidelines (7).

Legal authority to identify persons with TBI allowed states
to abstract supplementary data from medical records, includ-
ing information regarding personal protective equipment
(PPE) use, alcohol use, acute severity, and early indicators of
disability. Data for 11 states that successfully abstracted data
from medical records are included in this report. Four of these
states (Alaska, Nebraska, Oklahoma, and Rhode Island) se-
lected all cases for abstraction. The other seven states (Ari-
zona, Colorado, Louisiana, Minnesota, New York, South
Carolina, and Utah) each selected a stratified random sample
of approximately 1,000 cases, from three strata defined as
preadmission death, admission to small hospitals (<100 acute-
care beds), and admission to large hospitals (>100 acute-care
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beds). In certain of these states the sample of 1,000 cases was
allocated across strata in proportion to stratum size, but in
other states, the strata were sampled at different rates. Data
were successfully abstracted for a total of 9,949 TBI hospital
discharge cases. To provide estimates based on abstracted vari-
ables, data for the sampled hospital discharge cases were ap-
propriately weighted to represent the total population of
hospital discharge cases in each of the hospital strata for each
state. For abstracted variables, only weighted estimates are

presented in this report (Appendix).

Quality Assurance

States were asked to check and verify the data, correct in-
consistencies, and remove duplicate case records (e.g., patients
hospitalized in more than one facility for the same injury)
and records for out-of-state residents before sending the data
to CDC. CDC received a dataset without personal identify-
ing information. The majority of states submitted data within
18 months to 2 years after the end of calendar year 1997.
CDC then applied a quality assurance (QA) program to each
state’s data to assess quality and completeness. Feedback was
given to the states, and revision and resubmission of corrected
data were requested as needed. This QA process required ap-
proximately 6 months to complete.

Variables

External cause of injury (E code) for the major causes of
hospitalized TBI was analyzed by using standard categories
(12). These categories are motor-vehicle traffic-related, includ-
ing motor-vehicle occupant, motorcyclist, pedal cyclist, and
pedestrian; falls (unintentional); struck by/against (uninten-
tional); assault (including firearm-related); and self-inflicted.

Race was categorized as white, black, American Indian/
Alaska Native, Asian/Pacific Islander, other, or unknown. PPE
use included documented use of safety belts, child restraints,
airbags, or helmets at the time of injury. No PPE use was
coded if the record stated that PPE was not used. For cases
without any information regarding PPE use, the variable was
categorized as “unknown.” Evidence of alcohol use before in-
jury was categorized by laboratory-determined blood alcohol
content (BAC) if available, or as alcohol used, which included
cases with clinical or other evidence of alcohol use (i.e., re-
port of a smell of alcohol on the breath, a description of alco-
hol use or intoxication at the time of injury, a positive breath
test, or a positive saliva dipstick test). This method for mea-
suring BAC has been validated (13,14). Acute brain injury
severity was based on the patient’s level of responsiveness and
categorized by Glasgow Coma Scale (GCS) score (15). Miss-

ing GCS scores were replaced with equivalent scores based on
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information regarding level of consciousness at the time of
admission to the hospital for 40% (n = 3,992) of the abstracted
cases. Persons with a GCS score in the mild range (>13) were
subcategorized by the presence or absence of a documented
intracranial lesion determined from neuroimaging tests; those
with no intracranial lesion were categorized as mild, uncom-
plicated, and those with an intracranial lesion as mild, com-
plicated (16). A global measure of disability, the Glasgow
Outcome Scale (GOS) score, was assigned retrospectively by
medical records abstractors using medical record information,
according to criteria adapted from ratings based on patient
review and examination (/7-19). GOS categorizes TBI pa-
tients on the basis of their physical and economic dependence
and social reintegration (7). The Glasgow outcome levels
used in this report were persistent coma — unable to interact
with the environment; severe disability — able to follow com-
mands, but unable to live independently; moderate disability
— able to live independently, but unable to return to work or
school; and good recovery — able to return to work or school,
but might have certain residual disability.

Data Analysis

Rates were calculated by using 1997 population estimates
from the U.S. Bureau of the Census (20) as denominators.
The 14-state TBI surveillance population (n = 90.5 million)
had a smaller proportion of persons aged >65 years than the
U.S. population (11.9% versus 12.8%, respectively). Race was
analyzed for 12 states (Alaska, Arizona, California, Colorado,
Louisiana, Maryland, Missouri, Nebraska, New York, Okla-
homa, Rhode Island, and South Carolina), each with >80%
completeness for reporting of specific race categories (89.3%
for the 12 states combined). The 12-state subset was similar
to the U.S. population by age and sex but had a smaller pro-
portion of whites than the U.S. population (79.1% versus
82.7%, respectively). The 12-state subset also had larger propor-
tions of Asian/Pacific Islanders (6.5% versus 3.8%) and Ameri-
can Indians and Alaska Natives (1.3% versus 0.9%) than the
U.S. population. Selected rates were age-adjusted to the 2000
Census population by using the direct method (Appendix).

Resulis

After exclusion of 4,538 in-hospital deaths, data for 62,771
live TBI-related hospital discharges were available for analy-
sis. The age-adjusted TBI-related hospital discharge rate for
the 14 states combined was 69.7/100,000 population
(Figure 1; Table 1). The age-adjusted rate per 100,000 popu-
lation varied widely by state and was highest for Maryland
(99.2) and lowest for Rhode Island (52.1).

At all ages, TBI-related hospital discharge rates were higher for
males than females (Figure 2; Table 2). The overall age-adjusted
rate for males was nearly twice that of females. For both sexes,
rates were highest for the age groups 15—19 years and >65 years.

Overall, age-adjusted rates were highest for American
Indians/Alaska Natives and blacks, but substantial variation
by age and sex (Figure 3; Figure 4; Table 3) occurred. For the
age groups 20—24 years through 35-44 years, American Indi-
ans and Alaska Natives had the highest TBI-related hospital
discharge rates. Within the age group 0—4 years, blacks had
the highest rate, and within the age group >65 years, whites
had the highest rate. For whites, blacks, and Asians/Pacific
Islanders, the rate for persons aged >65 years was substan-
tially higher than for persons aged 45-64 years. However, for
American Indians and Alaska Natives, the rate for persons
aged >65 years was substantially lower than for the other adult
age groups. Among all races, males had substantially higher
rates than females, but the differences were greatest among
blacks (male to female ratio: 2.8 to 1) and American Indians
and Alaska Natives (male to female ratio: 2.4 to 1).

For all ages combined, motor-vehicle traffic-related inci-
dents, falls, and assaults were the leading causes of injury for
TBI-related live hospital discharges (27.9, 22.5, and 7.3/
100,000, respectively) (Table 4; Table 5). Approximately three
fourths of the motor-vehicle traffic-related TBI discharges were
motor-vehicle occupants, and 15% were pedestrians (Figure 5).
Persons aged 1519 years had the highest rates of motor-vehicle
traffic-related TBI discharges (Figure 6). The rate for motor-
vehicle pedestrian-related TBI discharges among black males
was approximately 3 times that of white males. Rates for falls
were highest for those aged >65 years with an increased rate
also among young children aged 0—4 years. TBI discharge
rates for injuries caused by assaults were highest among per-
sons aged 15—44 years (Figure 6). Black males had the highest
TBI-related hospital discharge rate for assaults, approximately
4 times that of white males, followed closely by American
Indian/Alaska Native males with a rate only marginally lower
than that for black males (Figure 7). The leading specific causes
of TBI-related assaults among males were being struck by a
blunt/thrown object (38%), unarmed fighting/brawling
(29%), and firearms (6%). This distribution was similar across
race groups. Depending on race, the percentage for being
struck by a blunt/thrown object was 35%—42%; the percent-
age for unarmed fighting/brawling was 22%-39%; and the
percentage for firearms was 1%—9%.

An estimated 46% of motor-vehicle occupants, 53% of
motorcyclists, and 41% of pedal cyclists injured in motor-
vehicle collisions were reported not to have been using PPE
at the time of injury (Table 6). For approximately one half of
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the pedal cyclists injured in motor-vehicle collisions, infor-
mation regarding PPE use was not reported.

A BAC >0.01 g/dL or an indication of alcohol use was re-
ported for a total of 21% of motor-vehicle occupants hospital-
ized with a TBI (Table 6); a total of 12% had a reported BAC
of >0.10 g/dL. A similar proportion (12.5%) had a BAC of
>0.08 g/dL, the current U.S. National Highway Traffic Safety
Administration’s recommended legal limit for drivers (21).

Three fourths of persons hospitalized with a TBI had an
acute brain injury severity classified as mild according to GCS
(Figure 8; Table 7). Persons aged >65 years were 1.5 times as
likely to have had a mild, complicated TBI than the next high-
est age group (45-64 years) and were more likely than all
other age groups to have had a long length of stay (36% were
>7 days) (Figure 9) and to have been discharged to another
facility than to home, with only approximately one half be-
ing discharged to home. They were also 1.4 times as likely as
the next highest age group (45-64 years) to be categorized as
having severe disability according to GOS. For all ages com-
bined, 17% of TBI-related hospital discharges were reported
as having moderate to severe disability (including <1% in per-
sistent coma) based on GOS; approximately three fourths were
categorized as good recovery (i.e., able to return to work or
school, but might have some some residual disability)
(Figure 10).

Discussion

In this report, data from an ongoing TBI surveillance sys-
tem were used to provide a comprehensive overview of TBI
hospitalizations in 14 states. This overview presents date from
the first effort to develop a multistate injury surveillance sys-
tem for tracking and reporting of TBI-related hospital dis-
charges. Youth aged 15-19 years, older adults, blacks, and
American Indians and Alaska Natives had the highest rates of
TBI resulting in hospitalization. These findings emphasize the
importance of TBI as a public health problem by focusing on
persons who survive the injury, often with long-term disability
(22—24). The results also indicate that TBI prevention programs
and services for persons with TBI-related disability are needed.

The overall age-adjusted rate of TBI-related hospital dis-
charges from the combined 14-state surveillance data (69.7/
100,000) was substantially lower than the average annual U.S.
hospital discharge rate for TBI from the National Hospital
Discharge Survey for 1995-1998 (88.1/100,000, age-adjusted
to the 2000 U.S. population) (25). In-hospital deaths were
excluded from both of these rates. Differences in the rates
from the National Hospital Discharge Survey and the 14-state
surveillance system are likely attributable to methodological

differences between the two studies. First, although the de-
mographic characteristics of the surveillance population were
similar to those for the U.S. population, the 14 states might
not be entirely representative of the TBI incidence for the
nation. Second, certain states included in the surveillance sys-
tem are known to have lower rates because of the exclusion of
resident cases injured in-state but hospitalized in another state.
These cases would be captured by the National Hospital Dis-
charge Survey. Third, the National Hospital Discharge Sur-
vey might have included multiple hospitalizations for the same
injury, whereas the surveillance states exclude multiple hospi-
talizations whenever possible.

Among the 14 states, substantial variability was found in
the reported rates. Factors contributing to these differences
might include differences among states in 1) the actual rate of
TBI occurrence, 2) hospital admission practices, 3) the num-
ber of diagnosis codes that can be reported in the HDD sets,
and 4) other TBI reporting and coding practices. The relative
contributions of these factors have not yet been determined.

The findings in this report confirm that TBI is a key public
health problem among persons aged >65 years. Falls, the lead-
ing cause of TBI among older adults, are a growing public
health concern. Recent reports indicate that the incidence of
TBI among older persons might be increasing (26). Further
studies are needed to determine the reasons for these increases
and to identify appropriate prevention measures. Implementa-
tion of interventions to reduce falls in general among older per-
sons could result in lower fall-related TBI rates (27).

The high rates of TBI among American Indians and Alaska
Natives and blacks have been reported in additional studies
(10,28,29). In this study, a specific race category was not re-
ported for approximately 11% of the TBI hospital discharges
analyzed. Thus, the rates by race should be considered conser-
vative, but they still allow comparison across race groups.
However, differences by race should be interpreted with cau-
tion. Race and ethnicity are not risk factors for TBI but are
markers for risk factors for injuries (e.g., socioeconomic sta-
tus [SES]) (30). SES, which was not studied in this report,
might account in part for the higher rate of assault-related
TBI for black versus white males (31), but other unmeasured
factors might also contribute to differences by race (32). Ameri-
can Indians and Alaska Natives might be at greater risk of
injuries including TBI because the population is substantially
younger than the total U.S. population (median age: 27.8
years versus 35.8 years) (20). Young persons are at higher risk
for injury because of risk-taking behaviors (e.g., drinking and
driving, not wearing seatbelts, and especially for Native Ameri-
cans, abusive alcohol drinking styles, including binge drink-
ing) (33). Further research is needed to better understand the
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risk factors for TBI indicated by the differences in rates by
race so that appropriate prevention measures can be developed.

An estimated 40%-50% of those injured as motor-vehicle
occupants, motorcyclists, and pedal cyclists reportedly were
not using PPE at the time of injury. Seat belts and airbags for
motor-vehicle occupants (34,35) and helmets for both mo-
torcyclists (36-38) and bicyclists (39—42) have been demon-
strated to substantially reduce the risk of TBI. States can use
data regarding TBI and the lack of PPE use to support the
need for legislation requiring use of this equipment or better
enforcement of existing legislation.

An estimated one fourth of persons with TBI discussed in
this report had an acute brain injury severity classified as mod-
erate or severe according to GCS. Increased acute TBI sever-
ity contributes to an increased likelihood of injured persons
needing rehabilitation or discharge to a long-term care facil-
ity (43) and impaired functional outcome (44). The South
Carolina TBI surveillance system has demonstrated that in-
formation regarding the number of cases with severe TBI, in
combination with other routinely available surveillance data,
can be used to estimate the number of new case-patients each
year expected to experience disability (Anbesaw Selassie,
Dr.PH., Medical University of South Carolina, Charleston,
South Carolina, personal communication, October 2000).
However, acute injury severity might not always be an accu-
rate indicator of long-term outcome for persons classified as
having a mild brain injury. Certain persons might have sub-
stantial long-term deficits (e.g., memory problems [44—47])
that could prevent them from performing even routine daily
activities independently. Thus, a mild brain injury, as deter-
mined by acute severity measures, is not always associated
with mild consequences. Also of importance is that GCS is
not an adequate measure of severity among infants and young
children because they are not yet able to follow verbal com-
mands required to assign the score (48—49).

Similarly, three fourths of persons hospitalized with a TBI
were categorized as good recovery, and 17% had moderate to
severe disability based on GOS, a global assessment measure
using information regarding patients’ abilities recorded while
they are still in the hospital. Preliminary analysis of data from
the Colorado TBI surveillance and follow-up systems indi-
cated that a GOS score in the severe range was a substantial
predictor of physical disability and cognitive disability at 1
year post-1BI, after adjusting for other factors (David Mellick,
M.A., Craig Hospital, Englewood, Colorado, personal com-
munication, October 2001).

GOS and GCS are variables that states can use to help iden-
tify persons likely to experience TBI-related disability. How-
ever, because GCS and GOS are early, global measures, more
detailed follow-up studies are needed to identify the specific

long-term outcomes of TBI and related needs for assistance
with daily activities and for other services. Ultimately, this
information can be used by states to help ensure that persons
at high risk of disability have access to appropriate rehabilita-
tive and community-based services.

The information presented in this report has multiple limi-
tations. It includes hospital discharges only. Information re-
garding the number and causes of TBI-related deaths is a key
consideration, especially for planning prevention efforts. The
multistate surveillance system includes information concern-
ing deaths that could be analyzed separately. This report pro-
vides an incomplete picture of persons who survive a TBI
because it does not include information regarding those treated
in emergency departments (ED) or doctors’ offices only, or
those who lack access or do not seek medical care. ED data
provide critical information regarding less severe TBI, espe-
cially among children for whom the ratio of ED to hospital-
treated TBI is approximately 14:1 (50). Surveillance of persons
with TBI treated in ED, as well as those who receive care in
doctors’ offices or do not seek care, is of increasing impor-
tance to understanding the true effect of TBI. The availability
of 1 year of data did not allow for evaluation of trends. Cer-
tain states, including South Carolina, have been able to ana-
lyze multiple years of statewide data to investigate trends. The
lack of timeliness of the data is a critical limitation. The dis-
tributions of TBI by age, sex, and cause of injury tend to re-
main similar over time; however, because of the trend toward
decreased hospital admission rates for TBI (57), the rates in
this report, on the basis of 1997 data, are likely to be higher
than more current rates. Because the TBI surveillance system
relies heavily on use of administrative data sources, flexibility
of the surveillance system is limited. Variability among cer-
tain states in the sources of TBI data, including trauma regis-
tries, might contribute to differences in the data that have not
yet been evaluated. The abstraction of supplementary data
not routinely reported in administrative data sets increases
the potential to collect other data, including clinical informa-
tion; however, abstracted data are limited because health pro-
fessionals might not consistently record this information in
the medical record. Lack of completeness for certain abstracted
variables, including the Abbreviated Injury Scale score, pre-
cluded their inclusion in this report. On the other hand, use
of statewide administrative HDD helps ensure that the data
are representative and also reduces the cost, resulting in a sys-
tem that is inexpensive to operate.

Certain unexpected challenges were encountered in estab-
lishing a low-cost surveillance system that yields high-quality
data. At the state level, lags of >1 year in receiving HDD are
routine. After receiving the data, the majority of states needed
another 18 months-2 years to abstract medical records, pro-




Vol.52/SS-4

Surveillance Summaries 7

cess and reformat the data according to the CDC
Guidelines (7), and send the data to CDC. Certain states re-
quired additional time. At CDC, the resources and planning
required to evaluate the quality of the data, provide feedback
to states to make corrections, and to combine the revised data
from different states exceeded original expectations. This in-
cluded the need for development of detailed QA guidelines,
QA report formats to communicate feedback to the states,
and computer programs to generate these reports. However,
as a result of efforts to evaluate the completeness and quality
of the data received at CDC, the TBI Surveillance Program
has developed and implemented multiple innovations. First,
the CDC Guidelines for Surveillance of Central Nervous System
Injury (7) have been revised and updated. The new document,
the CDC Annual Data Submission Standards for Central Ner-
vous System Injury Surveillance (52), was first produced in 2000.
The majority of the changes were made to the guidance for
collecting and submitting data abstracted from medical records.
Multiple variables that were duplicative, determined not to
be useful, or that were not well documented in medical records,
were dropped. For other variables, more detailed categories
were created (e.g., for sports and recreation-related causes).
Certain new sampling variables were also added. Since then,
the Standards has been revised each year to incorporate changes

needed to respond to issues discovered from the previous year’s
review of submitted data. This document has been requested
by multiple states that are not funded by CDC but are inter-
ested in applying the recommended methods to collecting and
processing their own statewide TBI data.

Detailed sample weighting programs and methods were also
developed and applied to the abstracted data to allow the
merging of data from varied states. These programs can be modi-
fied annually and more efficiently applied to new years of data.

Because of ongoing surveillance efforts and analyses of data
at the state level, CDC has been alerted to ICD-9 coding
concerns that affected the accuracy of the TBI surveillance
data. The South Carolina TBI Surveillance Program was
among the first to note that the addition of a new code to the
ICD-9-CM resulted in a substantial shift in TBI coding. Spe-
cifically, after the addition of the code 959.01 in 1997 (head
injury unspecified), many cases that were previously coded by
using the specific code 850 (concussion) were now being as-
signed the new less-specific code. After other states confirmed
this pattern, CDC added 959.01 to the TBI case definition,
and made a formal request to CDC’s National Center for
Health Statistics that more detailed coding guidance accom-
pany this code in future versions of the ICD-9-CM. Also,
the New York State TBI Surveillance Program conducted more
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in-depth medical-record abstraction of cases with possible
shaken infant syndrome. Their findings indicated that the code
for shaken infant syndrome (995.55) was not routinely ap-
plied to cases where evidence in the record indicated that the
code might be appropriate. This finding alerted CDC and
other states to the need to interpret cautiously data on the
basis of this code. Further investigation is needed to under-
stand why this code was not applied.

The data from the surveillance system have been useful for
other purposes. At the state level, they have been used to in-
crease awareness of TBI as a public health problem, to target
interventions (e.g., bicycle helmet use), to develop policy, to
support prevention legislation, to expand surveillance by us-
ing HDD to include other injuries, and to obtain funding
for prevention programs and services for persons with TBI
(53). State service agencies have successfully used TBI sur-
veillance data for their needs assessments. These assessments
include those by Health Resources and Services Administra-
tion (HRSA)-funded TBI projects aimed at improving access
to services for persons with TBI. At the national level, the
data have been used to supplement information from national
data sets to describe the effect of TBI on the nation. Specifi-
cally, the 14-state TBI surveillance data for American Indians
and Alaska Natives are more complete than the data recently
published from the Indian Health Service data system (28).
These data were inlcuded in a recent brief report on TBI among
American Indians and Alaska Natives that was requested by
staff of the White House, Office on Disability.

Additional uses for the surveillance system have also been
demonstrated. States that have legal authority to identify and
contact state residents who were hospitalized with TBI can
build additional functions into their existing system. First,
they can help link persons with TBI to available services by
increasing their awareness of resources in the community. A
pilot linkage project in Colorado contacted a sample of per-
sons identified from surveillance by mail to inform them of a
statewide 800 number that they could access for information
regarding services. Preliminary data indicated that as a result
of the project, the number of calls increased fourfold overall,
and sixfold among persons with TBI living in rural settings
(Pat Sample, Ph.D., Colorado State University, Fort Collins,
Colorado, personal communication, July 2002). Second, states
can follow up persons initially identified from surveillance to
collect information regarding TBI outcomes. The Colorado
Department of Health and the Environment, in collabora-
tion with Craig Hospital and CDC, developed methods for
tracking and interviewing by telephone a sample of persons
identified from surveillance to determine their TBI-related
disability and service needs (54). A similar project is ongoing
in South Carolina.

National TBI organizations including the Brain Injury
Association of American and the National Association of State
Head Injury Administrators agree that all states could benefit
from having their own TBI data to plan prevention efforts
and estimate the number of state residents needing TBI-related
services. In collaboration with our state partners, CDC is
working to identify the most useful state-based surveillance
methods. Based on experiences to date, TBI surveillance needs
to better balance the needs for quality data and timely report-
ing. For the majority of routine reporting of national esti-
mates of TBI, use of existing national datasets (e.g., the
National Hospital Discharge data) might be the most cost-
effective, allowing for more effort to be focused on expand-
ing state-based TBI surveillance. Development of simplified
methods that allow for timely reporting regarding TBI at state
and national levels is a priority for future planning. Commu-
nication of lessons learned from pilot projects designed to in-
dicate how surveillance systems can be used to help persons
with TBI get needed services is also important. These efforts
will make it possible for an increasing number of states to
apply these methods.
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TABLE 1. Numbers of TBI-related hospital discharges and TABLE 2. Numbers of traumatic brain injury-related hospital
rates,* by state — 14 states, 1997 discharges and rates,* by age and sex — 14 states,’ 1997
State No.T Rate Age-adjusted rate® Characteristic No.§ Rate
Alaska 494 79.1 81.4 Both sexes
Arizona 4,007 89.9 89.4 All ages 62,725 69.3
California 19,272 60.4 61.4 0-4 4,433 64.0
Colorado 3,446 87.8 89.4 5-14 6,564 48.1
Louisiana 2,528 57.8 57.7 15-19 6,664 103.5
Maryland 5,026 97.7 99.2 20-24 5,315 90.6
Minnesota 2,669 56.8 56.7 25-34 8,868 64.3
Missouri 4,774 88.2 87.0 35-44 8,546 57.4
Nebraska 1,085 65.2 64.0 45-64 9,280 51.1
New York 13,077 72.1 71.9 >65 13,055 121.2
Oklahoma 2,164 65.3 64.2 Age-adjusted" 69.6
Rhode Island 534 53.8 52.1 Female
South Carolina 2,201 58.7 58.7 All ages 22,351 48.5
Utah 1,483 72.1 71.6 0-4 1,835 54.3
Total 62,760 69.4 69.7 5-14 2,066 31.0
*Per 100,000 population. 15-19 2,047 65.3
Excludes 11 cases for which age was missing. 20-24 1,362 47.6
Age-adjusted to the year 2000 standard population. 25-34 2,381 34.8
35-44 2,501 335
45-64 3,014 32.2
>65 7,145 112.8
Age-adjusted" 47.7
Male
All ages 40,374 90.9
0-4 2,598 73.3
5-14 4,498 64.4
15-19 4,617 139.9
20-24 3,953 131.5
25-34 6,487 93.4
35-44 6,045 81.5
45-64 6,266 71.3
>65 5,910 133.4
Age-adjusted" 91.9

*Per 100,000 population.
Alaska, Arizona, California, Colorado, Louisiana, Maryland, Minnesota,
Missouri, Nebraska, New York, Oklahoma, Rhode Island, South Carolina,
and Utah.
Excludes 35 cases for which sex was missing and 11 cases for which age
was missing.
Age-adjusted to the year 2000 standard population.
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TABLE 3. Numbers” of traumatic brain injury-related hospital discharges and rates,’ by age, sex, and race — 12 states,® 1997

American Indian/ Asian/
White Black Alaska Native Pacific Islander
Characteristic No. Rate No. Rate No. Rate No. Rate
Both sexes
All ages 41,691 63.0 8,121 74.2 846 76.7 1,689 30.9
0-4 2,550 52.4 770 78.2 66 65.9 121 25.9
5-14 4,045 42.4 1,013 52.8 120 53.1 156 17.9
15-19 4,412 99.8 806 87.6 98 94.5 156 37.3
20-24 3,347 81.5 686 85.2 91 105.9 162 41.2
25-34 5,478 55.2 1,418 80.7 170 99.1 226 23.5
35-44 5,364 49.1 1,444 81.4 148 92.0 189 20.1
45-64 6,162 44.8 1,255 65.3 112 63.4 307 30.1
>65 10,333 119.3 729 84.4 41 52.8 372 93.6
Age-Adjusted? 62.9 74.4 75.3 34.8
Female
All ages 15,732 47.0 2,303 40.1 259 46.2 663 23.4
0-4 1,050 44.3 311 64.1 26 52.2 47 20.6
5-14 1,285 27.6 284 30.1 57 51.2 43 10.1
15-19 1,442 67.3 178 39.2 26 50.4 49 23.7
20-24 886 44.9 164 40.3 23 54.5 53 26.8
25-34 1,559 32.1 341 37.3 38 45.1 80 16.0
35-44 1,636 30.2 363 38.6 41 49.9 71 14.4
45-64 2,108 30.1 317 29.7 28 30.1 127 23.2
>65 5,766 113.5 345 65.1 20 43.8 193 82.9
Age-Adjusted" 45.2 40.5 44.8 26.5
Male
All ages 25,959 79.4 5,818 111.7 587 108.2 1,026 38.9
0-4 1,500 60.1 459 91.9 40 79.5 74 31.0
5-14 2,760 56.4 729 74.7 63 54.9 113 25.3
15-19 2,970 130.5 628 134.6 72 138.0 107 50.5
20-24 2,461 115.2 522 131.2 68 155.5 109 55.8
25-34 3,919 77.3 1,077 127.6 132 151.3 146 31.7
35-44 3,728 67.7 1,081 129.5 107 135.8 118 26.5
45-64 4,054 60.1 938 109.6 84 100.4 180 38.1
>65 4,567 127.6 384 115.1 21 65.8 179 108.7
Age-Adjusted" 80.4 112.9 107.0 44.0

’;Excludes 6,272 cases: 4,303 with other race; 1,956 with race unknown; 11 with age unknown; and two with sex unknown.
Per 100,000 population.
Rates are for 12 states with adequate reporting of race (Alaska, Arizona, California, Colorado, Louisiana, Maryland, Missouri, Nebraska, New York,
Oklahoma, Rhode Island, and South Carolina).
Age-adjusted to the year 2000 standard population.
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TABLE 4. Numbers of traumatic brain injury-related hospital discharges and rates,* by motor-vehicle traffic-related causes, age,
sex, and race — 14 states,’ 1997

All motor-vehicle Motor-vehicle Motor-vehicle
traffic-related occupant Motorcycle traffic pedal cycle Pedestrian
Characteristic No. Rate No. Rate No. Rate No. Rate No. Rate
Both sexes
All ages 25,320 28.0 17,893 19.8 1,578 1.7 1,221 1.3 3,769 4.2
0-4 885 12.8 542 7.8 5 — 20 0.3 309 4.5
5-14 2,604 19.1 1,100 8.1 77 0.6 476 3.5 890 6.5
15-19 4,036 62.7 3,213 49.9 161 2.5 146 2.3 349 5.4
20-24 3,127 53.3 2,474 42.2 247 4.2 81 1.4 223 3.8
25-34 4,546 33.0 3,316 24.0 437 3.2 159 1.2 472 3.4
35-44 3,895 26.2 2,745 18.4 360 2.4 150 1.0 511 3.4
45-64 3,715 20.5 2,637 14.5 258 1.4 126 0.7 580 3.2
>65 2,512 23.3 1,866 17.3 33 0.3 63 0.6 435 4.0
Age-adjusted® 27.9 19.8 1.7 1.3 4.1
Female
All ages 9,315 20.2 7,347 15.9 185 0.4 198 0.4 1,299 2.8
0-4 362 10.7 253 7.5 3 — 4 — 98 2.9
5-14 909 13.6 496 7.4 11 — 88 1.3 300 4.5
15-19 1,540 49.1 1,325 42.3 24 0.8 15 0.5 125 4.0
20-24 980 34.3 841 29.4 14 0.51 13 0.51 79 2.8
25-34 1,479 21.6 1,209 17.7 51 0.7 28 0.4 139 2.0
35-44 1,379 18.4 1,118 15.0 48 0.6 23 0.3 144 1.9
45-64 1,480 15.8 1,181 12.6 27 0.3 18 0.21 209 2.2
>65 1,186 18.7 924 14.6 7 — 9 — 205 3.2
Age-adjusteds 20.4 16.1 0.4 0.4 2.8
Male
All ages 16,005 36.0 10,546 23.7 1,393 3.1 1,023 2.3 2,470 5.6
0-4 523 14.8 289 8.2 2 — 16 0.5 211 6.0
5-14 1,695 24.3 604 8.6 66 0.9 388 5.6 590 8.4
15-19 2,496 75.6 1,888 57.2 137 4.2 131 4.0 224 6.8
20-24 2,147 71.4 1,633 54.3 233 7.8 68 2.3 144 4.8
25-34 3,067 44.1 2,107 30.3 386 5.6 131 1.9 333 4.8
35-44 2,516 33.9 1,627 21.9 312 4.2 127 1.7 367 4.9
45-64 2,235 25.4 1,456 16.6 231 2.6 108 1.2 371 4.2
>65 1,326 29.9 942 21.3 26 0.6 54 1.2 230 5.2
Age-adjusted?® 35.7 23.6 3.1 2.2 55
Female**
White 6,353 19.0 5,211 15.6 129 0.4 134 0.4 694 2.1
Black 1,082 18.8 756 13.2 12 0.27 30 0.5 252 4.4
Al/AN 120 21.4 98 17.5 3 — 15 2.71
Asian/PI 339 12.0 254 9.0 4 — 8 — 66 2.3
Male**
White 10,515 32.2 7,178 22.0 1,077 3.3 616 1.9 1,281 3.9
Black 2,195 42.2 1,262 24.2 102 2.0 177 3.4 582 11.2
AlI/AN 192 35.4 133 24.5 5 — 7 — 36 6.6
Asian/PI 447 17.0 286 10.8 17 0.67 37 1.4 99 3.8

* Per 100,000 population.

T Alaska, Arizona, California, Colorado, Louisiana, Maryland, Minnesota, Missouri, Nebraska, New York, Oklahoma, Rhode Island, South Carolina, and Utah.

§ Age-adjusted to the year 2000 standard population.

11 23% < coefficient of variation <30%. Rates with coefficient of variation >30% are suppressed and indicated by “—.

** Rates are for 12 states with adequate reporting of race (Alaska, Arizona, California, Colorado, Louisiana, Maryland, Missouri, Nebraska, New York,
Oklahoma, Rhode Island, and South Carolina).
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TABLE 5. Numbers of traumatic brain injury-related hospital discharges and rates,* by selected nontraffic-related causes, age,
sex, and race —14 states,’ 1997

Struck
Falls by/against Assault Self-Inflicted
Characteristic No. Rate No. Rate No. Rate No. Rate
Both sexes
All ages 19,953 22.1 2,386 2.6 6,698 7.4 258 0.3
0-4 2,513 36.3 228 3.3 353 5.1
5-14 1,784 13.1 557 4.1 165 1.2 7 —
15-19 618 9.6 343 5.3 780 12.1 35 0.5
20-24 525 9.0 162 2.8 868 14.8 30 0.5
25-34 1,184 8.6 298 2.2 1,650 12.0 62 0.4
35-44 1,567 10.5 297 2.0 1,654 11.1 58 0.4
45-64 2,901 16.0 312 1.7 997 55 44 0.2
>65 8,861 82.3 189 1.8 231 2.1 22 0.2
Age-Adjusted? 225 2.6 7.3 0.3
Female
All ages 8,743 19.0 564 1.2 1,053 2.3 55 0.1
0-4 1,072 317 81 2.4 136 4.0
5-14 539 8.1 142 2.1 25 0.4 1 —
15-19 141 4.5 50 1.6 78 2.5 6 —
20-24 135 4.7 17 0.6 87 3.0 4 —
25-34 308 4.5 55 0.8 236 34 18 0.3
35-44 419 5.6 66 0.9 263 3.5 14 0.27
45-64 936 10.0 73 0.8 139 15 9 —
>65 5,193 82.0 80 1.3 89 1.4 3 —
Age-Adjusted? 18.1 1.2 2.3 0.1
Male
All ages 11,210 25.2 1,822 4.1 5,645 12.7 203 0.5
04 1,441 40.7 147 4.1 217 6.1
5-14 1,245 17.8 415 5.9 140 2.0 6 —
15-19 477 14.5 293 8.9 702 21.3 29 0.9
20-24 390 13.0 145 4.8 781 26.0 26 0.9
25-34 876 12.6 243 3.5 1,414 20.4 44 0.6
35-44 1,148 15.5 231 3.1 1,391 18.8 44 0.6
45-64 1,965 22.4 239 2.7 858 9.8 35 0.4
>65 3,668 82.8 109 2.5 142 3.2 19 0.4
Age-Adjusted$ 27.0 4.0 12.4 0.5
Female**
White 6,521 19.5 391 1.2 529 1.6 45 0.1
Black 657 11.4 62 1.1 306 5.3 6 —
Al/AN 55 9.8 8 — 39 7.0
Asian/PI 233 8.2 11 — 36 1.3
Male**
White 7,734 23.7 1,231 3.8 2,665 8.2 148 0.5
Black 1,184 22.7 208 4.0 1,631 31.3 13 0.27
AlI/AN 101 18.6 16 2.91 160 29.5 4 —
Asian/PI 295 11.2 35 1.3 131 5.0 7 —

* Per 100,000 population.

T Alaska, Arizona, California, Colorado, Louisiana, Maryland, Minnesota, Missouri, Nebraska, New York, Oklahoma, Rhode Island, South Carolina, and Utah.

§ Age-adjusted to the year 2000 standard population.

11 23% < coefficient of variation < 30%. Rates with coefficient of variation >30% are suppressed and indicated by “—”

** Rates are for 12 states with adequate reporting of race (Alaska, Arizona, California, Colorado, Louisiana, Maryland, Missouri, Nebraska, New York, Okla-
homa, Rhode Island, and South Carolina).
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TABLE 6. Percentage of personal protective equipment (PPE) and alcohol use among TBI-related hospital discharges, by
cause — 11 states,* 1997

Motor-vehicle Motor-vehicle Struck
Characteristic occupant Motorcycle traffic pedal cycle Pedestrian Falls by/against Assault
PPE Use
No 46.4% 52.9% 41.1%
Yes 38.6% 36.1% —
Not applicable 2.4% — —
Unknown 12.6% 10.5%8 50.6%
BAC (g/dL)t
<0.010 23.5% 29.3% 24.5% 8.1%8 5.9% 12.1% 9.8%
0.010-0.049 1.8% — — — — —
0.050-0.099 1.1%83 — — 5.1%8
0.100-0.199 5.2% 10.4%8 — — 1.9% — 7.0%
>0.200 6.8% 9.0%8 — 8.6%8 4.8% — 15.8%
Alcohol used 5.9% — — — 3.4% — 12.8%
Alcohol not used 24.0% 16.7% 33.9% 27.0% 44.4% 49.5% 17.1%
Unknown 31.7% 24.1% 35.3% 47.3% 38.3% 34.7% 31.5%

* Estimated on the basis of data for sampled cases (Alaska, Arizona, Colorado, Louisiana, Minnesota, Nebraska, New York, Oklahoma, Rhode Island, South

Carolina, and Utah).

Blood alcohol content.

23% < coefficient of variation <30%. Percentages with coefficient of variation >30% are suppressed and indicated by “—."

TABLE 7. Percentages of severity and early outcome indicators for traumatic brain injury-related hospital discharges, by age
group — 14 states,* 1997

Characteristic All ages 0-4 5-14 15-19 20-24 25-34 35-44 45-64 >65
GCs/ICLT-8
>13/No ICL 48.4% 47.8% 55.1% 57.3% 58.5% 49.3% 50.1% 46.0% 35.5%
>13/With ICL 23.9% 22.9% 17.8% 15.7% 14.2% 20.2% 21.8% 26.0% 38.5%
>13/No computerized
axial tomography done  2.6% — — 3.5%! — — 3.6%" 2.8%T1 2.8%
9-12 (Moderate) 9.6% 10.5% 9.0% 7.3% 8.6% 9.4% 9.1% 8.6% 12.5%
<8 (Severe) 9.8% 8.3% 11.3% 12.2% 11.8% 13.2% 9.3% 10.3% 5.0%
Unknown 5.7% 8.6% 4.8% 4.1% 4.5%]" 6.3% 6.0% 6.3% 5.7%
Length of stay
0-1 days 30.2% 50.2% 46.4% 38.4% 34.5% 33.0% 28.3% 23.7% 13.3%
2-6 days 44.5% 37.9% 40.1% 40.4% 42.0% 43.4% 45.4% 46.3% 51.0%
>7 days 25.2% 11.9% 13.4% 21.1% 23.4% 23.5% 26.3% 30.0% 35.7%
Unknown 0.0% — — — — — — — —
Discharge status
Returned home 78.3% 94.7% 93.6% 85.7% 83.7% 82.4% 79.7% 78.2% 55.6%
Acute-care hospital 2.7% 1.4% 1.7% 2.5% 2.5% 2.8% 3.1% 3.3% 3.2%
Another facility 13.6% 2.1% 3.0% 7.5% 7.9% 8.3% 9.8% 12.4% 35.2%
Other 5.0% 1.8% 1.3% 3.8% 5.5% 6.3% 7.0% 5.8% 5.4%
Unknown 0.4% — 0.4% 0.4% 0.4% 0.3% 0.4% 0.4% 0.6%
GOS 8§ *
Persistent coma 0.6% — — — — — — —
Severe disability 6.3% — — 5.2% 4.1%" 5.9% 5.9% 7.8% 11.1%
Moderate disability 9.6% — 4.7% 7.0% 8.1% 8.0% 8.7% 12.4% 16.1%
Good recovery 73.9% 88.0% 85.2% 78.4% 78.4% 78.8% 75.2% 69.5% 57.7%
Unknown 9.6% 8.1% 7.6% 8.8% 8.1% 6.6% 9.7% 9.2% 14.6%

* Alaska, Arizona, California, Colorado, Louisiana, Maryland, Minnesota, Missouri, Nebraska, New York, Oklahoma, Rhode Island, South Carolina, and Utah.
T Glasgow Coma Scale score/Intracranial lesion.
8 Estimated on the basis of data for sampled cases (Alaska, Arizona, Colorado, Louisiana, Minnesota, Nebraska, New York, Oklahoma, Rhode Island, South

Carolina, and Utah).

1 23% < coefficient of variation <30%. Percentages with coefficient of variation >30% are suppressed and indicated by “—

** Glasgow Outcome Scale.
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FIGURE 1. Age-adjusted tramatic brain injury-related hospital
discharge rates, by state — 14 states, 1997
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FIGURE 3. Traumatic brain injury-related hospital discharge
rates, by age and race — 12 states,* 1997
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* Rates are for 12 states with adequate reporting of race (Alaska, Arizona,
California, Colorado, Louisiana, Maryland, Missouri, Nebraska, New York,
Oklahoma, Rhode Island, and South Carolina).

FIGURE 2. Traumatic brain injury-related hospital discharge
rates, by age and sex — 14 states,* 1997
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FIGURE 4. Age-adjusted traumatic brain injury-related hospital
discharge rates, by race and sex — 12 states,* 1997
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* Rates are for 12 states with adequate reporting of race (Alaska, Arizona,
California, Colorado, Louisiana, Maryland, Missouri, Nebraska, New York,
Oklahoma, Rhode Island, and South Carolina).
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FIGURE 5. Motor-vehicle traffic-related traumatic brain injury-
related hospital discharges, by specific causes — 14 states,*
1997

Pedal cyclist

versus Other
automobile ~ 3.4%
4.8%
Motorcyclist
6.2%
Pedestrian  /
versus
automobile
14.9%

Motor-vehicle
occupant
70.7%

* Alaska, Arizona, California, Colorado, Louisiana, Maryland, Minnesota,
Missouri, Nebraska, New York, Oklahoma, Rhode Island, South Carolina
and Utah.

FIGURE 7. Traumatic brain injury-related hospital discharge
rates for assaults, by race and sex — 12 states,* 1997

35 ~
B Male

30 - [ Female

25 A

20 1

15 +

Rate per 100,000

10 A

White Black

American Indian/ Asian/
Alaska Native Pacific Islander

Race

*Rates are for 12 states with adequate reporting of race (Alaska, Arizona,
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Oklahoma, Rhode Island, and South Carolina).

FIGURE 6. Traumatic brain injury-related hospital discharge
rates, by age and cause — 14 states,* 1997
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FIGURE 8. Glasgow Coma Scale (GCS)* scores among
traumatic brain injury-related hospital discharges — 11
states,” 1997
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*GCS is an indicator of acute traumatic brain injury severity.
Based on data from sampled cases (Alaska, Arizona, Colorado, Louisiana,
Minnesota, Nebraska, New York, Oklahoma, Rhode Island, South Carolina
and Utah).
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FIGURE 9. Length of stay in hospital for traumatic brain injury-
related discharges, by age — 14 states,* 1997
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* Alaska, Arizona, California, Colorado, Louisiana, Maryland, Minnesota,
Missouri, Nebraska, New York, Oklahoma, Rhode Island, South Carolina,
and Utah.

FIGURE 10. Glasgow Outcome Scale (GOS)* scores among
traumatic brain injury-related hospital discharges — 11
states,’ 1997
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;QGOS is an early indicator of disability among traumatic brain injury patients.

Based on data from sampled cases (Alaska, Arizona, Colorado, Louisiana,
Minnesota, Nebraska, New York, Oklahoma, Rhode Island, South Carolina
and Utah).
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Appendix

Traumatic Brain Injury Surveillance:
Statistical Methods

Estimating Age-Adjusted Rates

Age-adjusted rate estimates were calculated by applying the
year 2000 population standard to age-specific crude rate esti-
mates for surveillance year 1997 (Tables 1-5). The year 2000
standard weights (courtesy of the National Center for Health
Statistics) are as follows:

Age group Weight
0- 4 0.06914
5-14 0.14556

15-19 0.07217
20-24 0.06648
25-34 0.13557
35-44 0.16261
45-64 0.22208
205 0.12639
1.00000

Population estimates (by year of age, race, and sex) for 1997
were downloaded for each of the 14 surveillance states from
the U.S. Census Bureau website. In any particular analysis,
the age-adjusted rate is estimated by

k

where,
Cy denotes the 1997 case count falling into age group k;
P denotes the estimated 1997 population for age group k; and
W} denotes the year 2000 standard weight for age group k.

This formula applies to rate estimates for the entire surveil-
lance population as well as to rate estimates for different sub-
populations. The values C; and P, always refer to the
population of interest; however, the weights W} are common
across all analyses.

Stability of Rate Estimates

The stability of each rate estimate (Tables 1-5) is assessed
by using the coefficient of variation (C.V.). The C.V. is esti-

mated as

[ 0 (estimated rate) / estimated rate ] x 100%

Case counts are assumed to follow a Poisson distribution.
Under this assumption, the variance of an estimated crude
rate is estimated by

CDYZ (estimated rate) = C/ P?
where,
C is the case count used to calculate the rate, and
P is the population used to calculate the rate.

The formula for estimating the C.V. of a crude rate simplifies to
(1/VC) x 100%

For age-adjusted rate estimates, the formula for estimating
the variance is

O
02 (estimated rate) = < sz x (C/ sz)

where Cy, Py, and W|_are as defined previously. The square
root of this estimated variance is then used when calculating
the C.V. as initially defined; no corresponding simplified
formula is available.

Estimation of Case Distributions

Estimates are provided (Tables 6 and 7) of the distribution
of cases across selected one-dimensional classifications. Cer-
tain classification variables are core variables, which have a
value for every case, whereas other classification variables are
extended variables, which have a value only for a sample of
cases and involve the use of case weights in the formulation of
estimates (see the Sampling Scheme section).

Estimating the distribution of cases across classes associ-
ated with a core variable is straightforward because each case
implicitly receives a unit weight. The percentage of cases in
class k is simply

(N, / N) x 100%
where,

N, denotes the number of cases falling into class k, and
N denotes the total number of cases classified.
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Estimating the distribution of cases across classes associated
with an extended variable is more involved. Each sampled case
is assigned a case weight corresponding to the inverse of the
sampling fraction for the stratum from which the case was
sampled. Because different surveillance states sampled at mark-
edly different rates (and different strata were occasionally
sampled at different rates within a state), the case weights cover
a wide range. Let

W Se denote the case weight assigned to each case sampled
from stratum g in state s;

N, denote the total number of sampled cases from stra-
cum g in state s; and

N, g i denote the number of sampled cases from stratum g
in state s falling into class k.

Then, the estimated number of cases from stratum g in state
s that can be assigned to some class is W, , x N, and the

g 58
estimated number in class k is W x N_ . An estimate of
the overall percentage of cases falhng into class k, across all
states and strata, is given by

(3 (W,,
s -

st’g’k) | T3 (W XNs,g

S,g

) ] x 100%

The formulas described in this section apply to percentage
estimates for the entire surveillance population as well as to
percentage estimates for different subpopulations. The values

g and N ok always refer to the population of interest; how-
ever, the case WClghtS W , are common across analyses.

Stability of Percentage Estimates

The stability of each reported percentage (Tables 6 and 7)
is assessed by using the C.V. For a reported percentage, the
C.V. is estimated as

[ O (estimated percentage) / estimated percentage | x 100%

The distribution of cases across a set of m > 2 classes is as-
sumed to follow a multinomial distribution; the marginal
distribution of cases falling in or out of any particular class is
then binomial. Whether the case weights are unit weights (as
with core variables) or nonunit weights (as with extended vari-
ables), the variance of an estimated percentage PCT)_of cases
falling into class k can be estimated by

PCT, x (100-PCT}) x Z X [ (\Ws’g)2 xNJ/[ZZ (\Ws’ngS’g)]2
sg s g
where s, g, W @ and N are as defined previously. Note that

when all case weights are unit weights, this formula simplifies
to the more familiar form

PCT, x (100-PCT) / T N,
sg

Sampling Scheme for Collecting
Data Regarding Extended Variables

For each state designated to collect data for extended vari-
ables by means of medical record abstraction, the goal was to
obtain information for approximately 1,000 cases. For states
with small traumatic brain injury case populations or with
comprehensive data collection systems in place (Alaska, Ne-
braska, Oklahoma, and Rhode Island) this involved sampling
at a 100% rate, with abstraction attempted for all hospital
discharge cases. Other states (Arizona, Colorado, Louisiana,
Minnesota, New York, South Carolina, and Utah) stratified
cases (usually according to hospital size, with strata defined as
<100 acute care beds or >100 acute care beds) and typically
allocated the sample of 1,000 across strata in proportion to
stratum size. Multiple states also abstracted data for
preadmission death cases, which constituted a separate stra-
tum receiving a proportional share of the sample. Data for
preadmission death cases are not analyzed in this report. A
simple random sample was then selected within each stratum.
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