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Abstract

Objective: To provide state-level traumatic brain injury (TBI)- related emergency department
(ED) visit, hospitalization, and death estimates for 2014.

Setting and Participants: The Centers for Disease Control and Prevention’s Core Violence
and Injury Prevention Program and State Injury Indicators participating states.

Design: Cross-sectional.

Main Measures: Number and incidence rates of TBI-related ED visits, hospitalizations, and
deaths in more than 30 states.

Results: The rates of TBI-related ED visits in 2014 ranged from 381.1 per 100 000 (South
Dakota) to 998.4 per 100 000 (Massachusetts). In 2014, Pennsylvania had the highest TBI-related
hospitalization rate (98.9) and Ohio had the lowest (55.1). In 2014, the TBI-related death rate
ranged from 9.1 per 100 000 (New Jersey) to 23.0 per 100 000 (Oklahoma).

Conclusion: The variations in TBI burden among states support the need for tailoring prevention

efforts to state needs. Results of this analysis can serve as a baseline for these efforts.
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THE SEVERITY OF A TRAUMATIC BRAIN INJURY (TBI) may range from “mild,” that
is, a brief change in mental status or consciousness, to “severe,” that is, an extended period
of unconsciousness or amnesia after the injury. TBIs treated in an emergency department
(ED) are generally classified as mild (often referred to as a concussion),! and individuals
with a mild TBI are often asymptomatic within a couple of months.23 In contrast,
individuals with TBI who are hospitalized or die as a result of their injuries are generally
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classified by healthcare providers as having had a moderate or severe TBI.# Individuals with
a moderate or severe TBI can experience long-term symptoms, including an extended period
of unconsciousness or amnesia after the injury and may require specialized care.® A severe
TBI may also be associated with brain hemorrhage and can be fatal.>

Previous assessments of regionality indicate differences in injury incidence and outcomes,
including those related to TBI, based on where an individual lives.5=° For example, a study
examining differences in mild TBI incidence by Bazarian and colleagues® analyzed data on
ED visits captured in the National Hospital Ambulatory Medical Care Survey and found that
mild TBI incidence was higher in the Midwestern region of the United States and in
nonurban areas. In addition, data from the Agency for Healthcare Research and Quality’s
Healthcare Cost and Utilization Project found that the relative risk of inpatient mortality
among pediatric patients admitted for a TBI varied by as much as nearly 2-fold depending
on the state.19 Despite the potential variation of TBI incidence between states and regions,
reporting of TBI data with this level of detail is challenging due to limitations in current
national databases. As state health departments and others can use state-level health data to
inform prevention strategies, identify resource gaps and needs, and make policy and funding
decisions to support their population, this is a critical information gap.

Thus, the objective of this article is to provide data on state-level TBI-related ED visits,
hospitalizations, and deaths obtained in conjunction with the Centers for Disease Control
and Prevention’s (CDC’s) Core Violence and Injury Prevention Program (Core VIPP) and
the State Injury Indicators for 2014. These data create a benchmark for states so they can see
where they rank and what is achievable in terms of their TBI rates. Two other articles in this
issue (Sarmiento et al, 2020, and Waltzman et al, 2020) present TBI state-level data stratified
by age and sex, respectively, using the same data source.

METHODS

On an annual basis using a standardized approach,!! states funded through the Core VIPP
analyze and submit state-level data on TBI-related ED visits, hospitalizations, and deaths to
the CDC. The term “TBI-related” is meant to signify any ED visit, hospitalization, or death
in which the patient or decedent has sustained a TBI. It is possible that the patient or
decedent may have sustained other injuries or had other complicating health factors as well.
States that are not funded through the Core VIPP are also encouraged to submit data to the
CDC (see Supplementary Digital Content Table 1, available at: http://links.lww.com/JHTR/
A350, for detailed information on states). Information obtained from participating states are
reviewed and assembled for inclusion in CDC reports that describe state-level injury burden.
11 This process provides state injury programs with a standardized method for evaluating
injury data that are comparable across states.12 Some states did not submit data for all 3 TBI
indicators (ED visits, hospitalizations, and deaths): in 2014, 25 states submitted data on TBI-
related ED visits 32 states submitted data on TBI-related hospitalizations, and 36 states
submitted data on TBI-related deaths.

Statewide, centralized electronic vital statistics, hospital discharge, and ED data are used to
calculate the indicators prepared and submitted by states. The vital statistics data are a
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complete enumeration of deaths that occur in the state. The physician who certifies the cause
of death, medical examiner or coroner, and/or the funeral director are generally responsible
for the personal and medical information on the death certificate. The death certificates are
then reviewed and registered locally and submitted to the state registrar who files them. All
states send death certificate data to the National Vital Statistics System, which is managed
by the CDC’s National Center for Health Statistics.13 The death data are coded according to
the /nternational Classification of Diseases, Tenth Edition (ICD-10), structure.1* The
hospitalization and ED data are administrative billing files that are derived from the patient’s
medical records. Coders, often employed by the hospitals, abstract information from the
medical records and convert it to /nternational Classification of Diseases, Ninth Edition,
Clinical Modification (/CD-9-CM),15 and related coding rubrics to submit for billing. These
billing files are compiled into centralized files within the state, typically maintained either
by the state health department or the state’s hospital association. Hospitalizations and ED
visits are generally maintained in separate files, and each contain data on all hospital
discharges and ED visits that occur in the state. If a patient is seen in the ED and then
admitted to the hospital, in most states, the record is only included in the hospitalization file.

The states gain access to these data sources and either analyze the data directly or request
another party to carry out the analyses. They then complete spreadsheets with case counts, as
well as their state’s population numbers, obtained from the US Census Bureau or a suitable
alternative (eg, state demographic center).12 Specific instructions (https://www.cdc.gov/
injury/stateprograms/indicators.html) for each indicator (ED visits, hospitalizations, and
deaths) are provided to the states, as well as preformatted spreadsheets that automatically
calculate age-adjusted rates.

For the TBI indicators, electronic data sources are first limited to an injury subset and then
all fields are searched for a TBI code. For deaths, cases are selected if (&) the underlying
cause of death is an injury (/CD-10codes of V01-Y36, Y85-Y87, Y89, *U01-*U03) and (5)
one of the following /CD-10TBI codes is listed in a contributing cause of death field
(S01.0-S01.9, S02.0, S02.1, S02.3, S02.7-S02.9, S04.0, S06.0-S06.9, S07.0, S07.1, S07.8,
S07.9, S09.7-S09.9, T90.1, T90.2, T90.4, T90.5, T90.8, or T90.9). For hospitalizations and
ED visits, a case is selected if it has a primary diagnosis of injury (800-909.2, 909.4, 909.9,
910-994.9, 995.5-995.59, or 995.80-995.85) and one of the following /CD-9-CM TBI
codes is on any field: 800-801, 803-804, 850-854, 950.1-950.3, 959.01, or 995.55. See
Supplementary Digital Content Table 2 (available at: http://links.lww.com/JHTR/A351) for a
description of the /CD-10and /CD-9-CM codes used. Once submitted, the CDC conducts a
quality check of each state’s data.

One of the purposes of this article was to display the most recent TBI rates available.
Because of the coding transition from /CD-9-CMto /CD-10-CM in the hospital discharge
and ED data that occurred on October 1, 2015, 2014 was the most recent full year available
for analysis. As the states are using their administrative and vital statistics data, it is a
complete census of TBI-related ED visits, hospitalizations, and deaths that occur in that
state. Because of the census nature of the data (ie, they are complete counts of all TBIs that
occurred in the state) and the fact that states are using similar methodology, numbers and
rates are comparable across states.
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Compilation and analysis

All analyses were secondary in nature, and no personally identifiable information was
collected. A health statistician and coauthor (K.T.) compiled the rates that these states
calculated. Age-adjusted rates were calculated by the states based on National Center for
Health Statistics guidance.1® Numbers and age-adjusted rates are presented for each
reporting state for the 3 indicators. Although the data are complete counts for the states, 95%
confidence intervals (Cls) for rates are presented to account for random variation.1” These
results are also presented in choropleth maps. The choropleth maps use differences in
coloring to indicate the state’s TBI rate in comparison with other states.

RESULTS

TBIl-related ED visits

The rates of TBI-related ED visits in 2014 ranged from a low of 381.1 (95% CI, 367.8—
394.4) per 100 000 in South Dakota to a high of 998.4 (95% CI, 990.6-1006.1) per 100 000
in Massachusetts (see Table 1; and Figure 1).

TBI-related hospitalizations

In 2014, the rates of TBI-related hospitalizations ranged from a low of 55.1 (95% CI, 53.7-
56.4) per 100 000 in Ohio to a high of 98.9 (95% CI, 97.2-100.6) per 100 000 in
Pennsylvania (see Table 2; and Figure 2).

TBl-related deaths

In 2014, the rates of TBI-related death ranged from a low of 9.1 (95% ClI, 8.5-9.7) per 100
000 in New Jersey to a high of 23.0 (95% CI, 21.5-24.5) per 100 000 in Oklahoma (see
Table 3; and Figure 3).

DISCUSSION

TBI-related ED visits, hospitalizations, and deaths varied by state in 2014. There were few
strong discernible patterns by state or region, when using the US Census Bureau’s regional
definitions.18 States with higher rates of TBI-related deaths were generally more likely to be
located in the West. For example, Utah, Oklahoma, and Washington all appeared at the top
of the list. The states with the highest rates of TBI-related hospitalizations were spread out
across the country (eg, Pennsylvania, Arizona). The states with the lowest rates of TBI-
related hospitalizations were evenly distributed across the country. Lower TBI-related death
rates were more likely in the East: Rhode Island, New York, and New Jersey reported the
lowest rates overall.

It is interesting to note that the same states do not appear in the same positions for each
indicator. For example, while Pennsylvania had the highest rate of TBI-related
hospitalizations, it does not appear at the top of the list for TBI-related ED visits or deaths.
Similarly, New Jersey had the lowest rate of TBI-related deaths in 2014 but is not at the
bottom of the list for the other 2 indicators. It is possible that the factors that contribute to
TBI-related hospitalizations are different from the factors that contribute to TBI-related ED
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visits and TBI-related deaths, and vice versa. However, these data do not allow us to draw
these conclusions and thus present an area that is ripe for study in future research.

Previous research has suggested that residents of rural areas have both higher incidence and
higher mortality rates from TBI than do residents of urban areas.619-21 Some studies have
also found that there are urban-rural differences related to patient age, severity of injury, and
the most frequent mechanisms of injury.22 While we did not examine TBI rates by degree of
rurality, it is possible that state-level urban-rural differences in the TBI experience help
explain some of the state-level differences we see in TBI rates in this article, particularly in
terms of the TBI-related death rates. The states with the highest TBI-related death rates are
found in the West and are generally more rural than states in the East, which have the lowest
rates of TBI-related deaths.

Recent research has also been conducted that explores the causes of TBI-related deaths over
time.23 Prior to 2009, unintentional motor vehicle crashes were the most common cause of
TBI-related deaths in the United States, but in the last decade, suicide has become the most
common cause of TBI-related deaths.23 Suicide rates are known to vary by state.2* When
comparing our tables with those of suicide-related deaths, in general, states that have the
highest rates of TBI-related death also have higher suicide rates.2> Conversely, those states
with lower suicide rates are found in the eastern half of the United States; this may have an
association with lower TBI-related death rates seen in our data.

In terms of TBI-related hospitalizations and ED visits, research suggests that persons with a
suspected illness or injury are more likely to visit an ED, hospital, or other healthcare
provider if they have access to transportation and/or if the providers are easily accessible.
26,27 1t js possible that those states with higher TBI-related ED visits and hospitalization
rates have more easily accessible hospitals. Researchers from the Pew Research Center
found that residents of rural areas were more likely to report that access to hospitals was a
problem than urban residents and that they had to travel farther to receive care.?8 This could
also play a role in some of the state differences we found. Furthermore, differences in ED
visits and hospitalizations by state are likely affected by healthcare utilization patterns
generally and insurance coverage specifically. In 2017 the US Census Bureau reported that
the uninsured rate nationally was 8.7% but ranged from a low of 2.8% in Massachusetts to a
high of 17.3% in Texas.2% Our data do show that Massachusetts, for example, has a
relatively high rate of TBI-related ED visits, which may correspond with its high insurance
coverage rate. Conversely, Florida had a relatively low rate of TBI-related ED visits and a
higher uninsured rate (12.9% in 2017) than the national average 8.7%).2% Future research
might examine the extent of unmet healthcare needs among those with a suspected or
diagnosed TBI.

Dissemination of state-level TBI data can provide an impetus for further investigation and
research efforts aimed at identifying and targeting state needs and resource gaps. Data-
driven interventions tailored to specific states and problems are essential for developing and
sustaining TBI prevention efforts and reducing the burden of this injury among the
American population.
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Limitations

While these data allowed us to produce state-level numbers and rates of TBI-related ED
visits, hospitalizations, and deaths for the first time, there are a number of limitations to their
use. First, not all states report TBI data to the CDC, so there was not a full accounting of all
50 states. Second, there are data elements missing from certain states that do report (eg, not
all states report ED visits, hospitalizations, and deaths; some might only report 1 or 2 of
those indicators based on data availability). Third, observation stays in which a patient is
observed longer than a regular ED visit may not be reported consistently across states. While
many states include these stays in their ED data, other states include them in the
hospitalization data or even a separate data set. This may explain some variation in the
numbers provided and may contribute to undercounting in states that do not report these
stays in their ED numbers. On the contrary, the hospitalization data do not take into account
patient transfers or readmissions and may therefore present some duplication of cases.
Fourth, these data provide an incomplete picture of persons who experience a TBI because
they do not include information regarding those treated in urgent cares, those treated in
outpatient physicians’ offices, or those who lack access or do not seek medical care.
Therefore, the overall burden of TBI in these states is underestimated. Fifth, mechanism of
injury or injury intent (unintentional or intentional) for the TBIs was not available in the data
provided to the CDC from all the states. Differences in mechanism of injury likely underlie
many of the state-level differences presented, and this information may help the states in any
prevention efforts that they undertake. Sixth, there is the issue of whether healthcare
providers properly diagnose TBIs. This likely creates an undercount of the true burden of
TBI in each state and might differentially impact states depending on the number of
available providers, access to care, health insurance programs, and other factors. Seventh,
there are limitations with relying on /CD codes to determine the incidence of TBI. For
example, there may be coding errors in the medical record and inconsistent implementation
of TBI diagnostic criteria. A TBI may also be missed and therefore not coded if another
more acute injury is present, all of which may contribute to an undercount on this injury.
Finally, the ED and hospitalization numbers and rates are based on state residents seeking
care in in-state medical facilities. For smaller states, in particular, or those living adjacent to
larger metropolitan areas across state lines, it is possible that a meaningful proportion of
patients could seek care across state lines. This may be even more relevant for TBIs of
greater severity that require hospitalizations in which a higher-level trauma center is sought.
This likely contributes to an undercount of TBI in these smaller or more rural states.

CONCLUSION

This article presents the first CDC analysis of state-level TBI data. TBI-related ED visits,
hospitalizations, and deaths varied by state in 2014. While it is difficult to make state- or
region-level conclusions related to TBI risk, this analysis can be used to inform prevention
and education efforts using state-related contextual information. For example, states with
particularly high rates of TBI-related ED visits, hospitalizations, and deaths may need to
consider engaging in more rigorous prevention efforts for the mechanisms of injury that
likely contribute to their higher rates. The CDC’s Injury Center works with states and other
key stakeholders to advance research and programs to improve the prevention, recognition,
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d management of TBI. Information and resources are available for states and local public

health professionals at https://www.cdc.gov/traumaticbraininjury/index.html.
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Figure 1.
Rate of traumatic brain injury—related emergency department visits by state, United States—

2014, Centers for Disease Control and Prevention Core Violence and Injury Prevention
Program data.

J Head Trauma Rehabil. Author manuscript; available in PMC 2021 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Daugherty et al. Page 10

No Report
95to <110
80to<95
6510 <80
50to <65

»

Figure 2.
Rate of traumatic brain injury—related hospitalizations by state, United States—2014,

Centers for Disease Control and Prevention Core Violence and Injury Prevention Program
data.
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Figure 3.
Rate of traumatic brain injury—related deaths by state, United States—2014, Centers for

Disease Control and Prevention Core Violence and Injury Prevention Program data.
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State-level numbers and age-adjusted rates of traumatic brain injury—related emergency department visits,

United States—2014, Centers for Disease Control and Prevention Core Violence and Injury Prevention

Program data

State No. Rate 95% ClI

Arizona 54287 8133  806.4-820.2
Arkansas 18607 6335 624.3-642.8
Colorado 39134 7509 743.4-758.4
Florida 151058 7755 771.4-779.5
Georgia 64714 657.3 652.1-662.4
Hawaii 11293 786.4  771.6-801.2
Ilinois 94018 7332 7285-737.9
Indiana 46266 7085 701.9-715.0
Kansas 18659 6353 626.1-644.5
Kentucky 32302 7474  739.1-755.6
Maryland 39177 6711 664.4-677.9
Massachusetts 66952 9984 990.6-1006.1
Minnesota 37206 688.3 681.2-695.4
Montana 6872 690.6 673.9-707.3
Nebraska 10656 557.2  546.5-567.9
Nevada 20206 727.0 716.9-737.1
New Jersey 83991 9517  945.2-958.2
New York 145671 7422 738.3-746.1
North Carolina 67292 683.7 678.5-688.9
Ohio 111757 9784  972.5-984.2
South Dakota 3249 381.1 367.8-394.4
Tennessee 54676 850.0 842.7-857.2
Utah 22024 7376 727.6-747.6
Wisconsin 36651 6485 641.7-655.2
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TABLE 2

Page 13

State-level numbers and age-adjusted rates of traumatic brain injury—related hospitalizations, United States—

2014, Centers for Disease Control and Prevention Core Violence and Injury Prevention Program data

State No. Rate 95% ClI

Arizona 6922 988 96.4-101.1
Arkansas 2025 642 61.3-67.0
Colorado 4663 865  84.0-89.0
Florida 21081 92.6  91.3-93.9
Georgia 6616 67.7 66.1-69.4
Hawaii 1384 853 80.7-89.9
Ilinois 9567 69.7 68.3-71.1
Indiana 4642 66.8 64.9-68.8
Kansas 2470 79.7  76.5-83.0
Kentucky 3062 66.0 63.6-68.4
Maryland 4279 684 66.3-70.5
Massachusetts 4917  64.6 62.8-66.5
Michigan 10323 946  92.7-96.5
Minnesota 4623 791 76.7-81.4
Missouri 4251 64.1 62.2-66.1
Montana 802 713  66.2-76.5
Nebraska 1563 76.8 72.9-80.7
Nevada 2328 821 78.8-855
New Jersey 9479 96.6 94.6-98.6
New York 16385 764  75.2-77.6
North Carolina 6796 65.6  64.0-67.2
Ohio 6768 551  53.7-56.4
Oklahoma 3147 775  74.7-80.2
Oregon 2778 64.1 61.7-66.6
Pennsylvania 14524 989 97.2-100.6
Rhode Island 732 59.1 54.7-63.6
South Dakota 557 60.5  55.4-65.7
Tennessee 5302 769  74.8-79.0
Utah 2269 842 80.7-87.8
Virginia 5172 60.1 58.5-61.8
Washington 4453 612 59.4-63.1
Wisconsin 4424 701  68.0-72.2
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TABLE 3

Page 14

State-level numbers and age-adjusted rates of traumatic brain injury—related deaths, United States—2014,

Centers for Disease Control and Prevention Core Violence and Injury Prevention Program data

State No. Rate 95% CI

Arizona 1233 174 16.4-184
Arkansas 625 205 18.8-221
Colorado 1103 205 19.2-21.7
Delaware 141 140 11.6-16.3
Florida 3852 17.1 16.6-17.7
Georgia 1721 174 16.6-18.2
Hawaii 229 142 123-16.1
Ilinois 1644 121 11.5-12.7
Indiana 1106 16.2 15.3-17.2
lowa 603 17.0 15.6-18.5
Kansas 567 187 17.1-20.3
Kentucky 861 188 17.5-20.1
Louisiana 863 18.2 16.9-19.4
Maryland 649 103 95-111
Massachusetts 797 105  9.7-11.2
Michigan 1580 147 14.0-154
Minnesota 873 144 13.4-153
Missouri 1318 204 19.3-215
Nebraska 417  20.8 18.8-22.9
Nevada 571 199 18.3-216
New Jersey 892 9.1 8.5-9.7

New York 2170 100 9.6-10.4
North Carolina 1825 175 16.7-18.3
Ohio 2327 185 17.8-19.3
Oklahoma 922 23.0 215-245
Oregon 848 195 18.1-20.8
Pennsylvania 2330 157 15.1-164
Rhode Island 139 106 8.8-124
South Dakota 182 193 16.4-22.2
Tennessee 1294 188 17.7-19.8
Texas 4041 156 15.1-16.1
Utah 569 216 19.8-234
Virginia 1565 182 17.2-19.1
Washington 1558 213 20.2-224
West Virginia 374 184 16.4-20.3
Wisconsin 1071 169 15.9-18.0
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