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Validation of a Case Definition for
Pediatric Brain Injury Using
Administrative Data
Jane McChesney-Corbeil, Karen Barlow, Hude Quan, Guanmin Chen,
Samuel Wiebe, Nathalie Jette

ABSTRACT: Background: Health administrative data are a common population-based data source for traumatic brain injury (TBI)
surveillance and research; however, before using these data for surveillance, it is important to develop a validated case definition. The objective of
this study was to identify the optimal International Classification of Disease , edition 10 (ICD-10), case definition to ascertain children with TBI in
emergency room (ER) or hospital administrative data. We tested multiple case definitions.Methods: Children who visited the ER were identified
from the Regional Emergency Department Information System at Alberta Children’s Hospital. Secondary data were collected for children with
trauma, musculoskeletal, or central nervous system complaints who visited the ER between October 5, 2005, and June 6, 2007. TBI status was
determined based on chart review. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)were calculated for
each case definition.Results:Of 6639 patients, 1343 had a TBI. The best case definition was, “1 hospital or 1 ER encounter coded with an ICD-10
code for TBI in 1 year” (sensitivity 69.8% [95% confidence interval (CI), 67.3-72.2], specificity 96.7% [95%CI, 96.2-97.2], PPV 84.2% [95%CI
82.0-86.3], NPV 92.7% [95% CI, 92.0-93.3]). The nonspecific code S09.9 identified >80% of TBI cases in our study. Conclusions: The optimal
ICD-10–based case definition for pediatric TBI in this study is valid and should be considered for future pediatric TBI surveillance studies.
However, external validation is recommended before use in other jurisdictions, particularly because it is plausible that a larger proportion of patients
in our cohort had milder injuries.

RÉSUMÉ: Validation d’une définition de cas de la lésion cérébrale chez l’enfant au moyen de données administratives. Contexte : Les données
administratives sur la santé sont une source courante d’informations sanitaires populationnelles pour la surveillance et la recherche sur le traumatisme crânien (TC).
Cependant, avant d’utiliser ces données à des fins de surveillance, il est important d’établir une définition de cas validée. L’objectif de cette étude était d’identifier la
définition de cas optimale de la 10e édition de la Classification internationale des maladies (CIM-10), pour identifier les enfants atteints d’un TC à la salle d’urgence
ou dans les données administratives hospitalières. Nous avons évalué plusieurs définitions de cas. Méthodologie : Les enfants qui se sont présentés à la salle
d’urgence ont été identifiés dans le Regional Emergency Department Information System de l’Hôpital pour enfants de l’Alberta. Nous avons recueilli les données
secondaires des enfants qui se sont présentés à la salle d’urgence pour des problèmes d’origine traumatique, musculosquelettiques ou du système nerveux central
entre le 5 octobre 2005 et le 6 juin 2007. Nous avons déterminé s’ils présentaient un TC au moyen d’une revue de dossiers. Nous avons calculé la sensibilité, la
spécificité, la valeur prédictive positive (VPP) et la valeur prédictive négative (VPN) de chaque définition de cas.Résultats : Parmi les 6 639 patients, 1 343 avaient
subi un TC. La meilleure définition de cas était « une visite à l’hôpital ou une visite à la salle d’urgence portant le code de la CIM-10 pour le TC au cours d’une
période d’un an » (sensibilité de 69,8% et IC à 95% : 67,3 à 72,2 ; spécificité de 96,7% et IC à 95% de 96,2 à 97,2 ; VPP de 84,2% et IC à 95% de 82,0 à 86,3 ; VPN
de 92,7% et IC à 95% de 92,0 à 93,3). Le code non spécifique S09,9 identifiait plus de 80% des cas de TC dans notre étude. Conclusions : Dans cette étude, la
définition de cas optimale basée sur la CIM-10 du TC chez l’enfant est valide et devrait être prise en compte dans les études de surveillance du TC chez l’enfant à
l’avenir. Cependant, nous recommandons de procéder à une validation externe avant son utilisation dans d’autres juridictions, parce qu’il est plausible qu’une grande
proportion de patients dans notre cohorte étaient atteints de blessures plus légères.
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Traumatic brain injury (TBI) is the leading cause of death and
disability in children and youth in the United States, with a combined
estimate of 511,257 emergency room (ER) visits, hospitalizations,

and deaths per year, and more than $1 billion in hospital charges
annually.1,2 One Canadian report showed that children (<18 years of
age) with head injury represented almost 45% of those visiting ERs
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and urgent care centers, and almost 25% of those were hospitalized in
acute care.3 In addition, a recent systematic review and meta-analysis
of the incidence of TBI from international studies identified that the
pediatric (<15 years of age) incidence rate of traumatic brain injury
was 134/100,000 person-years.4 TwoCanadian pediatric studies were
included in this review and reported incidence rates for mild TBI of
110/100,0005 and 0.81/100,6 respectively. TBI thus contributes sub-
stantially to the health care burden. Pediatric TBI is of particular
concern because it can lead to significant and lifelong deficits,7 with a
substantial burden on the patient, their caregivers, and society.
Unfortunately, ongoing surveillance for pediatric TBI is lacking in
Canada, resulting in gaps in the knowledge needed to adequately plan
for the resources required for those affected by pediatric TBI.

Administrative data are valuable sources for disease surveillance
because they are collected routinely, are cost-effective, cover wide
geographic areas, and have a relatively complete capture of all
patient encounters with the health care system.8 This is especially
relevant to the Canadian system because there are comprehensive
population-based administrative databases at regional, provincial,
and national levels.9 In the majority of administrative databases,
conditions are coded using the World Health Organization’s
International Classification of Disease (ICD) system. ICD-coded
databases are used internationally to capture causes of morbidity
and mortality, and for epidemiological, health management, and
reimbursement purposes.10

To effectively capture cases of pediatric TBI, it is important to
develop a validated case definition. A systematic review looking
at validated case definitions for TBI identified three studies, all
from the United States that met eligibility criteria (Table 1).11

Only one of these studies reported more than one test of diagnostic
accuracy, comparing coding of an inpatient database to real-time
assessment in the ER.12 They found low sensitivity (45.9%), but
high specificity (97.8%) and negative predictive value (NPV)
(99.2%).12 In addition, only one study validated ICD-10 coding
for TBI in administrative data,13 whereas the others validated
ICD, 9th revision (ICD-9); Table 1.12,14 A validated case
definition to study TBI outside of the United States has not, to our
knowledge, been published. It is important to validate ICD coding
specifically in other non-US databases for several reasons.
Although the underlying coding framework is the same inter-
nationally, different countries may use slightly modified versions
of ICD.15 For example, the United States still uses the ICD-9
Clinical Modification edition,16 which contains fewer codes than
the ICD-10 edition currently being used in Canada. In addition,
Canada’s health care system differs from that in the United States,
where coding standards may vary.15 Finally, Canadian coders
undergo national standardized training, unlike coders in other
countries, potentially leading to variations in coding standards
between countries.15,17

The goal of the present study was to validate ICD-10 coding
for TBI in two administrative databases in a large health region:
the Discharge Abstract Database (DAD), which captures all hos-
pitalizations, and the Ambulatory Care Classification System
(ACCS), which captures all ER/urgent care visits and hospital
clinic visits in the province of Alberta. Because Canada has a
universal health care system, these two population-based data-
bases capture all patients who access these services. The two
objectives were to: (1) assess the validity of ICD-10 coding for
TBI and (2) develop a validated case definition for pediatric TBI.
It was our hypothesis that it would be possible to develop an

accurate sensitive case definition to identify pediatric TBI using
ICD-10 coded administrative health data.

METHODS

Study Site

Alberta Children’s Hospital (ACH) is the primary pediatric
hospital for the city of Calgary and surrounding semiurban and
rural areas. ACH has a total of 133 inpatient beds, and its ER has
60,000 visits per year for those aged 0 to 18 years. The estimated
total population of Calgary was 1,079,310 per the 2006 Canadian
census, with 272,275 aged 0 to 19 years.18

Defining Study Population

The study population includes 7101 children aged 0 to 18 years,
with primarily trauma, musculoskeletal, or central nervous
system complaints captured between October 4, 2005, and June 6,
2007, at ACH through the Regional Emergency Department
Information System (REDIS). These conditions were selected to
increase the likelihood of capturing children who may have
experienced a TBI.

REDIS is an electronic information system used to collect and
track information on all children who visit the ACH ER. The “free
text” diagnosis and clinical history fields of the REDIS charts
were first reviewed by a trained research assistant to identify cases
by looking for key words in the chart that would suggest a
neurological problem, such as altered mental state, dizziness,
confusion, disorientation, headache, balance problems, nausea
and/or vomiting, blurred vision, seizures, concussion, head injury,
and/or TBI. These charts were then reviewed again by a pediatric
neurologist (KB) with expertise in brain injury to confirm diag-
nosis. Currently, there is not a single agreed-upon case definition
for TBI. For this study, TBI was defined as a force to the body or
head that results in disruption of normal function of the brain.19

TBI was confirmed if the injury was associated with any of the
following neurological symptoms: loss of consciousness, altered
mental state, posttraumatic amnesia, headache, dizziness, vomit-
ing, confusion, and/or behavioral change. The definition of mild
TBI is somewhat controversial in younger children (<5 years of
age), in whom it can be difficult to assess an altered mental state
and period of amnesia. Therefore, any young child presenting to
the ER with a mild head injury without clear evidence contra-
dicting the these criteria was included in the study. Children with
simple scalp lacerations, facial injuries/fractures without symp-
toms of head injury or concussion described previously, or
superficial injuries were excluded. Finally, the date the child was
first seen in REDIS became the index date for all children.

The quality of the REDIS chart review was further verified
among a subset of patients (n= 715) through a follow-up tele-
phone call to confirm TBI diagnosis (n= 670) or who visited the
ACH TBI clinic (n= 45). Of the 670 children that were success-
fully contacted by telephone for follow-up, only 27 (4%) were
determined to not be TBI cases upon further questioning. All of
the 45 children seen in the TBI clinic were true cases of TBI as
originally determined by the REDIS chart review (100%).

Defining TBI in ICD-10 Administrative Data

In this study, TBI coding was validated in two administrative
databases: ACCS and the inpatient DAD from April 1, 2002, to
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Table 1: Summary of sensitivity, specificity, PPV, and NPV reported by validation studies for TBI

Author, year,
location

Data year Database
validated

Reference
standard

Study size ICD version ICD codes Sn Sp PPV NPV

Bazarian,
2006,
United States12

2003 Single hospital;
inpatient, ER
visits

ER real-time
assessment

516 ICD-9-CM 800.0, 800.5, 801.0,
801.5, 803.0, 803.5,
804.0, 804.5, 850.0,
850.5, 850.9, 854.0,

959.01

45.9 97.8 23.7 99.2

Rodriguez,
2006,
United States13

2002 Population-based;
death
certificates

Medical examiner
report or
medical chart

980 ICD-9-CM
ICD-10

800.0-801.9, 803.0-
804.9, 850.0-854.1,
950.1-950.3, 959.01,
995.55, 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,
T01.0, T02.0, T04.0,
T06.0, T90.1, T90.2,
T90.4, T90.5, T90.8,

T90.9

78 - 98 -

Shore,
2005,
United States14

1999 Population-based;
inpatient

Medical chart 1002 ICD-9-CM 800-801.9, 803-804.9 - - 72.1 -

Population-based;
inpatient

Medical chart 1002 ICD-9-CM 850-854.1, 959.01 - - 89.5 -

Population-based;
inpatient

Medical chart 698 ICD-9-CM 800-801.9, 803-804.9 - - 71.2 -

Population-based;
inpatient

Medical chart 698 ICD-9-CM 850-854.1, 959.01 - - 92.0 -

Population-based;
registry

Medical chart 698 ICD-9-CM 800-801.9, 803-804.9 - - 63.8 -

Population-based;
registry

Medical chart 698 ICD-9-CM 850-854.1, 959.01 - - 88.1 -

CM= clinical modification; ER= emergency room; ICD= International Classification of Disease; NPV= negative predictive value; PPV= positive predictive value; Sn= sensitivity;
Sp= specificity; TBI= traumatic brain injury.
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March 30, 2011. Both of these databases are coded by trained
health technologists who undergo national standardized training.
The ACCS captures all emergency visits and hospital-based clinic
visits in the province of Alberta, and contains up to 15 coding
fields for diagnoses and five for procedures using ICD-10 codes.
The DAD captures information including diagnoses and
in-hospital outcomes on all patients discharged from every
hospital in Alberta. Since April 1, 2002, the DAD has contained
up to 50 coding fields for diagnoses and 20 for procedures. Both
databases contain a primary diagnosis coding field that contains
the diagnosis (ICD-10 code) responsible for most resource use
during the visit or inpatient admission.15 The rest of the diagnosis
codes are classified as secondary diagnoses. Administrative
databases were linked with the REDIS cohort data described
previously using the first name, last name, date of birth, and
medical record number because ethics restricted us from using the
more universal personal health number.

ICD-10 codes to be tested for TBI were selected based on the
following: (1) an international systematic review of validated ICD
codes to study neurological conditions11; (2) a review of the grey
literature and relevant websites (including TBI codes used by the US
Centers for Disease Control and Prevention for their TBI surveillance
program1 and codes used by the Canadian National Trauma
Registry20; and (3) expert consensus (neurologists, epidemiologists,
health services researchers, population health experts) from the
Canadian Chronic Disease Surveillance System Neurological
Conditions Working Group (unpublished) based on the literature
reviews provided previously and expert opinion. Because we were
only interested in acute presentations of TBI, some codes used to
identify TBI were excluded, such as those used to identify certain
TBI-related sequelae (e.g. postconcussive syndrome).

A case of TBI was considered to be present if one or more of
the specified TBI-related ICD-10 codes was listed in any of the
diagnostic coding fields in either of the linked administrative
databases. Table 2 shows the ICD-10 codes that were used to
identify TBI in the administrative databases. Nine unique case
definitions were subsequently tested to see which produced the
best case definition for children with TBI using the REDIS
cohort data as the reference standard against the administrative
data (DAD and ACCS) (Figure 1). Because TBI is an acute
presentation, we only tested different case definitions over a
period of 1 or 2 years.

STATISTICAL ANALYSIS

Descriptive statistics were used to describe the breakdown of
the study population.

Accepting the REDIS chart data as the reference standard,
diagnostic accuracy estimates (sensitivity, specificity, positive
predictive value [PPV], and NPV) were calculated for each of the
nine case definitions. Sensitivity refers to the proportion of TBI
cases identified from REDIS that were coded as TBI cases in
the administrative data. Specificity refers to the proportion of non-
TBI cases identified from REDIS that were coded as non-TBI
cases in the administrative data. PPV refers to the proportion of
TBI cases identified in the administrative databases that were
deemed “true” TBI cases on the basis of REDIS chart review data.
NPV refers to the proportion of non-TBI cases identified in the
administrative databases that were deemed “true” non-TBI cases
on the basis of REDIS chart review data.

Ethics approval was obtained from the Conjoint Health
Research Ethics Board at the University of Calgary.

RESULTS

Study Population

Of the 7101 children identified through REDIS, 1422 (20%)
were determined to have TBI and 5679 served as non-TBI cases
(Figure 2). After administrative data linkage, 94% (6639/7101)
of the original study population was available for analysis,
leaving 1343 with TBI and 5296 without TBI (Figure 2). Because
of ethical restrictions, we were not able to link our data using
the more universal personal health number, which may have
contributed to the 6% of patients that we were unable to link.
Based on the available linked data, the study population was
56% male (3372/6639), with a mean age of 9.2 years (range, 2.02
days-18.3 years) for males and 8.5 years (range, 2.61 days-
18.6 years) for females.

Validation of ICD-10 Coding

The most frequently used code for TBI cases in our population
was S09.9—unspecified injury of head, including injury of ear not

Table 2: ICD-10 codes used to identify TBI in
administrative data

ICD-10 code Definition

S02.0 Fracture of vault of skull

S02.1 Fracture of base of skull

S02.3 Fracture of orbital floor

S02.7 Multiple fractures involving skull and facial bone

S02.8 Fractures of other skull and facial bones

S02.9 Fracture of skull and facial bones, part unspecified

S06 Intracranial injury

S06.0 Concussion

S06.1 Traumatic cerebral edema

S06.2 Diffuse brain injury

S06.3 Focal brain injury

S06.4 Epidural hemorrhage

S06.5 Traumatic subdural hemorrhage

S06.6 Traumatic subarachnoid hemorrhage

S06.8 Other intracranial injuries

S06.9 Intracranial injury, unspecified

S07 Crushing injury of the head

S07.0 Crushing injury of the face

S07.1 Crushing injury of the skull

S07.8 Crushing injury of other parts of the head

S07.9 Crushing injury of the head, part unspecified

S09.9 Unspecified injury of head, including injury of ear
NOS, face NOS, and nose NOS

T06.0 Injuries of brain and central nerves with injuries of nerves and
spinal cord at neck level

NOS= not otherwise specified.
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otherwise specified (NOS), face NOS, and nose NOS (50.5%)—
followed by S06.000—concussion without loss of consciousness
without open intracranial wound (22.7%) (Table 3). Similarly,
88.9% of the time, the codes used for TBI were found in the
primary diagnosis field of the administrative data.

ICD-10 Codes Used in False-Negative TBI Cases

We investigated which ICD-10 codes were used to identify the
false-negative cases (n=406) in our best case definition, to see if we

were missing important codes used to capture children with TBI and
to determine if our case definition required further enhancement. The
majority of false-negative cases were classified with nonspecific
codes identifying superficial injuries, or general trauma, which with
other information in the REDIS chart may have appeared to be a
possible TBI but was not coded as such in the administrative data.

Identification of Best Case Definition to Identify TBI

Of the nine case definitions assessed (Table 4), the one with the
best diagnostic accuracy to capture cases of pediatric TBI for
future surveillance work was “1 ER or 1 hospital in 1 year” with a
sensitivity of 69.8% (95% confidence interval [CI], 67.3-72.2),
specificity of 96.7% (95% CI, 96.2-97.2), PPV of 84.2% (95% CI
82.0-86.3), and NPV of 92.7% (95% CI, 92.0-93.3).

DISCUSSION

This study investigated whether two Alberta-specific admini-
strative databases (hospital and ER databases) could be used to
develop a validated case definition for pediatric TBI. The best
case definition to accurately identify the largest proportion of
children with TBI in these ICD-10–coded data was “1 hospital or
1 ER visit in 1 year.” This means that at least one TBI-related
ICD-10 code was captured in the hospitalization or ER database
during a 1-year period. Currently, there is not a single agreed-
upon case definition for TBI. Some experts recommend excluding
ICD-10 code S09.9 from TBI case definitions because it has been
shown to inflate incidence and prevalence figures. We chose to
include this code in our study because it was the most frequently
used (50.5%) to identify TBI in our pediatric study population.
Had we excluded this code, we would have missed 1145 cases
(80.5%). There is concern that minor brain injury cases may be
missed if codes such as S09.9 are excluded, given their ambiguous
nature.21 It has also been reported that up to 20% of S09.9 diag-
noses may be cases of mild TBI.21 Therefore, because a large
proportion of patients in our study were identified with code
S09.9, it is highly plausible that our sample is characterized lar-
gely by patients with milder forms of TBI. It is also important to
recognize that we did not evaluate false-positive cases occurring

Feb 2,
2004

2005 2006 2007 2008 2009

Pediatric TBI Case Definition Testing
Period

October 5, 2005 to June 6, 2007
TBI Cases and Controls Identified through

REDIS

2010
Dec 26,

2011

2006 2007 2008

ER Visit*

Hospital Stay

1 Year

Example Algorithm: 1 Hospital or 1 ER in 1 year

* = Also REDIS Index Date

Figure 1: Timeline

7,101
Children with and without TBI 

identified from REDIS

Original REDIS Data

5,679
Children without 

TBI

1,422
Children with 

TBI

REDIS Chart Review

462
Children unable to link with 

administrative data

6,639 
Children with and without TBI 

available after data linkage

93% of original REDIS data 
available for use after data linkage

Administrative Data Linkage

5,296
Children without 

TBI

1,343
Children with

TBI

Figure 2: Study population
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Table 3: Frequency of ICD-10 codes used in administrative data to identify TBI

Diagnostic code Description Frequency Percent

S02.000 Fracture of vault of skull, closed 19 0.84

S02.001 Fracture of vault of skull, open 3 0.13

S02.100 Fracture of base of skull, closed 14 0.62

S02.101 Fracture of base of skull, open 10 0.44

S02.300 Fracture of orbital floor, closed 7 0.31

S02.800 Fracture of alveolus, closed
Includes maxillary and mandibular alveolar ridge

1 0.04

S02.890 Fractures of other unspecified skull and facial bones, closed 6 0.26

S02.900 Fracture of skull and facial bones, part unspecified, closed 18 0.79

S02.901 Fracture of skull and facial bones, part unspecified, open 1 0.04

S06.0 Concussion 85 3.75

S06.000 Concussion without loss of consciousness without open intracranial wound 514 22.65

S06.010 Concussion with brief loss of consciousness without open intracranial wound 126 5.55

S06.020 Concussion with moderate loss of consciousness without open intracranial wound 1 0.04

S06.090 Concussion with loss of consciousness of unspecified duration without open intracranial wound 77 3.39

S06.190 Traumatic cerebral edema with loss of consciousness of unspecified duration without open intracranial wound 1 0.04

S06.200 Diffuse brain injury without loss of consciousness without open intracranial wound 3 0.13

S06.210 Diffuse brain injury with brief loss of consciousness without open intracranial wound 2 0.09

S06.230 Diffuse brain injury with prolonged loss of consciousness with return to pre-existing level of consciousness without open
intracranial wound

1 0.04

S06.290 Diffuse brain injury with loss of consciousness of unspecified duration, without open intracranial wound 5 0.22

S06.340 Focal brain injury with prolonged loss of consciousness without return to pre-existing level of consciousness without
open intracranial wound

1 0.04

S06.35 Focal brain injury, without open intracranial wound 1 0.04

S06.390 Focal brain injury with loss of consciousness of unspecified duration, without open intracranial wound 2 0.09

S06.4 Epidural hemorrhage 2 0.09

S06.400 Epidural hemorrhage without loss of consciousness without open intracranial wound 15 0.66

S06.401 Epidural hemorrhage without loss of consciousness with open intracranial wound 1 0.04

S06.420 Epidural hemorrhage with moderate loss of consciousness without open intracranial wound 1 0.04

S06.5 Traumatic subdural hemorrhage 8 0.35

S06.500 Traumatic subdural hemorrhage without loss of consciousness without open intracranial wound 13 0.57

S06.510 Traumatic subdural hemorrhage with brief loss of consciousness without open intracranial wound 5 0.22

S06.530 Traumatic subdural hemorrhage with prolonged loss of consciousness with return to pre-existing level of
consciousness without open intracranial wound

1 0.04

S06.590 Traumatic subdural hemorrhage with loss of consciousness of unspecified duration without open intracranial wound 2 0.09

S06.591 Traumatic subdural hemorrhage with loss of consciousness of unspecified duration with open intracranial wound 1 0.04

S06.6 Traumatic subarachnoid hemorrhage 2 0.09

S06.600 Traumatic subarachnoid hemorrhage without loss of consciousness without open intracranial wound 3 0.13

S06.610 Traumatic subarachnoid hemorrhage with brief loss of consciousness without intracranial wound 1 0.04

S06.630 Traumatic subarachnoid hemorrhage with prolonged loss of consciousness with return to pre-existing level of
consciousness without open intracranial wound

1 0.04

S06.640 Traumatic subarachnoid hemorrhage with prolonged loss of consciousness without return to pre-existing level of
consciousness without open intracranial wound

1 0.04

S06.690 Traumatic subarachnoid hemorrhage with loss of consciousness of unspecified duration without open intracranial wound 2 0.09

S06.691 Traumatic subarachnoid hemorrhage with loss of consciousness of unspecified duration with open intracranial wound 1 0.04

S06.800 Other intracranial injuries without loss of consciousness without open intracranial wound 10 0.44

S06.810 Other intracranial injuries with brief loss of consciousness without open intracranial wound 7 0.31

S06.890 Other intracranial injuries with loss of consciousness of unspecified duration without open intracranial wound 3 0.13

S06.9 Intracranial injury, unspecified, includes brain injury NOS, excludes head injury NOS 16 0.71
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as a result of the use of this code in our sample. As such, it is
important to recognize that the use of this nonspecific code may
have resulted in the identification of more false-positive cases,
which is a limitation.

Our recommended case definition, “1 hospital or 1 ER visit
over 1 year” was selected because it is important to prioritize
sensitivity over other measures when the goal is to identify all
persons with a certain characteristic (such as TBI) in a popula-
tion.22 This is relevant to our study because the goal is to use the
best case definition for disease surveillance. Although the sensi-
tivity is not perfect, the specificity is very good and, as such, the
definition is still valuable for allowing the identification of cohorts
for future studies examining a variety of health care issues such as
the trajectory of cases through the health care system. This
ICD-10 coding validation is important because most countries are
now using ICD-10 data to code for morbidity and mortality.9

The other tested case definitions revealed varying results. The
case definition looking at the DAD alone missed the majority of
TBI cases (sensitivity, 3.7-4.2%), but was still associated with
excellent specificity (up to 99.8%) and PPV (up to 84.7%).
Although this group of hospitalized patients may be good for
accurately defining cases for hospital-based outcomes or
follow-up studies, this is a poor choice for surveillance. Using the
hospitalization data alone may also introduce selection bias,
because only the more severe cases tend to be admitted. The case

definition identifying those from the ER alone may also be good
for surveillance, but is likely missing the more severe cases; thus,
it is important to use a case definition that captures children from
both databases. Incorporating both of these databases for national
surveillance of pediatric TBI is feasible in Canada because both
hospitalization and ER visits are collected prospectively by
provincial governments. It would be time-consuming and
prohibitively expensive for a clinical network to develop its own
pediatric TBI surveillance program. Administrative data are more
feasible and are readily available. In the future, electronic medical
records or electronic health records may become another source
for TBI surveillance, but alternative case definitions incorporating
both free text and ICD codes will then need to be developed.
Numerous electronic medical record and electronic health record
vendors exist, rendering this option more challenging.

Although there are no cutoffs or standard criteria that specify
an optimal sensitivity, specificity, PPV, or NPV for case
definitions, the validity of our case definition for pediatric TBI is
comparable to other conditions. A systematic review looking at
validated case definitions for neurological conditions found low
sensitivity for Alzheimer’s disease and dementia, Parkinson’s
disease, and spinal cord injury.11 Similarly, two separate studies
validating ICD-9 codes for depression found low sensitivity,
ranging from 18.1% to 34.0%.23,24 Considering the results of
validation studies for different neurological and mental health

Table 3: (Continued)

Diagnostic code Description Frequency Percent

S06.900 Intracranial injury, unspecified without loss of consciousness without open intracranial wound 87 3.83

S06.910 Intracranial injury, unspecified with brief loss of consciousness without open intracranial wound 19 0.84

S06.990 Intracranial injury, unspecified with loss of consciousness of unspecified duration without open intracranial wound 23 1.01

S06.991 Intracranial injury, unspecified without loss of consciousness with open intracranial wound 1 0.04

S09.9 Unspecified injury of the head, including injury of ear NOS, face NOS, and nose NOS 1145 50.46

Total frequency 2269 100

NOS= not otherwise specified.
*Children with TBI in our cohort (true-positive cases) were identified to have the codes listed here.

Table 4: TBI validation results for case definitions including hospital or ER visits

TBI case definition True
positives

False
negatives

False
positives

True
negatives

Sensitivity
% (95% CI)

Specificity
% (95% CI)

PPV %
(95% CI)

NPV %
(95% CI)

1 hospital, 1 ER, 1 year* 937 406 176 5120 69.8 (67.3-72.2) 96.7 (96.2-97.2) 84.2 (82.0-86.3) 92.7 (92.0-93.3)

1 hospital, 1 ER, 2 years 952 391 266 5030 70.9 (68.5-73.3) 95.0 (94.4-95.6) 78.2 (75.8-80.5) 92.8 (92.1-93.5)

1 hospital, 1 year 50 1293 9 5287 3.7 (2.7-4.7) 99.8 (99.7-99.9) 84.7 (75.6-93.9) 80.3 (79.4-81.3)

1 hospital, 2 years 57 1286 32 5264 4.2 (3.2-5.3) 99.4 (99.2-99.6) 64.0 (54.1-74.0) 80.4 (79.4-81.3)

1 ER, 1 year 932 411 174 5122 69.4 (66.9-71.9) 96.7 (96.2-97.2) 84.3 (82.1-86.4) 92.6 (91.9-93.3)

1 ER, 2 years 946 397 263 5033 70.4 (68.0-72.9) 95.0 (94.4-95.6) 78.2 (75.9-80.6) 92.7 (92.0-93.4)

1 hospital, 2 ERs, 1 year 145 1198 16 5280 10.8 (9.1-12.5) 99.7 (99.6-99.8) 90.1 (85.4-94.7) 81.5 (80.6-82.5)

1 hospital, 2 ERs,
2 years

165 1178 36 5260 12.3 (10.5-14.0) 99.3 (99.1-99.5) 82.1 (76.8-87.4) 81.7 (80.8-82.6)

Any TBI diagnosis 979 364 637 4659 72.9 (70.5-75.3) 88.0 (87.1-88.8) 60.6 (58.2-63.0) 92.8 (92.0-93.5)

CI= confidence interval; ER= emergency room; NPV= negative predictive value; PPV= positive predictive value; TBI= traumatic brain injury.
*This case definition means that at least one TBI-related International Classification of Diseases, 10th revision, code was captured in the hospitalization or
ER database during a 1-year period.
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conditions, ours has high validity and should be considered for use
in pediatric TBI surveillance.

There are several limitations to this study. First, our reference
standard was based on a pediatric ER electronic chart review only.
It is a concern that misdiagnosis or incomplete documentation of
clinical data in a more limited electronic record may affect results.
However, when children are admitted to the emergency room,
they often receive a more comprehensive workup acutely than
if solely seen in community-based locations. In addition, these
emergency department electronic charts were reviewed by both a
trained research assistant and a pediatric neurologist with TBI
expertise; therefore, we postulate that this reference standard is
most likely reflecting the “true” diagnosis. We also further
confirmed the diagnosis by examining the percentage of children
who were not deemed to have TBI upon telephone follow-up (4%)
and who were not deemed to have TBI upon a clinic visit (0%).
Misclassification bias is a common concern with administrative
data; however, one of the primary purposes of a validation study is
to examine the validity of these codes and to determine how to
best identify children with TBI, so that we are capturing the most
accurate picture.

To increase the likelihood of capturing children who may have
experienced a TBI (in view of the low incidence of TBI based on
epidemiological studies), our enriched population included
children with primarily trauma, musculoskeletal, or central
nervous system issues. As such, the incidence of TBI in our cohort
was higher than expected, and as a result, could have influenced
our predictive values (e.g. higher prevalence= higher PPV).

Second, we were not able to assess the severity of TBI cases in
our population using a gold standard measure. Further research
evaluating TBI severity using the Glasgow Coma Scale, the
Abbreviated Injury Scale, or other measures would increase our
understanding of which types of TBI are seen in different settings
and how case definition accuracymay vary by TBI severity subtype.
Despite our inability to determine severity, we initially hypothesized
that the majority of cases seen in the ER or hospitalized would be the
moderate to severe cases. However, considering the high proportion
of children identified in our study with the nonspecific code S09.9
(>80%), it is highly likely that many of the children in our sample
had milder injuries. The frequent use of this nonspecific code could
also relate to the challenge of accurately identifying symptoms of
TBI in younger children.

In addition, we were not able to obtain physician claims data that
capture all visits, whether hospital or community-based; therefore, it
is possible that we are missing a proportion of children with mild
TBI who were seen in the community by their family physician or a
walk-in-clinic. However, ACCS captures both emergency visits and
hospital-based clinic visits; therefore, we are likely to have captured
at least the more symptomatic mild TBI cases.

Third, this study population was selected from one hospital in a
large city; therefore, the results may not be generalizable to other
regions, including rural areas. In fact, it has been stressed in the
literature that case definitions validated in one specific area or age
group cannot necessarily be applied to other cohorts if you want to
ensure accuracy.25 However, in Canada, professional ICD coders
receive standardized national training (17). Therefore, results
across different provincial administrative databases should be
similar. Generalizing results internationally would likely be dif-
ficult because it has been shown there is coding variation between
countries.26

In conclusion, we identified that, for surveillance purposes, the
case definition “1 hospital or 1 ER visit over 1 year” is best at
capturing children with TBI in the two administrative databases
using ICD-10 coding. However, there is a need to validate TBI
coding in physician claims data to enhance our proposed case
definition and to get a more comprehensive picture of all
TBI cases whether mild, moderate, or severe. We would also
recommend that more efforts be made to educate coders on
appropriate use of TBI-related ICD codes to better identify
children with the various TBI subtypes, and that physicians
receive more training in medical school and residency on the
importance of careful chart documentation.

ACKNOWLEDGMENTS AND FUNDING

None.

DISCLOSURES

HQ has received a grant from AIHS and salary support from
Alberta Innovates-Health Solutions. NJ is a Principal Investigator
for Hotchkiss Brain Institute, the Canada Research Chair
Program, and Alberta Innovates Health Solutions; has received a
research grant from Pfizer (a shared grant from the University and
Pfizer); and has received salary support from a government
agency and from principal health research funding sources paid to
her university. The remaining authors have nothing to disclose.

REFERENCES

1. Faul M, Xu LWald M, Coronado V. Traumatic brain injury in the
United States: emergency department visits, hospitalizations
and deaths 2002-2006. Atlanta, GA: US Department of Health and
Human Services, Centers for Disease Control and Prevention; 2010.

2. Schneier AJ, Shields BJ, Hostetler SG, Xiang H, Smith GA. Incidence
of pediatric traumatic brain injury and associated hospital resource
utilization in the United States. Pediatrics. 2006;118:483-92.

3. Canadian Institute for Health Information. The burden of neurological
diseases, disorders and injuries in Canada. Ottawa: CIHI; 2007.

4. Nguyen R, Fiest K, McChesney J, et al. The international incidence
of traumatic brain injury: a systematic review and meta-analysis.
Can J Neurol Sci. 2016;43:774-85.

5. Gordon KE, Dooley JM, Wood EP. Descriptive epidemiology of
concussion. Pediatr Neurol. 2006;34:376-8.

6. Willer B, Dumas J, Hutson A, Leddy J. A population based
investigation of head injuries and symptoms of concussion of children
and adolescents in schools. Inj Preventi, 2004;10:144-8.

7. Toga AW, Thompson PM, Sowell ER. Mapping brain maturation.
Trends Neurosci. 2006;29:148-59.

8. Quan H, Khan N, Hemmelgarn BR, et al. Validation of a case
definition to define hypertension using administrative data.
Hypertension. 2009;54:1423-8.

9. Jette N, Reid AY, Quan H, Hill MD, Wiebe S. How accurate is ICD
coding for epilepsy? Epilepsia. 2010;51:62-9.

10. World Health Organization. International Classification of Diseases.
Available at: http://www.who.int/classifications/icd/en/.

11. St Germaine-Smith C, Metcalfe A, Pringsheim T, et al. Recommenda-
tions for optimal ICD codes to study neurologic conditions: a
systematic review. Neurology. 2012;79:1049-55.

12. Bazarian JJ, Veazie P, Mookerjee S, Lerner EB. Accuracy of mild
traumatic brain injury case ascertainment using ICD-9 codes.
Acad Emerg Med. 2006;13:31-8.

13. Rodriguez SR, Mallonee S, Archer P, Gofton J. Evaluation of
death certificate-based surveillance for traumatic brain injury–
Oklahoma 2002. Public Health Rep. 2006;121:282-9.

14. Shore AD, McCarthy ML, Serpi T, Gertner M. Validity of
administrative data for characterizing traumatic brain injury-related
hospitalizations. Brain Inj. 2005;19:613-21.

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

168

https://doi.org/10.1017/cjn.2016.419 Published online by Cambridge University Press

http://www.who.int/classifications/icd/en/
https://doi.org/10.1017/cjn.2016.419


15. Jette N, Quan H, Hemmelgarn B, et al. The development, evolution,
and modifications of ICD-10: challenges to the international
comparability of morbidity data. Med Care. 2010;48:1105-10.

16. US Centers for Disease Control and Prevention. International Classifica-
tion of Diseases, Tenth Revision, ClinicalModification (ICD-10-CM).
Available at: http://www.cdc.gov/nchs/icd/icd10cm.htm.

17. Reid AY, St Germaine-Smith C, Liu M, et al. Development and
validation of a case definition for epilepsy for use with adminis-
trative health data. Epilepsy Res. 2012;102:173-9.

18. Statistics Canada. 2006 Community Profiles. Available at: http://www.
census2006.com/census-recensement/2006/dp-pd/prof/92-591/index.
cfm?Lang=E.

19. Menon DK, Schwab K, Wright DW, Maas AI. Position statement:
definition of traumatic brain injury. Arch Phys Med Rehabil.
2010;91:1637-40.

20. Canadian Institute for Health Information. National Trauma Registry.
Available at: http://www.cihi.ca/CIHI-ext-portal/internet/en/document/
typesofcare/specializedservices/traumaandinjuries/services_ntr.

21. Chen AY, Colantonio A. Defining neurotrauma in administrative
data using the International Classification of Diseases Tenth
Revision. Emerg Themes Epidemiol. 2011;8:4.

22. Chubak J, Pocobelli G, Weiss NS. Tradeoffs between accuracy
measures for electronic health care data algorithms. J Clin
Epidemiol. 2012;65:343-9.

23. Noyes K, Liu H, Lyness JM, Friedman B. Medicare beneficiaries
with depression: comparing diagnoses in claims data with the
results of screening. Psychiatr Serv. 2011;62:1159-66.

24. Singh JA. Accuracy of Veterans Affairs databases for diagnoses of
chronic diseases. Prev Chronic Dis. 2009;6:A126.

25. Benchimol EI, Manuel DG, To T, et al. Development and use of
reporting guidelines for assessing the quality of validation studies
of health administrative data. J Clin Epidemiol. 2011;64:821-829.

26. Drosler SE, Romano PS, Tancredi DJ, Klazinga NS. International
comparability of patient safety indicators in 15 OECD member
countries: a methodological approach of adjustment by secondary
diagnoses. Health Serv Res. 2012;47:275-92.

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

Volume 44, No. 2 – March 2017 169

https://doi.org/10.1017/cjn.2016.419 Published online by Cambridge University Press

http://www.cdc.gov/nchs/icd/icd10cm.htm
http://www.census2006.com/census-recensement/2006/dp-pd/prof/92-591/index.cfm?Lang=E
http://www.census2006.com/census-recensement/2006/dp-pd/prof/92-591/index.cfm?Lang=E
http://www.census2006.com/census-recensement/2006/dp-pd/prof/92-591/index.cfm?Lang=E
http://www.cihi.ca/CIHI-ext-portal/internet/<!?A3B2 tlsb=.006w?>en/document/typesofcare/specializedservices/traumaandinjuries/services_ntr
http://www.cihi.ca/CIHI-ext-portal/internet/<!?A3B2 tlsb=.006w?>en/document/typesofcare/specializedservices/traumaandinjuries/services_ntr
https://doi.org/10.1017/cjn.2016.419

	Outline placeholder
	Methods
	Study Site
	Defining Study Population
	Defining TBI in ICD�-�10 Administrative Data

	Table 1Summary of sensitivity, specificity, PPV, and NPV reported by validation studies for�TBI
	Statistical Analysis
	Results
	Study Population
	Validation of ICD�-�10 Coding

	Table 2ICD�-�10 codes used to identify TBI in administrative�data
	ICD�-�10 Codes Used in False-Negative TBI Cases
	Identification of Best Case Definition to Identify TBI

	Discussion
	Figure 1Timeline
	Figure 2Study population
	Table 3Frequency of ICD�-�10 codes used in administrative data to identify�TBI
	Table 4TBI validation results for case definitions including hospital or ER�visits
	Acknowledgments and Funding
	ACKNOWLEDGEMENTS


