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Summary

To describe the demographics, etiologies, types of status epilepticus (SE), and outcomes in
people with refractory and super-refractory SE from around the world, we prospectively collected
cases of refractory SE (RSE) treated with continuous intravenous anesthetic drugs in an
intensive care unit setting through online questionnaires using “active surveillance.” We collected
information about 776 cases of RSE in 50 countries over 4 years. Control of SE was achieved in
74% of the cases. Neurologic outcomes were poor in 41% of patients, and 24% died. Good
outcome was associated with younger age and a history of epilepsy. Etiology strongly influenced
the outcome. Patients from Asia were younger, more frequently presented with convulsive SE,
and were more frequently affected by infectious etiologies when compared with patients from
Europe and the Americas. Despite these differences, outcomes were similar in all countries.
Demographics of patients with RSE in a global audit are similar to those in prior single center
series, providing evidence of generalizability of those studies. Important differences exist among
patients with RSE from different regions of the world, but these do not seem to significantly
influence patient outcomes.

Key Points

We collected information about 776 cases of RSE treated with continuous IV
anesthetic drugs in 50 countries around the world

Good outcome was associated with younger age and a history of epilepsy; etiology
strongly influenced the outcome

Patients from Asia were younger, more frequently presented with convulsive SE, and
were more frequently affected by infectious etiologies

Important differences exist among patients with RSE from different regions of the
world, but these do not seem to influence patient outcomes

1 INTRODUCTION

Refractory status epilepticus (RSE) is a dangerous condition, with a mortality rate of
24%-38% in recent series,1, 2 higher in prolonged episodes.3A generally accepted
definition of RSE is a seizure that persists after two antiseizure drugs, typically
including a benzodiazepine. At this stage, most protocols suggest treatment with
continuous intravenous anesthetic drugs to promptly stop seizure activity and
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prevent long-term neuronal damage, further refractoriness,4, 5 and severe acute
systemic consequences, especially in convulsive status epilepticus (SE). The current
evidence guiding optimal management of RSE is mostly based on small series,
given the rarity of the condition.6 For these reasons, there has been an increasing
interest in multinational registries.7, 8

The underlying etiology of SE is considered the most important prognostic factor
determining outcome.9 Apart from the treatment, etiology itself significantly differs in
developing countries as compared to the Western world, with acute symptomatic
etiologies being more frequent in developing countries.10, 11 In this study, we
prospectively collected information about cases of RSE treated with continuous
intravenous (1V) anesthetic drugs in different regions of the world.

2 MATERIALS AND METHODS

Details about the audit procedures have been published previously.12 Briefly, this
was an anonymized online registry, collecting information prospectively from
neurologists and intensivists caring for patients with RSE not responding to first-line
therapy, admitted to an intensive care unit (ICU), and treated with continuous IV
anesthetic drugs, through online questionnaires. The “active surveillance” method,
which utilized monthly reminders sent to all participating physicians, ensured
maximal reporting. A modified Rankin Scale of 0-3 was considered a good
outcome.13

All data were analyzed using statistical software (SPSS Statistics, version 20; IBM,
Armonk, NY, USA). When comparing continuous variables, Student t test and Mann-
Whitney test were used. The analysis of categorical variables was performed using
chi-square and Fisher’s exact tests and analysis between groups with analysis of
variance and Kruskal-Walllis.

3 RESULTS

The data collection started on March 1, 2013 and was terminated after 4 years. In
total, 776 cases were collected from 166 different physicians (see list of all
contributors in Appendix Appendix 1). A map of the 50 countries involved is shown in
Figure 1, and the number of cases contributed per country in Figure 2. Patients were
from Europe (n = 408, 56%), Asia (n = 169, 23%), the Americas (n = 131, 18%),
Australia and New Zealand (n = 17, 2%), and Africa (n =9, 1%). The clinical
characteristics of patients are summarized in Table 1. The majority of patients

(n =474, 63%) had no history of epilepsy, and the most common single etiology was
cryptogenic (n = 200, 26.1%). Among those with cryptogenic RSE, 78 (39%) had a
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positive history of epilepsy, 119 (59.5%) had new onset RSE, and in three patients
(2%) history of epilepsy was uncertain.
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Table 1. Clinical characteristics of the 776 patientsa
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Age

Gender

Male

Female

History of epilepsy

Yes

No

Etiologies, can be multiple per patient

Unknown/cryptogenic

Infections, all

Acute encephalitis

Acute meningitis

Other infections

Vascular, including stroke

Anoxic, including cardiac arrest

Antiseizure drug reduction/withdrawal

Cerebral tumor

Miscellaneoush

Trauma

Metabolic

Alcohol

Immunological, all

39.8 £ 25.9 years (mean £ SD),

0-92 years (range)

423

353

288

474

200
148
81
19
50
111
85
56
47
43
42
36
35

24

%

55

45

38

63

26.1

19.6

10.6

2.5

6.5

145

111

7.3

6.1

5.6

55

4.7

4.6

3.1
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n

NMDAR Ab 8
VGKA Ab 2
Lupus, seropositive 3

Other 11
Genetic/chromosomal 18
Other toxins 12
Mitochondrial disease 11

Ab, antibody; NMDAR, N-methyl-D-aspartate receptor.

a Percentages were calculated from available data with denominators provided.
b Includes eclampsia, posterior reversible encephalopathy syndrome, cortical
dysplasia, and not classified.

SE was convulsive in 55% of cases, nonconvulsive in 19%, convulsive evolving to
nonconvulsive in 21%, and of other semiology (epilepsia partialis continua, absence
status, other) in 4%. Mean duration of ICU stay was 18.41 + 22.8 days.

3.1 Regional differences

There were too few patients from Africa and Oceania to justify subgroup analyses.
Patients from Asia were significantly younger than those from Europe and the
Americas (mean age = 22.4, 48.2, and 40.5 years, P <.001) and more frequently
presented with convulsive SE compared with nonconvulsive forms (71%, 53%, and
44%, P < .001). The ICU duration was longer in Asia (mean = 22.8 = 24.1 days) than
in Europe (16.3 + 18.9 days, P < .05) or in the Americas (19.31 + 26.3 days).

There were some notable differences regarding etiologies of SE (Table 2). In Asia,
the most frequently reported etiology was infectious (n = 59, 30.1%), whereas
infectious etiology represented only 15.4% (n = 23) of cases in the Americas and
12.3% (n = 56) of cases in Europe. In particular, the percentage of cases with acute
encephalitis was significantly higher in Asia (n = 41, 20.9%) than in Europe (n = 26,
5.7%) or the Americas (n =7, 4.7%, P < .01). Vascular etiologies were more frequent
in Europe (n =75, 16.6%) than in Asia (n = 11, 5.6%, P <.01). There was a

%

1.0

0.3

0.4

14

2.3

16

14
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nonsignificant trend toward a higher incidence of traumatic etiologies in Europe

(n =28, 6.2%) and the Americas (n =7, 4.7%) than in Asia (n = 1, 0.5%).

Table 2. Etiologies among continentsa

Unknown/cryptogenic

Vascular, including stroke

Anoxic, including cardiac arrest

Trauma

Infection, all

Acute encephalitis

Acute meningitis

Other infection

Alcohol

Other toxins

Metabolic

Asia, n (%)

50 (25.5)

11 (5.6)

13 (6.6)

1(0.5)

59 (30.1)

41 (20.9)

6 (3.1)

12 (6.1)

0 (0)

4(2.0)

11 (5.6)

Europe, n (%)

98 (21.6)

75 (16.6)

51 (11.3)

28 (6.2)

56 (12.3)

26 (5.7)

9 (2.0)

21 (4.6)

28 (6.2)

3(0.7)

17 (3.8)

Americas, n (%)

34 (22.8)

17 (11.4)

17 (11.4)

7(4.7)

23 (15.4)

7(4.7)

3(2.0)

13 (8.7)

6 (4.0)

3(2.0)

7(4.7)
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Cerebral tumor

Antiseizure drug reduction/withdrawal

Genetic/chromosomal

Immunological, all

Mitochondrial disease

Miscellaneoush

Asia, n (%)

5 (2.6)

16 (8.2)

6 (3.1)

7 (3.5)

4(2.0)

9 (4.6)

Europe, n (%)

33(7.3)

20 (4.4)

8(1.8)

9(1.9)

4(0.9)

23 (5.1)

Americas, n (%)

6 (4.0)

14 (9.4)

2 (1.3)

6 (4.0)

3(2.0)

4(2.7)

a Percentages were calculated from available data with denominators provided.

b Includes eclampsia, posterior reversible encephalopathy syndrome, cortical
dysplasia, others, and not classified.

3.2 Outcomes

In 686 cases, information about the outcome was provided; 510 patients (74%)
recovered, 148 patients (22%) died during treatment, and 28 patients (4%) had

therapy actively withdrawn.

The neurological status of the patients at the end of anesthesia was good in 35% of
patients and poor in 41%, and 24% of patients died. Outcomes in patients with long-
term outcome data provided (n = 208) are shown in Table 3. There was a higher

proportion of patients with better outcome at 6-month follow-up.

Table 3. Neurological outcome of patients with long-term follow-up availablea
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Modified Rankin Scale At end of At 6-month

anesthesia, n (%) follow-up, n (% )
0—No symptoms 18 (9) 31 (15)
1—No significant disability; able to carry out all usual activities, despite 30 (15) 46 (22)
some symptoms
2—Slight disability; able to look after own affairs without assistance, but 21 (10) 24 (12)
unable to carry out all previous activities
3—Moderate disability; requires some help, but able to walk unassisted 27 (13) 42 (20)
4—NModerately severe disability; unable to attend to own bodily needs 51 (25) 23 (11)
without assistance, and unable to walk unassisted
5—Severe disability; requires constant nursing care and attention, 54 (27) 29 (14)
bedridden, incontinent
6—Dead n.a. 13 (6)
Total 201 (100) 208 (100)

n.a., not applicable.
a Percentages were calculated from the known cases.

No differences were found in outcome with respect to gender or type of SE. History
of epilepsy and younger age were positively associated with recovery from SE

(P <0.001). As expected, etiology strongly influenced outcome (Table 4). Patients
with postanoxic SE had the worst outcomes, as did those with metabolic etiologies or
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acute encephalitis when compared with other etiologies. The patients with the best
long-term outcomes were those where the etiology of the status was classified as
due to “antiseizure drug withdrawal,” and the worst outcomes statistically were those
classified as due to anoxia (Table 5).

Table 4. Association of etiology with outcomea

Etiology of status epilepticus Recovered, n (%) Not recovered, n (%)b
Antiseizure drug reduction/withdrawal 44 (94) 3 (6)
Genetic/chromosomal 17 (94) 1(6)
Trauma 31 (84) 6 (16)
Mitochondrial disease 5(83) 1(17)
Immunological, all 20 (83) 4(17)
Acute meningitis 14 (82) 3(18)
Miscellaneousc 32 (82) 7 (18)
Other infection 34 (79) 9 (21)
Other toxins 7 (78) 2 (22)

Cerebral tumor 33 (75) 11 (25)
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Etiology of status epilepticus Recovered, n (%) Not recovered, n (%)b

Unknown/cryptogenic 132 (75) 45 (25)
Alcohol 25 (74) 9 (26)
Vascular, including stroke 74 (73) 28 (27)
Acute encephalitis 45 (64) 25 (36)
Metabolic 20 (59) 14 (41)
Anoxic, including cardiac arrest 37 (52) 34 (48)

o a Percentages were calculated from available data with denominators provided.

e b Includes patients who died during treatment and patients who had therapy actively
withdrawn and then died or had a severe disability.

e c Includes eclampsia, posterior reversible encephalopathy syndrome, cortical
dysplasia, others, and not classified.

Table 5. Association of etiology with neurological outcome at 6 monthsa

Etiology of status epilepticus ~ Good, mRS 0-3, n Poor, mRS 4-5, n Dead, MRS 6, n
(%) (%) (%)

Genetic/chromosomal 5 (63) 3(38) 0 (0)

Antiepileptic drug 23 (56) 15 (37) 3(7)

reduction/withdrawal
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Etiology of status epilepticus = Good, mRS 0-3, n Poor, MRS 4-5, n Dead, mRS 6, n

(%) (%) (%)
Other toxins 4 (50) 3(38) 1(13)
Mitochondrial disease 3 (50) 2 (33) 1(17)
Miscellaneoush 39 (49) 31 (39) 10 (13)
Cerebral tumor 15 (41) 16 (43) 6 (16)
Trauma 14 (40) 15 (43) 6 (17)
Other infection 14 (35) 17 (43) 9 (23)
Alcohol 10 (33) 11 (37) 9 (30)
Unknown/cryptogenic 46 (32) 67 (46) 32 (22)
Acute meningitis 5 (31) 8 (50) 3(19)
Immunological, all 11 (31) 15 (42) 10 (28)
Metabolic 9 (30) 9 (30) 12 (40)

Acute encephalitis 18 (26) 30 (43) 22 (31)
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Etiology of status epilepticus = Good, mRS 0-3, n Poor, MRS 4-5, n Dead, mRS 6, n

(%) (%) (%)
Vascular, including stroke 23 (25) 44 (48) 24 (26)
Anoxic, including cardiac arrest 13 (19) 26 (38) 29 (43)

mRS, modified Rankin Scale.

a Percentages were calculated from available data with denominators provided.
b Includes eclampsia, posterior reversible encephalopathy syndrome, cortical
dysplasia, others, and not classified.

In the analysis between geographical regions, we did not find any significant
differences in rate of success in controlling SE or in the neurological outcome of
patients (Figures 3 and 4).

w0

0
%0 B Asia
4
B Europe
3
5 America
pLe}
i -
Recovered Died Therapy Withdrawn
Figure 3

Open in figure viewerPowerPoint
Outcome of status epilepticus episodes



https://onlinelibrary.wiley.com/doi/full/10.1111/epi.14496#epi14496-fig-0003
https://onlinelibrary.wiley.com/doi/full/10.1111/epi.14496#epi14496-fig-0004
https://onlinelibrary.wiley.com/doi/full/10.1111/epi.14496
https://onlinelibrary.wiley.com/action/downloadFigures?id=epi14496-fig-0003&doi=10.1111%2Fepi.14496
https://wol-prod-cdn.literatumonline.com/cms/attachment/ac44a326-8875-4f4a-ba24-74e61865b7ae/epi14496-fig-0003-m.jpg

B Asia

B Eyrope

America

Good (0-3mRS) Poor (4-5mRS) Dead
Figure 4
Open in figure viewerPowerPoint

Neurological outcome of patients at the end of anesthesia. MRS, modified Rankin
Scale

4 DISCUSSION

In studies on RSE, the setting (ICU, academically driven, general hospital, rural
hospital) and the geographical region may have an important impact on the
results.10, 14, 150bservational studies are almost the only ones available in RSE,
and the validity of such studies depends on the range of participation and the quality
of their data. This is to our knowledge the largest and most widely collected series of
RSE treated with continuous IV anesthetic drugs, although we acknowledge
limitations in drawing conclusions about associations, given the nonsystematic
method of collection. Our case definition requires the administration of IV anesthetic
drugs, and not all definitions of RSE have this stipulation. We introduced this
stipulation to avoid confusion among the participants and to ensure that all the
participants in the audit are severe cases (albeit in the recognition that SE stops in
some milder cases without continuous IV anesthetic drugs, and there are also cases
that would be treated with IV anesthetic drugs in some countries but not in others,
especially in the poorest regions of the world).

To ensure accuracy and completeness of the data, we modified the format of the
guestionnaires several times, but as increasing complexity reduced the number of
cases reported, we had to compromise on a limited dataset. We also did not make
any complex statistical analysis of the data regarding the limitations of case selection
bias.16 Despite these limitations, this registry adds important information to our
knowledge of the demographics, types, and etiologies of RSE treated with
continuous IV anesthetic drugs around the world.
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As expected, etiology of SE and characteristics of patients can significantly differ in
Asian countries as compared to the Western world.10, 14 In this study, patients from
Asia were younger; this could simply reflect the lower mean age of the Asian
population. We found less prevalence of nhonconvulsive status in Asian countries,
presumably because of lower availability of continuous electroencephalographic
monitoring. Globally, cryptogenic SE was the most frequent cause of RSE around
the world. As most of these cases had no history of epilepsy, future research must
focus on identifying causes of cryptogenic RSE and in particular on autoimmune
etiologies, which probably account for a significant number of these cases. As
expected, anoxic SE has the worst outcome; acute encephalitis and metabolic
etiologies are also associated with poor outcomes.

Etiologies differ remarkably among continents. In Asian countries, infectious
etiologies were the most commonly reported, with acute encephalitis occurring
significantly more frequently than in other regions of the world. Acute encephalitis
has been associated with refractoriness to treatment and higher mortalities in prior
studies.17-19 A fascinating finding of this audit is that, despite such great differences
in patients’ and SE characteristics, outcomes around the world were largely similar. It
is possible that such great differences in etiologies and SE characteristics are
somehow compensated by other factors, like younger age, and the nature of this
study does not allow for a full exploration of these relationships.

Data from this audit have been reviewed with all the participant doctors at the 6th
London-Innsbruck Colloquium on Status Epilepticus and Acute Seizures, where
further analyses have been planned and future research discussed.
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Last Name
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Ercegovac

Evans
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First Name Last Name

José L. Fernandez-Torre
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Bogdan Florea
Rocco Franco
Jacqueline French

Eva Fung
Eduardo Garcia

Paul Garcia
Masood Ghazali

Tal Gilboa
Giada Giovannini
Jatinder Goraya

Keshav Goyal



First Name Last Name

Tiziana Granata
Sachin Gupta
Kevin Haas
Mareike Hagge
Hrvoje Hecimovic
Angel Hernandez
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Qing Hua
Kun-Long Hung
Matteo Impellizzeri
Sita Jayalakshmi
Bosanka Jocic-Jakubi

Elizabeth Jones



First Name

Nebojsa

YS

Reetta

Anne-M ari

Peter

Igor
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Andrew
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Last Name
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