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ABSTRACT - Aim. Status epilepticus (SE) can lead to sequelae or even death.
Identifying characteristics associated with poor outcome is crucial in guid-
ing patient treatment. Based on our retrospective patient cohorts, potential
prognostic factors were analysed.

Methods. Patients consecutively treated for refractory convulsive status
epilepticus (CSE) between 2001 and 2010 and non-convulsive status epilep-
ticus (NCSE) between 2004 and 2009 were studied. Outcome was compared
to prognostic variables. Index SE episodes were used for the statistical analy-
ses. Crosstabs and independent samples t-test were applied. Due to sample
size, logistic regression was performed for the combined groups.

Results. In total, 50% (9/18) of index refractory CSE and 42% (16/38) of
index NCSE episodes led to sequelae. Refractory CSE requiring narcosis
for >20 hours was associated with poor outcome (p=0.05). De novo pre-
sentation (p=0.0001), long-lasting SE (>2 hours) (p=0.014), age >65 years
(p=0.002), and refractory SE (p=0.047) were predictors of poor outcome fol-
lowing NCSE. Based on logistic regression for combined refractory CSE
and NCSE, de novo presentation was identified as the strongest predictor
of sequelae.

Conclusions. Older age and de novo SE are predictors of sequelae following
NCSE. Prolonged SE is a risk factor for poor outcome, both for refractory
CSE and NCSE. Aggressive initial treatment to terminate seizures during the
early phase is therefore essential.
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Status epilepticus (SE) can be
fatal or lead to serious sequelae.
The incidence of SE, tradition-
ally defined as seizures lasting for
more than 30 minutes, is 10-40
patients/year/100,000, with up to 60
episodes/year/100,000 (Delorenzo
et al., 1996, Coeytaux et al., 2000;
Knake et al., 2001; Vignatelli et al.,
2003). The incidence according to

the more recent operational def-
inition of five minutes duration,
formerly referred to as “impending
SE” (Brophy et al., 2012), is unknown.
This shorter time limit aids the
clinician with regards to when to ini-
tiate anticonvulsive treatment. The
30-minute limit will more reliably
identify patients with a substantial
risk of sequelae and death unless
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the seizures are terminated (Trinka et al., 2015). The
mortality associated with SE lasting for more than
30 minutes has been estimated to be 19%, com-
pared to only 2.6% for SE lasting 10 to 29 minutes
(DelLorenzo et al., 1999). When studying morbidity and
mortality, the definition of 30 minutes is the most rel-
evant. Whether this also applies to cognitive sequelae
remains unanswered, as systematic neuropsychologi-
cal studies following SE are lacking.

Several factors affect the risk of a poor outcome, many
of which are often identifiable at patient admission.
Additional factors may become evident during treat-
ment and are potentially modifiable. Convulsive SE
(CSE), long SE duration, therapy resistance, old age,
and acute symptomatic seizures have all been linked
to a poor outcome (Towne et al., 1994; Claassen et al.,
2002a; Rossetti et al., 2006; Drislane et al., 2009; Neligan
and Shorvon, 2010). Benzodiazepines remain the pri-
mary choice in first-line treatment (Meierkord et al.,
2010). The type of benzodiazepine used and mode of
administration varies in different clinical centres. Nasal
and buccal midazolam or rectal diazepam are often
used, with no established difference in efficacy (Brigo
etal.,2015). Furthermore, thereis no consensus regard-
ing the choice of second-line agent (Alvarez et al., 2011;
Yasiry and Shorvon, 2014). Most epileptologists argue
the importance for all centres to have an unambigu-
ous treatment protocol (Shorvon et al., 2008; Aranda
et al., 2010; Meierkord et al., 2010). However, some
authors have questioned the impact of such protocols
on patient prognosis (Rossetti et al., 2013).

We have previously shown differences between the
outcome of SE arising de novo and SE in patients with
previous seizures (Power et al., 2011; Power et al., 2015).
Establishing variables associated with a poor outcome
is essential for treatment optimisation. In this study, we
focus on prognostic variables with particular reference
to the challenging subgroups of refractory convul-
sive SE (CSE) and non-convulsive SE (NCSE). No solid
evidence-based treatment guidelines are available for
these groups. Factors predicting outcome are conse-
quently of the utmost interest.

Methods and patients

Adult patients consecutively treated for SE at the
Department of Neurology, Haukeland University Hos-
pital, Norway, were studied retrospectively. The unit
serves as the primary and only unit for 511,000 inhab-
itants of Hordaland County. The patient population
is therefore unselected. The regional committee for
medical and health research ethics accepted the study
terms.

Episodes of refractory CSE were identified from a clin-
ical data base of all patients treated at the ICU with

therapeutic propofol narcosis during 2001-2010. Eigh-
teen patients with 27 refractory CSE episodes were
identified. Propofol has been our first-line anaesthetic
for refractory CSE since 2001. Forty-eight episodes of
NCSE in 39 patients were identified from a clinical data
base including all patients with an ICD-10 diagnosis
of SE between 2004 and 2009. Inclusion and exclusion
criteria are documented in our previous articles on
refractory CSE and NCSE (Power et al., 2011; Power et
al., 2015).

Definitions and outcome measures

The current operational definition of SE is >5 min-
utes of continuous seizure or two or more discrete
seizures between which there is incomplete recovery
of consciousness. This timeframe applies to convul-
sive or tonic-clonic SE. For focal seizures with impaired
consciousness and absence seizures, the timeframe
is 10 (-15) minutes (Trinka et al., 2015). These oper-
ational definitions have time limits chosen to guide
emergency treatment. The older definition of SE, using
30 minutes as the time limit, corresponds to a cut-off
beyond which a continuation of the SE represents a
clear risk of sequelae (Meldrum and Horton, 1973).
For the purpose of this article, we have chosen to
include only SE lasting for more than 30 minutes. NCSE
was defined as SE without major motor symptoms
or convulsions (Walker et al., 2005; Shah et al., 2009).
Refractory SE was defined as SE episodes requiring
three or more antiepileptic drugs (AEDs) for termina-
tion (Hocker et al., 2014). The patients with refractory
CSE received propofol as the third-line agent in accor-
dance with our protocol. SE was classified as either de
novo (no prior seizures) or as occurring in patients with
previous seizures. For the NCSE group, the outcome
alternatives were death, severe sequelae (permanent
and greatly affecting daily living), moderate sequelae
(severe, lasting for >one month, but not permanent
or permanent with a mild or moderate effect on daily
living), mild sequelae (slight and transient or more
serious lasting for <one month, without any perma-
nent adverse outcome), and full restitution. For the
refractory CSE group, the alternatives were death,
severe sequelae (permanently affecting daily living),
mild sequelae (lasting for a short period or moder-
ately transient), and full restitution. Death was defined
as hospital mortality during the SE-associated hospi-
talisation. The classification of sequelae was based on
clinical evaluation by a neurologist. Neurological, cog-
nitive, and somatic sequelae were all evaluated. The
grading of sequelae is described in detail in our previ-
ous reports (Power et al., 2011; Power et al., 2015).

A 24/7 EEG service is not available in our hospi-
tal. SE events, including NCSE with a clinically overt

298

Epileptic Disord, Vol. 18, No. 3, September 2016



semiology, were consequently included without EEG
confirmation. The clinical diagnosis of SE was, in such
cases, determined by a neurologist. For index refrac-
tory CSE episodes, 8/18 were confirmed by EEG during
the ictal phase. An additional 2/18 patients had pos-
tictal EEG recordings showing epileptic activity. For
patients with no EEG recordings during the ictal or
postictal phase, 6/8 had previous or subsequent EEGs
with epileptic activity. For index NCSE episodes, 20/39
were confirmed by EEGs during the ictal phase. An
additional 8/39 had EEG recordings shortly after ter-
mination, showing focal slowing or focal functional
disturbances consistent with the semiology. Among
the remaining, eight had previous recordings with
epileptic activity.

STESS (Status Epilepticus Severity Score) was applied
retrospectively. STESS is a prognostic score based on
four outcome predictors (Rossetti et al., 2008): age (<65
years=0; >65 years=2), history of previous seizures
(yes=0; no=1), worst seizure type (simple focal,
complex focal, absence, and myoclonic seizures=0;
generalized convulsive=1; NCSE in coma/subtle SE=2),
and extent of impairment of consciousness (alert or
somnolent/confused=0; stuporous or comatose=1), as
determined before the start of treatment. We used a
cut-off of >3 and calculated the negative predictive
value (NPV) for not dying or suffering severe sequelae
in the group with a negative test (i.e. value <3) and
the positive predictive value (PPV) for dying or suf-
fering severe sequelae with a positive test (i.e. value
of >3).

Statistics

Sequelae and death after SE were examined in order
to identify any correlation with the following vari-
ables: history of previous epileptic seizures, age,
gender, duration of SE, duration of narcosis (refrac-
tory CSE), time to narcosis (refractory CSE), and
number of antiepileptic agents required to terminate
NCSE.

For statistical purposes, we only included each
patient’s index SE in order to avoid bias of repeated
measurements for a particular subject. For 1/39 index
NCSE episodes, we could not evaluate sequelae other
than death due to a further SE during the initial phase
of the follow-up.

Crosstabs and two-sided Fischer’s exact test or Pear-
son’s chi square test were used to analyse the
dichotomous categorical variables. Independent sam-
ples t-test were used for continuous variables after
testing for normal distribution, and Levene’s test for
equality of variance.

For the total group of SE, the variables were examined
using a binary logistic regression model. This was
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performed for refractory CSE and NCSE combined
due to the small sample sizes. The factors included
were de novo vs. previous seizures, >2 hours duration
vs. <2 hours duration, >65 years of age vs <65 years
of age, and refractory CSE vs NCSE. Refractoriness
was not included in this model as all SE episodes
in the refractory CSE group, by definition, were
refractory.

Results

Refractory convulsive status epilepticus

All refractory CSE episodes were secondary gener-
alized tonic-clonic seizures. The SE episodes were
remote or acute (three) symptomatic due to acquired
causes in 17/18; 1/18 had focal epilepsy of unknown
cause. The most common cause was a cerebrovas-
cular event; six cerebral infarctions and two cerebral
haemorrhages (Power et al., 2011). Mean age was
49.2 years (20-86 years). Sequelae were identified
following 9/18 (50%) index SE events. There was
a trend for de novo SE to be more often fol-
lowed by sequelae than SE in patients with previous
seizures (table 7). There was also a trend for a longer
duration of narcosis required to treat de novo SE
(table 2).

SE with narcosis >20 hours was more often followed
by sequelae than SE with narcosis <20 hours (table 7).
The mean time of narcosis for SE with sequelae was
65.7 hours (median: 56.0 hours; range: 136 hours), com-
pared to 20.4 hours for SE with no sequelae (median:
14.0 hours; range: 51.7 hours), i.e. a mean difference of
45.3 hours (Cl: 11.0-79.6; p=0,015).

There were two deaths and three with severe sequelae.
The mean time of narcosis for these five SE episodes
was 86.8 hours (median: 86.2 hours; range: 112.5 hours),
compared to a mean of 26.2 hours (median: 19.0 hours;
range: 69 hours) for SE with no or mild sequelae; a
mean difference of 60.7 hours (Cl: 92.6-28.8; p=0.001).
Outcome was unrelated to gender. There was a ten-
dency for a higher frequency of sequelae in patients
over 65 years and when SE was complicated with
pneumonia.

For refractory CSE episodes, 5/18 continued or
recurred after more than 24 hours of narcosis (i.e.
super-refractory) (Shorvon and Ferlisi, 2011). Both
deaths and two out of three severe sequelae belonged
to this subgroup.

For refractory CSE episodes, 3/6 with a STESS >3
died or had severe sequelae, i.e. a positive predictive
value (PPV) of 50%. 10/12 with a score <3 on STESS
had no or mild sequelae, i.e. a negative predictive
value (NPV) of 83%. These results were not significant
(p=0.27).

Epileptic Disord, Vol. 18, No. 3, September 2016

299



K.N. Power, et al.

Table 1. Sequelae following RCSE according to various potential predictors*.

Sequelae (n) Sequelae (%) p value
De novo SE 4/5 80% 0.29
SE after previous seizures 5/13 38% ’
Narcosis >20 hours 8/11 73% 0.05
Narcosis <20 hours 177 14% ’
Age >65 years 3/3 100% 0.21
Age <65 years 6/15 40% ’
Age >50 years 4/8 50% 10
Age <50 years 5/10 50% '
Male 714 50% 1.0
Female 2/4 50% ’
Complicated by pneumonia 5/7 71% 0.34
Not complicated by pneumonia 411 36% ’
*Pairwise, presumed risk factor listed first.
Results from crosstabs and Fischer’s exact or Pearson’s chi square test.
Table 2. Duration of de novo SE compared to SE after previous seizures*.
RCSE >2 hours SE before narcosis >20 hours of narcosis
De novo (%) 4/5 (80) 5/5 (100)
Previous seizures (%) 9/13 (69) 6/13 (46)
Total (%) 13/18 (72) 11/18 (61)
p value 1 0.1
NCSE >2 hours duration SE >24 hours duration SE Refractory
De novo (%) 14/16 (88) 11/16 (69) 9/16 (56)
Previous seizures (%) 18/23 (78) 8/23 (35) 6/23(26)
Total (%) 32/39 (82) 19/39 (49) 15/39(38)
p value 0.68 0.05 0.059

*Results from crosstabs and Fischer’s exact or Pearson’s chi square test

Non-convulsive status epilepticus

For NCSE episodes, 28/39 were complex focal, 9/39
were simple focal, 1/39 was an atypical absence, and
1/39 was a myoclonus SE (progressive myoclonic
epilepsy, type Unverricht-Lundborg disease). Three
of 39 NCSE episodes occurred in patients with cryp-
togenic epilepsy. In 36/39, the NCSE represented
symptomatic epilepsies or seizures; 5/36 genetic
and 31/36 acquired (7/31 acute symptomatic). The
main aetiology was a cerebrovascular event; 10
cerebral haemorrhages and seven cerebral infarc-
tions (Power et al., 2015). Mean age was 63.3 years
(18-97 years).

Three of the 39 index NCSE episodes led to death
(7.7%); 16/38 (42%) NCSE episodes led to sequelae.
De novo NCSE lasted longer, was more refractory
to treatment, and more often led to sequelae than
NCSE in patients with previous seizures (tables 2,
3). In patients with SE >2 hours, the outcome was
worse compared to those with shorter-lasting SE
(table 3).

Seven of the 16 sequelae were categorised as seri-
ous; three deaths and four severe sequelae. All seven
SE episodes were seizures lasting for more than two
hours, and five of them exceeding 24 hours. In compar-
ison, 14/32 (44 %) NCSE episodes lasting longer than
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Table 3. Sequelae following NCSE according to potential predictors*.

Sequelae (n) Sequelae (%) p value

De novo SE 12/15 80% 0.0001
SE after previous seizures 4/23 17% ’
>2 hours 16/31 52% 0.014
<2 hours 0/7 0% '
>24 hours 11/18 61%

0.047
<24 hours 5/20 25%
Age >50 years 15/29 52% 0.052
Age <50 years 19 1% '
Age >65 years 14/22 64% 0.002
Age <65 years 2/16 13% '
Male 9/22 41% 10
Female 7/16 44% ’
Refractory 9/14 64% 0.047
Non-refractory 7124 29% ’

*Pairwise, presumed risk factor listed first.

Results from crosstabs and Fischer’s exact or Pearson’s chi square test.

24 hours were followed by either moderate or mild
sequelae, or no sequelae (p=0.31). Older age was a
predictor of sequelae in the NCSE group (table 3).

Refractory NCSE

Fifteen of 39 NCSE episodes were refractory, and 14/15
were symptomatic seizures or epilepsies (five acute
symptomatic). The main cause was a cerebrovascular
event; four haemorrhages and three infarctions. Mean
age was 66.7 years (18-89 years). Mortality occurred
in 2/15 (13.3 %), and 14/15 NCSE episodes were eval-
uated for sequelae other than death (see section on
Statistics). For patients with refractory NCSE, the risk
of sequelae was twice as much, compared to those
responding to first-line treatments. Eight refractory
NCSE episodes were de novo seizures and seven of
these led to sequelae. In comparison, only two of the
six refractory NCSE episodes in patients with previous
seizures led to sequelae (p=0.091).

All refractory NCSE episodes lasted >2 hours, and 12
refractory NCSE episodes lasted >24 hours.

Age over 65 years correlated with sequelae; sequelae
were present in 9/10 patients over 65 years versus 0/4
patients below 65 years (p=0.005).

Three of seven refractory NCSE episodes with a high
STESS were associated with poor outcome (PPV: 43%)
and 7/8 with a low STESS with good outcome and no
or mild sequelae (NPV: 88%) (p=0.28).

Recurrent SE

Only the first SE per person was used in the analyses
in order to avoid inclusion of statistically dependent
events. However, whether outcome differed between
patients with single SE episodes and those with
recurrent SE episodes within the observation period
remains an interesting point. For the overall number
of recurrent SE events, both the first and the following
episodesin the study period were included for patients
with multiple SE episodes.

Among the 27 refractory CSE episodes, 9/15 (60%) sin-
gle SE episodes led to sequelae, compared to 4/12
(33%) in the recurrent SE group. The 12 recurrent
refractory CSE episodes occurred in three patients,
and sequelae occurred in one of these.

Among the 48 NCSE episodes, 15/32 (47%) single SE
episodes were followed by sequelae, compared to 3/16
(19%) for recurrent SE episodes. The 16 recurrent SE
episodes occurred in seven patients, with sequelae
occurring in three of them.

Prognostic variables for refractory
CSE and NCSE combined

Table 4 shows unadjusted risks of sequelae according
to different prognostic factors for NCSE and refractory
CSE combined.

Binominal logistic regression was applied in order
to evaluate the relative importance of the predictor
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Table 4. Sequelae following SE according to potential predictors*.

Sequelae (n) Sequelae (%) p value

De novo SE 16/20 80% 0.0001
SE after previous seizures 9/36 25% '
>2 hours 23/44 52%

0.028
<2 hours 2/12 17%
Age >65 years 17/25 68% 0.002
Age <65 years 8/31 26% '
Male 16/36 44%
Female 9/20 45% 0968

0,

Refractory 18/32 56% 0.044
Non-refractory 7124 29%

*Pairwise, presumed risk factor listed first.

Results from crosstabs and Fischer’s exact or Pearson’s chi square test.

variables (de novo vs. previous seizures, >2 hours
duration vs. <2 hours duration, >65 years of age vs
<65 years of age, and refractory CSE vs NCSE) on
the outcome variable sequelae vs no sequelae. De
novo SE was the strongest predictor of sequelae with
an OR of 1243 (Cl: 2.38-64.97), p=0.003. The other
factors had the following predictive values: duration
>2 hours: OR=6.12 (Cl=0.82-45.90), p=0.078; age >65
years: OR=9.74 (Cl=1.45-65.24), p=0.019; and refractory
CSE vs NCSE: OR=9.40 (Cl=1.24-71.13), p=0.03.

In total, SE was caused by a cerebrovascular event in
18/25 SE episodes in patients >65 years, but in only
7/32 SE episodes in patients <65 years (Pearson’s Chi-
Square test; p=0.0001).

Discussion

NCSE, presenting as the first epileptic manifesta-
tion, has a significantly worse outcome than NCSE
in patients with previous seizures. This is probably
explained by the nature of the underlying condi-
tions, as de novo seizures more often represent acute
current medical and neurological disorders. No signif-
icant difference could be proven for the subgroups,
refractory NCSE or refractory CSE, however, de novo
seizures were associated with a trend towards a poorer
prognosis. Previous studies have shown this correla-
tion for SE in general, whereas the findings for refrac-
tory SE have been inconsistent (Drislane et al., 2009;
Novy et al., 2010; Canoui-Poitrine et al., 2011; Hocker
et al., 2013). A possible explanation is that refractori-
ness by itself is a marker of a severe event, and that the
damage caused by the SE overshadows the prognos-
tic value of a de novo situation. We found that old age
is a predictor of negative outcome for NCSE, includ-

ing refractory NCSE, but refractory CSE outcome did
not depend on age. Former studies on SE have found
a worse prognosis among older patients (Claassen et
al., 2002b; Rossetti et al., 2006). Other reports focusing
on refractory SE (Hocker et al., 2013), and specifically
refractory CSE (Lai et al., 2015), have shown no dif-
ference. De novo presentation and older age may be
connected to poorer outcome because these patients
more often have comorbidities and acute neurologi-
cal conditions. A vulnerable or compromised brain is
likely to be more susceptible to damage from a seizure.
Based on our data, old age was highly correlated to an
underlying aetiology of cerebrovascular events.
There was no relationship between gender and
outcome. A recent, large epidemiological study of
convulsive SE found a slightly higher mortality in men
(Dham et al., 2014).

Refractoriness is a risk factor for poor NCSE out-
come. This could partly be explained by the association
between long seizure duration and poor outcome,
as all refractory NCSE episodes lasted for more than
two hours. It is well known that seizure duration and
refractoriness are inter-related with respect to epilep-
tic seizures, which is illustrated by seizure-induced
reduction of benzodiazepine sensitivity (Lowenstein
and Alldredge, 1993; Kapur and Macdonald, 1997). This
demonstrates the negative impact of initial treatment
failure and the need for urgentand effective SE therapy.
For refractory CSE, the duration of narcosis was a
marker of total SE duration. Refractory CSE episodes
were more frequently associated with sequelae when
more than 20 hours of narcosis was required to termi-
nate them, compared to a shorter period of narcosis.
Arelationship between SE duration and poor outcome
has also been found in previous studies (Towne et al.,
1994; Sagduyu et al., 1998; Drislane et al., 2009). A recent
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study connected poor SE outcome with the use of nar-
cosis, and advocated caution when using this line of
treatment (Marchi et al., 2015). However, such an asso-
ciation does not necessarily imply that the narcosis
is unfavourable per se. It is used to treat a refractory
subgroup of SE, mainly convulsive SE, with a duration
long enough to pose a risk of brain damage. Inter-
estingly, none of the patients with refractory NCSE in
our study were treated with narcosis, and yet they had
a worse outcome compared to those with refractory
CSE. This observation contrasts the recently published
data (Marchi et al., 2015).

An interesting finding in our study is that SE recur-
ring in the same person led to less sequelae than SE
occurring only once during the observation time. This
is in accordance with previous findings, and is most
likely explained by the presence of a less severe med-
ical condition, as recurrent SE is usually unrelated to
acute symptomatic events (Tsetsou et al., 2015).

This study is hampered by its retrospective design and
a limited number of cases. The inclusion periods for
the refractory CSE and NCSE groups only partly over-
lapped and this might potentially affect results. As
treatment protocols remained unchanged during this
time, this should not have influenced the study out-
come. We believe that the patients included in our
study represent an unselected cohort, as our centre
serves as a primary referral unit. Hence, our findings
should be valid for the SE population in general.

Conclusions

SE occurring de novo has a poorer outcome than SE in
patients with previous seizures, especially for patients
presenting with NCSE. Older age is a predictor of less
favourable outcome following NCSE. Refractoriness
and long duration of SE is associated with more fre-
quent and worse sequelae. This underlines the need
for a well-structured treatment protocol and aggres-
sive treatment in order to terminate seizures during
the early phase. OJ
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ticus presenting as the first seizure?

TEST YOURSELF

(1) What is the most recently defined timeframe for status epilepticus and the rationale behind this choice?
For which purpose is the older timeframe more useful?

(2) How does the prognosis of status epilepticus in patients with previous seizures compare to status epilep-

(3) What are the relevant prognostic factors for outcome following non-convulsive status epilepticus?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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