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ABSTRACT
Objective. To study how early diagnoses from rapid EEG (rEEG) during the initial
evaluation of patients with suspected non-convulsive seizures correlates with
changes in anti-seizure medication (ASM) use.
Methods. We performed a retrospective chart review of 100 consecutive adult
patients at an academic medical center who underwent rEEG monitoring for
suspected non-convulsive seizures. We collected information on the timing of
ASM administration and categorized EEG diagnoses as seizures (SZ), highly
epileptiform patterns (HEP), or normal or slow activity (NL/SL). We used a x2 test
to determine whether the use of ASMs was significantly different between SZ/
HEP and NL/SL cases.
Results.Of 100 patients, SZ were found in 5%, HEP in 14%, and no epileptiform/
ictal activity in 81%. Forty-six percent of patients had received ASM(s) before
rEEG. While 84% of HEP/SZ cases were started or continued on ASMs, only 51%
of NL/SL cases were started or continued on ASMs after rEEG (x2 [1, n=100] =
7.09, p=0.008). Thirty-seven patients had received sedation (i.e., propofol or
dexmedetomidine) prior to rEEG. In 15 patients (13/30 NL/SL, 2/7 HEP/SZ),
sedation was discontinued following rEEG.
Significance.Our study demonstrates that seizures were rapidly ruled out with
rEEG in 81% of patients while 19% of patients were rapidly identified as having
seizures or being at higher risk for seizures. The rapid evaluation of patients
correlated with a significant reduction in ASM treatment in NL/SL cases
compared to HEP/SZ cases. Thus, early access to EEG information may lead to
more informed and targeted management of patients suspected to have non-
convulsive seizures.
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Electroencephalogram (EEG) is the cur-
rent gold-standard method for clinical
monitoring of the brain’s electrophysio-
logical activity, and provides vital diag-
nostic informationwhen there is need to
evaluate for non-convulsive seizures
or non-convulsive status epilepticus
(NCSE) [1]. Using EEG, clinicians may
rule in seizures or highly abnormal
activity (i.e., abundant discharges or

rhythmic periodic patterns) and elect
to start treatment, or reduce their suspi-
cion for seizures thereby changing their
treatmentdecisions towards less aggres-
sive therapies or no seizure treatment.
A recent multicenter prospective ob-
servational study [2] showed that the
use of a rapid response EEG (rEEG)
during initial neurological evaluation of
patients with suspected non-convulsive
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seizures increased physicians’ diagnostic accuracy for
detecting seizures and increased their confidence in
their assessment and treatment decisions. Smaller
trials in our own medical center [3] and in a
community hospital [4] also showed that the use of
rEEG led to faster acquisition of EEG and suggested
that it changed physicians’ decisions. However, it
remains to be determined if early access to EEG
diagnosis provided by rEEG is significantly associated
with actual changes in the usage of anti-seizure
medications (ASMs) in clinical practice. The current
study was aimed at addressing this unknown. Focus-
ing on ASM usage was motivated by the practicality
and reliability of measuring this metric in our
retrospective study.

Methods

This study was approved by Stanford University’s
Institutional Review Board. We reviewed the elec-
tronic medical records of 100 consecutive cases of
adult patients (�18 years) who were examined with
rEEG by the Neurology consult team in the emergency
department and intensive care unit. All patients who
were evaluated with the Ceribell rEEG for any
indication were included. The duration of rEEG
recording was determined by the treatment team.
The rEEG procedure notes were reviewed by two
independent neurologists and EEG diagnoses were
categorized as either: (1) normal EEG or diffuse/focal
slowing (NL/SL); (2) highly epileptiform patterns (HEP);
and (3) generalized or focal seizures (SZ). Cases were
categorized as HEP if they included one or more
patterns that did not fullymeet the Salzburg criteria [5]
for electrographic seizures but represented electro-
graphic epileptiform activity (as defined in the
DECIDE multicenter study [2] with the same rEEG
device). These patterns included: abundant sporadic
or periodic discharges with superimposed rhythmic,
sharp, or fast activity. See figure 1 for a representative
sample of electrographic features on rEEG for each of
these categories.
Information on ASMs and sedation and their time of
administration before and after rEEG was collected
from electronic medical records. ASMs were defined
as all FDA-approved drugs for seizures and included
benzodiazepines, while sedation agents were defined
as propofol or dexmedetomidine. Significance testing
to compare the treatment with ASMs between
patients with SZ/HEP diagnoses and those with NL/
SL diagnosis on rEEG was done using a x2 test of
independence and a significance level of a=0.05. In
cases where long-term video-EEG (LTM-vEEG) record-
ing was present, the EEG report was reviewed, and the
date, time, and duration of LTM-vEEG was collected.

In cases where rEEG revealed a NL/SL diagnosis but
the LTM-vEEG subsequently revealed seizures, we
reviewed the clinical course and EEG recordings of
these patients.
We selected all the NL/SL rEEG cases in which the
subsequent LTM-vEEG recordings in the next 24
hours had captured SZs. To account for interrater
variability in interpreting EEG findings and to acquire
information about the focality and location of
seizures, we asked three independent neurologists
(one senior EEG fellow and two attending epileptol-
ogists) who were blinded to original rEEG and LTM-
vEEG diagnoses to read both rEEG and LTM-vEEG.
Each reviewer was asked to note the most prominent
electrographic feature present in the EEG recording,
and a two-third majority consensus was used as the
final interpretation. We also asked the reviewers to
note the localization of seizures, and comment if the
seizures on LTM-vEEG were only seen in parasagittal/
midline regions since rEEG lacks coverage in these
regions.

Results

Demographic and clinical characteristics are sum-
marized in table 1. Prior to initiation of rEEG, 46% of
cases were already treated with ASMs. Across the
100 cases, all rEEG studies were deemed by the
reading teams as interpretable. Table 2 summarizes
the electrographic findings in all 100 cases; five
patients had non-convulsive seizures (SZ) and 14 had
HEPs, while 81 cases had normal or non-epileptic
encephalopathic patterns (NL/SL) during rEEG eval-
uation. As shown in figure 2, there was a significant
relationship between rEEG findings and escalation of
treatment with ASMs or the lack thereof. Overall,
cases in which seizures or epileptic abnormalities
were ruled out (i.e., NL/SL cases) had significantly
less likelihood of being started on or continuing on
ASMs (x2 = [1, n = 100] = 7.086, p = .0078). Among the
81 NL/SL cases, 30 patients had received sedatives
prior to rEEG initiation, of whom 13 were taken off
sedation after rEEG. Among the 19 HEP/SZ cases,
seven patients were on sedatives prior to rEEG
initiation, and only two were taken off sedation
following rEEG.
LTM-vEEG was initiated in 54 of 100 cases within 24
hours of rEEG. Comparing the groups with or
without LTM-vEEG revealed no significant demo-
graphic differences. The median (IQR) duration of
rEEG recording was 1.96 (1.00-6.15) hours vs. 27.4
(18.2-54.6) hours for LTM-vEEG. The durations of
rEEG and LTM-vEEG recordings were greater in
cases with HEP/SZ on rEEG when compared to NL/SL
cases (table 1).

D. Kurup, et al.

2 • Epileptic Disord, Vol. 24, No. 5, October 2022

C
op

yr
ig

ht
 ©

 2
02

2 
Jo

hn
 L

ib
be

y 
E

ur
ot

ex
t. 

D
ow

nl
oa

de
d 

by
 C

er
ib

el
l E

E
G

 o
n 

19
/0

8/
20

22
.



1-2

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

+25
-25

2-3

3-4

4-5

6-7

7-8

8-9

9-10

Fp1-F7

F7-T3

T3-T5

T5-O1

Fp2-F8

F8-T4

T4-T6

T6-O2

1-2

2-3

3-4

4-5

6-7

7-8

8-9

9-10

Fp1-F7

F7-T3

T3-T5

T5-O1

Fp2-F8

F8-T4

T4-T6

T6-O2

1-2

2-3

3-4

4-5

6-7

7-8

8-9

9-10

Fp1-F7

F7-T3

T3-T5

T5-O1

Fp2-F8

F8-T4

T4-T6

T6-O2

1-2

2-3

3-4

4-5

6-7

7-8

8-9

9-10

Fp1-F7

F7-T3

T3-T5

T5-O1

Fp2-F8

F8-T4

T4-T6

T6-O2

L

L

L

R

R

R

L

R

A NL

B SL

C HEP

D SZ

& Figure 1. A representative sample of electrographic features on rEEG for each of the categories: normal
EEG (NL) (A), diffuse/focal slowing (SL) (B), highly epileptiform patterns (HEP) (C), and generalized or focal
seizures (SZ) (D).
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We studied the relationship between diagnoses made
with rEEG compared to LTM-vEEG (figure 3). In five
patients who had seizures on rEEG, all continued on
LTM-vEEG except for one patient with COVID-19 in
whom seizures were managed solely on prolonged
rEEG recording. In three of the four patients, seizures
were effectively treated with ASM before LTM-vEEG,
and there were no further seizures detected on LTM-
vEEG over the next 24 hours. Only one patient had
more seizures on LTM-vEEG monitoring within 24
hours despite being treated with ASMs. Seizure
locations and patterns were described as the same

on rEEG and LTM-vEEG procedure notes. The seven
patients with HEP on rEEG continued without seizures
in the next 24 hours of LTM-vEEG, and all remained on
ASMs. In four cases, ASMs were initiated before and
continued following rEEG, while in the three remain-
ing cases, ASMs were initiated after rEEG.
In cases in which LTM-vEEG was acquired following
NL/SL patterns on rEEG, six patients were reported to
have seizures during the next 24 hours. All of these
patients were on ASMs because of the clinical team’s
high suspicion for possible seizures in these patients.
In four patients, ASMs were initiated before and

~Table 1. Demographics.

Characteristic All patients

Number of patients 100

Age, in years (median [IQR]) 63.5 [47.8 – 63.5]

Female gender, n (%) 66 (66%)

Race

White
Black or African American
Asian
Native Hawaiian or Pacific Islander
American Indian or Alaskan native
Other or unspecified

50 (50%)
15 (15%)
11 (11%)
2 (2%)
0 (0%)
22 (22%)

Ethnicity

Non-Hispanic, non-Latino, non-Spanish
Hispanic, Latino, Spanish

87 (87%)
13 (13%)

Reason for hospitalization (%)

Altered mental status
Cerebrovascular disease
Fall or found on the ground
Seizure
Sepsis

TBI
Unilateral weakness
Other or unspecified

20 (20%)
17 (17%)
7 (7%)
11 (11%)
4 (4%)
4 (4%)
5 (5%)
32 (32%)

Duration of rEEG, in hours (median [IQR])
NL/SL on rEEG (n = 81)
HEP/SZ on rEEG (n = 19)

1.96 [1.00-6.15]
1.85 [0.98-6.08]
3.27 [1.05-5.43]

Duration of LTM-vEEG, in hours (median [IQR])
NL/SL on rEEG (n = 81)
HEP/SZ on rEEG (n = 19)

27.4 [18.2-54.6]
26.2 [16.3-44.3]
60.4 [29.3-80.8]

Started on ASMs prior to initiation of rEEG 46 (46%)

Started on sedation prior to initiation of rEEG 37 (37%)

rEEG: rapid EEG; LTM-vEEG: long-term video-EEG; NL: normal; SL: diffuse/focal slowing; HEP: highly epileptiform patterns; SZ: generalized or focal
seizures.
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continued following rEEG, while in the two remaining
cases, ASMs were initiated after rEEG. The clinical
courses of these cases were reviewed in more detail,
and three independent neurologists who were
blinded to the original diagnoses re-reviewed each
rEEG. Our findings revealed the following. In two

cases, the independent reviewers classified the rEEG
as having abundant epileptiform activity despite the
clinical read classifying the rEEG as NL/SL. In two other
cases, rEEG was recorded for a short time (<one hour)
after patients had received benzodiazepines for
witnessed convulsive seizures (one patient had a
known history of epilepsy and another patient had a
progressive glioblastoma) and clinical suspicion was
high for seizures, thus patients were continued on
LTM-vEEG. In two cases, seizures were primarily focal
and seen only in the parasagittal/midline regions. One
of the two patients had diminished voltage in the
lateral EEG leads due to a large subdural hematoma,
possibly making it difficult to see propagation of
parasagittal seizures to lateral temporal leads. The
second had active contractions in the leg contralateral
to a known stroke, clinically suggesting a parasagittal
focus. In none of these cases, seizures were noted in
the first hour of LTM-vEEG recordings.

Discussion

Access to conventional EEG systems may be delayed
up to hours at major academic centers [2, 6] and not
available at some hospitals. Without access to EEG
information, recognition of many cases of non-
convulsive status epilepticus may be delayed or
missed [7, 8], which in turn may lead to permanent
neurological injury [9-13] in these patients. Without
EEG information, treatment decisions are often made
on the basis of clinical suspicion alone, which may
lead to unnecessary overtreatment with ASMs,
sedatives, or even intubation [14, 15] before EEG is
available. This is supported by our finding that the
majority of patients suspected to have seizures do not
actually have seizures on EEG, thus ruling out seizures
with rEEG may lead to a reduction in the use of anti-
seizure treatments in these patients. Our study
suggests that the ability to triage patients in a trinary
system (NL/SL, HEP, and SZ) can lead to more
informed management of patients suspected to have
non-convulsive seizures.
Interestingly, recent studies have shown that patients
with HEP on early EEG have a higher risk of later
seizures within 24 hours of monitoring [14, 15].
However, our findings may suggest that early detec-
tion of high-risk patients with rEEG, and their
treatment with ASM may reduce the risks of subse-
quent seizures, as patients with HEP who were treated
with ASM did not have seizures in the subsequent 24
hours. We are mindful that this study is limited by its
retrospective nature, and that data were collected
from a single site that has access to rEEG and
epileptologists. Future large-scale prospective studies
are needed to confirm the potentially important

~Table 2. Electrographic findings.

Electrographic findings Number of
cases

NL/SL 81

HEP (features could overlap)
Abundant sporadic

epileptiform discharges
Lateralized or generalized

periodic discharges
Lateralized rhythmic

delta activity
Bilateral independent

periodic discharges

14
10
5
1
1

SZ 5

NL: normal; SL: diffuse/focal slowing; HEP: highly epileptiform patterns;
SZ: generalized or focal seizures.

N = 41 N = 40

N = 16

N = 3

NL/SL HEP/SZ

Started or continued on anti-seizure medication

Not started or continued on anti-seizure medication

& Figure 2. Relationship between rEEG findings and
escalation of treatment with ASMs or the lack
of. (NL: normal; SL: diffuse/focal slowing; HEP:
highly epileptiform patterns; SZ: generalized or
focal seizures).
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findings of this study. Future studies also are needed
to determine if early detection of HEP patterns and
their treatment with ASM may reduce the risks of
subsequent seizures. &

Key points
� In a review of 100 patients, rapid EEG identified 19
cases with ongoing seizures or highly epilepti-
form patterns, and 81 cases with neither.

� Ruling out seizures with rapid EEG correlated
with a statistically significant reduction in anti-
seizure medication treatment.

� Early access to EEG information may lead to
more informed and targeted management of
patients suspected to have non-convulsive
seizures.

Supplementary material.
Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.
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TEST YOURSELF
(1) Recent studies have shown that patients with which of the following on EEG have a higher risk of seizures within

24 hours of monitoring?
A. Normal patterns
B. Slowing patterns
C. Highly epileptiform patterns
D. All of the above

(2) Conventional EEG systems are available immediately at all hospitals to evaluate suspicion for non-convulsive seizures.
True or false?
A. True
B. False

(3) Which of the following may be consequences of a lack of access to EEG information during the initial neurological
evaluation of patients?
A. Missed cases of non-convulsive status epilepticus leading to permanent neurological injury
B. Unnecessary treatment with anti-seizure medications
C. Unnecessary intubation
D. All of the above

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the website,
www.epilepticdisorders.com.
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