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Risk factors of postictal generalized EEG

suppression in generalized convulsive
selzures

ABSTRACT

Objective: To identify the clinical determinants of occurrence of postictal generalized EEG
suppression (PGES) after generalized convulsive seizures (GCS).

Methods: We reviewed the video-EEG recordings of 417 patients included in the REPO-MSE
study, a multicenter prospective cohort study of patients with drug-resistant focal epilepsy.
According to ictal semiology, we classified GCS into 3 types: tonic-clonic GCS with bilateral
and symmetric tonic arm extension (type 1), clonic GCS without tonic arm extension or flexion
(type 2), and GCS with unilateral or asymmetric tonic arm extension or flexion (type 3). Associa-
tion between PGES and person-specific or seizure-specific variables was analyzed after correc-
tion for individual effects and the varying number of seizures.

Results: A total of 99 GCS in 69 patients were included. Occurrence of PGES was independently
associated with GCS type (p < 0.001) and lack of early administration of oxygen (p < 0.001).
Odds ratio (OR) for GCS type 1 in comparison with GCS type 2 was 66.0 (95% confidence
interval [Cl 5.4-801.6]). In GCS type 1, risk of PGES was significantly increased when the seizure
occurred during sleep (OR 5.0, 95% Cl 1.2-20.9) and when oxygen was not administered early
(OR13.4,95% Cl 3.2-55.9).

Conclusion: The risk of PGES dramatically varied as a function of GCS semiologic characteristics.
Whatever the type of GCS, occurrence of PGES was prevented by early administration of oxygen.
Neurology® 2015;85:1598-1603

GLOSSARY

Cl = confidence interval; EMU = epilepsy monitoring unit; GCS = generalized convulsive seizures; MORTEMUS = Mortality
in Epilepsy Monitoring Unit Study; OR = odds ratio; PGES = postictal generalized EEG suppression; SUDEP = sudden and
unexpected death in epilepsy.

Postictal generalized EEG suppression (PGES), defined as postictal, generalized absence of EEG
activity,' is observed in the immediate aftermath of 16%-90% of generalized convulsive seizures
(GCS)''* and has been associated with sudden and unexpected death in epilepsy (SUDEP).
The duration of PGES predicted the risk of SUDEP in one study,' but not in another.” In the
Mortality in Epilepsy Monitoring Unit Study (MORTEMUS), which aimed at retrieving data
from all monitored cardiorespiratory arrests that had occurred during long-term video-EEG
monitoring, PGES was observed in all cases together with a cardiorespiratory collapse thought to
reflect massive brainstem dysfunction.’” Unraveling the factors that are associated with the
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occurrence of PGES might thus be important
to better understand the cascade of events that
lead to postictal brainstem dysfunction, to
improve the evaluation of the risk of SUDEP
at the individual level, and to develop efficient
means to prevent SUDEP.

Several studies have evaluated risk factors of
PGES with conflicting results."* Previous
works showed that different clinical patterns
of GCS might be identified,'* and this varia-
bility might have impacted the results of pre-
vious studies of PGES.?> However, the relation
between PGES and the clinical characteristics
of GCS has never been formally investigated.
To address these issues, we analyzed the rela-
tion between PGES and the characteristics of
GCS in a prospective cohort of patients who
underwent long-term video-EEG monitoring.

METHODS Patients. The REPO,MSE study is an ongoing
multicenter prospective study based on the French National
Research Network on SUDEP predictors. Its primary objective is
to individualize risk factors of SUDEP in patients with drug-
resistant focal epilepsy. Patients are recruited in 16 French
epilepsy monitoring units (see list of coinvestigators on the
Neurolog/® Web site at Neurology.org) according to the
following inclusion criteria: (1) age =16 years, (2) drug-resistant
focal epilepsy according to International League Against Epilepsy
classifications,’”'® and (3) patient undergoing long-term
monitoring using either video scalp EEG or intracranial EEG
recordings. For all included patients, we collected demographic
and detailed clinical data, MRI data, interictal EEG data, results
of nonsystematic complementary investigations performed to better
localize the epileptogenic zone (i.e., "*F-FDG PET, SPECT), and
raw data of all recorded seizures, which include EEG, video, pulse
oximetry, and EKG. For all these parameters, we stored the
5 minutes that preceded seizure onset, the seizure, and an
immediate postictal period of 15 minutes duration. Andepileptic
drugs withdrawal might have been performed during video-EEG to
promote occurrence of seizures on a case-by-case basis. However,
detailed evoluton of drug load during video-EEG has not been
collected in the REPO,MSE study.

We systematically reviewed the database and the video-EEG re-
cordings of the REPO,MSE study to individualize all patients who
fulfilled the following criteria: (1) Patients included in the
REPO,MSE study between April 2010 and October 2013 in Lille,
Lyon, Nancy, Paris Saint-Anne, Rennes, La Teppe, Toulouse, or
Tours. These 8 centers were selected among the 16 that participate
in the REPO,MSE study because they used the same video scalp-
EEG acquisition system (Micromed, Treviso, Italy). (2) Patients
who underwent video scalp-EEG monitoring. In the absence of
validated definition of PGES in intracranial recordings, seizures
recorded during intracranial monitoring were excluded. (3) Occur-
rence of =1 GCS, defined as focal seizure, the ictal semiology of
which evolved to bilateral abnormal muscle contractions consistent
with more than minimal involvement of both hemispheres.'”

The video scalp-EEG recordings of 501 seizures in 417
patients were systematically reviewed. A total of 110 GCS in
72 patients were identified. In 11 GCS, quality of postictal
EEG recordings did not allow evaluation of occurrence of PGES

because of movement artifacts. Overall, 69 patients (13.5%) and

99 seizures (13.0%) were included in the current study.

Standard protocol approvals, registrations, and patient
consents. The REPO,MSE study was approved by an ethics com-
mittee (CPP Sud Est II no. 2010-006-AMG6) and competent
authority (ANSM no. B100108-40). All patients gave written

informed consent.

Collection of variables. For each patient, we collected data on
age, sex, age at epilepsy onset, epilepsy duration, seizure frequency
before admission in the epilepsy monitoring unit (EMU), fre-
quency of GCS before admission in the EMU, MRI data, and
conclusion of presurgical investigations about the localization of
the epileptogenic zone.

For each seizure, we collected data on state of wakefulness
before seizure onset (awake/asleep), sleep stage before seizure
onset, clinical characteristics of GCS, including ictal semiology,
duration of the clonic, tonic, and tonic-clonic phase, and entire
seizure duration, early administration of oxygen (i.e., with oxygen
mask during the seizure or within the first 5 seconds after seizure
termination), early intervention of nurse (i.e., during the seizure
or within the first 5 seconds after seizure termination), and prone
position at seizure end. In all centers but one, the decision to
administer oxygen was made by the nurse on a case-by-case basis.
In the remaining center, oxygen was administered in all super-
vised GCS. Besides O, administration, nurse intervention during
secondary generalization was mainly dedicated to prevention of
injuries and electrodes abruption. Although all patients included
in the REPO,MSE study were monitored with pulse oximetry,
intense motor activity often resulted in disconnection of pulse
oximetry or major artifacts. In this context, oxygen saturation was
not included in further analyses.

Although the detailed evolution of drug load during video-
EEG was not prospectively collected in the REPO,MSE study,
antiepileptic drug regimen was available at both baseline and
within the 24 hours preceding the seizure in 51 of the 69 patients
(74%) and in 76/99 seizures (77%).

Analysis of clinical characteristics of GCS. According to
ictal semiology of the secondary generalization, the following 3

types of GCS were identified.

1. GCS type 1: Typical tonic-clonic GCS with bilateral and
symmetric tonic arm extension at the onset of secondary gen-
eralization, followed by bilateral and symmetric 4-limb myo-
clonic jerks.'

2. GCS type 2: Clonic GCS with bilateral and symmetric 4-limb
myoclonic jerks without tonic arm extension or flexion.

3. GCS type 3: GCS with asymmetric bilateral tonic arm exten-
sion (i.e., the extension of one arm preceded the extension of
the other from >5 seconds), unilateral tonic arm extension
combined with contralateral tonic arm flexion, bilateral tonic
arm flexion, or unilateral tonic arm extension, followed by
bilateral and symmetric 4-limb myoclonic jerks.'* In addition,
seizures for which the criteria of GCS type 1 or type 2 could
not be firmly ascertained because of the quality of the video
(e.g., patient lying on one side hampering detailed analysis of
posturing of one hemibody) were classified as GCS type 3.

The onset of the tonic phase was defined as the time when,
after progressive arm extension or flexion, the tonic posturing
was maintained in fixed position. The end of the tonic phase
and the onset of the clonic phase were defined as the onset of
bilateral rhythmic myoclonic jerks.

Videos of all individual GCS were independently analyzed by
2 investigators (P.R. and S.R.), blinded to other patients’ data,
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including EEG data. In case of disagreement, the investigators
discussed to reach consensus. Interobserver agreement on GCS
classification was good (Cohen k = 0.79), especially for distinc-
tion between GCS type 1 and 2 (Cohen k = 0.83).

Evaluation of PGES. Conventional scalp EEG recordings (Inter-
national 10-20 System) were performed in all centers. Two inves-
tigators (V.A. and S.R)) independently analyzed the presence or
absence of PGES as well as the duration of PGES, blinded to other
patients’ data, including GCS classification. In case of disagree-
ment, the investigators discussed to reach consensus.

PGES was defined as immediate postictal (within 30 seconds
following seizure termination), generalized, and severe attenua-
tion of scalp EEG activity no higher than 10 wV in amplitude
during =10 seconds, apart from muscle, movements, respiratory,
and electrode artifacts.! Interobserver agreement on PGES was

good (Cohen k = 0.79).

Statistical analyses. Association between occurrence of PGES
or duration of PGES and person- or seizure-specific variables
was assessed with Fisher exact probability test, x?, or Mann-
Whitney U tests, where appropriate. A generalized estimating
equation model for a repeated-measures logistic regression was
used to determine which variables were independently associated
with occurrence of PGES after correction for individual effects and
the varying number of seizures contributed by each person. Only
those variables with p < 0.2 at univariate analysis were entered, and
adjustments for multiple comparisons were made using the
Bonferroni method for person- and seizure-specific variables. The
same approach was applied in a sensitivity analysis where PGES
<20 seconds were not considered. All analyses were also
reprocessed in the subgroups of patents with GCS type 1 only.
Statistical analyses were performed with SPSS version 22 software
(SPSS Inc., Chicago, IL).

RESULTS Demographic and clinical data. Demo-
graphic and dlinical data are presented in tables
1 and 2. A total of 99 GCS in 69 patients were
included. Twenty-four patientss had =2 GCS,
including 19 with 2 GCS, 4 with 3 GCS, and 1 with
4 GCS. Early nurse intervention occurred in 68 seizures
(69%) and oxygen was administered early in 45 (45%).
Rate of early nurse intervention and of oxygen
administration was similar across GCS types. Prone
position at seizure end was observed in only 4
seizures (4%) and 3 patients (4%).

Analysis of clinical characteristics of GCS. Fifty-one
GCS were classified as GCS type 1 (52%), 27 as type
2 (27%), and 21 as type 3 (21%). Among the 24 pa-
tients in whom several GCS were collected, 6 demon-
strated 2 different GCS types. Three patients had
GCS type 1 and GCS type 2, 2 had type 1 and type
3, and 1 had type 2 and type 3. Interestingly, the mean
* SD antiepileptic drug withdrawal within the 24
hours preceding the GCS was 76% * 26% in GCS
type 1 (n = 42), 53% = 30% in GCS type 2 (n = 18),
and 57 * 31% in GCS type 3 (n = 16) (p = 0.004 by
Kruskal-Wallis test).

Evaluation of PGES. Overall, PGES was observed in
34 patients (49%) and 47 GCS (47.5%). Among

the 24 patients in whom several GCS were collected,
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8 (33%) had a mixture of GCS with and without
PGES, whereas PGES was consistently absent in 9
(38%) and consistently present in 7 (29%). In 3
GCS, time of PGES termination could not be ascer-
tained because of movement artifacts. In the remain-
ing 44 GCS with PGES, median duration of PGES
was 37.5 seconds (range 12-157). The duration of
PGES was =20 seconds in 41 of 47 GCS with PGES
(87%). In the 76 GCS where the drug load at time of
the seizure was available, there was a trend toward a
greater level of drug withdrawal in GCS with PGES
(73% = 27%) than in the other (60% = 31%) (p =
0.084 by Mann-Whitney U test). No severe episodes
of bradycardia or asystoles were identified during the
PGES periods.

In univariate analyses (table 2), occurrence of PGES
was significantly associated with longer duration of the
tonic phase (p = 0.042), lack of early administration of
oxygen (p < 0.001), and the type of GCS (» < 0.001).
PGES was more frequently observed after GCS type
1 (65%) than after GCS type 2 (15%). Interestingly, in
the 3 patients with both GCS type 1 and GCS type 2,
PGES was never observed after a GCS type 2 (n = 3
GCS), but was consistently observed following a GCS
type 1 (n = 6 GCS).

In multivariate analysis, lack of early administration
of oxygen and GCS type remained independent risk
factors for occurrence of PGES. Risk of PGES was sig-
nificantly associated with GCS type 1 in comparison
with GCS type 2 (Odds ratio [OR] [95% confidence
interval (CI)] 66.0 [5.4-801.6; p = 0.001]), although
no significant difference was observed between GCS
type 1 and GCS type 3 (OR 3.07, 95% CI 0.75-12.6;
p = 0.119). OR for lack of early administration of
oxygen was 14.2 (95% CI 4.1-48.4; p < 0.001).
Results remained similar when analyses were reproc-
essed after exclusion of PGES <20 seconds (table e-1).

In contrast, duration of PGES was not correlated
with any person- or seizure-related variables.

Considering the strong association between occur-
rence of PGES and GCS type 1, we evaluated risk fac-
tors of PGES for this seizure type, specifically (n = 51
GCS type 1). As shown in table e-2, risk of occur-
rence of PGES was significantly increased when GCS
type 1 occurred during sleep (OR 5.0, 95% CI 1.2—
20.9) and, as observed in the whole population, when
oxygen was not administered early (OR 13.4, 95% CI
3.2-55.9).

DISCUSSION Identifying the clinical determinants
of occurrence or duration of PGES might help to bet-
ter recognize patients at high risk of SUDEP.""? In this
context, several studies previously aimed to individual-
ize risk factors of PGES.""'> However, these latter re-

ported conflicting results and the clinical determinants
of PGES remained to be formally determined. Based



[ Table 1 Association of PGES and patient-specific variables ]

p Value after correction

Patient-specific variables PGES No PGES for multiple comparisons
No. of patients (%) 34 (49) 35 (51) —
Age, y, mean (95% Cl) 32.2(29.1-35.3) 33.8 (29.8-37.8) >0.2
Sex, n (%) >0.2
Male 24 (58) 17 (42)
Female 10 (36) 18 (64)
Age at epilepsy onset, y, mean (95% Cl) 16.5 (13.3-19.7) 11.6 (9.0-14.2) >0.2
Epilepsy duration, y, mean (95% CI) 15.0 (11.4-18.6) 22.3(17.5-27.1) 0.184
Seizure frequency, n (%)? >0.2
>1/d 3(43) 4(57)
<1/d but >1/wk 13 (54) 11 (46)
<1/wk 17 (42) 19 (58)
GTCS frequency, n (%) >0.2
>1/mo 3(27) 8(73)
<1/mo but >1/y 15 (50) 15 (50)
<1ly 16 (57) 12 (43)
Seizure focus, n (%) >0.2
Temporal 18 (62) 11 (38)
Frontal 4(33) 11 (67)
Parietal 0(0) 1 (100)
Insula 0(0) 1 (100)
Multilobar 9 (69) 4(31)
Unknown 3(30) 7 (70)
Seizure focus, n (%) >0.2
Left 19 (53) 17 (47)
Right 9 (60) 6 (40)
Bilateral 3(38) 5(62)
Unknown 3(30) 7 (70)

Abbreviations: Cl = confidence interval; GCS = generalized convulsive seizures; PGES = postictal generalized EEG

suppression.
2Data were available for 67 patients.

on a prospective multicenter design, our study pro-
vided additional and important data: (1) the risk of
PGES was not similar for all GCS but varied as a
function of their semiologic characteristics; (2) PGES
were predominantly triggered by GCS presenting bilat-
eral symmetric tonic posturing and occurring during
sleep; (3) Whatever the type of GCS, occurrence of
PGES was prevented by early administration of oxygen.

Most previous studies investigating risk factors of
PGES analyzed the relation between PGES and the
duration of the different phases of GCS. Some studies
suggested that occurrence or duration of PGES might
be associated with the duration of the tonic phase of
GCS.>'* However, these findings were not confirmed
by others.»'" Although it has been suggested that
these discrepancies might have been related to differ-
ences of clinical characteristics of GCS across studies,?

this hypothesis had never been formally evaluated.
Although GCS are often considered as uniform man-
ifestations, previous works showed that different clin-
ical patterns might be identified."* It has thus been
reported that only =50% of patients with secondar-
ily generalized temporal lobe seizures demonstrated
typical tonic-clonic GCS with bilateral and symmet-
ric tonic arm extension.'® Here, we observed that
occurrence of PGES was strongly correlated with
the clinical pattern of GCS. PGES were thus infre-
quent in clonic GCS without tonic posturing (GCS
type 2) but observed in two-thirds of GCS with bilat-
eral and symmetric tonic arm extension (GCS type 1).
Although PGES occurred less frequenty in GCS type
3 than in GCS type 1, this difference did not reach
significance. This result might reflect the heterogeneity
of GCS type 3. Because of the limitations of video

Neurology 85 November 3, 2015 1601



[ Table 2 Association of PGES and seizure-specific variables

Seizure-specific variables PGES No PGES
Total, n (%) 47 (47.5) 52 (52.5)
Seizure type

Type | 33 (65) 18 (35)

Type Il 4 (15) 23 (85)

Type I 10 (48) 11 (52)
Duration of tonic phase, s, mean (95% ClI) 11.4 (10.1-12.7) 8.2 (5.7-10.7)
Duration of tonic-clonic phase, s, mean (95% CI) 50.5 (47.2-53.8) 57.0 (51.9-62.1)

Total seizure duration, s, mean (95% Cl)

State of wakefulness, n (%)*

101.2 (84.4-118.0)

110.6 (92.4-128.8)

Awake 23 (41) 33 (59)

Asleep 23 (56) 18 (44)
Early administration of O, n (%)

Yes 10(22) 35(78)

No 37 (68.5) 17 (31.5)
Early intervention, n (%)

Yes 38 (43) 50 (57)

No 9(82) 2(18)
Prone position at seizure end, n (%)

Yes 4 (100) 0(0)

No 43 (45) 52 (55)

Multivariate analysis

p Value after correction

for multiple comparisons  OR (95% ClI) p Value
<0.001 — <0.001
66.0 (5.4-801.6)
21.5(1.3-343.0)
0.042 0.94 (0.84-1.06) 0.332
>0.2 = =
>0.2 = =
>0.2 = =
<0.001 14.2 (4.1-48.4) <0.001
0.096 3.4 (0.33-35.8) 0.307
>0.2 = =

Abbreviations: Cl = confidence interval; OR = odds ratio; PGES = postictal generalized EEG suppression.

2Sleep stage in the minutes preceding the seizure onset could be determined in 97 seizures.

1602

analysis and the stringent inclusion criteria used to
classified GCS as type 1, GCS type 3 probably mixed
GCS type 1 and GCS of other types. Importantly, after
adjustment on GCS type, none of the other clinical
characteristics of GCS (e.g., duration of the tonic
phase) remained significantly predictive of the risk of
PGES. Similarly, risk of PGES was increased during
sleep in patients with GCS type 1, whereas no associ-
ation between PGES and state of wakefulness was
observed in the whole cohort, reinforcing the hypoth-
esis that the variability of results from previous studies
might reflect differences in the clinical patterns of the
recorded GCS.>* It has been suggested that these var-
iable clinical patterns might be the expression of
different electrical spread pathways.'* Though specula-
tive, bilateral and symmetric tonic arm extension
observed in GCS type 1 that looks like symptoms
observed in patients with decerebrate response might
indicate involvement of the brainstem structures,
which could result in disruption of subcortical-
cortical activating pathways, especially during sleep.
In contrast, symptoms observed in GCS type 2 and
type 3, including asymmetric tonic posturing, might
primarily reflect bilateral involvement of motor and
premotor cortices.

Neurology 85 November 3, 2015

Besides GCS type, occurrence of PGES was associ-
ated with peri-ictal interventions. Specifically, PGES
were strongly prevented by administration of oxygen
during the course of the seizure or within the seconds
immediately following the end of the seizure. This
result was in line with previous studies showing that
PGES were correlated with duration and nadir of
peri-ictal hypoxemia,®® though these data have not
been confirmed by other studies.*® In addition, PGES
concomitant with central apnea was observed in all
monitored SUDEP in MORTEMUS." Although
pulse oximetry was performed in all patients included
in the REPO,MSE study, we were not able to analyze
the relation between oxygen saturation and PGES in
our group of patients. Nevertheless, the observation
that early oxygen administration prevented occurrence
of PGES might suggest that PGES and postictal
hypoxemia are linked phenomena. Specifically, com-
bination of previous results”’ and our observations
might suggest that PGES result from profound post-
ictal hypoxemia. Furthermore, the EEG pattern
observed at the onset of PGES differed from that
described in syncope,'® suggesting an underlying
mechanism different from that triggered by hypoper-
fusion. Overall, PGES might be considered as a marker



of postictal hypoxemia rather than a precipitating fac-
tor of postictal respiratory dysfunction.

Although the prospective and multicenter design of
our study represented an important added value in com-

2-4,8,11,12

parison with previous retrospective studies, sev-

eral limitations must be underscored. Though similar to

previous studies,> %1112

our sample size remained lim-
ited. This issue was particularly relevant for analyses of
patient-specific variables, the results of which should be
interpreted with caution. Furthermore, whether the clin-
ical determinants of PGES are similar in patients with
genetic generalized epilepsies remains to be investigated.
Although our study aimed at determining risk fac-
tors of PGES with the final objective to better individ-
ualize patients at high risk of SUDEP, the exact
relation between our results and the risk of SUDEP re-
mains to be determined. We did not observe an asso-
ciation between the duration of PGES, which has been
associated with the risk of SUDEP,' and any other
factor, including GCS type or early administration of
oxygen. On the other hand, our data might suggest
that oxygen should systematically be administrated
during GCS, both at home and in the EMU. Impor-
tantly, all patients included in the present study will be
followed up in the REPO,MSE study. In the long
term, we will therefore be able to evaluate the relations
between PGES risk factors and risk of SUDEP.
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