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Purpose of review

Randomized controlled trials investigating the initial pharmacological treatment of status epilepticus have
been recently published. Furthermore, status epilepticus arising in comatose survivors after cardiac arrest
has received increasing attention in the last years. This review offers an updated assessment of status
epilepticus treatment in these different scenarios.

Recent findings

Initial benzodiazepines underdosing is common and correlates with development of status epilepticus
refractoriness. The recently published ESETT trial provides high-level evidence regarding the equivalence of
fosphenytoin, valproate, and levetiracetam as a second-line option. Myoclonus or epileptiform transients on
electroencephalography occur in up to 1/3 of patients surviving a cardiac arrest. Contrary to previous
assumptions regarding an almost invariable association with death, at least 1/10 of them may awaken
with reasonably good prognosis, if treated. Multimodal prognostication including clinical examination,
EEG, somatosensory evoked potentials, biochemical markers, and neuroimaging help identifying patients
with a chance to recover consciousness, in whom a trial with antimyoclonic compounds and at times
general anesthetics is indicated.

Summary

There is a continuous, albeit relatively slow progress in knowledge regarding different aspect of status
epilepticus; recent findings refine some treatment strategies and help improving patients’ outcomes. Further
high-quality studies are clearly needed to further improve the management of these patients, especially
those with severe, refractory status epilepticus forms.
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INTRODUCTION

Status epilepticus was defined by the International
League against Epilepsy in 2015 as a condition
resulting from failure of the mechanisms responsi-
ble for seizure termination, or from mechanisms
inducing abnormally prolonged seizures [1]. Classi-
fication includes four axes: semiology (typically
subdivided into convulsive and nonconvulsive),
cause (acute, remote, progressive, defined epileptic
syndromes, or unknown), EEG appearance [2,3],
and age. More recently, a consensus statement rede-
fined the clinical entity of new-onset refractory
status epilepticus (NORSE, proposed for the first
time in 2005 [4]) in subjects without known epilepsy
and lacking a clear acute or active structural, toxic,
or metabolic cause. Febrile infection-related epi-
lepsy syndrome (FIRES) represents a subcategory
of NORSE, implying a febrile infection occurring
between 2 weeks and 24 h prior to status epilepticus
onset, regardless of age [5

&&

].
Status epilepticus is clinically highly relevant, as

it represents one of the most frequent neurological
 2021 Wolters Kluwer H
emergencies and is associated with a relevant risk of
morbidity and mortality [6

&

]; it appears thus very
important to get an optimal knowledge regarding
risk factors and treatment options. Since 2016 and
the last update on status epilepticus in this Journal
[7], the literature has evolved, including the publi-
cation of results of randomized controlled trials.
Furthermore, increasing attention has been directed
toward status epilepticus-related conditions arising
in survivors of hypoxic-ischemic encephalopathy
following cardiac arrest, which represent a relatively
common challenge in ICUs. The present review
ealth, Inc. All rights reserved.
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KEY POINTS

� Midazolam (intramuscular and intranasal) is at least as
effective as intravenous lorazepam; intravenous
clonazepam seems to represent a valuable alternative
for early status epilepticus management.

� (Fos)phenytoin (20 mg/kg), valproate (40 mg/kg), and
levetiracetam (60 mg/kg) are equivalent second-line
options in adult and pediatric populations.

� Status epilepticus treatment protocols are poorly
followed in real-life, and benzodiazepines are
frequently underdosed. This contributes to status
epilepticus refractoriness.

� Status epilepticus arises in up to 1/3 of comatose
survivors after cardiac arrest, but is compatible with
good clinical outcome in up to 1/10 of them.
Multimodal prognostication should be applied to select
patients that may improve, and thus deserve
consequent antiseizure drugs treatment.

Update on the management of status epilepticus Rossetti and Alvarez
intends to offer an update on status epilepticus
clinical management, offering also a view from
the specific angle of cardiac arrest. Of note, the
majority of the compounds described below do
not have specific approval for the use in status
epilepticus, and regulations differ by countries.
STEPWISE THERAPEUTIC APPROACH

As for every life-threatening condition, treatment
protocols have been published to guide status epi-
lepticus management [8], where a sequential
approach is recommended.
First line

Converging studies provide strong evidence about
benzodiazepines efficacy at the initial step [9]. The
prehospital RAMPART study [10] showed that intra-
muscular midazolam (MDZ, 10 mg for adults
>40 kg) is as effective as intravenous lorazepam
(LZP, 4 mg for adults >40 kg). Indeed, 73% of
MDZ-treated patient did not require rescue therapy,
as opposed to 63.5% in the LZP group, with a similar
intubation rate (14.1 vs. 14.4%, respectively); this
also reflects the ease of intramuscular vs.
intravenous administration.

Intranasal MDZ has been recently studied in a
retrospective assessment in adults [11], showing
that more than half (57%) of 42 status epilepticus
episodes were controlled with a median dose of 5 mg
MDZ. Not available in the USA as intravenous for-
mulation, but widely used in several other countries,
 Copyright © 2021 Wolters Kluwe
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intravenous clonazepam (CLZ) has repetitively
shown encouraging data. It is given at 0.015 mg/
kg (1 mg for an adult of average weight), does not
required cold storage (as opposed to LZP) and has a
rapid brain penetration and long half-life [12]. An
observational study showed that fewer episodes
became refractory, and that less subsequent agents
were required to control status epilepticus when
CLZ was used compared with LZP [13]. A French
randomized trial assessing the immediate combina-
tion of CLZ and levetiracetam (LEV) in a prehospital
setting failed to demonstrate any benefit of initial
bi-therapy, mainly because of the high success rate
(84%) of CLZ alone [14].

Despite strong evidence on benzodiazepines as
first-line therapy and several published treatment
algorithms, protocols seem still poorly followed in
real-life setting. In the European SENSE registry [15

&

]
3/4 of patients received an underdosed benzodiaze-
pine; this appears similar in North America [13].
Importantly, initial underdosing correlates with
development of refractory status epilepticus [15

&

].
Second-line treatment

In practice, intravenous antiseizure drugs (ASD)
such as phenytoin (PHT) or fosphenytoin (fPHT),
valproate (VPA), and LEV are often administered
together with benzodiazepines. They have been
used for many years. However, solid data were lack-
ing, and guidelines were mainly based on cohort or
observational studies. Recently, the ESETT trial
[16

&&

] demonstrated the equivalence of fPHT 45%
[95% confidence interval (CI): 36–54], LEV 47%
(95% CI: 39–55) and VPA 46% (95% CI: 38–55),
in terms of status epilepticus control; this applied to
all age groups [17

&

]. Of note, the second-line medi-
cation dosages were relatively high: 20 mg/kg for
fPHT, 40 mg/kg for VPA, and even 60 mg/kg for LEV.

The equivalence of second-line therapy was also
found in a meta-analysis of five randomized trials
[18]: no difference was found regarding seizure ces-
sation [surface under the cumulative ranking curve:
PHT 55.6, VPA 59.9, LEV 53.7, lacosamide (LCM)
34.5, fPHT 46.2], whereas LCM and VPA ranked best
for safety. Limited data prevented drawing strong
conclusions regarding LCM. A small randomized
study focusing on repetitive seizures in coma,
detected on continuous EEG, showed equivalence
in terms of seizures control and side effects between
intravenous LCM 400 mg and fPHT 20 mg/kg [19

&

].
An observational study with 40% of status epilepti-
cus episodes responding to LCM suggested that
doses more than 9 mg/kg are associated with serum
levels within the recommended range, albeit with-
out clinical correlation [20].
r Health, Inc. All rights reserved.
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Table 1. Recent randomized trials for second-line treatments in status epilepticus or repetitive seizures

Study Author Population Primary outcome Drug, dose, and results regarding primary outcome

ESETT [16&&] Kapur et al.
(2019)

384 Adults and
children with SE
continuing after first-
line treatment

Absence of clinical
seizure within
60 min after drug
administration

LEV
60 mg/kg
47% (95% CI:
39–55%)

fPHT
20 mg/kg
45% (95% CI:
36–54%)

VPA
40 mg/kg
46% (95% CI:
38–55%)

TRENdS [19&] Husain et al.
(2018)

74 Adult patients with
repetitive seizures in
coma

Absence of
electrographic
seizures for 24 h

LCM
400 mg
63.3%

fPHT
20 mg/kg
50%

Remark:
LCM non
inferior with
risk ratio of
1.27 (90% CI:
0.88–1.83)

ConSEPT [21&&] Dalziel et al.
(2019)

233 Children with SE
continuing after first-
line treatment

Absence of clinical
seizure within 5 min
after drug
administration

PHT
20 mg/kg
60%

LEV
40 mg/kg
50%

Remark:
Risk
difference:
�9.2% (95%
CI: �21.9–
3.5%)

EcLIPSE [22&&] Lyttle et al.
(2019)

286 Children with SE
continuing after first-
line treatment

Time to cessation of
convulsive status
epilepticus

PHT
20 mg/kg
45 min in 64%
of cases

LEV
40 mg/kg
35 min in 70%
of cases

Remark:
hazard ratio
1.20 (95% CI:
0.91–1.60)

CI, confidence interval; fPHT/PHT, fosphenytoin/phenytoin; LCM, lacosamide; LEV, levetiracetam; SE, status epilepticus; VPA, valproate.

Seizure and developmental disorders
In the pediatric population, two recent trials, –
ConSEPT [21

&&

] and EcLiPSE [22
&&

] – also proved that
LEV is equivalent to PHT. In the former, carried out
in Australia and New Zeeland and including 233
children with ongoing convulsive generalized status
epilepticus after a benzodiazepine, LEV 40 mg/kg
terminated seizures activity in 50% and 20 mg/kg
of PHT in 60% (NS). In EcLiPSE, performed in the
United Kingdom and including 286 children with
ongoing convulsive generalized status epilepticus
after a benzodiazepine, 40 mg/kg LEV terminated
status epilepticus in 70% with a median time of
35 min, and 20 mg/kg PHT in 64% within 45 min.
In both trials there was no serious side effect. These
two studies suggest that LEV can be an easy-to-use
alternative to PHT as second line treatment also in
this population.

Table 1 summarizes four recent randomized
studies for this treatment step. These data are con-
tributing to the marked decline in PHT prescriptions
[23]: a ‘slow agonizing death’ has been described
[24], following the evidence that better-tolerated
ASD with simpler pharmacokinetics are equally
effective.

Newly approved ASD might offer some interest
in status epilepticus management, such as brivara-
cetam (BRV) and perampanel (PER). BRV is derived
from LEV and available in intravenous formulation,
showing some efficacy at 100 mg to 300 mg loading
dose [25]. PER, in view to its specific antiseizure
mechanism (2-Amino-3-(3-hydroxy-5-methyl-
isoxazol-4-yl) propanoic acid (AMPA) receptors
 Copyright © 2021 Wolters Kluwer H
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blockade) also looks promising [25]. However, only
an oral formulation is available so far. Further stud-
ies are needed to define to role of these new ASD in
status epilepticus management protocols.
Refractory status epilepticus and super-
refractory status epilepticus

The need to rapidly control status epilepticus has
been based on several animal and some human data
showing neuronal damage after ongoing seizure
activity [26,27]; however, recent works seem to
question these findings [28]. In any case, the man-
agement of refractory status epilepticus (RSE) and
super-refractory status epilepticus (SRSE), occurring
in about 33%, respectively 4% of status epilepticus
episodes [29], still lacks high-level evidence. Routine
use of therapeutic coma remains controversial [30],
with some observational studies showing an inde-
pendent association between therapeutic coma and
mortality [31–33], or a 60% prolongation of hospital
stay, without any favorable effect on mortality [34].

The optimal sedation depth is not known,
either. An observational study assessed cognitive
outcome after RSE according to the EEG-suppression
degree [35

&

], including 61 adults under propofol
(PRO) and/or MDZ. While 39% were considered as
deeply sedated (23 with ‘burst-suppression’, one
with complete suppression), 60% had only a ‘sei-
zure-suppression’ pattern with a continuous EEG
background. There were no differences regarding
demographics and status epilepticus severity or
ealth, Inc. All rights reserved.
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semiology between these groups. At 1-year follow-
up, half of patients with poor outcome had under-
gone deep sedation, vs. only 19.2% in those with
good outcome. Significantly, no significant associ-
ations were observed between outcome and etiology
or therapeutic coma duration. At 2 years (50 avail-
able patients), only lack of ‘deep sedation’ was asso-
ciated with good outcome. This suggests that
profound sedation may correlate with worse long-
term prognosis, regardless of status epilepticus cause
or complications: pending further studies, a ‘seizure-
suppression’ pattern seems a preferable option.

Stopping therapeutic coma represents a difficult
task, as seizure recurrence may occur. Predictors of a
successful anesthetic weaning are scarce. Visual EEG
analysis, such as length of interburst intervals, did
not correlate with RSE termination in a cohort of 17
successful and 20 unsuccessful lifting attempts in 19
patients [36], but absence of ‘epileptiform’ character-
istics of the bursts predicted successful weaning.
Recently, quantitative EEG analysis – spatial correla-
tion-based measures of functional connectivity – has
been suggested in this setting [37

&

]: among 47 RSE
episodes undergoing anesthetic weaning (23 suc-
cesses, 24 failures), higher connection density and
clustered spatial functional networks seem to predict
successful weaning. If confirmed in an independent,
larger dataset, and providing generalizability of the
methodological approach, this tool might be used to
guide stopping therapeutic coma as early as possible.

For RSE and SRSE, administration of high-dose
phenobarbital (�10 mg/kg loading dose), even in
nonintubated patients, may lead to seizure control
[38

&

]; indeed, this may prove valuable in highly
refractory cases, despite the risk of pharmacological
interactions (phenobarbital being a potent enzyme
inducer). Ketamine (KET) regained some interest
since a retrospective study performed in 10 aca-
demic centers with 60 RSE episodes: more than half
of them were eventually controlled, 12% of cases
had a clear response with KET being the last admin-
istered drug [39]. Of note no episode was controlled
with KET dosage less than 0.9 mg/kg/h and when
started after 8 days from status epilepticus onset,
suggesting that this compound should be started
early – maybe after a first MDZ/PRO weaning failure
– and at least at 1 mg/kg/h. Ketogenic diet might
also be a valuable alternative in RSE/SRSE. A system-
atic review showed a high success rate (82% of status
epilepticus control); the most common side effects
were metabolic acidosis, hyperlipidemia, and hypo-
glycemia [40]. As with KET, randomized trials are
urgently awaited, as publication bias may represent
an important issue.

Vagus nerve stimulation (VNS) might also be an
option in these very difficult to treat patients. A
 Copyright © 2021 Wolters Kluwe
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recent review of case reports/series [41] describes
that acute implantation was associated with status
epilepticus cessation in up to 74% of 38 patients in
RSE and SRSE, within a median delay of 18 days
(range: 3–1680 days) and 8 days (range: 3–84 days),
respectively; of course a publication (and thus infor-
mation) bias appears also likely.
Thoughts on febrile infection-related epilepsy
syndrome/new-onset refractory status
epilepticus

Sometimes RSE and SRSE might be of unknown
origin, particularly in younger subjects: a series pub-
lished in 2015 [42], described the characteristic of
130 NORSE patients, without obvious cause after
initial assessment; an underlying auto-immune
cause was frequently found. The role of immune
therapy is, however, not clearly established yet,
probably reflecting the complicated interplay of
epileptogenesis and immunological factors. In a
retrospective cohort of nearly 1000 status epilepti-
cus adult patients, intravenous corticoids were pre-
scribed in slightly more than 1%; in 5/12 (42%) of
these episodes, status epilepticus resolved following
this administration (all within 3 days). The outcome
was better in this responder’s group [43]. Moreover,
in a small cohort of 11 NORSE cases [44] better
outcomes were observed in those receiving an
immune treatment (corticoids, intravenous immu-
noglobulins (IVIG), or plasma exchange) compared
with untreated patients. Other ‘less conventional’
immune therapies have been studied in this setting.
Anakinra (an IL-1 receptor antagonist) showed
repetitive seizures control in a child with a FIRES
[45]. Tocilizumab (an IL-6 receptor inhibitor) termi-
nated status epilepticus after one or two doses in six
out of seven Korean patients with NORSE refractory
to conventional immunotherapy [46

&

]. These data
(albeit limited) reinforce the rationale to actively
look for an immune cause in NORSE patients, and
consider early immune treatment after excluding a
brain infection.
Seizure management for status epilepticus
based on the evidence level

Figure 1 summarizes our recommendations based
on current evidence; we propose two different esca-
lation protocols. The rapid one aims at a quick
therapeutic coma induction – mostly for convulsive
status epilepticus or nonconvulsive status epilepti-
cus in coma – to avoid brain damages secondary to
seizure activity. The slower one aims to circumvent
therapeutic coma and its iatrogenic side-effects, by
adding additional nonsedative ASD for less severe
r Health, Inc. All rights reserved.
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FIGURE 1. Summary of seizure management recommendations for the initial steps of status epilepticus according to current
level of evidence. Circle size represents estimated level of evidence. Dash line represents timing where
electroencephalography is needed in case of – or doubt of – ongoing seizure activity. Based on the current evidence with
propose two different ‘escalation protocols’. The rapid one aims to a rapid induction of therapeutic coma mostly for convulsive
status epilepticus or nonconvulsive status epilepticus in coma. The slower one aims at avoiding therapeutic coma induction by
adding additional nonsedative antiseizure drugs for less severe forms of status epilepticus. BRV, brivaracetam; CLZ,
clonazepam; fPHT/PHT, fosphenytoin/phenytoin; LCM, lacosamide; LEV, levetiracetam; LZP, lorazepam; MDZ, midazolam;
PRO, propofol; SE, status epilepticus; VPA, valproate.

Seizure and developmental disorders
status epilepticus forms. It is important to remind
here that clear evidence only exist to guide first-line
and second-line therapies, as opposed for the situa-
tion of status epilepticus and SRSE. Management of
these patients should thus be based on a case-by-case
evaluation, keeping in mind the balance between
potential brain damage related to ongoing status
epilepticus and potential side-effects of pharmaco-
logical coma induction.
STATUS EPILEPTICUS RELATED TO
HYPOXIC-ISCHEMIC ENCEPHALOPATHY

In adults, cardiac arrest represents the most frequent
cause of deaths in Western countries [47]; comatose
survivors show a hypoxic-ischemic encephalopathy
and often undergo targeted temperature management
for 24h (TTM, at 33–36 8C), under sedation with
standardized doses of PRO or MDZ, before controlled
rewarming. At this step, early prognostication is per-
formed through a multimodal battery of tests, includ-
ing clinical examination, EEG, somatosensory evoked
potentials, biochemical markers (particularly neuron-
specific enolase, NSE), and neuroimaging [48

&

].
 Copyright © 2021 Wolters Kluwer H
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Looking at the clinical presentation, while overt
generalized tonic–clonic or focal motor seizures are
exceptional in cardiac arrest survivors, myoclonus
occurs in about 20%, 2/3 of them showing a con-
comitant epileptiform EEG [49,50]. From an EEG
angle, repetitive epileptiform discharges occur in
20–30% of cardiac arrest survivors [51,52

&

], and
about 2/3 of them may exhibit myoclonus [53]. A
lively debate exists regarding the attribution of these
electro-clinical features to status epilepticus, and
indeed the latest status epilepticus classification
reports them as boundary entities [1]. In our opin-
ion, repetitive, epileptiform EEG patterns occurring
in such patients, which may have clinical (myo-
clonic) counterparts and can be amenable to treat-
ment and subsequently consciousness recovery with
ASD commonly used for status epilepticus, may
fulfill its definition and classification.
How to detect it and stratify prognosis

EEG evolves over the hours and days following
cardiac arrest [54

&&

], therefore continuous or
repeated assessments are strongly recommended
ealth, Inc. All rights reserved.
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FIGURE 2. Examples of epileptiform EEGs in survivors after cardiac arrest (bipolar longitudinal montage, 15 mm/s, 10 mV/
mm). (a) A 69-year-old man recorded 16 h after cardiac arrest (cardiac cause, ventricular fibrillation, return of spontaneous
circulation after 25 min), showing burst-suppression with diffuse epileptiform bursts, no background activity, nor reactivity to
pain (mark in the middle, top). This corresponds to a ‘highly malignant’ pattern. Multimodal assessment concluded to poor
prognosis, the patients died 48 h later following withdrawal of life supporting treatment. (b) A 77-year-old man recorded 48 h
after cardiac arrest (cardiac cause, ventricular fibrillation, return of spontaneous circulation after 17 min), showing an irregular
theta background reactive to clapping hands (mark in the middle, top), with superimposed generalized periodic discharges.
His EEG 24 h earlier, under sedation with propofol, was discontinuous, reactive, and lacked epileptiform transients. He
received clonazepam, levetiracetam, and valproate, awoke 1 week after, reaching a cerebral performance category 2
(moderate impairment) at 3 months. Early epileptiform activity without return of an underlying background (a) highlights
features related to poor outcome, as opposed to late-appearing epileptiform transients on a reactive, continuous background
that are compatible with a good prognosis.

Update on the management of status epilepticus Rossetti and Alvarez
within the first 48–72 h [48
&

]. In several hospitals, it
is common practice to perform continuous EEG
until rewarming, while repeated standard (20 min)
EEG may represent a valid alternative for settings
 Copyright © 2021 Wolters Kluwe
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with limited resources; these two strategies are com-
parable in terms of outcome in retrospective studies
[55,56], and in a recent trial [57]. Reduced electrode
montages seem suited especially for background
r Health, Inc. All rights reserved.
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Seizure and developmental disorders
assessment [51,58], and probably epileptiform pat-
terns detection [59], but could be less sensitive for
reactivity evaluation. We strongly recommend per-
forming standardized EEG assessments following
the validated American Clinical Neurophysiology
Society terminology [60]. This scoring correlates
robustly with other prognostic variables, highlight-
ing the central role of EEG in multimodal prognos-
tication [61

&

,62], and identifies ‘highly malignant’
patterns (suppressed or burst-suppressed EEG, with
or without superimposed epileptiform discharges),
having 100% specificity after TTM (but sensitivity as
low as 5–50%) for poor outcome [63]. Of note, the
EEG predictive performance seems more accurate
early, at 12–24 h after cardiac arrest [53,54

&&

], while
TTM and sedation do not significantly alter EEG
prognostication performance [64].

While myoclonus and/or an epileptiform EEG
have been classically considered strong indicators
of poor prognosis, at least 1/10 of patients may reach
a good outcome [52

&

,65,66]. It has been recently
shown that clinical–electrophysiological correlation
of myoclonus is challenging [67], and interrater var-
iability is relatively high [68]; therefore, patients with
potentially favorable prognosis should be identified
using multimodal prognostication. Return of brain-
stem reflexes at 72 h and preserved cortical somato-
sensory evoked potentials seem necessary to allow
clinical recovery [66], and absence of diffusion-
weighted MRI alterations along with a continuous
EEG portend high chances of good prognosis [69].

EEG represents indeed a key element in this
context, as illustrated in Fig. 2. An underlying con-
tinuous, reactive background is associated with
treatable forms, probably representing early
Lance–Adams syndrome [50,70,71]. Background
reactivity to stimulation may also forecast good
outcome [66,72]; it is, however prone to subjectivity
and variable inter-rater agreements [73,74]: video-
EEG correlation and standardized stimulations
[75,76] are strongly encouraged to optimize accu-
racy. Epileptiform activity, especially if correlating
with myoclonus, is often distributed around the
midline on a continuous background in patients
with potentially good outcome, as opposed to those
with poor prognosis, showing high-voltage bursts
on a suppressed background [70]. Identical bursts
seem also very specific for poor outcome [77,78].
The temporal interplay between recovery of a con-
tinuous background (the earlier, the better
[54

&&

,79
&

]) and the appearance of epileptiform fea-
tures (the earlier, the worse [79

&

]) have to be taken
into account when evaluating such patients. In fact,
status epilepticus appearing during TTM under con-
comitant sedation with antiepileptic, g-aminobuty-
ric acid (GABA)-ergic properties probably reflects an
 Copyright © 2021 Wolters Kluwer H
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extremely aggressive brain injury. Developing on
this, a simple score has been recently proposed
and validated to identify patients with a chance
to recover consciousness despite epileptiform EEG
activity within the first few days [80

&&

].
How to treat it

There is still no high-level evidence supporting
pharmacological treatment in patients with myoc-
lonus and/or epileptiform EEG, beyond reduction of
epileptiform activity [81]; a randomized trial is cur-
rently ongoing (TELSTAR) [82]. As outlined above,
patients with potentially favorable prognosis can be
identified in a multimodal approach including clin-
ical examination, EEG, and somatosensory evoked
potentials; NSE and neuroimaging may be of addi-
tional help. Cohort studies from different environ-
ments give a convergent message to attempt
treating such patients with combinations of ASD
and, at times, general anesthetics [52

&

,70,80
&&

].
In our opinion, it is not reasonable to treat

aggressively patients with a prognostic profile
strongly suggestive of poor outcome, such as those
without return of the principal brainstem reflexes
(particularly, pupillary, and corneal at 48–72
hours), showing widespread anoxic–ischemic alter-
ations on brain MRI, lacking concomitant EEG back-
ground activity and reactivity, or cortical responses
to somatosensory evoked potentials. In subjects
with potentially favorable prognosis, conversely,
we recommend to consider as first line antimyo-
clonic ASD, such as benzodiazepines, VPA and LEV
[71,81]. For instance, we routinely start with an
intravenous combination of the latter two com-
bined with low doses of CLZ (i.e., up to 2 mg/
24 h). Pharmacological coma with MDZ and/or
PRO under continuous EEG surveillance, in analogy
with refractory status epilepticus, may be indicated
in treatment-resistant cases [52

&

]; we prefer using
PRO, given its shorter weaning time easing clinical
and EEG assessments. Additional options might
include PER, zonisamide, or topiramate through
the nasogastric tube [70,71,83]. There are no high-
evidence data also regarding the optimal treatment
duration; we recommend that a reasonable trial
should last for some days, up to 2(–3) weeks, but
not longer.
CONCLUSION

In patients with status epilepticus, intranasal and
intramuscular MDZ is highly effective, and intrave-
nous CLZ represents an interesting alternative for
initial treatment. Recent high-level evidence shows
equivalent efficacy of intravenous fPHT/PHT
ealth, Inc. All rights reserved.
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(20 mg/kg), VPA (40 mg/kg), and LEV (60 mg/kg) as
second-line ASD. There is still an urgent need of
high-quality studies focusing on RSE and SRSE and
on immunological aspects; for the time being,
besides considering ketogenic diet or KET, looking
for autoimmune causes and considering immuno-
suppressive treatment should be considered in
refractory cases, especially if new-onset. Since in
practice ASD including benzodiazepines are fre-
quently underdosed, portending higher risks of
RSE development, it appears straightforward to
enhance treatment guidelines awareness.

A considerable proportion of survivors after
cardiac arrest may present myoclonus and/or elec-
trographic status epilepticus. While until a few
years ago this constellation was supposed to invari-
ably herald poor prognosis, taking into account the
timing of their onset, together with the clinical
findings integrating neurological exam, EEG
background and reactivity, evoked potentials, bio-
chemistry, and neuroradiological results, helps
identifying the subgroup of patients deserving
aggressive treatment with ASD, as these may ulti-
mately awaken. Future studies should address the
optimal treatment duration and the best ASD
options in these cases.
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