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ABSTRACT

Objective: Administrative health data are frequently used for large population-based studies.
However, the validity of these data for identifying neurologic conditions is uncertain.

Methods: This article systematically reviews the literature to assess the validity of administrative
data for identifying patients with neurologic conditions. Two reviewers independently assessed
for eligibility all abstracts and full-text articles identified through a systematic search of Medline
and Embase. Study data were abstracted on a standardized abstraction form to identify ICD
code–based case definitions and corresponding sensitivity, specificity, positive predictive values
(PPVs), and negative predictive values (NPVs).

Results: Thirty full-text articles met the eligibility criteria. These included 8 studies for Alzheimer
disease/dementia (sensitivity: 8–86.5, specificity: 56.3–100, PPV: 60–97.9, NPV: 68.0–98.9),
2 for brain tumor (sensitivity: 54.0–100, specificity: 97.0–99.0, PPV: 91.0–98.0), 4 for epilepsy
(sensitivity: 98.8, specificity: 69.6, PPV: 62.0–100, NPV: 89.5–99.1), 4 for motor neuron dis-
ease (sensitivity: 78.9–93.0, specificity: 99.0–99.9, PPV: 38.0–90.0, NPV: 99), 2 for multiple
sclerosis (sensitivity: 85–92.4, specificity: 55.9–92.6, PPV: 74.5–92.7, NPV: 70.8–91.9), 4 for
Parkinson disease/parkinsonism (sensitivity: 18.7–100, specificity: 0–99.9, PPV: 38.6–81.0,
NPV: 46.0), 3 for spinal cord injury (sensitivity: 0.9–90.6, specificity: 31.9–100, PPV: 27.3–
100), and 3 for traumatic brain injury (sensitivity: 45.9–78.0 specificity: 97.8, PPV: 23.7–98.0,
NPV: 99.2). No studies met eligibility criteria for cerebral palsy, dystonia, Huntington disease,
hydrocephalus, muscular dystrophy, spina bifida, or Tourette syndrome.

Conclusions: To ensure the accurate interpretation of population-based studies with use of ad-
ministrative health data, the accuracy of case definitions for neurologic conditions needs to be
taken into consideration. Neurology® 2012;79:1049–1055

GLOSSARY
AD � Alzheimer disease; ICD � International Classification of Diseases; NPV � negative predictive value; PD � Parkinson
disease; PPV � positive predictive value.

Administrative health databases contain rich, prospectively collected data on patients, clinical
providers, diseases, procedures, and mortality. These data, in which medical diagnoses are
coded according to the WHO International Classification of Diseases (ICD), are a valuable
resource for studying incidence, prevalence, mortality, multi-morbidity, quality indicators, and
health resource utilization because of their relatively low cost, complete ascertainment of
population-based samples, and common international disease-coding framework.1 Medical
leaders also rely heavily on administrative data for day-to-day health care management (e.g., to
generate hospital report cards and physician performance reports or to make important health
care decision allocations).2 Because these data sources are so large and population-based, they
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can be used for epidemiologic and outcome
studies of both common and rare neurologic
conditions. These important population-based
studies influence practice and patient care.3–5

However, these data were originally created for
administrative purposes (e.g., reimbursements
for medical services) rather than for research
purposes. Therefore, it is imperative for any ad-
ministrative data users to examine the validity
and the accuracy of case ascertainment in their
data sources before use.1

The overall aim of this study was to pro-
vide recommendations for researchers and
stakeholders on the best ICD codes to use for
various neurologic conditions. More specifi-
cally, our objectives were to systematically re-
view the international literature to examine
validated ICD-9 and ICD-10-based case defi-
nitions for neurologic conditions and to com-
pare the validity of different case definitions
across studies and countries.

METHODS Search strategy. We searched Medline (1948
to November 2010) and Embase (1980 to November 2010) for
relevant articles. For 4 conditions (hydrocephalus, spina bifida,
cerebral palsy, and brain tumors), searches were conducted in
March 2011 and included articles up until the date they were run
(table e-1 on the Neurology® Web site at www.neurology.org). Our
search strategy consisted of the following terms: administrative
data, hospital discharge data, ICD-9, ICD-10, medical record,
health information, surveillance, physician claims, claims, hospi-
tal discharge, coding, codes, validity, validation, case definition,
algorithm, agreement, accuracy, sensitivity, specificity, positive
predictive value, negative predictive value combined with the
MESH and EMTREE terms and key words for each neurologic
condition. These 15 neurologic conditions were selected because
they represent the priority conditions identified as part of a large
4-year nationally funded (Public Health Agency of Canada and
Neurological Health Charities of Canada) Population Health
Study of Neurological Conditions. Searches were limited to re-
ports of human studies published in English.

Study selection. For each neurologic condition, 2 reviewers
independently assessed all abstracts for fulfillment of the prede-
termined eligibility criteria. To be eligible for inclusion, articles
had to report on original studies that validate ICD-9 or ICD-10
codes for the neurologic disease of interest by comparing the
accuracy of the codes with a reference standard. They also had to
report at least 1 of the following measures of validity: sensitivity,
specificity, positive predictive value (PPV), or negative predictive
value (NPV). Articles that validated neurologic conditions in
specialized populations (e.g., seizures in vaccine recipients or de-
mentia in patients with heart failure) or in which there were only
case definitions based on ICD-8 codes were excluded.

Full-text articles were pulled for all abstracts selected by any
reviewer. Selected full-text articles were then reviewed by 2 re-
viewers for fulfillment of eligibility. Disagreements were resolved
by consensus. Reference lists of selected full-text articles were

hand-searched, and experts in the field of administrative data or

neurologic disorders were consulted to ensure no additional

studies were missed with use of the above search strategy.

Data extraction. Study data were abstracted by 2 reviewers in

duplicate, using a standardized data abstraction form. Validated

case definitions were abstracted, with specific ICD codes used

for the case definition from each publication, and sensitivity,

specificity, PPVs, and NPVs were recorded. Additional study

information was recorded, including study location, validation

database, sample size, years of data collection, and the gold stan-

dard that was used to validate the condition of interest.

Quality assessment. A quality assessment of each included

validation study was performed by 2 reviewers in duplicate, using a

standardized 40-item checklist.6 One point was assigned for fulfill-

ing each item on the checklist. Some items were not applicable be-

cause of the nature of the study. When it was unclear if a certain

item was fulfilled, it was marked as uncertain and no points were

assigned. Any discrepancy was resolved by consensus.

Role of the funding source. This study was in part sup-

ported by operating funds from the Public Health Agency of

Canada and Alberta Innovates Health Solutions. The funders

played no role in the study design, data collection, analysis, or

interpretation.

Ethics. This study was reviewed and approved by the Conjoint

Health Research Ethics Board at the University of Calgary, Al-

berta, Canada.

RESULTS A total of 2,309 independent abstracts
were reviewed for all 15 conditions. Of these, 134
full-text articles were reviewed (including 4 from
hand search and expert consultation), and 30 full-
text articles met all eligibility criteria (table 1). See
table e-2 for a list of excluded articles and reasons
for exclusion. Figure includes a flow chart of study
inclusion for the 15 neurologic conditions. Hand-
searching references of full-text articles and consul-
tation with experts identified 4 additional articles for
Alzheimer disease (AD) and dementia but not for
any other conditions. For 7 conditions— cerebral
palsy, dystonia, Huntington disease, hydrocephalus,
muscular dystrophy, spina bifida, and Tourette syn-
drome—no full-text articles met the eligibility crite-
ria, and these conditions were therefore excluded
from any further analysis. The number of studies,
number of validations, and ranges of sensitivity,
specificity, PPVs, and NPVs for each condition are
reported in table 1. A detailed summary of all in-
cluded articles can be found in tables e-3 to e-10.

AD and dementia. For AD and dementia, 581 inde-
pendent abstracts were reviewed and 8 full-text arti-
cles met all eligibility criteria (4 were identified by
hand search or expert consultation) (table e-3).7–14 A
total of 21 case definitions were tested (table 1).
Seven studies investigated ICD-9-based case defini-
tions, whereas 3 studies also tested ICD-10-based
case definitions. Studies that used inpatient and out-
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patient claims databases revealed higher sensitivity
than those that used inpatient claims only,10,12–14 out-
patient claims only,9 or death certificates.8 Specificity
was consistently high (�84%), with the exception of
1 validation9 that included the ICD-9 code 298.9 for
“unspecified psychosis” in the case definition. PPVs

and NPVs were reported only for studies that used
databases with inpatient or outpatient claims and
were similar across databases.

Brain tumors. Of 353 independent abstracts for brain
tumors reviewed, 2 full-text articles met eligibility

Figure Flow diagram of article inclusion

AD � Alzheimer disease and dementia; BT � brain tumor; CP � cerebral palsy; Dy � dystonia; Epil � epilepsy; HD � Huntington disease; Hy � hydrocepha-
lus; MN � motor neuron disease; MD � muscular dystrophy; PD � Parkinson disease; Sb � Spina bifida; SCI � spinal cord injury; TS � Tourette syndrome;
TBI � traumatic brain injury. A listing of excluded articles and reasons for exclusion can be found in table e-2.

Table 1 Range of sensitivities, specificities, NPVs, and PPVs reported for each condition

Condition
No. of
studies

No. of
validationsa

Range reported, %

Sensitivities Specificities PPVs NPVs

Alzheimer disease and
dementia

8 21 8–86.5 56.3–100.0 60.0–97.9 68.0–98.9

Brain tumors 2 4 54.0–100.0 97.0–99.0 91.0–98.0 —

Epilepsy 4 13 98.8 69.6 62.0–100.0 89.5–99.1

Motor neuron disease b 4 6 78.9–93 99.0–99.9 38.8–90.0 99.0

Multiple sclerosis 2 7 85–92.4 55.9–92.6 74.5–92.7 70.8–91.9

Parkinson disease/
parkinsonism

4 16 18.7–100.0 0–99.9 38.6–81.0 46.0

Spinal cord injury 3 19 0.9–90.6 31.9–100 27.3–100.0 —

Traumatic brain injury 3 8 45.9–78.0 97.8 23.7–98.0 99.2

Abbreviations: ICD � International Classification of Diseases; NPV � negative predictive value; PPV � positive predictive
value.
a Refers to the number of case definitions (sets of ICD codes) tested.
b Includes amyotrophic lateral sclerosis and other anterior horn cell disease.
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criteria (table e-4).15,16 Only 4 case definitions were
tested. One study investigated primary intracranial
tumors,15 whereas the other looked at brain metasta-
ses in lung cancer patients.16 In the study of primary
intracranial tumors, the case definition consisted
solely of ICD-9 codes, and only 1 sensitivity (54%)
was reported.15 In the second study, only the ICD-9
code for secondary malignant neoplasm of the brain
or spinal cord (ICD 198.3) was used to define the
case definitions.16 Reported sensitivities, specificities,
and PPVs were similar, regardless of whether the
cases were defined by �1, �2, or �3 claims.

Epilepsy. Of 285 abstracts reviewed, 4 full-text arti-
cles met eligibility criteria (table e-5).17–20 For the se-
lected full-text articles, 14 case definitions were
tested. Of the 4 studies meeting all eligibility criteria,
case definitions consisted of ICD-9 codes in 3 stud-
ies18–20 and ICD-10 codes in 2 studies.17,18 Sensitivity
and specificity were reported in only 1 study report
that assessed the ICD-10 codes G40–41 in inpa-
tients admitted to a seizure monitoring unit.18 Lower
PPVs were reported in those studies that included
the ICD-9-CM convulsion code 780.318,19 vs those
that did not,17,18 except in 1 study in which patients
also had to be on an antiepileptic drug to meet the
case definition.

Motor neuron disease (including amyotrophic lateral
sclerosis). Of 140 independent abstracts reviewed, 4
full-text articles met all eligibility criteria (table
e-6).21–24 A total of 6 case definitions were tested. All
4 studies validated case definitions consisting of the
ICD-9 code 335 for anterior horn cell disease or
335.2 for motor neuron disease, and all showed good
diagnostic accuracy, except for 1 study in which the
reference standard was a population-based registry.23

No outpatient databases were validated for motor
neuron disease.

Multiple sclerosis. Of 119 independent abstracts re-
viewed, 2 full-text articles met all eligibility criteria
(table e-7).25,26 Seven case definitions were tested.
Both studies that met all eligibility criteria validated
case definitions consisting of the ICD-9 code 340 or
ICD-10 code G35 in databases containing inpatient,
outpatient, and prescription claims. Adding prescrip-
tion claims to the case definition resulted in negligi-
ble improvement in sensitivity, specificity, PPV, or
NPV.26

Parkinson disease and parkinsonism. One hundred
independent abstracts were reviewed, and 4 full-text
articles met all eligibility criteria (table e-8).27–30 In
the full selected full-text articles, 16 case definitions
were tested. All 4 studies validated case definitions
consisting of ICD-9 codes related to Parkinson disease

(PD)/parkinsonism. Three studies used databases con-
taining inpatient and outpatient claims27,28,30; 1 used in-
patient, outpatient, and prescription drug claims28; and
1 used outpatient claims only.29 Adding prescription of
a dopamine agonist or levodopa/carbidopa to the
ICD-9 codes increased sensitivity but decreased the
PPV.28 One study looked at only outpatient claims and
revealed a high sensitivity (89.2% to 100%) but a low
specificity (0% to 28.4%).29 Most of the poorly per-
forming case definitions relied on self-report as the ref-
erence standard.

Spinal cord injury. A total of 119 independent ab-
stracts were reviewed, and 3 full-text articles met all
eligibility criteria (table e-9).31–33 In the full selected
full-text articles, 19 case definitions were tested, none
of which reported NPVs. All 3 studies validated case
definitions consisting of ICD-9 codes, and 1 also
looked at case definitions consisting of ICD-10
codes.31 The best performing case definitions in-
cluded the ICD-9 codes 806 for “fracture of vertebral
column with spinal cord injury” and 952 for “spinal
cord injury without evidence of spinal bone in-
jury.”32,33 Conversely, less specific codes (e.g., ICD-9
“other paralytic syndromes”) performed poorly.
Adding the ICD-9 code for late effect of spinal cord
injury (907.2) improved the sensitivity but at the
cost of a lower specificity and PPV.31

Traumatic brain injury. A total of 284 independent
abstracts were reviewed, and 3 full-text articles met
all eligibility criteria (table e-10).34–36 Eight case defi-
nitions were tested.34–36 One study looked at inpa-
tient and registry databases and found that case
definitions tested in the inpatient database alone and
in combination with the registry had a slightly higher
PPV than the registry database alone.36 Including less
specific codes (e.g., ICD-9 800.0–800.9, which can
include some skull fractures without mention of in-
tracranial injury) was associated with lower PPV.
Only 1 study used more than 1 test of diagnostic
accuracy, comparing coding of an inpatient database
to real-time assessment in the emergency depart-
ment, and found low sensitivity (45.9%) and PPV
(23.9%) but high specificity (97.8%) and NPV
(99.2%).34

Quality assessment. We assessed the quality of each
validation study, using a published 40-item checklist
of reporting criteria.6 For the 29 studies assessed, to-
tal quality scores ranged from 12 to 29 (mean, 20.5)
(table e-11).

DISCUSSION In this systematic review of 15 prior-
ity neurologic conditions, validation studies were
identified for AD and dementia (n � 8), brain tumor
(n � 2), epilepsy (n � 4), motor neuron disease (n �
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4), multiple sclerosis (n � 2), PD/parkinsonism
(n � 2), spinal cord injury (n � 3), and traumatic
brain injury (n � 3). However, no validation studies
were identified for cerebral palsy, dystonia, Hunting-
ton disease, hydrocephalus, muscular dystrophy,
spina bifida, or Tourette syndrome. For many of
these conditions, population-based studies have been
published utilizing ICD codes and administrative
data without obvious prior validation studies.37–39

This indicates an important gap in knowledge and
suggests that validation studies are still needed for
many neurologic conditions.

Even among neurologic conditions for which val-
idation studies exist, heterogeneity in coding accu-
racy was identified. Several factors seem to be
associated with this, including the number of codes
used in the algorithm, the varied databases validated,
and the nature of the conditions. For some condi-
tions, fewer than 3 ICD codes were tested alone or in
combination, such as epilepsy (ICD-9: 345, ICD-10:
G40–41), motor neuron disease (including amyo-
trophic lateral sclerosis) (ICD-9: 335, 335.2), and
multiple sclerosis (ICD-9: 340, ICD-10: G35), re-
sulting in consistent reports of excellent coding accu-
racy. Therefore, these codes can be recommended for
future studies using administrative data. Validations
for AD and dementia, brain tumors, PD/parkinson-
ism, spinal cord injury, and traumatic brain injury
were more varied, often including more than 3 ICD
codes, with up to 72 ICD-9 codes for traumatic
brain injury. With the exception of spinal cord in-
jury, the ICD codes used and the diagnostic accuracy
were too varied to allow recommendations regarding
the best case definition. For spinal cord injury,
ICD-9 codes 806 and 952 were validated in combi-
nation in 2 studies and were associated with high
sensitivity and moderate PPV, suggesting they may
be suitable for administrative health data research.

The validation studies also used a variety of data-
bases (inpatient, outpatient, mortality-based regis-
tries, or death certificates). No particular type of
database clearly outperformed the others. The best
database to use will vary, depending on the condition
(e.g., acute conditions may be best captured in hospi-
tal data, vs chronic conditions in outpatient data),
how data are collected, and who is responsible for
coding the data. Ultimately, we recommend that case
definitions used to identify neurologic conditions in
administrative health data be validated in the data-
base of interest prior to initiation of a study, to en-
sure the study results are accurate and meaningful.

Validation results may be heterogeneous because
of variation in the ICD version used. In 28 of the 30
included studies, ICD-9-code-based case definitions
were tested (23 ICD-9-CM, 5 ICD-9), but only 7

studies validated an ICD-10-code-based case defini-
tion (3 ICD-10-CA, 1 ICD-10-AM, 3 ICD-10). Al-
though the underlying coding framework is the same
internationally, many countries use different ICD
versions. For example, although some countries are
currently using ICD-10 (12,420 codes), some countries
are still using ICD-9 (6,882 codes).1 Furthermore,
some countries use ICD-10 clinical modifications, such
as ICD-10-AM (Australia), ICD-10-CA (Canada),
ICD-10-GM (Germany), ICD-10-KM (Korea), ICD-
10-TM (Thailand), and ICD-10-CM (United States).1

These differ in their number of codes, chapters, and
categories. Specific conditions are present in some but
not all clinical modifications. Subcodes can also differ.
For example, code S06.21 refers to diffuse brain injury
with moderate loss of consciousness in ICD-10-CA,
but to diffuse cerebral contusions in ICD-10-GM and
ICD-10-AM. The definition of the “main condition”
also differs between these international ICD-10 clinical
modifications.1 These variations can influence case
definitions and the validity of administrative data.
Finally, as countries transition to using newer ICD
versions, up-to-date validations of administrative
data will be required.

Coding accuracy may also have been influenced
by the ease in which certain conditions can be diag-
nosed. Conditions such as PD and AD, which rely
solely on clinical history for diagnosis, may be more
difficult to code than conditions for which diagnostic
tests (e.g., neuroimaging for multiple sclerosis) are
available to confirm the diagnosis. Furthermore, the
reference standard used to validate the algorithms
likely had an effect on data quality (e.g., conditions
where self-report was used performed poorly).

As a result of the quality assessment, we found
that although most studies fulfilled a large propor-
tion of the reporting criteria, some gaps remained.
Only a portion of studies described the age (n � 11)
and severity of disease (n � 3) in the validation co-
hort and outlined the exclusion criteria (n � 8). De-
tails about the administrative data collection were
also lacking, such as who identified patients and en-
sured that selection adhered to patient recruitment
criteria (n � 2); who collected data (n � 3); and
whether an a priori data collection form was used
(n � 2). Only 1 study utilized a split sample design
to revalidate the administrative data in a second co-
hort.13 Whereas most study reports described the
number, training, and expertise of persons reading
the reference standard (n � 20), only 4 reported � if
there was �1 person reading the reference standard
and only 7 reported that investigators were blinded
to the ICD codes while reading the reference stan-
dard. Furthermore, few studies showed a flow dia-
gram (n � 6), the distribution of disease severity
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(n � 7), or a cross tab of index tests by results of
reference standards (n � 12). Estimates of diagnostic
accuracy varied among studies, with the most popu-
lar being sensitivity (n � 26) and PPV (n � 28).
Thirteen studies reported 95% confidence intervals
for these estimates. Only 8 studies reporting PPV
and NPV indicated that the ratio of cases to controls
of the validation cohort approximated the prevalence
of the condition in the population.

This study has some limitations. The literature
review included only studies published in the English
language, and we did not search for validation studies
published in the gray literature. Our search strategy
targeted studies whose primary aim was to validate
ICD coding of neurologic conditions. Therefore, it is
possible that validation studies embedded within a
large study (e.g., prevalence or health resource utili-
zation) may have been missed. Furthermore, in vali-
dation studies, publication bias may be an issue if
authors report only case definitions that perform well
rather than all the case definitions tested or if they
fail to publish the study because validations with low
sensitivity, specificity, and positive and negative pre-
dictive values were noted. However, several studies in
this systematic review did report case definitions with
accuracy measures that were low or very low. There-
fore, we believe that publication bias is not a major
concern.

Although validated case definitions for some neu-
rologic conditions have been reported, with varying
levels of accuracy, data are still limited for many. As
population health researchers and decision makers
continue to utilize administrative health data to an-
swer important health research questions, it is critical
to develop and test the accuracy of case definitions
for all neurologic conditions prior to use. In order to
compare validation studies, reporting guidelines have
recently been developed.6 This framework will facilitate
the development of optimal case definitions for neuro-
logic conditions, to improve the quality of population-
based research for all neurologic conditions.
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