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Abstract
Background and Objectives
Patients with drug-resistant epilepsy (DRE) may benefit from specialized testing and treatments to
better control seizures and improve quality of life. Most evaluations and procedures for DRE in the
United States are performed at epilepsy centers accredited by the National Association of Epilepsy
Centers (NAEC). On an annual basis, the NAEC collects data from accredited epilepsy centers on
hospital-based epilepsy monitoring unit (EMU) size and admissions, diagnostic testing, surgeries,
and other services. This article highlights trends in epilepsy center services from 2012 through 2019.

Methods
We analyzed data reported in 2012, 2016, and 2019 from all level 3 and level 4 NAEC
accredited epilepsy centers. Data were described using frequency for categorical variables and
median for continuous variables and were analyzed by center level and center population
category. EMU beds, EMU admissions, epileptologists, and aggregate procedure volumes were
also described using rates per population per year.

Results
During the period studied, the number ofNAEC accredited centers increased from161 to 256, with the
largest increases in adult- and pediatric-only centers. Growth in EMU admissions (41%), EMU beds
(26%), and epileptologists (109%) per population occurred. Access to specialized testing and services
broadly expanded.The largest growth in procedure volumes occurred in laser interstitial thermal therapy
(LiTT) (61%), responsive neurostimulation (RNS) implantations (114%), and intracranial monitoring
without resection (152%) over the study period. Corpus callosotomies and vagus nerve stimulator
(VNS) implantations decreased (−12.8% and −2.4%, respectively), while growth in temporal lobec-
tomies (5.9%), extratemporal resections (11.9%), and hemispherectomies/otomies (13.1%) lagged
center growth (59%), leading to a decrease in median volumes of these procedures per center.

Discussion
During the study period, the availability of specialty epilepsy care in the United States improved as the
NAEC implemented its accreditation program. Surgical case complexity increased while aggregate
surgical volume remained stable or declined across most procedure types, with a corresponding
decline in cases per center. This article describes recent data trends and current state of resources and
practice across NAEC member centers and identifies several future directions for driving systematic
improvements in epilepsy care.
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Epilepsy affects 1%–2% of the global population, with an esti-
mated prevalence of 3.4 million persons in the United States.1

About 30% continue to have refractory seizures despite treat-
ment with antiseizure medications (ASMs),2 leading to in-
creased morbidity and mortality, decreased quality of life, and
increased health care utilization.3,4 Persons with drug-resistant
epilepsy (DRE) may benefit from surgical intervention, dietary
therapy, or access to investigational trials.5,6 Therefore, the
American Academy of Neurology (AAN) and other pro-
fessional organizations recommend persons with DRE discuss
or undergo evaluation at a comprehensive epilepsy center for
consideration of epilepsy surgery evaluation and other special-
ized services.7-9 Epilepsy center practices are steered by national
and international practice guidelines and quality measures
establishing standards in care delivery and patient safety.8,10,11

Most evaluations and procedures in the United States for
DRE are performed at National Association of Epilepsy Cen-
ters (NAEC) member institutions. The NAEC is a nonprofit
association with a membership of more than 260 epilepsy
centers. NAEC requires completion of an annual accreditation
process by every member center to evaluate certain criteria of
specialized epilepsy centers as outlined by NAEC.8 Centers are
recognized as level 3 or level 4 centers based on center re-
sources, with level 4 centers serving as regional or national
referral sites with comprehensive diagnostic and surgical
treatment capabilities.8 In general, level 3 epilepsy centers are
facilities with EEG, neuroimaging, interdisciplinary epilepsy
care, vagus nerve stimulator (VNS) insertion, and epilepsy
surgeries not requiring invasive monitoring. Level 4 centers are
distinguished by expertise with specialized neuroimaging, in-
tracranial EEG, and more complex surgical techniques. Formal
accreditation was implemented in 2015 based on expanded
criteria.8 Member centers self-report data regarding services
provided, procedure volumes, and staff numbers. Sample di-
agnostic and surgical reports are uploaded and reviewed. Cre-
dentials of listed personnel are verified by NAEC staff to meet
required levels of certification.

Kaiboriboon and colleagues12 reviewed NAEC annual report
data between 2003 and 2012 and reported growth in number
of epilepsy centers, total surgeries, and total VNS insertions
across NAEC centers. Since then, NAEC implemented its
accreditation program and the number of centers accredited
by NAEC greatly expanded. This article describes recent data
trends and current state of resources and practice across
NAECmember centers and identifies several future directions
for driving systematic improvements in epilepsy care.

Methods
We analyzed data obtained from annual reports submitted for
2012, 2016, and 2019 from all level 3 and level 4 NAEC
epilepsy centers (eAppendices 1–3, links.lww.com/WNL/
B678). These years were selected to assess trends beginning
from the last NAEC data publication to the most recently
available data.12 All reported data were collected prior to the
COVID-19 pandemic.

Statistical Methods
Data were analyzed using frequency (%) for categorical var-
iables and median (interquartile range [IQR]) for continuous
variables. Select variables per capita were described using rates
based on US total population data collected from the US
Census Bureau (data.census.gov/cedsci). Dependent vari-
ables were analyzed by center level (level 3 vs level 4) and by
center population (adult only, adult/pediatric combined, or
pediatric only). Procedure data in tables are presented 2 ways.
First, the frequency (percentage) of centers that performed at
least one procedure was displayed. Then, the median (IQR)
of procedures performed among those centers that performed
at least one of the procedures (excluding zeros) was calculated.

Minor changes in the way data were collected occurred during
the study time frame. For example, in 2012, centers with >9
epileptologists were all marked as having ≥10 (censored).
Thus, both the median for uncensored values and the
frequency/percent of censored epileptologist values were
reported. This also caused the rate of epileptologists per
1,000,000 population to appear artificially low that year.

If a variable was not collected in one of the years, for example,
the 2012 annual report did not include data on center access to
magnetoencephalography (MEG), neuropsychology testing,
hemispherotomies, laser interstitial thermal therapy (LiTT), or
responsive neurostimulation (RNS) implantation (approved
by the Food and Drug Administration in 2013), these obser-
vations were not considered missing. However, rarely, data
points were missing from individual center annual reports and
the percent missing data per field was calculated. The in-
tracranial monitoring total was the sum of reported temporal
lobectomies with intracranial electrodes, extratemporal resec-
tions with intracranial electrodes, and intracranial electrodes
with no resection. Missing values were ignored in these sums if
one or more component procedure volumes was reported.

Due to the low number of years being compared, we applied
nonparametric statistical tests to test for any increasing or

Glossary
AAN = American Academy of Neurology; ASM = antiseizure medication; CLTE = certified long-term EEG technologist;
DRE = drug-resistant epilepsy; EMU = epilepsy monitoring unit; IQR = interquartile range; LiTT = laser interstitial thermal
therapy; MEG = magnetoencephalography; NAEC = National Association of Epilepsy Centers; REEGT = registered EEG
technologist; RNS = responsive neurostimulation; VNS = vagus nerve stimulator.
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decreasing trend across 3 years. For variables that are
expressed as medians or rates per populace, the Jonckheere-
Terpstra test13 was used. For variables that are expressed as
binomial proportions, the Cochran-Armitage test was used.14,15

For variables collected only in 2016 and 2019, comparisons
between years were conducted using the 2-sided Mood16 me-
dian test for medians and the χ2 test for proportions. Mood test
is a nonparametric alternative to the t test for small sample size
and non-normally distributed data. If only one procedure was
performed in a combination of year and accreditation level/
patient demographic, a statistical test could not be computed,
and no p values were calculated. Due to the descriptive nature of
the study, nomultiple testing correction was applied. Two-sided

p values less than 0.05 were considered statistically significant.
All analyses were conducted using R 4.0 (R Core Team).

Standard Protocol Approvals, Registrations,
and Patient Consents
The ethical standards committee at Nationwide Children’s
Hospital determined this study exempt from institutional
review board approval.

Data Availability
Qualified researchers may request data using the NAEC policy
governing the release ofmember center data (naec-epilepsy.org/
wp-content/uploads/NAECBoardPoliciesforDataAccess.pdf).

Figure 1 Number of National Association of Epilepsy Centers Member Centers Over Time

(A) By Level. (B) Demographic.

Table 1 Staffing and Length of Stay by Center Level Over Time

Characteristic

Level 3 Level 4

2012 (n = 25)b 2016 (n = 40)b 2019 (n = 58)b p Value 2012 (n = 136)b 2016 (n = 184)b 2019 (n = 198)b p Value

EEG staff FT 4.0 (2.0, 6.0) 4.0 (2.8, 6.0) 6.0 (4.0, 8.8) <0.01c 8.0 (5.0, 11.5) 9.0 (6.0, 13.0) 11.0 (7.0, 16.0) <0.01c

EEG staff REEGT 2.0 (1.0, 3.0) 3.0 (2.0, 4.2) 3.5 (2.0, 5.0) 0.04c 4.0 (2.0, 7.0) 5.0 (3.0, 8.0) 6.5 (4.0, 10.0) <0.01c

EEG staff CLTM 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 0.0 (0.0, 1.0) 0.06 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 1.0 (0.0, 2.0) <0.01c

Number of epileptologistsa 2.0 (1.0, 3.0) 3.0 (2.0, 3.0) 3.0 (2.0, 3.8) 0.06 5.0 (3.0, 7.0) 5.0 (3.0, 7.0) 6.0 (4.0, 9.0) <0.01c

Epileptologists ≥10, n (%)a 0.0 (0.0) — — — 10.0 (7.4) — — —

EMU beds, all 4.0 (3.0, 5.0) 4.0 (3.0, 6.0) 4.0 (4.0, 6.0) 0.05 8.0 (5.8, 11.0) 7.0 (5.0, 10.0) 8.0 (6.0, 11.0) 0.48

EMU admissions, all 129.0 (79.0,
207.2)

154.0 (78.5,
228.0)

127.0 (70.5,
194.0)

0.89 340.0 (200.0,
549.0)

310.0 (183.0,
492.8)

330.5 (208.2,
545.5)

0.83

Average LOS 3.0 (2.8, 4.2) 3.1 (2.3, 4.0) 3.3 (2.6, 4.0) 0.80 4.0 (3.0, 4.6) 3.5 (3.0, 4.2) 3.5 (2.9, 4.0) <0.01c

Abbreviations: CLTM = certified long-term monitoring; EMU = epilepsy monitoring unit; FT = full time; LOS = length of stay; REEGT = registered EEG
technologist.
a Due to the design limitation, the 2012 survey had a predefined choice, but did not record the number of epileptologists when there are more than 10.
b Statistics presented: median (interquartile range).
c Significant.
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Results
Reporting centers increased over time from 161 in 2012 to
256 in 2019. Annual report completion rate was 100% across
all years. The range of data missingness for all variables was
<10% (eTable 1, links.lww.com/WNL/B678).

Center Demographics and Services
NAEC member centers grew across all levels and populations
during the study period (Figure 1). The largest increase oc-
curred in adult- or pediatric-only centers, rather than those
serving both children and adults. Summary findings for center
personnel, facility size, and characteristics are detailed by
center level (Table 1) and patient population (Table 2).

Median center size (epilepsy monitoring unit [EMU] beds
and admissions) did not change. However, aggregate access to
epilepsy care per population did increase, with most of the
increase driven by increased numbers of level 3 and pediatric
centers. Per 1 million people, EMU admissions increased
from 2012 to 2019 from 11.7 to 30.3 (+159%) in level 3
centers and 193 to 259 (+34%) in level 4 centers. By pop-
ulation served per 1 million people, EMU admissions changed
from 37.6 to 75.4 (+100%) in adult centers, 129.2 to 121.3
(−6%) in combined centers, and 38.1 to 93.1 (+144%) in
pediatric centers. Length of stay decreased in level 4
centers and those that served combined adult/pediatric
populations.

Growth was positive in EMU beds per 1 million people (level
3: 0.3 to 0.9 [+200%]; level 4: 3.6 to 4.3 [+47%]; adult cen-
ters: 0.9 to 2.1 [+133%]; combined centers: 2.5 to 2.8
[+12%]; pediatric centers: 0.5 to 1.3 [+160%]). Number of
epileptologists per 1 million people also increased from 2012
to 2019 (level 3: 0.2 to 0.5 [+150%]; level 4: 2.0 to 4.1
[+105%]; adult centers: 0.6 to 1.6 [+167%]; combined cen-
ters: 1.3 to 2.1 [+62%]; pediatric centers: 0.3 to 1.0 [+233%]).

Growth in median center staff EEG technologists occurred in
adult and combined adult/pediatric centers (Table 2). Cen-
ters hired more registered EEG technologists (REEGTs) in
adult and pediatric centers and certified long-term EEG
technologists in combined and pediatric centers. Total certi-
fied EEG technologists accounted for more than half of
technologists at centers.

Access to testing modalities and specialized services broadly
expanded across both levels (eTable 2, links.lww.com/WNL/
B678) and all populations (eTable 3). Greatest growth areas
included alternative/complementary medicine (adult centers
1.9%–32.9%; combined centers 0%–51.1%; pediatric centers
0%–36%), ketogenic diet in level 3 and adult centers (level 3
28%–48.3%; adult centers 36.5%–54.5%), and genetic testing
or counseling (level 3 64%–79.3%; level 4 72.8%–90.9%;
pediatric centers 63.6%–100%). Access to MEG, which was
only included in 2016 and 2019 survey data, was relatively
stable (level 3 0%–8.6%; level 4 23.9%–19.2%; adult centersTa
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11.4%–12.7%; combined centers 18.3%–12.5%; pediatric
centers 39.5%–34%).

Center Procedures
Procedure data were analyzed across all years by aggregate
volumes and population rates (Table 3) and by center level
median volume and utilization rate by level (Table 4) and
patient population (Table 5). Most surgeries were performed
at level 4 centers (eFigure 1, links.lww.com/WNL/B678).

Over the study period, the total volume of temporal lobec-
tomies (5.9%), extratemporal resections (11.9%), and
hemispherectomies/otomies (13.1%) increased slower than
center growth (59%). Corpus callosotomies (−12.8%) and
VNS implantations (−2.4%) decreased during the study
timeframe. In contrast, growth in laser ablations (61%), RNS
implantations (114%), and intracranial monitoring without
resection (152%) outpaced overall center growth.

Median volumes of some procedure types changed over time
between center levels. Median number of temporal lobectomies

decreased in level 4 centers from 9 to 6 (p = 0.01), but changes
in extratemporal resections in level 4 centers did not reach
significance (5.5–4; p = 0.08). Level 4 centers performed
fewer VNS implantations (13–9; p ≤ 0.01). Level 4 centers
performed more intracranial monitoring without resection
(2–4.5; p ≤ 0.01), while level 3 centers performed less (3–1;
p = 0.05).

Procedures across target populations changed as well. Corpus
callosotomies decreased in adult centers from15 to 12 (p= 0.04).
Pediatric centers had a decrease in temporal lobectomies from 10
to 4.5 (p = 0.04) and corpus callosotomies from 4 to 2 (p= 0.04).
Median intracranial monitoring without resection procedures
increased in adult centers from 2 to 5 (p ≤ 0.01) and pediatric
centers from 1.5 to 4.5 (p ≤ 0.01).

Procedure utilization changed over time. LiTT and RNS were
most often utilized by level 4 centers and increased sub-
stantially from 40.1% to 58.4% (p ≤ 0.01) and 39.9%–65.4%
(p ≤ 0.01), respectively. LiTT utilization also increased in
combined centers from 35.2% to 53.9% (p = 0.02). There

Table 3 Aggregate Procedure Counts and Rate per Population per Year

Characteristic

Procedure volume % Change

p Value
2012
(n = 161)a

2016
(n = 224)a

2019
(n = 256)a 2012 to 2016 2016 to 2019 2012 to 2019

Temporal lobectomy 1,424 1,541 1,508 8.2 −2.1 5.9 <0.01c

Temporal lobectomy per 1M population 4.54 4.77 4.59 5.1 −3.8 1.1 <0.01c

Extratemporal resection 784 1,016 877 29.6 −13.7 11.9 0.06

Extratemporal resection per 1M population 2.50 3.14 2.67 25.6 −15.0 6.8 <0.01c

Corpus callosotomy 179 170 156 −5.0 −8.2 −12.8 0.54

Corpus callosotomy per 1M population 0.57 0.53 0.48 −7.0 −9.4 −15.8 <0.01c

VNS implantation 2,732 2,080 2,667 −23.9 28.2 −2.4 <0.01c

VNS implantation per 1M population 8.70 6.44 8.13 −26.0 26.2 −6.6 <0.01c

Hemispherotomyb — 168 190 — 13.1 — 0.85

Hemispherotomy per 1M populationb — 0.52 0.58 — 11.5 — 0.05c

Laser ablationb — 438 705 — 61.0 — 0.18

Laser ablation per 1M populationb — 1.36 2.15 — 58.1 — 0.88

RNS implantationb — 264 566 — 114.4 — 0.96

RNS implantation per 1M populationb — 0.82 1.72 — 109.8 — 0.12

Total intracranial monitoring 1,746 1,817 2,309 4.1 27.1 32.2 0.26

Total intracranial monitoring per 1M population 5.56 5.62 7.03 1.1 25.1 26.4 0.03c

Intracranial electrodes, no resection 406 506 1,022 24.6 102.0 151.7 <0.01c

Intracranial electrodes, no resection per 1M population 1.29 1.57 3.11 21.7 98.1 141.1 0.24

Abbreviations: RNS = responsive neurostimulation; VNS = vagus nerve stimulation.
a Statistics presented: sum.
b p Values calculated using Jonckheere-Terpstra test or Mood median test for noted variables.
c Significant.
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were no significant changes inmedian LiTT procedures, though
they trended up in pediatric centers from 2 to 4 (p = 0.11). RNS
utilization increased in combined centers from 41.6% to 66.7%
(p ≤ 0.01) and pediatric centers from 7.5% to 36.7% (p ≤ 0.01)
with no change in procedure medians across categories.

Discussion
Over the study period, access to specialty epilepsy care in the
United States improved as the NAEC implemented accredi-
tation criteria and expanded from 161 to 256 centers. Member
centers increased available epilepsy services and hired more
epileptologists and EEG technologists. Surgical case com-
plexity increased while aggregate surgical volume remained
stable or declined slightly across most procedure types, with a
corresponding decline in cases per center. This study high-
lights several changing trends in epilepsy management in the
United States, identifies important data gaps, and underscores
future opportunities to study and improve quality care.

Implementation of accreditation criteria emphasizing a broad
range of services delivered by expert medical personnel in-
creased center accountability even as center availability also
increased. Center growth was greatest among adult- or
pediatric-focused centers rather than combined adult/
pediatric centers. This is likely due in part to a change in
NAEC requirements for center accreditation resulting in
hospitals with combined adult/pediatric centers applying for
separate accreditation.

Aggregate increases in EMU beds, EEG staff, and epileptolo-
gists followed similar trends. Centers hired more epileptolo-
gists and EEG technologists, while median EMU beds and
admissions per center were stable. Growth in median number
of epileptologists per center parallels an increase in case com-
plexity,17 increasing ICU continuous EEG volume,18 and out-
patient volume. Growth in EEG technologists reflects similar
trends. Technologists are increasingly called upon to monitor
and screen continuous video-EEG studies.19 Most are obtaining
REEGT credentials after meeting professional competencies, a

Table 4 Procedure Utilization (%) and Median Volume by Center Level Over Time for Centers With at Least 1 Procedure

Characteristic

Level 3 Level 4

2012
(n = 25)a

2016
(n = 40)a

2019
(n = 58)a p Value

2012
(n = 136)a

2016
(n = 184)a

2019
(n = 198)a p Value

Temporal lobectomy, % 40.0 33.3 17.6 0.08 91.7 93.9 92.1 0.85

Temporal lobectomy 4.5 (3.0, 6.0) 2.0 (1.0, 2.8) 3.0 (2.0, 5.0) 0.20 9.0 (4.0, 15.0) 6.0 (3.0, 12.0) 6.0 (3.0, 11.0) <0.01d

Extratemporal resection, % 10.0 14.3 10.0 0.91 79.1 79.4 75.3 0.84

Extratemporal resection 1.5 (1.2, 1.8) 3.0 (2.5, 4.0) 1.0 (1.0, 2.0) 0.61 5.5 (3.0, 9.8) 4.0 (2.0, 9.0) 4.0 (2.0, 8.0) 0.08

Corpus callosotomy, % 5.0 3.4 2.0 0.28 48.8 35.0 33.7 0.09

Corpus callosotomy 5.0 (5.0, 5.0) 4.0 (4.0, 4.0) 2.0 (2.0, 2.0) 0.33 2.0 (1.0, 2.8) 2.0 (1.0, 3.0) 2.0 (1.0, 3.0) 0.61

VNS implantation, % 72.7 69.7 77.4 0.85 98.5 93.3 94.9 0.78

VNS implantation 8.5 (4.5, 10.0) 8.0 (2.0, 14.0) 6.0 (3.0, 11.0) 0.51 13.0 (6.2, 24.0) 8.5 (4.0, 16.0) 9.0 (5.0, 17.0) <0.01d

Hemispherotomy, %b,c — 0.0 0.0 — — 34.5 32.6 0.79

Hemispherotomyb,c — — — — — 2.0 (1.0, 3.0) 2.0 (1.0, 4.0) 0.85

Laser ablation, %b,c — 3.6 10.0 — — 40.1 58.4 <0.01d

Laser ablationb,c — 1.0 (1.0, 1.0) 2.0 (2.0, 3.0) — — 3.0 (1.0, 9.0) 5.0 (2.0, 8.0) 0.13

RNS implantation, %b,c — 3.4 6.0 — — 39.9 65.4 <0.01d

RNS implantationb,c — 1.0 (1.0, 1.0) 1.0 (1.0, 2.0) — — 3.0 (1.0, 5.0) 3.0 (1.0, 6.0) 0.88

Total intracranial monitoring, % 24.0 16.7 17.6 0.74 94.9 90.1 94.3 0.82

Total intracranial monitoring 3.0 (2.2, 5.2) 1.0 (1.0, 5.0) 1.0 (1.0, 2.0) 0.05 11.0 (6.0, 17.0) 8.0 (4.0, 14.0) 8.0 (5.0, 17.0) 0.37

Intracranial electrodes,
no resection, %

12.0 7.1 11.8 0.94 69.1 62.6 81.2 0.16

Intracranial electrodes,
no resection

1.0 (1.0, 4.0) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 0.73 2.0 (1.0, 5.0) 3.0 (1.0, 5.0) 4.5 (2.0, 8.0) <0.01d

Abbreviations: RNS = responsive neurostimulation; VNS = vagus nerve stimulation.
a Statistics presented: median (interquartile range).
b p Values calculated using χ2 test or Mood median test for noted variables.
c Test could not be conducted because there were fewer than 2 procedures performed in a group.
d Significant.
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Table 5 Procedure Utilization (%) and Median Volume by Center Population Over Time for Centers With at Least 1 Procedure

Characteristic

Adult Adult/pediatric Pediatric

2012 (n = 52)a 2016 (n = 88)a 2019 (n = 110)1 p Value 2012 (n = 87)a 2016 (n = 93)a 2019 (n = 96)a p Value 2012 (n = 22)a 2016 (n = 43)a 2019 (n = 50)a p Value

Temporal lobectomy, % 83.7 82.7 66.3 0.34 88.0 86.5 82.6 0.92 75.0 87.8 85.7 0.74

Temporal lobectomy 8.0 (4.0, 12.0) 6.0 (3.0, 11.0) 6.0 (3.0, 11.0) 0.15 9.0 (4.0, 15.0) 6.0 (3.0, 12.0) 6.5 (3.0, 12.0) 0.15 10.0 (5.5, 11.5) 5.0 (3.0, 10.2) 4.5 (2.2, 7.8) 0.04c

Extratemporal rxn, % 53.1 63.7 49.0 0.68 77.5 68.2 64.0 0.35 80.0 90.0 83.7 0.95

Extratemporal rxn 4.0 (2.0, 7.0) 4.0 (1.5, 7.5) 3.0 (2.0, 5.0) 0.34 5.0 (3.0, 8.8) 3.0 (1.0, 7.2) 4.0 (2.0, 8.0) 0.12 10.0 (7.5, 16.8) 5.5 (3.8, 13.2) 7.0 (2.0, 11.0) 0.11

Corpus callosotomy, % 31.2 17.9 11.8 0.04c 39.2 30.7 29.2 0.09 85.0 55.0 55.1 0.30

Corpus callosotomy 1.0 (1.0, 2.0) 1.0 (1.0, 2.8) 1.5 (1.0, 2.0) 0.90 2.0 (1.0, 2.0) 2.0 (1.0, 2.5) 1.0 (1.0, 3.0) 0.91 4.0 (2.0, 7.0) 3.0 (2.0, 4.5) 2.0 (1.0, 4.0) 0.04c

VNS implantation, % 94.0 82.9 88.7 0.93 95.3 92.1 92.5 0.74 95.5 97.6 93.9 0.97

VNS implantation 10.0 (5.0, 15.0) 7.0 (4.0, 10.0) 7.0 (4.0, 12.0) 0.10 14.0 (6.0, 24.0) 10.0 (5.0, 16.0) 9.5 (5.0, 19.8) 0.05 17.0 (12.0, 36.0) 10.0 (5.0, 18.0) 11.0 (5.0, 16.8) 0.09

Hemispherotomy, %b — 10.3 6.9 0.60 — 21.6 20.7 >0.99 — 85.0 73.5 0.29

Hemispherotomyb — 1.0 (1.0, 2.2) 1.0 (1.0, 2.5) >0.99 — 2.0 (1.0, 3.0) 2.0 (1.0, 2.8) >0.99 — 2.0 (1.0, 4.0) 2.0 (1.8, 5.0) 0.64

Laser ablation, %b — 31.2 38.2 0.41 — 35.2 53.9 0.02c — 42.5 59.2 0.18

Laser ablationb — 5.5 (1.0, 9.2) 6.0 (4.0, 8.0) >0.99 — 3.0 (2.0, 9.5) 3.0 (2.0, 6.0) >0.99 — 2.0 (1.0, 4.0) 4.0 (3.0, 9.0) 0.11

RNS implantation, %b — 41.0 49.0 0.36 — 41.6 66.7 <0.01c — 7.5 36.7 <0.01c

RNS implantationb — 3.0 (1.0, 4.2) 4.0 (2.0, 6.8) 0.07 — 3.0 (2.0, 5.0) 3.0 (1.0, 6.0) 0.83 — 2.0 (2.0, 5.5) 2.0 (1.0, 3.8) >0.99

Total IC monitoring, % 76.9 75.3 69.9 0.98 85.1 83.1 82.6 0.78 95.5 80.5 87.8 0.94

Total IC monitoring 7.5 (4.0, 14.0) 7.0 (4.0, 12.0) 7.0 (3.0, 15.2) 0.94 10.5 (6.0, 16.0) 7.0 (3.2, 14.0) 7.5 (4.0, 17.2) 0.37 14.0 (7.0, 23.0) 9.0 (5.0, 12.0) 11.0 (4.5, 16.0) 0.17

IC electrodes, no rxn, % 55.8 57.7 61.2 0.29 59.8 56.2 71.4 0.29 72.7 47.5 69.4 0.73

IC electrodes, no rxn 2.0 (1.0, 4.0) 3.0 (1.0, 6.0) 5.0 (2.0, 8.0) <0.01c 2.5 (1.0, 6.0) 3.0 (2.0, 5.8) 4.0 (2.0, 8.0) 0.15 1.5 (1.0, 2.2) 2.0 (1.0, 3.5) 4.5 (3.0, 6.8) <0.01c

Abbreviations: IC = intracranial; rxn = resection.
a Statistics presented: median (interquartile range).
b p Values calculated using χ2 test or Mood median test for noted variables.
c Significant.
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qualifying examination, and continuing education requirements.
However, few hold Certification in Long-Term Monitoring
credentials, which may present an opportunity to further im-
prove seizure detection and patient care.20

Availability of supplemental services across NAEC-accredited
centers increased during the study period. Alternative or
complementary medicine is now available at nearly half of
centers, where previous availability was sparse. Ketogenic diet
availability has grown in level 3 centers and adult centers.
Genetic testing and counseling have been increasingly utilized
for epilepsy diagnosis and management across level 3 and
level 4 centers. Access to advanced diagnostic and therapeutic
options increased over the study period even as more epilepsy
centers achieved NAEC accreditation.

Despite an increase in access to epilepsy centers, aggregate
surgical volumes did not uniformly increase across all proce-
dures. Temporal lobectomies, extratemporal resections, and
hemispherectomies/otomies did not keep pace with center
growth, and corpus callosotomy and VNS implantation volumes
decreased over the study period. In contrast, LiTT, RNS im-
plantation, and intracranial monitoring without resection grew
substantially in aggregate, although median center volumes did
not. The sole procedure type with increasing median volumes
across centers was intracranial monitoring without resection.

The trends in surgical procedures reflect a shift in epilepsy
surgery toward greater surgical case complexity and use of
newer technology. Stereo EEG is increasingly utilized across
the United States and may carry a better safety and tolerability
profile compared to subdural grids,21 which likely lowers the
threshold for performing intracranial monitoring.22 In-
creasing use of LiTT may have displaced some temporal lo-
bectomies, although the increase of LiTT cases far exceeded
the decline in temporal lobectomies from 2016 to
2019.12,23-25 However, despite introduction of new tech-
niques and technologies, the overall rate of epilepsy surgery
has not kept pace with the growth in NAEC centers.26,27

The current NAEC accreditation process emphasizes struc-
tural and process measures of health care quality. Accredita-
tion criteria for all NAEC members include staffing centers
with well-trained personnel, establishing safety and quality
protocols, and providing a breadth of key services. Board-
certified epileptologists and surgeons with specific epilepsy
experience are accreditation criteria for level 4 centers and
level 3 centers that perform surgery.

Assigning a process measure of minimum surgical volume for
epilepsy surgery centers is an ongoing topic of interest. Sev-
eral evidence-based recommendations from International
League Against Epilepsy and other working groups have
proposed minimum procedure volumes for epilepsy
centers.7,28,29 These recommendations are, in part, based on a
higher complication rate in disconnection or resection sur-
geries at centers with fewer than 15 such procedures per

year.23,30 However, NAEC does not require a minimal surgical
volume for epilepsy centers, as reliance on volume measures
alone can also result in unintended consequences, such as
centers performing unnecessary surgery or certain types of
surgery simply to attain accreditation status.

Patient outcome data across epilepsy centers are urgently
needed to develop outcome measures and better incentivize
quality care. Data across epilepsy center networks could be
collected as part of the NAEC accreditation process, with the
goal of progressively expanding the set of data collected and
increasing the standard of care. Indeed, NAEC is helping fund
a practice-based learning health network focused on epilepsy
care that may provide data and infrastructure to improve
outcomes.31 Addressing these data gaps will better enable the
study of seizure-related outcomes and quality of life across
large care delivery networks.

The findings are limited primarily by how data were acquired
through the NAEC accreditation annual reports. Data ac-
quisition methods changed during the study period and rely
primarily on self-reporting of administrative data. The re-
sponse rate was 100% with a very low range of missingness
since the annual data are required for NAEC accreditation.
Our data are in line with previous studies while providing
novel data regarding center characteristics. Although NAEC
member centers do not provide the entirety of epilepsy care in
the United States, they likely represent most of the specialized
evaluation and procedures for those with DRE. For instance,
the Veterans Affairs health care system is a large provider within
the United States, yet performed 5 resections for epilepsy in
2019 and implanted 4 neurostimulators.32 Therefore, our
analysis likely reflects accurate data regarding major trends and
the current state in epilepsy care in the United States.

Specialty epilepsy care in the United States has significantly
changed over the study period. Additional studies are required
to better understand the influence of epilepsy center charac-
teristics on testing, treatment, and outcomes. Epilepsy centers
are key to standardizing access and delivery of epilepsy care
across health care networks.
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