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Abstract

Background and Objectives

Persons with epilepsy, especially those with drug resistant epilepsy (DRE), may benefit from
inpatient services such as admission to the epilepsy monitoring unit (EMU) and epilepsy
surgery. The COVID-19 pandemic caused reductions in these services within the US during
2020. This article highlights changes in resources, admissions, and procedures among epilepsy
centers accredited by the National Association of Epilepsy Centers (NAEC).

Methods

We compared data reported in 2019, prior to the COVID-19 pandemic, and 2020 from all 260
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,
center population category, and geographical location. Qualitative responses from center di-
rectors to questions regarding the impact from COVID-19 were summarized utilizing thematic
analysis. Responses from the NAEC center annual reports as well as a supplemental COVID-19
survey were included.

Results

EMU admissions declined 23% (-21,515) in 2020, with largest median reductions in level 3
centers [-5S admissions (-44%)] and adult centers [-57 admissions (-39%)]. The drop in
admissions was more substantial in the East North Central, East South Central, Mid Atlantic,
and New England US Census divisions. Survey respondents attributed reduced admissions to
re-assigning EMU beds, restrictions on elective admissions, reduced staffing, and patient re-
luctance for elective admission. Treatment surgeries declined by 371 cases (5.7%), with the
largest reduction occurring in VNS implantations [-486 cases (-19%)] and temporal lobec-
tomies [-227 cases (-16%)]. All other procedure volumes increased, including a 35% (54 cases)
increase in corpus callosotomies.

Discussion
In the US, access to care for persons with epilepsy declined during the COVID-19 pandemic in

2020. Adult patients, those relying on level 3 centers for care, and many persons in the eastern
half of the US were most affected.
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Glossary

ASM = antiseizure medication; DRE = drug-resistant epilepsy; EMU = epilepsy monitoring unit; IQR = interquartile range;
LITT = laser interstitial thermal therapy; LOS = length of stay; LTM = long-term EEG monitoring; NAEC = National
Association of Epilepsy Center; RNS = responsive neurostimulation; VEEG = video-EEG; VNS = vagus nerve stimulator.

Epilepsy affects an estimated 3.4 million persons in the United
States." About 30% continue to have seizures despite treatment
with antiseizure medications (ASM).” Persons with drug-resistant
epilepsy (DRE) may benefit from surgical intervention, dietary
therapy, or access to investigational trials.>* Admissions are
commonly arranged for long-term EEG monitoring (LTM) for
presurgical evaluations. Inpatient elective surgical procedures for
epilepsy include surgical implantation of intracranial electrodes
for testing and treatment surgeries that may include implantation
of neurostimulation devices, resections, disconnections, or abla-
tions. Epilepsy management also includes outpatient palliative
procedures, such as implantation of vagus nerve stimulators
(VNS) or neurostimulator battery replacement.

Most evaluations and procedures in the United States for
DRE are performed at National Association of Epilepsy
Center (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.” Centers are accredited as level 3 or level 4 centers
based on center resources, with level 4 centers serving as
regional or national referral sites with comprehensive di-
agnostic and surgical treatment capabilities.5 In general, level
3 epilepsy centers are facilities with video-EEG (VEEG),
neuroimaging, neuropsychology, interdisciplinary epilepsy
care, and capability to perform VNS implantation and epi-
lepsy surgeries not requiring invasive monitoring. Level 4
centers are distinguished by expertise with specialized neu-
roimaging, intracranial VEEG, and more complex surgical
techniques.

During the early months of the COVID-19 outbreak in the
United States, beginning in early 2020, many hospitals
changed practices regarding both elective admissions and
procedures, including those for DRE.® In addition, neu-
rology outpatient visits were transitioned from in-person to
telehealth and practices for obtaining outpatient and in-
patient EEG were disrupted.”® This article describes data
trends in 2020 relative to 2019 in the setting of practice
changes due, in large part, to the COVID-19 pandemic.

Methods

We analyzed data obtained from annual reports submitted for
2019 and 2020 from all level 3 and level 4 NAEC epilepsy
centers. Data trends across NAEC epilepsy centers from 2012
to 2019 were published recently.”
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Statistical Methods

Summary statistics included using frequency (percentage) for
categorical variables and median (interquartile range [IQR])
for continuous variables. Dependent variables were analyzed
by center level (level 3 vs level 4) and by center type (adult
only, adult/pediatric combined, or pediatric only). Procedure
variables were presented in 2 ways due to excessive zeros:
frequency (percentage) of centers that performed at least one
procedure, as well as median (IQR) of numbers of procedures
performed, among these centers (centers with at least 1
procedure).

Two variables were calculated for total intracranial monitoring
cases and treatment-related surgical procedures. 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. The treatment surgery total was the sum of
reported temporal lobectomies, extratemporal resections, la-
ser interstitial thermal therapy (LITT), corpus callosotomies,
hemispherectomies/-otomies, responsive neurostimulation
(RNS) implantations, and VNS implantations. In order to keep
comparisons between years consistent, DBS implantations
were not included due to lack of reliable reporting in 2019.
Missing values were ignored in these sums as long as one or
more component procedure volume was reported.

Centers were compared by accreditation level, patient de-
mographic, and US census division. The Wilcoxon rank-sum
test was used to test for differences in continuous variables
between 2019 and 2020. The x2 or Fisher exact test was used
for categorical variables. Percent change from 2019 to 2020 in
total epilepsy monitoring unit (EMU) admissions was
calculated.

Data from a supplemental survey focused on epilepsy center
responses to the COVID-19 pandemic were also included
(eAppendix 1, links.Ilww.com/WNL/B875). The survey was
sent in July 2020, with 86/256 (34%) centers responding.
Quantitative data were summarized and qualitative responses
reviewed.

Qualitative data from annual report free text comment re-
sponses and the supplemental survey were manually grouped
into themes and subthemes, with 187/260 (72%) annual re-
ports including comments. Questions were open-ended and
voluntary, prompting respondents for comments regarding
service- or personnel-related changes during the year with
regards to the COVID-19 pandemic. Themes were identified
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Figure 1 Changes in Aggregate Admissions by US Census Division From 2019 to 2020
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by response review, theme development, discussion and
consensus, and development of an overarching conceptual
framework.

p Values less than 0.05 were considered statistically sig-
nificant. All analyses were conducted using R 4.0. Figure 1
was generated using the maps package (v3.3.0; 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 of member center data.

Results

Reporting centers changed from 256 in 2019 to 260 in 2020.
Annual report completion rate was 100% across all years. Data
from 2 centers were excluded due to inconsistencies in
reporting. The range of data missingness for all variables
was <10%.

Summary findings for center personnel, EMU admissions,
and length of stay (LOS) are detailed by center level (Table 1)
and patient population (Table 2). Median EMU admissions
significantly declined in all center types except pediatric
centers, and aggregate EMU admissions declined 23%
(Figure 2). Geographic differences in admissions ranged from
an aggregate decline of 30% in the East South Central division
to a decline of 12% in the West North Central division
(Figure 1). Median admissions per center significantly de-
creased from 2019 to 2020 in the East North Central
(336.5-177.0, p = 0.022), Mid Atlantic (321-220, p = 0.022),

Neurology.org/N

and New England (204.5-113.0, p = 0.048) divisions (ag-
gregate admissions per division displayed in Table 3). How-
ever, median staffing, EMU beds, and average LOS were
unchanged over the study period.

Median surgery volumes did not significantly change across
center type or demographic except for VNS implantations,
which declined at level 4 and adult centers. Median extra-
temporal resections significantly declined in the South At-
lantic from 6 (IQR 2.5, 8.0) to 3 (IQR 1.8, 4.0) surgeries per
year. Otherwise, median procedure volumes by type were not
significantly changed within census divisions. Changes in
aggregate procedure volumes varied by procedure type
(Table 4). For instance, the largest increase occurred in cor-
pus callosotomy (+34.8%). The largest decline was in VNS
implantations (—18.5%), although this remained the highest
volume single procedure. Intracranial monitoring without
resection increased 8.7%; total treatment surgery de-
clined 5.7%

The supplemental survey was completed by 86 respondents,
with 83% level 4 centers and 40% adult, 33% adult/pediatric
combined, and 26% pediatric centers. Outpatient visits were
within 25% of prepandemic levels in 81% of centers and tel-
ehealth with video was utilized for more than half of visits by
54% of respondents (eFigure 1, links.lww.com/WNL/B875).
Outpatient EEG volumes were within 25% of prepandemic
levels in only 42% of centers.

Three overarching themes emerged: patient-, system-, and
staff-related challenges (Table S). Subthemes included those
related to actions taken by patients or institutions to mitigate
disease spread, as well as short-term staffing shortages. By late
2020, comments about allocating EMU beds for COVID-19
units on the annual reports were exclusively from adult or
combined centers. However, hospital administration-imposed
limits on elective admissions and surgeries were reported
across all center types. Short-term staffing problems were
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Table 1 Median Staffing, Admissions, Length of Stay, and Procedure Volume by Center Level

Level 3 center

Level 4 center

Characteristics 2019 (n = 57)? 2020 (n = 62)? pValue® 2019 (n = 197)° 2020 (n = 196)? p Value®
EEG staff (full time) 6(4,9) 6(4,8.8) 0.8 11(7,16.2) 11(7,18) 0.4
REEGT 3(2,5) 3.5(1.2,5.8) >0.9 6.5 (4, 10) 7 (4,10) 0.5
LTM REEG T 0(0, 1) 0(0, 1) 0.4 1(0,2) 1(0,2) 0.4
Epileptologists 3(2,4) 3(2,4) 0.4 6(4,9) 6(4,9) 0.3
EMU admissions, all 126 (70.2,189.2)  70.5(32.5,163.2)  0.005¢ 330.5(204.8, 550.5)  236.5(132.8,426.8)  <0.001°
EMU beds, all 4(4,6) 4(4,6) 0.7 8(6,11) 8(6,11.5) >0.9
Average LOS 3.3(2.6,4) 3.1(2.5,4) 0.7 3.5(2.9,4) 3.5(2.7,4.1) >0.9
Temporal lobectomy 2.5(2,3.5) 1(1,2) 0.073 6(3,11) 5(2,9) 0.081
Extratemporal resection 1(1,1.2) 1(1,2.5) 0.5 4(2,8) 3.5(2,8) 0.7
Corpus callosotomy 2(2,2) — — 2(1,3) 2(1,4) 0.077
VNS implantation 5.5(3,10.2) 4(2,9) 0.4 9 (5, 16.5) 7(4,13) 0.011¢
Hemispherotomy — 11,1 — 2(1,4) 2(1,4) 0.3
Laser ablation 2(2,3) 2(1,2) 0.2 5(2,7.8) 4(2,8.2) 0.7
RNS implantation 1(1,2) 11,1 >0.9 3(1,6) 4(2,6) 0.3
Intracranial electrodes, no resection 11,1 1.5(1.2,1.8) 0.5 4.5(2,8) 5(2,8) 0.3
Total intracranial monitoring 1(1,2) 4 (2.5, 5) 0.3 8(5,17) 9 (5, 16) >0.9
Total treatment surgery 6.5 (3, 12.5) 5(3,9) 0.4 25 (14, 47) 22 (11,42) 0.15

Abbreviations: EMU = epilepsy monitoring unit; LOS =length of stay; LTM = long-term EEG monitoring; RNS = responsive neurostimulation; VNS = vagus nerve

stimulator.

@ Statistics presented: n (%); median (interquartile range), among non-zero procedures.
b Statistical tests performed: x? test of independence; Wilcoxon rank-sum test; Fisher exact test.

¢ Significant.

evident through reports of staff reassignments and furloughs,
reduced or stagnant compensation, and quarantines. Patients
were perceived as reluctant to undergo elective admissions or
procedures and loss of insurance was a reported barrier.

Discussion

This article is the first to examine the effect of the COVID-19
pandemic on inpatient epilepsy care in the United States.
Declines in admissions for neurologic conditions, including
epilepsy, have been reported for the first half of 202051013
Outpatient neurology clinic access was improved with the
rapid uptake of telehealth across health care, including
neurology.”’15 However, access to outpatient EEG and in-
patient VEEG LTM remained restricted. To lessen this effect,
the International League Against Epilepsy and International
Federation of Clinical Neurophysiology released a consensus
statement regarding the importance of continued access to
video-EEG monitoring during the COVID-19 pandemic.'®
However, improvement in inpatient access was slower and
incompletely mitigated by the end of 2020 in specific de-
mographics and regions.

Neurology | Volume 98, Number 19 | May 10, 2022

Aggregate admissions to NAEC center EMUs declined 23%.
Smaller centers were more negatively affected, with median
center admissions declining 44% in level 3 centers compared
to a 28% decline in level 4 centers. Pediatric-only centers
experienced median declines of 107 admissions per center
(17%), although this was not statistically significant due to a
wide CI. The decline in admissions was more substantial in
the East North Central, Mid Atlantic, and New England di-
visions. This may have been secondary to differences in state
or local restrictions on elective health care testing, admissions,
and procedures.

Survey respondents attributed reduced admissions to reas-
signing EMU beds to become COVID-19 units, administration-
imposed restrictions on elective admissions, reduced staffing,
and patient reluctance for elective admission. The reduced pa-
tient demand is akin to responses provided by adults surveyed in
June 2020 when asked if they planned to visit hospitals for
emergency or routine care.'’ Reduced staffing was largely
mitigated by the end of 2020, as EMU employment levels were
unchanged from the end of 2019, although continued reduced
or stagnant wages and compensation may have effects in 2021

or beyond.
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Table 2 Median Staffing, Admissions, Length of Stay, and Procedure Volume by Center Demographic

Adult Adult/pediatric Pediatric
2019 2020 2019 2020 2019 2020
Characteristic (n = 108)° (n=113)° p Value® (n =96)° (n = 95)? p Value® (n = 50)? (n = 50)° p Value®
EEG staff (full time) 8(4,13) 8(4,13) 0.9 10 (6, 16) 10 (7, 16.5) 0.5 12(8,17.5) 11.5(7.2,18) 0.8
REEGT 5(2.5,7) 5(2,8) 0.9 5(3,9) 6(3,9) 0.8 7.5(4,11.8) 8(4.2,11.8) 0.8
LTM REEG T 0(0, 1) 0(0,2) 0.7 1(0,2) 1(0,2) >0.9 1(0,2) 1(0,2) 0.9
Epileptologists 4(2,6) 4(2.8, 6) 0.8 6(4,9) 7 (4.5, 10) 0.2 5(4,8) 5(4,9) 0.6
EMU admissions, all 174 (110, 280) 107 (64, 199) <0.001¢ 331 (203, 495) 232.5(151.8, 350.5) 0.001°¢ 635.5 (345, 810.5) 528.5(264.2, 799.2) 0.2
EMU beds, all 6 (4, 8) 6 (4, 8) 0.9 9(6,12) 8(6,12) >0.9 8 (6, 10) 8 (6, 10) 0.8
Average LOS 4(3.3,4.5) 4(3,4.5) 0.7 3.3(2.9,4) 3.5(2.7,4) 0.7 24(1.8,3) 2(1.7,3) 0.4
Temporal lobectomy 5(2.8,11) 4(2,8) 0.086 6.5(3,12) 45(2,8) 0.027¢ 4.5(2.2,7.8) 6(2,10) 0.5
Extratemporal resection 3(2,5) 2(1,4.2) 0.2 4(2,8) 3(1,7) 0.5 72,11) 7.5(4,16) 0.3
Corpus callosotomy 2(1,2) 1(1,2) 0.5 1(1,3) 2.5(1,5.2) 0.093 2(1,4) 3(1.5, 4) 0.2
VNS implantation 7(4,12) 5(2, 8.2) 0.008¢ 9.5 (5, 19.8) 8.5(4,13.2) 0.10 11 (5, 16.8) 10(5.2,17.5) 0.7
Hemispherotomy 1(1,2.5) 11,1 0.4 2(1,2.8) 1(1,2.2) 0.6 2(1.8,5) 3(1,5) 0.8
Laser ablation 55(4,7) 4(2,8) 0.2 3(2,6) 4(2,7.8) 0.5 4(3,9) 4(2.2,8.5) 0.7
RNS implantation 4(2,7) 4(2,6) 0.8 3(1,6) 4(2,5.2) 0.2 2(1,3.8) 3(1,5) 0.2
Intracranial electrodes, no resection 5(2,8) 4(2.5,7.5) 0.6 4(2, 8) 5(2,9.8) 0.3 4.5 (3, 6.8) 5@3.7) 0.7
Total intracranial monitoring 7 (3, 14.5) 8 (5, 15.5) 0.5 7.5(4,17.2) 7 (3, 16.5) 0.7 11 (4.5, 16) 12 (6.5, 17) 0.6
Total treatment surgery 17 (7.2, 30) 12 (5, 24) 0.044¢ 22 (11, 40.8) 21 (10, 37.5) 0.5 32(14.5, 49) 35(18, 52.5) 0.8

Abbreviations: EMU = epilepsy monitoring unit; LOS = length of stay; LTM = long-term EEG monitoring; RNS = responsive neurostimulation; VNS = vagus nerve stimulator.
@ Statistics presented: n (%); median (interquartile range), among non-zero procedures.

b Statistical tests performed: x° test of independence; Wilcoxon rank-sum test; Fisher exact test.

“Significant.
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Figure 2 Changes in Epilepsy Monitoring Unit Admissions and Total Procedures by NAEC Level or Patient Population

8 Changes in epilepsy monitoring unit
(EMU) admissions (A) and total proce-
dures (B) displayed by National Associ-

ation of Epilepsy Center (NAEC) level or
patient population. Violin plots by cen-
ter level and overlaid box plots with
median and interquartile range also
show the smoothed density at different
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zero, as reported by the respondents.

Total procedure volume was slightly lower in 2020 compared
to the previous year. The 5.7% and 4.4% decline across total
treatment surgeries and total intracranial monitoring surgeries
was smaller than expected, given that many EMUs were
closed for more than 15% of the year. This more moderate
effect may be reflective of prioritization for epilepsy surgery
either later in the year or during the restrictions by classifying
some types of epilepsy surgery as “nonelective.”

The year-over-year increase of 35% in corpus callosotomies was
counter to the decline over the past decade in the United States.”
This may be related to changes in practice. First, corpus callos-
otomy, traditionally utilized as a palliative surgery for patients
with generalized epilepsy and drop seizures, has demonstrated
positive effects on infantile spasms and development in West
syndrome,"®" and it is likely that some pediatric centers have
expanded indications. Second, increased use of LITT for corpus
callosotomy may have attributed to more widespread use due to
lower perceived risk by both caregivers and providers.”*!
However, it is likely that relatively few centers were performing
corpus callosotomy with LITT in 2020. Finally, some centers
utilize corpus callosotomy to palliate other seizure types, such as
generalized tonic and generalized tonic-clonic seizures, which
may have contributed to the increase. It remains to be seen
whether this is a true paradigm shift or anomalous increase in an
overall trend towards lower utilization since 2012.°

Aggregate VNS implantation significantly declined 19% and
median center implantations significantly declined, continuing
the trend from the previous decade.” This may have been
exacerbated by the temporary restriction on outpatient

Neurology | Volume 98, Number 19 | May 10, 2022

nonurgent procedures. Total temporal lobectomies continued
a long-standing downtrend as well %% although median
center volume did not significantly differ from 2019. In com-
parison, extratemporal resections increased overall, although
they declined in the South Atlantic census division. Regional
differences in epilepsy surgery procedures have yet to be ex-
plored, so the importance of this finding is unclear.

All other procedure subtypes increased from 2019 to 2020.
Thus, the overall decline was driven by the overweight

Table 3 Change in Aggregate Epilepsy Monitoring Unit
Admissions by US Region

Admissions, n

2019 2020 % Change,
Census division (n=253) (n=257) 2019 to 2020
East North Central 19,474 13,702 -29.6
East South Central 5,876 4,093 -30.3
Mid Atlantic 20,575 15,248 -25.9
Mountain 4,867 3,507 -27.9
New England 3,239 2,332 -28
Pacific 9,608 7,448 -22.5
South Atlantic 15,950 13,898 -12.9
West North Central 6,755 5,975 -11.5
West South Central 7,823 6,449 -17.6
Neurology.org/N
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Table 4 Change in Aggregate Procedures by Type

Procedure volume, n

2019 2020 % Change,
Characteristic (n =253) (n =257) 2019 to 2020
Temporal lobectomy 1,465 1,238 -15.5
Extratemporal resection 867 972 121
Corpus callosotomy 155 209 34.8
VNS implantation 2,622 2,136 -18.5
Hemispherotomy 190 205 7.9
Laser ablation 686 790 15.2
RNS implantation 561 625 1.4
Intracranial electrodes, 1,010 1,098 8.7
no resection
Total intracranial 2,288 2,187 -4.4
monitoring
Total treatment surgery 6,546 6,175 -5.7

Abbreviations: RNS = responsive neurostimulation; VNS = vagus nerve stimulator.

influence of reduced VNS implantations and intracranial
monitoring surgeries, based on their larger volumes. The
clinical effect on patient outcomes is likely negative based

effect of deferring other types of surgical procedures was
associated with poorer outcomes.”* The financial effect on
EMUs will likely negatively affect smaller, independent
adult hospitals more than larger centers with academic
affiliations.>®

The findings are limited primarily by the fact that data
were acquired through the NAEC accreditation annual
reports, which rely primarily on self-reporting of admin-
istrative data. Importantly, the response rate was 100%,
with a very low range of missingness, as the annual data are
required for NAEC accreditation. 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 example, the VA health care system is a large health
care provider within the United States, yet performed 4
resections for epilepsy in 2020 and implanted VNS in 8
patients.”® Therefore, our analysis likely reflects accurate
data regarding the state of inpatient epilepsy care in the
United States in 2020.

The overall implications for reduced EMU admissions for
persons with epilepsy in the United States is uncertain and
will likely depend on several factors. Influences may in-
clude the duration and severity of pandemic-associated
changes in hospital admission practices, resource alloca-

on known benefits of epilepsy surgery,>* and the direct tion, patient willingness to seek and receive medical care,

Table 5 Themes, Subthemes, and Supporting Quotations From Qualitative Responses to COVID-19 Questions

Theme Subtheme Quotation

Patient-related
challenges

Fear of getting COVID-19 Many patients are apprehensive to stay in the hospital, especially without having a visitor come to see
them, especially after the surgery. They fear staying in the hospital would result in them or family

member catching COVID-19.

Limited access due to job loss Many patients lost jobs and thus insurance, limiting access to care.

Unwillingness to come to the
hospital

Overall volumes declined in 2020 compared to 2019 due to COVID-19 and patients avoiding medical
care.

Hospital-related EMU closure

challenges

Center was closed for elective admissions from March 2020 to June 2020. This was approximately 1/3
of the year and our admissions to the EMU were down by about 1/3.

Budget cuts Due to the economic crisis caused by this pandemic, the hospital made significant budget cuts and
did not approve the cost for upgrading our surgical equipment to place intracranial electrodes this

year.

Postponed surgeries and elective All of our elective admissions for EMU and elective epilepsy surgeries were postponed for several

admissions months (March-June) until approximately July. After that, patients remained worried about
undergoing inpatient VEEG or surgeries, so our volumes are still down even now in mid-January
2021.

EMU beds allocated to COVID-19 Our EMU was closed completely as beds were needed for COVID-19 + surge patients in the hospital
patients for 3 months from March to May.

Staff-related
challenges

More than one-third of our EMU/EEG/LTM staff has had COVID-19, and early in the pandemic, 80% of
the EEG technical team was in quarantine.

Quarantine

EMU units short-staffed We also had issues with consistent nursing staff during the pandemic, because of which we
did not have appropriate nurse to patient ratios, which led to cancelation of several EMU

admissions.

Abbreviations: EMU = epilepsy monitoring unit; LTM = long-term EEG monitoring; RNS = responsive neurostimulation; VEEG = video-EEG.
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and staffing fluctuations during 2020. With the COVID-19
pandemic continuing, these effects will likely persist.
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