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SYNOPSIS

Objectives. Death certificate data are used to estimate state and national
incidence of traumatic brain injury (TBI)-related deaths. This study evaluated
the accuracy of this estimate in Oklahoma and examined the case characteris-
tics of those persons who experienced a TBl-related death but whose death
certificate did not reflect a TBI.

Methods. Data from Oklahoma’s vital statistics multiple-cause-of-death data-
base and from the Oklahoma Injury Surveillance System database were ana-
lyzed for TBI deaths that occurred during 2002. Cases were defined using the
Centers for Disease Control and Prevention (CDC) ICD-10 code case definition.
In multivariate analysis using a logistic regression model, we examined the
association of case characteristics and the absence of a death certificate for
persons who experienced a TBl-related death.

Results. Overall, sensitivity of death certificate-based surveillance was 78%.
The majority (62%) of missed cases were due to listing “multiple trauma” as
the cause of death. Death certificate surveillance was more likely to miss TBI-
related deaths among traffic crashes, falls, and persons aged =65 years. After
adding missed cases to cases captured by death certificate surveillance, traffic

crashes surpassed firearm fatalities as the leading external cause of TBl-related
death.

Conclusions. Death certificate surveillance underestimated TBl-related death in
Oklahoma and might lead to national underreporting. More accurate and
detailed completion of death certificates would result in better estimates of the
burden of TBl-related death. Educational efforts to improve death certificate
completion could substantially increase the accuracy of mortality statistics.
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Traumatic brain injury (TBI) is a serious public health
problem and a substantial cause of morbidity and
mortality in the United States."® Each year, approxi-
mately 1.4 million persons sustain a TBI; 235,000 are
hospitalized and 50,000 die from their injury.” The
yearly direct and indirect cost of TBI has been esti-
mated at $56 billion.? Because the public health bur-
den estimated through surveillance from mortality sta-
tistics guides public health policy, funding, and
prevention, verifying the accuracy of these data is
critical.

The Centers for Disease Control and Prevention’s
(CDC’s) National Center for Injury Prevention and
Control publishes standards for central nervous sys-
tem injury surveillance.’ These standards include a
case definition for TBI mortality that encompasses a
group of International Classification of Diseases (ICD)-
10 codes, used in death certificates, to identify TBI-
related death (Figure 1). In addition, they have iden-
tified a group of ICD-9-Clinical Modification (CM)
codes, used in hospital discharge records, which rep-
resent a TBI diagnosis (Figure 1)."° Nationally, death
certificates are the primary tool in mortality surveil-
lance." In 2002, Oklahoma was one of 11 states funded
to maintain a supplemental system on TBI morbidity
and mortality obtained from hospital discharge and
death certificate records.” Oklahoma also examines

medical examiner data to obtain more information on
TBI mortality.

The accuracy of death certificate data has been
evaluated for a variety of diseases and injuries.'*"® For
example, it has been estimated that diabetes is re-
corded on only 36% of death certificates, and fatal
motorcycle injuries are underreported by 38%.'%' In
contrast, cardiovascular disease has been estimated to
be overrepresented on death certificates by 25% to
80%.15,20

In 1993, the sensitivity of New Mexico death certifi-
cate data was evaluated for head and neck injury using
medical examiner data as the gold standard. The evalu-
ation calculated the sensitivity for ICD-9 TBI and neck
injury codes on death certificates to be 76.7%.%*' The
accuracy of death certificate surveillance has not been
evaluated using the ICD-10 coding guidelines and the
case definition delineated by the CDC.

The purpose of this study was to describe the accu-
racy of death certificate surveillance for TBI mortality
in 2002 in Oklahoma. By ascertaining the accuracy of
TBI surveillance, we can better guide and evaluate
prevention strategies and public policy efforts by tar-
geting the leading causes of TBI death. By comparing
deaths from the supplemental statewide injury surveil-
lance system for fatal and nonfatal TBI in Oklahoma
with the death certificate data, we calculated the sensi-

Figure 1. ICD-10 and ICD-9-CM codes for TBl-related death

ICD-10 Code Description ICD-9-CM code Description
S01.0-S01.9 Open wound of the head 800.0-801.9 Fracture of the vault or base of the skull
502.0, S02.1, S02.3,  Fracture of skull and facial bones 803.0-804.9 Other and unqualified and multiple
S02.7-S02.9 fractures of the skull
S04.0 Injury to optic nerve and pathways 850.0-854.1 Intracranial injury, including concussion,
contusion, laceration, and hemorrhage
S06.0-S06.9 Intracranial injury 950.1-950.3 Injury to optic chiasm, optic pathways; and
visual cortex
S07.0, S07.1, S07.8,  Crushing injury of head 959.01 Head injury, unspecified
S07.9
S09.7-S09.9 Other and unspecified injury of the head 995.55 Shaken Infant Syndrome
T01.0 Open wounds involving head with neck
T02.0 Fractures involving head with neck
T04.0 Crushing injuries involving head with neck
T06.0 Injuries of brain and cranial nerve with
injuries of nerves and spinal cord at neck
level

T90.1, T90.2, T90.4,  Sequelae of injuries of head
T90.5, T90.8, T90.9

TBI = traumatic brain injury
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tivity and predictive value positive and analyzed the
groups most likely to be missed by death certificate-
based surveillance.

METHODS

Case identification and case definition

Data from Oklahoma’s vital statistics multiple-cause-
of-death database were analyzed for deaths that oc-
curred during 2002. The data were compiled from
death certificates submitted to the Oklahoma State
Department of Health (OSDH). Causes of death and
manner of death (natural, accident, homicide, sui-
cide, or undetermined) were recorded on the death
certificate by either attending physicians or medical
examiners and sent to the CDC’s National Center for
Health Statistics (NCHS) for coding according to World
Health Organization (WHO) guidelines.?? To be in-
cluded in the death certificate database, the death
certificate was coded with at least one ICD-10 code
representing CDC-defined TBI (Figure 1).%

Data from the supplemental Oklahoma Injury Sur-
veillance System database were analyzed for the same
timeframe. To be included in the Oklahoma Injury
Surveillance System, there was either a medical exam-
iner report that described a TBI or a hospital medical
record that contained one or more ICD-9-CM hospital
discharge codes indicating CDC-defined TBI in a per-
son who died. OSDH staff epidemiologists reviewed
medical records of persons with an ICD-9-CM code
reflecting a TBI and recorded this information on a
chart abstraction form.

To be included as a case of TBl-related death for
this study, the death certificate, medical examiner re-
port, or chart abstraction form had to have a diagnosis
or description that met the CDC ICD-10 code case
definition for a TBI-related death.

Data linkage

The two databases were linked using SAS LinkPro
Version 3.01, a probabilistic linking software.?* They
were linked using the following variables: the Soundex
(a phonetic transliteration) of the last name and first
name, date of death, date of birth, sex, and age.

Case classification
The linked or concordant records from the two data-
bases were assumed to be cases of TBl-related death.
To validate this assumption, we reviewed a 10% (n=70)
random sample of the concordant pairs.

Death certificates, medical examiner reports, and
chart abstraction forms were requested on all discor-
dant records. Each record was examined manually to

determine if the record contained TBI information in
any cause-of-death field that would have met the CDC
ICD-10 code case definition (Figure 1). If a death
certificate was reviewed and the coding did not match
the written diagnoses, the certificate was sent to NCHS
for verification of the correct coding.

Sensitivity and predictive value positive (PVP) have
historically been calculated in relation to a gold stan-
dard (i.e., laboratory tests). There is no traditional
gold standard in TBI mortality surveillance. There-
fore, we calculated the sensitivity and PVP by compar-
ing the two databases to each other.

Sensitivity was defined as the proportion of true
TBIl-related deaths identified as TBI by death certifi-
cate surveillance (true positives divided by the sum of
the true positives and false negatives). Predictive value
positive was defined as the proportion of TBI-related
deaths identified by death certificate surveillance that
were true TBl-associated death events (true positives
divided by the sum of the true positives and false
positives).*

Variables and analytic strategy

We compared the TBI-related deaths meeting the CDC
case definition that were captured by death certificate
surveillance to those captured only through the Okla-
homa Injury Surveillance System. The dependent vari-
able was the presence or absence of a death certificate
indicating TBI-related death. We considered the fol-
lowing independent variables:

e Sex: men and women
e Age: 0-64 and =65 years
e Race: white and non-white

e (Cause of death: traffic crashes, falls, firearm fa-
talities, and other causes (reference group: fire-
arm fatalities)

¢ Day of week of death: weekday and weekend;
and

¢ County of death: metropolitan and non-metro-
politan as determined by the U.S. Census.?

We used logistic regression to determine whether there
was an association between the variables identified
above and being missed by death certificate surveil-
lance. To create a multivariate model, we first per-
formed univariate logistic regression analysis on each
variable and retained those variables with p<<0.125 by
the likelihood ratio test. All the retained variables were
considered in a multivariate model. With a forward
selection procedure, we determined which variables
could be excluded from the model. We also assessed
any potential interactions. To determine how well our
model fit our observations, we calculated the Hosmer
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and Lemeshow goodness-of-it test and performed re-
gression diagnostics using Pearson and deviance re-
sidual analysis.

Statistical analyses were performed using SAS 9.1.%
Associations were considered statistically significant at
$<0.05.

RESULTS

Linkage results: sensitivity and predictive

value positive

Figure 2 represents the probabilistic linkage results of
the death certificate database with the Oklahoma In-
jury Surveillance System database. Nine hundred eighty
records were identified as TBI-related deaths by either
or both systems. Six hundred seventy-six records were
identified by both systems (i.e., concordant records).
Of the 70 concordant records randomly selected for
validation of case status, 100% met case definition for
this study. We identified 225 records that were cap-
tured only by the Oklahoma Injury Surveillance Sys-
tem and 79 records captured only by death certificate
surveillance (i.e., discordant records).

Table 1 represents the classification of cases after
manual review of death certificates, medical examiner
reports, and chart abstraction tools for the discordant
records. A total of 952 (97%) of the records met the
case definition. Of the 755 records captured by death
certificate surveillance, 15 were identified as false posi-
tives. Predictive value positive of death certificate sur-
veillance was calculated at 98%. Of the 15 false posi-
tives, 12 records were errors in assigning the correct
ICD-10 code. NCHS reviewed these certificates and

Table 1. Classification of records after manual review
of discordant cases between death certificates and
the Oklahoma Injury Surveillance System—
Oklahoma 2002

Captured by death L

certificate-based Met case definition

surveillance Yes No Total

Yes 740 15 755

No 212 13 225
952 28 980

Sensitivity: 78%

Predictive value positive: 98%

assigned the correct ICD-10 codes, which did not in-
clude a TBI ICD-10 code. Last, three amendments to
the original death certificate were never updated to
indicate that a TBI did not occur.

Of the 952 records that met case definition for TBI-
related death, 212 were identified as false negatives
(Table 1). Sensitivity of death certificate surveillance
was calculated at 78%. The majority (91%) of the false
negatives were due to incorrect or incomplete death
certificates (n=192). Approximately two-thirds (69%)
of these had the diagnosis of “multiple trauma” re-
corded (i.e., no specific causes of death were listed on
the death certificate); 86% (n=114) of the multiple
trauma records were traffic crashes. Medical examiners
certified 100% of the multiple trauma records. Of the
remainder of incorrect or incomplete death certificates,
over half (52%) were falls and two-thirds (63%) were
among persons aged =65 years. Eight percent (n=17)
of missed records were errors in the coding process

Figure 2. Results of linkage of TBI-related death records between death certificate-based surveillance and

Oklahoma's Injury Surveillance System—Oklahoma 2002

Death certificates
n=755

676

concordant

OK Injury Surveillance System

n=901

225
discordant

TBI = traumatic brain injury
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and 1% (n=3) of the death certificates could not be
located. Finally, 13 records were misclassified by OSDH
epidemiologists as TBI-related deaths in the Oklahoma
Injury Surveillance System when the information pro-
vided in the chart or medical examiner report did not
meet the CDC case definition (i.e., true negatives).

Univariate analysis
Table 2 represents the description of the population
and the results from univariate analysis. Females, per-
sons aged =65 years, and persons dying in traffic
crashes, falls, and other external causes of death had
significantly higher odds of being missed by death
certificate-based surveillance. Race, place of injury
(metropolitan or non-metropolitan), and day of death
(weekday or weekend) were not associated with being
missed by death certificate surveillance.

Missed fall deaths were more likely than other ex-
ternal causes of death to be certified as “natural” rather

than “injury related” on the death certificate (odds
ratio [OR] 48.0; 95% confidence interval [CI] 17.56,
131.22; p<<0.0001). An attending physician completed
75% of the death certificates where a fall death was
certified as natural. Eighty-five percent of missed fall
deaths were persons aged 65 and older. Overall, of the
952 records that met case definition, 9% (n=84) of
the death certificates were completed by an attending
physician rather than by the medical examiner. The
missed records were more likely to have their death
certified by an attending physician than by the medi-
cal examiner (OR=3.48;95% CI 2.14, 5.65; p<<0.0001).
Before adjusting for missed cases, firearm-related inci-
dents were the leading external cause of TBl-related
death, accounting for 41% of all cases. After the ad-
justment, traffic crashes were the leading cause, ac-
counting for 41% of all cases, while firearm-related
deaths accounted for 33%.

Table 2. Description of TBl-related death missed by death certificate-based surveillance

and univariate analysis—Oklahoma 2002

Total Missed Univariate analysis

Variable N N Percent OR 95% Cl p-value
Total 952 212 22.3
Sex

Male 667 133 20.0 1.00

Female 285 79 27.8 1.54 1.11,2.12 0.009
Age (years)

0-64 703 144 20.0 1.00

=65 248 72 29.0 1.66 1.19, 2.31 0.003
Race

White 803 170 21.2 1.00

Non-white 142 38 26.8 1.36 0.90, 2.05 0.15
External cause of death

Firearm 317 14 4.4 1.00

Traffic 393 120 30.6 8.35 4.83,14.43 <0.0001

Fall 121 39 32.2 9.04 4.81,16.98 <0.0001

Other® 118 37 314 8.68 4.60, 16.39 <0.0001
Place of death

MetroP 526 113 215 1.00

Nonmetro 425 98 23.1 1.09 0.80, 1.48 0.60
Day of week of death

Weekday 668 144 21.6 1.00

Weekend 279 64 22.9 1.08 0.78, 1.51 0.64

2Other external causes of death include all those not listed above

®Metropolitan Statistical Area (MSA) determined by U.S. Census population estimates. Available from: URL: http:www.census.gov/population/

www/estimates/metrodef.html
TBI = traumatic brain injury
OR = odds ratio

Cl = confidence interval
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Table 3. Multivariate logistic regression model on
variables missed by death certificate-based
surveillance—Oklahoma 2002

Multivariate analysis

Variable N OR 95% ClI p-value
Sex

Male 667 1.00

Female 285 1.20 0.85, 1.68 0.30
Age (years)

0-64 703 1.00

=65 248 1.54 1.02,2.32 0.04
External cause of death

Firearm 317 1.00

Traffic 393 9.02 5.13, 15.88 <0.0001

Fall 121 7.22 3.62,14.42 <0.0001

Other 118 8.44 4.39,16.22 <0.0001

OR = odds ratio
Cl = confidence interval

Multivariate analysis

The final multivariate model included sex, age, and
external cause of death as variables (Table 3). Persons
dying in traffic crashes, falls, and other external causes
of death had significantly higher odds of being missed
by death certificate-based surveillance when compared
to firearm deaths. Persons aged =65 years also were
more likely to be missed than those under 65. In
multivariate analysis, in contrast to the univariate
results, women were no longer more likely to be missed
by death certificate-based surveillance. There were no
significant interactions among the variables.

The Hosmer and Lemeshow goodness-of-fit p-value
was 0.9910. In addition, the residual analysis yielded
no remarkable outliers or any systematic pattern of
variation.

DISCUSSION

To our knowledge, this is the first report on the sensi-
tivity of death certificate data using the CDC case defi-
nition of TBI-related death based on ICD-10 codes.
This analysis indicates that death certificate-based sur-
veillance underestimated TBI-related deaths by 22%
in Oklahoma in 2002. The sensitivity is comparable to
the 77% found in a similar evaluation that examined
ICD-9 data for neck and TBl-related death.? When
missed death certificates were manually reviewed, 91%
of those death certificates were certified “multiple
trauma” or were incompletely or incorrectly completed
by the physician. This led to certain groups being
underrepresented, such as persons aged =65 years,

and persons dying from traffic crashes, falls, and other
external causes of death. Our results indicate that
medical examiners often record only the general diag-
nosis “multiple trauma” when there are several poten-
tially fatal injuries. When these TBI-related deaths with
the “multiple trauma” diagnosis were added to those
already identified, traffic crashes overtook firearms as
the leading cause of TBl-related death in Oklahoma.
In order to capture these missed records, vital statis-
tics should request that medical examiners list all ma-
jor injuries on the immediate cause of death line of
the death certificate so that each injury can be cap-
tured in multiple-cause coding.

Although persons who died from falls accounted
for only 18% of missed TBI-related deaths, their man-
ner of death was more likely to be certified as natural.
The majority of fall-related deaths were in those aged
=65 years. These persons had substantial co-morbidi-
ties, possibly resulting in the manner of death being
certified as natural rather than injury-related. In addi-
tion, although state statute requires all injury-related
deaths to be referred to the medical examiner, attend-
ing physicians completed death certificates for 9% of
the 952 cases that met case definition and were more
likely to complete the death certificate in missed cases.
It is possible that some physicians were unaware of the
requirement to notify the medical examiner about an
injury-related death or that the attending physician
placed more emphasis on natural co-morbidities and
did not feel the need to notify the medical examiner.

The study had certain limitations. First, our analysis
did not identify individuals who died of a TBI but were
not identified with a TBI on their death certificate,
medical examiner report, or hospital discharge record.
Including these persons would lower the calculated
sensitivity, albeit minimally. Second, we analyzed only
one year of data and although the overall sample size
was large (n=952), racial subgroups were small and
we were unable to analyze individual groups. Last,
accuracy in completion of death certificates might vary
by state and Oklahoma’s estimate might not be com-
parable to a national evaluation of sensitivity.

This study did not use a gold standard to calculate
PVP and sensitivity but rather used Oklahoma’s Injury
Surveillance System with data collected from medical
examiner and hospital discharge data to identity
records missed by death certificate-based surveillance.
Unlike traditional examples of calculating PVP and
sensitivity in a laboratory setting when there is a true
gold standard, single-source injury surveillance systems
will never be a complete source of data due to human
or computerized coding errors. Although some au-
thors have used a medical examiner system as the gold
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standard,?' Dijkhuis et al. determined that 68.7% of
injury-related deaths were captured through medical
examiner reports and our study indicated that 9% of
TBl-related deaths were not referred to the medical
examiner.” This is why the injury field in general has
implemented multiple-source surveillance systems like
the National Violent Death Reporting System® and
Census for Fatal Occupational Injuries.” By linking
multiple databases, we can attempt to identify all cases
to gain a more accurate picture of the burden of
disease or injury.'®#-* This allows researchers to more
accurately calculate the PVP and sensitivity of the sur-
veillance system being examined.

The accuracy of death certificate data has direct
consequences on research and estimation of burden
of injury. If this trend is consistent across other states,
national statistics are underestimating the burden of
TBIl-related death and undercounting certain groups.
A more accurate description might lead to additional
prevention efforts (e.g., focusing more resources on
fall prevention in the elderly).

Death certificates can only be an accurate represen-
tation if they are completed correctly. Although physi-
cians believe that death certificate information is im-
portant, they do not regularly receive formal instruction
and many feel undertrained.** Accuracy rates among
physicians have been reported to range from 23% to
68% %% and simple educational campaigns can sub-
stantially improve the accuracy of death certificate
completion.®* Statewide educational efforts training
physicians on how to complete death certificates (i.e.,
on-line continuing education units) could also sub-
stantially improve the accuracy of mortality statistics.

Using multiple data sources can better estimate the
burden of disease and injury and can facilitate preven-
tion research and evaluation of existing data sources.*-
40 By linking medical examiner and hospital discharge
data to death certificate surveillance, we were able to
assess the accuracy and completeness of death certifi-
cates as a surveillance tool and institute more quality
control measures into both our surveillance systems.
In addition, linked data can be better applied to quan-
tify risk factor data. Death certificates lack risk factor
information available from other sources such as medi-
cal examiner and criminal justice data (e.g., alcohol
and drug use, relationship of perpetrator of homicide,
and type of weapon used).'®?"*" This information is
critical when planning and evaluating prevention
efforts.

Evaluating public health surveillance systems is im-
portant and useful.®® Death certificate surveillance is
available in all states, is readily accepted nationally for
surveillance data, and is a stable source of information

that readily lends itself to comparison from year to
year. A finalized database, however, is not available
until approximately 9-12 months after the calendar
year, restricting the timeliness of the data. The stan-
dardized form of death certificates is not easily modi-
fied and coding is directed by WHO guidelines that
cannot be changed at a local level.”? But while death
certificate data are limited in timeliness and flexibility,
death certificate surveillance continues to be a cost-
effective method that all states can use to monitor
TBl-related death.

Individual surveillance systems can be enhanced by
linking multiple data systems across multiple jurisdic-
tions." Both surveillance systems in this study serve
their intended purposes and together give a more
accurate picture of the burden of TBI mortality. To
better evaluate national reporting of TBl-related
deaths, we recommend other states with access to
medical examiner and hospital discharge data repli-
cate this evaluation to provide a more detailed and
accurate description of the burden of traumatic brain
injury.

The authors acknowledge Kenneth Stewart, Tracy Wendling,
Derek Pate, and Sue Bordeaux for help with data management;
Tabitha Garwe and Dr. Anindye De for help with data analysis;
and Dr. Julie Magri for help preparing the manuscript.

This study was funded in part by CDC grant number U17/
CCU611902.
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