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Abstract
Background and Objectives
EEG is widely recommended for status epilepticus (SE) management. However, EEG access
and use across the United States is poorly characterized. We aimed to evaluate changes in
inpatient EEG access over time and whether availability of EEG is associated with interhospital
transfers for patients hospitalized with SE.

Methods
We performed a cross-sectional study using data available in the National Inpatient Sample data set
from 2012 to 2018. We identified hospitals that used continuous or routine EEG during at least 1
seizure-related hospitalization in a given year using ICD-9 and ICD-10 procedure codes and defined
these hospitals as EEGcapable.We examined annual change in the proportion of hospitals that were
EEG capable during the study period, compared characteristics of hospitals that were EEG capable
with those that were not, and fit multivariable logistic regression models to determine whether
hospital EEG capability was associated with likelihood of interhospital transfer.

Results
Among 4,550 hospitals in 2018, 1,241 (27.3%) were EEG capable. Of these, 1,188 hospitals
(95.7%) were in urban settings. From 2012 to 2018, the proportion of hospitals that were EEG
capable increased in urban settings (30.5%–41.1%, Mann-Kendall [M-K] test p < 0.001) and
decreased in rural settings (4.0%–3.2%, M-K p = 0.026). Among 130,580 patients hospitalized
with SE, 80,725 (61.8%) presented directly to an EEG-capable hospital. However, EEG use
during hospitalization varied from 8% to 98%. Initial admission to a hospital without EEG
capability was associated with 22% increased likelihood of interhospital transfer (adjusted RR
1.22, [95% CI, 1.09–1.37]; p < 0.01). Among those hospitalized at an EEG-capable hospital,
patients admitted to hospitals in the lowest quintile of EEG volume were more than 2 times more
likely to undergo interhospital transfer (adjusted RR 2.22, [95% CI 1.65–2.93]; p < 0.001).

Discussion
A minority of hospitals are EEG capable yet care for most patients with SE. Inpatient EEG use,
however, varies widely among EEG-capable hospitals, and lack of inpatient EEG access is
associated with interhospital transfer. Given the high incidence and cost of SE, there is a need to
better understand the importance and use of EEG in this patient population to further organize
inpatient epilepsy systems of care to optimize outcomes.

Clinical guidelines recommend electroencephalography (EEG) to detect subclinical seizures
and guide therapy for patients hospitalized with status epilepticus (SE).1,2 However, access to
and use of inpatient EEG across the United States is poorly characterized and likely variable.
Among patients with seizure evaluated in California, less than 5% underwent EEGmonitoring
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in either the inpatient or outpatient setting, and rates of EEG
use differed by race, ethnicity, and socioeconomic status.3 It
is unclear whether these findings are representative of care
across the United States and whether the proportion differs
among hospitalized patients with SE. Given the widely rec-
ommended use of EEG, it is critical that we better un-
derstand the current distribution of inpatient EEG services
and how limited resources may be influencing clinical care.

Interhospital transfers are a likely downstream consequence
of not having access to EEG because they offer physicians an
option for ensuring patients with SE are able to undergo
EEG and access specialized neurologic care. Prior research
suggests interhospital transfers are indeed common among
patients with SE with studies estimating 20% of patients in
the emergency department (ED) and 5% of patients hos-
pitalized with SE undergoing interhospital transfer com-
pared with 1.5% of the general hospitalized population.4-6

Because some transfers can result in delayed care, poor
outcomes, and increased costs to the healthcare system, it is
important to more definitively understand the drivers of
interhospital transfer in this patient population. This in-
formation will be critical for determining which transfer
decisions are medically necessary and how to intentionally
distribute resources across our healthcare system.7-10 To
address these gaps, we estimated the proportion of hospitals
with inpatient EEG capability nationally over time, com-
pared hospital characteristics among EEG-capable and
EEG-incapable hospitals, and examined whether lack of
EEG capability was associated with interhospital transfers
for patients hospitalized with SE.

Methods
Study Design
We performed a cross-sectional study of inpatient hospitali-
zations for SE from January 1, 2012, to December 31, 2018,
using data from the National Inpatient Sample (NIS), de-
veloped for the Healthcare Cost and Utilization Project and
sponsored by the Agency for Healthcare Research and
Quality (AHRQ).11 The NIS data set is the largest national
source of all payer inpatient hospitalizations with more than
7 million hospitalizations frommore than 4,000 hospitals per
year. Beginning in 2012, the data set captures a 20% stratified
sample of discharges from all participating US acute care
hospitals. We used the NIS data set to determine hospital
EEG capability and its association with interhospital trans-
fers among patients hospitalized with SE.

Study Population
We included patients aged 18 years or older whowere admitted
to the hospital directly from the ED in the same facility with a
primary discharge diagnosis of SE. SE was identified using
International Classification of Diseases, (ICD) Ninth Revision
(ICD-9) codes (345.2 and 345.3) from January 1, 2012, to
September 30, 2015, and ICD-10 codes (G40.001, G40.011,

G40.101, G40.111, G40.201, G40.211, G40.301, G40.311,
G40.401, G40.411, G40.501, G40.801, G40.803, G40.811,
G40.813, G40.821, G40.823, G40.901, G40.911, G40.A11,
G40.A01, G40.B11, and G40.B01) from October 1, 2015, to
December 31, 201812,13 (eFigure 1 in the Supplement, links.
lww.com/CPJ/A407).

Because the study focuses on interhospital transfers, we
limited the study to index hospitalizations to prevent in-
clusion of patients who had already been transferred in
previously. We thus excluded patients who were admitted
through interfacility transfer from a different ED or acute
care hospital. We excluded patients with cardiac arrest (ICD-
9 code 427.5; ICD-10 codes I46.0, I46.2, I46.8, and I46.9)
who undergo interhospital transfer for multiple reasons be-
yond SE management (i.e., transfer for targeted temperature
management) to avoid biasing our study outcomes.

Measurements
Hospital Measurements
The primary exposure was hospital EEG capability. An EEG-
capable hospital was defined as a hospital with at least 1 seizure-
related hospitalization in a given calendar year that included the
use of continuous EEG (cEEG) or routine EEG (rEEG), de-
fined by ICD codes (rEEG: ICD-9 89.14 and ICD-10
4A00X4Z; cEEG: ICD-9 89.19 and ICD-10 4A10X4Z). We
found this definition to have moderate sensitivity (70%) and
specificity (83%) using hospital revenue codes as a diagnostic
gold standard that was not available in this national data set
(eTable 1A in the Supplement, links.lww.com/CPJ/A407). We
also evaluated the exposure variables, cEEG capability and
rEEG capability, separately. Seizure-related hospitalizations
included any encounter with a discharge diagnosis code for
epilepsy, SE, convulsions, or conversion disorder with seizure
or convulsions using ICD-9 codes 345.x and 780.3 and ICD-10
codes G40.xxx, R56, and F44.5.13-16

We created 2 alternative definitions for EEG capability to
address limitations in the sensitivity and specificity of our
definition. To maximize sensitivity and identify circum-
stances where patients with non–seizure-related hospitali-
zations undergo inpatient EEG, we created a broad definition
of EEG capability that entailed having at least 1 hospitali-
zation for any cause during which rEEG or cEEG was used in
a calendar year. To maximize specificity and to eliminate
circumstances in which EEG codes were erroneously en-
tered, we created a narrow definition of EEG capability that
entailed having 5 or more hospitalizations that were seizure
related and during which cEEG or rEEG was used in a cal-
endar year.

Our second exposure of interest was hospital EEG volume.
We calculated the number of seizure-related hospitalizations
in which EEG (rEEG or cEEG) was used in a calendar year.
This number was heavily skewed; thus, we divided hospital
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EEG volume into quintiles when included as an exposure for
our regression analyses.

Additional hospital characteristics included categorical indi-
cators of hospital size (small, medium, and large), geographic
region (Northeast, Midwest, South, and West), and hospital
ownership (government nonfederal, private not-for-profit,
and private investor own), and dichotomous indicators of
location in an urban or rural setting and whether the hospital
served as a teaching hospital. Hospital size, defined by the
NIS, is categorized according to the number of beds, geo-
graphic region, whether the hospital is located in a rural
setting, and whether the hospital is considered a teaching
hospital. Hospitals residing in counties indicated as Core-
Based Statistical Area (CBSA) “division” or “metro” based on
2000 and 2010 Census data were considered urban hospitals
and hospitals residing in counties indicated as CBSA “rural”
or “micropolitan” were considered rural hospitals.

Patient Measurements
Patient sociodemographic characteristics included age, sex,
race, primary expected insurance payer, and median house-
hold income. Clinical characteristics included medical
comorbidities, whether the patient underwent endotracheal
intubation, and the use of EEG. Medical comorbidities were
assessed using the Charlson comorbidity index for each pa-
tient. Endotracheal intubation and the use of EEG were
identified using ICD procedure codes. For intubation, this
included codes for intubation (ICD-9 96.04; ICD-10
0BH17EZ and 0BH18EZ) or mechanical ventilation (ICD-

9 96.7x; ICD-10 5A1935Z, 5A1945Z, and 5A1955Z).17,18

For EEG, this was the same as described for hospitals earlier.

Outcomes
The primary outcome was discharge through interhospital
transfer to a different acute care hospital.

Statistical Analysis
We determined the proportion of hospitals that were EEG
capable annually from 2012 through 2018. To address the
possibility of misclassification and imperfect sensitivity of our
measurement, we also calculated the expected proportion of
hospitals that would be EEG capable if ICD coding was 70%
sensitive. We examined change over time using the Mann-
Kendall (M-K) statistical test for trend.We then repeated the
analyses stratifying by hospital location in urban vs rural
settings to examine differences by geographic setting.We also
determined the proportion of hospitals with cEEG capability
annually from 2012 to 2018.

We compared differences in characteristics of hospitals that
were EEG capable and EEG incapable using Pearson χ2 tests
for categorical and binary data. We also calculated the
predicted probability of a hospital having EEG capability
for each level of a hospital characteristic by estimating the
marginal estimates using the Stata “margins” post-
estimation command, holding all other covariates at their
mean values. We restricted these descriptive analyses to
2018 to avoid incorporating 1 hospital multiple times into
our estimates because hospital identifiers are reassigned

Figure US Hospitals With Inpatient EEG Capability Using International Classification of Diseases (ICD) Coding

Dashed Horizontal Lines Indicate Proportion of Hospitals. Vertical Bars Represent Counts of Hospitals. Vertical Dashed Lines at 2015 Q4 Indicate Transition
From ICD-9 to ICD-10.
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each year in the NIS, which prevents tracking hospitals
across years.

We determined the proportion of patients with SE who were
admitted to EEG-capable and EEG-incapable hospitals and
then compared differences in patient characteristics across
these 2 groups from 2012 to 2018 using Pearson χ2 tests for
categorical and binary data and t tests for continuous data.
We repeated this comparison for patients hospitalized with
SE in 2018 to examine whether recent increased availability
of inpatient EEG would change differences in the charac-
teristics of patients admitted to EEG-capable and EEG-
incapable hospitals. To better quantify variability in the use
of EEG monitoring among those hospitalized at EEG-
capable hospitals, we calculated the proportion of patients
with SE who underwent EEG monitoring within each hos-
pital and calculated the shrunken mean proportion using a
mixed-effect logistic regression model.

To test our primary hypothesis, we fit multivariable fixed-
effects logistic regression models to determine whether ad-
mission to an EEG-incapable hospital was associated with an

increased likelihood of interhospital transfer. We fit gener-
alized linear models specifying the binomial family and logit
link function to match our dichotomous outcome of whether
someone was transferred. We calculated exponentiated co-
efficients to estimate the risk ratio and adjusted for patient
and hospital characteristics by including these variables as
fixed effects to address the possible confounding at both
levels. Adjusted patient characteristics included age, sex, race,
primary expected payer, median household income, comor-
bidity severity, and intubation status. Adjusted hospital
characteristics included hospital bed size, region, urban/rural
status, hospital ownership, and teaching status. We stratified
the primary analysis by urban and rural subgroups to examine
whether the relationship between EEG capability and
transfer differed by geographic setting. We also stratified the
analysis by intubation status and comorbidity severity to
examine whether the relationship between EEG capability
and transfer differed by medical complexity because patients
who are critically ill may warrant transfer for reasons un-
related to EEG access. We then repeated the multivariable
fixed-effects logistic regression models to determine whether
continuous EEG alone or routine EEG alone was associated

Table 1 Baseline Characteristics of US Hospitals in 2018

Variable Overall EEG-incapable Hospital EEG-capable Hospital p Value
Predicted probability
of EEG capabilitya

N (%) 4,550 3,309 (72.7) 1,241 (27.3)

Bed size, n (%) <0.001

Small 2,405 (52.9) 2,077 (62.8) 328 (26.4) 14.3%

Medium 1,091 (24.0) 686 (20.7) 405 (32.6) 34.0%

Large 1,054 (23.2) 546 (16.5) 508 (40.9) 48.3%

Region, n (%) <0.001

Northeast 567 (12.5) 352 (10.6) 215 (17.3) 28.5%

Midwest 1,369 (30.1) 1,135 (34.3) 234 (18.9) 22.1%

South 1,754 (38.5) 1,253 (37.9) 501 (40.4) 29.3%

West 860 (18.9) 569 (17.2) 291 (23.4) 28.5%

Urbanicity, n (%) <0.001

Rural 1,659 (36.5) 1,606 (48.5) 53 (4.3) 7.4%

Urban 2,891 (63.5) 1,703 (51.5) 1,188 (95.7) 34.1%

Ownership, n (%) <0.001

Government, nonfederal 883 (19.4) 762 (23.0) 121 (9.8) 23.8%

Private, not-for-profit 2,893 (63.6) 2,014 (60.9) 879 (70.8) 27.0%

Private, investor-own 774 (17.0) 533 (16.1) 241 (19.4) 30.0%

Teaching status, n (%) <0.001

Nonteaching hospital 2,932 (64.4) 2,582 (78.0) 350 (28.2) 16.5%

Teaching hospital 1,618 (35.6) 727 (22.0) 891 (71.8) 39.2%

a Predicated probability of a hospital having EEG capability estimated as marginal effects holding all other hospital characteristics at their mean values.
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with an increased likelihood of transfer. An example of the
regression output for our logitmodel is summarized in eTable 2
in the Supplement, links.lww.com/CPJ/A407.

To better characterize the relationship between EEG availability
and interhospital transfer, we performed a secondary analysis
estimating the association between EEG volume and likelihood
of interhospital transfer. Among patients hospitalized with SE at
an EEG-capable hospital, we fit multivariable fixed-effects logistic

regressionmodels to determinewhether quintile of EEG volume
was associated with likelihood of interhospital transfer adjusting
for both patient andhospital characteristics similar to our primary
analysis.

To ensure our findings were robust to different ways of
defining an EEG-capable hospital, we calculated the pro-
portion of hospitals that would be EEG capable and the
proportion of patients hospitalized with SE at EEG-capable

Table 2 Baseline Characteristics of Patients With Status Epilepticus, 2012–2018

Variable Overall EEG-incapable Hospital EEG-capable Hospital p Value

Na (%) 130,580 49,855 (38.2) 80,725 (61.8)

Age, mean (SD) 52.0 (18.7) 51.9 (18.5) 52.1 (18.8) 0.345

Female, n (%) 60,525 (46.4) 23,000 (41.6) 37,525 (46.5) 0.574

Race, n (%) <0.001

White 67,834 (53.7) 27,310 (57.0) 40,525 (51.7)

Black 35,690 (28.3) 12,715 (26.5) 22,975 (29.3)

Hispanic 15,850 (12.5) 5,460 (11.4) 10,390 (13.3)

Asian or Pacific 2,200 (1.7) 815 (1.7) 1,385 (1.8)

Native American 1,090 (0.9) 485 (1.0) 605 (0.8)

Other 3,670 (2.9) 1,155 (2.4) 2,515 (3.2)

Primary expected payer, n (%) 0.002

Medicare 58,519 (44.9) 22,875 (46.0) 35,645 (44.2)

Medicaid 35,125 (27.0) 13,385 (26.9) 21,740 (27.0)

Private insurance 22,715 (17.4) 8,180 (16.4) 14,535 (18.0)

Self-pay 8,985 (6.9) 3,465 (7.0) 5,520 (6.8)

No charge 755 (0.6) 215 (0.4) 540 (0.7)

Other 4,225 (3.2) 1,620 (3.3) 2,605 (3.2)

Median household income, n (%) <0.001

Quartile 1 45,690 (35.9) 17,725 (36.3) 27,965 (35.6)

Quartile 2 31,635 (24.8) 12,870 (26.4) 18,765 (23.9)

Quartile 3 28,185 (22.1) 10,440 (21.4) 17,745 (22.6)

Quartile 4 21,870 (17.2) 7,730 (15.9) 14,140 (18.0)

Charlson comorbidity index, n (%) <0.001

None (score 0) 58,055 (44.5) 23,070 (46.3) 34,985 (43.3)

Mild (score 1–2) 45,590 (34.9) 17,055 (34.2) 28,535 (35.3)

Moderate (score 3–4) 16,410 (12.6) 6,060 (12.2) 10,350 (12.8)

Severe (score ≥5) 10,525 (8.1) 3,670 (7.4) 6,855 (8.5)

Intubation, n (%) 48,940 (37.5) 16,820 (33.7) 32,120 (39.8) <0.001

Received EEG, n (%) 16,210 (12.4) 0 (0) 16,210 (20.1) <0.001

a N is a weighted count.
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Table 3 Likelihood of Patient Interhospital Transfer (RR) Based on Hospital EEG Capability, 2012–2018

Urbanicity Intubation status Charlson comorbidity group

Model Overall Rural Urban Intubated Not Intubated None Mild Moderate Severe

Composite EEG (continuous and
routine EEG)

Unadjusted

N 26,101 1,517 24,584 9,781 16,320 11,597 9,118 3,282 2,104

EEG-capable hospital Ref Ref Ref Ref Ref Ref Ref Ref Ref

EEG-incapable hospital 1.85 (1.67, 2.04) 1.13 (0.81, 1.57) 1.70 (1.52, 1.89) 1.88 (1.63, 2.16) 1.96 (1.69, 2.26) 1.98 (1.69, 2.31) 1.85 (1.56, 2.20) 1.53 (1.18, 1.97) 1.95 (1.41, 2.69)

Patient and hospital adjusted

N 24,590 1,375 23,043 9,192 15,312 10,830 8,605 3,108 1,971

EEG-capable hospital Ref Ref Ref Ref Ref Ref Ref Ref Ref

EEG-incapable hospital 1.22 (1.09, 1.37) 1.10 (0.77, 1.58) 1.23 (1.09, 1.38) 1.28 (1.10, 1.49) 1.36 (1.16, 1.60) 1.36 (1.14, 1.63) 1.26 (1.05, 1.52) 1.19 (0.90, 1.59) 1.66 (1.16, 2.38)

Continuous EEG

Unadjusted

N 26,101 1,517 24,584 9,781 16,320 11,597 9,118 3,282 2,104

cEEG-capable hospital Ref Ref Ref Ref Ref Ref Ref Ref Ref

cEEG-incapable hospital 2.18 (1.94, 2.45) 2.55 (1.17, 5.60) 1.96 (1.74, 2.12) 2.18 (1.87, 2.54) 2.37 (1.99, 2.82) 2.47 (2.05, 2.99) 2.33 (1.62, 3.34) 2.17 (1.62, 2.90) 2.33 (1.62, 3.34)

Patient and hospital adjusted

N 24,590 1,375 23,043 9,192 15,312 10,830 8,605 3,108 1,971

cEEG-capable hospital Ref Ref Ref Ref Ref Ref Ref Ref Ref

cEEG-incapable hospital 1.40 (1.23, 1.59) 3.06 (1.29, 7.25) 1.36 (1.18, 1.55) 1.39 (1.17, 1.66) 1.58 (1.30, 1.92) 1.67 (1.35, 2.07) 1.13 (0.92, 1.39) 1.68 (1.20, 2.33) 2.07 (1.39, 3.07)

Routine EEG

Unadjusted

N 26,101 1,517 24,584 9,781 16,320 11,597 9,118 3,282 2,104

rEEG-capable hospital Ref Ref Ref Ref Ref Ref Ref Ref Ref

rEEG-incapable hospital 1.67 (1.51, 1.85) 1.01 (0.72, 1.42) 1.55 (1.39, 1.73) 1.74 (1.51, 2.01) 1.71 (1.48, 1.99) 1.75 (1.49, 2.06) 1.67 (1.40, 1.99) 1.43 (1.11, 1.85) 1.87 (1.34, 2.61)

Continued
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hospitals with the 2 alternate definitions accounting for
imperfect sensitivity of our definition. We determined the
sensitivity and specificity of our definition for EEG capa-
bility by repeating our primary regression model using the
narrow and broad definitions of EEG-capable hospital de-
scribed earlier.

All patient hospitalization analyses used the designated NIS
survey weights to obtain nationally representative estimates.
All analyses were performed using Stata 17.0.

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by the institutional review board of
University of California, San Francisco, and was exempt from
the need for informed consent.

Data Availability
Data that support the findings of this study may be requested
from the AHRQ.

Results
Annual Trends
From 2012 to 2018, the median annual proportion of hos-
pitals that were EEG capable was 23.7%, increasing from
20.4% (n = 893/4,378) in 2012 to 27.3% (n = 1,241/4,550)
in 2018 (M-K test p < 0.001). If the definition of EEG ca-
pability using ICD coding had sensitivity of 70% for identi-
fying the actual availability of inpatient EEG, then 532 of the
4,550 hospitals included in the NIS in 2018 would have been
misclassified as EEG incapable and the corrected proportion
would be 39.0% (eTable 1B, links.lww.com/CPJ/A407 in
the Supplement). The proportion of hospitals that were
cEEG capable increased from 9.3% (n = 382/4,088) in 2012
to 22.5% (n = 931/4,136) in 2018.

Across all years, the proportion of EEG-capable hospitals that
were located in urban settings was greater than 90%. In urban
settings, the proportion of hospitals that were EEG capable
increased from 30.5% (n = 826/2,712) in 2012 to 41.1% (n =
1,188/2,891) in 2018 (M-K test p < 0.001) (Figure). Con-
versely, in rural settings, the proportion of hospitals that
were EEG capable decreased from 4.0% (n = 67/1,666) in
2012 to 3.2% (n = 53/1,659) in 2018 (M-K test p = 0.002).
Again, accounting for the possibility that the definition of
EEG capability using ICD coding had sensitivity of 70%, the
corrected proportion of hospitals that were EEG capable in
2018 would have been 58.7% in urban settings and 4.6% in
rural settings (eTable 1B, links.lww.com/CPJ/A407 in the
Supplement).

Hospital Characteristics
EEG-capable hospitals weremore likely to be large, located in
urban settings, and teaching hospitals, while they were less
likely to be located in the Midwest or government ownedTa
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(Table 1). After adjustment for other hospital characteristics,
the predicted probability that a hospital would be EEG ca-
pable was more than 4 times higher in urban when compared
with that in rural settings (7.4% among rural hospitals vs
34.1% among urban hospitals) and more than 3 times higher
in large when compared with that in small hospitals (14.3%
among small hospitals, 34.0% among medium hospitals, and
48.3% among large hospitals).

Patient Hospitalization Characteristics
Among 130,580 hospitalizations for SE, 49,855 (38.2%)
occurred at EEG-incapable hospitals and 80,725 (61.8%)
occurred at EEG-capable hospitals. Patients admitted to
EEG-capable hospitals with SE were less likely White and
more likely to be privately insured, have higher income,
have more medical comorbidities, and undergo intubation
(Table 2). Restricting the analysis to hospitalizations that
occurred in 2018 did not demonstrate meaningful differ-
ences in the proportion of hospitalizations at EEG-capable
hospitals or characteristics among patients at both hos-
pital types (eTable 3 in the Supplement, links.lww.com/
CPJ/A407).

Among those admitted to an EEG-capable hospital, the
overall proportion of patients with SE who underwent EEG
monitoring during their hospitalization was 20.1%, while
the shrunken mean proportion was 51.1% (SD 27.1%) and
varied across hospitals with the proportion of patients who
underwent EEG monitoring ranging from 7.6% to 97.8%.

Interhospital Transfers
The overall proportion of hospitalizations from 2012 to
2018 during which admission resulted in interhospital
transfer was 5.5%. The transfer rates for hospitalizations at
EEG-incapable hospitals (7.7%) and cEEG-incapable hos-
pitals (7.2%) were similar. Among EEG-capable hospitals,
4.1% of patients were transferred compared with 3.3%
of patients hospitalized at cEEG-capable hospitals and
transferred.

After adjustment, admission to an EEG-incapable hospital
was associated with a 22% increased likelihood of inter-
hospital transfer (adjusted RR 1.22, [95%CI, 1.09–1.37]; p <
0.001) (Table 3). The association was unchanged for urban
hospitals and after stratifying hospitalizations by intubation
status and comorbidity severity. The association was not
present in the 1,517 hospitalizations at rural hospitals. We
found the relative risks and odds ratios to be close approxi-
mations (eTable 4 in the Supplement, links.lww.com/CPJ/
A407).

Repeating the analysis to examine whether admission to a
hospital that specifically did not code for cEEG demonstrated
that lack of cEEG capability was associated with a 40% in-
creased likelihood of interhospital transfer (adjusted RR 1.40,
[95% CI, 1.23–1.59, p < 0.001) (Table 3). Unlike the com-
posite exposure describing whether a hospital was capable of
any type of EEG (routine or continuous), the association
between cEEG capability and interhospital transfer was seen
within rural hospital where lack of cEEG was associated with
triple the likelihood of interhospital transfer (adjusted RR
3.06, [95% CI, 1.29–7.25, p < 0.001). Similar to the com-
posite exposure, lack of cEEG was also associated with
interhospital transfer for those admitted to urban hospitals
and after stratifying by intubation status and comorbidity
severity.

Among EEG-capable hospitals, admission to hospitals with a
lower volume of EEG (defined as quintile 1) was also asso-
ciated with an increased likelihood of interhospital transfer.
Patients with SE admitted to hospitals in the lowest quintile
were more than 2 times more likely to undergo inter-
hospital transfer (adjusted RR 2.22, [95% CI 1.65–2.93];
p < 0.001) (Table 4).

Sensitivity Analyses
Repeating the analyses using both the narrow and broad
definitions of EEG capability resulted in minor changes to
the findings. Using data from 2018, the proportion of

Table 4 Likelihood of Patient Interhospital Transfer (RR) Based on EEG Volume, 2012–2018

EEG volume
No. of patient
hospitalizations

Proportion of
hospitalizations
with EEG (%)

Primary Sensitivity (restricting to quintiles 1–4)

Unadjusted RR Adjusted RRa Unadjusted RR Adjusted RRa

N 16,136 15,021 11,396 10,572

Quintile 1 13,160 3.8 2.97 (2.32, 3.79) 2.20 (1.65, 2.93) 1.59 (1.28, 1.98) 1.36 (1.08, 1.70)

Quintile 2 14,740 5.5 2.50 (1.95, 3.21) 1.84 (1.39, 2.44) 1.34 (1.07, 1.68) 1.13 (0.90, 1.41)

Quintile 3 10,880 9.0 2.44 (1.87, 3.19) 1.99 (1.48, 2.66) 1.31 (1.03, 1.67) 1.21 (0.95, 1.55)

Quintile 4 18,220 18.2 1.87 (1.45, 2.40) 1.64 (1.24, 2.16) Ref Ref

Quintile 5 23,725 44.8 Ref Ref — —

Abbreviation: RR = relative risk.
a Adjusted for patient-level and hospital-level characteristics.
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hospitals that met the narrow definition for EEG capability
was 12.8% (eTables 5–7 in the Supplement, links.lww.
com/CPJ/A407) and the proportion of hospitals that met
the broad definition for EEG capability was 31.8% (eTa-
bles 8–10, links.lww.com/CPJ/A407). The proportion of
patients hospitalized with SE who were admitted to an EEG-
capable hospital decreased to 37.2% using the narrow defi-
nition and increased to 68.6% using the broad definition.
Comparisons of hospital and patient baseline characteriza-
tions were similar, and admission to an EEG-incapable
hospital remained associated with interhospital transfer us-
ing both definitions.

Discussion
In this national study of inpatient EEG among US hospitals,
we found that, as of 2018, approximately 28% of patients with
SE were admitted to hospitals that did not have documented
EEG capability. Surprisingly, within EEG-capable hospitals,
the probability of receiving an EEG ranged widely from 8% to
98%. These practice patterns highlight the large variability in
the utilization of inpatient EEG services in spite of guideline
recommendations.

We were unable to determine the cause of variable EEG use
in EEG-capable hospitals. This could reflect differing clin-
ical practices between physicians because there is un-
certainty about who needs EEG monitoring. It may also
reflect inconsistent availability of EEG monitoring during
weekends or evenings.19,20 Future studies should be aimed
at understanding the barriers and variability of EEG use in
EEG-capable hospitals and present an important oppor-
tunity to determine whether consistent use of EEG is in-
deed associated with improved clinical outcomes.

We found that approximately 73% of US hospitals lacked
EEG capability during this study. In 2018, approximately
78% of hospitals lacked cEEG. There is limited literature
that evaluates access to inpatient EEG nationally and de-
scribes geographic differences in access. However, we relied
on ICD coding to identify the use of inpatient EEG. ICD
codes are imperfectly sensitive and thus may not reliably
capture inpatient EEG availability, which would misclassify
hospitals and suggest they lack EEG capability when EEG is
in fact available. Accounting for the possibility that ICD
coding is 70% sensitive, the proportion of hospitals that lack
EEG capability would instead be 40% in urban settings and
95% in rural settings. And, importantly, most patients
hospitalized with SE were admitted to hospitals that were in
fact EEG capable. Identifying which patients with SE are
most likely to be hospitalized at an EEG-incapable hospital
despite needing urgent EEG can help focus future inter-
ventions to improve healthcare access.

Our finding that the proportion of hospitals with EEG ca-
pability is 55% lower in rural when compared with urban
settings and that hospitals in the Midwest are also less likely

to be EEG capable suggest there are geographic differences
in access to specialized inpatient epilepsy care that are similar
to those found for outpatient epilepsy care and special-
ized care for other neurologic conditions.21-25 In addition to
geographic inequities, future studies investigating majority-
minority hospital differences in access to inpatient EEG
represents an important next step in identifying neurologic
healthcare inequities.

We focused this study on interhospital transfer because this
is common among patients hospitalized with seizure and the
data set did not provide information about clinical outcomes
among those who underwent transfer. Indeed, we found that
5.5% of patients with SE undergo interhospital transfer,
which reflects other studies that show incidence of transfer is
generally greater than 5% and higher than the general hos-
pitalized population for which the proportion of patients
transferred is closer to 1.5%.4,5 The increased incidence of
interhospital transfers among patients with SE demon-
strates the importance of this aspect of care for patients with
seizure and the need for further understanding of the factors
driving transfer and whether transfer is affecting clinical
outcomes.

Admission to an EEG-incapable hospital was associated with
a 22% increased risk of interhospital transfer compared with
admission to a cEEG-incapable hospital which was associated
with a 40% increased likelihood. This was true regardless of
medical complexity and whether the patient had undergone
intubation. We were unable to determine the reason for
interhospital transfer and thus could not confirm whether
EEG access was a proximate explanation for the decision.
Hospitals with EEG capability will typically have access to a
neurologist to read the EEG recording and potentially con-
sult on care. Hospital EEG capability is also likely associated
with the availability of other diagnostic tools and therapies
that patients who undergo interhospital transfer may require.
This analysis was unable to determine whether it was absence
of EEG equipment, inpatient neurologic expertise, or another
associated factor that contributed to likelihood of inter-
hospital transfer. However, hospital EEG capability is cer-
tainly 1 potential driver of transfer. It represents the only
method for evaluating possible nonconvulsive SE in patients
with persistent encephalopathy. And prior studies suggest
increasing access to inpatient EEG does in fact lower rates
of transfer. In a single-center community hospital study,
implementation of local EEG infrastructure was associated
with 58% lower incidence of interhospital transfer to the affil-
iated academic center.9 In a separate community hospital, local
adoption of point-of-care EEG was associated with 94% fewer
potential interhospital transfers.26 Even among hospitals with
EEG capability, more frequent EEG use was associated with
fewer transfers, further suggesting the association between
consistent EEG access and transfer.

Interhospital transfers remain a key aspect of our US
healthcare infrastructure to ensure specialized higher level
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of care is available to all patients. While some interhospital
transfers may be clinically warranted for specialized re-
sources not locally available, some transfers may be avoid-
able. Given the general lack of widespread EEG capability
and the frequency of interhospital transfer among patients
hospitalized with SE, it is important to determine whether a
more intentional system for inpatient epilepsy care would
improve patient outcomes and lower costs. Having EEG
capability is likely not cost-effective for all hospitals, par-
ticularly those that are small or the need for EEG is in-
frequent because they do not have the finances to ensure
availability of technology, trained personnel, and real-time
monitoring.19,27 To address this, it may be possible to
identify patients who can be safely managed without in-
patient EEG or determine a system to more appropriately
triage patients to hospitals with and without EEG capability
by Emergency Medical Services in the field before hospital
arrival. It may also be important to encourage the use of
new types of EEG that are easier and more cost-effective for
small hospitals to implement because they do not require
hiring a trained technologist.26,28 Alternatively, we may
need to formalize other care models such as telemedicine or
the hub-and-spoke models used for stroke. Regardless of
the solution, our study suggests that many patients with SE
are admitted to hospitals that lack EEG capability and
subsequently transferred; thus, the health system may
benefit from more standardized guidelines to organize care
for patients with SE.

The study has limitations to consider. First, using ICD
codes to determine EEG capability has been previously
performed but likely underestimates EEG capability.14,29-31

To account for this, we report estimates corrected for re-
duced sensitivity and repeated our analysis with a more
sensitive definition of EEG capable, which led to similar
results. Second, there is potential for residual confounding.
Patients with more severe seizures may be more likely ad-
mitted to EEG-capable hospitals and more likely trans-
ferred. Our models did not include this information;
however, this would bias our results to the null.32-34 We also
reported estimates stratified by medical complexity. Third,
the NIS data set represents a sample of discharges at
each included hospital. The lower number of discharges
included per hospital may lead to higher variance and
sampling error in our hospital-level estimates. Fourth, our
analysis captures only patients who presented to an ED and
were admitted to the same hospital. We do not include
patients who were transferred directly from an ED setting,
which is likely a large proportion of patients with SE who
undergo interfacility transfer. Thus, our findings likely
underestimate both patients with SE presenting to facilities
without EEG capabilities and patients with SE who undergo
interfacility transfers. Last, the inability to link patients
across hospitalizations in the NIS data set prevents the
understanding of total length of stay. Future analysis of
total length of stay in the transfer population may provide
insight on the observed wide variability of EEG use.

Nationally, a plurality of hospitals lack EEG capability yet provide
care to a large proportion of patients hospitalized with SE. De-
spite having access to EEG,we foundwide variability in the use of
EEG among EEG-capable hospitals. Our results suggest lack of
inpatient EEG may contribute to interhospital transfer, but the
overall impact of the constrained access to inpatient EEG is
unclear.Given the frequency of SE and its associatedmorbidity, it
is important to understand whether improving EEG utilization
among EEG-capable hospitals and availability of inpatient EEG
among EEG-incapable hospitals can improve outcomes and de-
crease costs to the health system.

Acknowledgment
The authors thank Amy Markowitz, JD, from the University
of California San Francisco for her editorial suggestions in the
preparation of this manuscript.

Study Funding
The authors report no targeted funding.

Disclosure
E.L. Guterman: receives funding from the National Institute of
Neurological Disorders and Stroke (K23NS116128), National
Institute on Aging (5R01AG056715), and American Academy of
Neurology. Shehas receivedpersonal compensation fromMarinus
Pharmaceuticals, Inc., JAMANeurology, andRemoHealth, which
are unrelated to the submitted work; J.F. Burke: receives funding
from the National Institute on Minority Health and Health Dis-
parities (5R01MD008879-05) and theNational Institute onAging
(5R01AG059733-02); C.G. Suen: nothing to disclose. A.J.Wood:
nothing to disclose. J.P. Betjemann: nothing to disclose. Full dis-
closure form information provided by the authors is available with
the full text of this article at Neurology.org/cp.

Publication History
Received by Neurology: Clinical PracticeNovember 2, 2022. Accepted in
final form January 6, 2023. Submitted and externally peer reviewed. The
handling editor was Editor Luca Bartolini, MD.

Appendix Authors

Name Location Contribution

Catherine G.
Suen, MD

Department of Neurology,
University of California
San Francisco, San
Francisco, CA

Drafting/revision of the
article for content,
including medical writing
for content; major role in
the acquisition of data;
study concept or design;
and analysis or
interpretation of data

Andrew J. Wood,
MPH

Department of Neurology,
University of California
San Francisco, San
Francisco, CA

Major role in the
acquisition of data;
analysis or interpretation
of data

James Francis
Burke, MD, MS

Department of Neurology,
Ohio State Wexner
medical Center,
Columbus, OH

Drafting/revision of the
article for content,
including medical writing
for content; study concept
or design; and analysis or
interpretation of data

10 Neurology: Clinical Practice | Volume 13, Number 2 | April 2023 Neurology.org/CP

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://cp.neurology.org/lookup/doi/10.1212/CPJ.0000000000200143
http://neurology.org/cp


References
1. Brophy GM, Bell R, Claassen J, et al. Guidelines for the evaluation and manage-

ment of status epilepticus. Neurocrit Care. 2012;17(1):3-23. doi: 10.1007/s12028-
012-9695-z

2. Herman ST, Abend NS, Bleck TP, et al. Consensus statement on continuous EEG in
critically ill adults and children, part I: indications. J Clin Neurophysiol. 2015;32(2):
87-95. doi: 10.1097/wnp.0000000000000166

3. Schiltz NK, Koroukian SM, Singer ME, Love TE, Kaiboriboon K. Disparities in access
to specialized epilepsy care. Epilepsy Res. 2013;107(1-2):172-180. doi: 10.1016/
j.eplepsyres.2013.08.003

4. Mueller SK, Zheng J, Orav EJ, Schnipper JL. Rates, predictors and variability of
interhospital transfers: a national evaluation. J Hosp Med. 2017;12(6):435-442. doi:
10.12788/jhm.2747

5. Franca UL, McManus ML. Assessment of acute hospital use and transfers for man-
agement of pediatric seizures. JAMA Netw Open. 2020;3(4):e203148. doi: 10.1001/
jamanetworkopen.2020.3148

6. Acton EK, Blank LJ, Willis AW, Hamedani AG. Interfacility transfers for seizure-
related emergencies in the United States. Neurology 2022;99(24):e2718–e2727. doi:
10.1212/wnl.0000000000201319

7. Mueller S, Zheng J, Orav EJ, Schnipper JL. Inter-hospital transfer and patient out-
comes: a retrospective cohort study. BMJ Qual Saf. 2019;28(11):e1. doi: 10.1136/
bmjqs-2018-008087

8. Sokol-Hessner L, White AA, Davis KF, Herzig SJ, Hohmann SF. Interhospital transfer
patients discharged by academic hospitalists and general internists: characteristics and
outcomes. J Hosp Med. 2016;11(4):245-250. doi: 10.1002/jhm.2515

9. Kolls BJ, Mace BE, Dombrowski KE. Implementation of continuous video-
electroencephalography at a community hospital enhances care and reduces costs.
Neurocrit Care. 2018;28(2):229-238. doi: 10.1007/s12028-017-0468-6

10. Mohr NM, Wong TS, Faine B, Schlichting A, Noack J, Ahmed A. Discordance
between patient and clinician experiences and priorities in rural interhospital
transfer: a mixed methods study. J Rural Health. 2016;32(1):25-34. doi:
10.1111/jrh.12125

11. HCUP National Inpatient Sample (NIS). Healthcare Cost and Utilization Project
(HCUP). Agency for Healthcare Research and Quality; 2012-2018.

12. JettÃ© N, Reid AY, Quan H, Hill MD, Wiebe S. How accurate is ICD coding for
epilepsy? Epilepsia 2010;51(1):62-69. doi: 10.1111/j.1528-1167.2009.02201.x

13. Neurology AAo. ICD-9 to ICD-10 conversion of epilepsy; 2022. Available at: aan.
com. Accessed March 8, 2022.

14. Kamitaki BK, Rishty S, Mani R, et al. Using ICD-10 codes to identify elective epilepsy
monitoring unit admissions from administrative billing data: a validation study. Epi-
lepsy Behav. 2020;111:107194. doi: 10.1016/j.yebeh.2020.107194

15. Smith JR, Jones FJS, Fureman BE, et al. Accuracy of ICD-10-CM claims-based defi-
nitions for epilepsy and seizure type. Epilepsy Res. 2020;166:106414. doi: 10.1016/
j.eplepsyres.2020.106414

16. Kee VR, Gilchrist B, Granner MA, Sarrazin NR, Carnahan RM. A systematic review of
validated methods for identifying seizures, convulsions, or epilepsy using adminis-
trative and claims data. Pharmacoepidemiol Drug Saf. 2012;21(suppl 1):183-193. doi:
10.1002/pds.2329

17. Sanchez Fernandez I, Amengual-Gual M, Barcia Aguilar C, Loddenkemper T. Esti-
mating the cost of status epilepticus admissions in the United States of America using
ICD-10 codes. Seizure 2019;71:295-303. doi: 10.1016/j.seizure.2019.09.001

18. Kerlin MP, Weissman GE, Wonneberger KA, et al. Validation of administrative def-
initions of invasive mechanical ventilation across 30 intensive care units. Am J Respir
Crit Care Med. 2016;194(12):1548-1552. doi: 10.1164/rccm.201605-0953le

19. Quigg M, Shneker B, Domer P. Current practice in administration and clinical criteria
of emergent EEG. J Clin Neurophysiol. 2001;18(2):162-165. doi: 10.1097/00004691-
200103000-00007

20. Gavvala J, Abend N, LaRoche S, et al. Continuous EEG monitoring: a survey of neu-
rophysiologists and neurointensivists. Epilepsia 2014;55(11):1864-1871. doi: 10.1111/
epi.12809

21. Louis S, Rabah N, Rammo R, Bingaman W, Jehi L. Disparities in the nationwide
distribution of epilepsy centers. Epilepsy Behav. 2021;125:108409. doi: 10.1016/
j.yebeh.2021.108409

22. Yu CY, Blaine T, Panagos PD, Kansagra AP. Demographic Disparities in proximity to
certified Stroke care in the United States. Stroke 2021;52(8):2571-2579. doi: 10.1161/
strokeaha.121.034493

23. de Havenon A, Sheth K, Johnston KC, et al. Acute ischemic Stroke interventions in
the United States and racial, socioeconomic, and geographic Disparities. Neurology
2021;97(23):e2292–e2303. doi: 10.1212/wnl.0000000000012943

24. Owens S, Sirven JI, Shafer PO, et al. Innovative approaches reaching underserved and
rural communities to improve epilepsy care: a review of the methodology of the Con-
nectors Project. Epilepsy Behav. 2019;90:273-283. doi: 10.1016/j.yebeh.2018.09.029

25. Szaflarski M, Wolfe JD, Tobias JGS, Mohamed I, Szaflarski JP. Poverty, insurance, and
region as predictors of epilepsy treatment among US adults. Epilepsy Behav. 2020;107:
107050. doi: 10.1016/j.yebeh.2020.107050

26. Madill ES, Gururangan K, Krishnamohan P. Improved access to rapid electroencepha-
lography at a community hospital reduces inter-hospital transfers for suspected non-
convulsive seizures. Epileptic Disord. 2022;24(3):507-516. doi: 10.1684/epd.2021.1410.

27. Yuliati A, Weber ARB. Use of continuous EEGmonitoring in children presenting with
encephalopathy following convulsive status epilepticus. J Clin Neurophysiol. 2019;
36(3):181-185. doi: 10.1097/wnp.0000000000000566

28. Ney JP, Gururangan K, Parvizi J. Modeling the economic value of Ceribell Rapid
Response EEG in the inpatient hospital setting. J Med Econ. 2021;24(1):318-327. doi:
10.1080/13696998.2021.1887877

29. Hill CE, Blank LJ, Thibault D, et al. Continuous EEG is associated with favorable
hospitalization outcomes for critically ill patients. Neurology 2019;92(1):e9–e18. doi:
10.1212/wnl.0000000000006689

30. Rush B, Ashkanani M, Romano K, Hertz P. Utilization of electroencephalogram post
cardiac arrest in the United States: a nationwide retrospective cohort analysis. Re-
suscitation 2017;110:141-145. doi: 10.1016/j.resuscitation.2016.11.008

31. Betjemann JP, Josephson SA, Lowenstein DH, Burke JF. Trends in status epilepticus-
related hospitalizations and mortality: redefined in US practice over time. JAMA
Neurol. 2015;72(6):650-655. doi: 10.1001/jamaneurol.2015.0188

32. Atmaca MM, Bebek N, Baykan B, Gokyigit A, Gurses C. Predictors of outcomes and
refractoriness in status epilepticus: a prospective study. Epilepsy Behav. 2017;75:
158-164. doi: 10.1016/j.yebeh.2017.07.046

33. Sculier C, Gainza-Lein M, Sanchez Fernandez I, Loddenkemper T. Long-term out-
comes of status epilepticus: a critical assessment. Epilepsia 2018;59(suppl 2):155-169.
doi: 10.1111/epi.14515

34. Ascoli M, Ferlazzo E, Gasparini S, et al. Epidemiology and outcomes of status epi-
lepticus. Int J Gen Med. 2021;14:2965-2973. doi: 10.2147/ijgm.s295855

How to cite this article: Suen CG, Wood AJ, Burke JF, Betjemann JP, Guterman EL.
Hospital EEG capability and associations with interhospital transfer in status epilepticus.
Neurol Clin Pract. 2023;13(2):e200143. doi: 10.1212/CPJ.0000000000200143.

Appendix (continued)

Name Location Contribution

John P.
Betjemann, MD

Department of Neurology,
Kaiser Permanente
Northern California, San
Francisco, CA

Study concept or design;
analysis or interpretation
of data

Elan L.
Guterman, MD,
MAS

Department of Neurology,
University of California
San Francisco, San
Francisco, CA; Philip R. Lee
Institute for Health Policy
studies, University of
California, San Francisco,
CA

Drafting/revision of the
article for content,
including medical writing
for content; major role in
the acquisition of data;
study concept or design;
and analysis or
interpretation of data

Neurology.org/CP Neurology: Clinical Practice | Volume 13, Number 2 | April 2023 11

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://aan.com
http://aan.com
http://dx.doi.org/10.1212/CPJ.0000000000200143
http://neurology.org/cp



