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Abstract
Objective
To determine the association of a neurologist visit with health care use and cost outcomes for
patients with incident epilepsy.

Methods
Using health care claims data for individuals insured by United Healthcare from 2001 to 2016,
we identified patients with incident epilepsy. The population was defined by an epilepsy/
convulsion diagnosis code (ICD codes 345.xx/780.3x, G40.xx/R56.xx), an antiepileptic pre-
scription filled within the succeeding 2 years, and neither criterion met in the 2 preceding years.
Cases were defined as patients who had a neurologist encounter for epilepsy within 1 year after
an incident diagnosis; a control cohort was constructed with propensity score matching. Pri-
mary outcomes were emergency room (ER) visits and hospitalizations for epilepsy. Secondary
outcomes included measures of cost (epilepsy related, not epilepsy related, and antiepileptic
drugs) and care escalation (including EEG evaluation and epilepsy surgery).

Results
After participant identification and propensity score matching, there were 3,400 cases and 3,400
controls. Epilepsy-related ER visits were more likely for cases than controls (year 1: 5.9% vs
2.3%, p < 0.001), as were hospitalizations (year 1: 2.1% vs 0.7%, p < 0.001). Total medical costs
for epilepsy care, nonepilepsy care, and antiepileptic drugs were greater for cases (p ≤ 0.001).
EEG evaluation and epilepsy surgery occurred more commonly for cases (p ≤ 0.001).

Conclusions
Patients with epilepsy who visited a neurologist had greater subsequent health care use, medical
costs, and care escalation than controls. This comparison using administrative claims is plau-
sibly confounded by case disease severity, as suggested by higher nonepilepsy care costs.
Linking patient-centered outcomes to claims data may provide the clinical resolution to assess
care value within a heterogeneous population.
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As payment becomes increasingly tied to high-value neuro-
logic care, it is imperative that we use rigorous measurement
of quality and cost.1 This is particularly relevant to the care of
patients with epilepsy, a disease with 1% prevalence in the
United States, complex medical needs, and high economic
burden.2,3 Total annual direct health care costs per person
with epilepsy are estimated at $10,000 to $48,000,4 with in-
direct costs projected to be substantially higher.5

Epilepsy is defined as at least 1 unprovoked seizure with an
elevated risk of seizure recurrence.6 Therefore, epilepsy
encompasses a heterogeneous population of patients with
a broad range of etiologies and severities.2 Practice guidelines
advise that many patients presenting with seizures can initially
be managed in the primary care setting.7 However, early ex-
pert care may be warranted for patients with persistent seiz-
ures.8 Prior study suggests that patients with epilepsy may
benefit from specialized care,9 but the full effect of neurolo-
gists has not been well characterized.

With the current implementation of the Medicine Access and
CHIP Reauthorization Act and heightened interest in alter-
native payment models,10 careful consideration of clinical
outcomes and cost is necessary to determine how tomaximize
the value of neurologist care. We, the American Academy of
Neurology Health Services Research Subcommittee, chose to
investigate value using administrative claims data, which has
previously been used to assess the role of neurologists in other
diseases such as stroke and headache.11–13 This study, funded
by the American Academy of Neurology, aims to determine
the association of a neurologist visit on health care use and
cost outcomes for patients with incident epilepsy using a large,
private insurance claims dataset.

Methods
Data source and study population
We performed a retrospective analysis using data from the
OptumInsight Clinformatics Data Mart (Optum.com, Eden
Prairie, MN), a database of inpatient medical, outpatient
medical, pharmacy, and laboratory administrative claims for
individuals insured by United Healthcare, from 2001 to 2016.
This database includes deidentified information for ≈12 to 14
million annual covered lives, for a total of ≈73 million unique
lives over the study period.

We identified adult patients with incident epilepsy defined by
(1) an ICD diagnosis code for epilepsy or convulsion (345.xx/
780.3x or G40.xx/R56.xx), (2) a prescription filled for an
antiepileptic medication at the time of diagnosis or in the
subsequent 2 years, and (3) neither an epilepsy-related

diagnosis code nor an antiepileptic prescription in the pre-
ceding 2 years. This definition of epilepsy, which includes
both diagnostic code and antiepileptic medication, is based on
validated criteria for administrative claims data (positive
predictive value 84%).14,15 Patients were excluded if they were
not enrolled in insurance coverage for 5 continuous years,
with at least 2 years of prediagnosis data and at least 3 years of
follow-up data. In addition, to have a sufficient follow-up
period to assess neurologist influence on longer-term out-
comes, patients were excluded if their visit to a neurologist
occurred >1 year after their incident diagnosis (figure 1).

Exposure
The exposure of interest was a neurologist encounter for epi-
lepsy (primary or secondary ICD diagnosis code). A neurologist
was identified by provider category code or the National Uni-
form Claim Committee taxonomy code in the Optumlab data.
The case patients were compared to the population of patients
with incident epilepsy who did not see a neurologist for epilepsy.

To adjust for pretreatment observable differences between
cases and controls, a subsample was created through pro-
pensity score modeling.16 A propensity score was calculated
from multilevel logistic regression to estimate the probability
of not being seen by a neurologist, conditional on matching
variables that included the following: age, sex, 17 Charlson
Comorbidity Index categories, preexisting psychiatric
comorbid conditions (anxiety: ICD codes 293.84, 300.0x;
depression: 296.2x, 296.30, 296.31, 296.32, 296.33, 296.34,
296.35, 296.36, 296.82, 311.00; bipolar disorder:
296.0–296.16, 296.4–296.81, 296.83–296.89, 301.13; alcohol
dependence/abuse: 303.9x, 305.0x), preexisting neurologic
comorbid conditions (head injury: 850.xx–854.xx; malignant
brain tumor: 191.xx, 192.1, 198.3; benign brain tumor: 225.0,
225.2, 237.5, 237.6, 239.6; tuberous sclerosis: 759.5; migraine
headache: 346.xx; nonmigrainous headache: 307.81, 339.xx,
784.0; neuropathy: 356.xx, 357.xx [excluding 357.0 and
357.81]; chronic pain: 053.10, 053.11, 053.12, 053.13, 333.94,
337.2x, 338.0.338.2x, 338.3, 338.4, 350.1, 353.6, 722.8x, 723.1,
423.2, 423.3, 423.4, 724.03, 724.1, 724.2, 724.3, 724.4, 724.5,
729.1, 729.2, 780.96; of note, cerebrovascular disease was
captured as a Charlson comorbidity), total medical expendi-
tures in the 2 years before diagnosis,medical service use in the
2 years before incident diagnosis (hospitalization, skilled
nursing facility admission, emergency room [ER] visit, neu-
rologist visit), psychiatric treatment in the 2 years before in-
cident diagnosis (psychiatrist visit claims, antidepressant
medication by Optum pharmacy claim category), benefit
design (exclusive provider organization, health maintenance
organization, preferred provider organization, indemnity,
point of service, other), days of available claims data before
incident diagnosis (eligibility time), setting of incident

Glossary
ER = emergency room; ICD = International Classification of Diseases; VNS = vagal nerve stimulation.
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epilepsy diagnosis (hospital, skilled nursing facility, ER, clinic),
year of incident diagnosis, and a random region-level intercept
defined by hospital service area (Dartmouth Atlas of Health
Care, dartmouthatlas.org) to account for geographic variation in
neurologist availability. A 1:1 nearest-neighbor match was per-
formed without replacement. Baseline characteristics before
propensity score matching are summarized in table 1.

Lag time variables
For the cases, the index date was defined as the first neurology
encounter after the incident epilepsy diagnosis. Each control
patient was then assigned an index date that corresponded to
his/her matched case. The length of time between the in-
cident epilepsy diagnosis and the index date (the lag time,
capped at 1 year by exclusion criterion) and the health care
use within that period varied from patient to patient. There-
fore, all analyses were adjusted for relevant lag time variables,
including the following: length of lag time, diagnosis of
status epilepticus or intractable epilepsy (by ICD diagnosis
code), ER visits (epilepsy related, trauma/injury related),

hospitalization for epilepsy, medical costs (epilepsy related, not
epilepsy related, antiepileptic medication), antiepileptic pre-
scription, care for comorbid conditions (bone health evaluation,
antidepressant prescription, psychiatric care), and occurrence of
epilepsy-specific care (EEG, presurgical evaluation, intracranial
electrode implantation, epilepsy surgery, vagal nerve stimulation
[VNS]). For women of childbearing age, defined as 18 to 44
years, valproic acid prescription was also included (table 2).

Outcomes
Our primary outcomes were ER visits and hospitalizations for
epilepsy (primary ICD diagnosis code).

Cost outcomes included epilepsy-related expenditures (anti-
epileptic medications, head CT, brain MRI, EEG, epilepsy
surgical procedures, epilepsy outpatient encounters, epilepsy
hospital encounters), non–epilepsy-related expenditures, and
antiepileptic drug costs. Antiepileptic drug use was assessed
by medication continuation after initial prescription, days of
medication supply (measured by summation of all

Figure 1 Study flow diagram

AED = antiepileptic drug.
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Table 1 Baseline characteristics for neurologist and no neurologist cohorts before propensity score matching

Variable

Baseline characteristics
Likelihood of being
seen by a neurologist

p Value
Adjusted OR
(95% CI) p Value

Neurologist cases
(n = 10,896)

No neurologist controls
(n = 3,400)

Age, mean (SD), y 55.5 (SD 19.0) 61.0 (SD 19.0) <0.001a 0.98 (0.98–0.99) <0.001

Sex, n (%) 0.44b

Male 4,793 (44.0) 1,487 (43.7) — Referent —

Female 6,098 (56.0) 1,913 (56.3) — 1.02 (0.94–1.12) 0.96

Unknown 5 (0.05) 0 (0) — — —

Charlson comorbid conditions, n (%)

Myocardial infarction 743 (6.8) 203 (6.0) 0.08b 1.13 (0.94–1.37) 0.19

Congestive heart failure 1,294 (11.9) 408 (12.0) 0.85b 0.97 (0.84–1.12) 0.68

Peripheral vascular disease 1,702 (15.6) 456 (13.4) 0.002b 1.22 (1.07–1.40) 0.003

Cerebrovascular disease 3,513 (32.2) 837 (24.6) <0.001b 1.61 (1.43–1.81) <0.001

COPD 3,255 (29.9) 907 (26.7) <0.001b 1.05 (0.95–1.16) 0.32

Dementia 692 (6.4) 242 (7.1) 0.11b 0.96 (0.80–1.14) 0.64

Paralysis 591 (5.4) 154 (4.5) 0.04b 0.86 (0.70–1.07) 0.17

Diabetes mellitus 1,415 (13.0) 470 (13.8) 0.21b 0.92 (0.81–1.04) 0.17

Diabetes mellitus with complications 1,047 (9.6) 315 (9.3) 0.55b 1.00 (0.85–1.17) 0.96

Renal disease 1,054 (9.7) 312 (9.2) 0.39b 1.17 (0.99–1.37) 0.06

Mild liver disease 160 (1.5) 49 (1.4) 0.91b 0.95 (0.67–1.35) 0.79

Moderate to severe liver disease 65 (0.6) 28 (0.8) 0.15b 0.64 (0.39–1.03) 0.07

Peptic ulcer disease 386 (3.5) 127 (3.7) 0.60b 0.89 (0.71–1.11) 0.30

Rheumatologic disease 503 (4.6) 137 (4.0) 0.15b 1.01 (0.82–1.25) 0.91

HIV/AIDS 59 (0.5) 16 (0.5) 0.62b 1.04 (0.57–1.88) 0.91

Cancer 1,276 (11.7) 341 (10.0) 0.007b 1.19 (1.03–1.39) 0.02

Metastatic solid tumor 207 (1.9) 56 (1.7) 0.34b 0.78 (0.56–1.09) 0.15

Psychiatric comorbid conditions, n (%)

Anxiety 2,150 (19.7) 613 (18.0) 0.03b 0.98 (0.87–1.10) 0.74

Depression 897 (8.2) 269 (7.9) 0.55b 1.02 (0.86–1.21) 0.82

Bipolar disorder 225 (2.1) 110 (3.2) <0.001b 0.52 (0.40–0.67) <0.001

Alcohol dependency/abuse 370 (3.4) 130 (3.8) 0.24b 0.84 (0.67–1.05) 0.13

Neurologic comorbid conditions, n (%)

Head injury 560 (5.1) 168 (4.9) 0.65b 0.87 (0.71–1.06) 0.16

Brain tumor, malignant 133 (1.2) 27 (0.8) 0.04b 1.24 (0.75–2.04) 0.41

Brain tumor, benign 252 (2.3) 58 (1.7) 0.03b 1.08 (0.77–1.51) 0.66

Tuberous sclerosis 3 (0.03) 0 (0) 0.33b — —

Migraine 1,138 (10.4) 272 (8.0) <0.001b 0.78 (0.67–0.91) 0.002

Nonmigrainous headache 3,556 (32.6) 809 (23.8) <0.001b 1.13 (1.01–1.26) 0.03

Neuropathy 731 (6.7) 205 (6.0) 0.16b 0.94 (0.78–1.13) 0.50

Continued
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Table 1 Baseline characteristics for neurologist and no neurologist cohorts before propensity score matching (continued)

Variable

Baseline characteristics
Likelihood of being
seen by a neurologist

p Value
Adjusted OR
(95% CI) p Value

Neurologist cases
(n = 10,896)

No neurologist controls
(n = 3,400)

Chronic pain 5,153 (47.3) 1,338 (39.4) <0.001b 1.12 (1.02–1.23) 0.02

Medical service use in preceding 2 y, n (%)

Hospitalization 2,489 (22.8) 744 (21.9) 0.24b 0.90 (0.80–1.02) 0.11

Skilled nursing facility 423 (3.9) 197 (5.8) <0.001b 0.75 (0.60–0.92) 0.007

ER visits, mean (SD) 1.54 (2.99) 1.45 (2.79) 0.09a 0.98 (0.96–1.00) 0.01

Neurologist visits, mean (SD) 0.31 (0.46) 0.16 (0.36) <0.001a 2.37 (2.10–2.67) <0.001

Psychiatrist visit 1,179 (10.8) 319 (9.4) 0.02b 1.02 (0.87–1.20) 0.80

Antidepressant medication 1,682 (15.4) 630 (18.5) <0.001b 0.63 (0.55–0.72) <0.001

Total expenditures in preceding 2 y, mean (SD), $ 41,751 (102,253) 38,743 (106,390) 0.15a 1.04 (1.02–1.07) <0.001

Eligibility time, mean (SD), d 1,678 (834) 1,744 (881) <0.001a 1 (1–1) 0.11

Benefit design, n (%) <0.001b

Exclusive provider organization 911 (8.4) 165 (4.9) — 1.00 (0.83–1.20) 0.006

Health maintenance organization 2,971 (27.3) 1,748 (51.4) — 0.41 (0.36–0.46) <0.001

Indemnity 503 (4.6) 119 (3.5) — 0.96 (0.76–1.22) 0.06

Other 1,610 (14.8) 357 (10.5) — 1.00 (0.85–1.18) <0.001

Point of service 4,274 (39.2) 815 (24.0) — Referent —

Preferred provider organization 627 (5.8) 196 (5.8) — 0.68 (0.56–0.82) 0.03

Setting of incident diagnosis, n (%) <0.001b

Hospital 997 (9.2) 657 (19.3) — 0.30 (0.27–0.34) <0.001

Skilled nursing facility 42 (0.4) 73 (2.2) — 0.14 (0.09–0.22) <0.001

ER 5,763 (52.9) 1,536 (45.2) — Referent —

Clinic 4,094 (37.6) 1,134 (33.4) — 0.75 (0.68–0.83) <0.001

Year of incident diagnosis, n (%) <0.001b

2003 570 (5.2) 142 (4.9) — Referent —

2004 785 (7.2) 194 (5.7) — 1.05 (0.79–1.40) <0.001

2005 1,005 (9.2) 494 (14.5) — 0.61 (0.47–0.80) <0.001

2006 864 (7.9) 268 (7.9) — 0.69 (0.51–0.93) 0.11

2007 947 (8.7) 275 (8.1) — 0.70 (0.51–0.94) 0.15

2008 1,127 (10.3) 355 (10.4) — 0.68 (0.51–0.92) 0.06

2009 1,254 (11.5) 343 (10.1) — 0.85 (0.63–1.14) 0.14

2010 1,350 (12.4) 387 (11.4) — 0.78 (0.58–1.05) 0.89

2011 1,143 (10.5) 338 (9.9) — 0.79 (0.58–1.06) 0.75

2012 1,209 (11.1) 378 (11.1) — 0.75 (0.55–1.01) 0.67

2013 642 (5.9) 226 (6.7) — 0.69 (0.50–0.95) 0.20

Abbreviations: CI = confidence interval; COPD = chronic obstructive pulmonary disease; ER = emergency room; OR = odds ratio..
a By t test.
b By χ2 test.
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antiepileptic daily doses prescribed over the year), and pre-
scription of generation 2 antiepileptic drugs (included genera-
tion 1 drugs were carbamazepine, clonazepam, ethosuximide,
ethotoin, mephobarbital, methsuximide, phenobarbital, phenyt-
oin, primidone, and valproic acid; included generation 2 drugs
were brivaracetam, clobazam, eslicarbazepine, ezogabine, felba-
mate, gabapentin, lacosamide, lamictal, levetiracetam, oxcarba-
zepine, perampanel, pregabalin, rufinamide, tiagabine,
topiramate, vigabatrin, and zonisamide).

Quality of care was examined through measures of care es-
calation, including use of EEG monitoring, epilepsy

presurgical evaluation (brain PET, brain SPECT, fMRI,
Wada), epilepsy surgery, VNS, and antiepileptic therapy
augmentation for breakthrough seizures (defined as an in-
crease in antiepileptic drug dose or new antiepileptic pre-
scription ≤30 days after an ER visit). We also measured
attention to psychiatric disorders (antidepressant medication
prescription and psychiatrist visits), bone health evaluation
(vitamin D monitoring and dual-energy x-ray absorptiometry
scan), and specific consideration of women of childbearing
age (valproic acid prescription). Presence of intractable epi-
lepsy (345.01, 345.11, 345.41, 345.51, 345.61, 345.71, 345.81,
345.91, G40.01x, G40.11x, G40.21x, G40.31x, G40.A1x,

Table 2 Lag time variables

Variable Neurologist cases (n = 3,400) No neurologist controls (n = 3,400) p Value

Length of lag time, mean (SD), d 15.9 (52.4) 15.9 (52.4) 1.00a

Status epilepticus, n (%) 26 (0.8) 17 (0.5) 0.17b

Intractable epilepsy, n (%) 16 (0.5) 19 (0.6) 0.61b

ER visit, n (%)

ER visit for epilepsy 96 (2.8) 35 (1.0) <0.001b

ER visit for trauma/injury 26 (0.8) 21 (0.6) 0.46b

Hospitalization for epilepsy 7 (0.2) 9 (0.3) 0.62b

Medical costs (SD), $

Epilepsy-related medical costs 1,296 (6,407) 897 (6,027) 0.008a

Non–epilepsy-related medical costs 4,912 (45,392) 4,867 (28,200) 0.96a

Antiepileptic medication costs 32 (308) 28 (284) 0.58a

Antiepileptic medication

AED prescription, n (%) 338 (9.9) 339 (10.0) 0.97b

Antiepileptic pill-days (SD) 8.4 (43.2) 8.1 (36.4) 0.76a

Generation 2 prescription, n (%) 160 (4.7) 178 (5.2) 0.32a

Care for comorbid conditions, n (%)

Bone health evaluation 25 (0.7) 14 (0.4) 0.08b

Antidepressant prescription 73 (2.2) 92 (2.7) 0.13b

Psychiatric care 56 (1.7) 72 (2.1) 0.15b

Care escalation, n (%)

EEG 99 (2.9) 68 (2.0) 0.02b

Presurgical evaluation 0 (0) 0 (0) —

Intracranial electrode implantation 0 (0) 0 (0) —

Epilepsy surgery 4 (0.1) 1 (0.03) 0.18b

VNS 0 (0) 0 (0) —

Among women 18–44 y of age, n (%)

Valproic acid prescription 4 (1.0) 3 (0.7) 0.69b

Abbreviations: AED = antiepileptic drug; ER = emergency room; VNS = vagal nerve stimulation.
a By t test.
b By χ2 test.
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G40.B1x, G40.41x, G40.803, G40.804, G40.813, G40.814,
G40.823, G40.824, G40.91x) and status epilepticus (345.3x,
G40.001, G40.011, G40.101, G40.111, G40.201, G40.211,
G40.301, G40.311, G40.A01, G40.A11, G40.B01, G40.B11,
G40.401, G40.411, G40.501, G40.801, G40.803, G40.811,
G40.813, G40.821, G40.823, G40.901, G40.911) was noted,
as well as presentations to the ER for trauma or injury
(800.xx–829.xx, 830.xx–839.xx, 840.xx–848.xx, 850.xx–854.xx,
860.xx–869.xx, 870.xx–897.xx, 910.xx–924.xx, 940.xx-–949.xx,
959.xx, E810.x–E825.x, S00–S99, T07–T14, T20–T32).

Sensitivity analyses
We evaluated variations on the definition of epilepsy and the
window of continuous insurance coverage to investigate
the effect on outcomes. These secondary analyses were (1)
the requirement of 2 epilepsy diagnosis codes (increased di-
agnostic specificity), (2) only 1 year of prediagnosis data and
only 2 years of follow-up data (increased generalizability), and
(3) no restriction on data before the incident epilepsy di-
agnosis code (prevalent epilepsy).

Statistical analysis
Descriptive statistics were calculated to summarize de-
mographics and clinical characteristics of the cases and con-
trols. Covariate balance was examined before and after
propensity score matching with χ2 tests for categorical vari-
ables and t tests for continuous variables. Separate regression
models (logistic regression for binary outcomes and linear
regression for continuous outcomes) were built to estimate
the association between neurologist visit and each individual
outcome over time. Specifically, each outcome was estimated
per year (e.g., total expenditures in years 1–5 as measured
from index date) for each patient. Multilevel regression
models were fit for each outcome after adjustment for patient
age, lag time variables, and baseline covariates that were still
unbalanced after matching (chronic obstructive pulmonary
disease, preexisting anxiety diagnosis, preexisting chronic
pain, eligibility time, and setting of incident epilepsy di-
agnosis) and including a random participant-level intercept.
The influence of neurologist visits over time on each outcome
was estimated with average marginal effects, with the random
intercept set at its mean. Two-sided p values were reported
and were considered significant at p < 0.05. Statistical analyses
were performed with SAS 9.4 (SAS institute, Cary, NC) and
STATA 14 (StataCorp, College Station, TX).

All results presented are adjusted for unbalanced baseline
covariates, patient age, and lag time variables and are reported
as predicted probabilities, which may be interpreted as ad-
justed outcomes over time comparing patients who did and
did not have a neurologist visit.

Standard protocol approvals, registrations,
and patient consents
This study used deidentified data and was determined to be
exempt from review by the University of Michigan Institutional
Review Board.

Data availability
The full dataset, OptumInsight Clinformatics Data Mart, is
available through Optum (Optum.com).

Results
Demographic and clinical characteristics
We identified a total of 10,896 patients who saw a neurologist
at or after their incident epilepsy diagnosis and 3,400 patients
who did not see a neurologist for epilepsy. After propensity
score matching, 3,400 cases (neurologist) and 3,400 controls
(no neurologist) remained. Baseline characteristics of the
study groups are presented in table 3. At the time of diagnosis,
some small differences persisted between cases and controls:
cases were more likely to have chronic obstructive pulmonary
disease (30.0% vs 26.7%, p = 0.002), a diagnosis of anxiety
(20.6% vs 18.0%, p = 0.008), and a diagnosis of chronic pain
(43.7% vs 39.4%, p < 0.001). Compared to controls, cases
were more frequently diagnosed in clinic (35.5% vs 33.4%, p =
0.007) than at an ER or inpatient facility. Lastly, cases were
eligible for insurance coverage for a shorter length of time before
incident diagnosis (mean 1,680 days vs 1,744, p = 0.002).
Medical use and total medical expenditures in the 2 years pre-
ceding epilepsy diagnosis were similar between the 2 cohorts.

Cost: Acute care use
ER visits for epilepsy were more likely for cases than controls
(predicted probabilities year 1: 5.9% vs 2.3%, p < 0.001), and
the magnitude of difference decreased over time (year 5: 1.0%
vs 0.4%, p < 0.001) (figure 2A). A similar pattern was ob-
served with the number of ER visits for epilepsy (predicted
visits year 1: 0.14 vs 0.07, p < 0.001; year 5: 0.04 vs 0.02, p <
0.03). Hospitalization for epilepsy was also higher for cases
than controls (predicted probabilities year 1: 2.1% vs 0.7%,
p < 0.001); this difference also decreased over time (year 5:
0.4% vs 0.2%, p < 0.001) (figure 2B).

Cost: Total medical expenditures
Epilepsy-related total medical costs were higher for cases than
controls (predicted costs year 1: $5,464 vs $2,364, p < 0.001),
and costs declined for both cohorts through the study period
(year 5: $2,111 vs $1,051, p < 0.001) (figure 2C). Total cost of
nonepilepsy care was similarly greater for cases than controls
(year 1: $38,082 vs $32,135; year 5: $28,861 vs $26,638, p =
0.001) (figure 2D). Antiepileptic drug costs remained sub-
stantially higher for cases throughout the study period (p <
0.001) (figure 2E).

Quality of care: Measures of standard
evaluation and care escalation
Evaluation by EEG was much more common for cases than
controls, most notably in the first year (predicted proba-
bilities year 1: 78.6% vs 7.2%, p < 0.001) (table 4). Com-
pletion of epilepsy surgery was more common for cases
than controls (year 1: 0.2% vs 0.05%, p = 0.001), although
surgery was rare in both cohorts, occurring in total for only
47 cases (1.4%) and 16 controls (0.5%). There were no
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Table 3 Baseline characteristics for neurologist and no neurologist cohorts after propensity score matching

Variable
Neurologist cases
(n = 3,400)

No neurologist controls
(n = 3,400) p Value

Age, mean (SD), y 60.2 (18.2) 61.0 (18.5) 0.07a

Sex, n (%) 0.59b

Male 1,476 (43.4) 1,487 (43.7) —

Female 1,923 (56.6) 1,913 (56.3) —

Unknown 1 (0.03) 0 (0) —

Charlson comorbid conditions, n (%)

Myocardial infarction 220 (6.5) 203 (6.0) 0.39b

Congestive heart failure 440 (12.9) 408 (12.0) 0.24b

Peripheral vascular disease 506 (14.9) 456 (13.4) 0.08b

Cerebrovascular disease 888 (26.1) 837 (24.6) 0.16b

COPD 1,020 (30.0) 907 (26.7) 0.002b

Dementia 269 (7.9) 242 (7.1) 0.21b

Paralysis 154 (4.5) 154 (4.5) 1.00b

Diabetes mellitus 497 (14.6) 470 (13.8) 0.35b

Diabetes mellitus with complications 346 (10.2) 315 (9.3) 0.20b

Renal disease 313 (9.2) 312 (9.2) 0.97b

Mild liver disease 51 (1.5) 49 (1.4) 0.84b

Moderate-severe liver disease 29 (0.9) 28 (0.8) 0.89b

Peptic ulcer disease 155 (4.6) 127 (3.7) 0.09b

Rheumatologic disease 144 (4.2) 137 (4.0) 0.67b

HIV/AIDS 17 (0.5) 16 (0.5) 0.86b

Cancer 363 (10.7) 341 (10.0) 0.38b

Metastatic solid tumor 63 (1.9) 56 (1.7) 0.52b

Psychiatric comorbid conditions, n (%)

Anxiety 700 (20.6) 613 (18.0) 0.008b

Depression 312 (9.2) 269 (7.9) 0.06b

Bipolar disorder 124 (3.7) 110 (3.2) 0.35b

Alcohol dependency/abuse 145 (4.3) 130 (3.8) 0.36b

Neurologic comorbid conditions, n (%)

Head injury 167 (4.9) 168 (4.9) 0.96b

Brain tumor, malignant 27 (0.8) 27 (0.8) 1.00b

Brain tumor, benign 59 (1.7) 58 (1.7) 0.93b

Tuberous sclerosis 0 (0) 0 (0) 1.00b

Migraine 291 (8.6) 272 (8.0) 0.40b

Nonmigrainous headache 878 (25.8) 809 (23.8) 0.05b

Neuropathy 214 (6.3) 205 (6.0) 0.65b

Chronic pain 1,484 (43.7) 1,338 (39.4) <0.001b

Continued
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Table 3 Baseline characteristics for neurologist and no neurologist cohorts after propensity score matching (continued)

Variable
Neurologist cases
(n = 3,400)

No neurologist controls
(n = 3,400) p Value

Medical service use in preceding 2 y

Hospitalization, n (%) 765 (22.5) 744 (21.9) 0.54b

Skilled nursing facility admission, n (%) 181 (5.3) 197 (5.8) 0.40b

ER visits, mean (SD), n 1.60 (3.49) 1.45 (2.79) 0.06a

Neurologist visits, mean (SD), n 0.16 (0.37) 0.16 (0.36) 0.45a

Psychiatrist visit 351 (10.3) 319 (9.4) 0.19b

Antidepressant medication 666 (19.6) 630 (18.5) 0.27b

Expenditures in preceding 2 y, mean (SD), $ 38,562 (109,561) 38,743 (106,390) 0.95a

Eligibility time, mean (SD), d 1,680 (830) 1,744 (881) 0.002a

Benefit design, n (%) 0.23b

Exclusive provider organization 158 (4.7) 165 (4.9) —

Health maintenance organization 1,671 (49.2) 1,748 (51.4) —

Indemnity 1,47 (4.3) 119 (3.5) —

Other 395 (11.6) 357 (10.5) —

Point of service 830 (24.4) 815 (24.0) —

Preferred provider organization 199 (5.9) 196 (5.8) —

Setting of incident diagnosis, n (%) 0.007b

Hospital 626 (18.4) 657 (19.3) —

Skilled nursing facility 41 (1.2) 73 (2.2) —

ER 1,526 (44.9) 1,536 (45.2) —

Clinic 1,207 (35.5) 1,134 (33.4) —

Year of incident diagnosis, n (%) 0.57b

2003 172 (5.1) 142 (4.2) —

2004 221 (6.5) 194 (5.7) —

2005 462 (13.6) 494 (14.5) —

2006 268 (7.9) 268 (7.9) —

2007 257 (7.6) 275 (8.1) —

2008 345 (10.2) 355 (10.4) —

2009 348 (10.2) 343 (10.1) —

2010 415 (12.2) 387 (11.4) —

2011 343 (10.1) 338 (9.9) —

2012 359 (10.6) 378 (11.1) —

2013 210 (6.2) 226 (6.7) —

Abbreviations: COPD = chronic obstructive pulmonary disease; ER = emergency room.
a By t test.
b By χ2 test.
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differences between cohorts in probability of presurgical
evaluation, intracranial electrode implantation, use of VNS,
or augmentation of antiepileptic medication after an ER
visit for seizure.

Quality of care: Attention to epilepsy comorbid
conditions and women of childbearing age
Cases had a higher rate of bone health evaluation, as mea-
sured by vitamin D testing and dual-energy x-ray absorp-
tiometry scan (predicted probabilities year 1: 6.1% vs 4.0%;
year 5: 10.3% vs 8.3%, p < 0.001). Antidepressant pre-
scription did not differ between cohorts; however, cases
more commonly had psychiatrist visits, particularly in the
first year (year 1: 4.7% vs 2.6%, p < 0.001). Valproic acid
prescription for women of childbearing age did not differ
between cohorts.

Quality of care: Antiepileptic drug use patterns
Cases were more likely to be continued on antiepileptic
medication after initial prescription compared to controls
(predicted probabilities year 1: 94.3% vs 84.4%, p < 0.001);
this proportion declined over time for both groups (year 5:
65.1% vs 47.0%, p < 0.001). Among patients who were pre-
scribed antiepileptic drugs, cases had higher total days of
antiepileptic medication supply than controls (p < 0.001).
Prescription of generation 2 antiepileptic medications was
more likely for cases than controls (p < 0.001).

Measures of disease severity and trauma/
injury
Status epilepticus and intractable epilepsy weremore likely for
cases than controls (p < 0.001). Presentations to the ER for
trauma or injury were similar between cohorts.

Figure 2 Health care use for epilepsy and costs of care

Predicted (A) epilepsy-related emergency room (ER) visits, (B) epilepsy-related hospitalizations, (C) epilepsymedical costs, (D) nonepilepsy medical costs, and
(E) antiepileptic drugs costs each year for cases compared to controls with 95% confidence intervals. USD = US dollars.
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Table 4 Outcomes for neurologist and no neurologist
cohorts (predicted probabilities)

Outcome
Neurologist
cases

No
neurologist
controls

p
Value

Evaluation by EEG, n (%) <0.001a

Year 1 78.6 7.2 —

Year 2 8.9 0.9 —

Year 3 6.6 1.1 —

Year 4 5.9 0.5 —

Year 5 4.9 0.2 —

Presurgical evaluation, n
(%)

0.11a

Year 1 0.05 0.02 —

Year 2 0.03 <0.01 —

Year 3 0.04 <0.01 —

Year 4 0.03 0.01 —

Year 5 — 0.02 —

Epilepsy surgery, n (%) 0.001a

Year 1 0.2 0.05 —

Year 2 0.01 — —

Year 3 0.01 — —

Year 4 0.01 0.01 —

Year 5 0.01 — —

Intracranial electrode
implantation, n (%)

—

Year 1 0.1 — —

Year 2 — — —

Year 3 0.1 — —

Year 4 0.2 — —

Year 5 — — —

VNS , n (%) 0.42a

Year 1 <0.01 <0.01 —

Year 2 <0.01 <0.01 —

Year 3 <0.01 <0.01 —

Year 4 <0.01 <0.01 —

Year 5 <0.01 <0.01 —

AED augmentation after
ER visit, n (%)

0.78a

Year 1 43.5 45.0

Year 2 34.9 13.4

Year 3 31.9 10.2

Year 4 35.2 16.6

Table 4 Outcomes for neurologist and no neurologist
cohorts (predicted probabilities) (continued)

Outcome
Neurologist
cases

No
neurologist
controls

p
Value

Year 5 24.3 10.6

Bone health evaluation,
n (%)

<0.001a

Year 1 6.1 4.0

Year 2 7.7 4.9

Year 3 7.9 5.7

Year 4 10.2 6.8

Year 5 10.3 8.3

Antidepressant
prescription, n (%)

0.69a

Year 1 11.3 11.6

Year 2 12.8 13.4

Year 3 15.8 15.6

Year 4 20.7 21.2

Year 5 24.0 24.2

Psychiatrist visit, n (%) <0.001a

Year 1 4.7 2.6

Year 2 2.6 1.9

Year 3 2.6 1.6

Year 4 2.3 1.6

Year 5 2.0 2.0

Valproic acid for women
18–44 y, n (%)

0.54a

Year 1 0.6 0.5

Year 2 0.3 0.3

Year 3 0.3 0.1

Year 4 0.5 0.1

Year 5 0.3 0.04

Any AED prescription, n
(%)

<0.001a

Year 1 94.3 84.4 —

Year 2 82.9 75.9 —

Year 3 71.9 56.5 —

Year 4 68.6 49.7 —

Year 5 65.1 47.0 —

Total AED pill-d <0.001a

Year 1 164.7 114.5 —

Year 2 174.0 131.9 —

Continued
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Sensitivity analyses
Alterations in the definition of our population, both those
more restrictive and those less restrictive (including epilepsy
prevalence), led to no significant changes in our primary
outcomes. The requirement of 2 epilepsy diagnoses resulted
in higher rates of care use overall and narrowed the magnitude
of difference between patient cohorts. Total epilepsy-related

costs remained greater for cases; however, total non–epilepsy-
related costs were no longer significantly greater for cases than
controls (figure 3).

Discussion
In a large cohort of privately insured patients, we found that
patients with incident epilepsy who visited a neurologist had
higher subsequent epilepsy-related ER visit and hospitaliza-
tion rates compared to patients who did not see a neurologist.
This difference was greatest in the first year and decreased
over time. A similar pattern was observed for epilepsy and
nonepilepsy medical costs, with higher costs for patients who
visited a neurologist, most notably in the first year.

There are multiple ways to interpret the finding of higher
epilepsy-related health care use and cost among cases than
controls. The first is that neurologist involvement directly
leads to increased ER visits and hospitalizations with their
associated costs. A prior investigation of patients with acute
stroke found that neurologist management was associated
with more extensive testing (however, these patients also had
improved outcomes)17; it is a possibility that neurologist
management of patients with incident epilepsy increases costs
without improving all clinical outcomes. A second explanation
is that patients referred to a neurologist have more severe
disease or differ from nonreferred patients in other ways that
increase use and cannot be measured. While we adjusted for
a comprehensive set of variables through application of
a 43-factor propensity score, adjustment for remaining dis-
similarities, and consideration of lag time events, there are
undoubtedly unmeasured differences. Residual confounding
is most strongly suggested by our observation that non-
epilepsy medical costs, an outcome that should be largely
outside of neurologist influence, were also higher for cases
than controls. It is conceivable that neurologist involvement
encourages patients to seek additional health care directly
through referral to other specialists and testing and/or in-
directly through resultant proximity to care facilities and
providers. However, it is more likely that patients with com-
plicated illness are directed to neurologists for care.

Additional findings further support the notion of confounding
by disease severity. The most compelling argument is that
when we applied a more stringent disease definition (2 epi-
lepsy diagnostic codes) in sensitivity analysis, the difference in
epilepsy care use and cost between cohorts contracted, and
nonepilepsy care costs became comparable. Several other
factors also suggest that the case cohort is a more medically
complex population (although these may have alternative
explanations). Considerable comorbidity burden has been
described for patients with incident epilepsy, most notably
concomitant neurologic disease and psychiatric disorders,2,18

and we found more frequent psychiatrist visits for cases than
controls. Characterization of antiepileptic use revealed both
a greater proportion of the cases continued on antiepileptic

Table 4 Outcomes for neurologist and no neurologist
cohorts (predicted probabilities) (continued)

Outcome
Neurologist
cases

No
neurologist
controls

p
Value

Year 3 170.8 128.8 —

Year 4 166.3 122.0 —

Year 5 161.6 118.1 —

Generation 2 AED
prescription, n (%)

<0.001a

Year 1 88.8 60.2 —

Year 2 70.7 50.0 —

Year 3 54.5 32.3 —

Year 4 53.0 26.3 —

Year 5 52.8 21.3 —

Status epilepticus, n (%) <0.001a

Year 1 1.1 0.2 —

Year 2 0.2 0.03 —

Year 3 0.2 0.03 —

Year 4 0.2 0.04 —

Year 5 0.2 0.02 —

Intractable epilepsy, n
(%)

<0.001a

Year 1 4.1 0.09 —

Year 2 0.8 0.02 —

Year 3 0.6 0.02 —

Year 4 0.5 0.02 —

Year 5 0.4 0.03 —

ER evaluation for
trauma/injury, n (%)

0.50a

Year 1 7.6 7.2 —

Year 2 6.6 7.1 —

Year 3 7.1 5.8 —

Year 4 6.5 6.4 —

Year 5 6.8 5.5 —

Abbreviations: AED = antiepileptic drug; ER = emergency room; VNS = vagal
nerve stimulation.
a By χ2 test.
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drugs after initial diagnosis and higher total days of drug
supply each year, suggestive of recurrent or refractory seiz-
ures. Both status epilepticus and intractable epilepsy were
more common within the case cohort. Lastly, nearly every
measurable indicator of comorbidity was higher among cases,
which cautions that this cohort is likely sicker in unmeasured
ways as well. Both of these factors are potential confounders
by disease severity that are difficult to address with claims
data.

The results of our study suggest that even rigorously adjusted
claims data are likely inadequate to assess the value of care in
epilepsy. The importance and difficulty of proper risk ad-
justment have been highlighted in recent investigations of
claims data for stroke patients and patients with headache.12,19

Several epilepsy-specific considerations make measurement
of care quality particularly elusive for this patient population.
Classic measures of disease severity such as epilepsy etiology,
seizure frequency, and seizure type20 are not readily ab-
stracted from insurance claims. Expenditures are known to be
concentrated in patients with drug-resistant epilepsy,5,21 yet
claims-based identification of this subpopulation is challeng-
ing.22 Epilepsy is a chronic condition, typically managed in-
crementally over a patient’s lifetime, and therefore difficult to
capture in a several-year study window. Even selection of
clinical outcomes is not straightforward. While patients,
providers, and payers generally prefer to avoid hospital-
izations, not all hospitalizations for epilepsy are adverse

outcomes. Frequently, patients are electively admitted to the
hospital to clarify their diagnosis or to receive a therapeutic
intervention such as epilepsy surgery. Some important patient
outcomes for epilepsy management such as seizure freedom
and antiepileptic drug tolerability cannot be assessed through
claims data. Moreover, certain features of the illness are nearly
impossible to disentangle for interpretation. Does a diagnosis
of intractable epilepsy indicate severe underlying disease, in-
sufficient management, or differences in coding behaviors?
Does therapy escalation indicate physician responsiveness,
severe underlying disease, or both?

Nonetheless, closer examination of how epilepsy-related
expenditures differed between cases and controls suggests
some potential benefits of neurologist care and additional
opportunities to measure quality and value. Recent studies
have proposed that antiepileptic medications are a major
driver of epilepsy-related spending, accounting for 8% to 77%
of direct costs.21 We observed that antiepileptic medication
costs were substantially higher for cases than controls; how-
ever, there may be unmeasured benefit from such spending.
Cases were more commonly prescribed generation 2 antiep-
ileptic drugs. While newer medications are pricier than older
drugs and may not be more effective for seizures,23 it is
generally accepted that newer medications are better tolerated
and associated with decreased morbidity.24 Antiepileptic
medication typically should not be discontinued until several
years of seizure freedom have elapsed,25 and recent studies

Figure 3 Health care use for epilepsy and medical costs: sensitivity analysis

For the population definedwith the requirement of 2 epilepsy diagnosis codes, predicted (A) epilepsy-related emergency room (ER) visits, (B) epilepsy-related
hospitalizations, (C) epilepsymedical costs, and (D) nonepilepsymedical costs each year for cases compared to controls with 95% confidence intervals. USD =
US dollars.
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have shown that retention rates for certain generation 2 an-
tiepileptic drugs are greater than those for certain older
medications.26,27 In our study, continued treatment with an
antiepileptic drug was more common for cases than controls.
While beyond the scope of this study, identification of drug-
resistant patients and quantification of indirect costs should
be included in future investigations. We also found that cases
more frequently underwent diagnostic evaluation and sur-
gery; therefore, neurologists appear to be important facili-
tators of targeted therapies such as epilepsy surgery. However,
the benefits of surgery may not be realized for several years.28

Other holistic care aspects, including cases receiving bone
health evaluation more frequently than controls and a greater
proportion of cases being seen by psychiatrists, could be
further studied to determine whether fracture risk or treat-
ment for mood disorders is more favorable for cases than
controls. Additional morbidity associated with long-term use
of certain antiepileptic drugs such as metabolic syndrome,
neuropathy, cerebellar atrophy, gingival hyperplasia, weight
gain, hepatotoxity, and anemia could be studied with a longer
observation period. Furthermore, consideration of use and
cost outcomes over a longer follow-up period is particularly
important because the tendency for patients with epilepsy to
be eligible for disability and therefore receive insurance
through Medicare or Medicaid is high. A reduction in long-
term medical costs and even disability payments for this
population could have dramatic effects on future federal and
state expenditures.

Measurement of patient-centered metrics is a critical com-
ponent of comprehensive assessment of the value of neurol-
ogist care. A randomized controlled trial would be optimal for
comparing neurologist care to no neurologist care and could
allow collection of rich, multidimensional clinical data.
However, the ethical standing of randomizing a patient with
complex, highly morbid, treatable disease to nonexpert care is
questionable. Another potentially more feasible way to answer
this research question is through the linking of claims data to
patient registry data, which ideally would include patient-
centered metrics such as quality of life, seizure freedom,
mood, and return to work.

The typical challenges associated with administrative claims
data apply to this study. We analyzed data collected primarily
for billing purposes and therefore lacked fine clinical resolu-
tion. In addition, there are likely undescribed differences in
how neurologists code encounters compared to non-
neurologists. Retrospectively identifying patients with epi-
lepsy is difficult; patients may have seizures from conditions
other than epilepsy (e.g., hypoglycemia or alcohol with-
drawal) or may have convulsive episodes due to alternative
pathophysiology (e.g., psychogenic nonepileptic spells or
syncope). Claims data have limited clinical details to allow the
determination of correct alternative diagnosis. In this way, we
may have failed to measure additional benefit of neurologist
care. Selection bias due to referral is inherent in any valuation
of specialist care; however, an extensive collection of potential

confounding factors was considered through application of
propensity score matching. In fact, our risk adjustment
strategy was substantially more robust and comprehensive
than the current proposals to measure physician value, which
would also use administrative data. In addition, control
patients were not required to have seen a nonneurologist
provider for epilepsy care after incident diagnosis, while case
patients were required to see a neurologist for epilepsy care by
inclusion criterion. However, a substantial proportion of
controls received epilepsy-related care in the 5 years after the
index date: 83.5% of controls in year 1 (compared to 94.3% of
cases) and 24.7% of controls in year 5 (compared to 31% of
cases). As noted, using hospitalization as an outcome is
complicated because not all hospitalizations for epilepsy are
adverse outcomes; some hospitalizations may represent an
appropriate care escalation. Several important measures re-
lating to women of childbearing age such as folic acid pre-
scription, contraception use, and pregnancy complications
could not be evaluated because of limitations in claims data.
Lastly, the generalizability of our findings may be limited by
the use of data from a single, private insurer and by the small
percentage of patients who met study criteria.

ER visits, hospitalizations, and medical costs were greater for
patients with incident epilepsy who visited a neurologist
compared to those who did not. However, our results suggest
that this comparisonmay be confounded by other factors such
as disease severity and that claims data have limited ability to
characterize the value of epilepsy care provided by physicians.
This study has important ramifications for neurologists and
other specialists in an era of quality payment programs and
alternative payment model development. New payment
models should be cautious with penalties until better risk
adjustment strategies are available or linkage of patient reg-
istry data becomes possible.
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