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Abstract

Introduction: Post-licensure surveillance of adverse events following vaccination or prescription
drug use often relies on electronic healthcare data to efficiently detect and evaluate safety signals.
The accuracy of seizure-related diagnosis codes in identifying true incident seizure events in
vaccine safety studies is influenced by factors such as clinical setting of diagnosis and age. To
date, most studies of post-vaccination seizure have focused on pediatric populations. More
information is needed on how well seizure can be identified in adults and children using
algorithms that rely on electronic healthcare data.

Methods: This validation study was part of a larger safety study of influenza vaccination during
the 2009-2010 and 2010-2011 influenza seasons. Children and adults receiving influenza
vaccination were drawn from an administrative claims database of a large United States healthcare
insurer. Potential seizure events were identified using an algorithm of ICD-9 diagnosis codes
associated with an emergency department (ED) visit or hospitalization within pre-specified risk
windows following influenza vaccination. Seizure events were confirmed through medical record
review. The positive predictive value (PPV) of the algorithm was calculated within each diagnostic
setting and stratified by age group, ICD-9 code group, and sex.

Results: Review confirmed 113 out of 176 potential seizure events. The PPVs were higher in the
ED setting (93.9%) than in the inpatient setting (38.3%). The PPVs by age varied within the ED
setting (98.2% in <7 years, 76.9% in 7-24 years, 92.3% in =25 years) and within the inpatient
setting (64.7% in <7 years, 33.3% in 7-24 years, 32.3% in =25 years).

Conclusions: Our algorithm for identification of seizure events using claims data had a high
level of accuracy in the emergency department setting in young children and older adults and a
lower, but acceptable, level of accuracy in older children and young adults.

"Corresponding author. Tel.: +1 734 205 1807; fax: +1 734 205 1840. veena.thyagarajan@optum.com (V. Thyagarajan).
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1. Introduction

In Western Australia, an increased risk of febrile convulsions was reported in children under
5 years of age following receipt of the 2010 trivalent inactivated influenza vaccine (TIV)
manufactured by CSL Biotherapies (Fluvax®, Fluvax Junior®), leading to a temporary
suspension of the Western Australia influenza vaccination program for children under 5
years of age [1]. An elevated risk of febrile seizures was also reported in a large United
States (US) cohort in the 0-1 days following first dose TIV during the 2010-2011 season
and in other studies in the short term following administration of vaccinations including
diphtheria, tetanus, acellular pertussis, inactivated poliovirus, Haemophilus influenzae type
B (DTaP-1PV-Hib), measles, mumps, rubella (MMR), and MMR plus varicella (MMRV) [2—
11]. These studies highlight the risk of seizures in children following vaccine-induced fever.
Although post-vaccination seizure is less common in adults, seizure has been reported as an
adverse event (AE) in adults following influenza vaccination [12], which prompted the
inclusion of seizures in adults as an outcome of interest in prospective influenza vaccine
surveillance previously done in the US [13]. Monitoring for seizures as a potential AE in
post-licensure vaccine safety studies in all age groups contributes to the robustness of the
safety monitoring of the US influenza immunization program.

Post-licensure active surveillance of AEs following vaccination or prescription drug use
often relies on electronic healthcare data to efficiently and effectively detect and evaluate
potential safety signals [14,15]. The efficiency and validity of these surveillance programs
are increased with an algorithm that reliably identifies adverse events using diagnosis codes
recorded for medical visits.

Performance of seizure-related diagnosis codes in postlicensure safety studies is variable and
may be influenced by several factors, including clinical diagnostic setting and age [16-19].
A systematic review commissioned by the US Food and Drug Administration (FDA) to
validate seizure, convulsion, or epilepsy cases as part of its Mini-Sentinel program pilot
found positive predictive values (PPVs) ranging from 21% to 98% [16]. Many of the studies
included in the review focused on the pediatric population. Few published studies in adult
populations were identified. The PPV of diagnosis codes suggestive of seizure in a study of
adult tramadol users within a large US health insurance plan was 21%. [19]. More
information is needed on how well seizures among vaccinated adults and children can be
identified using electronic healthcare data.

This study objective was to evaluate an algorithm for identification of seizure events using
an administrative claims database in a large health plan population of adults and children
who received influenza vaccination in the US during the 2009-2010 and 2010-2011
Seasons.
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2. Methods

2.1. Data source and study population

The study population was derived from an electronic healthcare database of a large US
insurer developed for research purposes. Accessible information includes demographics and
pharmacy, medical, and facility claims, which provide dates on services, procedures, and
their accompanying diagnoses. The insured population from which the data are drawn is
geographically diverse, comprising approximately 3-4% of the US population. For a subset
of approximately 6 million health plan members with medical coverage and pharmacy
benefits, patient-identifiable information (P11) may be accessed for further inquiries,
including medical chart review. The data undergo regular audits and quality control
procedures by the insurer and are updated monthly.

This validation study was nested within a cohort study evaluating risk for adverse events
following influenza vaccination during the 2009-2010 and 2010-2011 seasons. Eligible
cohort study subjects included commercial health insurance plan members with complete
medical coverage and pharmacy benefits. Cohort members received monovalent 2009 HIN1
or trivalent seasonal influenza vaccination from September 1 to March 31 during the 2009—
2010 or 2010-2011 season, were aged 6 months or older at the time of the vaccination, and
had at least 9 months of continuous health plan enrollment prior to vaccination. Individuals
with vaccinations during both seasons entered the analysis more than once. This validation
study included cohort members with potential seizure events identified using the algorithm
described below and with administrative ability to access PIl for medical record review.

2.2. Privacy and confidentiality

Approval of the study protocol and waiver of patient authorization were obtained from the
New England Institutional Review Board and affiliated Privacy Board.

2.3. Algorithm for identification of potential seizure events

Potential seizure events met the following criteria: (1) presence of insurance claims
associated with an emergency department (ED) visit or inpatient hospitalization with
International Classification of Diseases, 9th Revision (ICD-9) codes 345.xx1 (epilepsy) or
780.3x1 (convulsions) occurring on days 0 through 29 following the index vaccination (day
0 = day of vaccination), and (2) absence of any of these ICD-9 codes in the 42 days prior to
the potential seizure event, irrespective of the time since influenza vaccination. The
restriction to the first occurrence of the code in a 42-day period was used in a prior
evaluation of seizure signals following influenza vaccination [2] and was applied in the
safety study to improve specificity in identifying new seizure events (e.g., as opposed to
follow up visits for a previous seizure) while still maintaining adequate sensitivity for signal
detection and evaluation.

IThe x represents any number.
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2.4. \Verification of potential seizure events

A research nurse reviewed listings of claims for healthcare services and treatments
surrounding the potential seizure event date to select a healthcare provider most likely to
yield records with information necessary to confirm the potential seizure events. Where
possible, two providers were selected for each potential case so an alternate could be
contacted if the first choice provider declined to participate.

Following a request letter to the selected providers, which included copies of the IRB
approval and waiver of patient authorization, trained abstractors contacted the providers to
retrieve medical records. Information on patient demographics, clinical characteristics and
history, and state of consciousness and motor manifestations at the time of the event was
abstracted. As complete information was unavailable in most medical records to classify
cases using Brighton Collaboration criteria [20], potential cases were classified by the
abstractors into (1) definite, (2) possible, or (3) no evidence of seizure based on the clinician
diagnosis documented in the medical record. Definite seizures had medical record
documentation of a clinical diagnosis of a seizure event. Possible seizures had medical
record documentation by the treating clinician noting a possible seizure with further
documentation unavailable to confirm. For records with no documentation of a new seizure
event, reason(s) for non-confirmation were ascertained.

2.5. Analysis

We calculated the positive predictive value (PPV) of the seizure algorithm as the number of
definite seizure events divided by the number of medical records abstracted. For analytic
purposes, medical records received without the requested date range of interest were not
abstracted and not included in the PPV estimation. PPVs were calculated separately for the
ED and inpatient settings and stratified by age group, gender, and 1CD-9 diagnosis code
groups (epilepsy and convulsion). These variables were previously observed to influence the
PPV of claims-based seizure algorithms [16-19]. Patients with ED and inpatient claims on
the day of the potential seizure were assigned to the inpatient setting. Patients were
classified as children (<7 years), older children and young adults (7—24 years), and adults
(=25 years). As the study population includes patients administered monovalent 2009 HIN1
influenza vaccination, 24 years of age was chosen as the cutoff point between young adults
and adults for consistency with administration recommendations for that vaccine [21].
Children younger than 1 year of age were initially evaluated separately but later combined
with children through 7 years of age due to small sample size. Exact 95% confidence
intervals (CI) were calculated using the Clopper—Pearson method [22]. Data analyses were
performed using SAS version 9.2 (SAS Institute, Cary, NC).

3. Results

224 potential seizure events following 1,091,181 influenza vaccinations were identified for
medical record review in the main safety study and were thus eligible for inclusion in the
algorithm validation analysis.
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3.1. Characteristics of potential seizure events

Characteristics of the 224 potential seizure events by age group are described in Table 1.
Potential events with claims for only convulsions occurred most frequently in children
(85.9%) compared with the other age groups. Potential events with claims for only epilepsy
occurred most frequently in adults (40.4%) versus the other age groups. Potential events in
the ED setting were identified most frequently in children (74.1%) versus the other age
groups, while potential events in the inpatient setting were identified most frequently in
adults (84.8%) versus the other age groups.

3.2. Medical record retrieval and abstraction

Of the 224 medical records requested, 176 (78.6%) were obtained and abstracted. 48 records
were not obtained due to provider non-response or unavailability of records within the
requested date range for administrative reasons. The number of charts available for
abstraction is presented in Table 2. The proportion of charts obtained and abstracted was
highest in children (85.9%). The proportion of charts obtained and abstracted was higher for
the ED setting (84.5%) than the inpatient setting (74.0%). Of the 73 charts abstracted in
children, 56 (76.7%) were obtained and abstracted from the ED setting.

3.3. PPVs by clinical care setting

Of the 176 charts abstracted, 113 (64.2%) were classified as definite new seizure events, 6
(3.4%) were possible new seizure events, and 57 (32.4%) were non-seizure events.

The ED setting accounted for 82 (46.6%) of the 176 abstracted charts. The PPVs within the
ED setting varied by age: 98.2% (95% CI: 90.5-100.0%) for seizure events in children,
76.9% (95% ClI: 46.2-95.0%) in older children and young adults, and 92.3% (95% CI: 64.0—
99.8%) in adults (Table 3). The PPV associated with the presence of claims for only
convulsions varied by age group, with98.1% (95% CI: 89.7-100.0%) in children, 66.7%
(95% ClI: 22.3-95.7%) in older children and young adults, and 88.9% (95% CI: 51.8-99.7%)
in adults. For the small number of subjects with both epilepsy and convulsion claims, the
PPVs were 100.0% (95% CI: 75.3-100.0%) for all age groups.

94 charts (53.4%) were abstracted from the inpatient setting. The PPVs within the inpatient
setting were lower than in the ED setting, and varied by age group: 64.7% (95% CI: 38.3—
85.8%) in children, 33.3% (95% CI: 9.9-65.1%) in older children and young adults, and
32.3% (95% CI: 21.2-45.1%) in adults (Table 4). PPVs associated with claims for epilepsy
alone varied by age group (100.0%, 95% CI:2.5-100.0% in children; 25.0%, 95% CI: 0.6—
80.6% in older children and young adults; 17.6%, 95% CI: 6.8-34.5% in adults), as did the
PPVs associated with claims for convulsions alone (72.7%, 95% CI: 39.0-94.0% in
children; 40.0%, 95% ClI: 5.3-85.3% in older children and young adults; 54.2%, 95% CI:
32.8-74.5% in adults) (Table 4). The PPVs did not improve with the presence of claims for
both epilepsy and convulsions.

3.4. Availability of clinical information for definite seizure events

Information on motor manifestations, state of consciousness, and febrile status was
abstracted from the medical records of the 113 definite seizure events. Information on motor
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manifestations was missing from 30.3% of records for children, 14.2% of records for older
children and young adults, and 33.3% of records for adults. Information on state of
consciousness was missing from 72.7% of records for children, 42.9% of records for older
children and young adults, and 57.6% of records for adults. The majority of records
therefore did not have adequate information to classify definite seizure events using the
Brighton Collaboration criteria. Data on febrile status based on report of fever at the time of
seizure occurrence noted in the medical record or temperature of >38.0 °C (100.4 °F)
recorded upon presentation at the ED or inpatient hospital was available in the majority of
records; 84.8% of definite seizure events in children were likely febrile compared with only
3% of definite seizure events in adults. No evidence of febrile seizure events were found in
older children and young adults. When examining febrile status of definite seizure events by
ICD-9 diagnosis code, 11.1% with claims for epilepsy only, 60.5% with claims for
convulsions only, and 22.2% claims for both epilepsy and convulsions were likely to be
febrile.

3.5. Reasons for non-confirmation among non-cases

Reasons for non-confirmation for the 57 non-seizure cases included one or more of the
following: (1) visit for another reason, but the patient had documented history of seizure
disorder (72.0%), (2) visits for seizure-related testing but not involving a seizure event on
that day (i.e., seizure diagnosis claim was a justification for neurological tests such as
electroencephalogram (EEG) or magnetic resonance imaging (MRI)) (21.0%), (3) visit for a
suspected seizure that was ruled out (14.0%), and (4) indicated management of a known
seizure disorder (7.0%). Of the 57 cases, 41 (72.0%) were in adults, 6 (10.5%) in children,
and 10 (17.5%) in older children and young adults. Of the 41 adult cases, 34 (82.9%) had a
visit for another reason but with a documented history of seizure disorder. No significant
differences in reasons for non-confirmation were observed among the other age groups.

4. Discussion

This study validated an algorithm to identify seizures in vaccinated children and adults
within a health insurance claims database using a combination of ICD-9 diagnosis codes,
diagnostic setting, and pre-specified lookback and risk periods relative to vaccination. Our
findings suggest higher PPVs with ICD-9 codes associated with ED visits (76.9-98.2%) and
lower PPVs for the same claimsbased criteria when associated with inpatient visits (32.3—
64.7%). Lower PPVs were observed in older children and young adults in the ED setting and
in older children and young adults and adults in the inpatient setting. The majority of non-
confirmed cases were in adults with a prior history of seizure disorder.

Previous studies within vaccinated populations relying on health insurance claims or
electronic healthcare data have focused on performance of seizure diagnosis codes in
children. Our pediatric population findings of higher PPVs in the ED setting and lower PPVs
in the inpatient setting are consistent with findings by Shui and colleagues (2009), who
reported a PPV of 97% in an ED setting and 64% in an inpatient setting in children aged 6-
23 months. The limited availability of Brighton Collaboration classification criteria
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information and febrile status in medical charts is also consistent with previous findings
[18,23].

The differences in PPVs by clinical care setting and age group are likely due to several
factors. The higher PPVs in children may be a function of disease incidence and prevalence,
as children, particularly under the age of 2, are at higher risk for a seizure event [24]. Most
charts abstracted and confirmed in the ED setting were in children. Parents of a young child
with a seizure are likely to seek immediate medical attention at an emergency department.
Seizure diagnosis codes for older children and adults may represent a personal history of
seizures and/or a follow-up visit rather than a new event. Of the 78 cases obtained in adults,
65 were abstracted from an inpatient setting. The differences in PPV by diagnostic setting
may be a function of the age of the health plan members and the underlying disease pattern
in different age groups.

The PPVs by ICD-9 diagnosis code varied by age group within the ED and inpatient
settings. Convulsion diagnosis codes are typically used to code isolated seizure events, while
epilepsy codes are used to code recurrent seizure events [25]. This may be reflected in the
higher PPVs with convulsions in children in both the ED (98.1%) and inpatient (72.7%)
settings. The presence of epilepsy claims alone was rarely seen in the ED setting. The
presence of epilepsy claims alone was seen more frequently in the inpatient setting, but gave
rise to lower PPVs in older children/young adults and adults. In the small number of records
with both epilepsy and convulsions claims, high PPVs were observed in the ED setting, but
the presence of both codes did not consistently translate into higher PPVs in the inpatient
setting. Since the diagnosis of seizures is generally made after the event occurs outside of
the medical care setting, availability of clinical information in the Brighton collaboration
classification scheme was limited in the medical record.

This study does have certain limitations. Approximately 15% of ED records and 26% of
inpatient records were not procured due to provider non-response. The higher non-
procurement rate of inpatient records may be attributed to administrative barriers that are
often present when requesting records from an inpatient hospital. To maximize abstraction
rates, charts were procured from an alternate provider where possible if the first choice
provider declined to participate. The small sample size precluded an assessment of
predictors of definite seizures using a multivariate logistic regression model. All cohort
members received influenza vaccination. Our findings are consistent with PPVs reported in
other vaccinated health plan populations [18] and may therefore be useful to other vaccine
safety studies. A brief evaluation of the PPVs in mutually exclusive time windows (0-1, 2—7,
8-14, 15-29 days) following vaccination showed no variation based on time since influenza
vaccination. As seizures occurring in later time windows could reasonably be attributed to
non-vaccine exposures, the algorithm may also be useful in non-vaccine safety studies. This
warrants further investigation.

This study examined the performance of an algorithm to identify seizure events in influenza-
vaccinated adults and children in a claims data environment. We restricted outcome
identification in claims to ED and inpatient settings to improve specificity, as previous
publications have reported low predictive values of diagnosis codes for seizures identified in
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outpatient settings [16,18]. Our algorithm had a high level of accuracy in the ED setting in
young children and older adults and a lower, but acceptable, level of accuracy in older
children and young adults. This study adds to the literature supporting the reliability of
electronic healthcare data in accurately identifying seizures associated with an ED visit. The
low predictive value in the inpatient setting, particularly with epilepsy claims, suggests the
continued need for medical record confirmation of claims-identified seizure events in this
setting.

5. Conclusions

This study evaluated the performance of an algorithm to identify seizures in influenza-
vaccinated adults and children using health insurance claims data. This study adds to the
literature supporting the reliability of electronic healthcare data in accurately identifying
seizure events in the ED setting in vaccinated populations.

Acknowledgements

This study was conducted by Optum Epidemiology and sponsored through a subcontract with America’s Health
Insurance Plans (AHIP) under contract number 200-2002-00732 from the Centers for Disease Control and
Prevention. The findings and conclusions in this report are those of the authors and do not necessarily represent the
official position of the Centers for Disease Control and Prevention.

Ms. Thyagarajan and Dr. Lin are employees of Optum. Ms. Su and Dr. Chan were employees of Optum at the time
this study was conducted. Ms. Gee, Dr. Duffy, Ms. McCarthy, and Mr. Weintraub are employees of the Centers for
Disease Control and Prevention.

References

[1]. Armstrong PK, Dowse GK, Effler PV, Carcione D, Blyth CC, Richmond PC, et al.
Epidemiological study of severe febrile reactions in young children in Western Australia caused
by a 2010 trivalent inactivated influenza vaccine. BMJ Open 2011;1(1):e000016.

[2]. Tse A, Tseng HF, Greene SK, Vellozzi CC, Lee GM. Signal identification and eval-uation for risk
of febrile seizures in children following trivalent inactivated influenza vaccine in the Vaccine
Safety Datalink Project, 2010-2011. Vaccine 2012;30(11):2024-31. [PubMed: 22361304]

[3]. Sun'Y, Christensen J, Hviid A, Li J, Vedsted P, Olsen J, et al. Risk of febrile seizures and epilepsy
after vaccination with diphtheria, tetanus, acellular pertussis, inactivated poliovirus, and
Haemophilus influenzae type B. J Am Med Assoc 2012;307(8):823-31.

[4]. Barlow WE, Davis RL, Glasser JW, Rhodes PH, Thompson RS, Mullooly JP, et al. The risk of
seizures after receipt of whole-cell pertussis or measles, mumps, and rubella vaccine. N Engl J
Med 2001;345(9):656—61. [PubMed: 11547719]

[5]. Davis RL, Marcuse E, Black S, Shinefield H, Givens B, Schwalbe J, et al. MMR2 immunization at
4-5 years and 10-12 years of age: a comparison of adverse clinical events after immunization in
the Vaccine Safety Datalink project. The Vaccine Safety Datalink Team. Pediatrics 1997;100(5):
767-71. [PubMed: 9346975]

[6]. Davis RL, Barlow W. Placing the risk of seizures with pediatric vaccines in a clinical context.
Paediatr Drugs 2003;5(11):717-22. [PubMed: 14580221]

[7]. Demicheli V, Rivetti A, Debalini MG, Di Pietrantonj C. Vaccines for measles, mumps and rubella
in children. Cochrane Database Syst Rev 2012; 2:CD004407.

[8]. Jacobsen SJ, Ackerson BK, Sy LS, Tran TN, Jones TL, Yao JF, et al. Observational safety study of
febrile convulsion following first dose MMRV vaccination in a managed care setting. Vaccine
2009;27(34):4656—61. [PubMed: 19520201]

Vaccine. Author manuscript; available in PMC 2019 July 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thyagarajan et al.

Page 9

[9]. Klein NP, Fireman B, Yih WK, Lewis E, Kulldorff M, Ray P, et al. Measles-mumps-rubella-

[10].

varicella combination vaccine and the risk of febrile seizures. Pediatrics 2010;126(1):e1-8.
[PubMed: 20587679]

Miller E, Andrews N, Stowe J, Grant A, Waight P, Taylor B. Risks of convulsion and aseptic
meningitis following measles—mumps-rubella vaccination in the United Kingdom. Am J
Epidemiol 2007;165(6):704-9. [PubMed: 17204517]

[11]. Vestergaard M, Hviid A, Madsen KM, Wohlfahrt J, Thorsen P, Schendel D, et al. MMR

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].
[22].

[23].

[24].

[25].

vaccination and febrile seizures: evaluation of susceptible subgroups and long-term prognosis. J
Am Med Assoc 2004;292(3):351-7.

Nakamura N, Nokura K, Zettsu T, Koga H, Tachi M, Terada M, et al. Neurologic complications
associated with influenza vaccination: two adult cases. Intern Med 2003;42(2):191-4. [PubMed:
12636241]

Lee GM, Greene SK, Weintraub ES, Baggs J, Kulldorff M, Fireman BH, et al. HIN1 and
seasonal influenza vaccine safety in the Vaccine Safety Datalink project. Am J Prev Med
2011;41(2):121-8. [PubMed: 21767718]

Platt R, Madre L, Reynolds R, Tilson H. Active drug safety surveillance: a tool to improve public
health. Pharmacoepidemiol Drug Saf 2008;17(12):1175-82. [PubMed: 18823068]

Lieu TA, Kulldorff M, Davis RL, Lewis EM, Weintraub ES, Yih K, et al. Real-time vaccine
safety surveillance for the early detection of adverse events. Med Care 2007;45(10 Suppl.
2):589-95. [PubMed: 17909389]

Kee VR, Gilchrist B, Granner MA, Sarrazin NR, Carnahan RM. A systematic review of validated
methods for identifying seizures, convulsions, or epilepsy using administrative and claims data.
Pharmacoepidemiol Drug Saf 2012;21(Suppl 1):183-93. [PubMed: 22262605]

Mullooly JP, Donahue JG, DeStefano F, Baggs J, Eriksen E. Predictive value of ICD-9-CM codes
used in vaccine safety research. Methods Info Med 2008;47(4):328-35.

Shui IM, Shi P, Dutta-Linn MM, Weintraub ES, Hambidge SJ, Nordin JD, et al. Predictive value
of seizure ICD-9 codes for vaccine safety research. Vaccine 2009;27(39):5307-12. [PubMed:
19616500]

Gardner JS, Blough D, Drinkard CR, Shatin D, Anderson G, Graham D, et al. Tramadol and
seizures: a surveillance study in a managed care population. Pharmacotherapy 2000;20(12):
1423-31. [PubMed: 11130214]

Bonhoeffer J, Menkes J, Gold MS, de Souza-Brito G, Fisher MC, Halsey N, et al. Generalized
convulsive seizure as an adverse event following immunization: case definition and guidelines for
data collection, analysis, and presentation. Vaccine 2004;22(5/6):557-62. [PubMed: 14741144]
H1N1 vaccination recommendations. Centers for Disease Control and Prevention; 2009 http://
www.cdc.gov/h1nlflu/vaccination/acip.htm [accessed 11.07.13].

Clopper CJ, Pearson ES. The use of confidence or fiducial limits illustrated in the case of the
binomial. Biometrika 1934;26(4):404-13.

Leroy Z, Broder K, Menschik D, Shimabukuro T, Martin D. Febrile seizures after 2010-2011
influenza vaccine in young children, United States: a vaccine safety signal from the vaccine
adverse event reporting system. Vaccine 2012;30(11):2020-3. [PubMed: 22361303]

Targeting epilepsy: improving the lives of people with one of the nation’s most common
neurological conditions. At a glance. Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health Promotion; 2011 Available at http://
www.cdc.gov/chronicdisease/resources/publications/ AAG/epilepsy.htm# [accessed 05.07.12].
Falen TJ, Liberman A. Learning to code with ICD-9-CM for health information management and
health services administration. Lippincott, Williams, & Wilkins: USA; 2006 p. 318-9.

Vaccine. Author manuscript; available in PMC 2019 July 17.


http://www.cdc.gov/h1n1flu/vaccination/acip.htm
http://www.cdc.gov/h1n1flu/vaccination/acip.htm
http://www.cdc.gov/chronicdisease/resources/publications/AAG/epilepsy.htm#
http://www.cdc.gov/chronicdisease/resources/publications/AAG/epilepsy.htm#

Page 10

Thyagarajan et al.

Author Manuscript

'SUOISINAUOD = Xg'082 601 ‘Asdblide = Xx'GvE 6-0O1 SHBIP Ife papnfoul $3poD,

8'9¢
¢eL

L8y
€18

19§
ey

€Vl
209
0'Se

09
¥9T

60T
STT

LT
L6

[43
9€T
9S

711
6'88

919
¥'8¢

818
ST

vl
§'ay
14414

1T
88

19
8¢

¥8
ST

14
4
oy

S
§'¢6

oSy
0'sS

§'¢s
S'Ly

§ce
o'sy
§'ce

LE

8T
[44

114

6T

8T
€T

Tvs
6'SY

€6E
L'v9

6'G¢
TvL

90T
6'98
§'€

v
6€

SOA
ON

[PBAI323. UOIJBUIDJBA SnosuelnWIS

0€
§9

[44
€9

€L

alewad
Gl
x9S
juairedu)
uswedaq Aousblewg
sisouBelp Jo Bumes
XE'08L Pue Xx'Gyg ylod
Aluo xg'08.
AJUo XX'Gpg

P00 sisouBelp 6-adl

%

u

(¥2z=N) |eroL

%

u

(66 = N) seah gz

%

u

(o7 = N) saesh yz—,

%

u

(58= N) sdeal/>

"dnoJb abe Aq erep swiejd adurINSUl YIeay Ul paliiuapl SJUaAe aInzias [enusiod Jo sonsLIsiorRyD

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Vaccine. Author manuscript; available in PMC 2019 July 17.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Thyagarajan et al.

Number of charts available for abstraction.

Table 2

Charts requested

Complete charts obtained and abstracted

N N %

Overall 224 176 78.6
Age

<7 years 85 73 85.9

7-24 years 40 25 62.5

225 years 99 78 78.8
Setting of diagnosis

ED 97 82 84.5

Inpatient 127 94 74.0
Sex

Male 115 88 76.5

Female 109 88 80.7
ICD-9 diagnosis code?

345.xx only 56 41 73.2

780.3xx only 136 107 78.7

Both 345.xx and 780.3x 32 28 87.5

aCodes included all digits. ICD-9 345.xx = epilepsy, ICD-9 780.3x = convulsions.
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