
Douglas R. Nordli, Jr.,
MD

Solomon L. Moshé, MD
Shlomo Shinnar, MD,

PhD
Dale C. Hesdorffer, PhD
Yoshimi Sogawa, MD
John M. Pellock, MD
Darrell V. Lewis, MD
L. Matthew Frank, MD
Ruth C. Shinnar, RN,

MSN
Shumei Sun, PhD
For the FEBSTAT Study

Team

Correspondence & reprint
requests to Dr. Nordli:
dnordli@luriechildrens.org

Supplemental data at
www.neurology.org

Supplemental Data

CME

Acute EEG findings in children with
febrile status epilepticus
Results of the FEBSTAT study

ABSTRACT

Objective: TheFEBSTAT (Consequences of ProlongedFebrile Seizures) study is prospectively address-
ing the relationships among serial EEG, MRI, and clinical follow-up in a cohort of children followed from
the time of presentation with febrile status epilepticus (FSE).

Methods: We recruited 199 children with FSE within 72 hours of presentation. Children underwent a
detailed history, physical examination, MRI, and EEG within 72 hours. All EEGs were read by 2 teams
and then conferenced. Associations with abnormal EEG were determined using logistic regression. In-
terrater reliability was assessed using the k statistic.

Results: Of the 199 EEGs, 90 (45.2%) were abnormal with themost common abnormality being focal
slowing (n 5 47) or attenuation (n 5 25); these were maximal over the temporal areas in almost all
cases. Epileptiform abnormalities were present in 13 EEGs (6.5%). In adjusted analysis, the odds of
focal slowing were significantly increased by focal FSE (odds ratio [OR] 5 5.08) and hippocampal T2
signal abnormality (OR 5 3.50) and significantly decreased with high peak temperature (OR 5 0.18).
Focal EEG attenuation was also associated with hippocampal T2 signal abnormality (OR 5 3.3).

Conclusions: Focal EEG slowing or attenuation are present in EEGs obtainedwithin 72 hours of FSE in
a substantial proportion of children and are highly associated with MRI evidence of acute hippocampal
injury. These findings may be a sensitive and readily obtainable marker of acute injury associated with
FSE. Neurology� 2012;79:2180–2186

GLOSSARY
CI5 confidence interval; FEBSTAT5Consequences of Prolonged Febrile Seizures; FSE5 febrile status epilepticus; HHV5
human herpesvirus.

Febrile status epilepticus (FSE) is an important neurologic emergency and the most severe type of
complex febrile seizure. Acute morbidity and mortality are low,1 but the long-term consequences
of FSE and risks of specific epilepsies, such as mesial temporal epilepsy, are not well established.
Retrospective studies report that approximately 30% of patients with medically refractory temporal
lobe epilepsy being evaluated for surgery have a history of prolonged febrile seizures, but prospective
studies failed to confirm the association.2–9 The Consequences of Prolonged Febrile Seizures (FEB-
STAT) study is designed to prospectively examine the outcome of FSE and predictors of outcome.10

Both MRI and EEG data are collected within 72 hours and then at later intervals to evaluate the
possible relationship of FSE to subsequent mesial temporal lobe epilepsy. The methodology of
assembling the cohort and a description of the clinical semiology and phenomenology of the first
119 subjects were previously published.10 In this report, we describe the acute EEG findings and their
relationship to characteristics of the episode of FSE as well as to the acute imaging findings.
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METHODS Population. Eligible children were ages 1 month

through 5 years who presented with FSE at 1 of the 5 recruiting sites

(MontefioreMedical Center and Jacobi Hospital in the Bronx, Child-

ren’sMemorial Hospital in Chicago, DukeUniversityMedical Center

in Durham, Virginia Commonwealth University Hospital in Rich-

mond, and Eastern Virginia Medical School in Norfolk). FSE was

defined as a single seizure or a series of seizures without full recovery in

between lasting $30 minutes11,12 that also met the definition of a

febrile seizure.11,13 A febrile seizure was defined as a provoked seizure

in which the sole acute provocation was fever (temperature.38.4°C,

101.0°F) without history of a febrile seizure and with no evidence of

an acute CNS infection or insult.11,13 Children with known severe

neurologic disability before entry were excluded from the FEBSTAT

study. Subjects were enrolled within 72 hours.

Standard protocol approvals, registrations, and patient
consents. The Institutional Review Boards approved the procedures

for the Protection of Human Subjects at the participating institutions.

Written informed consent was obtained from the parents in all cases.

Procedures. Comprehensive assessments were performed at the

time of status including medical and developmental history, physical

and neurologic examinations, acute MRI, acute EEG, and human

herpesvirus (HHV)-6 and HHV-7 PCR and titers. Three clinical

investigators (D.R.N., J.M.P., and S. Shinnar) independently re-

viewed the clinical features of the FSE blinded to the EEG and

MRI findings, and any discrepancies were resolved by consensus.10

In a similar manner, neuroimaging results were analyzed by indepen-

dent readers blinded to the clinical and EEG findings, compared, and

then discussed where they were discordant to reach consensus.14

Electroencephalograms. All EEGs were performed according to

the standards of the American Clinical Neurophysiological Society

for the recording of pediatric EEGs15 and lasted at least 30 minutes.

The goal was to obtain the EEGs within 72 hours of FSE. When this

was not feasible, EEGs within 3 months of status epilepticus were also

included. Electrodes were applied according to the universal 10-20

system using standard measurements. All EEGs were recorded using

digital machines, and the studies were archived onto compact discs for

shipment and storage. Whenever possible, the studies were performed

with the subjects awake and asleep, but subjects were not sedated for

the purpose of the EEG recording. Recordings were interpreted using

a time constant of 0.3 and a high-frequency filter of 70 Hz. A notch

filter (60 Hz) was used only if line artifact was present. The sensitivity

and number of seconds per page were adjusted to optimize the visual

display.

To maintain blinding, all EEG studies were initially deidentified

and assigned a number that was unique to the EEG database and was

not related to the subject ID or the MRI ID numbers. They were

then read by 2 teams of board-certified pediatric electroencephalogra-

phers (D.R.N. and Y.S. with S.L.M.) who were blinded to any clin-

ical information including patient identity, seizure semiology, reason

for the recording (initial EEG vs subsequent EEG), imaging results,

and any laboratory findings. The only piece of clinical information

provided was the subject’s age, which was required for an accurate

interpretation of the study. After separate readings, a consensus read-

ing was reached if there was any discrepancy.

The number and type of EEG abnormalities were reported. We

examined focal slowing, attenuation, and background rhythms includ-

ing presence, localization, and degree (mild, moderate, or severe).

Given the age of the subjects in this study, we only reported focal slow-

ing in the d frequency range. Mild slowing was defined as ,20% of

the record, moderate as 20% to 50%, and severe as .50%. For

attenuation, we focused on the faster frequency activity in the a

and b frequency ranges. Focal attenuation was present if the voltage

of this activity was less than half the contralateral side. We analyzed

focal abnormalities using at least 4 montages: longitudinal bipolar,

transverse bipolar, average reference, and Laplacian reference. A com-

bination of instrumental phase reversals (bipolar montages) and wave-

form amplitudes (referential montages) was used to localize any

abnormalities. We defined locations using conventional labels includ-

ing the following for the temporal regions: F7/85 anterior temporal;

T3/45 midtemporal; and T5/65 posterior temporal. Epileptiform

abnormalities were similarly coded by the location of the discharges

(focal with the appropriate localization or generalized), abundance,

and morphology (stereotyped vs pleomorphic).

Factors examined as potentially associated with focal slowing or

attenuation were clinical features of FSE, including type of status

(generalized vs focal and intermittent vs continuous); the laterality

of the seizure as inferred from the clinical description; the duration

of FSE; the maximal temperature; age at FSE; and gender. After all

initial EEGs had been reviewed and conferenced, we then compared

focal slowing or attenuation on EEG with acute MRI findings,

including the presence of any abnormality, any hippocampal abnor-

mality, or hippocampal T2 signal abnormality. Laterality of focal

slowing and focal attenuation was compared with laterality of hippo-

campal T2 signal abnormality and with lateralization of FSE in those

with definite focality determined by consensus.

Statistical analyses. Descriptive analysis was conducted through

the determination of a percentage, mean, or median. Standard devia-

tions were presented for means and the interquartile range for the

median. Logistic regression was used for bivariate and multivariable

analysis of factors associated with focal slowing and attenuation on

the acute EEG.16 The k statistic16 was used to evaluate the agreement

between raters for any acute EEG abnormality, and for focal slowing

and focal attenuation.

RESULTS Population characteristics. There were 199
children enrolled. The median age was 15.8 months
(interquartile range 12.0–24.1 months). Median peak
temperature at FSE was 102.7°F and median duration
of FSE was 70 minutes. Continuous seizures predo-
minated, as did focal seizures. Prior development was
normal in 86.4% of children. The clinical character-
istics of the children and of the episode of FSE are
summarized in table 1.

Findings on the EEG tracings. EEGs were available and
technically satisfactory in all 199 children in the FEB-
STAT cohort. The goal of the study was to obtain the
EEGs within 72 hours of status and 96% of the EEGs
met this criterion. Of the remaining EEGs, 2.5% were
obtained within a week and 1.5% were obtained within
a month of the episode of FSE. Of the 199 EEGs re-
viewed, 90 (45.2%) were abnormal including nonepilep-
tiform abnormalities in 85 (42.7%) and epileptiform
abnormalities in 13 (6.5%) (table 2). Specific abnormal-
ities of interest are described below.

Focal slowing and attenuation. Overall, significant focal
nonepileptiform findings were seen in 60 acute EEGs
(30.2%). Focal slowing was seen in 47 cases (figure 1);
in 12 cases, focal slowing was associated with focal atten-
uation. Focal attenuation without slowing was present in
13 EEGs (figure 2); focal slowing was more common on
the right (n 5 36, 76.6%) than on the left (n 5 11,
23.4%). Significant focal slowing (defined as moderate
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or severe) almost always involved the temporal region
(45 of 47 cases) (figure 1); it was maximal in the anterior
temporal region in 1, midtemporal in 16, and in the
posterior temporal region in 28 cases. Slowing was uni-
lateral in 42 subjects and bilateral in 5. When bilateral,
the slowing was more prominent on the right side in 4 of
5 subjects. In one EEG, the slowing involved the entire
hemisphere and in another the slowing was maximal in
the central region. Focal slowing was associated with
diffuse background slowing in 11 cases (23.4%).

Focal attenuation was present in 25 cases. It was
always unilateral and was more common on the right
(15 of 25 cases). Attenuation was most evident in the
temporal region in 15. In 9 cases it involved the entire
hemisphere and in 1 case it was present only in the cen-
tral region. Focal slowing in addition to focal attenuation
was present in 12 cases (48%), and in 10 of these it was
on the same side.

Background slowing. Diffuse background slowing was
noted in 22 EEGs, of which 11 also had focal slowing.
Among the 109 normal studies, there were 26 tracings
that did not contain an awake sample and therefore could

not be reliably assessed for diffuse background slowing.
These studies were read as being within the broad range
of normal, recorded with the subject drowsy and asleep.

Epileptiform EEG abnormalities. Focal sharp waves or
spikes were seen in only 13 tracings (6.5%). These were
temporal in 6, central in 4, parietooccipital in 1, and
frontal in 1. One study had multifocal spikes. Six of
these tracings had either focal slowing (n5 3) or atten-
uation (n 5 3). Generalized or diffuse interictal epilep-
tiform discharges were seen in only 1 EEG. In this
tracing, the spikes were maximal in the posterior deri-
vation and had a repetition rate faster than 3 Hz.

Interrater reliability. There was excellent interobserver
agreement for the overall impression (k 5 0.82; 95%
confidence interval [CI]5 0.74–0.89), any focal slowing
(k 5 0.75; 95% CI5 0.66–0.85), and any focal atten-
uation (k 5 0.70; 95% CI 5 0.53–0.87)

Association between focal slowing and attenuation and

clinical and MRI findings. In univariate analysis, the odds
of focal slowing were increased by focal FSE, any acute
MRI abnormality, and hippocampal T2 signal abnormal-
ity. High temperature at the time of FSE was associated
with significantly decreased odds of focal slowing (table 3).
In adjusted analysis, low peak temperature, focal FSE,
and hippocampal T2 signal abnormality increased the
odds of focal slowing. Similar patterns were seen for focal
attenuation but reached statistical significance only for
hippocampal T2 signal abnormality (table 3). Additional
analysis of combined focal slowing or attenuation showed
similar associations with increased temperature, focal
FSE, and hippocampal T2 signal abnormality (data not
shown). The results were not different when we excluded
the 8 subjects whose EEGs were obtained .72 hours
after FSE (data not shown).

Among the 19 children with clear lateralization of
their seizures and clear lateralization of focal slowing or

Table 1 Descriptives of the FEBSTAT cohort
with acute EEG (N 5 191)

Factor No. (%) or median (IQR)

Age, mo

£18 115 (57.8)

>18 84 (42.2)

Gender

Male 104 (52.3)

Female 95 (47.7)

Peak temperature, °F

Median (IQR) 102.7 (101.5–103.5)

Continuous FSE

Continuous 114 (57.3)

Intermittent 85 (42.7)

Duration FSE, min

Median (IQR) 70 (47.0–110.0)

Focal FSE

Yes 135 (67.8)

No 66 (32.2)

Prior development

Normal 172 (86.4)

Suspect 13 (6.5)

Abnormal 14 (7.0)

Prior febrile seizure

Yes 39 (19.6)

No 160 (80.4)

Abbreviations: FEBSTAT 5 Consequences of Prolonged
Febrile Seizures; FSE 5 febrile status epilepticus; IQR 5

interquartile range.

Table 2 Frequency of EEG abnormalities in the
FEBSTAT cohort

No. %

Overall 90 45.2

Nonepileptiform 85 42.7

Slowing 58 29.1

Focal 47 23.6

Temporal 45 22.6

Diffuse 22 11.1

Focal attenuation 25 12.6

Epileptiform

Focal spikes 13 6.5

Temporal 6 3.0

Generalized spike and wave 1 0.5

Abbreviation: FEBSTAT 5 Consequences of Prolonged
Febrile Seizures.
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attenuation, 15 (78.9%) had unilateral slowing or atten-
uation on the same side of the suspected cortical origin of
the seizure, and 4 (21.1%) had unilateral slowing or
attenuation on the contralateral side.

DISCUSSION The acute EEG findings after FSE were
remarkable in several respects. Nearly half of the EEGs
were abnormal (45.2%). The most significant abnormal-
ities consisted of focal slowing, attenuation, or both,
present in 30.2% of all EEGs. There was diffuse back-
ground slowing in 11.1% of all acute EEGs. In contrast,
few epileptiform abnormalities were found. When pre-
sent, focal slowing and attenuation more often involved
the temporal regions and were usually ipsilateral to the
side of seizure lateralization and the side of the hippo-
campal T2 signal abnormality. Focal slowing and focal
attenuation were both associated with hippocampal T2
signal abnormality, but focal slowing was also associated
with lower peak temperature and focal FSE, whereas
no other factors were associated with focal attenuation.
These EEG findings are quite robust given the blinded
study design and the high interobserver reliability. The

results suggest that EEG may be more sensitive than
MRI in detecting children who may be at high risk for
subsequent epilepsy. These same children may be candi-
dates for interventions to prevent the development of
subsequent epilepsy, such as anti-inflammatory agents,
but more work is needed to clarify the role of EEG as
a biomarker.

There was a striking predominance of right-sided
slowing. This trend is also seen in the acute imaging
findings.14 In humans, hippocampal sclerosis after feb-
rile seizures is reported to be more common on the right
than the left.17 Interestingly, an animal model of hyper-
thermic seizures has shown that the hippocampal T2
signal abnormality, although bilateral, was asymmetric
and had a right side predominance.18

The preponderance of focal nonepileptiform rather
than epileptiform abnormalities makes sense in the clini-
cal context. FSE is not epilepsy but may reflect an acute
injury that may lead to subsequent epilepsy. Although we
acknowledge the possibility that these EEG abnormalities
may have been present before FSE, the combination of
hippocampal T2 signal abnormality along with focal

Figure 1 EEG of 12-month-old

EEG of a 12-month-old who had 1 hour of continuous focal status without clear lateralization. TheMRI was normal. The EEG
was done 1 day after febrile status epilepticus and shows right temporal slowing. Note that slowing is maximal in the pos-
terior derivation.

Figure 2 EEG of 38-month-old

EEG of a 38-month-old who had 1 hour of continuous status with definite clinical lateralization to the left. There was equiv-
ocal hippocampal T2 abnormality. The EEG was performed 2 days after febrile status epilepticus and shows left temporal
attenuation of faster frequencies.
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EEG slowing or attenuation, most often with the same
lateralization, would suggest that these findings are consis-
tent with acute focal cerebral injury. Prior EEG studies
obtained shortly after prolonged or severe febrile seizures
have documented transient focal slowing, consistent with
acute cerebral injury, and these same studies have shown
a paucity of interictal epileptiform activity.19–24

Focal slowing or attenuation are frequently seen in
EEGs obtained within 72 hours after FSE and may
be markers for neuronal injury. Epileptiform abnormal-
ities immediately after prolonged febrile seizures are
uncommon. The data from this blinded study under-
score the utility of EEG obtained shortly after status epi-
lepticus. The FEBSTAT study with its prospective

Table 3 Logistic regression for the association with focal slowing on EEG in 199 children with FSE

Factor

Significant focal slowing Focal attenuation

No. with focal
slowing (%)

No. without focal
slowing (%)

Crude OR
(95% CI)

Adjusted OR
(95% CI)

No. with focal
attenuation (%)

No. without focal
attenuation (%)

Crude OR
(95% CI)

FSE duration, min

>60 24 (51.1) 63 (41.5) 0.7 (0.4–1.4) — 15 (60.0) 98 (56.3) 1.2 (0.5–2.7)

£60 23 (48.9) 89 (58.6) 1.00 (ref) — 10 (40.0) 76 (43.7) 1.0 (ref)

Temperature, °F

‡104 4 (8.5) 51 (33.6) 0.18
(0.06–0.5)

0.2 (0.06–0.69) 3 (12.0) 52 (29.9) 0.3 (0.1–1.1)

<104 43 (91.5) 101 (66.5) 1.00 (ref) 1.00 22 (88.0) 122 (70.1) 1.0 (ref)

Focal seizure

Focal 42 (89.4) 93 (61.2) 5.3
(2.0–14.2)

4.5 (1.6–12.6) 19 (76.0) 116 (66.7) 1.6 (0.6–4.2)

Not focal 5 (10.6) 59 (38.8) 1.00 1.00 6 (24.0) 58 (33.3) 1.0 (ref)

Age, mo

‡18 22 (46.8) 62 (40.8) 1.3 (0.7–2.5) — 14 (56.0) 70 (40.2) 1.9 (0.8–4.4)

<18 25 (53.2) 90 (59.2) 1.00 — 11 (44.0) 104 (59.8) 1.0 (ref)

Gender

Female 25 (53.2) 70 (46.1) 0.8 (0.4–1.5) — 13 (52.0) 82 (47.1) 0.8 (0.4–1.9)

Male 22 (46.8) 82 (54.9) 1.00 — 12 (48.0) 92 (52.9) 1.0 (ref)

Total convulsive time 0.99
(0.98–1.00)

— 1.00
(0.99–1.01)

Median
(IQR)

50.0
(38.0–67.0)

54.5
(35.0–75.0)

60.50
(50.0–80.0)

50.0
(35.0–75.0)

n 5 47 n 5 152

MRI impressiona

Any abnormality 17 (38.6) 29 (19.7) 2.6 (1.2–5.3) —b 9 (37.5) 37 (22.2) 2.1 (0.9–5.2)

No abnormality 27 (61.4) 118 (80.3) 1.00 — 15 (62.5) 130 (77.8) 1.0 (ref)

Hippocampal
abnormalityc

Present 11 (25.6) 19 (13.1) 2.3
(0.99–5.3)

— 7 (29.2) 23 (14.0) 2.5
(0.94–6.8)

Absent 32 (74.4) 126 (86.9) 1.00 — 17 (70.8) 141 (86.0) 1.0 (ref)

Hippocampal T2 signal
abnormalityc

Present 10 (23.3) 7 (4.8) 6.0
(2.1–16.9)

4.8 (1.6–14.7) 5 (20.8) 12 (7.3) 3.3
(1.1–10.5)

Absent 33 (76.7) 138 (95.2) 1.00 1.00 19 (79.2) 152 (92) 1.0 (ref)

Abbreviations: CI 5 confidence interval; FSE 5 febrile status epilepticus; IQR 5 interquartile range; OR 5 odds ratio; ref 5 referent.
aMissing 8 subjects without MRI examination at baseline.
bNot included in the full model because hippocampal T2 signal abnormality was included.
cMissing 8 subjects without MRI examination at baseline and 3 without T2 readings because of missing sequences.
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design, simultaneous imaging, and long-term follow-up
will ultimately address the relationship between pro-
longed febrile seizures and subsequent temporal lobe epi-
lepsy and hippocampal sclerosis. Given the long latency
to develop clinical epilepsy after prolonged febrile seiz-
ures,5,9,25 it will be some time before the final answer is
known. If the acute EEG is confirmed as not only pre-
dictive of the acute changes, but also of the long-term
outcomes, it offers an inexpensive, noninvasive, read-
ily available bedside tool that does not require seda-
tion that may identify children who may be at high risk
of developing epilepsy and who may be suitable for trials
of antiepileptogenesis. In addition, the future serial EEGs
obtained as part of FEBSTAT along with MRIs and
clinical follow-up may serve as biomarkers for the devel-
opment of epilepsy.26–28
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Guideline Update Cites Value of Oral Steroids to Treat
Bell Palsy

Oral steroids can improve the likelihood of full facial recovery in people with new-onset Bell palsy,
according to “Evidence-based Guideline Update: Steroids and Antivirals for Bell Palsy,” which was
published electronically ahead of print on November 7, 2012, and appears in the November 27,
2012, issue of Neurology®. However, antiviral therapy alone has not been shown in well-designed
studies to increase the likelihood of full facial recovery.

To read the guideline and access PDF summaries for clinicians and patients, a slide presentation,
and a clinical example, visit www.aan.com/go/practice/guidelines. For more information, contact
Julie Cox at jcox@aan.com or (612) 928-6069.
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