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�  1ère apparition du mot “Status epilepticus” est en 
1868 dans une retranscription de Bazire d’une 
conférence donnée par Trousseau: 
-  ‘‘You have heard of cases in which the attacks have lasted two 

or three days, and have terminated in death. This is the 
condition which has been termed status epilepticus at La Pitié-
Salpétrière… characterized not by a single attack but a series 
of attacks.’’ 

Etat de mal épileptique: Definition 

Neligan & Shorvon.The History of Status epilepticus and its Treatment. Epilepsia. 2009; 50 Suppl 3: 56-58 3 
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�  Neurocritical care Society: 
-  5 min or more of (i) continuous clinical and/or electro- graphic 

seizure activity or (ii) recurrent seizure activity without 
recovery (returning to baseline) between seizures. Brophy Neurocrit 
care 2012 

�  International League Against Epilepsy Trinka Epilepsia 2015: 

Etat de mal épileptique: Definition 

general approximations only, and the timing of onset of
cerebral damage will vary considerably in different clini-
cal circumstances.

Comment: Axes
The purpose of the diagnostic axes is to provide a frame-
work for clinical diagnosis, investigation, and therapeu-
tic approaches for each patient.1,4 Previously, in 1970,
the axes encompassed (1) clinical seizure type, (2) elec-
troencephalographic ictal and interictal expression, (3)
anatomic substrate, (4) etiology, and (5) age. In the 1981
revision, the axes were limited to the seizure type and
EEG expression (ictal and interictal) (Classification
1981).
At least half of the patients with SE do not have epilepsy
or specific epilepsy syndromes—they have SE due to
acute or remote central nervous system or systemic ill-
ness. Therefore, the axes used previously in seizure clas-
sification need to be modified for the classification of
status epilepticus.

Classification of Status
Epilepticus

For classification of SE we propose the following four
axes:
1 Semiology
2 Etiology
3 EEG correlates
4 Age
Ideally, every patient should be categorized according

to each of the four axes. However, it is acknowledged
that this will not always be possible. At initial presenta-
tion, the approximate age of the patient and the semiol-
ogy will be immediately assessable. The etiology will be
apparent less frequently and may take time to identify. It

is also recognized that EEG recordings will not be avail-
able in many settings, particularly at presentation. How-
ever, the EEG will affect choice and aggressiveness of
treatment, prognosis, and clinical approaches, so an EEG
should be sought where possible and as early as possible.
In fact, some forms of SE may only be reliably diagnosed
by EEG.23 Like in other acute neurologic conditions, the
semiology (symptoms and signs) and the EEG pattern in
SE are highly dynamic and may change over short time
periods in a given patient. Thus, repeated neurologic
examinations and EEG investigations in a patient with SE
may lead to a different classification. For example, SE
may start with focal motor symptoms evolving into bilat-
eral convulsive SE (A.1.b) and may present a few hours
later as nonconvulsive SE (NCSE) with coma and minor
motor phenomena resembling so called “subtle status”
(B.1). Likewise, the EEG may show lateralized periodic
discharges at the beginning and a bilateral synchronous
pattern at the second investigation.

Axis 1: Semiology
This axis refers to the clinical presentation of SE and is

therefore the backbone of this classification. The two main
taxonomic criteria are:
1. The presence or absence of prominent motor

symptoms
2 The degree (qualitative or quantitative) of impaired con-
sciousness
Those forms with prominent motor symptoms and

impairment of consciousness may be summarized as con-
vulsive SE as opposed to the nonconvulsive forms of SE
(NCSE). Although the term convulsion is sometimes disre-
garded as a lay term, it reflects the clinician0s ordinary lan-
guage. In fact “status epilepticus” is also a lay term, as it is
the English translation of !etat de mal, which was used in the
19th century by patients in the Salpêtri!ere.24 Thus, it was
decided to keep the well-accepted term “convulsive.” It des-
ignates “episodes of excessive abnormal muscle contrac-
tions, usually bilateral, which may be sustained, or
interrupted”25 (Table 2).

Table 1. Operational dimensions with t1 indicating the time that emergency treatment of SE should be started and t2
indicating the time at which long-term consequencesmay be expected

Type of SE

Operational dimension 1
Time (t1), when a seizure is likely to
be prolonged leading to continuous

seizure activity

Operational dimension 2
Time (t2), when a seizure may
cause long term consequences

(including neuronal injury, neuronal death, alteration
of neuronal networks and functional deficits)

Tonic–clonic SE 5 min 30 min
Focal SE with impaired
consciousness

10 min >60 min

Absence status epilepticus 10–15 mina Unknown

aEvidence for the time frame is currently limited and future data may lead to modifications.

Epilepsia, 56(10):1515–1523, 2015
doi: 10.1111/epi.13121

1518

E. Trinka et al.
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epilepticus (eg, electrolyte imbal-
ances, hypoglycemia) and for identifying
conditions that will influence treat-
ment options (eg, hepatic or renal
failure, thrombocytopenia). Troponin
levels and 12-lead ECG are useful in
identifying patients with cardiac dis-
ease (eg, myocardial infarction, con-
traction band necrosis, arrhythmia, and
conduction blocks).

Further studies may be indicated
depending on the clinical context (eg,
inborn error of metabolism, further
toxicologic screen, autoimmune and
paraneoplastic disorders, lumbar punc-

ture) and usually can be obtained after
the urgent treatment period.

EEG
EEG is by no means required for the
diagnosis and the early management of
generalized convulsive status epilepticus
and should not delay treatment. It is
essential to identify electrographic status
epilepticus in patients who fail to regain
consciousness after a generalized tonic-
clonic seizure or generalized convulsive
status epilepticus, or in patients with
nonconvulsive status epilepticus with-
out prior overt clinical seizure activity.

FIGURE 12-2 Evolution of brain and systemic pathophysiologic changes during status epilepticus.

GABA = +-aminobutyric acid; NMDA = N-methyl-D-aspartate.

Data from Foreman B, Hirsch LJ, Neurol Clin,16 www.sciencedirect.com/science/article/pii/s073386191100082X and Fountain NB,
Lothman EW, J Clin Neurophysiol.17 journals.lww.com/clinicalneurophys/Abstract/1995/07000/Pathophysiology_of_Status_Epilepticus.4.aspx.

773Continuum (Minneap Minn) 2013;19(3):767–794 www.ContinuumJournal.com

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

Hirsch & Gaspard. Status epilepticus. Continuum. 2013; 19 (Epilepsy): 769-794   

Physiopathologie 
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�  Neuronal injury in human? 
-  Radiology 

-  Hippocampal abnormalities on MRI (22/199) after a febrile SE Shinnar 
et al. 2012 

-  DWI MRI, brain atrophy, laminar necrosis or mesial temporal 
sclerosis described Huang et al. 2009  

Physiopathology 

6 
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�  L’état de mal épileptique est la 2ème urgence 
neurologique potentiellement mortelle la plus 
fréquente après l’AVC 

�  Incidence de 10 à 40 cas pour 100’000 personne 
par année Coeytaux et al. 2000; DeLorenzo et al. 1996  

 

Etat de mal épileptique: épidemiologie 

(Fig. 1). The incidence of SE was higher among blacks

(13.7/100,000/year) and other nonwhites (7.4/100,000/
year) compared with whites (6.9/100,000/year). Black men

had the highest cumulative rate of SE (15.0/100,000/year).

In-hospital Mortality

The cumulative in-hospital mortality was 9.2 % (95 % CI

9.1–9.2) with no significant change over the study period.
The mortality was slightly higher among males (9.3, 95 % CI

9.2–9.4) compared to females (9.0, 95 % CI 8.9–9.1).

Despite a relatively lower incidence of SE among whites and
other nonwhites, in-hospital mortality was higher in these

groups [whites, 10 % (95 % CI 9.8–10.0); other nonwhites,

9.3 % (95 % CI 9.0–9.6)] compared to blacks who had lower
in-hospital mortality (7.4, 95 % CI 7.3–7.6). Black men had

the lowest in-hospital mortality (6.0, 95 % CI 5.8–6.2).

Age-Specific Incidence and In-hospital Mortality

The incidence of SE had a bimodal distribution, with high

incidence in the first decade of life (14.3/100,000/year) and
after the fifth decade of life (28.4/100,000/year, Fig. 2).

Despite high incidence of SE in the first decade of life,
mortality was relatively low in this age group but increased

sharply after age 50, approaching 20 % (Fig. 2).

Comorbidities and In-hospital Complications

Comorbidities and in-hospital complications were reported

in only 34 and 28 % of patients with SE, respectively. The
reported prevalence of all comorbidities increased over

time, except for history of epilepsy, central nervous system

infections, and traumatic brain injury, which had a net
decline over the study period (Table 1). The reported

Fig. 1 Population-adjusted
incidence and in-hospital
mortality with Status
Epilepticus from 1979 to 2010
(Data were normalized for the
age distribution of the 2000 US
census, I bars represent standard
errors)

Fig. 2 Age-specific Crude
Incidence and In-hospital
mortality with Status
Epilepticus. Data are organized
into age deciles

Neurocrit Care (2014) 20:476–483 479

123

Dham et al. 2014 
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Etat de mal épileptique: Classification 

status epilepticus include remote risk
factors for epilepsy, prior epilepsy,
severe alteration of consciousness, oc-
ulomotor abnormalities, and periodic
discharges or suppression-burst on
EEG.11,12 The majority of seizures that
occur in the critically ill (about 75% on
average in the literature13) are non-
convulsive and cannot be recognized
without EEG, as exemplified by the
three clinical case examples in this ar-
ticle. Furthermore, a 30- to 60-minute
EEG will miss all seizures in more
than half of the patients having non-
convulsive seizures; therefore, at least
24 hours of continuous EEG (cEEG)
monitoring is recommended for non-
comatose patients, and 48 hours for
comatose patients (as 20% will be
missed with only 24 hours) or those
with frequent or periodic epileptiform
discharges.10,12

Etiology
Common causes of status epilepticus
are summarized in Table 12-2.14 Be-
sides these common etiologies there
are many rare causes of status epi-
lepticus.15 Many cases of cryptogenic
new-onset status epilepticus, such as
Case 12-1, can be explained after a
thorough evaluation. In addition, some
subtypes of status epilepticus may be a
diagnostic clue to a specific epilepsy
syndrome (Table 12-3).

CLINICAL MANIFESTATIONS OF
GENERALIZED CONVULSIVE
STATUS EPILEPTICUS
Generalized convulsive status epilep-
ticus consists of a self-perpetuating
generalized tonic-clonic seizure or of a
series of generalized tonic-clonic sei-
zures without return to consciousness
in between seizures. Clonic movements

KEY POINTS
h Status epilepticus in

adults and in children
over 5 years old is
defined as at least
5 minutes of ictal activity
or two or more seizures
between which there
is incomplete recovery
of consciousness.

h Nonconvulsive status
epilepticus is the form
of status epilepticus
most commonly
encountered in critically
ill patients. It usually
cannot be identified
without an EEG.

h More than one-half of
episodes of status
epilepticus in adults
occur in patients
without prior seizures.

TABLE 12-1 Classification of Status Epilepticus According to Clinical
and EEG Findings

Ictal EEG Activity
Motor Activity Consciousness Generalized Focal/Lateralized

Intense
(convulsive)

Markedly to
severely
impaired

Tonic-clonic

Tonic

Clonic

Myoclonic (with
absence, or in coma)

Hemiconvulsive

Normal
to mildly
impaired

Myoclonic (usually
in primary
generalized
epilepsy)

Epilepsia partialis
continua

Absent
or subtle
(nonconvulsive)

Markedly to
severely
impaired

Absence (including
typical, atypical,
and late-onset)

Subtle or purely
electrographic
(in coma)

Complex partial

Subtle or purely
electrographic
(in coma)

Normal to
mildly
impaired

Absence (including
typical, atypical,
and late-onset)

Simple partial
(including aura
continua) or mild
or intermittent
complex partial

768 www.ContinuumJournal.com June 2013

Status Epilepticus

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

Hirsch & Gaspard. Status epilepticus. Continuum. 2013; 19 (Epilepsy): 769-794   9 
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Etat de mal épileptique: étiologie 

�  La non-adhérence au traitement 
chez un patient souffrant 
d’épilepsie reste la cause la plus 
fréquente 

�   45% des étiologies nécessitent 
des prises en charges 
spécifiques. 

pathology. For each of these parts, the tool includes ques-
tions about common treatable etiologies. Finally, the fourth
part emphasizes signs suggestive of a central nervous sys-
tem (CNS) infection and includes cerebrospinal fluid (CSF)
findings if a lumbar puncture is performed. At the end of the
assessment, the rater is invited to record the suspected etiol-
ogy as free text based on the assessment directed by the
SEEIT. The tool also includes the list of investigations
required by current guidelines for SE evaluation.9 The etiol-
ogy is eventually placed into one of the 19 categories (see
Table 1) to enable evaluating concordance with the defini-
tive etiology determined at the end of the hospital stay. Of
note, for the concordance evaluation, when an acute precipi-
tating factor occurred in the context of a remote brain injury,
the “acute” condition was considered predominant, as the
tool aims to identify acute treatable conditions.

The SEEIT was completed for every patient at the time of
identification by the study team—based only on the infor-
mation available in the ED or at the time of in-hospital SE
identification and before discharge summary diagnosis was
available. The first author (VA) completed the SEEIT for
the three centers involved in Boston, U.S.A. (BWH, MGH,
BIDMC) and the EEG attending filled the assessment under

the same conditions for the patients in the CHUV, Lau-
sanne, Switzerland.

Because the SEEIT was designed to be used by nonspe-
cialist physicians and was also completed by neurologists
with specialty training in epilepsy, an interrater evaluation
between one of the investigators (VA) and an emergency
physician (fourth-year emergency resident at BWH) (DC)
was performed for the first 30 cases of SE treated at BWH.
To reflect the “real-life” use of the tool, the ED physician
did not receive any training in use of the SEEIT.

Statistical analysis
Interrater evaluation between VA and DC, and concor-

dance between the etiologies generated by the SEEIT and
the etiology finally determined during the hospitalization,
were evaluated with Cohen’s kappa coefficient. To identify
any misleading factors for correct early etiology identifica-
tion, patients with correct and incorrect etiologies generated
using the SEEIT were compared using chi-square, analysis
of variance (ANOVA), and Wilcoxon rank-sum test, as
required. Significance was assumed with p < 0.05. Data
were analyzed using Stata 11.1 (StataCorp, College Station,
TX, U.S.A.).

Results
Figure 2 outlines the study profile. A total of 212 consec-

utive patients were included in the study. Demographics
and SE characteristics are summarized in Table 2. Gender
was evenly distributed; the median age was 60 years (range
18–93). Premorbid seizures occurred in 49.1% patients.
About half of the subjects had generalized convulsive
seizures, followed by 28.9% with focal seizures with
consciousness impairment, 15% with focal seizures without
impairment of consciousness, and 8% with NCSEC.
Absence and myoclonic status were infrequent: 1.42% and
0.5%, respectively. Consciousness was impaired in most,
with 17% of patients presenting as “comatose” and 41.5%
as “stuporous.” The mean STESS was 2.64 (standard devia-
tion [SD] 1.63) and around half of patients had refractory
SE. A median of three ASDs (range 0–13) was used and
11.3% underwent intubation as part of a SE treatment proto-
col. The mortality rate was 12.8%, and 45.3% of patients
returned to their premorbid clinical baseline at discharge.

In addition to the 212 patients in SE, two had EEG request
for suspected SE but were eventually found to have PNESE.
Both were treated acutely as refractory SE. One was intubat-
ed for “convulsion control.” Of note, in the patients’ charts,
there were descriptions of the events including features such
as “waxing and waning” symptoms “stopped by suggestion”
for the first patient; and “waxing and waning” and “pelvic
thrusting movements” for the second. The SEEIT-generated
etiology was correct for these two events.

The definitive etiologies at hospital discharge are listed
in Table 1. ASD-related causes (non-adherence, iatrogenic

Table 1. List of diagnostic categories and their
frequencies as definitive SE etiology

Underlying etiology after complete workup (n = 212) n %

Total, n = 212
ASD-related (nonadherence, recent change or low levels) 34 16.04
Brain tumor without acute change
(no change or increase in tumor load)

28 13.21

Acute hemorrhagic cerebrovascular event 21 9.91
Known epilepsy (non structural) without provocative
factors (breakthrough seizures)

16 7.55

Remote ischemic cerebrovascular event 14 6.6
Unclassifieda 13 6.13
CNS infection (meningitis or encephalitis) 12 5.66
Unknown origin 11 5.19
Toxic-metabolic 10 4.72
Systemic infection/sepsis 10 4.72
Remote hemorrhagic cerebrovascular event 8 3.77
Acute TBI 7 3.3
Acute ischemic cerebrovascular event 5 2.36
Remote TBI 6 2.83
Alcohol related (withdrawal or intoxication) 6 2.83
Brain tumor with acute change
(bleeding, recent biopsy/surgery or
rapid increase in edema)

5 2.36

Benzodiazepine withdrawal 4 1.89
Neurodegenerative disease 2 0.94
Other drugs known to reduce seizure threshold 0 0

ASD, antiseizure drug; CNS, central nervous system; TBI, traumatic brain
injury.

aUnclassified includes: three multiple sclerosis, two confirmed and one pos-
sible posterior reversible encephalopathy syndrome (PRES), two tumoral
meningitis, one NMDA encephalitis, one neurosarcoidosis, one eclampsia,
one arteriovenous malformation without bleeding, and one case of microang-
iopathic hemolytic anemia.

Epilepsia, 55(12):2059–2068, 2014
doi: 10.1111/epi.12852

2061

SEEIT: SE Etiology Identification Tool

Alvarez Epilepsia 2014 
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Prise en charge initiale 

Brophy et al.. Guidelines for the evaluation and management of status epilepticus. Neurocrit care. 2012; 17: 3-23   11 
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Etat de mal épileptique: treatment 
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Review

Functional outcome seems to be poor after RSE,6 
especially generalised convulsive RSE.18 The likelihood of 
a return to baseline clinical conditions after RSE is as low 
as 21%, as opposed to 63% for non-refractory SE. The 
need for admission to acute rehabilitation facilities for 
surviving patients doubles after RSE compared with non-
refractory SE (82% vs 35%).6

Rationale for early treatment
In view of the danger of RSE and the eff ects of duration 
on outcome, broad consensus exists about the need for 
timely and eff ective pharmacological treatment.5,19–22 
Additionally, data from the Veteran Aff airs Cooperative 
Study23 showed that SE treatment becomes less eff ective 
as the episode becomes more protracted; subtle SE (or 
non-convulsive SE with coma), a form usually indicative 
of a longer duration, was controlled by the fi rst medication 
in 15% of patients compared with 55% in overt, convulsive 
SE. Furthermore, a second or third agent was eff ective in 
less than 10% of patients in either condition.24

Generalised convulsive SE can cause many systemic 
complications, including cardiac arrhythmias, tempera-
ture disturbances, electrolyte and glucose im balance, 
rhabdomyolysis, and pulmonary oedema.25,26 Apart from 
rhabdomyolysis, these consequences can also be recorded 
in laboratory models after inhibition of muscular 
convulsions.27 Mechanisms related to refractoriness to 
treatment have been elucidated in animal models in the 
past few decades. Self-sustained SE in rats, induced by 
repetitive electrical stimulation of limbic structures, 
responds to benzodiazepines (GABAA receptor agonists) 
or phenytoin (a sodium-channel blocker) only if they are 
administered early (ie, within the fi rst few minutes). 
With time, SE becomes progressively resistant to these 
agents, whereas antagonists of NMDA receptors, which 
mediate glutamate excitatory inputs, become especially 
effi  cacious in the late phase.28,29 This switch of sensitivity 
to diff erent pharmacological compounds is indicative of 
loss of inhibition in ongoing SE,30 and in-vitro models 
show that GABAA receptors are internalised into the 
neuronal cytoplasm.31 From these fi ndings, the window 
for successful pharmacological intervention with 
antiepileptic compounds, including benzodiazepines, 
seems short. However, there is still no clinical evidence 
that refractoriness is exclusively accounted for by loss of 
inhibition. The various causes and biological backgrounds 
encountered in patients with SE are distinct from the 
controlled and uniform laboratory conditions for rodents, 
and are an important limitation to the translation of these 
fi ndings to people.

Basic principles of SE treatment
The principal aims in treatment of a patient with SE are 
to achieve rapid control of seizures and to avoid 
complications. During the early stages, imitators should 
be ruled out, since the correct diagnosis could be 
impossible to make once a patient has been placed under 

pharmacological coma, potentially leading to dangerous 
iatrogenic complications. Acute movement disorders, 
such as focal or segmental dystonias, tremors, and 
choreatic movements,32 can sometimes present 
unilaterally in confused patients. At times, clonus in the 
context of spasticity, which is lost after a passive 
movement, or shivering in a sedated patient, characterised 
by high-frequency, rhythmic, proximally located 
movements, can be mistaken for SE. One especially 
challenging group is those with psychogenic non-
epileptic seizures (PNES). By contrast with seizures, 
PNES episodes are suggestion-prone, generally not 
stereotyped, and can occur with or without subjective 
consciousness impairment. During the ictus, the eyes 
are often closed, ventilatory drive is maintained, and the 
episode can present as uncoordinated, discontinuous, 
and fl uctuating in intensity.33 Importantly, physical 
injuries might be recorded in patients having PNES.34 A 
substantial proportion of patients with PNES have 
longlasting seizures that can be misdiagnosed as SE 
(accounting for up to 50% of patients treated for RSE in a 
retrospective study), leading to intensive care admissions 
with much risk of overtreatment.34–36 Laboratory studies 
can be helpful in this setting; by contrast with patients 
with SE, patients with PNES do not have raised serum 
lactate, prolactin, or creatine kinase. 

Impending and early SE
(5–30 min) Intravenous benzodiazepine

Lorazepam 0·1 mg/kg, or clonazepam 0·015 mg/kg, 
or midazolam 0·2 mg/kg 

Intravenous antiepileptic drug
Phenytoin 20 mg/kg, or valproate 20–30 mg/kg,
or levetiracetam 20–30 mg/kg 

Pentobarbital (thiopental) 
5 mg/kg (1 mg/kg)→1–5 mg/kg/h  

Other approaches
Surgery, VNS, rTMS, 
ECT, hypothermia,
ketogenic diet

Other anaesthetics 
Isoflurane, desflurane, 
ketamine

Other drugs
Lidocaine, verapamil, 
magnesium, 
immunomodulation

Generalised-convulsive 
(or subtle) SE

Focal-complex,myoclonic, 
or absence SE

Intravenous midazolam
0·2 mg/kg →0·2–0·6 mg/kg/h
and/or
Intravenous propofol
2 mg/kg→2–10 mg/kg/h*

Further intravenous or oral 
antiepileptic drug
Valproate*, levetiracetam, 
lacosamide, topiramate, 
pregabalin, or other

Established and early
refractory SE
(30 min–48 h)

Late refractory SE
(>48 h)

Figure: Status epilepticus treatment
Increasing refractoriness is indicated by the background green intensity. Light blue=fi rst-line drugs. Dark blue=second-
line drugs. Orange=third line drugs. *Great caution is needed for use of valproate in children younger than 2 years 
(because of hepatic toxicity), and propofol in young children (because of propofol infusion syndrome). In this setting, 
benzodiazepines, phenytoin, and barbiturates are the most widely used options. VNS=vagus nerve stimulation. 
rTMS=repetitive transcranial magnetic stimulation. ECT=electroconvulsive therapy. SE=status epilepticus. 

Rossetti & Lowenstein. Management of refractory status epilepticus in adults: still more questions than answers. Lancet Neurol. 2011; 10: 922-930 12 
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�  Leppik et al. 1983 
-  70 adults with convulsive SE 

-  SE episode were in controlled in 
-  89% with LZP 

-  76% with DZP 

�  Treiman et al. 1998 (“The VA 
affairs study) 
-  384 patients 

-  SE episode were in controlled in: 
-  64.9% with LZP 0.1mg/kg 
-  58.2% with PB 15mg/kg 

-  55.8% with DZP 0.15 mg/kg + PHT 
18 mg/kg 

-  43.6% with PHT 18 mg/kg 

�  Alldrege et al. 2001 
-  205 adult patients 

-  SE episode were in controlled in: 
-  21% with placebo 

-  42.5% with DZP 

-  59.1% with LZP 

�  Silbergleit et al. 2012 
(RAMPART) 
-  893 adults and pediatric  

-  SE was controlled in: 
-  63.4% for iv LZP 4 mg 

-  73.4% for im MDZ 10 mg 

1ère ligne: les benzodiazépines 

13 
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1ère ligne: les benzodiazépines 

Brophy et al.. Guidelines for the evaluation and management of status epilepticus. Neurocrit care. 2012; 17: 3-23   

Clonazepam (Rivotril) ? 

14 
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�  Comparaison de CLZ, LZP et MDZ Alvarez Epilepsia 2015 

-  177 patients, prospective, 4 centres 

Clonazepam pour l’état de mal: quelles évidences? 

United Kingdom, Korea, South Africa, and Turkey, (i.v.)
clonazepam (CLZ) is also registered and used widely for SE
treatment,11 despite the relatively limited evidence support-
ing its use. In addition, in some countries there has been a
lack of availability of LZP intravenous formulation, leading
to the use of alternative compounds.

Like LZP and MDZ, CLZ has a high affinity for the c-
aminobutyric acid (GABA)A receptor.12 LZP and CLZ are
both highly lipophilic, allowing rapid onset of effects in the
brain.13 In addition, CLZ has a much longer elimination
half-life (19–60 H) than LZP (7–26 h) or MDZ (1–
4 H).12,14 Neither LZP nor CLZ have any active metabolite,
whereas the MDZ metabolite 1-hydroxymidazolam
displays an equal activity similar to midazolam; also the
glucuronidated 1-OH-midazolam can critically (up to
5–10 times) prolong the sedative action in case of renal
insufficiency.15

Despite its favorable pharmacologic profile, CLZ has not
been specifically assessed in SE trials, and there are no
available observational studies comparing these three medi-
cations to support the current widespread use of CLZ
outside North America. To evaluate the efficacy of intrave-
nous CLZ as a first-line drug in SE treatment compared to
intravenous LZP and MDZ, we analyzed a multicenter
prospective cohort of patients with SE.

Methods
Primary research question

The primary research question is to compare practice var-
iability in the use of BZDs and efficacy of CLZ, LZP, and
MDZ as a first-line agent in SE management.

Cohort and SE definition
Clinical data were prospectively collected in an observa-

tional cohort of consecutive adult patients (>16 years) with
SE of all etiologies (except postanoxic SE) admitted to four
university tertiary care centers, from February 1, 2013 at the
Centre Hospitalier Universitaire Vaudois (Lausanne, Swit-
zerland); from June 1, 2013 at the Brigham and Women’s
Hospital and the Massachusetts General Hospital (Boston,
MA, U.S.A.); and from November 1, 2013 at the Beth Israel

Deaconess Medical Center (Boston, MA, U.S.A.), all
through March 31, 2014. Because all patients with sus-
pected SE at each institution have electroencephalography
(EEG) studies within 24 h, subjects were screened through
daily review of all EEG studies ordered during that period.
VA (for the centers in Boston) and AOR (at the CHUV)
checked inclusion criteria for each subject and collected the
data prospectively and on a daily basis. Both authors have a
longstanding collaboration in SE registry,16–18 helping to
ensure uniformity in data collection. SE was defined as the
occurrence of an ongoing epileptic seizure or repeated epi-
leptic seizures, without full recovery between seizures for
more than 5 min.5 EEG diagnosis was required for noncon-
vulsive SE in accordance with recently published criteria.19

We identified every patient for whom i.v. CLZ, LZP, or
MDZ was administered as first-line treatment. Intravenous
CLZ is approved in Switzerland for the treatment of SE and
is the drug of choice used in the CHUV. LZP is the first-line
drug most commonly used in the three hospitals in Boston,
and is also available in Switzerland. MDZ is an alternative
drug used in all centers.

Local treatment protocols/recommendations
The four involved centers have antiseizure treatment pro-

tocols/recommendations based on current guidelines and
recommendations5,20 including:
1 An emergent initial therapy of a benzodiazepine (or first
line):
a For the CHUV: CLZ 0.015 mg/kg or MDZ 0.15 mg/

kg or LZP 0.1 mg/kg, with CLZ being preferred.
b For the Boston centers: LZP 0.1 mg/kg or diazepam

(DZP) 0.25 mg/kg or MDZ 0.15 mg/kg, with LZP
being preferred.

2 An urgent seizure control therapy (or second line)
a In the four centers: phenytoin (PTH)/fosphenytoin

(fPTH) 20 mg/kg or valproic acid (VPA) 20–30 mg/
kg or levetiracetam (LEV) 20–30 mg/kg (or pheno-
barbital 10–20 mg/kg at 50–100 mg/min for U.S. cen-
ters only).

3 Refractory SE management (>30 min) (or third line):
a In case of convulsive SE: Coma induction with MDZ

and/or propofol or barbiturates.
b In case of focal SE without severe consciousness

impairment: addition of nonsedative antiseizures
drugs: PTH/fPTH 20 mg/kg or VPA 20–30 mg/kg or
LEV 20–30 mg/kg or lacosamide (LCM) 200–
400 mg.

Definition of variables
Demographics recorded included age and gender. Worst

seizure type was categorized as focal seizure with con-
sciousness impairment, focal seizure without consciousness
impairment, generalized convulsive seizures, absence sei-
zures, myoclonic seizures,21 and nonconvulsive SE in coma
(NCSEC). Level of consciousness before treatment was

Key Points
• Clonazepam seems to be an effective alternative to lo-
razepam and midazolam as first-line treatment of sta-
tus epilepticus.

• Lorazepam is underdosed in the majority of cases.
• Practice variability of initial treatment influences the
risk of refractoriness and the number of antiseizure
drugs used but not outcome at hospital discharge.

Epilepsia, 56(8):1275–1285, 2015
doi: 10.1111/epi.13056

1276

V. Alvarez et al.
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-  MDZ im 10 mg pour adulte 

-  CLZ iv 0.015 mg/kg -> 1 mg pour adulte (ev répéter) 

-  Si disponible LZP 0.1 mg/kg (4 mg d’abord, à répéter) 

1ère ligne: résumé pratique 
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2ème ligne 
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Functional outcome seems to be poor after RSE,6 
especially generalised convulsive RSE.18 The likelihood of 
a return to baseline clinical conditions after RSE is as low 
as 21%, as opposed to 63% for non-refractory SE. The 
need for admission to acute rehabilitation facilities for 
surviving patients doubles after RSE compared with non-
refractory SE (82% vs 35%).6

Rationale for early treatment
In view of the danger of RSE and the eff ects of duration 
on outcome, broad consensus exists about the need for 
timely and eff ective pharmacological treatment.5,19–22 
Additionally, data from the Veteran Aff airs Cooperative 
Study23 showed that SE treatment becomes less eff ective 
as the episode becomes more protracted; subtle SE (or 
non-convulsive SE with coma), a form usually indicative 
of a longer duration, was controlled by the fi rst medication 
in 15% of patients compared with 55% in overt, convulsive 
SE. Furthermore, a second or third agent was eff ective in 
less than 10% of patients in either condition.24

Generalised convulsive SE can cause many systemic 
complications, including cardiac arrhythmias, tempera-
ture disturbances, electrolyte and glucose im balance, 
rhabdomyolysis, and pulmonary oedema.25,26 Apart from 
rhabdomyolysis, these consequences can also be recorded 
in laboratory models after inhibition of muscular 
convulsions.27 Mechanisms related to refractoriness to 
treatment have been elucidated in animal models in the 
past few decades. Self-sustained SE in rats, induced by 
repetitive electrical stimulation of limbic structures, 
responds to benzodiazepines (GABAA receptor agonists) 
or phenytoin (a sodium-channel blocker) only if they are 
administered early (ie, within the fi rst few minutes). 
With time, SE becomes progressively resistant to these 
agents, whereas antagonists of NMDA receptors, which 
mediate glutamate excitatory inputs, become especially 
effi  cacious in the late phase.28,29 This switch of sensitivity 
to diff erent pharmacological compounds is indicative of 
loss of inhibition in ongoing SE,30 and in-vitro models 
show that GABAA receptors are internalised into the 
neuronal cytoplasm.31 From these fi ndings, the window 
for successful pharmacological intervention with 
antiepileptic compounds, including benzodiazepines, 
seems short. However, there is still no clinical evidence 
that refractoriness is exclusively accounted for by loss of 
inhibition. The various causes and biological backgrounds 
encountered in patients with SE are distinct from the 
controlled and uniform laboratory conditions for rodents, 
and are an important limitation to the translation of these 
fi ndings to people.

Basic principles of SE treatment
The principal aims in treatment of a patient with SE are 
to achieve rapid control of seizures and to avoid 
complications. During the early stages, imitators should 
be ruled out, since the correct diagnosis could be 
impossible to make once a patient has been placed under 

pharmacological coma, potentially leading to dangerous 
iatrogenic complications. Acute movement disorders, 
such as focal or segmental dystonias, tremors, and 
choreatic movements,32 can sometimes present 
unilaterally in confused patients. At times, clonus in the 
context of spasticity, which is lost after a passive 
movement, or shivering in a sedated patient, characterised 
by high-frequency, rhythmic, proximally located 
movements, can be mistaken for SE. One especially 
challenging group is those with psychogenic non-
epileptic seizures (PNES). By contrast with seizures, 
PNES episodes are suggestion-prone, generally not 
stereotyped, and can occur with or without subjective 
consciousness impairment. During the ictus, the eyes 
are often closed, ventilatory drive is maintained, and the 
episode can present as uncoordinated, discontinuous, 
and fl uctuating in intensity.33 Importantly, physical 
injuries might be recorded in patients having PNES.34 A 
substantial proportion of patients with PNES have 
longlasting seizures that can be misdiagnosed as SE 
(accounting for up to 50% of patients treated for RSE in a 
retrospective study), leading to intensive care admissions 
with much risk of overtreatment.34–36 Laboratory studies 
can be helpful in this setting; by contrast with patients 
with SE, patients with PNES do not have raised serum 
lactate, prolactin, or creatine kinase. 

Impending and early SE
(5–30 min) Intravenous benzodiazepine

Lorazepam 0·1 mg/kg, or clonazepam 0·015 mg/kg, 
or midazolam 0·2 mg/kg 

Intravenous antiepileptic drug
Phenytoin 20 mg/kg, or valproate 20–30 mg/kg,
or levetiracetam 20–30 mg/kg 

Pentobarbital (thiopental) 
5 mg/kg (1 mg/kg)→1–5 mg/kg/h  

Other approaches
Surgery, VNS, rTMS, 
ECT, hypothermia,
ketogenic diet

Other anaesthetics 
Isoflurane, desflurane, 
ketamine

Other drugs
Lidocaine, verapamil, 
magnesium, 
immunomodulation

Generalised-convulsive 
(or subtle) SE

Focal-complex,myoclonic, 
or absence SE

Intravenous midazolam
0·2 mg/kg →0·2–0·6 mg/kg/h
and/or
Intravenous propofol
2 mg/kg→2–10 mg/kg/h*

Further intravenous or oral 
antiepileptic drug
Valproate*, levetiracetam, 
lacosamide, topiramate, 
pregabalin, or other

Established and early
refractory SE
(30 min–48 h)

Late refractory SE
(>48 h)

Figure: Status epilepticus treatment
Increasing refractoriness is indicated by the background green intensity. Light blue=fi rst-line drugs. Dark blue=second-
line drugs. Orange=third line drugs. *Great caution is needed for use of valproate in children younger than 2 years 
(because of hepatic toxicity), and propofol in young children (because of propofol infusion syndrome). In this setting, 
benzodiazepines, phenytoin, and barbiturates are the most widely used options. VNS=vagus nerve stimulation. 
rTMS=repetitive transcranial magnetic stimulation. ECT=electroconvulsive therapy. SE=status epilepticus. 

Rossetti & Lowenstein. Management of 
refractory status epilepticus in adults: still more 
questions than answers. Lancet Neurol. 2011; 
10: 922-930 
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�  A admistrer si crises subsistent après les BZD 
�  A adminstrer également si réponse pour éviter 

récidives 
-  En règle général toujours associé à la première ligne 

�  Choix entre certains AED non sédatifs disponibles 
iv:  
-  Phénytoïne 
-  Valproate 
-  Levetiracetam 
-  (Lacosamide) 

2ème ligne de traitment 

18 
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�  Dose: 
-  20 mg/kg, si pas d’effet, re-charge avec 5-10 mg/kg 

-  Alkaline (pH 12) 
-  Vitesse de perfusion limitée par hypotension (1.5%) et arrhythmies 

(2%) 
-  Max 50 mg/min, voire même 20mg/min chez les > de 70 ans. 
-  Monitoring ECG et TA indispensable 

�  Controler les taux 
�  CAVE:  

-  purple glove syndrome 

�  fos-phenytoin? 
-  Avantages pas clairs et $$$$ 
-  pas disponible en CH 

2ème ligne: phénytoïne 
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�  Dose: 
-  Charge 20-40 mg/kg jusqu’à 200 mg/min 

�  Pas d’hypotension, ni d’arrhythmies, ni réaction 
allergique 

�  Efficacité: 
-  rapportée jusqu’à 87% Gilad Acta Neurol Scandinavia 2000 

-  Et bien toléré… Sinha Neurology 2000 

�  Action dès 30 minutes 
�  CAVE: 

-  Peut provoquer une hyperammoniémie 
-  Parfois démasque des déficience en OCT ou autre anomalie du cycle 

de Krebs 
-  chez patients avec maladie hépatique et chez les enfants 
-  Pancréatite 
-  Risque théorique augmenté d’hémorragie car baisse la fct 

plaquettaire in vitro 

2ème ligne: Valproate 
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�  Dose: 
-  Charge entre 20 et 60 mg/kg 

�  10 études 
-  Dose 250-2500mg 
-  Efficacité dans les études prospectives: 44-75% 
-  Etudes retrospectives: 52-94% 

�  CAVE comorbidité psychiatrique 
-  Rarement un problème en phase hyper-aigue 

2ème ligne: Levetiracetam 
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�  Une seule étude rétrospective qui compare les 3 
après un échec des BZD Alvarez Epilepsia 2011 

-  Echec de la 2ème ligne:  
-  VPA 20 mg/kg: 25.42% 
-  PHT 20 mg/kg: 44.2% 
-  LEV 20 mg/kg: 48.27% 
-  Après correction pour les facteurs confondants, le VPA reste 

significtivement meilleur que le LEV (OR: 2.69 pour un échec de la 
2ème ligne si le Keppra est choisi) 

�  ESETT (Established Status Epilepticus Treatment 
Trial) 
-  Clinicaltrial.gov : NCT01960075 
-  Randomisation entre les trois 
-  Enrolle depuis octobre 2015 

à Fin 2019 

2ème ligne: lequel choisir? 
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Traitement initiale: attitude pragmatique 

In#hospital:"Intravenous"lorazepam"0.1"mg/kg,"midazolam"0.15"mg/kg"or"clonazepam"0.015"mg/kg"
or"

Pre#hospital:"Midazolam"10"mg"intramuscular"

EtOH"or"BZD"withdrawal"

Further"BZD"treatment""
+""

iv"thiamine"if"EtOH"

Not"in"a"seIng"of"severe"glycemic"
disturbances"nor"EtOH"withdrawal"

No"history"of"
hepaLc"disease"
and"no"mulLple"
premorbid"drugs"

PHT/fPHT"20"mg/kg"iv"
or""

VPA"20R30"mg/kg"iv"
or"

LEV"20R30"mg/kg"iv"

"History"of"
HepaLc"disease"

LEV"20R30"mg/kg"
iv"

MulLple"
premorbid"
treatment""

(drug"interacLon)"

No"available"informaLon"

First"treatment"
Immediately"

Ra
pi
d"
cli
ni
ca
l"a
ss
es
sm

en
t/

Rapid"
second"

treatment"

History"of"I/GGE" De"novo""SE"or"history"of"
epilepsy"other"than"I/GGE"

VPA"20R30"mg/kg"iv"

Severe"glycemic"
disturbances"

Glucose"level"
control"

Alvarez & Rossetti J Clin Neurophysiol 2016 

INVITED REVIEW

Monotherapy or Polytherapy for First-Line Treatment of SE?

Vincent Alvarez*†‡ and Andrea O. Rossetti*

Summary: Status epilepticus (SE) is one of the most frequent neurologic
emergencies, and a rapid and effective treatment is warranted. Current
guidelines recommend a stepwise approach using a sequence of different
antiepileptic drugs with benzodiazepines (BZD) being the first treatment
proposed. To provide the more effective treatment as soon as possible, some
authors have suggested using a combined polytherapy as first-line treatment.
Strong evidence supports the use of benzodiazepines, mostly lorazepam and
midazolam as initial monotherapy treatment for SE. Insufficient data are
available to support the use of nonsedating antiepileptic drugs as phenytoin,
valproic acid, or levetiracetam without a previous benzodiazepine adminis-
tration. Studies assessing the role of a combined initial therapy are rare, if not
missing. Moreover, owing the wide range of SE etiologies, a “one fits all”
initial polytherapy seems difficult to achieve. After reviewing the available
evidence, guidelines, and current practices regarding monotherapy and
polytherapy as first-line treatment in SE in adults, the authors propose
a rational algorithm for early antiseizure treatment in SE.

Key Words: Benzodiazepine, Treatment algorithm, Emergency, Neuro-
critical care.

(J Clin Neurophysiol 2016;33: 14–17)

Status epilepticus (SE) is one of the most frequent neurologic
emergencies and is associated with a high mortality ranging

from 3% to 33% (Koubeissi and Alshekhlee, 2007), (Knake et al.,
2001), (Vignatelli et al., 2003); therefore, a rapid and effective
treatment is recommended (Brophy et al., 2012), (Meierkord et al.,
2010). Current American (Brophy et al., 2012) and European
(Meierkord et al., 2010) guidelines suggest a stepwise approach
using a sequence of different antiepileptic drugs (AED). The first
recommended line of treatment is an intravenous benzodiazepine
(BZD), based on class I evidence (Leppik et al., 1983), (Treiman
et al., 1998), (Alldredge et al., 2001), (Silbergleit et al., 2012). In
case of ongoing seizures, a “second line” of AED is proposed.
However, to provide a more rapid and incisive treatment, some
authors have proposed to use a combined polytherapy as first line,
by merging the first and second line (Millikan et al., 2009),
(Navarro et al., 2011).

The aim of this article is to review the available data and
current practice regarding the early antiseizure medication in SE and

to clarify if there is enough evidence supporting rather a monotherapy
or a combined polytherapy approach for the initial antiseizure
treatment in SE management in adults.

MONOTHERAPY FOR FIRST-LINE TREATMENT:
EXISTING EVIDENCE

Benzodiazepines
Several randomized-control studies showing the efficacy of

BZD as first-line therapy have been published. The first one was
performed in the early 80s (Leppik et al., 1983); a total of 70 adult
patients with all type of SE were randomized between intravenous
lorazepam (LZP) 4 mg or intravenous diazepam (DZP) 10 mg.
Lorazepam controlled the seizures in 89% of cases and DZP in 76%;
this difference did not reach a statistical significance. The Veteran
Affairs cooperative study (Treiman et al., 1998), performed the
following decade, was a double-blind trial conducted in 16 centers in
the United States, and randomized 384 patients with generalized
convulsive SE into 4 arms: intravenous LZP 0.1 mg/kg, intravenous
phenobarbital 15 mg/kg, intravenous DZP 0.15 mg/kg associated
with intravenous phenytoin (PHT) 18 mg/kg, or intravenous PHT 18
mg/kg alone. Lorazepam was the most efficient to stop the seizure
with 64.9% of success; this was statistically better than PHT alone. A
third study randomized in a prehospital setting, 205 patients with
general convulsive SE between intravenous LZP 2 mg, intravenous
DZP 5 mg, and placebo (Alldredge et al., 2001). Only 21.1% of the
SE episodes were controlled by placebo, whereas DZP and LZP
stopped the seizures in 42.6% and 59.1% of cases, respectively; here,
again there was no statistical difference among the benzodiazepines,
whereas both agents were better than placebo. The RAMPART study
is the most recent trial (Silbergleit et al., 2012), where 893 adult and
pediatric patients with generalized convulsive SE were randomized
to intravenous LZP 4 mg and intramuscular (im) midazolam (MDZ)
10 mg for emergent prehospital treatment and designed as a non-
inferiority trial. There was a trend in favor of im MDZ over
intravenous LZP for early seizure control (73.4% vs. 63.4%); this
difference is likely explained by the speed and easiness of
administration rather than the drug itself. Indeed, in that trial, the
im route was clearly faster than the intravenous one.

Finally, it is also important to mention that intravenous
clonazepam (CLZ) 0.015 mg/kg, which is registered and used in
many European and South American countries to treat SE (Shorvon
et al., 2008), has been far less extensively studied than the
aforementioned compounds. A trial performed in 61 patients with
severe refractory epilepsy and repeated episodes of SE found that the
CLZ efficacy was comparable with LZP (Sorel et al., 1981), and an
open study reported CLZ to be rapidly effective and safe in SE
management with a mean time to seizure control of 1.75 minutes
(Singh and Le Morvan, 1982). More recently, an observational study
of 177 SE (Alvarez et al., 2015) showed that CLZ seems to be an
effective alternative to LZP and MDZ.
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Prehospital treatment with levetiracetam plus clonazepam 
or placebo plus clonazepam in status epilepticus 
(SAMUKeppra): a randomised, double-blind, phase 3 trial
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Summary
Background Generalised convulsive status epilepticus (GCSE) should be treated quickly. Benzodiazepines are the only 
drug treatment available so far that is eff ective before admission to hospital. We assessed whether addition of the 
antiepileptic drug levetiracetam to the benzodiazepine clonazepam would improve prehospital treatment of GCSE.

Methods We did a prehospital, randomised, double-blind, phase 3, placebo-controlled, superiority trial to determine 
the effi  cacy of adding intravenous levetiracetam (2·5 g) to clonazepam (1 mg) in treatment of GCSE in 13 emergency 
medical service centres and 26 hospital departments in France. Randomisation was done at the Paris Descartes 
Clinical Research Unit with a list of random numbers generated by computer. Adults with convulsions lasting longer 
than 5 min were randomly assigned (1:1) by prehospital physicians to receive levetiracetam or placebo in combination 
with clonazepam. All physicians and paramedics were masked to group assignments. If the status epilepticus lasted 
beyond 5 min after drug injection, a second dose of 1 mg clonazepam was given. The primary outcome was cessation 
of convulsions within 15 min of drug injection. We analysed the modifi ed intention-to-treat population that had 
received at least one injection of clonazepam and levetiracetam or placebo, excluding patients without valid consent 
and those randomised more than once. The trial is registered at EudraCT, number 2007-005782-35.

Findings Between July 20, 2009, and Dec 15, 2012, 107 patients were randomly assigned to receive placebo and 96 were 
assigned to receive levetiracetam. The trial was discontinued on Dec 15, 2012 when interim analysis showed no 
evidence of a treatment diff erence, and 68 patients in each group were included in the modifi ed intention-to-treat 
analysis. Convulsions stopped at 15 min of drug injection in 57 of 68 patients (84%) receiving clonazepam and placebo 
and in 50 of 68 patients (74%) receiving clonazepam and levetiracetam (percentage diff erence –10·3%, 95% CI 
–24·0 to 3·4). Three deaths, 19 of 47  (40 %) serious adverse events, and 90 of 197 (46%) non-serious events were 
reported in the levetiracetam group, and four deaths, 28 of 47 (60%) serious events, and 107 of 197 (54%) non-serious 
events were reported in the placebo group.

Interpretation The addition of levetiracetam to clonazepam treatment presented no advantage over clonazepam 
treatment alone in the control of GCSE before admission to hospital. Future prehospital trials could assess the effi  cacy 
of clonazepam alone as a fi rst-line treatment in status epilepticus and the effi  cacy of a second injection of clonazepam 
with another antiepileptic drug as second-line treatment. 

Funding UCB Pharma. 

Introduction
Generalised convulsive status epilepticus (GCSE) is a life-
threatening neurological emergency. Mortality can range 
from 5% to 45%, according to cause and management.1–3 
Morbidity, usually cognitive impairment due to excitotoxic 
neuronal death, can reach 25% in refractory status.4 
Benzodiazepines, injected intra venously or intra-
muscularly, are the recommended initial drug treatment 
for GCSE.5,6 Within this drug class, lorazepam and 
midazolam do not control GCSE in 30–40% of patients; 
thus, the use of other antiepileptic drugs should be 
examined. The sooner drugs are given, the more likely 
GCSE will be controlled.7–9 Treatment before admission to 
hospital should be emphasised, but the few studies done 
at this stage have examined only benzodiazepine 
treatment.5,6

GCSE might be more quickly interrupted and better 
controlled by combining two drugs that act on diff erent 
pathways than with benzodiazepines alone.10 Our trial 
therefore conformed to an add-on design following 
guidelines to treat status epilepticus with an initial 
benzodiazepine treatment and then added another 
antiepileptic drug.11 Levetiracetam has fewer known side-
eff ects than other antiepileptic drugs used in status 
epilepticus (eg, phenytoin and phenobarbital) and has 
effi  cacy in a wider range of types of epilepsy.12  Effi  cacy of 
intravenous levetiracetam has been reported in many 
open-label case-series in adults and children with status 
epilepticus since 2007.12 These uncontrolled, non-
randomised studies reported a success rate of around 
70%.13 A prospective, randomised, open-label pilot study14 
suggested that levetiracetam was equivalent to lorazepam 
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antiepileptic drug levetiracetam to the benzodiazepine clonazepam would improve prehospital treatment of GCSE.

Methods We did a prehospital, randomised, double-blind, phase 3, placebo-controlled, superiority trial to determine 
the effi  cacy of adding intravenous levetiracetam (2·5 g) to clonazepam (1 mg) in treatment of GCSE in 13 emergency 
medical service centres and 26 hospital departments in France. Randomisation was done at the Paris Descartes 
Clinical Research Unit with a list of random numbers generated by computer. Adults with convulsions lasting longer 
than 5 min were randomly assigned (1:1) by prehospital physicians to receive levetiracetam or placebo in combination 
with clonazepam. All physicians and paramedics were masked to group assignments. If the status epilepticus lasted 
beyond 5 min after drug injection, a second dose of 1 mg clonazepam was given. The primary outcome was cessation 
of convulsions within 15 min of drug injection. We analysed the modifi ed intention-to-treat population that had 
received at least one injection of clonazepam and levetiracetam or placebo, excluding patients without valid consent 
and those randomised more than once. The trial is registered at EudraCT, number 2007-005782-35.

Findings Between July 20, 2009, and Dec 15, 2012, 107 patients were randomly assigned to receive placebo and 96 were 
assigned to receive levetiracetam. The trial was discontinued on Dec 15, 2012 when interim analysis showed no 
evidence of a treatment diff erence, and 68 patients in each group were included in the modifi ed intention-to-treat 
analysis. Convulsions stopped at 15 min of drug injection in 57 of 68 patients (84%) receiving clonazepam and placebo 
and in 50 of 68 patients (74%) receiving clonazepam and levetiracetam (percentage diff erence –10·3%, 95% CI 
–24·0 to 3·4). Three deaths, 19 of 47  (40 %) serious adverse events, and 90 of 197 (46%) non-serious events were 
reported in the levetiracetam group, and four deaths, 28 of 47 (60%) serious events, and 107 of 197 (54%) non-serious 
events were reported in the placebo group.

Interpretation The addition of levetiracetam to clonazepam treatment presented no advantage over clonazepam 
treatment alone in the control of GCSE before admission to hospital. Future prehospital trials could assess the effi  cacy 
of clonazepam alone as a fi rst-line treatment in status epilepticus and the effi  cacy of a second injection of clonazepam 
with another antiepileptic drug as second-line treatment. 

Funding UCB Pharma. 

Introduction
Generalised convulsive status epilepticus (GCSE) is a life-
threatening neurological emergency. Mortality can range 
from 5% to 45%, according to cause and management.1–3 
Morbidity, usually cognitive impairment due to excitotoxic 
neuronal death, can reach 25% in refractory status.4 
Benzodiazepines, injected intra venously or intra-
muscularly, are the recommended initial drug treatment 
for GCSE.5,6 Within this drug class, lorazepam and 
midazolam do not control GCSE in 30–40% of patients; 
thus, the use of other antiepileptic drugs should be 
examined. The sooner drugs are given, the more likely 
GCSE will be controlled.7–9 Treatment before admission to 
hospital should be emphasised, but the few studies done 
at this stage have examined only benzodiazepine 
treatment.5,6

GCSE might be more quickly interrupted and better 
controlled by combining two drugs that act on diff erent 
pathways than with benzodiazepines alone.10 Our trial 
therefore conformed to an add-on design following 
guidelines to treat status epilepticus with an initial 
benzodiazepine treatment and then added another 
antiepileptic drug.11 Levetiracetam has fewer known side-
eff ects than other antiepileptic drugs used in status 
epilepticus (eg, phenytoin and phenobarbital) and has 
effi  cacy in a wider range of types of epilepsy.12  Effi  cacy of 
intravenous levetiracetam has been reported in many 
open-label case-series in adults and children with status 
epilepticus since 2007.12 These uncontrolled, non-
randomised studies reported a success rate of around 
70%.13 A prospective, randomised, open-label pilot study14 
suggested that levetiracetam was equivalent to lorazepam 
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p values of less than 0·05 were deemed statistically 
signifi cant in comparisons of effi  cacy and safety. 
Homogeneity of treatment eff ects across subgroups for 
effi  cacy endpoints was assessed with a binomial model 
with terms for treatment, subgroup, and treatment 
interaction with subgroup. Statistical analyses were done 
with R statistical software version 2.11.1. The trial is 
registered at EudraCT (number 2007-005782-35).

Role of the funding source
The DRCD of Assistance Publique-Hôpitaux de Paris, a 
non-profi t public health research organisation that 
sponsored this study, received funding from UCB 
Pharma. The funder had no role in study design, in 
collection, analysis, and interpretation of data, or in 
writing of the report. VN, CE, SU, and J-MT had full 
access to all the data in the study and VN had fi nal 
responsibility for the decision to submit for publication.

Results
The study was discontinued after six interim analyses on 
125 patients in total, when the Whitehead’s triangular 

test showed no evidence of a diff erence between 
levetiracetam and placebo (fi gure 1). Interim analyses 
were done for every 20 patients treated, except for the 
third analysis, which was done after treatment of 25 new 
patients. Interim analyses were done as soon as 
20 patients with informed consent and primary endpoint 
were registered. In one interim analysis, 25 patients were 
available and were then included in the analysis.  Overall, 
we analysed results from the 125 patients who were 
included until the sixth interim analysis and 11 patients 
recruited during the last interim analysis (over-running 
procedure). 203 patients were randomly assigned from 
July 20, 2009, until Dec 15, 2012 (fi gure 2). 14 patients did 
not receive levetiracetam or placebo and were thus 
excluded from the modifi ed ITT analysis. 47 patients did 
not provide a valid informed consent and six patients 
were excluded from the modifi ed ITT analysis owing to 
re-enrolment. The two treatment groups (n=68 each) 
were well balanced with respect to demographic 
characteristics, presence or absence of a history of 
epilepsy, and accuracy of the diagnosis of status 
epilepticus (table 1, appendix). However, distribution of 

For R statistical software see 
http://cran.r-project.org

Clonazepam plus 
levetiracetam (n=68)

Clonazepam plus 
placebo (n=68)

RR (95% CI) p value

Primary outcome

Seizure cessation within 15 min of the onset of treatment

Modifi ed intention-to-treat analysis 50/68 (74%) 57/68 (84%) 0·88 (0·74–1·05) 0·14

Per-protocol analysis 46/61 (75%) 50/58 (86%) 0·87 (0·73–1·04) 0·14

Secondary outcomes*

Time between the fi rst injection and cessation of convulsions, min† 3 (0–50) 5 (0–41) ·· 0·97

Need for a second injection of clonazepam after 5 min 28/67 (42%) 28/65 (43%) 0·97 (0·65–1·44) 0·88

Need for injection of an antiepileptic drug after 15 min 19/67 (28%) 15/65 (23%) 1·23 (0·68–2·21) 0·49

Patients with waking signs at 35 min‡ 22/56 (39%) 21/51 (41%) 0·95 (0·60–1·51) 0·84

Endotracheal intubation for general anaesthesia at 35 min 9/68 (14%) 12/67 (18%) 0·95 (0·82–1·09) 0·45

Seizures at hospital arrival 1/68 (1%) 2/66 (3%) 0·49 (0·05–5·23) 0·62

Patients awake at hospital arrival‡ 29/39 (74%) 31/44 (70%) 0·87 (0·43–1·75) 0·69

Seizure recurrence during stay in hospital 7/67 (10%) 13/68 (19%) 0·55 (0·23–1·28) 0·16

Length of hospital stay, days

Overall 10 (1–15) 10 (1–15) ·· 0·95

In intensive care unit 3 (0–15) 3 (1–15) ·· 0·74

Post-hoc analyses

Delay between the fi rst and second injection of clonazepam, min 8 (5–25) 10 (5–25) 0·73

Cessation of convulsions at 35 min 55/68 (81%) 55/68 (81%) 1·00 (0·85–1·18) 1

Prehospital seizure recurrence in patients with seizure cessation within 
35 min of the onset of treatment‡

9/42 (21%) 11/49 (22%) 0·95 (0·44–2·08) 0·91

Neurological state at 15 days after admission to hospital, or earlier if discharged from hospital

Death§ 3/66 (5%) 4/65 (6%) 0·74 (0·17–3·17) 0·72

New neurological defi cit¶ 1/63 (2%) 8/61 (13%) 0·12 (0·02–0·94) 0·016

Data are in n/N (%)  or median (minimum/maximum values) unless otherwise indicated. RR=relative risk. *Comparison of the time between the fi rst injection and signs of 
awakening was not presented because of missing data (data not available in four of 30 awake patients [13%] in the levetiracetam group and seven of 28 awake patients 
[25%] in the placebo group). Comparison of Glasgow Coma Scale for patients without waking signs at 35 min was not presented because that population was too small (data 
available for 19 patients in the levetiracetam group and 11 patients in the placebo group). †In patients with seizures that stopped after the onset of the treatment. 
‡In patients without endotracheal intubation; waking signs are defi ned as either eyes opening or hand shaking in response to speech. §No death was judged to be a 
consequence of the drug treatments. ¶In alive patients. 

Table 2: Primary, secondary, and post-hoc outcomes

24 



| | 

3ème ligne 

www.thelancet.com/neurology   Vol 10   October 2011 923

Review

Functional outcome seems to be poor after RSE,6 
especially generalised convulsive RSE.18 The likelihood of 
a return to baseline clinical conditions after RSE is as low 
as 21%, as opposed to 63% for non-refractory SE. The 
need for admission to acute rehabilitation facilities for 
surviving patients doubles after RSE compared with non-
refractory SE (82% vs 35%).6

Rationale for early treatment
In view of the danger of RSE and the eff ects of duration 
on outcome, broad consensus exists about the need for 
timely and eff ective pharmacological treatment.5,19–22 
Additionally, data from the Veteran Aff airs Cooperative 
Study23 showed that SE treatment becomes less eff ective 
as the episode becomes more protracted; subtle SE (or 
non-convulsive SE with coma), a form usually indicative 
of a longer duration, was controlled by the fi rst medication 
in 15% of patients compared with 55% in overt, convulsive 
SE. Furthermore, a second or third agent was eff ective in 
less than 10% of patients in either condition.24

Generalised convulsive SE can cause many systemic 
complications, including cardiac arrhythmias, tempera-
ture disturbances, electrolyte and glucose im balance, 
rhabdomyolysis, and pulmonary oedema.25,26 Apart from 
rhabdomyolysis, these consequences can also be recorded 
in laboratory models after inhibition of muscular 
convulsions.27 Mechanisms related to refractoriness to 
treatment have been elucidated in animal models in the 
past few decades. Self-sustained SE in rats, induced by 
repetitive electrical stimulation of limbic structures, 
responds to benzodiazepines (GABAA receptor agonists) 
or phenytoin (a sodium-channel blocker) only if they are 
administered early (ie, within the fi rst few minutes). 
With time, SE becomes progressively resistant to these 
agents, whereas antagonists of NMDA receptors, which 
mediate glutamate excitatory inputs, become especially 
effi  cacious in the late phase.28,29 This switch of sensitivity 
to diff erent pharmacological compounds is indicative of 
loss of inhibition in ongoing SE,30 and in-vitro models 
show that GABAA receptors are internalised into the 
neuronal cytoplasm.31 From these fi ndings, the window 
for successful pharmacological intervention with 
antiepileptic compounds, including benzodiazepines, 
seems short. However, there is still no clinical evidence 
that refractoriness is exclusively accounted for by loss of 
inhibition. The various causes and biological backgrounds 
encountered in patients with SE are distinct from the 
controlled and uniform laboratory conditions for rodents, 
and are an important limitation to the translation of these 
fi ndings to people.

Basic principles of SE treatment
The principal aims in treatment of a patient with SE are 
to achieve rapid control of seizures and to avoid 
complications. During the early stages, imitators should 
be ruled out, since the correct diagnosis could be 
impossible to make once a patient has been placed under 

pharmacological coma, potentially leading to dangerous 
iatrogenic complications. Acute movement disorders, 
such as focal or segmental dystonias, tremors, and 
choreatic movements,32 can sometimes present 
unilaterally in confused patients. At times, clonus in the 
context of spasticity, which is lost after a passive 
movement, or shivering in a sedated patient, characterised 
by high-frequency, rhythmic, proximally located 
movements, can be mistaken for SE. One especially 
challenging group is those with psychogenic non-
epileptic seizures (PNES). By contrast with seizures, 
PNES episodes are suggestion-prone, generally not 
stereotyped, and can occur with or without subjective 
consciousness impairment. During the ictus, the eyes 
are often closed, ventilatory drive is maintained, and the 
episode can present as uncoordinated, discontinuous, 
and fl uctuating in intensity.33 Importantly, physical 
injuries might be recorded in patients having PNES.34 A 
substantial proportion of patients with PNES have 
longlasting seizures that can be misdiagnosed as SE 
(accounting for up to 50% of patients treated for RSE in a 
retrospective study), leading to intensive care admissions 
with much risk of overtreatment.34–36 Laboratory studies 
can be helpful in this setting; by contrast with patients 
with SE, patients with PNES do not have raised serum 
lactate, prolactin, or creatine kinase. 

Impending and early SE
(5–30 min) Intravenous benzodiazepine

Lorazepam 0·1 mg/kg, or clonazepam 0·015 mg/kg, 
or midazolam 0·2 mg/kg 

Intravenous antiepileptic drug
Phenytoin 20 mg/kg, or valproate 20–30 mg/kg,
or levetiracetam 20–30 mg/kg 

Pentobarbital (thiopental) 
5 mg/kg (1 mg/kg)→1–5 mg/kg/h  

Other approaches
Surgery, VNS, rTMS, 
ECT, hypothermia,
ketogenic diet

Other anaesthetics 
Isoflurane, desflurane, 
ketamine

Other drugs
Lidocaine, verapamil, 
magnesium, 
immunomodulation

Generalised-convulsive 
(or subtle) SE

Focal-complex,myoclonic, 
or absence SE

Intravenous midazolam
0·2 mg/kg →0·2–0·6 mg/kg/h
and/or
Intravenous propofol
2 mg/kg→2–10 mg/kg/h*

Further intravenous or oral 
antiepileptic drug
Valproate*, levetiracetam, 
lacosamide, topiramate, 
pregabalin, or other

Established and early
refractory SE
(30 min–48 h)

Late refractory SE
(>48 h)

Figure: Status epilepticus treatment
Increasing refractoriness is indicated by the background green intensity. Light blue=fi rst-line drugs. Dark blue=second-
line drugs. Orange=third line drugs. *Great caution is needed for use of valproate in children younger than 2 years 
(because of hepatic toxicity), and propofol in young children (because of propofol infusion syndrome). In this setting, 
benzodiazepines, phenytoin, and barbiturates are the most widely used options. VNS=vagus nerve stimulation. 
rTMS=repetitive transcranial magnetic stimulation. ECT=electroconvulsive therapy. SE=status epilepticus. 

Rossetti & Lowenstein. Management of 
refractory status epilepticus in adults: still more 
questions than answers. Lancet Neurol. 2011; 
10: 922-930 
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�  Supprimer complètement l’activité épileptique 
-  Hautes doses de « GABAergique » nécessaires et donc intubation 

�  Nécessite un monitoring EEG 
-  “Seizures suppression” 

-  « compliqué » à monitorer 
-  “Burst-Suppression” 

-  Plus simple, mais peut-être en lien avec un état hyperexcitable Amzica 
Epilepsia 2009 

-  “Suppression” 
-  probablement pas nécessaire et grosse doses de sédatifs nécessaires 

-  AUCUNE ÉVIDENCE pour choisir entre un de ces 3 patterns est 
mieux qu’un autre Classen Epilepsia 2003 (review) 

�  Quelle molécule utiliser? 
-  Propofol, dormicum, barbiturique, kétamine,…? 

“3ème ligne” : coma 
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�  The treatment 
-  Impact on mortality: 

-  Therapeutic coma using anesthetic drugs  
-  retrospective assessment of 126 SE patients treated in intensive 

care units  
-  IVAD à OR: 8.65 Kowalski et al. 2012 

-  prospective cohort of 171 SE treated in ICU  
-  IVAD à RR: 2.9 Sutter et al. 2014 

-  prospective cohort of 467 patients  
-  IVAD à RR: 9.1 Marchi et al. 2015 

Coma thérapeutique et mortalité 
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�  The treatment 
-  Impact on mortality: 

-  Does therapeutic coma using anesthetic drugs increased 
mortality? 

Coma thérapeutique et mortalité 
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�  The treatment 
-  Impact on mortality: 

-  Therapeutic coma using anesthetic drugs  

Coma thérapeutique et mortalité 
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�  The treatment 
-  “Cultural differences”? 

-  Use of IVAD in SE: 
-  5% in Germany Kellinghaus et al. 2012 

-  8% in Italy Vignatelli et al. 2005 

-  10.7% in Switzerland Marchi et al. 2015 

-  22% in France Aranda et al. 2010 

-  31% in the USA Claassen et al. 2002  
-  36% in the USA Cook et al. 2012  

-  Use of IVAD in RSE: 
-  30% in Switzerland Novy et al. 2010 
-  43% in Switzerland Sutter et al. 2013 
-  87.3% in the USA Hocker et al. 2013 

Factor associated with mortality 
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Différences culturelles ? 
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Therapeutic coma for status epilepticus
Differing practices in a prospective multicenter study

ABSTRACT

Objective: Our aim was to analyze and compare the use of therapeutic coma (TC) for refractory
status epilepticus (SE) across different centers and its effect on outcome.

Methods: Clinical data for all consecutive adults (.16 years) with SE of all etiologies (except
postanoxic) admitted to 4 tertiary care centers belonging to Harvard Affiliated Hospitals (HAH)
and the Centre Hospitalier Universitaire Vaudois (CHUV) were prospectively collected and ana-
lyzed for TC details, mortality, and duration of hospitalization.

Results: Two hundred thirty-six SE episodes in the CHUV and 126 in the HAH were identified.
Both groups were homogeneous in demographics, comorbidities, SE characteristics, and Status
Epilepticus Severity Score (STESS); TC was used in 25.4% of cases in HAH vs 9.75% in CHUV.
After adjustment, TC use was associated with younger age, lower Charlson Comorbidity Index,
increasing SE severity, refractory SE, and center (odds ratio 11.3 for HAH vs CHUV, 95% con-
fidence interval 2.47–51.7). Mortality was associated with increasing Charlson Comorbidity
Index and STESS, etiology, and refractory SE. Length of stay correlated with STESS, etiology,
refractory SE, and use of TC (incidence rate ratio 1.6, 95% confidence interval 1.22–2.11).

Conclusions: Use of TC for SE treatment seems markedly different between centers from the
United States and Europe, and did not affect mortality considering the whole cohort. However,
TC may increase length of hospital stay and related costs.

Classification of evidence: This study provides Class III evidence that for patients with SE, TC does
not significantly affect mortality. The study lacked the precision to exclude an important effect of
TC on mortality. Neurology® 2016;87:1650–1659

GLOSSARY
ASD 5 antiseizure drug; BZD 5 benzodiazepine; CCI 5 Charlson Comorbidity Index; CHUV 5 Centre Hospitalier Universi-
taire Vaudois; CIVAD5 continuous IV anesthetic drug; HAH5Harvard Affiliated Hospitals; ICU5 intensive care unit; LOS5
length of stay; NCSEC 5 nonconvulsive status epilepticus in coma; ROC 5 receiver operating characteristic; SE 5 status
epilepticus; STESS 5 Status Epilepticus Severity Score; TC 5 therapeutic coma.

Status epilepticus (SE) is a frequent life-threatening neurologic emergency1; rapid and effective
treatment is advocated. Treatment guidelines2,3 recommend a stepwise approach. Randomized
controlled trials4,5 have demonstrated the role of benzodiazepines (BZDs) as initial treatment. If
this fails, guidelines recommend the use of a nonsedative antiseizure drug (ASD), and when SE
is refractory, continuous IV anesthetic drugs (CIVADs) should be considered to induce ther-
apeutic coma (TC), especially in convulsive SE. The available evidence to guide clinical
decision-making is nevertheless of low level.1 The rationale of using TC is to stop seizure activity
to hypothetically prevent seizure-induced brain damage and to reduce cerebral metabolism6;
however, supporting data are missing.7

TC is resource-consuming: it requires an intensive care unit (ICU) and continuous EEG.8

Moreover, CIVADs are related to rare but potentially serious side effects, such as hemodynamic
instability, propofol infusion syndrome, propylene glycol toxicity (a vehicle for many anesthetic

From the Department of Neurology (V.A.), Hôpital du Valais, Sion; Department of Clinical Neurosciences (V.A., J.N., N.A.M., A.O.R.) and
Institute of Social and Preventive Medicine (M.F.), CHUV and University of Lausanne, Switzerland; Department of Neurology, Brigham and
Women’s Hospital (V.A., J.W.L., B.A.D.), Department of Neurology, Massachusetts General Hospital (M.B.W.), and Department of Neurology,
Beth Israel Deaconess Medical Center (F.W.D.), Harvard Medical School, Boston, MA; and Department of Clinical Neurosciences (N.A.M.),
Geneva University Hospitals, Switzerland.

Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.
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of TC and the involved center had no influence on
mortality (model goodness-of-fit: p 5 0.43, x2 5
348.8). The area under the ROC curve was 0.76
(95% confidence interval 0.69–0.83).

Details regarding the relationship between selected
variables and the LOS are shown in table 4. After
adjustment for relevant variables using a negative
binomial regression model, increasing STESS,
a potentially fatal etiology, refractory SE, and the
use of TC were significantly associated with longer
hospitalizations. The associated x2 value [chibar2
(01) 5 2178.29, Prob $ chibar2 5 0.000] of the
fitted multivariate model strongly suggests that a is
nonzero and the negative binomial model is more
appropriate than the Poisson model. The offset was
not used. Informal goodness-of-fit was checked by
plotting observed–predicted vs counts.

DISCUSSION This cohort study performed as a natu-
ral experiment shows that there are major differences in
the TC use between the 2 groups. Our study provides
Class III evidence that after controlling for SE severity
and patient comorbidities, TC was much more

frequent in the Boston hospitals as compared to the
Swiss center (adjusted odds ratio: 11.3). While there
was no increase of mortality with TC, it was associated
with increased duration of acute hospitalization.

The difference in TC preference between sites
may be explained by several factors. First, in the con-
text of relatively weak evidence supporting it, there
may be cultural differences and different practice hab-
its across different centers. Observational SE studies
have reported different rates of CIVAD prescription:
5% in Germany,18 8% in Italy,19 10.7%12 in Switzer-
land, 22% in France,20 and up to 31%21 or 36% in
the United States.22 The same is true when describing
treatment of refractory SE: CIVADs were used in
30%23 and 43%24 of patients in Switzerland, as
opposed to 87.3% in the United States.25 Three
recent studies performed in the United States and
Switzerland10–12 have questioned the risk/benefit ratio
of TC, with observational data showing an indepen-
dent association with worse outcome after correction
for major confounders. Nevertheless, more aggressive
treatment, including TC, is recommended by some
experts.26,27 Another explanation may be that the

Figure 1 Adjusted margin probability for using TC comparing the 2 groups: HAH in red and CHUV in blue

(A) Overall probability by groups. (B) Probability by refractory status epilepticus. (C) Probability at equally spaced STESS values. (D) Probability at equally spaced Charl-
son Comorbidity Index values. Vertical axes represent probability of reaching outcome (using TC) based on the multivariate logistic regression model from table 2.
CHUV 5 Centre Hospitalier Universitaire Vaudois; HAH 5 Harvard Affiliated Hospitals; STESS 5 Status Epilepticus Severity Score; TC 5 therapeutic coma.
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Functional outcome seems to be poor after RSE,6 
especially generalised convulsive RSE.18 The likelihood of 
a return to baseline clinical conditions after RSE is as low 
as 21%, as opposed to 63% for non-refractory SE. The 
need for admission to acute rehabilitation facilities for 
surviving patients doubles after RSE compared with non-
refractory SE (82% vs 35%).6

Rationale for early treatment
In view of the danger of RSE and the eff ects of duration 
on outcome, broad consensus exists about the need for 
timely and eff ective pharmacological treatment.5,19–22 
Additionally, data from the Veteran Aff airs Cooperative 
Study23 showed that SE treatment becomes less eff ective 
as the episode becomes more protracted; subtle SE (or 
non-convulsive SE with coma), a form usually indicative 
of a longer duration, was controlled by the fi rst medication 
in 15% of patients compared with 55% in overt, convulsive 
SE. Furthermore, a second or third agent was eff ective in 
less than 10% of patients in either condition.24

Generalised convulsive SE can cause many systemic 
complications, including cardiac arrhythmias, tempera-
ture disturbances, electrolyte and glucose im balance, 
rhabdomyolysis, and pulmonary oedema.25,26 Apart from 
rhabdomyolysis, these consequences can also be recorded 
in laboratory models after inhibition of muscular 
convulsions.27 Mechanisms related to refractoriness to 
treatment have been elucidated in animal models in the 
past few decades. Self-sustained SE in rats, induced by 
repetitive electrical stimulation of limbic structures, 
responds to benzodiazepines (GABAA receptor agonists) 
or phenytoin (a sodium-channel blocker) only if they are 
administered early (ie, within the fi rst few minutes). 
With time, SE becomes progressively resistant to these 
agents, whereas antagonists of NMDA receptors, which 
mediate glutamate excitatory inputs, become especially 
effi  cacious in the late phase.28,29 This switch of sensitivity 
to diff erent pharmacological compounds is indicative of 
loss of inhibition in ongoing SE,30 and in-vitro models 
show that GABAA receptors are internalised into the 
neuronal cytoplasm.31 From these fi ndings, the window 
for successful pharmacological intervention with 
antiepileptic compounds, including benzodiazepines, 
seems short. However, there is still no clinical evidence 
that refractoriness is exclusively accounted for by loss of 
inhibition. The various causes and biological backgrounds 
encountered in patients with SE are distinct from the 
controlled and uniform laboratory conditions for rodents, 
and are an important limitation to the translation of these 
fi ndings to people.

Basic principles of SE treatment
The principal aims in treatment of a patient with SE are 
to achieve rapid control of seizures and to avoid 
complications. During the early stages, imitators should 
be ruled out, since the correct diagnosis could be 
impossible to make once a patient has been placed under 

pharmacological coma, potentially leading to dangerous 
iatrogenic complications. Acute movement disorders, 
such as focal or segmental dystonias, tremors, and 
choreatic movements,32 can sometimes present 
unilaterally in confused patients. At times, clonus in the 
context of spasticity, which is lost after a passive 
movement, or shivering in a sedated patient, characterised 
by high-frequency, rhythmic, proximally located 
movements, can be mistaken for SE. One especially 
challenging group is those with psychogenic non-
epileptic seizures (PNES). By contrast with seizures, 
PNES episodes are suggestion-prone, generally not 
stereotyped, and can occur with or without subjective 
consciousness impairment. During the ictus, the eyes 
are often closed, ventilatory drive is maintained, and the 
episode can present as uncoordinated, discontinuous, 
and fl uctuating in intensity.33 Importantly, physical 
injuries might be recorded in patients having PNES.34 A 
substantial proportion of patients with PNES have 
longlasting seizures that can be misdiagnosed as SE 
(accounting for up to 50% of patients treated for RSE in a 
retrospective study), leading to intensive care admissions 
with much risk of overtreatment.34–36 Laboratory studies 
can be helpful in this setting; by contrast with patients 
with SE, patients with PNES do not have raised serum 
lactate, prolactin, or creatine kinase. 

Impending and early SE
(5–30 min) Intravenous benzodiazepine

Lorazepam 0·1 mg/kg, or clonazepam 0·015 mg/kg, 
or midazolam 0·2 mg/kg 

Intravenous antiepileptic drug
Phenytoin 20 mg/kg, or valproate 20–30 mg/kg,
or levetiracetam 20–30 mg/kg 

Pentobarbital (thiopental) 
5 mg/kg (1 mg/kg)→1–5 mg/kg/h  

Other approaches
Surgery, VNS, rTMS, 
ECT, hypothermia,
ketogenic diet

Other anaesthetics 
Isoflurane, desflurane, 
ketamine

Other drugs
Lidocaine, verapamil, 
magnesium, 
immunomodulation

Generalised-convulsive 
(or subtle) SE

Focal-complex,myoclonic, 
or absence SE

Intravenous midazolam
0·2 mg/kg →0·2–0·6 mg/kg/h
and/or
Intravenous propofol
2 mg/kg→2–10 mg/kg/h*

Further intravenous or oral 
antiepileptic drug
Valproate*, levetiracetam, 
lacosamide, topiramate, 
pregabalin, or other

Established and early
refractory SE
(30 min–48 h)

Late refractory SE
(>48 h)

Figure: Status epilepticus treatment
Increasing refractoriness is indicated by the background green intensity. Light blue=fi rst-line drugs. Dark blue=second-
line drugs. Orange=third line drugs. *Great caution is needed for use of valproate in children younger than 2 years 
(because of hepatic toxicity), and propofol in young children (because of propofol infusion syndrome). In this setting, 
benzodiazepines, phenytoin, and barbiturates are the most widely used options. VNS=vagus nerve stimulation. 
rTMS=repetitive transcranial magnetic stimulation. ECT=electroconvulsive therapy. SE=status epilepticus. 

Rossetti & Lowenstein. Management of 
refractory status epilepticus in adults: still more 
questions than answers. Lancet Neurol. 2011; 
10: 922-930 
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Conclusions: 

�  L’état de mal épileptique (> 5min de convulsions 
ou crises) est une URGENCE neurologique 

 
�  Voir l’état de mal comme la manifestation d’un 

problème cérébral 
-  Chercher la cause 
 

�  Algorithme de traitement pour la phase aigue 
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Merci pour votre attention! 

SPECIAL CONSIDERATIONS
It is commonly agreed that SE requires a rapid and effective

treatment. There are several class I studies pointing that BZD should
be used initially; it seems also important to prevent seizures
recurrence by administering a second line or urgent control therapy
(Brophy et al., 2012). There are however not enough data to
recommend a specific combined therapy in all patients. Moreover,
some clinical situations require particular considerations.

Specific Clinical Situations
Alcohol withdrawal represents a frequent cause of SE

(Aminoff and Simon, 1980), (DeLorenzo et al., 1996), and PHT is
not effective in this setting (Kosten and O’Connor, 2004). Benzo-
diazepine treatment and thiamine administration are required (Mayo-
Smith, 1997). Valproic acid may reduce symptoms of alcohol
withdrawal and thus could be considered additionally (Kosten and
O’Connor, 2004). Also, BZD withdrawal can induce SE, and
logically, its treatment requires a prolonged gradual weaning of
a benzodiazepine with a long half-life (Leach et al., 2012) and not
a nonsedating AED. The same considerations apply for SE due to
severe disturbances of glycemia (hyper- or hypo-): a tight glucose
level control is required, rather than further AED (Beleza, 2012).

Phenytoin is one of the recommended (Brophy et al., 2012),
(Meierkord et al., 2010) and, at least historically, the most widely
used drug after BZD administration (Cook et al., 2012). However, it
may aggravate seizure in genetic generalized epilepsies (also known
as idiopathic generalized epilepsies) with absence and myoclonic
seizures (Benbadis et al., 2003) and even precipitate SE (Thomas
et al., 2006). Phenytoin should therefore not be used in this
population, where VPA is the drug of choice after BZD adminis-
tration (Wheless, 2003). Levetiracetam is also an effective treatment
in genetic generalized epilepsies (Berkovic et al., 2007), but its role
in SE in this population has not been studied.

Finally, PHT and VPA should be used with caution in patients
with hepatic disease (Asconapé, 2014) or with premorbid poly-
pharmacy (Asconapé, 2002) because of possible medical interac-
tions. Levetiracetam or lacosamide are, however, safe in patients
with hepatic diseases, and are almost devoid of relevant pharmaco-
kinetic interactions.

PROPOSED APPROACH AND CONCLUSIONS
A one fits all solution applying for all SE patients does not

exist, reflecting the marked heterogeneity in terms of etiologies,
ages, and medical comorbidities. The answer to the question
proposed in the title is still open if one considers evidence-based
approaches. However, there is a clear evidence to recommend the
use of BZD as an immediate treatment and to suggest considering
a second, nonsedating drug to maintain or achieve seizure control.
Waiting for possible future evidence regarding initial combined
polytherapy, we propose here an algorithm (Fig. 1) of early seizure
treatment in SE based on the above discussion.

Well-designed randomized studies are required to outline the
better way to treat these patients in the early phase, and some
ongoing studies (Navarro et al., 2011), (Bleck et al., 2013) will
hopefully provide soon precious information in this sense.
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