
Injury Burden in the United States: Accurate,
Reliable, and Timely Surveillance Using Electronic
Health Care Data

Current injury surveillance sys-

tems in the United States, in-

cluding the National Electronic

InjurySurveillanceSystem(NEISS),

are unable to draw reliable sub-

national and subannual incidence

estimates.

Compared with the Interna-

tional Classification of Diseases

(ICD), the clinical ontology sys-

tem currently used widely in

health care, NEISS’s coding struc-

ture lacks specificity and consis-

tency. In parallel, the quality of

ICD codes depends on accurate

and complete documentation

by health care providers and

skillful translation into ICD codes

in electronic health care data.

Additionally, there is no na-

tional mandate to collect ex-

ternal cause of injury data.

Electronic health care data,

such as health records and

claims, with updated codes and

uniform adherence to recom-

mendations for coding exter-

nal cause of injury, have the

potential to be used for a more

robust and timely surveillance

of injury to accurately and re-

liably reflect the injury burden

in the United States. (Am J Pub-

lic Health. 2019;109:1702–1706.

doi:10.2105/AJPH.2019.305306)
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Injuries are among the leading
causes of mortality and mor-

bidity in the United States. In
2016, more than 230000 Ameri-
cans died from injuries and 32
million suffered nonfatal injuries.1

Capturing accurate and complete
injury information in a timely
manner is necessary to reduce this
major health burden. Currently,
national injury morbidity estimates
provided by the Centers for Disease
Control and Prevention (CDC) are
constructed from the National
Electronic Injury Surveillance Sys-
tem (NEISS).1 However, NEISS
lacks geographic detail, produces
only annual estimates, and relies on
a simple coding system that is in-
consistent with the clinical ontol-
ogies currently used in health care.

We discuss the shortcomings of
current injury surveillance systems
and the advantage of using elec-
tronic health care data, such as
electronic health records (EHRs),
hospital discharges, and adminis-
trative claims data, as well as issues
with secondary use of these data for
surveillance. Injury surveillance in
the United States could be im-
proved by using routinely collected
electronic health care data and their
ontologies, with concurrent im-
provement of injury coding.

CURRENT SYSTEMS FOR
INJURY SURVEILLANCE

In the United States, fatal in-
jury surveillance is conducted

using death certificate data from all
states and territories that are reported
to the National Vital Statistics Sys-
tem (NVSS).1 The cause of death
and external injury-related causes
can be queried. Similarly, data
from the National Violent Death
Reporting System (NVDRS) can
be queriedwith additional details on
the circumstances of violent injury–
related death, such as the relation-
ship between the victim and the
perpetrator.

In addition to the NVSS and
NVDRS, several injurymortality
surveillance systems covering
specific settings also exist, such as
the Census of Fatal Occupational
Injuries for work-related in-
jury and the Fatality Analysis
Reporting System for road traffic
injury (Table 1). There are also
systems that focus on a specific
type of injury, such as poisoning
and burns. Many of these systems
boast full geographic coverage of
the United States, whereas the
current system used for nonfatal
injury surveillance is limited to a
small number of participating
hospitals.

Currently, national nonfatal
injury morbidity estimates are

generated through NEISS.1 De-
spite the name of its overseeing
organization, the US Consumer
Product Safety Commission,
NEISS has expanded beyond
consumer products and collects
data on fall-, firearm-, fire-, and
motor vehicle–related injury.2

Currently, NEISS serves as a
nationally representative surveil-
lance system of injury and is
publicly available.2

In a stratified sample of 66
hospitals, NEISS reviews EHRs
of all emergency department
encounters and reports those
related to injury.3,4 Although the
data from these hospitals are used
to estimate the national incidence
of injury, reliable regional- and
state-level estimates cannot be
made.4 For many states, only one
hospital in the state contributes to
NEISS, and several states do not
have any participating hospitals.4

National-level estimates and state
populations are used to extrap-
olate state-specific injury esti-
mates, but these may not reflect
the true injury burden for the
states. In addition, stratified esti-
mates for specific mechanisms
of injury or by demographic
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variables such as sex and race/
ethnicity cannot always be gen-
erated because of the small sample
size. Unweighted counts of less
than 20 and weighted counts less
than 1200 are unstable estimates
of true injury incidence,1 so ac-
curate yearly incidence estimates
of rare injuries cannot always be
made with NEISS. In addition,
NEISS focuses on reports of an-
nual estimates, so injuries that
occur with high incidence at
specific times of the year, such as
drowning and firework-related
injury, cannot be queried by
month or season.

Despite these limitations, us-
ingNEISS has several strengths in

injury surveillance. Through the
process of manual data abstrac-
tion, details of the injury, such as
information on the cause or the
setting of injury, are coded.3 For
an assault injury, this includes the
relationship of the perpetrator to
the victim and the context of
assault, and for motor vehicle
crash, whether the crash occurred
on a public road. NEISS also
has a relatively short lag time in
reporting, with individual-level
reports of NEISS from the entire
year of 2017 being available in
the first few months of 2018.
Although this is not real-time
surveillance, NEISS’s quick
turnaround is the timeliest and

most comprehensive injury sur-
veillance system given the current
infrastructure and is conducted inan
“efficient, cost-effective manner.”4

In addition to NEISS, several sur-
veillance systems outlined here and
in Table 1 are designed with their
respective sponsoring agencies’
missions and priorities in mind,
including budgetary constraints.

EMERGING
SURVEILLANCE
SYSTEMS

In lieu of manual abstraction
of injury cases, as in NEISS or

survey administration, several
emerging systems have demon-
strated the utility of electronic
health care data for injury sur-
veillance. These data include
EHR and claims data that have
been coded and stored digitally.
Notably, the CDC has taken
steps toward automatically col-
lecting health care data as part
of an overall effort called the
National Health Care Surveys
(NHCS).5 Although the avail-
ability of federal funds has
affected continuous data collec-
tion, the National Hospital Care
Survey (part of NHCS) was used
to study traumatic brain injury
using claims data.6 Levant et al.

TABLE 1—Select Injury Surveillance Systems: United States, September 24, 2018

Surveillance
System Organization

Relevance to
Injury

Population
Based Mortality Morbidity

National
Estimates

State
Estimates

Local
Estimates ICD

External
Cause
Codes

Latest
Available

NEISS Consumer Product Safety

Commission

Nonfatal

injury

N; sampling N Y Y N N N N 2017

NVSS CDC, National Center for Health

Statistics

All deaths Y Y N Y Y Y Y Y 2016

NVDRS CDC, National Center for Health

Statistics

Violent injury

deaths

N; volunteer

basis

Y N N P P Y Y 2015

NTDB American College of Surgeons Traumatic

Injury

N; volunteer

basis

Y Y N P P Y Y 2016

NEMSIS National Highway Traffic Safety

Administration

Prehospital

care

N; volunteer

basis

Y Y N P P P P 2016

FARS National Highway Traffic Safety

Administration

Motor vehicle

crash

N; sampling Y N Y Y Y N N 2016

CFOI Bureau of Labor Statistics Occupational

injury

Y Y N Y Y Y N N 2016

NPDS American Association of Poison

Control Centers

Poisoning Y Y Y Y Y Y N N 2018

NFIRS US Fire Administration Fire related N; volunteer

basis

Y Y N Y P N N 2016

NEDS Agency for Healthcare Research and

Quality

ED visits N; sampling Y Y Y P N Y Y 2015

NSSP CDC, International Society for

Disease Surveillance

ED visits N; volunteer

basis

Y Y N P P Y Y ?

Note. CDC =Centers for Disease Control and Prevention; CFOI = Census of Fatal Occupational Injuries; ED = emergency department; FARS = Fatality Analysis
Reporting System; ICD= International Classification of Diseases; N = no, the system does not encompass this objective; NEDS=National Emergency Depart-
ment Sample; NEISS = National Electronic Injury Surveillance System; NEMSIS = National EMS Information System; NFIRS = National Fire Incident
Reporting System; NPDS =National Poison Data System; NSSP =National Syndromic Surveillance Program; NTDB =National Trauma Data Bank;
NVDRS =National Violent Deaths Reporting System; NVSS = National Vital Statistics System; P = the objective is partially met; Y = yes, the system
encompasses this objective; ? = unknown.
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analyzed the age- and sex-specific
differences (such subpopulation
analysis is not always feasible us-
ing traditional methods with low
sample sizes) as well as the care,
services, and outcomes of those
with traumatic brain injury.
Because individuals can be lon-
gitudinally linked across en-
counters, these data can be used
to examine risk factors, out-
comes, and costs associated with
injury.

In addition, electronic health
care data have provided in-
cidence estimates comparable to
those of national survey data,
even for injury mechanism sub-
types and rare injuries.7 For ex-
ample, electronic health care data
were used to generate stable an-
nual incidence estimates for
shaken baby syndrome, a rare but
serious type of traumatic brain
injury.

Moreover, electronic health
care data do not need to be
limited to a single hospital or
health care system. North
Carolina has successfully com-
bined emergency department,
poison center, and emergency
medical services data to conduct
real-time surveillance and ex-
amine local burden of drug
overdose.8 Similarly, the Na-
tional Syndromic Surveillance
Program has evolved to in-
corporate records of more than
half of the emergency depart-
ment visits in the United States
as well as pharmacy and labora-
tory test records to conduct
real-time surveillance.9

Therefore, the use of elec-
tronic health care data for sur-
veillance could be a robust,
cost-effective, and timely alter-
native to surveillance through
manual record abstraction or
survey administration. However,
a major hurdle to using electronic
health care data for injury sur-
veillance is in the heterogeneous
quality of injury coding.

MEDICAL
ONTOLOGIES FOR
INJURY

The International Classification
of Diseases, 10thRevision (Geneva,
Switzerland: World Health Or-
ganization; 2011; ICD-10) is a
diagnosis classification created
and maintained by the World
Health Organization and used
internationally for the collection
of mortality data. The clinical
modification (International Clas-
sification of Diseases, 10th Revision,
Clinical Modification. Hyattsville,
MD: National Center for Health
Statistics; 2015; ICD-10-CM), an
adaptation of the ICD-10 de-
veloped by the United States for
morbidity, is used on claims by
health care providers and facilities
in the United States. The ICD-
10-CM is also the basis for the
inpatient reimbursement system
used by the Centers for Medicare
and Medicaid Services (CMS).
The main section of the ICD
includes a chapter for the nature
of injury codes. The external
cause of injury section of the
ICD-10-CM includes the codes
for the intention (unintentional
[accidental] self-harm, inten-
tional self-harm, assault, and
unknown), the mechanism
(drowning, fall, motor vehicle
accident, etc.), the place of
occurrence, and the activity
causing the injury. Notably, al-
though poisoning is a type of
injury, it does not follow the
nature of injury and external
cause of injury distinction. Poi-
soning codes are in the injury
chapter of the ICD-10-CM, and
the intention for poisoning are
built into the poisoning codes
themselves.

Despite the breadth of in-
formation contained in these
external cause codes, ICD codes
are not used in NEISS. Instead,
NEISS uses its own ontology
with 900 cause codes.3 Although

this coding system was internally
audited and found to be valid for
90% of the records,10 it is unclear
howNEISS codes perform across
injury intentions and mecha-
nisms without external testing.
Moderate to high agreement on
the nature of injury between
NEISS and the ICD has been
found, but studies have indicated
the need formanual review of the
cases because of the broad nature
of NEISS codes, limited speci-
ficity of the external cause, and
limitations in ascertaining minor
injury with NEISS.11,12 As an
example, NEISS coding of
traumatic brain injury using a
single code agreed with ICD
coding in only 53% of the rec-
ords; whereas, using two NEISS
codes improved this agreement
to 81%.12

Another ontology, or termi-
nology system, the Systematized
Nomenclature of Medicine
Clinical Terms (SNOMED CT),
a standardized dictionary of terms
used in health care, has been
shown to sufficiently indicate the
nature of injury.13 However, its
utility in capturing mechanisms
of injury has been found in-
adequate, and SNOMED overall
is not structured for surveillance
utility. Yet another ontology, the
Logical Observation Identifiers
Names and Codes (LOINC),
indicating a laboratory test for
carbon monoxide poisoning, has
been used in conjunction with
the ICD, but because only 16%of
patients with confirmed, proba-
ble, or suspected poisoning had
this laboratory test, those using
this ontology only would not be
able to identify the majority of
the injured population.14 In the
future, an ontology-free system
relying on natural language
processing may be useful for in-
jury surveillance; for example,
including the free text “nalox-
one” using natural language

processing was shown to aid
detection of overdose.8

Thus, with a robust set of ex-
ternal cause codes (eight times as
many as NEISS) and widespread
use in electronic health care data,
the ICD classification system is best
suited for surveillance. However,
the ICD is not without its own
limitations. Research on the use of
ICD external cause codes has shown
that interrater reliability and accu-
racy can vary widely.15 Incomplete
documentation (e.g., missing in-
tention) and inaccurate coding (e.g.,
misclassification of injury) are sig-
nificant issues when using the
ICD.15,16 Mapping between the
ICD’s versions and new releases
(four for ICD-10-CM as of 2019) as
well as against other coding systems
is not trivial,17,18 although significant
improvements have been made
with more readily available tools
for conversions including general
equivalence mappings.19

EXTERNAL CAUSES OF
MORBIDITY AND
MORTALITY CODES

Unlike the nature of injury
codes that are commonly found
in electronic health care data, the
external cause codes can bemissing
because they are not required for
billing purposes in the US health
care system.16 They are not in-
cluded in the payment algorithm
for the Medicare and Medicaid
programs regulated by CMS, and
because private payers often follow
federal reimbursement guidelines,
health care providers are not in-
centivized to include external
causes in their health care data.20

The current ICD guidelines read:

There is no national requirement
for mandatory ICD-10-CM
external cause code reporting.
Unless a provider is subject to a
state-based external cause code
reporting mandate or these codes
are required by a particular payer,
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reporting . . . is not required. In
the absence of a mandatory
reporting requirement, providers
are encouraged to voluntarily
report external cause codes, as
they provide valuable data for
injury research and evaluation of
injury prevention strategies.21

Despite the lack of a direct in-
centive to report external cause
codes, health care providers may
see value in their use if they are
aware and educated on the im-
portance of these codes for injury
surveillance and quality improve-
ment programs. CMS encourages
secondary use of EHRs, such as
sharing electronic health care data
with registries and public health
systems, through payment adjust-
ments.22 This is highly relevant to
injury surveillance because accu-
rate injury surveillance with health
care data cannot be conducted
without external cause codes.
Certain states have already found
the use of these codes to be a useful
and important tool for injury sur-
veillance and have set reporting
requirements, such as mandating
use in inpatient and emergency
department encounter data.20

However, according to the latest
available figure, the prevalence of
external cause code use varied by
state, ranging from 65% to 100%.23

Moreover, the CMS payment
adjustment system for the adoption
and secondary use of EHRs is set to
expire in 2021, potentially affect-
ing progress made toward EHR
integration and interoperability as
well as jeopardizing collaborative
sharing of surveillance data with
public health agencies.

INJURY
SURVEILLANCE AND
PREVENTION

We propose that the second-
ary use of electronic health care
data for injury surveillance could
be a robust, cost-effective, and

timely enhancement to the cur-
rent system. Because many pro-
viders have adopted EHRs for
use in their practice, surveillance
does not need to be limited to the
small number of institutions that
contribute to a surveillance sys-
tem or rely on manual abstrac-
tion. Currently, 80% of hospitals
in theUnited States have adopted
EHRs.24 Electronic health care
data of various types, EHRs, and
claims have been valuable sources
for injury research in examining
cost, care, and burden of in-
jury.6,7 New forms of real-time
surveillance systems with elec-
tronic health care data in-
corporated across multiple
agencies have also emerged.8,9

Accurate injury surveillance
system via secondary use of
electronic health care data hinges
on accurate and complete ex-
ternal cause of injury coding.
ICD codes are used for billing
purposes in the United States and
are not specifically designed for
injury surveillance. Yet given
their near universal adoption
across the US health care system,
the ICD is the most appropriate
tool for injury surveillance. ICD
codes were recently used to dis-
tinguish between prescription
and illicitly manufactured opioid
overdose deaths, illustrating their
potency for injury surveillance on
a significant public health issue.25

Unmet needs include recogni-
tion of the importance of the
external cause codes and con-
tinuous evaluation of these codes’
relevance for health care pro-
viders and public health pro-
fessionals. Mandating the use of
external cause of injury codes
would likely enable robust col-
lection of injury data for sur-
veillance, yet a good system
would rely not on mandatory
enforcement but on intrinsic
utility and transparency sup-
ported by education and standard
of practice.

In conclusion, the case for
uptake of electronic health care
data and the ICD for injury
surveillance builds on (1) a con-
certed effort to increase reporting
of injury-related information in
health care data, (2) use of
existing electronic health care
data from geographically diverse
settings to generate granular and
subannual incidence estimates of
injury, and (3) future revision of
the ICD for better differentiating
injury mechanisms, intention,
and etiology with validation
studies and performance evalua-
tion of the coding system for
surveillance. Should these needs
be met with greater reporting of
injury-related data, subnational
and subannual estimation capa-
bilities, and improvement of the
ontology, ICD codes could be
used for injury surveillance with
improvement over the current,
limited data systems. A uniform,
accurate, and timely injury sur-
veillance system built on these
premises can help in conducting
research at multiple scales (re-
gional and national) and enable
actions aimed at reducing the
health burden affecting more
than 30 million Americans per
year.
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