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ABSTRACT

Objective. The postictal state after bilateral tonic-clonic seizures is often
prolonged and can have significant impact on a patient's quality of life.
Considerable variability exists in the magnitude of postictal agitation and in the
speed of recovery, the determinants of which are not well understood. We
studied postictal behavior after tonic-clonic seizures in various epilepsy
localizations, focusing on postictal agitation and time to responsiveness.
Methods. We retrospectively identified 15 adult patients each with idiopathic
generalized, left temporal lobe, right temporal lobe and frontal lobe epilepsy.
Localization in focal epilepsy was validated by good outcome after resective
surgery at one-year of follow-up. The first tonic-clonic seizure with reliable video
and EEG for each patient was analyzed by two reviewers, one of whom was
blinded to clinical data. Clinical, ictal and postictal variables were collected for
each patient and analyzed. Postictal agitation was classified as mild and marked.
Results. We reviewed 60 tonic-clonic seizures, 15 in each of four patient groups.
Postictal agitation was observed in 14 patients (23.3%; marked in one and mild in
13). Postictal agitation was most common in patients with left temporal (seven
patients) and least common in idiopathic generalized epilepsy (one patient)
groups (p=0.035). Based on subgroup analysis (n=28), time to responsiveness was
6.6 minutes for frontal, 7.2 minutes for generalized, 10 minutes for right temporal
and 15.7 minutes for the left temporal groups (p<0.05 for frontal vs. left temporal,
generalized vs. left temporal). Time to responsiveness was longer in patients with
agitation than without (13.9 minutes vs. 7.7 minutes; p=0.048). Patient ictal and
postictal characteristics demonstrated no relationship to agitation or latency to
postictal recovery.

Significance. To mitigate harm, patients must be monitored carefully after tonic-
clonic seizures, especially patients with left temporal lobe epilepsy. Studies
evaluating medical and behavioral interventions to promote postictal recovery
are needed.
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Bilateral tonic-clonic seizures (TCS) can
occur in patients suffering from focal
and generalized epilepsy. This type of
seizure is usually followed by a gradual-
ly resolving postictal state characterized

by unresponsiveness, confusion and
amnesia [1]. The postictal state can have
a more significant impact on quality of
life of patients than the ictus itself [2].
The pathophysiological mechanisms of
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the postictal state are poorly understood and often,
this does not receive much attention in the manage-
ment of epilepsy [3, 7]. In this study, we reviewed
video recordings for postictal manifestations, includ-
ing agitation, after tonic-clonic seizures in patients
with various epilepsy localizations to identify differ-
ences and predictive factors.

Materials and methods

After receiving approval from the institutional review
board at Vanderbilt University Medical Center, we
retrospectively searched the electronic medical
records for patients >18 years with generalized or
focal epilepsy who had at least one tonic-clonic
seizure (TCS) recorded in the epilepsy monitoring
unit (EMU) between January 2010 and December
2019. The patients were consecutively identified,
starting with the most recent, due to greater
accessibility. We planned to study 15 patients each
in four groups: idiopathic generalized epilepsy (IGE),
left temporal lobe epilepsy (LTLE), right temporal
lobe epilepsy (RTLE), and frontal lobe epilepsy (FLE).
Diagnosis of IGE was established by clinical history
and EEG. Diagnosis and localization of focal epilepsy
was established by clinical history, EEG and good
outcome after epilepsy surgery (seizure-free or rare
seizures only after at least one year of follow-up); or
by a combination of electro-clinical features and a
putative epileptogenic lesion restricted to one lobe
identifiable on MRI brain.

For each patient, the first TCS with reliable ictal and
postictal data (video and EEG) was analyzed. ATCS and
its various phases were defined according to Theodore
et al. [4]. The postictal phase started at the end of
clinical seizure activity and ended when the patient
started to follow commands and became oriented. The
time between onset and end of postictal phase was
referred to as “time to responsiveness” (TTR). Postictal
agitation was defined and classified as “mild” if the
patient demonstrated horizontal movements or rota-
tion of the trunk and pelvis while lying or sitting in bed
and/or tried to remove medical equipment (EEG leads,
nasal cannula, etc.), but was easily directed to stop that.
Postictal agitation was classified as “marked” if
patients attempted to get out of bed, were kicking
or boxing, tried to remove medical equipment,
interfered with nursing care, and were difficult to
direct [5]. The standard intervention in our EMU is to
rush to the patient’s room, ensure patient safety, verify
patent airway, suction secretions, administer oxygen,
start pulse oximetry, and turn the patient on their side.
After the end of the seizure, nurses and technologists
attempt to get a response from the patient through
tactile and verbal stimulation. However, on rare

occasions, seizures were not detected in a timely
manner, and were identified on later record review.
The video and EEG for each selected seizure was
analyzed from clinical or EEG onset (whichever was
first) until the patient started to follow commands (see
video sequences 1, 2 as examples of the videos). For
some seizures, recovery had not yet occurred by the
end of the video clip; the end of the clip was presumed
to be the end of the postictal phase in one preliminary
analysis. These seizures were excluded from a second
TTR analysis. One board-certified neurophysiologist
(AD) reviewed all the electroclinical data and entered
de-identified information in a secure online database.
A second board-certified neurophysiologist (SZ) who
was blinded to the clinical data also reviewed the
videos for postictal agitation; differences were re-
solved by reanalysis in conjunction with input from a
third board-certified reviewer (BAK).

The following variables were collected for each
patient: current age, gender, age at seizure onset,
history of psychiatric illness (mood disorder/anxiety
disorder), location of MRI brain lesion (if present),
history of resective epilepsy surgery (focal epilepsy),
pathological diagnosis, outcome at one-year of follow-
up, ictal characteristics (ictal EEG findings, clinical
onset, EEG onset, duration of focal phase, duration of
tonic-clonic phase, clinical seizure end, EEG seizure
end), and postictal characteristics. Postictal character-
istics included presence of postictal generalized EEG
suppression (PGES), duration of PGES, duration of
postictal video analyzed, postictal agitation, duration
of postictal agitation, postictal snoring, ictal/postictal
oxygen administration, and postictal suctioning.
Descriptive statistics were used to report demographic
and clinical data. Groups were compared using
Fisher's exact test, Chi-squared test, and one-way
ANOVA. Paired comparisons were performed using
Mann-Whitney U statistic. Spearman’s rank correlation
coefficient was used to determine relationship be-
tween groups. A p value of 0.05 was considered
statistically significant.

Results

We reviewed 60 TCS in 15 patients with IGE and 45
patients with focal epilepsy (15 RTLE, 15 LTLE, 15 FLE).
Forty-one patients with focal epilepsy underwent
epilepsy surgery after video-EEG and had Engel Class
I to lIA outcome at one year, including all TLE patients
and 11 FLE patients. Four patients with FLE did not have
surgery, but had a putative epileptogenic lesion in the
frontal lobe (right superior frontal gyrus encephalo-
malacia with surrounding hyperintense signal; left
frontal encephalomalacia with associated hemosiderin
deposition; gray matter heterotopia in the left frontal
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lobe; posterior right frontal low-grade neoplasm)
and neurophysiological data that supported frontal
localization.

The mean age of the patients was 36.8 years (range: 19-
62) and 34 were female. Other patient characteristics
are reported in table 1. Postictal video was analyzed for
a mean duration of 11.5 minutes (range: 3.5-30
minutes) for each seizure in all 60 patients. The return
of postictal responsiveness could not be determined
in 32 patients despite analyzing 11.4 minutes (mean) of
video per seizure as the videos were clipped prior to
clinical recovery. This was done to reduce storage
space on computer servers at our institution. For the
subgroup of 28 patients (46.6%) in whom recovery had
occurred before the end of the video clip, postictal
responsiveness was observed after a mean duration of
11.6 minutes (range: 4.3-29 minutes).

The average total seizure duration was 73 seconds
(range: 40-100) for generalized-onset and 148.7
seconds (range: 52-762) for focal-onset seizures
(not significant). Total seizure duration was longest
(mean: 219.6; range: 75-762 seconds) in the LTLE
group (p=0.006). The duration of the tonic-
clonic phase was relatively similar in all four groups,
though longest in the RTLE group (not significant).
Other ictal and postictal characteristics are reported
in table 2.

Agitation was observed in 14 of 60 patients (23.3%).
This was “marked” in one patient (RTLE), and “mild” in
13. Inter-rater reliability for identifying agitation
between two reviewers (one of whom was blinded)
was near perfect (Kappa statistic: 0.95). Agitation was
most common in the LTLE group (7 of 15) followed by
FLE (4 of 15), RTLE (2 of 15), and least commonly
observed in the IGE group (1 of 15). The differences
were significant only between IGE and LTLE groups
(p=0.035; Fisher’s exact test). Among the seven LTLE

Postictal agitation and recovery

patients with agitation, language dominance was left
sided in five (documented by Wada test in four and
postictal aphasia in one) and bilateral in two (docu-
mented by Wada test in one and functional MRI in
one). There was no postictal agitation in three LTLE
patients with right hemisphere language dominance.
The mean duration of agitation was 1.8 minutes (range:
0.2-3.4 minutes). Postictal agitation did not differ
statistically by gender, history of psychiatric illness,
or presence of PGES. There was no relationship
between postictal agitation and total seizure duration,
duration of bilateral tonic-clonic phase, or duration of
PGES. Postictal agitation was not less likely with oxygen
administration (performed in 56 patients) and suction-
ing (performed in 49 patients). There was no correla-
tion between duration of postictal agitation and
duration of seizure, tonic-clonic phase, or PGES
(Spearman’s Rho).

The one patient with marked agitation was a 47-year-
old man with seizure onset at age 18. He had loss of
brain substance in the inferior right temporal lobe
cortex and subcortical white matter on brain MRI. He
underwent right anterior temporal lobectomy and was
found to have mesial temporal sclerosis on pathologi-
cal examination. He was free of seizures and auras at
one year of follow-up.

Based on analysis of the whole patient group (n=60) in
which TTR was estimated if the video clip ended before
recovery, TTR was shortest in the IGE group (mean: 8.4
minutes), followed by RTLE (mean: 10.2 minutes), FLE
(mean: 10.7 minutes) and LTLE (mean: 12.9 minutes);
these differences were not statistically significant. No
further analyses were performed for TTR in the whole
group. Based on subgroup analysis of patients for
whom postictal responsiveness was determined with
certainty (n=28), TTR was shortest in the FLE group (6.6
minutes), followed by IGE (7.2 minutes), RTLE (10

¥ Table 1. Demographic characteristics of patients.

IGE (n=15) LTLE (n=15) RTLE (n=15) FLE (n=15) Statistical
significance
Mean age (range, in years) 29.4 (20-53) 40.4 (25-62) 41.9 (22-61) 35.5 (19-58) <0.05
Gender (F/M) 9/6 9/6 718 9/6 NS
Mean age at seizure onset (range, in years) 12.2 (2-33) 17.4 (1-40) 16.5 (1-42) 19.2 (3-48) NS
History of psychiatric illness (yes/no) 718 6/9 6/9 5/10 NS
Brain MRI (normal/ ‘lesional’) 8/1A 5/10 2/13 4/11 NS#
Resective epilepsy surgery (yes/no) NA 15/0 15/0 11/4 NA

AThe MRI lesion was a cerebellopontine angle tumor; MRI not available for six patients.
#Calculated for three groups of focal epilepsies.
NS: not significant; NA: not applicable.
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¥ Table 2. Ictal and postictal characteristics of patients.

Statistical

Mean total seizure duration (range, in sec)

Mean bilateral TC phase duration (range, in sec)

PGES (yes/no)
Mean PGES duration (range, in sec)

Agitation (yes/no)

Mean duration of postictal agitation (range, in

min)

Postictal oral suctioning (yes/no)

Ictal/postictal oxygen administration (yes/no)

Postictal snoring (yes/no)

LTLE (n=15) RTLE (n=15) FLE (n=15)
73 (40-110) 219.6 (75- 134.0 (67- 92.5 (52-
762) 406) 163)
48.2 (26-74) 58.1 (39-120) 62.6 (37-133) 50.1 (28-67)
141 11/4 12/3 11/4
41.6 (22-77) 38.9 (23-58)  39.3 (19-56)  35.3 (15-56)
114 718 213 4/11
1.6 (NA) 16 (0.2-3.4) 26 (2.0-3.2) 1.6 (0.8-3.3)
9/6 13/2 15/0 12/3
13/2 1411 15/0 141
5/10 10/5 718 12/3

Significance

<0.05

NS
NS
NS
<0.05
NS

<0.05
NS
<0.05

NS: not significant; NA: not applicable.

minutes), LTLE (15.7 minutes) groups (p=0.02) (see
table 3 for details). Pairwise differences in TTR were
statistically significant for FLE vs. LTLE and IGE vs. LTLE.
Time to responsiveness was longer in patients

with agitation than without agitation (13.9 minutes vs.
7.7 minutes; p=0.048). There was no correlation between
TTR and duration of seizure, duration of tonic-clonic
phase, or duration of PGES (Spearman’s Rho).

¥ Table 3. Demographic, ictal and postictal characteristics of subgroup (n=28) in which time to responsiveness

(TTR) was analyzed.

LTLE (n=7)

RTLE (n=5)

Statistical

Age (mean; range)
Gender (F/M)

Mean total seizure duration
(range, in sec)

Mean bilateral TC phase duration
(range, in sec)

PGES (yes/no)
Mean PGES duration (range, in sec)

Mean time to responsiveness
(range, in min)

Agitation (yes/no)
Postictal oral suctioning (yes/no)

Ictal/postictal oxygen administration
(yes/no)

Postictal snoring (yes/no)

IGE (n=11)
32.0 (20-53)

714

70 (40-110)

43.3 (26-70)

101

43.3 (22-77)

7.2 (2.9-18.5)
110

6/5

10/1

3/8

36.2 (25-54)
6/1
141.4 (75-341)

50.5 (39-88)

4/3
43.2 (33-58)
15.7 (6.0-27.5)

4/3
5/2
6/1

4/3

40.2 (22-58)
2/3
113.2 (67-192)

53.4 (37-90)

4/1
43.5 (40-54)
10.0 (3.0-17.8)

2/3
5/0
5/0

0/5

27.0 (19-48)
3/2
75.2 (61-95)

44.4 (28-67)

41
32.5 (22-40)
6.6 (2.9-12.4)

2/3
3/2
41

41

Significance
NS

NS

<0.05

NS

NS
NS
<0.05

NS
NS
NS

<0.05

NS: not significant.
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Discussion

We found that although postictal agitation occurred
after almost a quarter of TCS, marked agitation was
rarely encountered. Postictal agitation was related to
the location of the epileptogenic zone; it was more
likely after left temporal-onset seizures and least likely
after generalized-onset TCS. Agitation occurred after
the immediate postictal coma but prior to postictal
recovery. In all patients with agitation, it occurred
within 30 minutes after the seizure ended, referred to
as T1 phase of the postictal state [6]. There was no
relationship between agitation and patient character-
istics, such as gender or history of psychiatric illness;
ictal characteristics, such as total duration of seizure,
duration of tonic-clonic phase; postictal characteris-
tics, such as presence or duration of PGES; or
standardized peri-ictal interventions, such as oxygen
administration and oral suctioning. The relationship
between postictal agitation and epilepsy localization
found in this study suggests that ictal-postictal
dysfunction in the language network may play a role
in its occurrence. This hypothesis is supported by left
language dominance in five of the seven LTLE patients
with agitation. The remaining two had bilateral
language representation. One possible mechanism
could be frustration over impaired communication in
the presence of impaired sensorium postictally.
Similar to postictal agitation, TTR was independent of
ictal and postictal variables, such as duration of
seizure, tonic-clonic phase, or PGES. Interestingly,
TTR was significantly longer in patients with agitation
than without agitation. The presence of agitation in the
postictal period may alert clinicians and caregivers to
take extra precautions, as recovery may be longer in
such patients. We did not find any relationship
between postictal agitation and standard peri-ictal
and postictal interventions in the EMU, such as oxygen
administration and oral suctioning, although this
cannot be determined with certainty since the vast
majority of patients received this intervention. Pend-
ing further evidence, close clinical monitoring in the
post-ictal period may be the best available intervention
to mitigate patient harm. Counseling patients and
caregivers in this regard may be prudent in appropri-
ate situations. Although we found that agitation was
usually “mild” when it occurred, patient behavior such
as attempts to remove EEG leads may become more
clinically consequential when they have intracranially
implanted electrodes. Clinical monitoring becomes
even more important in such cases.

We found that postictal recovery (TTR) was significantly
more delayed in the LTLE group in comparison to FLE and
IGE groups. Comparison of the postictal phase between
various seizure localizations has not been reported in

Postictal agitation and recovery

TCS. The postictal state has been mainly studied in
seizures that did not evolve to bilateral tonic-clonic
activity [7]. Interestingly, dominant temporal lobe sei-
zures were associated with longer time to postictal
recovery than non-dominant temporal focal impaired
awareness seizures [8], and those of frontal lobe onset
were found to have a short postictal phase [9].

The study cohort was representative of various
localizations of epilepsy validated by video-EEG, and
in the case of focal epilepsy, by good outcome after
resective epilepsy surgery in all TLE and most FLE
patients, or video-EEG data congruent with localization
of an epileptogenic lesion in a minority of FLE patients.
However, this study is retrospective in nature, and
includes a small number of patients, particularly in the
TTR analysis. We assessed TTR in a smaller group of
patients (n=28) than initially intended (n=60), because the
remaining patients had not fully recovered by the end of
the available video segment. Future prospective studies
can overcome this barrier. The TTR may be influenced by
the verbal nature of stimuli and patient responses; this
may partially explain why TTR was prolonged in LTLE
patients, but cannot explain the greater agitation in LTLE
patients. Finally, we evaluated only one TCS per patient.
Future studies may evaluate consistency of these findings
in patients with multiple TCS. |

Supplementary material.
Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.
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Legends for video sequences

Video sequence 1

No postictal agitation in a 27-year-old woman with frontal lobe epilepsy. She remains calm in the postictal
period.

Video sequence 2

Mild postictal agitation in a 32-year-old woman with right frontal lobe epilepsy. She is agitated, attempting to
remove nasal canula but calms down after efforts by nurses and family. She does not attempt to leave the bed.

Video sequence 3

Marked postictal agitation in a 47-year-old man with right temporal lobe epilepsy. He interferes with nursing
care, tries to remove equipment, repeatedly attempts to get out of bed. He continues to be agitated despite
repeated attempts to calm him.

Key words for video research on www.epilepticdisorders.com

Phenomenology: postictal signs (videos 1,2,3), tonic-clonic seizure (videos 1,2,3), agitation (videos 2,3)
Localisation: frontal lobe (videos 1,2), temporal lobe (right) (video 3)

Syndrome: focal frontal (FLE) (videos 1,2), focal temporal (TLE) (video 3)

Aetiology: vascular malformation (video 7), unknown (video 2), hippocampal sclerosis (video 3)

TEST YOURSELF

(1) This study found that postictal agitation after tonic-clonic seizures was most frequently seen in patients in which of
the following groups?

A. Frontal lobe epilepsy

B. Genetic (idiopathic) generalized epilepsy

C. Left temporal lobe epilepsy

D. Right temporal lobe epilepsy

(2) This study found that time to responsiveness after tonic-clonic seizures was shortest in patients in which of the
following groups?

A. Frontal lobe epilepsy

B. Genetic (idiopathic) generalized epilepsy

C. Left temporal lobe epilepsy

D. Right temporal lobe epilepsy
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(3) According to the results of this study, time to responsiveness after tonic-clonic seizures was longer in patients with
postictal agitation.

A. True

B. False

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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