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Timing matters: there are significant o

differences in short-term outcomes
between two time points of status epilepticus
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Abstract

Background: In 2015, the International League Against Epilepsy proposed a new conceptual definition of status
epilepticus (SE) with two operational dimensions (t1 and t2) to guide emergency treatment. The purpose of this study
was to compare clinical characteristics and prognoses of patients at these two different time points.

Methods: We conducted a prospective observational cohort study of consecutive adults diagnosed with SE. In case
of convulsive SE, t1 is 5min and t2 is 30 min, whereas in case of focal SE with impaired consciousness, t1is 10min, t2 is
60 min. Data on clinical characteristics, including age, gender, history of prior seizures, neuroimaging, semiology, dura-
tion, and etiology of SE, were collected. The primary outcome was mortality, with seizure recurrence as a secondary
measure, and functional status as tertiary outcome of enrolled patients at 3 months after SE onset.

Results: We screened one hundred patients with SE, with a median age of 66 years and 61% were male. Fifty-six
(56.0%) patients reached t1 of SE, while 44 (44.0%) reached t2 of SE. Convulsive SE (52.0%, n=152) was more common
than focal SE with impaired consciousness (48.0%, n=48). Status epilepticus secondary to an acute symptomatic
process was the most common (50%, n= 50). Patients meeting t2 of SE demonstrated a remarkably increased risk of
mortality (unadjusted analysis-RR 3.606, 95%Cl 1.552-8.376, p =0.003; adjusted analysis-RR 2.924, 95%Cl 1.221-7.003,
p=0.016) and unfavorable functional status (unadjusted analysis-RR 1.803, 95%CI 1.280-2.539, p=0.001; adjusted
analysis-RR 1.664, 95%Cl 1.184-2.340, p=0.003) at 3 months compared to those who only reached t1 of SE. Patients
reaching t2 of SE were more likely to experience seizure recurrence, however, there was no significant difference
between the two cohorts.

Conclusions: Our study provides strong support for the new definition of SE. Patients meeting t2 of SE tend to have
a remarkably increased risk of mortality and unfavorable functional outcomes compared to those who only reached

t1 of SE. Furthermore, patients were likely to experience seizure recurrence after undergoing an episode of SE. Physi-

cians must be educated about prompt recognition and appropriate management of SE.
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and hypoxia are associated with the highest mortality,
followed by stroke, central nervous system (CNS) infec-
tions, and metabolic disorders [2-7]. Evidence suggests
that seizures lasting more than 30 min have a significantly
higher mortality rate than seizures lasting 10-29 min [8].
Furthermore, seizure duration is the only modifiable risk
factor that can be improved by rapid intervention. There-
fore, it is essential to precisely define the seizure duration
in SE for enhanced clinical decision making.

The classical definition with a 30-min cut-off of SE was
put forward by the American Epilepsy Society in 1993 [9,
10]. It reflects the loss of auto-regulatory mechanisms,
metabolic decompensation, and often irreversible neu-
ronal damage that occurs with prolonged convulsive
seizures, as demonstrated in previously healthy primate
models [11]. However, based on observational studies,
most generalized tonic—clonic seizures are unlikely to
last more than 2—3 min before resolving spontaneous [12,
13]. A recent study also showed that the cumulative clini-
cal seizure duration (99%) was 7 min in focal impaired
awareness seizures and 11min in focal aware seizures
with motor symptoms [14]. A seizure lasting longer than
the average duration is unlikely to terminate spontane-
ously and can have progressive resistance to benzodi-
azepines (BZDs). Moreover, evidence from animal data
on neuronal injury and pharmacoresistance indicated
that it is unreasonable to wait for treatment [15]. Taken
together, these findings led the International League
Against Epilepsy (ILAE) to reach a consensus that treat-
ment for convulsive seizures should begin in approxi-
mately 5 min.

In 2015, the ILAE proposed a new conceptual defini-
tion of SE with two operational dimensions to provide a
framework for clinical diagnosis, investigation, and thera-
peutic approaches for each patient. The first is the length
of the seizure and the time point (t1) beyond which the
seizure should be regarded as an “abnormally prolonged
seizure” The second is the time point (t2) of ongoing
seizure activity, after which there is a risk of long-term
consequences, including neuronal death, neuronal injury,
and alteration of neuronal networks [16]. In the case of
convulsive SE, t1 is 5min and t2 is 30 min, which is based
on animal experiments and clinical research. In focal
SE with impaired consciousness, t1 is 10 min while t2 is
more than 60min. Nevertheless, the evidence is incom-
plete, and there is considerable variation. Data on other
forms of SE are limited.

To date, there are no clinical studies regarding the two
operational dimensions of SE in either prehospital or
inhospital settings. We performed a prospective observa-
tional cohort study with two aims. The first was to ana-
lyze demographic characteristics, seizure semiology, and
etiological risk factors of patients with SE based on the
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new definition proposed by the ILAE at the two differ-
ent time points. The second was to identify whether these
two different time points in patients with SE lead to dif-
ferent prognoses, including mortality, seizure recurrence,
and functional status.

Methods

Study design

A prospective cohort study at Zhongshan Hospital, a ter-
tiary academic medical institution in Shanghai, China,
was performed. Consecutive adult patients with SE, from
June 1, 2017, to December 31, 2018, were recruited for
this study. This cohort included patients admitted for SE
and also patients developing SE during the hospital stay,
but those associated with acute postanoxic encephalopa-
thy were excluded due to the high rate of mortality [2].
The diagnosis of SE was derived from the 2012 Neuro-
critical Care Society Guidelines [17], SE was defined as
continuous clinical or electrographic seizure activity or
as recurrent seizure activity without interictal recovery.
The SE duration time points were based on the 2015
ILAE guidelines. In the case of tonic—clonic SE, tl is
5min while t2 is 30 min. In focal SE with impaired con-
sciousness, t1 is 10 min while t2 is more than 60 min. As
for absence SE, t1 is 10—15min, and t2 is unknown [16].

Patients and data collection

Because this study focused on the acute phase of criti-
cally ill patients, written informed consent was obtained
from participants’ immediate family members. The study
was approved by the ethics committee of Zhongshan
Hospital and have been performed in accordance with
the ethical standards as laid down in the 1964 Declara-
tion of Helsinki and its later amendments. The eligibility
criteria were as follows: (1) individuals diagnosed with
and managed for SE; (2) age 18years or older; (3) admis-
sion between June 1, 2017, and December 31, 2018; (4)
tonic—clonic SE or focal SE with impaired consciousness,
as time points are not yet available for other forms of SE
based on the 2015 ILAE guidelines. In cases in which a
patient had more than one SE episode during the study
period, only the first episode was entered into the study.

Exclusion criteria were as follows: (1) nonepileptic sei-
zures, including cardiogenic and neurogenic syncope,
psychogenic nonepileptic seizure, transient ischemic
attack, and panic attack; (2) nonconvulsive SE (NCSE)
detected on electroencephalogram (EEG) without promi-
nent motor symptoms; (3) unknown time of seizure
duration.

Collected clinical variables included age, gender, his-
tory of prior seizures, neuroimaging, SE semiology (con-
vulsive or nonconvulsive, generalized or focal), seizure
duration, and etiology of SE. For prehospital SE, seizure
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duration time were prospectively obtained from patients’
families and confirmed with ambulance reports and med-
ical documents. As for inhospital SE, information was
acquired from medical records and attending physicians.
In each case, the seizure duration time was estimated as
the time from symptoms onset to an absence of clinically
apparent seizures [18], and we excluded patients if the
duration time was unclear. Clinically apparent seizures
were determined by eyewitnesses and were defined as
visually observed facial or body movements. SE etiology
was categorized according to the guidelines of the ILAE
into acute symptomatic, remote symptomatic, progres-
sive symptomatic, and unknown etiology [16]. Additional
specific etiologies were also ascertained, which referred
to the etiology section of the Epidemiology-based Mor-
tality Score in Status Epilepticus (EMSE) scale [19]. Fur-
thermore, a potentially fatal etiology (PFE) was defined
when meeting the criteria introduced by previous litera-
ture [20].

For neuroimaging, computed tomography (CT) or
magnetic resonance imaging (MRI) after SE onset were
collected and classified into three categories: no respon-
sible lesion, unilateral responsible lesions, and bilateral
responsible lesions or diffuse cerebral edema [21].

After admission, within 72hours of seizure onset, each
patient underwent bedside video-EEG (10/20 interna-
tional electrode system) monitoring for at least 2hours to
detect special patterns [22] and guide treatment. Mean-
while EEG was indispensable for the final diagnosis of
NCSE [23, 24].

Participants were dichotomized into two cohorts based
on the new definition of SE: (1) patients only meeting the
first time point and (2) patients reaching the second time
point. Clinical data were authenticated by two trained
neurologists. All enrolled patients were followed up for
at least 3 months after SE onset. Information on outcome
was extracted from telephone calls or medical records if
patients had represented to our hospital.

The primary outcome was mortality, with seizure
recurrence as a secondary measure at 3months after SE
onset. We also used the modified Rankin Scale (mRS)
to measure functional status of enrolled patients as ter-
tiary outcome. This scale comprises seven different levels
of outcomes, ranging from 0 (no symptoms) to 5 (severe
disability) and 6 (death) [25]. For the purpose of statisti-
cal analysis, we defined a score range of 0-2 as a favora-
ble outcome, while a score range of 3—6 was considered
an unfavorable outcome.

Statistical analysis

Statistical analysis was performed using SPSS version
22.0. All tests were two-sided, and a p value of less than
0.05, was considered statistically significant. Continuous
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variables were expressed as mean and standard devia-
tion (normally distributed), as median and interquartile
ranges ([IQR], not normally distributed), or as counts
and percentages if they were categorical variables. Base-
line demographic data and clinical characteristics were
compared using the Pearson chi-square test or Fisher’s
exact test for categorical data and the Mann—Whitney U
test or Student’s t-test for continuous variables.

We first performed univariate analysis for each out-
come using the Pearson chi-square test or Fisher’s exact
test for the categorical variables and the Mann—Whitney
U test or Student’s t-test for the continuous variables. To
evaluate the association of different time points of SE
with each outcome, we then conducted modified Pois-
son regression [26] without and with adjustment for
any covariate with univariate significance of a p-value
less than 0.05 (the variables included in it are age, gen-
der, history of prior seizures, acute symptomatic etiology,
potentially fatal etiology, bilateral lesions/diffuse cer-
ebral edema and interictal epileptiform activity) to allow
estimation of relative risk. These calculations were per-
formed on the overall cohort as well as subgroups of dif-
ferent SE semiology (tonic—clonic SE and focal SE with
impaired consciousness).

Results

Demography and clinical characteristics

The patient flow chart is shown in Fig. 1. One hundred
subjects were identified who fulfilled inclusion criteria,
each of whom was followed up. The median age of the
cohort was 66 (IQR, 53-75) years, and 61.0% (n=61)
were male. Fifty-six (56%) patients met the first time
point of the 2015 ILAE guideline’s SE definition but
did not reach the second time point, while forty-four
(44.0%) reached the second time point. Premorbid sei-
zures occurred in 33.0% of patients. Fifty-two subjects
had tonic-clonic SE (including both generalized convul-
sive SE and focal onset evolving into bilateral convulsive
SE), followed by forty-eight with focal SE with impaired
consciousness. EEG monitoring showed ictal discharges
in 19 patients (19.0%), interictal epileptiform activities in
39 (39.0%) and periodic patterns in 7 (7.0%). The demo-
graphic manifestations, clinical, neuroimaging and EEG
features are summarized in Table 1.

SE secondary to an acute symptomatic process was
the most common, accounting for 50.0% (n=50) of the
cases, followed by remote symptomatic process (30.0%,
n=30), progressive symptomatic process (13.0%, n=13),
and unknown process (7.0%, n=7) (Table 1).

In addition, the most common causes of SE were
remote cerebrovascular disease, brain injury (20.0%,
n=20), acute cerebrovascular disease (19.0%, n=19),
drug reduction/withdraw, poor compliance (17%, n=17)
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June 1, 2017 ~ December 31, 2018

100 Patients were assessed for eligibility, enrolled

Demographic characteristics and

clinical features on admission

A

During hospitalization:

neuroimaging and EEG monitoring

Gender, male: 61(61%)
Age, median (IQR), years: 66(53, 75)
History of prior seizures: 33(33%)
SE semiology: tonic-clonic 52(52%)

focal SE 48(48%)
Seizure duration (IQR), min: 30(10-120)

Etiology of SE: acute symptomatic 50(50%)
remote symptomatic 30(30%)

progressive symptomatic 13(13%)

7(7%)

unknown

Neuroimaging: unilateral lesions 31(31%)
bilateral lesions 49(49%)

A4

EEG features: periodic patterns  7(7%)

interictal epileptiform activities 39(39%)

T1 of SE: 56 patients

T2 of SE: 44 patients

A

Primary outcome: mortality

Secondary outcome: seizure recurrence

(mRS 3-6)

Outcomes at 3 months after SE onset
23(23%)
50(50%)
Tertiary outcome: unfavorable functional status
58(58%)

Fig. 1 Flowchart of study cohort. One hundred patients were enrolled for final analysis between June 1, 2017, and December 31, 2018. Fifty-six
(56.0%) patients reached t1 of SE, while 44 (44.0%) reached t2 of SE. Clinical characteristics and prognoses of patients were presented briefly. mRS:

modified Rankin Scale, SE: status epilepticus

and acute CNS infection (16%, n=16). Fifty-one patients
(51.0%) had a potentially fatal etiology (PFE). A descrip-
tion of the specific causes of SE is presented in Table 2.

Factors associated with SE timing

Age, gender, history of prior seizures, SE semiology, neu-
roimaging and EEG features did not differ significantly
between the two cohorts with SE at different time points.
Episodes of SE reaching the second time point were more
common for the acute symptomatic process, however the
difference was not significant (Table 1).

Analysis of SE timing regarding specific causes dem-
onstrated significant differences in acute cerebrovascular
disease and a potentially fatal etiology. In other words,
patients with acute cerebrovascular disease or had a PFE
were more likely to meet the criteria of the second time
point of SE (Table 2).

Seizures lasted for a significantly shorter time in
patients who reached t1 of SE (median time: 10 min;
IQR: 10min, 15min) than in those who reached t2
(median time: 174.9 min; IQR: 100.2 min, 540 min). The
cause of seizure termination was evaluated at the two
time points of SE. Among the patients who reached
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Table 1 Baseline demographic characteristics and clinical features
Total cohort T1of SE T2 of SE Pvalue
(N=100) (n=56) (n=44)
Demographics
Gender, male 61(61.0%) 37(66.1%) 24(54.5%) 0.303
Age, median (IQR), years 66(53, 75) 64.5(46.8,73,8) 67(56, 81.8) 0.133
History of prior seizures 33(33.0%) 20(35.7%) 13(29.5%) 0.530
SE semiology 0314
Tonic-clonic SE 52(52.0%) 32(57.1%) 20(45.5%)
Focal SE with impaired consciousness 48(48.0%) 24(42.9%) 24(54.5%)
Seizure duration (IQR), min 30(10-120) 10(10-15) 174.9(100.2-540) <0.007 ***
Etiology of SE
Acute symptomatic 50(50.0%) 24(42.9%) 26(59.1%) 0.158
Remote symptomatic 30(30.0%) 19(33.9%) 11(25.0%) 0384
Progressive symptomatic 13(13.0%) 7(12.5%) 6(13.6%) 0.999
Unknown 7(7.0%) 6(10.7%) 1(2.3%) 0.131
Neuroimaging
unilateral lesions 31(31.0%) 18(32.1%) 13(29.5%) 0.830
bilateral lesions/diffuse cerebral edema 49(49.0%) 23(41.1%) 26(59.1%) 0.107
EEG features
Interictal epileptiform activities 39(39.0%) 18(32.1%) 21(47.7%) 0.149
Periodic patterns 7(7.0%) 4(7.1%) 3(6.8%) 0.999
EEG Electroencephalogram, IQR Interquartile range, SE Status epilepticus
*%p<0.001
Table 2 Specific causes of SE
Cause T1 of SE (n=56) T2 of SE (n=44) P value
Drug reduction/withdraw, poor compliance 13(23.2%) 4(9.1%) 0.106
Remote cerebrovascular disease, brain injury 12(21.4%) 8(18.2%) 0.803
Head trauma 1(1.8%) 3(6.8%) 0317
Brain tumor 6(10.7%) 5(11.4%) 0.999
Metabolic disorders 7(12.5%) 2(4.5%) 0.292
Acute cerebrovascular disease 6(10.7%) 13(29.5%) 0.022%
CNS-infection: acute 8(14.3%) 8(18.2%) 0.784
Cryptogenic 3(5.4%) 1(2.3%) 0.629
Potentially fatal etiology (PFE) 23(41.1%) 28(63.6%) 0.029*

CNS Central nervous system, SE Status epilepticus
*p<0.05

t2 of SE, 90.9% (n=40) required intravenous antie-
pileptic drugs to terminate SE, and very few seizure
episodes (n=4) terminated spontaneously. In the tl
group, 41.1% (n=23) of the patients did not require
intravenous treatment for their seizures, whereas the
remaining 58.9% received intravenous treatment. The
two groups showed statistically significant differences
(<0.001) in the numbers of patients who experienced
spontaneous termination of their seizures.

Patients meeting t2 of SE demonstrated remarkably
increased risk of mortality and unfavorable functional
status at three months

At 3months after SE onset, 23 (23.0%) patients died and
50 (50.0%) experienced seizure recurrence. Furthermore,
42 (42.0%) patients showed favorable outcomes (mRS:
0-2), while 58 (58.0%) had an unfavorable outcome
(mRS: 3-6). The primary, secondary and tertiary out-
comes are summarized in Table 3.
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Univariate analysis indicated that an increased risk
of mortality was found if the patient had older age, a
potentially fatal etiology and no history of prior seizures
(p<0.05). An unfavorable functional status was more
likely if the patient had older age, a potentially fatal etiol-
ogy and presented with bilateral lesions/diffuse cerebral
edema (p<0.05) (Tables 4 and 5).

These variates were then entered into a modified Pois-
son regression model. In unadjusted analysis, patients
meeting second time point criteria of SE demonstrated
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nearly four times the risk of mortality compared to those
only reached first time point (RR 3.606, 95%CI 1.552—
8.376, p=0.003). After adjusting confounders, including
age, history of prior seizures and potentially fatal etiol-
ogy, patients meeting second time point criteria of SE
was still associated with an increased risk of mortality
(RR 2.924, 95%CI1 1.221-7.003, p=0.016).

In regard to functional status, when using unadjusted
analysis, patients with first time point of SE were approxi-
mately two times more likely to have favorable functional

Table 3 Primary, secondary and tertiary outcomes at three months in total cohort

Outcome T1 of SE T2 of SE Unadjusted RR (95%Cl) Pvalue Adjusted RR (95%Cl) Pvalue

(n=56) (n=44)
Mortality 6(10.7%) 17(38.6%) 3.606 (1.552-8.376) 0.003** 2.924°(1.221-7.003) 0.016*
Recurrence 25(44.6%) 25(56.8%) 1.273 (0.862-1.878) 0.224 1.283° (0.882-1.867) 0.193
mRS (3-6) 24(42.9%) 34(77.3%) 1.803 (1.280-2.539) 0.001** 1.664° (1.184-2.340) 0.003**
Modified Poisson regression was used to evaluate the association of time points of SE with each outcome
RR Risk ratio, C/ Confidence interval, mRS Modified Rankin Scale, SE Status epilepticus
@ Adjusted for age, history of prior seizures and potentially fatal etiology
b Adjusted for history of prior seizures
€ Adjusted for age, potentially fatal etiology and bilateral lesions/diffuse cerebral edema
*p<0.05, **p<0.01
Table 4 Univariate analyses of mortality at 3 months after SE onset
Variable Total Dead (n=23) Survivor (n=77) P value OR (95%Cl)
Age, median (IQR), years 66(53,75) 75(59,87) 65(47.5,71) 0.011* -
Gender, male, No. (%) 61(61.0%) 12(52.2%) 49(63.6%) 0.340 0.623(0.243-1.636)
History of prior seizures, No. (%) 33(33.0%) 3(13.0%) 30(39.0%) 0.023* 0.235(0.070-0.85)
Acute symptomatic etiology, No. (%) 50(50.0%) 14(60.9%) 36(46.8%) 0.342 1.772(0.713-4.329)
Potentially fatal etiology, No. (%) 51(51.0%) 18(78.3%) 33(42.9%) 0.004** 4.8(1.679-12.6)
Bilateral lesions/diffuse cerebral edema, No. (%) 49(49.0%) 10(43.5%) 39(50.6%) 0.637 0.750(0.292-1.862)
Interictal epileptiform activity, No. (%) 39(39.0%) 7(30.4%) 32(41.6%) 0.466 0.615(0.242-1.596)
IQR Interquartile range, mRS Modified Rankin Scale, OR Odds ratio, C/ Confidence interval
*p<0.05, **p<0.01
Table 5 Univariate analyses of functional status at 3 months after SE onset
Variable Total mRS 3-6 (n=60) mRS 0-2 Pvalue OR (95%Cl)

(n :40)

Age, median (IQR), years 66(53,75) 70(59.25,81.75) 61(37.5,67) <0.007%** -
Gender, male, No. (%) 61(61.0%) 35(58.3%) 26(65%) 0.537 0.754(0.323-1.663)
History of prior seizures, No. (%) 33(33.0%) 17(28.3%) 16(40%) 0.279 0.593(0.253-1.384)
Acute symptomatic etiology, No. (%) 50(50.0%) 35(58.3%) 15(37.5%) 0.066 2.333(1-5.358)
Potentially fatal etiology, No. (%) 51(51.0%) 36(60.0%) 5(37.5%) 0.041* 2.5(1.068-2.771)
Bilateral lesions/diffuse cerebral edema, No. (%) 49(49.0%) 35(58.3%) 4(35.0%) 0.026* 2.6(1.105-2.131)
Interictal epileptiform activity, No. (%) 39(39.0%) 23(38.3%) 6(40.0%) 0.999 0.932(0427-2.09)

IQR Interquartile range, mRS Modified Rankin Scale, OR Odds ratio, C/ Confidence interval

*p<0.05, ***p<0.001
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status compared to those meeting second time point (RR
1.803, 95%CI 1.280-2.539, p=0.001). Patients with first
time point of SE was associated with an increased chance
of good functional status after confounders (age and
potentially fatal etiology) adjustment (RR 1.664, 95%CI
1.184-2.340, p=0.003) (Table 3).

Seizure recurrence rate at three months did not differ
significantly between two cohorts

Patients were probably to have seizure recurrence after
undergoing an episode of SE as fifty patients (50.0%)
experienced at least another epileptic seizure at 3 months
after SE onset. Patients who reached t2 of SE were more
likely to experience seizure recurrence than those who
only reached t1 (56.8, 44.6%). However, the recurrence
rate did not differ significantly between the two cohorts,
regardless of performing unadjusted or adjusted analysis
in the overall (Table 3).

Subgroup analysis of outcomes: different SE semiology
(convulsive SE and focal SE with impaired consciousness)
Furthermore, we analyzed mortality and unfavorable
functional status in patients with convulsive and focal
SE with impaired consciousness, respectively, at two
time points. Patients with convulsive SE who reached
t2 demonstrated a remarkably increased risk of mortal-
ity (unadjusted analysis-RR 5.600, 95%CI 1.289-24.327,
p=0.022; adjusted analysis-RR 4.837, 95%CI 1.030—
22.705, p=0.046) and unfavorable functional status
(unadjusted analysis-RR  2.182, 95%CI 1.270-3.750,
p=0.005; adjusted analysis-RR 2.121, 95%CI 1.192—
3.774, p=0.011) compared to those only reached first
time point (Table 6). However, the mortality and rate
of unfavorable functional status did not differ signifi-
cantly between the two cohorts in focal SE patients with
impaired consciousness (Supplementary Table 1). We
also analyzed seizure recurrence rates in patients with
convulsive and focal SE, respectively, however there
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were no significant differences (Table 6 & Supplementary
Table 1).

In addition, we have performed ROC curve to find
better seizure duration time cut-offs to discriminate
between good and bad prognosis. The results showed
that the AUC for mortality is 0.789 (95%CI: 0.650-0.929),
and 0.741 (95%CI: 0.603-0.878) for unfavorable func-
tional status in convulsive SE, of which the best cut-off is
17.5min. We have also conducted ROC curve in focal SE,
however none of the analyses yielded statistically signifi-
cant results (Supplementary Fig. 1).

Discussion
To our knowledge, this is the first prospective cohort
study to describe the clinical characteristics and prog-
noses of SE based on the new conceptual definition
proposed by the ILAE in 2015. We found significant dif-
ferences in seizure etiology, seizure termination, and out-
comes between the two groups. The study indicated that
prolonged seizure duration tends to have a remarkably
increased risk of mortality and unfavorable functional
status, yet seizure recurrence did not differ significantly.
Several aspects of our results deserve further attention.
First, we found that episodes of SE reaching t2 were
more common among patients with acute symptomatic
process. This reflects the fact that acute symptomatic sei-
zures tend to have a long duration. Acute symptomatic
seizure is a clinical seizure occurring at the time of a
systemic insult or in close temporal association with a
documented brain insult [27]. This coincides with previ-
ous knowledge that the majority of prolonged cases of SE
are due to acute symptomatic causes [28], which tend to
be associated with higher rates of morbidity and mortal-
ity than chronic etiologies [29, 30]. The underlying etiol-
ogy of SE often influences the risk of mortality [31]. Only
33.0% of patients with SE have had previous seizures.
Our results indicated that the most common causes of SE
were remote cerebrovascular disease, brain injury, acute

Table 6 Primary, secondary and tertiary outcomes at 3 months in convulsive SE (CSE)

Outcome T1 of SE T2 of SE Unadjusted RR (95%Cl) P value Adjusted RR P value
(n=32) (n=20) (95%Cl)

Mortality 2(6.3%) 7(35.0%) 5.600 (1.289-24.327) 0.022* 4.837 (1.030-22.705) 0.046*

Recurrence 16(50.0%) 10(50.0%) 1.000 (0.572-1.748) 1.000 0.988 (0.573-1.703) 0.965

mRS (3-6) 11(34.4%) 14(70.0%) 2.182(1.270-3.750) 0.005** 2.121(1.192-3.774) 0.011*

Modified Poisson regression was used to evaluate the association of different time points of convulsive SE with each outcome

RR Risk ratio, C/ Confidence interval, mRS Modified Rankin Scale, SE Status epilepticus

@ Adjusted for age and potentially fatal etiology

b Adjusted for history of prior seizures

¢ Adjusted for age, history of prior seizures and potentially fatal etiology
*p<0.05, **p<0.01
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cerebrovascular disease, drug reduction/withdraw, poor
compliance and acute CNS infection. Specific causes
seem to vary among different populations because meth-
odological variability among studies is high and limits
direct comparisons [32].

Second, unadjusted and adjusted analyses of correla-
tions between SE timing and outcomes revealed that
patients meeting second time point of SE demonstrated
a remarkably increased risk of mortality and unfavora-
ble functional status at 3 months compared to those only
reached the first time point. To date, age, seizure etiol-
ogy, and seizure duration have been used as independent
predictors of SE, with seizure duration often being the
only modifiable risk factor through timely management
[33, 34]. One study demonstrated that the estimated RR
between the group of patients whose SE lasted >1h and
the group of those whose SE lasted <1h was 9.79 [8]. We
used a cut-off time of 5min for convulsive seizures and
received similar results.

It is known that underlying etiology is a more impor-
tant determinant of outcome than SE itself, and PFE was
the most predictive factor for mortality [20]. Univari-
ate analysis did confirm that a potentially fatal etiology
correlates with mortality and an unfavorable functional
status. A previously unrecognized finding is that SE tim-
ing is still significant after adjusting these covariates.
Another interesting point in this context is that patients
with history of prior seizures could be associated with
better outcome, which may relate to shorter seizure dura-
tion time and underlying cause of drug reduction/with-
draw and poor compliance in these patients.

Third, it has been reported before that SE increased
the risk for subsequent unprovoked seizure by 3.3 times
(95% CI 1.8—6.1) compared with brief acute symptomatic
seizures [35]. We discovered a high seizure recurrence
rate regardless of no significant difference between the
two cohorts of SE, probably because that we analyzed
seizure recurrences both in the setting of a persisting or
reemerging acute symptomatic cause and in the setting of
an unprovoked seizure [36].

The prognosis of SE has long been considered as poor.
This was likely due to the high frequency of comorbidi-
ties such as stroke and other forms of brain injury and
the reduced ability of the patients with SE to tolerate the
extreme metabolic stress placed on the brain and the
body. In most cases, SE is an epiphenomenon of severe
brain injury rather than a primary offender [37]. It is a
marker of injury severity. Taken together, these results
suggest that earlier recognition and treatment of SE and
its underlying causes can help ensure favorable outcomes.

Fourth, there were significant differences in short-
term outcomes for patients with CSE between these
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two cohorts. However, among patients with focal SE,
there were no significant differences in the outcomes.
We have also performed ROC curve to find better sei-
zure duration time cut-offs to discriminate between
good and bad prognosis. The results showed that the
best cut-off is 17.5min in convulsive SE, while no sta-
tistically significant results were found in focal SE. The
setting of t1 at 5min and t2 at 30 min in convulsive SE
was based on previous animal experiments and clinical
research. However, there is limited information avail-
able to define t1 and t2 in focal SE. The evidence is
incomplete and there is considerable variation; there-
fore, these time points should be considered as the best
estimates currently available. Previous studies showed
obvious differences in time point settings for SE, and
only a few studies [38—40] chose the cut-off of 5min in
adults with convulsive SE. Therefore, it is important to
emphasize that the proposed time points are merely a
framework and must not be treated as a doctrine, but
reflect our current knowledge of SE. Future advances
in basic, epidemiologic, and clinical research will
undoubtedly lead to modifications and major revisions
of this proposed definition of SE.

This revised definition of SE builds on the recogni-
tion that rapid initiation of treatment is paramount
in patients with prolonged seizure activity. As shown
in our study, prolonged seizure duration was associ-
ated with a remarkably increased risk of mortality
and unfavorable functional status. Furthermore, sei-
zure duration is the only modifiable prognostic factor
that can be improved by expeditiously administering
antiepileptic medications [41]. Additionally, prolonged
seizures may lead to changes in the composition and
location of gamma-aminobutyric acid A receptors and
N-methyl-D-aspartic acid receptors, leading to loss of
inhibition and increased excitation, leading to progres-
sive resistance to benzodiazepines (BZDs) in animal
models, which are apparent in specific animal models
with progressive resistance to BZDs with long seizures
[42]. Despite the progress in basic science, translat-
ing the findings to the clinical field remains difficult.
The American Epilepsy Society has already published
a guideline on the treatment of SE [43], yet we found
pervasive, substantial gaps between recommended and
real-world practice with regard to timing, dosing, and
sequence of antiepileptic therapy. The short time win-
dow for SE usually requires immediate management,
while some patients are still in prehospital settings.
Lack of the ability of symptom recognition and rapid
treatment initiation of emergency medical service per-
sonnel and patients’ caretakers adds to the difficulty in
clinical practice. However, we should at least accom-
plish the best management in hospital settings.
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Limitations

Our study has some limitations that need to be con-
sidered. First, the sample size was relatively small and
included subjects from a single tertiary medical center,
with a disorder as heterogenic as SE. The tertiary hospi-
tal setting may also confer a selection bias. Indeed, this
may have resulted in the inclusion of more patients with
severe SE. Although the data were homogenous with
comparable faculty and treatment, the results may not
be extrapolated to other settings or populations. Sec-
ond, in our study, seizure duration time was assessed by
clinical manifestations. Continuous EEG monitoring is
a good way to exactly define the end of the seizure epi-
sode. However, ictal EEG monitoring may not be avail-
able in each case as some of the SE episodes occurred
prehospital and the median seizure duration time was
30min (IQR: 10-120min) in our study, which was not
long enough for the EEG preparation. Third, we ana-
lyzed the follow-up data at 3months after SE onset,
which represented the short-term outcomes. Part of
the follow-up information on patient outcomes was
obtained through telephone interviews, which might
have resulted in some small biases. Fourth, confound-
ers not considered in our study may have substantially
influenced short-term outcomes, such as therapeutic
decisions (selection and dosing of intravenous antiepi-
leptic drugs), thus introducing the risk of bias into our
results.

Conclusions

Our study provides strong support for the new defini-
tion of SE, as previous evidence is incomplete and were
mostly based on animal studies. Our findings suggest
that prolonged seizure duration tends to have a remarka-
bly increased risk of mortality and unfavorable functional
outcome; however, seizure recurrence did not differ sig-
nificantly between the two cohorts. Therefore, the time
points proposed by the ILAE in 2015 should be consid-
ered the best estimates currently available. SE is a life-
threatening and time-sensitive emergency that requires
immediate treatment. While “time is brain” has tradition-
ally described the pathophysiology of stroke, our current
understanding of the SE reaffirms this mantra. Physicians
must be educated about prompt recognition and appro-
priate management of SE.

Abbreviations

SE: Status epilepticus; CNS: Central nervous system; BZD: Benzodiazepines;
ILAE: International League Against Epilepsy; EEG: Electroencephalogram;
NCSE: Nonconvulsive status epilepticus; EMSE: Epidemiology-based Mortality
Score in Status Epilepticus; PFE: Potentially fatal etiology; CT: Computerized
tomography; MRI: magnetic resonance imaging; mRS: Modified Rankin Scale;
Cl: Confidence interval; IQR: Interquartile range; AOR: Adjusted odds ratio.

Page 9 of 10

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512883-022-02868-y.

Additional file 1: Supplementary Table 1. Primary, secondary and ter-
tiary outcomes at 3months in focal SE. Supplementary Fig. 1. ROC curve
for predicting mortality and unfavorable functional status in convulsive SE
using seizure duration time. Mortality: AUC=0.789, 95%Cl: 0.650-0.929;
unfavorable functional status: AUC =0.741, 95%Cl: 0.603-0.878; the best
cut-off: 17.5min.

Acknowledgements

The authors would like to thank the patients, their families, and the staff at
sites participating in this study for their understanding and recognition of our
work.

Authors’ contributions

XW, JD and YWP designed the study. YWP, YF and YC collected and analyzed
the study data. XW, JD and WFP supervised and coordinated the data collec-
tion and the conduct of the study. XW, JD and YWP drafted and revised the
manuscript. All authors have approved the final manuscript and the listed
order of authors.

Funding
Project grants from Shanghai Municipal Committee of Science and Technol-
ogy (Code 2018BR05, 16JC1420201).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the ethics committee of Zhongshan Hospital and
have been performed in accordance with the ethical standards as laid down
in the 1964 Declaration of Helsinki and its later amendments. Because this
study focused on the acute phase of critically ill patients, written informed
consent was obtained from participants'immediate family members. Subject
rights and confidentiality were protected by using anonymous clinical data
in all analyses. We confirm that we have read the Journal’s position on issues
involved in ethical publication and affirm that this report is consistent with
those guidelines. .

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Neurology, Zhongshan Hospital, Fudan University, 180 Fenglin
Road, Xuhui District, Shanghai 200032, China. 2CAS Center for Excellence

in Brain Science and Intelligence Technology, Shanghai 200032, China. *The
State Key Laboratory of Medical Neurobiology and MOE Frontiers Center

for Brain Science, The Institutes of Brain Science and the Collaborative Innova-
tion Center for Brain Science, Fudan University, Shanghai 200032, China.

Received: 11 April 2022 Accepted: 30 August 2022
Published online: 14 September 2022

References

1. Betjemann JP, Lowenstein DH. Status epilepticus in adults. Lancet Neurol.
2015;14:615-24.

2. Rosenow F, Hamer HM, Knake S. The epidemiology of convulsive and
nonconvulsive status epilepticus. Epilepsia. 2007;48(Suppl 8):82—-4.


https://doi.org/10.1186/s12883-022-02868-y
https://doi.org/10.1186/s12883-022-02868-y

Pan et al. BMC Neurology (2022) 22:348

20.

21.

22.

23.

24.

25.

26.

27.

Kantanen AM, Reinikainen M, Parviainen |, Ruokonend E, Ala-Peijari M,
Backlundetal T, et al. Incidence and mortality of super-refractory status
epilepticus in adults. Epilepsy Behav. 2015;49:131-4.

Chin RF, Neville BG, Scott RC. A systematic review of the epidemiology of
status epilepticus. Eur J Neurol. 2004;11:800-10.

Logroscino G, Hesdorffer DC, Cascino G, Allen Hauser W, Coeytaux A,
Galobardes B, et al. Mortality after a first episode of status epilepticus in
the United States and Europe. Epilepsia. 2005;46(Suppl 11):46-8.
Towne AR, Pellock JM, Ko D, DeLorenzo RJ. Determinants of mortality in
status epilepticus. Epilepsia. 1994,35:27-34.

Sutter R, Kaplan PW, Riiegg S. Outcome predictors for status epilepti-
cus—what really counts. Nat Rev Neurol. 2013;9:525-34.

Delorenzo RJ, Garnett LK, Towne AR, Waterhouse EJ, Boggs JG, Morton L,
et al. Comparison of status epilepticus with prolonged seizure episodes
lasting from 10 to 29 minutes. Epilepsia. 1999;40:164-9.

Bone RC. Recommendations of the Epilepsy Foundation of America’s
Working Group on Status Epilepticus. Treatment of convulsive status
epilepticus. JAMA. 1993;270:854-49.

Commission on Epidemiology and Prognosis, International League
Against Epilepsy. Guidelines for epidemiologic studies on epilepsy.
Epilepsia. 1993;34:592-6.

. Lowenstein DH, Bleck T, MacDonald RL. It's time to revise the definition of

status epilepticus. Epilepsia. 1999;40:120-2.

Shinnar S, Berg AT, Moshe SL, Shinnar R. How long do new-onset seizures
in children last. Ann Neurol. 2001,49:659-64.

Jenssen S, Gracely EJ, Sperling MR. How long do most seizures last? A
systematic comparison of seizures recorded in the epilepsy monitoring
unit. Epilepsia. 2006;47:1499-503.

Dobesberger J, Ristic AJ, Walser G, Kuchukhidze G, Unterberger |, Hofler J,
et al. Duration of focal complex, secondarily generalized tonic-clonic, and
primarily generalized tonic-clonic seizures: a video-EEG analysis. Epilepsy
Behav. 2015;49:111-7.

Jones DM, Esmaeil N, Maren S, Macdonald RL. Characterization of phar-
macoresistance to benzodiazepines in the rat Li-pilocarpine model of
status epilepticus. Epilepsy Res. 2002;50:301-12.

. Trinka E, Cock H, Hesdorffer D, Rossetti AO, Scheffer IE, Shinnar S, et al. A

definition and classification of status epilepticus—Report of the ILAE task
force on classification of status epilepticus. Epilepsia. 2015;56:1515-23.

. Brophy GM, Bell R, Claassen J, Alldredge B, Bleck TP, Glauser T, et al. Guide-

lines for the evaluation and management of status epilepticus. Neurocrit
Care. 2012;17:3-23.

. Kapur J, Elm J, Chamberlain JM, Barsan W, Cloyd J, Lowenstein D, et al.

Randomized trial of three anticonvulsant medications for status epilepti-
cus. N Engl J Med. 2019;12:2104-13.

. Leitinger M, Holler Y, Kalss G, Rohracher A, Novak HF, Hofler J, et al.

Epidemiology-based mortality score in status epilepticus (EMSE). Neuro-
crit Care. 2015;22:273-82.

Rossetti AO, Hurwitz S, Logroscino G, Bromfield EB. Prognosis of status
epilepticus: role of etiology, age, and consciousness impairment at pres-
entation. J Neurol Neurosurg Psychiatry. 2006;77:611-5.

Qiong G, Tang-peng OV, Xiao-long S, Feng Y, Chen W, Tao K, et al. Predic-
tion of functional outcome in patients with convulsive status epilepticus:
the END-IT score. Crit Care. 2016;20:46.

Hirsch LJ, Fong MWK, Leitinger M, LaRoche SM, Beniczky S, Abend NS,

et al. American clinical neurophysiology society’s standardized critical
care EEG terminology: 2021 Version. J Clin Neurophysiol. 2021;38:1-29.
Beniczky S, Hirsch LJ, Kaplan PW, Pressler R, Bauer G, Aurlien H, et al. Uni-
fied EEG terminology and criteria for nonconvulsive status epilepticus.
Epilepsia. 2013;54(Suppl 6):28-9.

Leitinger M, Beniczky S, Rohracher A, Gardella E, Kalss G, Qerama E,

et al. Salzburg consensus criteria for non-convulsive status epilepticus—
approach to clinical application. Epilepsy Behav. 2015;49:158-63.

van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J. Inter-
observer agreement for the assessment of handicap in stroke patients.
Stroke. 1988;19:604-7.

Zou JY. A Modified Poisson Regression Approach to Prospective Studies
with Binary Data. Am J Epidemiol. 2004;159(7):702-6.

Beghi E, Carpi A, Forsgren L, Hesdorffer DC, Malmgren K, Sander JW, et al.
Recommendations for a definition of acute symptomatic seizure. Epilep-
sia. 2010,51(4):671-5.

Page 10 of 10

28. Rui-Juan L, Qun W, Tao C, Fei Z, Xiao-Qiu S. Status epilepticus related
etiology, incidence and mortality: a meta-analysis. Epilepsy Res.
2017,136:12-7.

29. Hesdorffer DC, Logroscino G, Cascino G, Annegers JF, Hauser WA. Inci-
dence of status epilepticus in Rochester, Minnesota, 1965-1984. Neurol-
0gy. 1988;50:735-41.

30. Coeytaux A, Jallon P, Galobardes B, Morabia A. Incidence of status
epilepticus in French-speaking Switzerland: (EPISTAR). Neurology.
2000;55:693-7.

31. Nelson SE, Varelas PN. Status epilepticus, refractory status epilepticus, and
super-refractory status epilepticus. Neurocrit Care. 2018;24:1683-707.

32. Wu YW, Shek DW, Garcia PA, Zhao S, Johnston SC. Incidence and mortal-
ity of generalized convulsive status epilepticus in California. Neurology.
2002;58:1070-706.

33. Gainza-Lein M, Ferndndez IS, Jackson M, Abend NS, Arya R, Brenton
JN, et al. Association of Time to Treatment with Outcomes for Pediatric
Patients with Status Epilepticus. JAMA Neurol. 2018;75:410-8.

34. Fernandez IS, Abend NS, Agadi S, An S, Arya R, Brenton JN, et al. Pediatric
Status Epilepticus Research Group (pSERG). Time from convulsive status
epilepticus onset to anticonvulsant administration in children. Neurology.
2015;84:2304-11.

35. Hesdorffer DC, Logroscino G, Cascino G, Annegers JF, Hauser WA. Risk
of unprovoked seizure after acute symptomatic seizure: effect of status
epilepticus. Ann Neurol. 1998;44:908-12.

36. Leung H, Man CBL, Hui ACF, Kwan P, Wong KS. Prognosticating acute
symptomatic seizures using two different seizure outcomes. Epilepsia.
2010;51:1570-9.

37. AlvarezV, Westover MB, Drislane FW, Dworetzky BA, Curley D, Lee JW,
et al. Evaluation of a clinical tool for early etiology identification in status
epilepticus. Epilepsia. 2014;55:2059-68.

38. Rantsch K, Walter U, Wittstock M, Benecke R, Rosche J. Treatment
and course of different subtypes of status epilepticus. Epilepsy Res.
2013;107:156-62.

39. Cheng JY. Latency to treatment of status epilepticus is associated with
mortality and functional status. J Neurol Sci. 2016;370:290-5.

40. Rossetti AO, AlvarezV, Januel JM, Burnand B. Treatment deviating from
guidelines does not influence status epilepticus prognosis. J Neurol.
2013;260:421-8.

41. Hill CE, Parikh AQ, Ellis C, Nyers JS, Litt B.Timing Is everything: where
status epilepticus treatment fails. Ann Neurol. 2017;82:155-65.

42. Gainza-Leina M, Ferndndeza IS, Ulate-Campos A, Loddenkemper T, Osten-
dorf AP. Timing in the treatment of status epilepticus: from basics to the
clinic. Seizure. 2018;68:22-30.

43. GlauserT, Shinnar S, Gloss D, Alldredge B, Arya R, Bainbridge J, et al.
Evidence-based guideline: treatment of convulsive status epilepticus in
children and adults: report of the guideline committee of the American
epilepsy society. Epilepsy Curr. 2016;16:48-61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Timing matters: there are significant differences in short-term outcomes between two time points of status epilepticus
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study design
	Patients and data collection
	Statistical analysis

	Results
	Demography and clinical characteristics
	Factors associated with SE timing
	Patients meeting t2 of SE demonstrated remarkably increased risk of mortality and unfavorable functional status at three months
	Seizure recurrence rate at three months did not differ significantly between two cohorts
	Subgroup analysis of outcomes: different SE semiology (convulsive SE and focal SE with impaired consciousness)

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


