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Abstract Status epilepticus (SE) is one of the most fre-
quent neurological emergencies. Despite this, understand-
ing of its pathophysiology and evidence regarding its
management is limited. Rapid, effective, and well-tolerated
treatment to achieve seizure cessation is advocated to
prevent brain damage or potentially lethal outcomes. The
last two decades have witnessed an exponential increase in
the number of available antiepileptic drugs (AEDs). These
compounds, especially lacosamide and levetiracetam, in
view of their intravenous formulation, have been increas-
ingly prescribed in SE. These and other newer AEDs pre-
sent a promising profile in terms of tolerability, with few
centrally depressive effects, favorable pharmacokinetic
properties, and fewer drug interactions than classical
AEDs; conversely, they are more expensive. There is still
no clear evidence to suggest a specific beneficial impact of
newer AEDs on SE outcome, preventing any strong rec-
ommendation regarding their prescription in SE. Further
comparative studies are urgently required to clarify their
place and optimal use in the armamentarium of SE
treatment.
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Key Points

Status epilepticus (SE) is one of the most frequent
neurological emergencies. Rapid recognition and
control of SE are advocated to prevent brain damage
or a fatal outcome.

Newer antiepileptic drugs show good tolerability, but
no significant beneficial impact on outcome has yet
been demonstrated in SE.

Good-quality randomized trials are urgently needed
to determine the place of newer AEDs in SE.

As no high-quality evidence is available for choosing
one molecule over another, prescription of AEDs in
SE should be tailored to each patient considering the
efficacy spectrum, potential of adverse events,
pharmacokinetic interactions, and financial impact.

1 Introduction

Status epilepticus (SE) is one of the most frequent neuro-
logical emergencies, associated with significant morbidity,
and a mortality of around 10-20% [1, 2]. While general-
ized convulsive SE has been classically defined as at least 5
min of continuous seizure, or discrete seizures between
which there is incomplete recovery of consciousness [3],
the International League Against Epilepsy recently pro-
posed a definition encompassing all SE types, including
timing according to different seizure semiologies, and
considering the risk of neuronal injury. SE is
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“... a condition resulting either from the failure of the
mechanisms responsible for seizure termination, or
from the initiation of mechanisms, which lead to
abnormally, prolonged seizures (after time point tl).
It is a condition, which can have long-term conse-
quences (after time point t2), including neuronal
death, neuronal injury” [4].

While SE persisting after two antiepileptic drugs
(AEDs) is defined as refractory (RSE), SE continuing
despite a general anesthetic trial is called super-refractory
SE (SRSE) [5]. Of note, evidence regarding neuronal injury
essentially relies on animal studies, but rapid recognition
and control of SE appears fundamental to improving
chances of success and preventing potential complications.

The last two decades have witnessed an exponential
increase in AEDs. These are often classified as “tradi-
tional” or “newer” according to the year of marketing
(typically, before or after 1990, respectively). The newer
compounds, especially levetiracetam and lacosamide
[6-8], have been increasingly prescribed in patients with
SE and potentially exhibit better tolerability and fewer
pharmacokinetic interactions than traditional AEDs [9].

Current SE treatment guidelines propose a three-stage
approach. Benzodiazepines show level A evidence in early
SE (stage I). If seizures continue despite benzodiazepines,
defining established SE (stage 2); intravenous AEDs such
as phenytoin, phenobarbital, valproate, levetiracetam, or
lacosamide are proposed. If SE persists despite the first-
and second-line treatment, the patient is considered in RSE
(stage 3), where general anesthesia and coma induction can
be considered [2, 10—12]. Currently, as we discuss, there is
no high-class evidence to prefer one particular intravenous
AED in stage 2 treatment; thus, there is an urgent need for
understanding of available information and to outline
knowledge gaps.

Historically, phenytoin, valproate, and phenobarbital
represent the most used second-line compounds. A recent
careful review assessing the relative efficacy of second-line
treatments in benzodiazepine-resistant convulsive SE,
analyzing 22 studies with a total of more than 700 patients
[13], reported that seizure cessation using valproate
(75.7%; 95% confidence interval [CI] 63.7-84.8) and
phenobarbital (73.6%; 95% CI 58.3-84.8) seemed some-
what better than phenytoin (50.2%; 95% CI 34.2-66.1).
Another review based on Indian experience found that,
administered as second-line treatment for convulsive SE
(but not uniformly after a failed benzodiazepine), valproate
was efficacious in 74.1% and phenytoin in only 25% of
patients [14]. These broad percentages may orient on the
expected efficacy of other compounds, but extreme care is
needed when interpreting studies from diverse
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geographical settings and with markedly different
methodological approaches.

The aim of this article is to critically review, without
performing a systematic analysis, the current data con-
cerning newer AEDs mostly used as second-line treatment,
that are available as intravenous formulations, such as
levetiracetam, lacosamide, or brivaracetam, but also as oral
compounds, such as pregabalin, topiramate, or perampanel.
SE in children and post-anoxic cases are not considered in
this review in view of their peculiarities; for the sake of
space constraints, we do not focus on alternative approa-
ches (such anti-inflammatory or non-pharmacological
therapies). Available literature on each drug is described in
descending order of evidence. Table 1 summarizes mech-
anisms of actions and the typical loading and maintenance
doses.

2 Newer Antiepileptic Drugs (AEDs): Intravenous
Administration

2.1 Levetiracetam

Levetiracetam was the first newer AED with an intra-
venous formulation described in SE treatment [15-17]. It
binds to synaptic vesicle protein 2 (SV2) and presents a
broad spectrum of action with limited drug—drug interac-
tions; the intravenous formulation is bioequivalent to the
oral and appears generally well tolerated even at high
dosages or with rapid infusion rates [18, 19]. Adverse
effects were reported at very low rates (< 10%) and were
essentially mild and transient [18, 20, 21]. Levetiracetam is
the most commonly prescribed newer AED, and a previous
assessment by our group showed that it has become the
most frequently used AED in SE [6].

The few randomized trials that have investigated the
efficacy of levetiracetam versus phenytoin or valproate
generally reported comparable results [14, 22-25]. Two
meta-analyses addressed the efficacy of second-line treat-
ment, including intravenous levetiracetam [13, 26]. The
latter was compared with intravenous valproate or pheny-
toin for 144 convulsive SE episodes (generalized or focal)
in patients of any age [26]; the authors did not report any
significant difference in clinical seizure cessation between
levetiracetam and phenytoin (odds ratio [OR] 1.18; 95% CI
0.50-2.79), whereas the limited number of publications
prevented an assessment of levetiracetam versus valproate.
However, the indirect comparison showed no difference
(OR 1.16; 95% CI 0.45-2.97), possibly because of the
limited statistical power. This appears to be broadly in line
with the aforementioned analysis assessing the relative
efficacy of levetiracetam, valproate, lacosamide, pheny-
toin, and phenobarbital in convulsive SE [13]:
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Table 1 Overview of pharmacological properties of newer antiepileptic drugs reviewed

Agent Mechanism of action Year of approval Typical dose Maximal dose (mg/day) Elimination

USA EU Loading Maintenance
LEV Sv2 1999 2000 30-40 mg/kg 1000 mg bid 3000 Extrahepatic, renal
LCM Na 2008 2008 400-600 mg 200 mg bid 400-600 Hepatic, renal
TPM Na, Ca, GLU, CA 1996 1994 200 mg 100 mg bid 400 Hepatic, renal
PGB Ca, Na 2005 2004 150 mg 75 mg bid 600 Renal
PER AMPA 2012 2012 8 mg 4-8 mg/d 12 Hepatic
BRV Sv2 2016 2016 100-200 mg 100 mg bid 200 Hepatic, renal

Please note that approval years are for epilepsy, not status epilepticus

AMPA o-amino-3 hydroxy-5-methyl-4-isoxazole-propionic acid, bid twice a day, BRV brivaracetam, Ca calcium channel, CA carbonic anhy-
drase enzyme, GLU glutamate, LCM lacosamide, LEV levetiracetam, Na sodium channel, PER perampanel, PGB pregabalin, SV2 synaptic

vesicle protein 2, TPM topiramate

levetiracetam (seizures cessation in 68.5%; 95% CI
56.2-78.7) was found to be similar to valproate and phe-
nobarbital but slightly better than phenytoin. A previous
systematic review of ten studies (334 patients) described a
large efficacy range (44-94%), with higher numbers
reported in retrospective assessments [27], suggesting
possible information and publication bias, whereas a
pooled analysis of 707 patients with various forms of SE
found seizure cessation in 70% [20].

A retrospective study from our group comparing the
efficacy of levetiracetam, phenytoin, and valproate in 187
adults with various forms of SE questioned the relative
efficacy of levetiracetam [28]: failure to control SE
occurred in 25.4% of episodes treated with valproate,
41.4% with phenytoin, and 48.3 % with levetiracetam.
After adjustment for relevant SE outcome predictors,
levetiracetam showed a higher risk of lack of seizure
control than valproate (OR 2.69; 95% CI 1.19-6.08), with
approximately 17% of treatment failures attributable to
levetiracetam. Importantly, however, the prognosis at
hospital discharge was comparable. Several other case
series have been published since 2007; these may provide
some valuable information but unfortunately lack com-
parisons [15-17, 28, 29].

Intravenous levetiracetam has also been considered as
first-line treatment [18, 30]. An Indian randomized trial
compared it with lorazepam in 79 patients presenting
convulsive or subtle SE; these compounds were equally
effective in reaching clinical seizure cessation within 10
min of administration (76.3% after levetiracetam vs. 75.6%
after lorazepam); the 24-h seizure freedom was also com-
parable. Lorazepam was nevertheless associated with sig-
nificantly greater need for artificial ventilation, though no
significant difference in mortality was reported [24]. Of
note, the studied population included a high proportion of
acute symptomatic SE, especially central nervous system

(CNS) infections, and 1-week mortality was relatively high
(30.3 %), probably reflecting a specific geographical set-
ting and patient selection. A recent French prehospital,
randomized controlled study compared clonazepam alone
or in addition to levetiracetam at the onset of generalized
convulsive SE in 107 patients; convulsions stopped at 15
minutes in 84% of patients receiving clonazepam and in
74% of patients receiving clonazepam plus levetiracetam
(relative risk [RR] 0.88, 95% CI 0.74-1.05; p = 0.14) [31].
It has been argued that levetiracetam may take a relatively
long time to reach the CNS; this factor might influence its
efficacy if assessed early in SE [32].

Levetiracetam is by far the most studied newer AED
with available randomized controlled studies and meta-
analyses. However, many of these studies are flawed: they
have methodological issues, are set in countries with SE
profiles and work-ups that differ from those in the Western
world—Ilimiting generalizability—and have limited sample
sizes, lacking sufficient power to detect statistical
differences.

2.2 Lacosamide

Lacosamide acts on the slow inactivation of the sodium
channel and has a narrow spectrum of action, presenting a
favorable side effects profile, linear pharmacokinetics, a
low interaction potential, and the possibility of rapid
intravenous administration with the same safety as the oral
formulation [33-36]. Thus, “off-label” utilization of
lacosamide in SE has rapidly increased, reaching nearly
40% of SE episodes in 2016 in our previous study [6].

A recent Indian randomized controlled trial compared
the efficacy and safety of intravenous lacosamide (400 mg)
and intravenous valproate (30 mg/kg) in 66 patients with
lorazepam-resistant SE. While 1-h seizure remission was
similar between the two groups, the 24-h efficacy was
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higher in the valproate group (66.6 vs. 45.5 %). However,
this trial was retracted because of statistical errors [37, 38].
A review focusing on the period between 2009 and 2012
retrieved 136 RSE episodes treated with lacosamide (50%
non-convulsive, 31% focal, and 19% convulsive SE). The
overall success rate was 56%; adverse events (mostly mild
and transient) were described in 25% of patients, but one
subject presented a third-degree atrioventricular block and
paroxysmal asystole [39]. A more recent systematic liter-
ature review ranging from 2008 to 2016 reported 522 SE
episodes in 486 patients of all ages, with a similar overall
lacosamide efficacy (57%). The success appeared similar
between generalized convulsive (61%) and non-convulsive
SE (57%), but, surprisingly, was greater in focal motor SE
(92%) [40].

A retrospective comparison between phenytoin and
lacosamide in 46 patients reported a similar success rate
(33% with lacosamide vs. 40% phenytoin), with 27% side
effects in the phenytoin group and none with lacosamide.
However, these treatments were applied after failure of
benzodiazepines and levetiracetam, thus as an adjunctive
second-line treatment [41]. A retrospective cohort study
including 111 patients with RSE reported treatment with
lacosamide in 53%. Whereas the mean number of AEDs,
duration, severity, etiology of SE, and concomitant critical
medical conditions did not differ between the patients with
and without lacosamide, age tended to be higher, and
mechanical ventilation or use of anesthetics tended to be
less frequent in the lacosamide group. Lacosamide was
considered efficacious in 51%, but without any significant
difference between the lacosamide group and other medi-
cations (OR 2.34; 95% CI 0.5-10.1). After adjustment for
age, mortality was significantly reduced in patients
receiving lacosamide (OR 0.34; 95% CI 0.1-0.9;
p = 0.035) [42].

In a proof-of-concept observational study in 16 elderly
patients with post-stroke non-convulsive SE (NCSE),
lacosamide was prescribed as first line due to contraindi-
cations to benzodiazepines or phenytoin; it was deemed
effective in 50%, with no reported adverse events [43]. A
multicentric Spanish prospective study including 34
patients with RSE (mostly symptomatic focal motor SE)
reported a 67.4 % lacosamide success rate, with SE ter-
mination before 12 h in 50% [44].

Retrospective series (each with more than 30 patients
with various types of SE) reported seizure cessation after
lacosamide, respectively, in 44% [45], 67% [46], 70% [47],
and 88% [48]. All demonstrated a higher SE termination
rate when lacosamide was used earlier in the course of
treatment. In contrast with these positive results, an
observational study in nine patients with RSE reported no
response to lacosamide, with one patient developing
angioedema [49]. However, the dose range was 100-200
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mg (infusion rate not mentioned), appearing much lower
(at least by a factor of 2) than that usually given in SE. This
might at least partially explain the poorer efficacy.

A prospective observational study including 25 patients
reported a significantly higher degree of early response
(<3 h) and a trend towards higher overall response rate in
patients treated with 400 mg over 200 mg intravenous
lacosamide [50]. Interestingly, a recent assessment by our
group, including 40 adults recruited at two centers, showed
a responder rate of 40%; however, lacosamide serum levels
after loading did not correlate with seizure control [51].

Evidence regarding lacosamide efficacy in SE is still
somewhat limited: only retrospective series and small
prospective observational studies with few patients are
available. This is emphasized by the cited meta-analysis
of AEDs in convulsive SE resistant to benzodiazepines,
which concluded that data on lacosamide were insuffi-
cient [13].

2.3 Brivaracetam

Brivaracetam is the latest approved AED in Europe and
the USA, with a considerably higher affinity to the
SV2A than levetiracetam [52]. Its favorable safety profile
and pharmacokinetic properties, including the ability to
cross the blood-brain barrier faster than levetiracetam,
suggest it may represent a good alternative in SE [32].
Furthermore, in animal studies, brivaracetam showed a
marked synergism with benzodiazepines [53, 54]. How-
ever, to date, literature on its prescription in SE is
sparse. A German multicenter series including 11 adults
with RSE and SRSE described seizure cessation within
24 h after brivaracetam utilization in 27% [55], and an
Austrian study of seven patients with RSE reported
immediate clinical improvement after brivaracetam
administration in two, and immediate electrophysiologi-
cal improvement in three patients [56].

Brivaracetam is the newest compound and, despite a
promising profile, evidence in SE is still needed, as only
two retrospective studies (with 18 patients in total) are
available.

3 Newer AEDs: Oral Administration

Intravenous administration may not always be mandatory
in RSE [57], especially outside an intensive care setting;
AEDs administered orally or via nasogastric tube may
represent a possible add-on option in some situations. Few
newer AEDs have been described in this setting; however,
to our knowledge, no comparative studies have been con-
ducted with these compounds, which have essentially been
described as additional second-line options.
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3.1 Topiramate

Topiramate is a broad-spectrum drug with multiple mecha-
nisms of action, including activity on sodium and calcium
channels, carboanhydrase inhibition, and o-amino-3
hydroxy-5 methy-1-4-isoxazole-propionic acid (AMPA)
antagonismus [58]; the latter may prove interesting given the
pathophysiology of SE (see Sect. 3.3). Several case series
have reported successful RSE termination after topiramate
administration [59-63]. A more recent study in 17 patients
with RSE showed SE cessation in all patients (!) treated
with topiramate; while univariate analyses suggest it was
more frequently used in younger and healthier patients,
topiramate was not independently associated with RSE
cessation in the multivariate assessment [64].

3.2 Pregabalin

Pregabalin is an AED that mostly acts through calcium
channel modulation and represents an interesting option,
especially for polymorbid patients, as it has good oral
bioavailability, no drug interactions (together with gaba-
pentin, it is virtually the only AED entirely renally excreted
and lacking any metabolism), and can also be titrated
quickly in inpatients [59]. A retrospective study including
11 SE episodes, mostly focal RSE, reported a definite
electroclinical response in five, and a possible response in
three patients at 24 h. No side effects were reported [65]. A
more recent study in 21 patients with non-convulsive
repetitive seizures or SE described a 52% responder rate
after pregabalin; this proved much higher in repetitive
seizures (82%) than in SE (18%) [66].

3.3 Perampanel

Imbalance between glutamate excitatory neurotransmission
and gamma-aminobutyric acid (GABA) inhibition has been
postulated as one of the underlying mechanisms of seizure
continuation in SE. In RSE, postsynaptic GABA 4 receptors
are internalized to the cytoplasm, and glutamate receptors
are externalized in the synaptic membrane [67, 68]. As a
noncompetitive AMPA receptor antagonist, perampanel
might be an interesting approach in RSE, as it is more
specific than topiramate. However, its extensive hepatic
metabolism and high protein binding presents a potentially
concerning interaction potential, which may render its use
more difficult in patients receiving polymedication [69].
Data for perampanel in SE remain anecdotal; so far,
only a few case reports or series are available [70-72]. A
retrospective study in 12 patients with various RSE types
reported a clinical improvement at 24 h in one patient and
at 72 h in another (16%); no adverse effects were noted
[71]. Retrospective analysis of ten patients with RSE (non-

convulsive or focal SE without consciousness impairment)
found that perampanel was efficacious in two to six epi-
sodes, depending on assessment criteria [70]. It is also
interesting to note that perampanel may exert antimy-
oclonic activity [73, 74]; however, to date, we are unaware
of any literature on its use in myoclonic SE.

Evidence of AEDs without intravenous formulations is
still anecdotal. However, their pharmacokinetic properties
mean they might represent an interesting alternative,
especially as additional second-line drugs in elderly or
critically ill patients, or in SE forms that do not necessarily
require general anesthesia.

4 Other Treatments (Ketogenic Diet, Stiripentol,
Allopregnanolone, Ketamine)

In RSE and SRSE, further therapeutic options may be
considered. A ketogenic diet, a long-used treatment that is
mostly used in pediatric patients with severe pharmaco-
resistant epilepsy, also seems promising in adults with SE.
As an example, a recent retrospective case review of ten
patients described, despite prolonged SE duration, a 90%
SE resolution within a median of 3 days [75].

Stiripentol is typically prescribed in conjunction with
valproate and benzodiazepines in patients with Dravet
syndrome. A retrospective study in five patients with SRSE
suggested that it could be of some value in this context
[76]. However, despite promising previous experimental
animal data, evidence concerning its utilization in human
SE is still extremely limited.

Allopregnanolone is a neuro-steroid, a natural metabo-
lite of progesterone, that allosterically enhances the activity
of GABA receptors. Despite an encouraging multicenter
phase I/II trial, a phase IIl randomized controlled trial
failed to prove its efficacy in SRSE [77, 78].

Ketamine, an N-methyl-D-aspartate (NMDA) antago-
nist, is also receiving increasing attention in this clinical
setting. Its favorable cardiovascular profile, and in view of
SE pathophysiology (see Sect. 3.3), means it might repre-
sent a useful addition to the anesthetic armamentarium in
patients with RSE and SRSE [79, 80].

5 Pearls and Pitfalls of the Use of Newer AEDs
in Status Epilepticus

More than two dozen AEDs are available on the market,
but evidence regarding SE treatment is still considerably
limited. High-class evidence is currently only available for
the early stage of SE treatment (i.e., benzodiazepines). In
the later SE stages, where newer AEDs are prescribed as
second-line treatment (initially, or as additional
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Table 2 Advantages and disadvantages of newer versus traditional antiepileptic drugs

Variable Newer AEDs Traditional AEDs
Drug—drug interactions Limited Significant
Enzymatic induction/inhibition Limited Significant
Side effects Minor Potentially severe
Sedation Minor Potentially present
Teratogenicity Some relatively “safe” (LEV), but several agents with no Well established, potentially severe
data (VPA)

Efficacy in status epilepticus Not well-established Well-established
Well-established protocol/dose/perfusion No for most agents Yes

rate
Cost High Low
Worldwide availability No Yes
Impact on mortality No clear evidence No
Impact on disability Possible association with greater disability No
Rapid intravenous titration Yes Yes

AEDs antiepileptic drugs, LEV levetiracetam, VPA valproate

compounds, as well as adjuncts to general anesthesia),
there is only low-level evidence. This clinical situation
represents an interesting paradox, where physicians can
choose among a large variety of treatments in the absence
of rational evidence and even official indications, whereas,
at the same time, prospective studies appear extremely
difficult to perform. It should also be emphasized that the
costs of newer AEDs, although varying across countries,
are several times those of traditional AEDs, particularly
considering the oral forms (as the reimbursement values of
intravenous formulations are generally similar for both
newer and traditional compounds). The higher costs of the
newer compounds may admittedly have a relatively limited
financial impact in well-resourced settings, but could rep-
resent an additional, poorly studied burden in resource-
limited regions. Table 2 summarizes considerations re-
garding pros and cons of the use of newer and traditional
AEDs.

Data supporting prescription of newer AEDs in SE are,
as we have seen, essentially based on case series or mostly
low-quality randomized studies. We identified only five
randomized controlled trials, all focusing on levetiracetam
[22-25, 31]. Except the French study reporting no advan-
tage after addition of levetiracetam to clonazepam in pre-
hospital convulsive SE [31], these trials present several
methodological issues. Levetiracetam was used as first- or
second-line treatment, with different doses or infusion
rates, different definitions of SE cessation, major popula-
tion heterogeneity, inclusion of repetitive seizures together
with SE, and specific geographic settings where infectious
etiology predominates. Furthermore, the sample size was
often based on feasibility rather than pre-defined assump-
tions, leading to insufficient statistical power.
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Retrospectively assessing the exact time of SE cessation,
especially in RSE, is admittedly difficult, and—to this
day—no consensus exists on efficacy criteria in this par-
ticular field. Many studies did not confirm SE cessation
with continuous electroencephalogram (EEG) monitoring,
which may have led to misrecognition of non-convulsive
SE. A German study nicely illustrates this point, showing
markedly different perampanel efficacies according to the
chosen criterion [70]. In addition, the studied cohorts are
often poorly representative of the general SE population.
Authors often state that newer AEDs were prescribed
because standard treatment was contraindicated or con-
sidered inappropriate, without further details. Outside
randomized trials, a selection bias might be present towards
prescription of newer AEDs in more severe SE or in older
patients with more comorbidities. In addition, in clinical
practice, second-line treatments are often given shortly
after benzodiazepines to prevent seizure recurrence, which
may lead to an overestimation of efficacy in retrospective
studies. Furthermore, the loading and maintenance doses
vary considerably between and within the studies, greatly
limiting their comparability.

It is intriguing that very few severe adverse events are
reported after administration of newer AEDs, whereas
comparative studies relate a higher rate of relevant treat-
ment-related adverse events with traditional AEDs (espe-
cially phenytoin) [41]. This might explain the current
tendency to prefer newer AEDs (especially levetiracetam)
in SE [6, 7]. Some studies suggest that, despite their sup-
posed “safe” profile, newer AEDs have a possible lower
efficacy as a whole [6, 7, 41]. Previous assessments from
our group, occurring at different time points, reported
associations between newer AEDs and greater disability at
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hospital discharge and higher rates of refractory SE [6, 7].
This is partly mirrored in a German study, which showed a
similar efficacy of lacosamide and phenytoin in controlling
RSE; however, patients receiving lacosamide showed a
tendency towards higher rates of disability at discharge.
Since there was a preferential treatment with phenytoin in
patients with convulsive SE and acute etiologies (possibly
linked to higher risk of morbidity and mortality), whereas
lacosamide was used more frequently in NCSE (suppos-
edly less severe if focal), a selection bias could be
argued [41]. One study revealed decreased mortality in
RSE treated with lacosamide after adjustment for age, but
this might be confounded by the implementation of con-
tinuous EEG monitoring 6 months before the first use of
lacosamide; furthermore, the use of anesthetics and
mechanical ventilation was less frequent in patients with
lacosamide [42]. As therapeutic coma has been potentially
associated with greater mortality, this might account for the
lower fatality rate in the lacosamide group [81-83].

Few papers report differences in efficacy between
AEDs; however, they usually do not identify differences in
mortality or disability, suggesting that “treatable” SE will
be controlled by subsequent compounds [24, 28]. These
findings underlie the fact that various factors, especially
age and etiology, seem to contribute to the SE prognosis
more than specific AED choices or dosages [84-87]. Fur-
thermore, as newer AEDs are not yet officially approved
for SE treatment, most studies used them as adjunctive
therapy in RSE. This might have led to an underestimation
of their efficacy in this setting, as AEDs used later in the
succession of drugs are often less effective [67]. For
example, as stated, several studies have described a sig-
nificantly lower success rate for lacosamide with later
positioning [41, 44, 46].

6 Conclusion

Despite their promising profile in terms of tolerability, with
few centrally depressive effects and a low drug interaction
potential, no tangible beneficial impact on outcome has yet
been demonstrated for newer AEDs in SE. As most studies
on AEDs focus on seizure cessation, very little data on
long-term outcomes or morbidity are available. Studies
with these endpoints are critically needed to help clinicians
choose one compound over another. Of note, pharmaco-
logical information regarding tolerability are mostly
derived from regulatory randomized trials in patients with
pharmaco-resistant epilepsy that are unlikely to be auto-
matically applicable to subjects with SE.

The lack of good-quality randomized trials prevents any
strong recommendation regarding the prescription of newer
AEDs in SE, which conversely has a definite economic

impact (newer AEDs being more expensive than traditional
ones). Further studies are thus clearly required to clarify
their indication and adequate use in SE. Hopefully, results
from the ESETT-trial, an ongoing, adequately powered,
and carefully designed, randomized, double-blind study
comparing fosphenytoin, levetiracetam, and valproate
(unfortunately not lacosamide or brivaracetam), should
eventually provide information regarding the relative effi-
cacy and safety of these drugs [88]. For the time being, it is
the opinion of the authors that clinicians should tailor the
SE treatment strategy to each patient, considering the
efficacy spectrum, the potential for adverse events and
pharmacokinetic interactions, and financial impact. In
several cases, traditional AEDs may still prove more ade-
quate than newer ones.
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