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Abstract
Objective: Among patients with status epilepticus, we sought to determine the rate of endotracheal intubation, identify the
physician specialties responsible for endotracheal intubation, and characterize the trend in use of endotracheal intubation over
the last 20 years. Methods: We performed a cross-sectional study using data from 2 sources. First, we used inpatient claims
between 2009 and 2015 from a nationally representative 5% sample of Medicare beneficiaries. Patients with status epilepticus
were identified using International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes, and those who
underwent endotracheal intubation were identified based on Current Procedural Terminology codes. Medical specialties of provi-
ders performing intubation were identified based on Healthcare Provider Taxonomy Codes. Second, we used claims data from
the National Inpatient Sample (NIS) to estimate the annual rates and trends of endotracheal intubation and tracheostomy among
patients with status epilepticus from 1995 to 2014. Results: Among 1971 Medicare beneficiaries with status epilepticus, 566
(29%) patients underwent endotracheal intubation. 375 (66%) patients were intubated on admission. The most common medical
providers performing intubation in patients with status epilepticus were emergency medicine physicians (50.4%), anesthesiolo-
gists (16.4%), and pulmonary medicine physicians (10.1%). Neurologists accounted for 1.7% of all intubations. Among individuals
with status epilepticus identified in the NIS, 248 681 (41.7%) were intubated. The proportion of patients intubated increased from
29.5% (95% confidence interval [CI]: 27.8%-31.3%, P ¼ .018) in 1995 to 50.8% (95% CI: 49.6%-52%, P ¼ .012) in 2014. The
proportion of patients with status epilepticus who underwent tracheostomy increased from 2.2% (95% CI: 1.7%-2.7%, P ¼ .005)
in 1995 to 3.4% (95% CI: 3%-3.9%, P¼ .004) in 2014. Significance: Approximately 1 in 3 patients with status epilepticus undergo
endotracheal intubation. Over the last 20 years, the proportion of patients with status epilepticus undergoing endotracheal
intubation has almost doubled. Neurologists perform a small percentage of these intubations.
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Status epilepticus is a neurological emergency requiring

rapid treatment. There are approximately 200 000 cases of

status epilepticus in the United States each year with an

associated mortality between 9% and 27%.1,2 In order to

avoid permanent brain injury, guidelines recommend urgent

seizure control in patients with status epilepticus. Respira-

tory failure is a common complication of both the disease

itself and its treatments (ie, anesthetics) and as a result,

endotracheal intubation is often performed to manage

respiratory failure and maintain adequate ventilation and

oxygenation.3-7 Prior randomized trials indicate that between

15% and 18% of all patients with status epilepticus undergo

endotracheal intubation at the time of hospital admission, but

the overall rate and timing of endotracheal intubation within

the hospitalization for status epilepticus is uncertain.1,8

Among patients with status epilepticus, we sought to deter-

mine the rate of endotracheal intubation, identify the physi-

cian specialties responsible for endotracheal intubation, and
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characterize the trend in use of endotracheal intubation over

the last 20 years. As guidelines for the treatment of status

epilepticus have become more aggressive over time, with

earlier recommended use of anesthetics and increased use

of continuous electroencephalography monitoring, we

hypothesized that the rate of endotracheal intubation is

increasing in patients with status epilepticus and that neurol-

ogist are routinely involved in the care of these patients.

Methods

Study Design

We performed a cross-sectional retrospective cohort study

using data from 2 different data sets. First, we used inpatient

claims between 2009 and 2015 from a nationally represen-

tative 5% sample of Medicare beneficiaries. The US federal

government’s Centers for Medicare and Medicaid Services

provide health insurance to a large majority of US residents

once they reach 65 years of age. Centers for Medicare and

Medicaid Services makes available to researchers data on

claims submitted by providers and hospitals in the course

of Medicare beneficiaries’ clinical care. Claims data from

hospitals include International Classification of Diseases,

9th Revision, Clinical Modification (ICD-9-CM) diagnosis

and procedure codes and dates of hospitalization. Physician

claims include Current Procedural Terminology (CPT)

codes, the dates of service, and physicians’ specialty.

Multiple claims for a given patient can be linked via a unique

beneficiary identifier code, thus allowing for a compre-

hensive and longitudinal analysis of each beneficiary’s care

over time.

Second, to evaluate trends in use of endotracheal intubation

and tracheostomy in patients with status epilepticus, we used

inpatient discharge data from the National Inpatient Sample

(NIS) between 1994 and 2014. The NIS is a nationally repre-

sentative, deidentified database that is funded by the Agency

for Healthcare Research and Quality.9 It contains a 20% stra-

tified sample of all inpatient hospitalizations annually from

nonfederal hospitals across the United States.10

Standard Protocol Approval

The Weill Cornell Medical College institutional review board

approved our analysis of these data. We adhered to the Report

of Studies Conducted Using Observational Routinely Col-

lected Health Data guidelines for studies using administrative

claims data.11

Patient Population

Among our 5% sample of beneficiaries, we included only those

�65 years of age who had continuous coverage in traditional

fee-for-service Medicare (both parts A and B) for at least 1 year

(or until death, if applicable) and no enrollment in a Medicare

Advantage plan, as is standard in analysis of Medicare data.12

From this sample, we selected patients hospitalized between

January 1, 2009 and September 30, 2015 for status epilepticus

as defined by the ICD-9-CM code 345.3 in any discharge diag-

nosis position. This algorithm has been previously validated

and found to have a sensitivity of 82% (95% confidence inter-

val [CI]: 72%-92%) and specificity of 100%.13,14 The end date

of September 30, 2015 was chosen because ICD-10 went into

effect on October 1, 2015. We included all eligible hospitaliza-

tions for a given patient, and for each eligible hospitalization,

we included all physician claims dated from the day of admis-

sion through the day of discharge.

In the NIS, we identified all patients hospitalized with

status epilepticus using ICD-9-CM code 345.3 in any dis-

charge diagnosis position. In a sensitivity analysis, we consid-

ered only patients with status epilepticus coded in the

principal discharge diagnosis position.

Measurements

In our analysis of Medicare beneficiaries, our primary out-

come was endotracheal intubation performed during the index

hospitalization for status epilepticus. Endotracheal intubation

was identified using the CPT code 31500. In addition, we

identified the day on which endotracheal intubation was per-

formed and the medical specialty of the provider (Healthcare

Provider Taxonomy Code) who performed the intubation. We

determined demographic characteristics including age, sex,

and race, as reported by Medicare. In addition, a cumulative

clinical severity score was calculated for each patient using

the Charlson Comorbidity index.15,16

In the NIS, our primary outcome was endotracheal intuba-

tion or mechanical ventilation performed during the index

hospitalization for status epilepticus using procedure codes

97.x and 96.7. As a secondary outcome, we evaluated trends

in the use of tracheostomy, as defined by ICD-9-CM proce-

dure codes 31.1, 31.2, 31.21, and 31.29.17-19

Statistical Analysis

Patients’ baseline characteristics were compared using the

w2 test and the t test, as appropriate. Crude rates were

reported using descriptive statistics with exact 95% CI. Since

we were interested in which medical specialty performed

endotracheal intubation and when endotracheal intubation

was performed, we created tabular lists of the top 10 physi-

cian specialties performing endotracheal intubation on the

day of admission through day 3 of hospitalization. In our

analysis of the NIS, we used survey weights to report annual

rates of endotracheal intubation and variance-weighted lin-

ear least squares regression to test temporal trends between

1994 and 2013 in the NIS. All trend analyses were 2-tailed

and statistical significance was defined as a P value <.05.

Statistical analysis was performed using Stata (version 14.0,

College Station, Texas).
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Results

Medicare Beneficiaries

We identified 1971 Medicare beneficiaries with status epilepti-

cus, of whom 566 (29%) underwent endotracheal intubation.

Patients who underwent endotracheal intubation were slightly

younger (75.5 vs 76.8 years) but were similar in terms of sex,

race, or Charlson Comorbidity burden (Table 1). The majority of

patients were intubated for status epilepticus on the day of admis-

sion (66%); the remainder of patients with status epilepticus

were intubated between day 1 through 6 of the hospitalization.

Emergency medicine physicians accounted for the majority

of intubations (50.4%). The remaining claims for intubation

were most commonly submitted by physicians trained in

anesthesiology (16.4%) and pulmonary medicine (10.1%).

Neurologists accounted for 1.7% of all intubation claims.

When we broke down the analysis by day of hospitalization

for status epilepticus, emergency medicine physicians

accounted for the vast majority of claims from the day of

admission (78.6%) followed by anesthesiologists (6.2%).

Beyond the admission day, anesthesiologists accounted for

the majority of claims for intubation: 30.0% on the second

hospitalization day and 31.0% on third hospitalization day.

Neurologists accounted for 2.5% of intubations on day 2 and

4.0% on day 3 of hospitalization (Figures 1 and 2).

National Inpatient Sample Results

Between 1995 and 2014, 41.7% (95% CI: 41.2%-42.3%) of

patients with status epilepticus received endotracheal intuba-

tion. The proportion of patients with status epilepticus who

received endotracheal intubation increased from 29.5% (95%
CI: 27.8%-31.3%) in 1995 to 50.8% (95% CI: 49.6%-52.0%)

in 2014; these results were similar when we considered only

patients with status epilepticus in the primary discharge diag-

nosis position: 23.9% (95% CI: 21.8%-25.9%) in 1995 and

39% (95% CI: 37.5%-40.5%) in 2014 (Figure 3). The rate of

endotracheal intubation among patients with status epilepticus

increased among patients <65 years old and �65 years

between 1995 and 2014 (Figure 4). In addition, the use of

tracheostomy in patients with status epilepticus increased

from 2.2% (95% CI: 1.7%-2.7%) in 1995 to 3.4% (95% CI:

3.0%-3.9%) in 2014 (Figure 5; Table 2).

Discussion

In a large, nationally representative sample of Medicare ben-

eficiaries, we found that approximately 1 in 3 patients with

status epilepticus are intubated for status epilepticus. The pro-

portion of patients with status epilepticus undergoing intuba-

tion has almost doubled in the last 20 years. Neurologists

perform few of these intubations.

Previous randomized trials have reported that approxi-

mately 15% to 18% of patients with status epilepticus are

intubated.1,8 Furthermore, there has been an increasing trend

in the number of hospitalizations for status epilepticus

between 1999 and 2010.20 Vohra et al demonstrated a higher

mortality for intubated patients in their secondary analysis of

the Rapid Anticonvulsant Medication Prior to Arrival

Trial.21,22 Our study builds upon these prior studies by identi-

fying the rate of endotracheal intubation in older patients with

status epilepticus and by demonstrating an increasing trend in

the use of intubation in patients with status epilepticus.

There are multiple possible explanations for the increased

use of endotracheal intubation among patients with status epi-

lepticus. First, the combination of the change in the practical

definition of status epilepticus from 30 to 5 minutes of seizure

activity and the change in guidelines that recommend early

escalation of antiepileptic therapy in patients with status epi-

lepticus may have led to a lower threshold for initiation of

aggressive seizure control.23 As outcomes of patients with

Table 1. Characteristics of a 5% Sample of Medicare Beneficiaries
With Status Epilepticus, Stratified by Performance of Endotracheal
Intubation.

Characteristica
Intubation
(N ¼ 566)

No Intubation
(N ¼ 1405)

Age, mean (SD), years 75.5 (0.3) 76.8 (0.2)
Female 320 (56.5) 837 (59.8)
Race

White 403 (71.2) 994 (70.8)
Black 139 (24.6) 321 (22.9)
Other 24 (4.2) 90 (6.4)

Charlson Comorbidity Index, 95% CI 3.1 (3-3.3) 3.1 (3-3.2)

Abbreviations: CI, confidence interval; SD, standard deviation.
aData are presented as number (%) unless otherwise specified.

Figure 1. Distribution of specialties of physicians performing
endotracheal intubation for status epilepticus. Emergency medicine
physicians perform the majority of endotracheal intubations (50.4%).
The remaining intubations were most commonly performed by
anesthesiologists (16.4%) and pulmonary medicine physicians
(10.1%). Neurologists accounted for 1.7% of all intubations.
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Figure 2. Distribution of specialties of physicians performing endotracheal intubations among patients with status epilepticus on the day of
admission and subsequent hospitalization days. Emergency medicine physicians accounted for the majority of intubations on the day of
admission (78.6%) followed by anesthesiologists (6.2%). Beyond the admission day, anesthesiologists accounted for the majority of all intu-
bations: 30.0% on the second hospitalization day and 31.0% on third hospitalization day. Neurologists accounted for 2.5% of all intubations on
day 2 and 4.0% on day 3 of hospitalization.

Figure 3. Rate of intubation in patients with status epilepticus using data from the national inpatient sample from 1995 to 2014. The proportion
of patients with status epilepticus who received endotracheal intubation increased from 29.5% (95% CI: 27.8%-31.3%) in 1995 to 50.8% (95% CI:
49.6%-52%) in 2014. Error bars indicate 95% confident interval.
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status epilepticus are strongly linked to the duration of status

epilepticus, the American Epilepsy Society guidelines

strongly support rapid escalation of antiepileptic therapy

including anesthetics, which necessitate endotracheal intuba-

tion.23-26 Second, improved surveillance of seizures via

increased use of continuous electroencephalography monitor-

ing may have led to an increased detection of seizures and

status epilepticus.20,27 Third, although an increase in the use of

administrative claims codes may explain the observed

increase in incidence of status epilepticus, this would have

been unlikely to have affected the observed increase in the

proportion of patients with status epilepticus that undergo

endotracheal intubation.

Our results suggest that emergency medicine physicians

and anesthesiologists accounted for the majority of endotra-

cheal intubations in patients with status epilepticus. Neurolo-

gists accounted for a small percentage of endotracheal

intubations. Although the field of neurocritical care continues

Figure 4. A, Rate of intubation in patients ≥ 65 years old with status epilepticus using data from the national inpatient sample from 1995 to
2014. The rate of intubation in ≥ 65 years old patients with status epilepticus increased from 34.4% (95% CI: 31.2%-37.6%) in 1995 to 53.3%
(95% CI: 51.3%-55.3%) in 2014. Error bars indicate 95% confident interval. B, Rate of intubation in patients <65 years old with status epilepticus
using data from the national inpatient sample from 1995 to 2014. The rate of intubation in <65 years old patients with status epilepticus
increased from 27.7% (95% CI: 25.8%-29.6%) in 1995 to 49.9% (95% CI: 48.5%-51.3%) in 2014. Error bars indicate 95% confident interval.
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to expand, neurologists performed <5% of endotracheal intu-

bations that were performed after the admission day for status

epilepticus (when the patients were unlikely to still be in the

emergency department). Further data are necessary to evaluate

whether these patients are primarily being taken care of by

neurointensivists or by a consulting neurologist as the major-

ity of hospitals do not have a dedicated neurological intensive

care unit.

Our findings may have implications for future research in

status epilepticus. As guidelines recommend early aggressive

seizure control, endotracheal intubation is being more fre-

quently used to provide third-line agents anesthetic agents.23

However, it remains unclear whether an increased use of anes-

thetics and endotracheal intubation among patients with status

epilepticus is associated with better outcomes; endotracheal

intubation is associated with respiratory infections, prolonged

hospitalizations, and place patients at high risk for systemic

complications. Future studies are therefore necessary to

evaluate the benefit of endotracheal intubation for the use of

anesthetics among patients with status epilepticus.”

Our study has several limitations. First, we lacked data

regarding the severity, etiology, and medications used to treat

status epilepticus. Similarly, we lacked electroencephalogra-

phy data determining whether the seizures were clinical versus

subclinical or generalized versus partial, and we lacked data

regarding seizure semiology. Second, our study of Medicare

beneficiaries >65 years of age may limit the generalizability of

our results. However, we tried to circumvent this issue by also

using the NIS, which has data on all patients over 18 years of

age. Third, as our study relied on ICD-9-CM codes to identify

patients with status epilepticus, study results may have mis-

classification bias. However, we used ICD-9-CM codes that

were previously well-validated and utilized in prior studies

characterizing patients with status epilepticus.13 Furthermore,

we were unable to account for differences in coding practices,

including variability based on geographical location or type of

hospital (academic versus community). Fourth, as we only

evaluated claims for endotracheal intubation that occurred

within the hospitalization for status epilepticus, it is possible

that we missed a number of patients with status epilepticus

who were intubated en route to the hospital. However, data

from the RAMPART trial evaluating out-of-hospital midazo-

lam versus lorazepam suggest that more than 90% of all intu-

bations in patients with status epilepticus are performed after

arrival to the hospital.21

Conclusions

Among a large, heterogeneous group of Medicare benefici-

aries, we found that approximately 1 in 3 patients with status

epilepticus undergo intubation. The proportion of patients

with status epilepticus undergoing intubation has almost

Figure 5. Rate of tracheostomy in patients with status epilepticus using data from the national inpatient sample from 1995 to 2014. The use of
tracheostomy in patients with status epilepticus increased from 2.2% (95% CI: 1.7%-2.7%) in 1995 to 3.4% (95% CI: 3.0%-3.9%) in 2014. Error
bars indicate 95% confident interval.

Table 2. Characteristics of the National Inpatient Sample (NIS)
Patients With Status Epilepticus, Stratified by Performance of
Endotracheal Intubation.

Characteristica
Intubation

(N ¼ 248 681)
No Intubation
(N ¼ 346 745)

Age, mean (SD), years 45 (0.5) 40 (0.5)
Female 113 150 (45.5) 172 700 (49.9)
Race

White 118 732 (56.7) 164 177 (57.6)
Black 52 027 (24.8) 67 482 (23.7)
Other 38 795 (18.5) 53 163 (18.7)

Charlson Comorbidity Index,
95% CI

1.03 (1.00-1.06) 0.69 (0.67-0.71)

Abbreviations: CI, confidence interval; SD, standard deviation.
aData are presented as number (%) unless otherwise specified.

Alkhachroum et al 195



doubled from 1995 to 2014. Neurologists perform a small

percentage of intubations for patients with status epilepticus.
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