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ABSTRACT
Objective. The objective of this study was to characterize the independent risk
factors for seizures in critically ill patients monitored with continuous EEG
(cEEG).
Methods. We retrospectively investigated variables associated with cEEG
seizures, first in the entire cohort of 156 patients and, subsequently, in the
subgroup without seizures in the first 30 minutes of monitoring.
Results. Seizures were observed in 19.2% of recordings, and in 50% of these,
seizures occurred in the first 30 minutes. In the entire cohort, epilepsy, acute
seizuresprior tocEEG, interictalepileptiformdischarges (IEDs), lateralizedperiodic
discharges (LPDs), and brief potentially ictal rhythmic discharges (BIRDs) were
associated with a higher incidence of cEEG seizures, whereas coma, intravenous
anaesthetic drugs, and generalized periodic discharges (GPDs) were associated
with a lower incidence of seizures. On multivariate analysis, this association was
maintained for acute seizuresbefore cEEG (OR: 5.92) and IEDs (OR: 6.81). Excluding
patients with seizures at the beginning ofmonitoring, acute seizures before cEEG,
IEDs, LPDs, and BIRDs were associated with an increased risk of seizures. The
presence of IEDs or LPDs in the first 30 minutes was associated with a 4.14-fold
greaterchanceofseizuresoncEEG.Onmultivariateanalysis, acuteseizuresprior to
recording (OR7.29)andLPDs(OR:5.38) remainedassociatedwithseizuresoncEEG.
Due to the sample size, BIRDs were not included in multivariate models.
Significance. Acute seizures prior to monitoring, IEDs, LPDs and BIRDs are
important risk factors for cEEG seizures in critically ill patients.
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Seizures are common in critically ill
patients [1-3], being recorded in ap-
proximately 10% to 30% of those
monitored with continuous EEG (cEEG)
[2-5]. In this setting, most seizures do
not exhibit prominent motor signs (so-
called non-convulsive seizures) [2, 5, 6]
and can only be reliably detected with
EEG monitoring.
Several studies have found an associa-
tion between seizures or status epilepti-
cus (SE) and worse clinical outcome,
even after adjusting for other variables
related toprognosis [5-8]. Thepossibility
ofadditionalneurological injurysecond-

ary to epileptic activity increases the
importance of investigating risk factors
for seizures in critically ill patients.
The ictal-interictal continuum (IIC)
represents a dynamic and unstable
pathophysiological state, mainly charac-
terizedbyperiodicandrhythmicelectro-
encephalographic patterns distributed
between clearly defined interictal pat-
terns, on one side, and definitely ictal
patterns,on theother [9, 10].Despite the
growing body of studies with cEEG
monitoring, the clinical significance of
IIC patterns has not yet been adequately
clarified. Investigationof the ictogenicity
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associated with electroencephalographic abnormali-
ties found in critically ill patients may contribute to a
better characterizationof the risk of seizures and to the
management of these patients.
The aim of this study was to analyse the independent
seizure risk associated with electroencephalographic
and non-electroencephalographic variables in criti-
cally ill patients monitored with cEEG.

Methods

Subjects

We retrospectively included all patients�18 years with
an acute alteration in level of consciousness who
underwent cEEGmonitoring for at least 20 hours at the
Hospital Israelita Albert Einstein, São Paulo, Brazil,
between January 1st, 2017 and September 30th, 2018. All
cEEGswere requested and terminated at the discretion
of the patient’s treating physicians. For patients with
more thanonecEEG recordingduringahospitalization,
only the first recording was analysed. The study was
approved by the local ethics committee.

Clinical, demographic, and radiographic variables

The following data were retrospectively collected
frommedical charts: age, sex, history of epilepsy, level
of consciousness at the time cEEG was initiated
(categorized as awake, lethargy, stupor, or coma),
use of intravenous anaesthetic drugs (IVADs) (pro-
pofol, midazolam or thiopental), and the presence of
acute seizures prior to cEEG (electrographic seizures
recorded on previous EEG or witnessed clinical
seizures) during the current hospitalization. Neuro-
imaging reports (CT, MRI) were reviewed and classi-
fied according to the presence of acute structural
injury.

cEEG recordings

cEEG was recorded using the Nihon Kohden1 digital
video-EEG system with 21 electrodes, positioned
according to the international 10-20 system. The
entire raw cEEG recordings were reviewed, page by
page, by a clinical neurophysiologist certified by the
Brazilian Clinical Neurophysiology Society (PVFN);
disagreements between this review and the previous
monitoring report were analysed by a second certified
clinical neurophysiologist (LOC).

cEEG variables

We identified the presence and time of emergence
(from onset of cEEG) of interictal epileptiform

discharges (IEDs; non-periodic and non-rhythmic),
lateralized periodic discharges (LPDs), bilateral inde-
pendent periodic discharges (BIPDs), generalized
periodic discharges (GPDs), lateralized rhythmic delta
activity (LRDA), generalized rhythmic delta activity
(GRDA), brief potentially ictal rhythmic discharges
(BIRDs) and seizures (electrographic seizure or SE).
Periodic and rhythmic patterns were defined accord-
ing to the American Clinical Neurophysiology
Society’s Standardized Critical Care EEG Terminology
[11]. BIRDs were defined as very brief (<10 seconds)
lateralized runs of rhythmic activity >4 Hz, with or
without evolution [12]. Electrographic seizures were
defined based on the modified Young criteria [13].
Patterns lasting <10 seconds and clearly associated
with clinical manifestations, compatible with epileptic
seizures, were also characterized as electrographic
seizures. Electrographic SE was defined as patterns
lasting �10 minutes that met the Salzburg consensus
criteria [14].

Statistical analysis

Data were analysed using IBM SPSS Statistics for
Windows, Version 22.0 (Armonk, NY). Bivariate analy-
sis was performed to identify variables associatedwith
seizures on cEEG in the entire cohort and after
excluding patients with seizures in the first 30 minutes
of monitoring. Student’s t-test or Mann-Whitney test
was used for quantitative variables, according to the
normal distribution of data, and Chi-square or Fisher’s
exact test for qualitative variables. In the group of
patients without seizures in the first 30 minutes, after
identifying electroencephalographic variables associ-
ated with cEEG seizures, we also analysed whether the
presence of these abnormalities in the initial 30
minutes was associated with subsequent seizures on
cEEG. Odds ratios (OR), with 95% confidence intervals
(CI), were estimated using unadjusted logistic regres-
sion. Variables with p<0.1 on bivariate analysis were
then included in multiple logistic regression models
(full model; data reported as OR and 95% CI) to
identify independent associations. A p value <0.05 was
considered statistically significant.

Results

Study cohort

A total of 156 patients were included (22-96 years;
mean: 68.5 � 18.6); 53.8% (n=84) female. At the time
monitoring was initiated, 51 (32.7%) patients were
comatose and 105 (67.3%) lethargic or stuporous, with
a higher prevalence of IVADs in comatose patients
(76.5% vs. 24.8%; p<0.001).

P.V.F. Naves, L.O. Caboclo

288 • Epileptic Disord, Vol. 24, No. 2, April 2022



Seizures on cEEG

cEEG duration ranged from 20 to 186 hours
(mean: 50.3 � 29.8). Seizures were recorded in
19.2% (n=30) of recordings, and SE was defined in
36.7% (11/30). Among patients with cEEG seizures,
the first seizure was detected in the first 30 minutes
in 50% (15/30), in the first hour in 56.7% (17/30), and
in the first nine hours in 93.3% (28/30). In 6.7% (2/30),
the first seizure was observed only after 36 hours of
recording.

Variables associated with seizures on cEEG

In the entire cohort, IEDs, LPDs, BIRDs, history of
epilepsy and acute seizures prior to monitoring were
associated with a higher incidence of seizures on
cEEG, whereas GPDs, use of IVADs and coma at the
beginning of the recording were associated with a
lower incidence of cEEG seizures (table 1). On
multivariate analysis, IEDs (OR=6.81; 95% CI: 1.95-
23.79; p=0.003) and acute seizures prior to monitoring
(OR=5.92; 95% CI: 2.06-17.03; p=0.001) were the only
variables independently associated with seizures on
cEEG.
After excluding patients with seizures in the first 30
minutes of the recording, IEDs, LPDs, BIRDs and
acute seizures prior to monitoring were associated
with a higher incidence of seizures on cEEG;
other variables, including GPDs, history of epilepsy,
IVADs and coma at the beginning of the recording,
were not associated with cEEG seizures. Patients
with IEDs or LPDs during the first 30 minutes of
monitoring were more likely to have subsequent
seizures on cEEG, when compared to those without
any of these patterns at the beginning of the
recording (OR=4.14; 95% CI: 1.36-12.6; p=0.015)
(table 2) (there were no patients with BIRDs in the
first 30 minutes). On multivariate analysis, LPDs
(OR=5.38; 95% CI: 1.34-21.57; p=0.018) and acute
seizures prior to monitoring (OR=7.29; 95% CI:
1.84-28.92; p=0.005) remained associated with cEEG
seizures, and IEDs (OR=5.38; 95% CI: 0.98-29.45;
p=0.052) showed a trend towards an association
with increased risk of seizures on monitoring, close
to significance.
Due to the small sample size, BIRDswere not included
in both multivariate models.

Discussion

In this retrospective study of 156 critically ill adult
patientsmonitored by cEEG, seizureswere detected in
19.2%. In half of the recordings with seizures, the
first seizure was observed within the first 30 minutes,

and in 56.7%, within the first hour of cEEG. These
findings were similar to those previously reported
[2, 4, 15].
While acute seizures prior to monitoring were
associated with cEEG seizures in both multivariate
models, a history of epilepsy failed to show an
independent association with seizures in our study.
In the study by Claassen et al. [2], both epilepsy and
acute seizures prior to cEEG were independent
predictors of seizures on monitoring. In the study by
Struck et al. [3], although epilepsy and acute seizures
prior to monitoring were associated with electro-
graphic seizures, the individual significance of these
variables was not analysed in the multivariate model.
Westover et al. [4] did not find an association
between epilepsy and electrographic seizures in 625
critically ill patients monitored by cEEG. Our findings
suggest that it is the acute decrease in epileptic
threshold, in patients with or without epilepsy, that
represents an independent risk factor for subse-
quent seizures on cEEG.
In contrast to previous series [2-4], coma was
associated with a lower incidence of seizures in
the entire cohort of this study, although this
association was not maintained neither in the
multivariate model, nor after excluding patients with
seizures in the first 30 minutes of monitoring. Coma
was associated with a higher incidence of cEEG
seizures in some studies [2, 3], but this finding was
not observed by other authors [16, 17]. Struck et al.
[17] did not find an association between coma and
seizures in a recent multicentre study with 2,111
patients on cEEG. In our study, IVADs were also
associated with a lower incidence of seizures in the
entire cohort, as well as with coma. The significantly
higher prevalence of IVADs among comatose
patients may have contributed to our results, in
view of the antiseizure effect of propofol, midazo-
lam and thiopental.
In line with previous studies [2-4, 15, 18], IEDs, LPDs
and BIRDs were associated with an increased risk
of seizures on cEEG. Although BIRDs were not
included in multivariate models, all patients with this
abnormality had seizures, concordant with the high
ictogenicity reported by other authors, who
detected seizures in 75% to 78% of patients with
BIRDs [3, 12].
Of note, the presence of an EEG risk pattern on
initial monitoring was a significant predictor of
seizures. Patients with IEDs or LPDs within the first
30 minutes had a 4.14-fold greater chance of
seizures, compared to those without any of these
patterns at the beginning of monitoring, with
subsequent seizures in 24.1% and 7.1%, respectively.
Our findings corroborate previous results, which
revealed subsequent seizures in 22% to 26% of

Risk factors for continuous EEG seizures
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~Table 1. Variables associated with seizures on cEEG: the entire cohort.

Variable Seizures on cEEG OR 95% CI p

No Yes

Sex, n (%) 0.730

Female 67 (79.8) 17 (20.2) 1.00

Male 59 (81.9) 13 (18.1) 0.87 0.39 1.94

Age (years) 0.99 0.97 1.01 0.529**

Mean � SD 69 � 19.1 66.6 � 17

Median (min; max) 73 (22; 96) 67.5 (24; 93)

Epilepsy, n (%) 0.001

No 104 (86.7) 16 (13.3) 1.00

Yes 22 (61.1) 14 (38.9) 4.14 1.76 9.70

Acute seizures prior to cEEG, n (%) <0.001

No 90 (91.8) 8 (8.2) 1.00

Yes 36 (62.1) 22 (37.9) 6.88 2.80 16.86

Coma, n (%) 0.037

No 80 (76.2) 25 (23.8) 1.00

Yes 46 (90.2) 5 (9.8) 0.35 0.13 0.97

IVAD, n (%) 0.007

No 67 (73.6) 24 (26.4) 1.00

Yes 59 (90.8) 6 (9.2) 0.028 0.11 0.74

Acute structural injury (neuroimaging), n (%) 0.176

No 64 (77.1) 19 (22.9) 1.00

Yes 60 (85.7) 10 (14.3) 0.56 0.24 1.30

IEDs, n (%) <0.001

No 83 (95.4) 4 (4.6) 1.00

Yes 43 (62.3) 26 (37.7) 12.55 4.11 38.27

LPDs, n (%) 0.002*

No 112 (85.5) 19 (14.5) 1.00

Yes 14 (56) 11 (44) 4.63 1.83 11.71

BIPDs, n (%) 0.192*

No 126 (81.3) 29 (18.7) 1.00

Yes 0 (0) 1 (100) &

GPDs, n (%) 0.029

No 101 (77.7) 29 (22.3) 1.00

Yes 25 (96.2) 1 (3.8) 0.14 0.02 1.07

LRDA, n (%) 0.464*

No 115 (79.9) 29 (20.1) 1.00

Yes 11 (91.7) 1 (8.3) 0.36 0.05 2.91
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~Table 1. Variables associated with seizures on cEEG: the entire cohort (continued).

Variable Seizures on cEEG OR 95% CI p

No Yes

GRDA, n (%) 0.767*

No 108 (80) 27 (20) 1.00

Yes 18 (85.7) 3 (14.3) 0.67 0.18 2.43

BIRDs, n (%) 0.007*

No 126 (82.4) 27 (17.6) 1.00

Yes 0 (0) 3 (100) &

SD: standard deviation; cEEG: continuous EEG; IVAD: intravenous anesthetic drug; IEDs: interictal epileptiform discharges; LPDs: lateralized periodic
discharges; BIPDs: bilateral independent periodic discharges; GPDs: generalized periodic discharges; LRDA: lateralized rhythmic delta activity; GRDA:
generalized rhythmic delta activity; BIRDs: brief potentially ictal rhythmic discharges; OR: odds ratio; CI: confidence interval. Chi-square; * Fisher’s exact;
** Student’s t; & not possible to estimate.

~Table 2. Variables associated with seizures on cEEG: patients without seizures in the first 30 minutes.

Variable Seizures on cEEG OR 95% CI p

No Yes

Sex, n (%) 0.991

Female 67 (89.3) 8 (10.7) 1.00

Male 59 (89.4) 7 (10.6) 0.99 0.34 2.91

Age (years) 1.00 0.97 1.03 0.906**

Mean � SD 69 � 19.1 69.6 � 16.3

Median (min; max) 73 (22; 96) 73 (34; 93)

Epilepsy, n (%) 0.079*

No 104 (92) 9 (8) 1.00

Yes 22 (78.6) 6 (21.4) 3.15 0.96 10.31

Acute seizures prior to cEEG, n (%) 0.001

No 90 (95.7) 4 (4.3) 1.00

Yes 36 (76.6) 11 (23.4) 6.88 2.05 23.01

Coma, n (%) 0.451

No 80 (87.9) 11 (12.1) 1.00

Yes 46 (92) 4 (8) 0.63 0.19 2.10

IVAD, n (%) 0.321

No 67 (87) 10 (13) 1.00

Yes 59 (92.2) 5 (7.8) 0.57 0.18 1.76

Risk factors for continuous EEG seizures
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patients with early epileptiform discharges and in 3%
to 8% of those without epileptiform abnormalities
on initial recording [4, 15].
BIPDs were recorded in a single patient in our cohort;
thus, although this patient had seizure on cEEG, it was

not statistically significant. A similar limitation was
observed by other authors [3, 19].
In our study, LRDA was not associated with seizures
on cEEG. LRDA was previously associated with an
increased risk of seizures [3, 19, 20], but modifiers

~Table 2. Variables associated with seizures on cEEG: patients without seizures in the first 30 minutes
(continued).

Variable Seizures on cEEG OR 95% CI p

No Yes

Acute structural injury (neuroimaging), n (%) 0695

No 64 (88.9) 8 (11.1) 1.00

Yes 60 (90.9) 6 (9.1) 0.80 0.26 2.44

IEDs, n (%) <0.001

No 83 (97.6) 2 (2.4) 1.00

Yes 43 (76.8) 13 (23.2) 12.55 2.71 58.15

LPDs, n (%) <0.001*

No 112 (94.1) 7 (5.9) 1.00

Yes 14 (63.6) 8 (36.4) 9.14 2.88 29.07

BIPDs, n (%) 0.106*

No 126 (90) 14 (10) 1.00

Yes 0 (0) 1 (100) &

GPDs, n (%) 0.305*

No 101 (87.8) 14 (12.2) 1.00

Yes 25 (96.2) 1 (3.8) 0.29 0.04 2.30

LRDA, n (%) >0.999*

No 115 (89.1) 14 (10.9) 1.00

Yes 11 (91.7) 1 (8.3) 0.75 0.09 6.23

GRDA, n (%) 0.693*

No 108 (88.5) 14 (11.5) 1.00

Yes 18 (94.7) 1 (5.3) 0.43 0.05 3.46

BIRDs, n (%) 0.011*

No 126 (90.6) 13 (9.4) 1.00

Yes 0 (0) 2 (100) &

IEDs or LPDs < 30 minutes, n (%) 0.015*

No 104 (92.9) 8 (7.1) 1.00

Yes 22 (75.9) 7 (24.1) 4.14 1.36 12.60

SD: standard deviation; cEEG: continuous EEG; IVAD: intravenous anesthetic drug; IEDs: interictal epileptiform discharges; LPDs: lateralized periodic
discharges; BIPDs: bilateral independent periodic discharges; GPDs: generalized periodic discharges; LRDA: lateralized rhythmic delta activity; GRDA:
generalized rhythmic delta activity; BIRDs: brief potentially ictal rhythmic discharges; OR: odds ratio; CI: confidence interval. Chi-square; * Fisher’s exact;
** Student’s t; & not possible to estimate.
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such as frequency and Plus modifiers (superimposed
fast, rhythmic, or sharp activity) appear to affect
this association [19]. In the study by Rodriguez-
Ruiz et al. [19], only LRDA at frequencies �1.5 Hz
was associated with cEEG seizures, and a Plus
modifier increased the LRDA seizure risk. We did
not analyse the effect of periodic and rhythmic
pattern modifiers on seizure risk; the influence
of these specific features may have contributed to
our results.
Consistent with previous studies [2, 3, 19], GRDA was
not associated with seizures in our patients.
GPDs were associated with a lower incidence of
cEEG seizures in the entire cohort; this association,
however, did not remain significant either on
multivariate analysis or after excluding patients with
early seizures. The association between GPDs and
seizures was diversely characterized in studies with
critically ill patients monitored by cEEG. GPDs
were associated with non-convulsive seizures in
the case-control study by Foreman et al. [21]. In the
studies by Jette et al. [22] and Struck et al. [3], GPDs
were not associated with seizures. In two other
studies, GPDs without triphasic morphology were
associated with seizures during cEEG, while GPDs
with triphasic morphology were not [2, 18]. GPDs at
<1.5 Hz and without a Plus modifier were not
associated with seizures in the study by Rodri-
guez-Ruiz et al. [19].

Conclusion

Among risk factors for electrographic seizures or SE
in critically ill patients, acute seizures prior to
monitoring stand out as a major and independent
predictor. Different electroencephalographic abnor-
malities recorded on cEEG in these patients repre-
sent distinct positions along a spectrum of
ictogenicity, with IEDs, LPDs and BIRDs consistently
associated with an increased risk of seizures and
GRDA clearly not associated with seizures. Further
studies investigating the effect of modifiers are
required to better characterize the seizure risk
associated with these abnormalities, especially
regarding GPDs and LRDA. Additionally, based on
our results, we may hypothesise that the intrinsic
risk of seizures associated with periodic and
rhythmic patterns is higher within a context of
previous epileptic activity among patients without
seizures at the commencement of cEEG. &

Supplementary material.
Suummary slides accompanying the manuscript are available at
www.epilepticdisorders.com.
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Key points
� Variables associated with cEEG seizures were
retrospectively investigated in 156 critically ill
patients.

� Seizures were observed in 19.2% of recordings.
� Acute seizures prior to monitoring, IEDs, LPDs
and BIRDs were consistently associated with
cEEG seizures.

� Among patients without seizures on initial cEEG,
early IEDs or LPDs were associated with a 4.14-
fold increased chance of cEEG seizures.

References

1. Young GB, Jordan KG, Doig GS. An assessment of
nonconvulsive seizures in the intensive care unit using
continuous EEG monitoring: an investigation of variables
associated with mortality. Neurology 1996; 47(1): 83-9.

2. Claassen J,Mayer SA, Kowalski RG, Emerson RG, Hirsch LJ.
Detection of electrographic seizures with continuous EEG
monitoring in critically ill patients. Neurology 2004; 62(10):
1743-8.

3. Struck AF, Osman G, Rampal N, Biswal S, Legros B, Hirsch
LJ, et al. Time-dependent risk of seizures in critically ill
patients on continuous electroencephalogram. Ann Neurol
2017; 82(2): 177-85.

4. Westover MB, Shafi MM, Bianchi MT, Moura LM,
O’Rourke D, Rosenthal ES, et al. The probability of seizures
during EEG monitoring in critically ill adults. Clin Neuro-
physiol 2015; 126(3): 463-71.

5. De Marchis GM, Pugin D, Meyers E, Velasquez A,
Suwatcharangkoon S, Park S, et al. Seizure burden in
subarachnoid hemorrhage associated with functional and
cognitive outcome. Neurology 2016; 86(3): 253-60.

6. Carrera E, Claassen J, Oddo M, Emerson RG, Mayer SA,
Hirsch LJ. Continuous electroencephalographic monitoring
in critically ill patients with central nervous system infec-
tions. Arch Neurol 2008; 65(12): 1612-8.

7. Payne ET, Zhao XY, Frndova H, McBain K, Sharma R,
Hutchison JS, et al. Seizure burden is independently
associated with short term outcome in critically ill children.
Brain 2014; 137(Pt 5): 1429-38.

8. Wagenman KL, Blake TP, Sanchez SM, Schultheis MT,
Radcliffe J, Berg RA, et al. Electrographic status epilepticus

Risk factors for continuous EEG seizures

Epileptic Disord, Vol. 24, No. 2, April 2022 • 293

https://www.ncbi.nlm.nih.gov/pubmed/?term=8710130
https://www.ncbi.nlm.nih.gov/pubmed/?term=8710130
https://www.ncbi.nlm.nih.gov/pubmed/?term=8710130
https://www.ncbi.nlm.nih.gov/pubmed/?term=8710130
https://www.ncbi.nlm.nih.gov/pubmed/?term=15159471
https://www.ncbi.nlm.nih.gov/pubmed/?term=15159471
https://www.ncbi.nlm.nih.gov/pubmed/?term=15159471
https://www.ncbi.nlm.nih.gov/pubmed/?term=15159471
https://www.ncbi.nlm.nih.gov/pubmed/?term=28681492
https://www.ncbi.nlm.nih.gov/pubmed/?term=28681492
https://www.ncbi.nlm.nih.gov/pubmed/?term=28681492
https://www.ncbi.nlm.nih.gov/pubmed/?term=28681492
https://www.ncbi.nlm.nih.gov/pubmed/?term=25082090
https://www.ncbi.nlm.nih.gov/pubmed/?term=25082090
https://www.ncbi.nlm.nih.gov/pubmed/?term=25082090
https://www.ncbi.nlm.nih.gov/pubmed/?term=25082090
https://www.ncbi.nlm.nih.gov/pubmed/?term=26701381
https://www.ncbi.nlm.nih.gov/pubmed/?term=26701381
https://www.ncbi.nlm.nih.gov/pubmed/?term=26701381
https://www.ncbi.nlm.nih.gov/pubmed/?term=26701381
https://www.ncbi.nlm.nih.gov/pubmed/?term=19064748
https://www.ncbi.nlm.nih.gov/pubmed/?term=19064748
https://www.ncbi.nlm.nih.gov/pubmed/?term=19064748
https://www.ncbi.nlm.nih.gov/pubmed/?term=19064748
https://www.ncbi.nlm.nih.gov/pubmed/?term=24595203
https://www.ncbi.nlm.nih.gov/pubmed/?term=24595203
https://www.ncbi.nlm.nih.gov/pubmed/?term=24595203
https://www.ncbi.nlm.nih.gov/pubmed/?term=24595203
https://www.ncbi.nlm.nih.gov/pubmed/?term=24384638
https://www.ncbi.nlm.nih.gov/pubmed/?term=24384638


and long-term outcome in critically ill children. Neurology
2014; 82(5): 396-404.

9. Kalamangalam GP, Pohlmann-Eden B. Ictal-interictal
continuum. J Clin Neurophysiol 2018; 35(4): 274-8.

10. Lee JW. The EEG ictal-interictal continuum – Ametabolic
roar but a whimper of a functional outcome. Epilepsy Curr
2019; 19(4): 234-6.

11. Hirsch LJ, LaRoche SM, Gaspard N, Gerard E, Svoronos A,
Herman ST, et al. American Clinical Neurophysiology
Society’s Standardized Critical Care EEG Terminology:
2012 version. J Clin Neurophysiol 2013; 30(1): 1-27.

12. Yoo JY, Rampal N, Petroff OA, Hirsch LJ, Gaspard N. Brief
potentially ictal rhythmic discharges in critically ill adults.
JAMA Neurol 2014; 71(4): 454-62.

13. Chong DJ, Hirsch LJ. Which EEG patterns warrant
treatment in the critically ill? Reviewing the evidence for
treatment of periodic epileptiform discharges and related
patterns. J Clin Neurophysiol 2005; 22(2): 79-91.

14. Beniczky S, Hirsch LJ, Kaplan PW, Pressler R, Bauer G,
Aurlien H, et al. Unified EEG terminology and criteria for non-
convulsive status epilepticus. Epilepsia 2013; 54(Suppl. 6): 28-9.

15. ShafiMM, Westover MB, Cole AJ, Kilbride RD, Hoch DB,
Cash SS. Absence of early epileptiform abnormalities
predicts lack of seizures on continuous EEG. Neurology
2012; 79(17): 1796-801.

16. Claassen J, Jetté N, Chum F, Green R, Schmidt M,
Choi H, et al. Electrographic seizures and periodic discharges

after intracerebral hemorrhage. Neurology 2007; 69(13):
1356-65.

17. Struck AF, TabaeizadehM, Schmitt SE, Rodriguez Ruiz A,
Swisher CB, Subramaniam T, et al. Assessment of the validity
of the 2HELPS2B score for inpatient seizure risk prediction.
JAMA Neurol 2020; 77(4): 500-7.

18. Newey CR, Kinzy TG, Punia V, Hantus S. Continuous
electroencephalography in the critically ill: clinical
and continuous electroencephalography markers for
targeted monitoring. J Clin Neurophysiol 2018; 35(4):
325-31.

19. Rodriguez Ruiz A, Vlachy J, Lee JW, Gilmore EJ, Ayer T,
Haider HA, et al, Critical Care EEG Monitoring Research
Consortium. Association of periodic and rhythmic electro-
encephalographic patterns with seizures in critically ill
patients. JAMA Neurol 2017; 74(2): 181-8.

20. Gaspard N, Manganas L, Rampal N, Petroff OA, Hirsch LJ.
Similarity of lateralized rhythmic delta activity to periodic
lateralized epileptiform discharges in critically ill patients.
JAMA Neurol 2013; 70(10): 1288-95.

21. Foreman B, Claassen J, Abou Khaled K, Jirsch J, Alschuler
DM, Wittman J, et al. Generalized periodic discharges in the
critically ill: a case-control study of 200 patients. Neurology
2012; 79(19): 1951-60.

22. Jette N, Claassen J, Emerson RG, Hirsch LJ. Frequency
and predictors of nonconvulsive seizures during continuous
electroencephalographic monitoring in critically ill children.
Arch Neurol 2006; 63(12): 1750-5.

TEST YOURSELF

(1) What variables were consistently associated with cEEG seizures?

(2) Which variable was 100% associated with cEEG seizures?

(3) Was the presence of an EEG risk pattern on initial monitoring a significant predictor of seizures on cEEG?

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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