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A B S T R A C T

Purpose: Estimate the cost of status epilepticus (SE) admissions in the USA using claim databases based on ICD-
10 codes.
Method: Descriptive retrospective study using national estimates for the year 2016 from the KID’s Inpatient
Database (KID) for pediatric patients and from the National Inpatient Sample (NIS) for adults. These databases
are comprehensive collections of all-payer, encounter-level hospital care data in the United States of America.
Results: From a population of 6,106,405 pediatric admissions there were 580 admissions related to SE. From a
population of 29,274,158 adult admissions there were 1,405 admissions related to SE. The median (p25–p75)
cost of pediatric admissions related to SE was $8,749 ($4,875–$19,067) in 2016 USA dollars [$9,295
($5,180–$20,258) in inflation-adjusted 2019 USA dollars], and for adult admissions related to SE it was $14,678
($7,203–$28,388) in 2016 USA dollars [$15,595 ($7,653–$30,161) in inflation-adjusted 2019 USA dollars].
Transforming to 2019 USA dollars, the values from the current study are consistent with prior estimates in the
literature from the KID and NIS databases with a progressive increase, except for the cost of super-refractory SE
in children that has increased disproportionately.
Conclusions: This study estimates that the cost of admissions related to SE in the USA is approximately $9,000 in
children and $15,000 in adults and shows that the cost estimates have not markedly changed with the advent of
ICD-10.

1. Introduction

There are approximately 17–23/100,000 status epilepticus (SE)
episodes per year in pediatric patients and approximately 4–15/
100,000 SE episodes per year in adults [1,2]. SE is a condition with a
mortality of approximately 2–5% in children and 13–19% in adults,
even higher when SE is refractory or super-refractory [3]. Therefore, SE
generally requires hospital management and close monitoring, fre-
quently in the intensive care unit (ICU). The cost of caring for SE is
substantial, but there is limited literature on cost associated with SE.
Costs associated with SE markedly increase once SE becomes refractory
or super-refractory [4–6]. Estimations on the cost of SE are largely
based on claims data which is at least 4 years old [4–9]. Further, the
change from ICD-9 to ICD-10 in the USA may have modified the coding
of SE and, therefore, the estimations on cost of SE. The original ICD-10

coding system has provided more granularity in the study of SE from
claims data than ICD-9 coding [6], and the USA implementation of ICD-
10 coding system has further modified the coding for SE [10]. Hence,
coding changes may modify the cost of SE as estimated from claims
data. Unfortunately, there are no estimations on the cost of SE in the
USA based on ICD-10 codes [4,5,7]. The purpose of this study was to
provide a more recent estimate of the cost of SE in the USA and to
evaluate whether the use of ICD-10 has modified the cost estimates.

2. Patients and methods

2.1. Protocol approvals, registrations, and patient consent

This study was performed using the Kids’ Inpatient Database (KID)
and National Inpatient Sample (NIS), publicly available databases from
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the Health Care Cost and Utilization Project (HCUP) maintained by the
Agency for Healthcare Research and Quality (AHRQ) [11]. The In-
stitutional Review Board at Boston Children’s Hospital deemed this
study non-human subjects research as these data derive from de-iden-
tified publicly available datasets (IRB-A00023607-3).

2.2. Study design

This is a retrospective descriptive study evaluating the cost of ad-
missions related to SE in the KID and NIS databases for the year 2016.
HCUP is the largest all-payer encounter-level hospital care data in the
USA. The KID database contains data for pediatric admissions, defined
in this database as admissions where the patient was 20 year-old or
younger at admission [12]. The NIS database contains data from all
inpatients [13]. As the KID database provides more granularity in ad-
missions of patients during the first 20 years of life, we included all
admissions of patients in the KID database, and, to avoid overlap, we
used only those admissions from the NIS database in which the patient
was older than 20 years at admission. Both the KID and NIS databases
are generated through a stratified sampling strategy that extracts data
which includes all relevant strata in the US population [12,13]. For the
year 2016, the KID database consisted of a sample of more than 3
million pediatric admissions representing a population of more than 6
million pediatric admissions [12]. For the year 2016, the NIS database
consisted of a sample of more than 5 million discharges representing a
population of more than 29 million admissions [13].

2.3. Population of interest

We included all admissions related to SE. Admissions having SE
were identified using the USA version of the 10th revision of the
International Classification of Diseases (ICD-10) codes. We defined SE
with the codes G40.301 and G40.311 (“Generalized idiopathic epilepsy
and epileptic syndromes, with status epilepticus”) from the ICD-10
version, considered equivalent to “345.3 Grand mal status” from the
ICD-9 version by the American Academy of Neurology [10]. Mechanical
ventilation was identified using the ICD-10 procedural codes 5A1935Z
(less than 24 hours), 5A1945Z (24–96 hours), and 5A1955Z (more than
96 hours) [14]. We excluded admissions with no information on age,
sex, length of stay, mortality, and cost.

2.4. Classification of admissions related to status epilepticus

Adapting prior models for identification of SE based on ICD codes
[5,6] to the USA version of ICD-10 codes, we divided admissions related
to SE into: 1) non-refractory SE if the patient was not mechanically
ventilated, 2) refractory SE if the patient was mechanically ventilated
for less than 96 hours, and 3) super-refractory SE if the patient was
mechanically ventilated for at least 96 hours. SE is considered re-
fractory or super-refractory based on the response to the administered
treatments. Treatment information is not available in the KID and NIS
databases, hence the classification of SE was based on the surrogate
variables of mechanical ventilation and its duration.

2.5. Variables

The main outcome variable was the cost of hospital admission. The
KID and NIS databases contain data on total charges related to the
admission [15]. These charges represent the amount that hospitals
billed for services [15]. However, the real value of interest is the
amount of resources that were spent during the admissions: the cost.
The KID and NIS databases contain cost-to-charge ratio files that allow
the conversion of charges into cost estimates [15]. Secondary outcomes
in this analysis were length of stay and mortality. We described hospital
characteristics, and demographic and clinical features. The specific
definitions and categories of each variable can be found in the

description of data elements for the KID [16] and the NIS [17] data-
bases.

2.6. Sampling and weighting

The KID and NIS databases are samples designed to represent a
larger population. Data is weighted to achieve nationally representative
estimates [18]. For the KID database, discharge weights were calculated
by stratifying the hospitals based on geographic region, urban/rural
location, teaching status, bed size, ownership, and children's hospital,
the same variables that were used for creating the sample [18]. For the
NIS database, the weights were calculated by stratifying the NIS hos-
pitals on census division, urban/rural location, teaching status, bed
size, and ownership, the same variables that were used for creating the
sample [18].

2.7. Adjustment for inflation

Costs refer to 2016 USA dollars. To evaluate how these costs would
translate to 2019 USA dollars, we also calculated inflation-adjusted
costs. We used the inflation statistics from the United States Department
of Labor, Bureau of Labor Statistics [19]. In particular, we used the
consumer price index (CPI), which is a measure of the average change
over time in the prices paid by urban consumers for a market basket of
consumer goods and services [20].

2.8. Statistical analysis

Analyses were performed using complex survey weights and pro-
cedures for obtaining appropriate national projections. We summarized
hospital characteristics, demographics, and clinical characteristics with
descriptive statistics, including median and 25th-75th percentiles (p25-
p75) for continuous variables, and number and percentage for catego-
rical variables. We stratified costs by relevant factors such as hospital
size or disease severity. The individual observation in the NIS and KID
databases is the individual hospital admission, not the individual pa-
tient. Some of the different admissions may belong to the same patient,
but there is no variable in the databases to detect repeated patients.
Hence, the assumption of independent observations may not hold and,
strictly, statistical tests for independent data are not applicable, nor it is
possible to manage non-independent observations in these databases.
However, the proportion of repeated admissions from the same patient
is likely small in KID and NIS, national databases derived from state-
wide databases. Consequently, the impact of strictly non-independent
data on statistical tests is likely small. Statistical tests of significance
may not be particularly informative in the NIS and KID databases be-
cause with a very large number of observations minor differences in
effect size may reach statistical significance. For completeness, we have
provided a linear regression to evaluate variables most associated with
the cost of admission for SE.

2.9. Statistical software

Statistical analyses were performed with R: a language and en-
vironment for statistical computing, version 3.4.1 [21], RStudio [22],
and the packages readr [23], gmodels [24], tidyverse [25], qdapRegex
[26], and survey [27].

2.10. Data access

The NIS and KID databases are publicly available databases. The
code for our analyses can be found at GitHub (https://github.com/
IvanSanchezFernandez/costse2019) and at Zenodo (https://zenodo.
org/badge/latestdoi/184500470).

I. Sánchez Fernández, et al. Seizure: European Journal of Epilepsy 71 (2019) 295–303

296

https://github.com/IvanSanchezFernandez/costse2019
https://github.com/IvanSanchezFernandez/costse2019
https://zenodo.org/badge/latestdoi/184500470
https://zenodo.org/badge/latestdoi/184500470


Table 1
Demographic and clinical characteristics of the admission.

KID 2016 N=6,106,405 (sample 3,040,080)

Non-refractory SE
N=422

Refractory SE
N=116

Super-refractory SE
N=42

SE, all categories
N=580

HOSPITAL
Bedsize Large 271 (64.2%) 75 (64.7%) # 373 (64.3%)

Medium 111 (26.3%) 28 (24.1%) # 150 (25.9%)
Small 40 (9.5%) 13 (11.2%) # 57 (9.8%)

Region Northeast 101 (23.9%) 25 (21.4%) # 139 (23.9%)
Midwest 69 (16.3%) 18 (15.4%) # 98 (16.9%)
South 147 (34.8%) 39 (33.3%) # 197 (33.9%)
West 106 (25.1%) 35 (29.9%) # 147 (25.3%)

ADMISSION
Emergency department admission 240 (56.9%) 69 (59.5%) 22 (53.7%) 332 (57.2%)
SE developed during elective admission 52 (12.3%) 0 (0%) # 54 (9.3%)
Admission during the weekend 102 (24.2%) 37 (31.9%) 14 (33.3%) 153 (26.4%)

DEMOGRAPHICS
Race White 184 (49.5%) 41 (39.8%) 17 (48.6%) 241 (47.4%)

Non-white 188 (50.5%) 62 (60.2%) 18 (51.4%) 268 (52.7%)
Income Upper half 189 (45.2%) 53 (46.5%) 22 (61.1%) 264 (46.5%)

Lower half 229 (54.8%) 61 (53.5%) 14 (38.9%) 304 (53.5%)
Primary payer Private insurance 161 (38.2%) 33 (28.5%) 15 (36.6%) 209 (36%)

Medicare or Medicaid 232 (55%) 72 (62.1%) 21 (0.5%) 325 (56%)
Other (self-pay, no charge, or other) 28 (6.6%) # # 44 (7.6%)

CLINICAL CHARACTERISTICS
Age in years 6 (2-12) 5 (2-13.9) 5 (1-10.9) 6 (2-12)
Sex Male 213 (50.5%) 62 (53.5%) 20 (47.6%) 295 (50.9%)

Female 209 (49.5%) 54 (46.6%) 22 (52.4%) 285 (49.1%)
Disease severity Extreme or major 184 (43.6%) 104 (89.7%) 42 (100%) 330 (56.9%)

Moderate or minor 238 (56.4%) 12 (10.4%) 0 (0%) 250 (43.1%)
Mortality risk Extreme or major 46 (10.9%) # # 194 (33.5%)

Moderate or minor 376 (89.1%) # # 386 (66.6%)

CLINICAL OUTCOMES
Length of stay 2 (1-4) 3 (2-6) 28 (10.7-37.5) 3 (1-5)
Mortality # # # 16 (2.8%)

NIS 2016 N=29,274,158 (sample 5,854,836)

Non-refractory SE
N=710

Refractory SE
N=530

Super-refractory SE
N=165

SE, all categories
N=1,405

HOSPITAL
Bedsize Large 415 (58.5%) 340 (64.2%) 105 (63.6%) 860 (61.2%)

Medium 155 (21.8%) 130 (24.5%) 30 (18.2%) 315 (22.4%)
Small 140 (19.7%) 60 (11.3%) 30 (18.2%) 230 (16.4%)

Region Northeast 190 (26.8%) 125 (23.6%) 40 (24.2%) 355 (25.3%)
Midwest 130 (18.3%) 90 (17%) 20 (12.1%) 240 (17.1%)
South 225 (31.7%) 215 (40.6%) 50 (30.3%) 490 (34.9%)
West 165 (23.2%) 100 (18.9%) 55 (33.3%) 320 (22.8%)

ADMISSION
Emergency department admission 525 (73.9%) 410 (77.4%) 95 (57.6%) 1,030 (73.3%)
SE developed during elective admission 75 (10.7%) 20 (3.8%) # 100 (7.2%)
Admission during the weekend 180 (25.4%) 160 (30.2%) 35 (21.2%) 375 (26.7%)

DEMOGRAPHICS
Race White 410 (59%) 335 (68.4%) 85 (51.5%) 830 (61.5%)

Non-white 285 (41%) 155 (31.6%) 80 (48.5%) 520 (38.5%)
Income Upper half 320 (45.4%) 210 (40.4%) 55 (35.5%) 585 (42.4%)

Lower half 385 (54.6%) 310 (59.6%) 100 (64.5%) 795 (57.6%)
Primary payer Private insurance 160 (22.5%) 125 (23.6%) 15 (9.1%) 300 (21.4%)

Medicare or Medicaid 520 (73.2%) 360 (67.9%) 145 (87.9%) 1,025 (73%)
Other (self-pay, no charge, or other) 30 (4.2%) # # 80 (5.7%)

CLINICAL CHARACTERISTICS
Age in years 54 (37-65.5) 54 (34.5-63.5) 60 (50.3-73) 55 (37-66)
Sex Male 365 (51.4%) 335 (63.2%) 85 (51.5%) 785 (55.9%)

Female 345 (48.6%) 195 (36.8%) 80 (48.5%) 620 (44.1%)
Disease severity Extreme or major 325 (45.8%) 490 (92.5%) 165 (100%) 980 (69.8%)

Moderate or minor 385 (54.2%) 40 (7.6%) 0 (0%) 425 (30.3%)
Mortality risk Extreme or major 240 (33.8%) # # 915 (65.1%)

Moderate or minor 470 (66.2%) # # 490 (34.9%)

CLINICAL OUTCOMES
Length of stay 4 (2-7) 5 (2-8.5) 18.5 (13-26) 5 (2-10)

(continued on next page)
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3. Results

3.1. Demographic and clinical characteristics

From a population of 6,106,405 pediatric admissions there were
580 admissions related to SE. From a population of 29,274,158 adult
admissions there were 1,405 admissions related to SE. That translates
into approximately 9.5/100,000 pediatric hospital admissions related
to SE and approximately 4.8/100,000 adult hospital admissions related
to SE. The main hospital characteristics, demographic, and clinical
features including length of stay and mortality are summarized in
Table 1.

3.2. Cost of admissions related to SE

The median (p25-p75) cost of pediatric admissions related to SE was
$8,749 ($4,875–$19,067) in 2016 USA dollars [$9,295
($5,180–$20,258) in inflation-adjusted 2019 USA dollars], and for
adult admissions related to SE it was $14,678 ($7,203–$28,388) in
2016 USA dollars [$15,595 ($7,653–$30,161) in inflation-adjusted
2019 USA dollars]. Costs were higher for super-refractory SE than for
refractory SE and non-refractory SE both in the KID and NIS databases
(Table 2). The most relevant variables associated with the cost of ad-
mission for SE based on a linear regression model are summarized in
Table e-1 and Table e-2 in Supplementary materials. How cost of ad-
mission varies by variables of interest is presented in Table 3.

3.3. Comparison with prior literature

Transforming to 2019 USA dollars the values from the current study
are consistent with prior estimations in the literature using the KID and
NIS databases and also transforming to 2019 USA dollars [5]. This
comparison also shows a steady increase in cost over time, except for
the cost of super-refractory SE in children that has increased dis-
proportionately (Figs. 1 and 2).

4. Discussion

Our study estimates the median cost of admissions related to SE in
the USA at approximately $9,000 for pediatric patients, and at ap-
proximately $15,000 for adults. There is a marked increase in cost of
admissions with increasing SE severity: the cost of an admission related
to refractory SE is approximately double than that of an admission re-
lated to non-refractory SE, and the cost of an admission related to
super-refractory SE is more than 5 times higher than the cost of an
admission related to non-refractory SE.

Increase in health care costs in the USA is an urgent problem that
may lead to access limitations [28,29]. Health care costs currently re-
present approximately one third of the median household income for
families in the USA [29], and the projected increase is unsustainable,
possibly leading to potential rationing, based on access, increased out-
of-pocket cost, restricted service provision, or through extended wait
times, in the near future [28–30]. Identifying clinical presentations
where relatively inexpensive early interventions may prevent evolution
towards a complicated and costly condition may be one of the more
feasible cost-saving approaches in the short term; hence, resource
prioritization towards high-value prevention or early intervention ef-
forts may provide benefit. SE usually needs hospital admission and
often includes management in the intensive care unit (ICU), one of the
most resource-consuming settings in a hospital. The cost associated
with managing SE is much higher than that associated with managing
other forms of epilepsy. In a study of 96 adult German patients admitted
during a 4-month period in 2008 with epilepsy (86 patients) or SE (10
patients), the median admission costs related to SE were markedly
higher per patient per admission (€4,702) [assuming a 1 euro : 1.47
USA dollar conversion in 2008, which was the average 2008 exchange,
this would be approximately $8,243 in 2019 USA dollars] than those
related to patients with newly-diagnosed epilepsy (€2,098) [assuming a
1 euro : 1.47 USA dollar conversion in 2008, which was the average
2008 exchange, this would be approximately $3,678 in 2019 USA
dollars], or with established epilepsy €2,098 [assuming a 1 euro : 1.47
USA dollar conversion in 2008, which was the average 2008 exchange,
this would be approximately $3,678 in 2019 USA dollars] [9]. How-
ever, estimates of the cost of SE are limited, and most recent data are

Table 1 (continued)

NIS 2016 N=29,274,158 (sample 5,854,836)

Non-refractory SE
N=710

Refractory SE
N=530

Super-refractory SE
N=165

SE, all categories
N=1,405

Mortality 20 (2.8%) 40 (7.6%) 65 (39.4%) 125 (8.9%)

Legend: KID: Kid’s inpatient database. NIS: National inpatient sample. SE: Status epilepticus.
Some values may not add up to 100% depending on estimation rounding.
#This outcome cannot be reported because of the HCUP requirement to not report cells smaller than 11 individuals to preserve privacy and confidentiality.

Table 2
Cost data (in 2016 US dollars, and estimation in 2019 US dollars).

KID 2016 N=6,106,405 (sample 3,040,080)

Non-refractory SE
N=422

Refractory SE
N=116

Super-refractory SE
N=42

SE, all categories
N=580

Cost Original data in 2016 USA dollars 6,625 (3,678-13,995) 13,286 (8,392-22,273) 139,790 (65,089-230,451) 8,749 (4,875-19,067)
Estimation in 2019 USA dollars 7,039 (3,908-14,869) 14,116 (8,916-23,664) 148,520 (69,154-244,843) 9,295 (5,180-20,258)

NIS 2016 N=29,274,158 (sample 5,854,836)

Non-refractory SE
N=710

Refractory SE
N=530

Super-refractory SE
N=165

SE, all categories
N=1,405

Cost Original data in 2016 USA dollars 9,127 (5,715-17,209) 17,179 (9,671-28,298) 54,584 (39,139-78,273) 14,678 (7,203-28,388)
Estimation in 2019 USA dollars 9,697 (6,072-18,284) 18,252 (10,275-30,065) 57,993 (41,583-83,161) 15,595 (7,653-30,161)

Legend: KID: Kid’s Inpatient Database. NIS: National Inpatient Sample. SE: Status epilepticus. USA: United States of America.
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more than 5 years old [4–79].
In the USA, there are very few studies evaluating the economic

burden of SE, and these studies rely on ICD-9 codes [4,5,7]. In a study
based on data from admissions for SE from July 1993 to June 1994 at
the Medical College of Virginia, the median (p25–p75) inpatient re-
imbursement was $8,417 ($5,592–$21,155) [$14,492 ($9,628-

$36,423) in 2019 USA dollars] [7]. Similar to our study, costs were
lower for children (0–16 years of age): $6,140 ($3,423–$14,795)
[$10,571 ($5,893–$25,473) in 2019 USA dollars] than for adults
(17–45 years of age): $14,689 ($7,892–$26,604) [$25,290
($13,588–$45,804) in 2019 USA dollars] [7]. Based on these data, it
was estimated that the direct cost of SE admissions in the USA for SE

Fig. 1. Cost in 2019 USA dollars for pe-
diatric admissions. Comparison of the esti-
mates from KID2016 (green), KID2012
(orange), and KID2009 (pink). The circles
represent the median values, the diamonds
represent the 25th and 75th percentiles. A.
Comparison of non-refractory status epi-
lepticus (NRSE), refractory status epi-
lepticus (RSE), super-refractory status epi-
lepticus (SRSE), and all status epilepticus
(All SE). B. As the cost of SRSE drives most
of the y-axis, we provide the same graph
without SRSE to better appreciate the dif-
ferences in NRSE, RSE, and All SE. Colors
may not be distinguishable in the print
(black and white) version of the article.
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was approximately $4 billion per year [7]. A more recent estimate was
based on the 2012 Premier Hospital Database with a total of 5,300,000
hospital discharges representing approximately 20% of all USA hospi-
talizations [4]. The median cost of admissions for super-refractory SE
was estimated at $33,294 in 2012 USA dollars [$36,973 in 2019 USA
dollars] [4], close to the range of $39,139–$78,273 in 2016 USA dollars
estimated in our study. The higher costs in our study may be attributed
to a requirement for classifying an episode as super-refractory SE of
mechanical ventilation for at least 96 hours as opposed to at least
48 hours in other studies [4,6]. As in prior literature, we found that a
major proportion of the cost associated with SE can be attributed to
super-refractory SE. In a study using the Gesundheitsforen Leipzig re-
search database, which contains data from approximately 4.1 million

patients across Germany, the median cost for admissions was much
higher for super-refractory SE (€32,706) [assuming a 1 euro : 1.39 USA
dollar conversion in 2011, which was the average 2011 exchange, this
would be approximately $51,961 in 2019 USA dollars] than for re-
fractory SE (€4,581) [assuming a 1 euro : 1.39 USA dollar conversion in
2011, which was the average 2011 exchange, this would be approxi-
mately $7,279 in 2019 USA dollars] and non-refractory SE (€4,063)
[assuming a 1 euro : 1.39 USA dollar conversion in 2011, which was the
average 2011 exchange, this would be approximately $5,648 in 2019
USA dollars] [6]. In a similar study using the Arvato Health Analytics
research database, which contains data from approximately 4 million
patients in Germany, the median cost of admission for pediatric SE was
€15,880 [assuming a 1 euro : 1.39 USA dollar conversion in 2011,

Fig. 2. Cost in 2019 USA dollars for adult
admissions. Comparison of the estimations
from NIS2016 (green), NIS2012 (orange),
NIS2011 (turquoise), NIS2010 (blue),
NIS2009 (pink), NIS2008 (brown), and
NIS2007 (gold). The circles represent the
median values, the diamonds represent the
25th and 75th percentiles. A. Comparison of
non-refractory status epilepticus (NRSE),
refractory status epilepticus (RSE), super-
refractory status epilepticus (SRSE), and all
status epilepticus (All SE). B. As the cost of
SRSE drives most of the y-axis, we provide
the same graph without SRSE to better
appreciate the differences in NRSE, RSE,
and All SE. Colors may not be distinguish-
able in the print (black and white) version
of the article.
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which was the average 2011 exchange, this would be approximately
$25,229 in 2019 USA dollars], also much higher for super-refractory SE
(€75,358 [assuming a 1 euro : 1.39 USA dollar conversion in 2011,
which was the average 2011 exchange, this would be approximately
$119,726 in 2019 USA dollars]), than for refractory SE (€13,864 [as-
suming a 1 euro : 1.39 USA dollar conversion in 2011, which was the
average 2011 exchange, this would be approximately $22,027 in 2019
USA dollars]), and non-refractory SE (€4,119 [assuming a 1 euro : 1.39
USA dollar conversion in 2011, which was the average 2011 exchange,
this would be approximately $6,544 in 2019 USA dollars]) [8]. A prior
study based on the KID and NIS databases evaluated 186,013,640 ad-
missions over 6 years (2007–2012), of which 184,500 admissions were
related to SE [5], and estimated a median cost of admission related to
SE around $7,000 in children and around $13,000 in adults [5]. The
current study provides the most updated estimates of the cost of ad-
missions associated with SE and also adds to the literature the first costs
evaluated with the USA version of the ICD-10 coding system. The ICD-
10 coding system provided by the World Health Organization has
specific codes of SE and its subcategories under G41.: G41.0 as “grand
mal status epilepticus”, G41.1 as “petit mal status epilepticus”, G41.2 as
“complex partial status epilepticus”, G41.8 as “other status epilepticus”,
and G41.9 as “status epilepticus, unspecified” [31]. In the original ICD-
10 coding system all codes for focal epilepsies or unspecified epilepsies
allow the designation of “with status epilepticus” to be used for history
of SE, while patients with active SE are codified under G41. This system
has allowed more granularity in the study of SE from claims data [6].
Unfortunately, the USA implementation of the ICD-10 coding system
does not use codes under G41 and codifies SE under two codes ac-
cording the American Academy of Neurology [10]: G40.301 as “Gen-
eralized idiopathic epilepsy and epileptic syndromes, not intractable,
with status epilepticus” and G40.311 as “Generalized idiopathic epi-
lepsy and epileptic syndromes, intractable, with status epilepticus”
[10]. Codes for focal epilepsies and unspecified epilepsies with the
designation of “with status epilepticus” are used for history of SE rather
than for active SE [10]. Therefore, the USA implementation of the ICD-
10 coding system might be more specific and less sensitive to the re-
cognition of SE than in the more standard ICD-10 implementation. The
estimated approximately 9.5/100,000 pediatric hospital admissions
related to SE and approximately 4.8/100,000 adult hospital admissions
related to SE in the current study is within the lower range of epide-
miological studies in the literature [1,2], which is expected because all
patients who had SE which resolved before hospital arrival or in the
emergency room with no hospital admission are not captured in this
database but are typically captured in population studies.

4.1. Strengths and weaknesses

Studies based on claims data necessarily estimate the cost of ad-
missions related to SE with a “cost-adjusted charges” approach to es-
timating cost [32]. This method consists of adjusting billed charges by
the ratio of cost-to-charges [32]. As billing and cost-to-charge data are
available from most hospitals, it leads to estimates from a large popu-
lation and from a wide range of hospitals and admissions [32]. How-
ever, the method of cost-adjusted charges requires the assumption that
charge is proportional to economic cost and does not account for direct
costs of SE occurring in the ambulatory setting after discharge [32].
Estimates of cost of admissions related to SE are quite stable when
compared with prior literature [5] and have not changed markedly with
the implementation of ICD-10 coding. Our results are also consistent
with literature from Europe showing a marked increase in costs when
SE becomes super-refractory [6]. All these approaches based on “cost-
adjusted charges” may require further refinement with more granular
analyses using microcosting and activity-based cost allocation ap-
proaches [32]. These more resource-intensive methods estimate costs
from the individual components of an admission [32]. Therefore, they
can only be applied in smaller populations, but provide an additional

degree of granularity that prior “cost-adjusted charges”methods are not
able to achieve.

Secondary use of data collected primarily for administrative pur-
poses faces the problem of validity. In particular, ICD coding might not
reflect clinical information accurately, and hence is subject to in-
formation bias. Research on the validity of the clinical information
contained in administrative data have shown mixed results, but tend to
support a high level of validity, especially for SE and for mechanical
ventilation [33,34]. In order to preserve patient privacy, administrative
data do not allow an in-depth evaluation of clinically relevant nuances
and only allows rough estimates.

We used a modification of the classification used in prior literature
where the refractoriness of SE is identified based on the duration of
mechanical ventilation [6]. We classified SE as superrefractory when
the patient was intubated for at least 96 hours. This does not follow the
prior literature which classified SE as superrefractory when the patient
was intubated for at least 48 hours [6], but it is the best that we can do
considering that our data do not have information on intubation for
48 hours.

The main outcome in this study is cost of admissions related to SE.
Even if our inclusion and exclusion criteria undersampled or over-
sampled admissions related to SE, cost estimates should not be mark-
edly affected by that. The present study cannot estimate other eco-
nomical and clinical aspects of SE such as lost career opportunities due
to neurological impairment or indirect costs for loss of working hours in
patients and family members. Therefore, the total costs of SE may be
even higher than the inpatient costs estimated in this study.

4.2. Conclusion

The current study estimates the median cost of admissions related to
SE in the USA at approximately $9,000 for pediatric patients, and at
approximately $15,000 for adults, with a marked increase in cost of
admissions with increasing SE severity. The cost of admissions related
to SE has not markedly changed using ICD-10 codes when compared
with the estimates based on ICD-9 codes.
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