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Key points

- We collected information about 776 cases of R8&ted with continuous IV anaesthetic drugs
in 50 countries.around theond

- Good outcome was associated with younger age and a prior history of epilepsy; aetiology

strongly influenced the outcome.

- Patients frem Asia were younger, more frequently presented with convulsivedSkere
more frequently affected by infectious aetiologies

- Important differences exist among patients with RSE from diffeegidns of the world, but

these do not.seem to influence patient outcomes
Figure legend:

Fig. 1: Map of involved countries

Fig. 2: Origin of\patients

Fig. 3: Quteame of SE episodes

Fig. 4: Neurological outcome of patients at the end of anaesthesia

This article is protected by copyright. All rights reserved



Abstract

In order b describehe demographi¢c®etiologiestypes of status epilepticus (SE) andcomes

in people with refractory and supefractory status epilepticdisom around the world, we
collected"prospectivelyases of refractory status epilepti¢®RSE)treated withcontinuous
intravenousanaesthetidrugs(CIVADSs) in anintensive care ungetting through online
guestionnaes using “active surveillancéNe colleded information abouf76 cases of RSia

50 countries over 4 years. ControlSf was achieveth 74% of the cases. Neurologic outcame
were poorin 412% obatientsand 24% died. Goodutcome vasassociated with younger age
and a prior history of epilepsy. Aetiology strongly influenced the outcome. Patiemt#\&ia
were younger, more frequently presented with convulSlgand were more frequently affected
by infectious-aetiologies whexompaed with patients from Europe artde Americas. Despite
these differences, outcomes were similar icalintries. Demographics of patients with RSE in
a global audit are similar to those in prior singgaitreseries providing evidence of
generalizability pthose studiedmportant differencesxist amongpatientswith RSE from

different regions of the world, but these do se¢m tasignificantly influencepatientoutcomes.

I ntroduction

Refractory status epileptic(RSE)is adangerous condition, with a mortalitgte of 2438% in
recent serig, = “higherin prolonged episodé# generallyaccepted definition dRSEis a
seizurethatpersists afteR antiseizure drugs, typically including a benzodiazepghbé¢his stage,
most protacols suggest treatment with continuous intravenoestaeéic drugs (CIVADS), in
order to promptly stop seizure activity, prevent long-term neuronal damage, further
refractorinés§>and severe acute systemic consequersggcially in convulsiveE The
currentevidence base guiding optimal managememR®E is mostly based on small series given
the raritysof the conditiorf.For these reasons, there has been an increasing interest in

multinational registrie$ ®

The underlying aetiology @E s considered the most important prognostic factor determining

outcome’ Apart from the treatment, aetiology itself significantly differs in developing countries
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as compared to the western worldth acute symptomatic aetiologilbesing moregrequent in
devebping countries®**In this study, we prospectively collected information about cases of

RSEtreated with continuous IV anaesthetic drugdifferentregions of the world.

Methods

Details about the audit procedures have been publistesibusly*? Briefly, this was an
anonymizednline registry, collecting informatioprospectively from neurologistnd
intensivists'caring for patients wilSEnot responding to firdine therapy, admittetb an
intensive care“unit (ICU) and treated with continudianaesthetic drugshrough online
guestionnaires. The “active surveillanecegéthod, whictutilized monthly remindersent to all
participaing=physiciansensurd maximal reporting. A modified Rankin scale (mRS) o8@Was
consideredsasgood outcorhe.

All data were analysed using statistical software (IBM SPSS Statistics, versiaig).
comparing continuous variables, Studettsst and MamWhitney test were used. The analysis
of categorical variablewas performed usinGhi-squareand Fisher exa@ndanalysisbetween

groups with-Aneva and Kruskal Wallis.

Results

The data collectiontarted on the 1st of March 2013 and was terminated after 4 years. In total,
776 cases were collected frd6 different physiciangee list of alcontributors in appendix

1). A map of the 5@ountriesnvolved is shown in Figure 1, and the number of cases contributed
per countnjnskigure 2 Patients were from Europa£408,56%), Asia (=169, 23%), the
Americas:(=131,18%), Australia and New Zealana17,2%) and Africa (=9,1%).The

clinical characteristics of patients are summarizetaible 1. The majority gbatients(n=x,

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 positive history of epilepsy, 119
(59.5%) were nevenset refractory status epilepticasd in 3 (2%) history of epilepsy was

uncertain.
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SE was convulsive in 55% of cases, mamvulsive in 19%, convulsive evolving to ron
convulsive in 21%, of other semiolo@gpilepsia partialis continua, absence stattiser) in 4%.
Mean duration of ICU stay was 18.41 + 22.8 days.

Regional differences

There were too few patients from Africa and Oceania to justify subgroup an&tgsiens from
Asiawere'significantly younger than those from Europethedmericas (Mean age 22, 48.2,
and 40.5/ears'p<0.001) and more frequently presented with convuSEreompared with non-
convulsive forms (71%, 53% and 44%, p<0.001). The ICtattn was longer in Asia (mean
22.8 + 24 L days) than in Europe (16.3 + 18.9 days, p<0.05) or in the Americas (19.31 + 26.3
days).

There were some notable differences regarding aetiolog&i @fable 2). In Asia, the most
frequently reported aetiology was infectidns59, 30.1%), compared witthile this
represented onlgn=23, 15.4%) of cases in the Americas and (n=56, 12.3%) in Europe. In
particular,thespercentage of cases with acute encephalitsigvaicantly higher in Asiar(=41,
20.9%), than‘in"Europe (n=26, 5.7%) or &kmaericas (n=7, 4.7%), p<0.Q1Vascular aetiologs
weremorefrequent inEurope (n=75, 16.6%) than Asia (n=11, 5.6%), p<0.01. There was a
non signifieant trendowardsa higher incidence of traurti@etiologiesin Europe (n=28, 6.2%)
and theAmericas (n=7,4.7%) than in Asiar(=1, 0.5%).

Outcomes

In 686 casessinformation about the outcomaes provided510patients(74%)recovered, 148
patients(22%)died duringtreatmentand 28oatients(4%) had therapy actively withdrawn.
The neuralogical status of the patients at the end of anaesthegjaadais 386 of patients
poor in 41%,.and 24% of patierdeed Outcomesn patients with dong-termoutcomedata
provided (n=208pnre showrin Table 3. There was a higher proportion of patients with a better
outcomeat si¥month follow up.

No differenees were found in outcoméh respect tgender ortype of SE. Prior history of
epilepsy and younger age was positively associated with recovensE@px0.001). As
expected, aetiology strongly influenced outcomab(€ 4. Patients with posanoxicSE had the
word outcomesasdid those with metabolic aetiol@s or acute encephalitishencompared
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with other etiologies. The patient with the best Iéegn outcomes were those where the
etiology of the status was classificed as dueaatiseizuredrugwithdrawal and the worst

outcomes statistically were thodassified as due to anox{&able 5).

In the analysis betweageographical regionsve did not find angignificantdifferences irrate
of successiin controlling SEr in the neurological outcome of patients (fig. 3 and 4).

Discussion

In studies orRSE thesetting(ICU, academicallydriven, general hospitaiyral hospital)and the
geographicalsegion may have an important impact on the réSdfts>Observational studies

are almost'the®onlgnesavailable inRSE, and the validity of such studies depends on the range
of participation‘and the quality tiieir data. This is to our knowledge the lastgnd most

widely collected series & SEtreated with continuous IV anaesthetic drugs, although we
acknowledge limitations drawing conclusions about associatighgen the norsystematic
method ofseallectionOur case definition requires the administration of IV anesthetic drugs and
not all definitions of RSE have this stipulation. We introduced this stipulation to emoidsion
from the participants and to ensure that all the participants in the audit are referring to severe
cases (albieit in the recognition that status stops in some mildenva#sas continuous IV
anaesthetic drugs atitere are alsoases which wodlbe treated with IV anaesthetic drugs in

some countriebut not in othergespecially in the poorest regions of the world).

To ensureaeedracy and completeness of the data, we modified the format of tleqaees
several times, but as increasingmmexity reduced the number of cases reported and we had to
compromiseon a limited data setVe also did not make any complex statistical analysis of the
dataof thelimitations of case selection bid8 Despite these limitationghis registry adds
important information to our knowledge of the demographics, types and aetiolo§i8& of
treated withseontinuous IV anaesthetic drugs around the world.

As expected, etiology of SEand characteristics of patiemansignificantly differin Asian

counties as compared to the western wofid*In this study, mtiens from Asia were younger:

this could simplyreflect the lower mean age thie Asian populationWe found less prevalence
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of non-convulsive status in Asian countries, presumbebause aibwer availability of
continuouEEG monitoring Globally, cryptogeniSEwasthe most frequent cause of RSE
around the world. As most of these cases had no prior history of epilepsy résemechmust
focus on identifying causes of cryptogeni8BRandn particular onrautoimmune aetiologies,
which probably account for a significant numbéthese case#s expected, anoxiS8E has the
worst outcemeacute encephalitis and metabolic aetiologies are also associatgubwrith

outcomes.

Acetiologies differemarkablyamong continents. In Asian countries infectious aetiologies were
the most cemmonlyeported with acute encephalitmccurring significantly more frequént

than in other regions of the worldcite encephalitibas been associatedth refractainessto
treatmentand higher mortalies in prior studies” * *°A fascinating finding of this audit is that,
despite such great differences in patients'Siedharacteristics, outcomes around the world
werelargelysimilar. It is possible that such great differences in aetiol@ndSE
characteristicare somehow compensated by other factors, like younger age, and the nature of
this study does'not allow for a full exploration of these relationships.

Datafromthis audit have beereviewedwith all the participant doctors at the 6th London-
Innsbruck-Colloquium on Statdpilepticus and Acute Seizures, whérgher analyss have

been planned arfdture research discussed.
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Table 1. Clinical Characteristics of the 776 Patients

N %
Age 39.8+25.9 years (meanzSlI
0-92 years (range
Gender
Male 423 55%
Female 353 45%
Prior history of.epilepsy
Yes 288 38%
No 474 63%
Etiologies
(can be multiple per patient)
Unknown (cryptogenic) 200 26.1%
Infections, all 148 19.6%
Acute encephalitis 81 10.6%
Acute meningitis 19 2.5%
Other.infections 50 6.5%
Vascular (inclsstroke) 111 14.5%
Anoxic (incl. cardiac arrest) 85 11.1%
Antiseizure drug
reduction/withdrawal > r:3%
Cerebral tumour 47 6.1%
Miscellaneou$ 43 5.6%
Trauma 42 5.5%
Metabolic 36 4.7%
Alcohol 35 4.6%
Immunological, all 24 3.1%
NMBPA R Ab 1.0%
VGKA Ab 2 0.3%
Lupus (seropositive) 0.4%
Other 11 1.4%
Genetic/chromosomal 18 2.3%
Other toxins 12 1.6%
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Mitochondrial disease 11 1.4%

! Percentages calculated from available data with denominators provided
%Include: eclampsia, posterior reversible encephalopathy syndrome, cortical dysplasia, or not

classified

Table 2. Etiologies among continents @i)*

Asia Europe Americas

Unknown (cryptogenic) 50 (25.5%) | 98 (21.6%) | 34 (22.8%)
Vascular (incl: stroke) 11 (5.6%) 75 (16.6%) | 17 (11.4%)
Anoxic (incl. cardiac arrest| 13 (6.6%) 51 (11.3%) | 17 (11.4%)
Trauma 1 (0.5%) 28 (6.2%) | 7 (4.7%)
Infection, all 59 (30.1%) |56 (12.3%) | 23 (15.4%)

Acute encephalitis 41 (20.9%) |26 (5.7%) |7 (4.7%)

Acute meningitis 6 (3.1%) 9 (2.0%) 3 (2.0%)

Other infection 12 (6.1%) 21 (4.6%) | 13 (8.7%)
Alcohol 0 (0%) 28 (6.2%) | 6 (4.0%)
Other toxins 4 (2.0%) 3 (0.7%) 3 (2.0%)
Metabolic 11 (5.64) 17 (3.8%) |7 (4.7%)
Cerebral tumour 5 (2.6%) 33 (7.3%) | 6 (4.0%)
Antiseizure drugs

_ _ 16 (8.2%)

reduction/withdrawal 20 (4.4%) | 14 (9.4%)
Genetic/chromoesomal 6 (3.1%) 8 (1.8%) 2 (1.3%)
Immunological;-all 7 (3.5%) 9 (1.9%) 6 (4.0%)
Mitochondrial disease 4 (2.0%) 4 (0.9%) 3 (2.0%)
Miscellaneous 9 (4.6%) 23 (5.1%) |4 (2.7%)

! Percentages calculated from available data with denominators provided
%Include: e€lampsia, posterior reversible encephalopathy syndrome, cortical dysplasia, others or not

classified

Table 3. Neurological outcome of patients with a long-term follow-up available (percentage are

calculated out of the known cases).
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modified Rankin Scale At end of At 6 month
anaesthesia | follow up
N (%) N (%)
0 - No symptoms. 18 (9) 31 (15)
1 - No significant'disability. Able to carry out all usu
activities, degpite some symptoms. 30(15) 46 (22)
2 - Slight disability. Able to look after own affairs
without assistance, but unable to carry out all previf 21 (10) 24 (12)
activities.
3 - Moderate ‘disability. Requires some help, but ab
to walk unassisted. 27 (13) 42 (20)
4 - Moderately severe disability. Unable to attend tc
own bodily needs without assistance, and unable t¢ 51 (25) 23 (11)
walk unassisted.
5 - Severe disability. Requires constant nursing cat
and attentiongbedridden, incontinent. >4 (27) 29 (14)
6 - Dead. n.a. 13 (6)
Total 201 (100) | 208 (100)
n.a.: not applicable
Table 4 Association of aetiology with outcorhe
Recover ed Not recover ed?
Actiology of.status.epilepticus N (%) N (%)
Antiseizure*drugreduction/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)
Miscellaneous 32 (82) 7 (18)
Other infection 34 (79) 9 (21)
Other toxins 7 (78) 2 (22)
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Cerebral tumour 33 (75) 11 (25)
Unknown (cryptogenic) 132 (75) 45 (25)
Alcohol 25 (74) 9 (26)

Vascular (incl. stroke) 74 (73) 28 (27)
Acute encephalitis 45 (64) 25 (36)
Metabolic 20 (59) 14 (41)
Anoxic (incl. cardiac arrest) 37 (52) 34 (48)

! Percentagés calculated from available data with denominators provided

%Includes patientsswho died during treatment and patients who had therapy actively withdrawn and
then died or had,a‘severe disability

®Includes eclampsia, posterior reversible encephalopathy syndrome, cortical dysplasia, others or not

classified

Table 5: Assogiation of aetiology with neurological outcome at six mbnths

Aetiology of statusiepilepticus Good (MRS 0-3) | Poor (MRS 4-5) | Dead (MRS 6)
N (%) N (%) N (%)
Genetic/chromesomal 5 (63) 3 (38) 0 (0)
Antiepileptic drug
reduction/withdrawal 23 (56) 15 (37) 3(7)
Other toxins 4 (50) 3 (38) 1(13)
Mitochondrial disease 3 (50) 2 (33) 1(17)
Miscellaneou$ 39 (49) 31 (39) 10 (13)
Cerebral tumour 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 (€ryptogenic) 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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Vascular (incl. stroke) 23 (25) 44 (48) 24 (26)
Anoxic (incl. cardiac arrest) 13 (19) 26 (38) 29 (43)

! Percentages calculated from available data with denominators provided
“Includes eclampsia, posterior reversible encephalopathy syndrome, cortical dysplasia, others or not

classified
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