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ABSTRACT

Objective: To determine the value of neurologist ambulatory care in chronic neurologic diseases in
a large administrative claims dataset detailing costs, adverse events, and health care utilization.

Methods: The Optum proprietary claims dataset (2010–2012) was examined to describe direct
health care costs, as well as specific outcome metrics for a large population of persons with
chronic neurologic illnesses. In phase I of the study, we detail neurologist involvement and differ-
ences in annualized allowed third–party payments within episode treatment groups (ETGs) for 10
neurologic illnesses. For phase II, we examined health care utilization for ETGs of epilepsy, Par-
kinson disease (PD), stroke, and multiple sclerosis (MS) with and without neurologist involvement.
Reported outcomes were unadjusted differences and odds ratios between treatment groups.

Results: For phase I, a total of 1,913,605 ETGs for 10 neurologic conditions were identified,
30.1% meeting criteria for neurologist involvement. All conditions had higher direct costs when
neurologists were involved with care, ranging from a 25% increase for Alzheimer dementia to
100%more forMS care. In phase II, fractures, infections, emergent care, and inpatient admission
were less with neurologist ambulatory care, while neurologist care was associated with greater
utilization of disease-specific treatments (immunotherapies in MS anticoagulation in atrial
fibrillation–associated stroke, deep brain stimulation and dopaminergic therapies in PD).

Conclusion: Neurologist involvement with care is associated with greater unadjusted allowed
payments, but fewer adverse events and less acute care utilization. Neurology® 2016;86:367–374

GLOSSARY
AAN 5 American Academy of Neurology; ALS 5 amyotrophic lateral sclerosis; BOI 5 burden of illness; CI 5 confidence
interval; CMS 5 Center for Medicare and Medicaid Services; CPT 5 Current Procedural Terminology; ED 5 emergency
department; ETG5 episode treatment group; HCPCS5Healthcare Common Procedure Coding System; HHA5 home health
agency; ICD-9-CM 5 International Classification of Diseases–9–clinical modification; MS 5 multiple sclerosis; OR 5 odds
ratio; PD 5 Parkinson disease; SNF 5 skilled nursing facility.

The effect of neurologist care on health care costs and utilization outcomes in persons with
chronic neurologic illness is not well-characterized. Aggregation of health care information in
large administrative claims datasets presents an opportunity to assess the effect of specialist
physicians on downstream usage of health resources related to the diseases they treat. Payers,
from the US Government to third-party private insurers and employers, are looking to this kind
of big data analysis to inform coverage, decisions, regulatory actions, and policymaking
decisions.1–5

Exploration of large datasets requires access to specialized expertise, programmers, and com-
puting unavailable to clinicians in daily practice. Physician professional organizations, on behalf
of their members, have the resources to engage in analysis of these data and advocate for value
and quality.6 Therefore, the American Academy of Neurology (AAN) engaged Optum, Inc.
(Philadelphia, PA), a health care consulting firm, for a guided exploratory analysis of their
proprietary administrative claims dataset to assess the value of neurologist care.
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The study was staged in 2 separate phases.
Phase I was an economic burden of illness
(BOI) study of a number of neurologic condi-
tions assessing neurologist care and related
health care costs. Phase II examined disease-
specific metrics of health care utilization, ther-
apeutics, and screening for selected neurologic
illnesses.

METHODS Data source. We utilized the Optum proprietary

administrative claims database for 2010–2012, detailing health

care for 21.4 million unique persons. Data are from persons

enrolled in commercial insurance as well as a Medicare supple-

mental insurance package. Most enrollees are 18–64 years old,

but children and retirement-age persons are included.

Components of this dataset include emergency department

(ED), inpatient, outpatient, and office-based medical care,

durable medical equipment, pharmacy records, and hospital

and office-based medical procedures.

Study design. This was a cross-sectional study design.

Funding and approvals. The study was approved and funded

by the AAN. Project data analysis was approved by internal review

of Optum.

Identification of cohort. Optum uses Symmetry episode treat-

ment group (ETG) software7 for determining episodes of care for

persons with specific medical conditions. ETGs aggregate inpa-

tient, outpatient, and pharmacy services attributable to specific

diagnoses over time, and are structurally similar to diagnosis-

related groups used in the inpatient setting. Approximately

85% of US insurance claims are assigned to ETGs based on

groups of relevant ICD-9-CM codes for billing. To be

identified within an ETG, a person must have a billable claim

for a relevant disease-specific ETG. Each ETG spans exactly

1 calendar year; therefore, the same patients may be counted

for separate ETGs in multiple calendar years. Only persons

with complete data for the calendar year were included. The

unit of analysis was therefore the ETG, not the individual with

the medical condition. We looked for ETGs indicating

neurologic disorders.

For phase I (economic burden of illness study), the AAN

relied on expert opinion to select 10 neurologic disorders of inter-

est: Alzheimer disease, amyotrophic lateral sclerosis (ALS),

autism, developmental delay, stroke (defined by presence of a

stroke hospitalization), dementia (all), epilepsy, migraine head-

ache, multiple sclerosis (MS), and Parkinson disease (PD). Four

disorders were selected from among the phase I disorders by

AAN expert opinion (largely on the basis of a high proportion

of neurologist involvement and prospect for continued chronic

care after diagnosis) for in-depth accounting of health care utili-

zation and outcomes focused on 4 neurologic diseases: MS, epi-

lepsy, PD, and stroke. Epilepsy ETGs with epilepsy surgeries

were excluded for phase II.

Determination of exposure. Exposure was defined as an

office-based or outpatient face-to-face encounter with a

neurologist for all conditions except stroke in phase I (but not

phase II), where a billed inpatient consultation or visit

identified neurologist involvement.

Outcomes of interest. Phase I of the study examined the num-

bers of specific neurologic ETGs within the dataset, the incidence

of neurologist involvement, and the mean total direct health care

costs stratified over ETGs with and without neurologist involve-

ment in care. Costs were defined as allowed payments from

third-party payers, indexed using the Consumer Price Index for

Medical Expenditure to 2012 dollars.8 Cost outliers (,5th and

.95th percentile) were excluded.

Phase II focused on condition-specific metrics of incident

adverse event and related health care utilization, or use of

disease-specific treatments and screening in consultation with

subject matter experts from the AAN. Occurrence and counts

of ICD-9-CM diagnostic codes, Current Procedural Terminology

(CPT) codes, and Healthcare Common Procedure Coding Sys-

tem (HCPCS) codes within ETGs were dichotomized over neu-

rologist involvement. Pharmaceutical-related outcomes were

determined for ETGs where persons had pharmacy insurance

benefits.

Severity determination. Optum utilizes regression analysis of

diagnostic codes encompassed within a particular ETG, adjusted

for patient demographics, condition status, and comorbidities to

differentiate severity levels (higher severity correlating with higher

costs). For ETGs with only 1 associated ICD-9-CM diagnostic

code (i.e., MS, PD), only 1 severity level can be determined. An

ETG could have up to 4 levels of increasing severity.

Statistical analysis. The results of the project were presented to
the AAN as summary count data by Optum. Observation-level

data were not available for subsequent review or analysis.

The analysis for phase I depicts ETG counts, proportions,

and unadjusted mean costs for neurologic diseases and neurolo-

gist involvement. Costs were not adjusted based on differences

in third-party payers. This descriptive analysis is stratified for

year, where appropriate. No hypothesis testing was performed.

Descriptive analysis for phase II included ETG count data,

and outcome counts by neurologist involvement stratified

within-ETG severity level where available and appropriate. Sec-

ondary analysis using 2 3 2 table odds ratio estimation tested

for significant differences between nonoverlapping ETG count

categories, when possible. Significance was set at a 5 0.05 and p
values reported for x2 test for homogeneity. Further adjustment

using Mantel-Haenszel techniques for severity levels was not per-

formed due to (1) only 1 level of severity for the disorder (MS,

PD), (2) no important differences were ascertained among sever-

ity levels (stroke), or (3) the data reporting did not lend itself to

inferential testing (epilepsy). All dataset queries and descriptive

analysis was performed using SAS 9.3 (SAS Institute, Cary, NC).

Secondary analysis of phase II results were performed using Stata

13.0 (StataCorp, College Park, TX).

RESULTS Phase I. A total of 1,913,605 ETGs met
inclusion criteria. Of these, 593,101 had neurologist
involvement among 10 index neurologic conditions.
Relative to the overall demographic of the Optum
Database, persons seeing neurologists were older
(mean age 46.9 years vs 36.5 years), more often
female (59.6% vs 52.3%), and had Medicare as pri-
mary insurance (22.2% vs 8.7%) (table 1). ETG
counts were largest for migraine (n 5 998,036) and
epilepsy (n 5 279,173), and smallest for ALS (n 5

3,271) (figure 1). Two or more severity levels were
differentiated in epilepsy (high and low severity),
stroke (4 graduated levels of severity), and migraine
(3 levels of severity) (table e-1 on theNeurology®Web
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site at Neurology.org). Neurologist involvement was
highest for stroke and MS (.70%), and least for
dementias, developmental disorders, and autism
(,12%). ALS, epilepsy, and PD had neurologists
involved with $50% of episodes (figure 1). In
migraine and epilepsy, neurologist involvement was
greater at higher severity levels (table e-2).

Total allowed payments for condition-related
health care during the ETG calendar year were greater

with neurologist involvement for all conditions.
Neurologists had the largest percentage effect on
annual costs for multiple sclerosis (1100% costs),
and the least among Alzheimer disease and acute
stroke (125% costs) (figure 2). Among the lowest
severity level ETGs for epilepsy and migraine, costs
were $40% greater with neurologist involvement
(table e-2).

Phase II: Focused metrics for specific conditions. Adverse
event reporting and related health care utilization was
less for ETGs with ambulatory neurologist care, while
usage of disease-specific treatments and screening was
substantially greater for selected conditions (figures 3
and 4). Notably, only 32% of ETGs for stroke
included an outpatient neurologist, meeting the case
definition for phase II neurologist involvement.

ETGs with neurologist ambulatory care had signif-
icantly fewer overall hospitalizations, fewer diagnosed
fractures and related health care, fewer pneumonia ad-
missions, and less coincident major depression in MS
and PD. Postacute care (skilled nursing facility
[SNF] or home health agency [HHA]) utilization
was less when an outpatient neurologist was involved
in ETGs for MS (SNF odds ratio [OR] 0.12, 95%
confidence interval [CI] 0.11–0.12), stroke (SNF
OR 0.59, 95% CI 0.54–0.64), and PD (HHA OR
0.42, 95% CI 0.34–0.53). Epilepsy ETGs with neu-
rologist care had lower mean annual rates of ED usage
(0.22 vs 0.27) and, at the higher severity level, signif-
icantly less inpatient admission from the ED (OR
0.44, 95% CI 0.42–0.46).

Neurologist care was associated with greater utili-
zation of disease-specific therapies, including immu-
notherapies for MS (OR 10.9, 95% CI 9.4–12.7),
deep brain stimulation in PD (OR 2.26, 95% CI
1.96–2.60), dopaminergic pharmacotherapy in PD
(OR 3.16, 95% CI 2.79–3.58), and anticoagulation
in atrial fibrillation–associated stroke (OR 2.63, 95%
CI 2.17–3.19). EEGs were more commonly utilized
in epileptic patients with outpatient neurologists.
Neurologist ambulatory care in stroke was associated
with more use of speech therapy and sleep studies
(OR 1.63, 95% CI 1.55–1.71, p , 0.001; OR
2.65, 95% CI 2.49–2.82, p , 0.001, respectively).
However, yearly ophthalmologic screening and liver
function and blood count testing in MS (if receiving
immunotherapies), physical and occupational therapy
for PD, and medication compliance rates in epilepsy
and MS were not substantially different or were
slightly worse in the group with identified neurologist
care (table e-3).

DISCUSSION This study is part of the AAN’s ongo-
ing effort to determine if and how a neurologist pro-
vides value to health care. Phase I results informed

Figure 1 Episode treatment groups (ETGs) (bar height) and percentage
neurologist involvement (top of bars) for 10 neurologic conditions

*Involvement defined as ambulatory care for all conditions except acute stroke, where inpa-
tient neurologist care was defined as involvement. **Acute stroke defined as having an
inpatient stay with a discharge diagnosis-related group for stroke in a calendar year.

Table 1 Demographic and insurance information of persons seen by neurologists
for 10 identified conditions compared to the entire Optum dataset

Optum database,
all persons

Persons seen by neurologists in Optum
database (10 conditions, phase I of study)

No. 21,395,963 593,101

% Female 52.3 59.6

Mean age, y 36.5 46.9

% Commercial 91.3 77.8

% Medicare 8.7 22.2
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selection of index neurologic conditions for phase II,
where epilepsy, MS, PD, and stroke ETGs were rel-
atively common, with a high proportion of ambula-
tory neurologist care. Ambulatory care by
neurologists was selected as the exposure of interest,
because the majority of neurologist care occurs in an
outpatient or office-based medical setting.9 The
findings give a bird’s eye view of commercial claims
data pertinent to neurologists by examining ETGs,
the most common classification of disease-related
services for commercial payers, and a likely
candidate for use in Medicare and Medicaid in the
near future.10 The major study findings are costs of
care when a neurologist is involved, the effect of
neurologist care on acute and postacute health care
utilization, and the effects on disease-specific
therapies and screening.

The first major finding is that ETGs with neurol-
ogist involvement have greater allowed third-party
payment. This result should be tempered by several
factors. (1) Analysis compares neurologist involve-
ment with noninvolvement, including ETGs where
no physician care is identified. These ETGs will
invariably have less expense than those with physician
involvement. (2) Neurologists deliver disease-specific
care, where diagnostic testing (i.e., EEGs and MRIs)
and disease-specific drugs are more likely to be cap-
tured as expenses of the ETG than other care. (3)
Many cost-savings effects of neurologist care medi-
ated by reduced acute health care utilization are not
reflected in the disease-specific ETG payments. Fewer

inpatient admissions and emergency visits for pneu-
monia and fractures would not be included in the
ETG payments. (4) By looking only at cross-
sectional data confined within the calendar year, we
may not be capturing the longitudinal effects of neu-
rologist care on bending the curve of disease costs
over the lifetime of the disorder. (5) These results
are unadjusted for patient disease severity, age, or co-
morbid conditions. (6) We look only at allowed
third-party payments, not indirect health costs such
as caretaker costs, work absenteeism, reduced produc-
tivity, or opportunity losses from missed school. Nor
does this study quantify diminished quality of life.

Certainly, ETGs with neurologist involvement
may have greater costs even if all of these issues were
addressed, but the beneficial effects of neurologist
care may not be reducible to costs alone. The goal
of health care, then, is not to provide care at zero or
net negative expenditure, but rather to improve
health and quality of life at acceptable costs. Through
administrative claims data, we cannot look at clinical
improvement directly, but we can deduce better
health in avoided ED visits and unplanned hospital-
izations, where these data show a meaningful and sig-
nificant effect for neurologist ambulatory care,
especially in MS and PD. For health economists, this
becomes part of a familiar formulation, where the cost
per beneficial health effect is not zero or negative, but
improved health is achieved at some increased cost.11

The second major finding is that neurologist
ambulatory care is associated with decreased adverse

Figure 2 Average annual episode treatment group (ETG) costs (allowed third-party payments, in 2012 US
dollars) by neurologist involvement
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events and usage of acute and postacute health care
resources. Patients who visit neurologists for MS have
fewer urinary tract infections and decubitus ulcers,
less pneumonias and major depression in MS and
PD, and fewer disease-specific hospitalizations for
MS, PD, and epilepsy (including epilepsy monitoring
unit admissions). That all-cause hospitalizations are
less for these patients with ambulatory neurologist care
suggests that neurologist visits may have beneficial
effects even outside of the treated neurologic disorder.
ED visits are reduced with neurologist care for severe
epilepsy, a disorder defined by its paroxysmal events,
in all-cause, epilepsy-specific, and head-trauma ED
visits. Even when an ED visit occurs, subsequent inpa-
tient hospitalization is less likely for patients with epi-
lepsy under a neurologist’s care. Postacute care is also
meaningfully affected for patients with neurologist out-
patient care, where SNFs were less likely to be used for

MS and stroke, and the likelihood of HHA use was less
for patients with PD. Only the odds of major depres-
sion in stroke patients were (nonsignificantly) higher
with neurologist outpatient care, which may be due to
greater identification by neurologists of underlying
major depression.

The third major finding is that neurologist
involvement is associated with improvement in utili-
zation of disease-specific therapies and screening.
Neurologist care is significantly associated with
greater usage of symptom-ameliorating and disease-
modifying medication usage for MS, PD, and stroke.
Poststroke patients are more likely to have polysom-
nography for sleep-disordered breathing if they are
taken care of by neurologists. Deep brain stimulation
is more common among patients with PD with out-
patient neurologists. In contrast, patients under neu-
rologist care are no more likely to have routine

Figure 3 Adverse events and health care utilization metrics, and association with neurologist ambulatory care, by condition

*Epilepsy has 2 severity levels; total episode treatment groups (ETGs) depicted here for epilepsy are emergency visits. CI 5 confidence interval; ED 5

emergency department; OR 5 odds ratio.
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ophthalmologic care, cognitive testing, or complete
blood counts or liver function testing for MS, are less
likely to have physical or occupational therapy for
PD, and had no better medication compliance rates
in epilepsy. While a number of these metrics
are coincident with AAN Physician Performance
Quality Measures (https://www.aan.com/practice/
quality-measures/), the metrics were not based on
these published guidelines.

The results depicted here provide a substantial
contribution to health services research on neurolo-
gist involvement with care and provide a model to
study the value of specialist care in general. Access
to a neurologist has been an outcome of interest in
a number of studies,9,12–14 but the differential effect
of neurologist involvement on clinical, cost, and
downstream health care utilization outcomes have
been evaluated in few studies for specific diseases.
The VA Stroke Study15 showed neurologist involve-
ment with inpatient stroke care was associated with
more diagnostic testing and greater costs, but
improved patient outcomes (less mortality and disa-
bility). In a survey of 121 Dutch patients with MS,16

69% of those seeing a neurologist reported health care
use (inpatient and outpatient) in the subsequent 6
months, compared to 62% of those seeing a general
practitioner. For a cohort of 103 patients diagnosed
with pseudoseizures by an epileptologist,17 emergency

and inpatient visits were reduced by 40% in the year
after diagnosis compared to the year prior. In studies
of Medicare claims for patients with PD,18,19 health
care use for hip fracture, SNF usage, and inpatient
stay for PD-related events were significantly reduced
when a neurologist was involved with care.

Our study coincides with the recent emphasis on
acute and postacute care with implications for health
care policy. The Center for Medicare and Medicaid
Services (CMS) assesses 30-day readhmission rates
for modifications in Medicare Part A payments to
hospitals, while basing the value-based payment mod-
ifier to Part B physician payments in part on inpatient
care usage.20 Payments to SNFs and home health
agencies have grown at twice the annual rate of hos-
pital and physician payments, and account for 40% of
the geographic variation in Medicare spending.21,22

Ambulatory neurologist care could be incentivized
by CMS through inclusion of neurologists in
accountable care organizations, the Bundled Payment
for Care Improvement program, and patient-centered
medical home new care models,23 through inclusion
in the cognitive care bonus that primary care and
medicine subspecialist physicians enjoyed and
through Medicare–Medicaid physician payment–par-
ity initiatives.24

There are several limitations to this study. Admin-
istrative claims data pose unique challenges to

Figure 4 Disease-specific therapeutics and related screening metrics, by condition

*For episode treatment groups (ETGs) with included pharmacy insurance benefit. **Immunotherapies not including steroid treatments. CI 5 confidence
interval; OR 5 odds ratio; OT 5 occupational therapy; PT 5 physical therapy.
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researchers. Sample sizes are enormous, and can
overemphasize minor differences.25 The absence of
clinical information creates a need for proxies based
on coding of billed services. To be counted, services
must first be billed, then the coding must be assumed
to be accurate. Outcomes are limited to health care
resource utilization, and patient-reported outcomes,
such as disability (e.g., Expanded Disability Status
Scale in MS), cannot be determined. The data for
researchers are de-identified; there can be no indepen-
dent chart review process to validate data. Further-
more, we cannot presume random selection of an
intervention or exposure, and often the limited demo-
graphic and patient information is not enough to
estimate the latent biases in selection. Here, the re-
ported results are unadjusted and selection bias is
likely.

Despite attempts at stratification, severity of neu-
rologic disease in these data is mostly unknown.
Where severity levels could be differentiated in ETGs
for migraine, stroke, and epilepsy, neurologist care
was more prevalent at higher severity levels. This sug-
gests that neurologists see patients with greater disease
severity. While this may explain the increased unad-
justed costs for ETGs with neurologist visits in phase
I, greater patient disease severity would bias the effects
on adverse events and acute/postacute health care uti-
lization in phase II toward the null. For equal severity
patients, the true beneficial effects of neurologist care
are likely greater in magnitude than those depicted
here.

Other limitations are related to the persons repre-
sented in the data and the analysis. As a commercial
dataset, the proportion of Medicare-eligible patients
is smaller than in the total population, leading to
underrepresentation of diseases associated with the
elderly, including stroke and PD. Optum provided
results in phase II as summary count data only; post
hoc inferential analysis was performed on ETG
counts where possible. Finally, where inferential
analysis shows statistical significance, we cannot infer
causation from these unadjusted observational claims
data.

Although many of our findings were significant in
post hoc analysis, the effects of neurologist ambula-
tory care on health care utilization should be demon-
strated in private and public payer datasets with
appropriate adjustment for demographic, clinical
comorbidity, and location factors. Attempts to elimi-
nate the selection bias of the exposure can be ad-
dressed through pseudorandomization approaches of
propensity scoring and instrumental variable metho-
dology26,27 in addition to multiple regression model-
ing. A registry with combined clinical and
administrative data, prospectively collected from dis-
ease onset and linked forward to health care events

over years, would help to further validate our findings
and address expenditures on a longer timeline, albeit
with considerable cost for the scale required for sta-
tistical validity. These data and methods may help to
confirm that neurologists provide high-quality care
with fewer adverse events.
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Introducing EBM Online—FREE to AAN Members!
The American Academy of Neurology again demonstrates its commitment to high-quality neurology
education by converting and refining its popular classroom evidence-based medicine training into a
convenient on-demand, self-paced online program. Only EBMOnline from the AAN provides the
trusted expertise of the source of the world’s most respected neurology guidelines.

EBM Online:

• Features five hours of convenient, interactive courses in 10 modules

• Uses common, real-life neurologic clinical examples

• Measures outcomes with pre-test, post-test, and module evaluations

• Provides helpful feedback on individual knowledge and more

This program is available now to residents and fellows; practicing neurologists are encouraged to
register when CME is available in 2016.

Learn more at AAN.com/view/EBMOnline.
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