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-OBJECTIVE: Spontaneous intracerebral hemorrhage (ICH)
is one of the most frequent causes of epilepsy in the United
States. However, reported risk factors for seizure after are
inconsistent, and their impact on inpatient morbidity and
mortality is unclear. We aimed to study the incidence, risk
factors, and impact of seizures after ICH in a nationwide
patient sample.

-METHODS: We queried the Nationwide Inpatient Sam-
ple for patients admitted to the hospital with a primary
diagnosis of ICH between the years 1999 and 2011. Patients
were subsequently dichotomized into groups of those with
a diagnosis consistent with seizure and those without.
Multivariate logistic regression was used to assess risk
factors for seizure in this patient sample, and the associ-
ation between seizures and mortality and morbidity. Lo-
gistic regression was then used for trend analysis of
incidence of seizure diagnoses over time.

-RESULTS: We identified 220,075 patients admitted with a
primary diagnosis of ICH. Of these, 11.87% had a diagnosis
consistent with seizure. Factors associated with increased
risk of seizure after ICH included higher categorical van
Walraven score, encephalopathy, alcohol abuse, solid tu-
mor, and prior stroke. Seizure was independently associ-
ated with decreased odds of morbidity (odds ratio [OR],
0.89; 95% confidence interval [CI], 0.86e0.92) and mortality
(OR, 0.75; 95% CI, 0.72e0.77) in multivariate models con-
trolling for existing comorbidities.

-CONCLUSIONS: Seizures after were associated with
decreased mortality and morbidity despite attempts to
correct for existing comorbidities. Continuous monitoring
of these patients for seizures may not be necessary in all
circumstances, despite their frequency.

INTRODUCTION

Seizures secondary to stroke are thought to be one of the
most common causes of epilepsy among adults, with stroke
estimated to antecede 11% of all adult epilepsies,1 and 45%

of epilepsies diagnosed in patients above age 60 years.2 Seizures
after spontaneous intracerebral hemorrhage (ICH) have a
reported global incidence of up to 33%,3 but the true incidence is
still unknown because of the difficulty of detecting nonconvulsive
seizures.4,5 By some estimates, 50% of seizures after ICH are
electrographic only, with limited to no convulsive behavior.3,4 To
detect these seizures, intensivists have increasingly turned to the
use of continuous electroencephalography (cEEG) monitoring.6

Unfortunately, because of the resource intensity of cEEG, its use
is far from universal in critically ill patients.7

Although postischemic stroke seizures have been repeatedly
shown to adversely impact outcome,4,8,9 the evidence relating to
ICH has been significantly more mixed.3,10-12 Furthermore, the use
of prophylactic anticonvulsants in this patient population is of
questionable efficacy, and may be associated with poor
outcome.13-15 However, the impact of seizures subsequent to ICH
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has yet to be evaluated in a large patient sample, or across mul-
tiple sites.
Therefore, the primary aim of this study is to evaluate the

reported incidence and risk factors of seizure after ICH in a
national patient sample, including an assessment of whether the
incidence of seizure diagnoses has changed over time. The sec-
ondary aim of this study is to evaluate the impact of these seizures
on morbidity and mortality in this patient sample. We hope that
the results of this study will emphasize the need for new diag-
nostic and management strategies that facilitate more effective
detection and treatment of seizures after ICH.

METHODS

Our retrospective cohort analysis was conducted according to the
standards and guidelines of our institution. It was institutional
review board exempt because data from the Nationwide Inpatient
Sample (NIS) are deidentified and publicly available.

Data Source and Patient and Cohort Selections
We queried the NIS to identify patients who were admitted to the
hospital for ICH from 1999 to 2011. Using International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, we
identified patients with a primary diagnosis of ICH (ICD-9-CM:
431) or unspecified intracranial hemorrhage (ICD-9-CM: 432.9).
Patients were excluded for diagnoses of subarachnoid hemorrhage
(ICD-9-CM: 430), traumatic brain injury (ICD-9-CM: 800.00e
804.99, 851.00e854.19), other intracranial hemorrhage (ICD-9-
CM: 432.0e432.1), acute ischemic stroke (ICD-9-CM: 436,
433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11,
434.91), transient cerebral ischemia (ICD-9-CM: 435), or other
cerebrovascular disease (ICD-9-CM: 437e438). Patient cohorts
were stratified by querying the NIS for patients with a diagnosis of
seizure (ICD-9-CM: 780.3, 780.31, 780.39) or epilepsy (ICD-9-CM:
345.00, 345.01, 345.10, 345.11, 345.20, 345.30, 345.40, 345.41,
345.50, 345.51, 345.70, 345.71, 345.80, 345.81, 345.90, 345.91).

Demographic and Clinical Characteristics
Demographics assessed included patient age, sex, race, and
discharge disposition. Clinical characteristics included comor-
bidities in the Elixhauser Comorbidity Index and the need for
invasive mechanical ventilation. The van Walraven score (vWR)
was subsequently used to assign a numerical value to a patient’s
Elixhauser comorbidities,16 and patients were stratified into 3
categorical comorbidity risk groups: low risk (vWR < 5),
medium risk (vWR 5e14), and high risk (vWR > 14). We
further identified patients with previous stroke, cerebrovascular
occlusion without cerebral infarction, myocardial infarction,
cardiac arrest, pneumonia, sepsis, or encephalopathy because
patients with these conditions are known to have significant
inpatient morbidity and mortality.17,18 ICD-9-CM codes for these
are available in Table 1.

Assessment of Outcome
We assessed incidence of post-ICH seizures as a percentage of
patients admitted for ICH with a concurrent diagnosis consistent
with seizure. Mortality was defined as in-hospital mortality during
primary hospitalization. Morbidity was defined as a length of stay

greater than 14 days, or a discharge disposition other than home or
rehabilitation.

Statistical Analysis
We initially extracted data from the NIS database, and prepared it
for analysis, using SAS version 9.3 (SAS Institute, Inc., Cary, North
Carolina, USA). We ensured that each hospital was represented at
least once by merging hospital weight files provided by NIS and
stacking datasets from 1999 to 2011. We generated vWRs from
Elixhauser comorbidities using Elixhauser Comorbidity Software
available from the Healthcare Cost and Utilization Project (HCUP)
(Agency for Healthcare Research and Quality, Rockville, Maryland,
USA)19 and the van Walraven macro available from the Cleveland
Clinic.20

Table 1. International Classification of Diseases, Ninth
Revision, Clinical Modification Codes

Patient Population

ICH 431, 432.9

Stratify by

Seizure 780.3, 780.31, 780.39

Epilepsy 345.00, 345.01, 345.10, 345.11,
345.2, 345.3, 345.40, 345.41,
345.50, 345.51, 345.70, 345.71,
345.80, 345.81, 345.90, 345.91

Exclude

Subarachnoid hemorrhage 430

TBI 800, 801, 803, 804, 851, 852, 853, 854

Other ICH 432.0, 432.1

Ischemic stroke 436, 433.01, 433.11, 433.21, 433.31,
433.81, 433.91, 434.01, 434.11, 434.91

TIA 435

Cerebrovascular disease 437, 438

Non-Elixhauser Comorbidity Codes

Invasive mechanical ventilation 96.7, 96.70, 96.71, 96.72

Cerebrovascular occlusion with
no cerebral infarction

433.00, 433.10, 433.20,
433.30, 433.80, 433.90

Prior stroke V12.54

Previous cardiac intervention V42.1, V42.2, V45.0, V45.81, V45.82

MI 410.00e410.92

Pneumonia 486, 487.0, 480.0e480.9 484.1e484.8

Cardiac arrest 427.5

Respiratory arrest 799.1

Sepsis 995.91, 995.92

Encephalopathy 348.30, 348.31, 348.39, 349.82

TBI, traumatic brain injury; ICH, intracerebral hemorrhage; TIA, transient ischemic attack;
ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modifi-
cation; MI, myocardial infarction.
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