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Abstract

Purpose: Super-refractory status epilepticus (SRSE) presents management challenges due to the absence of randomized con-
trolled trials and a plethora of potential medical therapies. The literature on treatment options for SRSE reports variable success
and quality of evidence. This review is a sequel to the 2020 American Epilepsy Society (AES) comprehensive review of the
treatment of convulsive refractory status epilepticus (RSE). Methods: We sought to determine the effectiveness of treatment
options for SRSE. We performed a structured literature search (MEDLINE, Embase, CENTRAL, CINAHL) for studies on
reported treatments of SRSE. We excluded antiseizure medications (ASMs) covered in the 2016 AES guideline on the treatment
of established SE and the convulsive RSE comprehensive review of the 2020 AES. Literature was reviewed on the effectiveness of
vagus nerve stimulation, ketogenic diet (KD), lidocaine, inhalation anesthetics, brain surgery, therapeutic hypothermia, per-
ampanel, pregabalin (PGB), and topiramate in the treatment of SRSE. Two authors reviewed each therapeutic intervention. We
graded the level of the evidence according to the 2017 classification scheme of the American Academy of Neurology. Results: For
SRSE (level U; 39 class IV studies total), insufficient evidence exists to support that perampanel, PGB, lidocaine, or acute vagus
nerve stimulation (VNS) is effective. For children and adults with SRSE, insufficient evidence exists to support that the KD is
effective (level U; 5 class IV studies). For adults with SRSE, insufficient evidence exists that brain surgery is effective (level U, 7 class
IV studies). For adults with SRSE insufficient, evidence exists that therapeutic hypothermia is effective (level C, | class Il and 4 class
IV studies). For neonates with hypoxic-ischemic encephalopathy, insufficient evidence exists that therapeutic hypothermia
reduces seizure burden (level U; | class IV study). For adults with SRSE, insufficient evidence exists that inhalation anesthetics are
effective (level U, | class IV study) and that there is a potential risk of neurotoxicity. Conclusion: For patients with SRSE
insufficient, evidence exists that any of the ASMs reviewed, inhalational anesthetics, ketogenic diet, acute VNS, brain surgery, and
therapeutic hypothermia are effective treatments. Data supporting the use of these treatments for SRSE are scarce and limited
mainly to small case series and case reports and are confounded by differences in patients’ population, and comedications, among
other factors.
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Introduction

Status epilepticus (SE) is part of a continuum of seizure activity
that is classified based on response to treatment. Established SE
is defined as one seizure lasting longer than 5 minutes or 2 or
more seizures happening back to back with no return to base-
line." Refractory status epilepticus (RSE) is defined as SE that
does not respond to an adequate dose of a benzodiazepine and
administration of one other appropriately chosen antiseizure
medication (ASM). Super-refractory status epilepticus (SRSE)
is defined as seizure activity greater than 24 hours despite
treatment with an anesthetizing ASM.? This includes cases in
which seizures recur with an attempted withdrawal of the
anesthetics.>*

Super-refractory status epilepticus is a neurological emer-
gency with high potential for morbidity and mortality if not
recognized early. Approximately 23% to 48% of established
patients with SE progress to RSE, and 22% of patients with
RSE transition to SRSE.” In some cases, SRSE may develop
because of inadequate treatment of RSE, but in others, the
progression to SRSE is due to the underlying etiology such
as infection, inflammatory, or anatomical/structural cause.* A
small retrospective study of SRSE in children found that 47%
had immune-mediated encephalitis.®

Super-refractory status epilepticus carries a substantial risk
of poor neurological outcomes. In a review of 596 cases, 35%
returned to baseline, 13% had a severe neurological deficit,
13% had mild neurological deficit, 4% had undefined deficit,
and 35% died.” One study found progressive brain atrophy in
19 patients with SRSE who underwent serial imaging.®

Uncontrolled seizure activity upregulates N-methyl-p-
aspartic acid (NMDA) receptors, resulting in glutamate-
mediated increased in intracellular calcium that has been
associated with increased excitation, apoptosis, and necrosis
of neurons. In addition, y-aminobutyric acid (GABA) receptors
are internalized from the extracellular membrane to the cytosol,
reducing the effectiveness of the GABA agonists that target
them, such as benzodiazepines and barbiturates.*

The treatment of SE was unchanged for decades and
included the use of benzodiazepines plus phenytoin/fospheny-
toin.” The current guidelines include other intravenous (IV)
medications such as levetiracetam and valproic acid.'®!" The
treatment of RSE and SRSE is more heterogeneous and lacks
support from controlled studies™'*'* and American Epilepsy
Society (AES) treatment of RSE comprehensive review.'* This
is a very important topic to review since mortality and health
care cost is significantly higher for SRSE than RSE and non-
RSE due to prolonged hospital stay requiring intensive care
unit (ICU) level care.'”

Methods

Group Constituents

Members of the AES Treatments Committee formed the Super
Refractory Status Epilepticus Taskforce to conduct this litera-
ture review and assessment.

AN I

Scope

In 2016, the AES Guidelines Committee published the revised
guidelines for the treatment of SE, which focuses on the initial
management of SE."! Subsequently, the AES Treatments Com-
mittee published the comprehensive review on the treatment of
RSE.'"* The current work was conducted as a sequel to these
recent publications in order to analyze the existing literature
supporting the use of treatments of SRSE not covered in our
earlier guidelines and published review and to identify areas for
future research. We specifically review the studies on effec-
tiveness of hypothermia, ketogenic diet (KD), vagus nerve sti-
mulation (VNS), brain surgery, inhalational anesthetics, and
other ASMs such as topiramate, pregabalin (PGB), lidocaine,
and perampanel.

Databases Searched

The group reviewed numerous guidelines published in epilepsy
and other areas of neurology and discussed the bibliographic
databases, which would likely yield the largest numbers of
publications. In order to minimize bias, the Cochrane Hand-
book of Systematic Reviews of Interventions was used to guide
this systematic review.'® Cochrane Library review authors are
encouraged to use MEDLINE, Embase, and the Cochrane Cen-
tral Register of Controlled Trials. The present study used not
only MEDLINE, Embase, and the Cochrane Library but also
CINAHL (Cumulative Index to Nursing and Allied Health Lit-
erature) in order to identify articles published in other journals
that might not be captured in the first 3 databases. Embase
database search dates include 1974 to May 2020; MEDLINE
from May 1, 2020; Cochrane Database from 2005 to May 2020;
and Cochrane Central Register of Controlled Trials from 2014
to May 2020.

Search Strategies

Search strategies included “Status Epilepticus”’[Major]) AND
(super [tiab] OR super-refractory [tiab] OR superrefractory
[tiab] OR benzodiazepine-resistant [tiab] OR Midazolam-
Resistant [tiab] OR lorazepam-resistant [tiab] OR LOR-
resistant [tiab] OR refractory* [tiab] OR prolonged [tiab] OR
intractable [tiab] OR treatment-resistant [tiab] OR treatment-
refractory [tiab])) OR SRSE [ti] OR RSE [ti]) OR (((epilep™ [ti]
OR seizure* [ti]) AND (super [tiab] OR super-refractory [tiab]
OR superrefractory [tiab] OR benzodiazepine-resistant [tiab] OR
Midazolam-Resistant [tiab] OR lorazepam-resistant [tiab] OR
LOR-resistant [tiab] OR refractory* [tiab] OR prolonged [tiab]
OR intractable [tiab] OR treatment-resistant [tiab] OR treatment-
refractory [tiab])) NOT medline [sb])) NOT ((animals[mh]
NOT humans[mh]))) NOT ((comment[pt] OR editorial[pt]
OR letter[pt] OR in vitro techniques[mh] OR news[pt] OR
“Introductory Journal Article” [Publication Type] OR
“Ephemera” [Publication Type] OR “Newspaper Article” [Pub-
lication Type] OR “Congresses” [Publication Type] OR
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Table I. Evidence of Therapeutic Interventions for SRSE.

Therapeutic intervention Level of evidence

Comment

Therapeutic hypothermia

Vagus nerve stimulation

Ketogenic diet

Lidocaine
Inhalational anesthetics

Brain surgery

Level C:

| Class Il study

3 Class IV studies

13 Case reports
Level U:

27 Class IV studies
Level U: Children

5 Class IV studies

Level U: Adults:

3 Class IV studies
Level U:

5 Class IV studies
Level U:

16 Class IV studies
Level U:

7 Class IV studies

Risk of serious complications including venous thrombosis, pulmonary
embolism, infection, and paralytic ileus
Potential bias in the systematic review publication

Retrospective and small sample size studies

Most studies are focused on neonatal seizures

Risk of potential neurotoxicity

Focal resection of a well-localized ictal zone in noneloquent cortex is
recommended

Possible role in the treatment of postanoxic SRSE

Risk of induction of myoclonic status epilepticus

Enteral administration is well tolerated

Perampanel Level U:

4 Class IV
Pregabalin Level U:

3 Class IV studies
Topiramate Level U:

| Class IV

6 Case reports

Abbreviation: SRSE, super-refractory status epilepticus.

comment [ti]))) AND ((“2018/09/01”’[Date - Entry]: “3000”’[Date
- Entry]) AND (english[Filter])) Filters: English.

Evidence Classification

Articles were classified as class I (prospective, randomized
controlled trials), class II (prospective matched group cohort
study), class III (all other controlled trials), or class IV (evi-
dence from uncontrolled studies, case series or reports, or
expert opinions) according to the 2017 Edition Clinical
Practice Guideline Process Manual of the American Academy
of Neurology.'” Each article was adjudicated by 2 authors or, in
the case of disagreement, by 3 authors.

Results

Database searches identified no class I, 1 class 11, and multiple
class IV studies on the use of other therapeutic trials in the
treatment of SRSE. Table 1 depicts a summary of evidence
of therapeutic interventions for SRSE.

Therapeutic Hypothermia

Therapeutic hypothermia has been proposed as a therapy for
SRSE based on data from animal studies, showing that
hypothermia has protective effects against the edema and
inflammatory reaction associated with SE and prevented
SE-induced neuronal injury in most animals.'®2° Mild
hypothermia has also shown an increase in latency of onset
of seizures and SE, as well as decrease in spike frequency in

the rat pilocarpine model.?! Another experiment on rats with
spontaneous SE after electrical stimulation demonstrated a sig-
nificant reduction of duration and severity of motor of seizures
after external cooling enhanced by low-dose benzodiazepine.**

Efficacy in SRSE. The HYBERNATUS study was the only ran-
domized controlled trial of therapeutic hypothermia for
patients with SRSE.*® This was a class II study of 268 adults
with propofol-resistant SRSE conducted at 11 centers across
France. Patients were randomly assigned to receive hypother-
mia at 32 °C to 34 °C or normothermia plus standard treatment.
This study was designed to compare the functional outcome as
measured by the Glasgow Outcome Scale after 90 days
between the 2 groups. There was no significant difference in
the outcomes between the 2 treatment groups. Also, there was a
higher number of reported adverse effects in the hypothermia
group without significant difference in the 90-day mortality
and functional impairment.?®

One study reviewed 13 articles of case reports with a limited
number of patients. There was inconsistent evidence to support
the efficacy of hypothermia for SRSE.** In a series of 4 adults
with SRSE refractory to midazolam or barbiturate, infusions
were treated with endovascular cooling to a target temperature.
The authors felt that therapeutic hypothermia was successful in
aborting SE in all 4 patients. Adverse effects were shivering,
coagulopathy, and venous thromboembolism.*

A case series of 5 children reported that 1 patient died and 4
children successfully recovered after hypothermia therapy.*®
Another retrospective study included 31 cases of neonates with
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hypoxic-ischemic encephalopathy (HIE) who underwent con-
tinuous electroencephalogram (EEG) monitoring. About half
of them received cooling therapy. There was a significant
reduction of the electrographic seizure burden in cooled neo-
nates with moderate HIE.?’

Therapeutic hypothermia has been associated with serious
complications including venous thrombosis, pulmonary embo-
lism, infection, and paralytic ileus.?® In order to minimize com-
plications, the recommended temperature target has been
between 32 °C and 35 °C, and hypothermia duration should
be limited to 24 to 48 hours.?® In patients with SRSE, insuffi-
cient evidence exists to support the efficacy of therapeutic
hypothermia (level C,1 class II study, 3 class IV studies, and
13 case reports).

Vagus Nerve Stimulation

Vagus nerve stimulation was approved in 1997 by the US Food
and Drug Administration (FDA) for adjunctive treatment of
drug-resistant focal epilepsy.”’ Experimental studies demon-
strated that VNS was capable of seizure termination.* Electri-
cal stimulation of the human hippocampus at a rate of 30 Hz
produced a significant decrease in the occurrence of epilepti-
form discharges compared to baseline.’! There are few case
reports and case series in which VNS was implanted acutely for
the treatment of SRSE. A recent systematic review of 26 arti-
cles and abstracts included 38 patients and demonstrated a lack
of evidence for efficacy of VNS in this scenario.** Seizure
cessation occurred in 28 of 38 cases; the patients were
implanted within an average of 18 days. The average time for
“response” was 1 week after implantation.®* This review is
problematic as all publications were retrospective and poorly
controlled, the concomitant treatment was vaguely described,
the electrographic outcome is not available in many cases, and
the main author in this review has a significant conflict of
interest. Another review article in 2015 reported similar find-
ings with only 2 cases of seizure cessation within 24 hours of
stimulation.® In conclusion, insufficient evidence exists to
support that VNS is effective for the treatment of SRSE (level
U, 27 class IV studies).

Ketogenic Diet

Ketogenic diet has been used in the treatment of medically
refractory epilepsy in children since 1921 in the United States.**
How the diet exerts its antiseizure effect is not entirely known,
but a number of possible mechanisms of action have been pro-
posed. Ketogenic diet appears to modulate glutamate release’”
and has anti-inflammatory*®*’ and neuroprotective effects,*®
which is of particular importance to its use in SRSE. The largest
experience using KD therapy for the treatment of SRSE has been
in children, but it has also recently been used in adults.

As the diet involves an energy shift from the use of carbo-
hydrates to lipids, it might induce deterioration in some patients
with disorders of fat metabolism. Screening for metabolic dis-
orders as a possible etiology of SRSE and potentially

AN I

exacerbated by KD is recommended, particularly in children
without a clear underlying etiology for RSE.*’

Enteral feeding is typically used for initiation and mainte-
nance of KD,*** although IV administration of the KD has
also been described in patients who would not tolerate enteral
feeding, secondary to ileus, or reduced gastrointestinal motility
due to coma-inducing medications.***¢

There are several challenges when attempting to achieve
ketosis in critically ill patients secondary to concomitant med-
ications. For example, carbohydrate contents from concomitant
medications may prevent or delay the onset of ketosis, some IV
ASMs contain propylene glycol (ie, IV phenytoin and IV lor-
azepam), which can produce lactic acidosis, making it difficult
to induce ketosis. The use of steroids may delay the onset of
ketosis, and propofol infusion in combination with or within 24
hours of KD administration is considered relatively contraindi-
cated due to increased risk of propofol infusion syndrome.***”

Early side effects include metabolic acidosis, hypoglycemia,
hyponatremia, and hyperlipidemia, and careful monitoring of
blood glucose, serum lipids, liver functions, acid—base status,
electrolytes, urine, and serum ketones is recommended.*#?48

Efficacy in SRSE in adults. There is only 1 prospective multicenter
study investigating the feasibility, safety, and efficacy of a KD
for SRSE in adults. The diet was initiated via gastrostomy tube
in 15 patients, with a median duration of SRSE of 10 days
before KD initiation. There was no control group. Ketosis was
achieved with a median of 2 days after initiation. Of the 14
patients who completed KD treatment, 11 had resolution of
SRSE, with a median of 5 days.*® Thakur et al described 10
adult patients initiated on KD treatment. The median duration
of SE before initiation of KD was 21.5 days, and the median
number of ASMs used before initiation of KD was 7. Nine
patients achieved ketosis, and SE ceased in all patients achiev-
ing ketosis, with a median of 3 days. Two patients developed
hypertriglyceridemia and 1 had transient acidosis that resolved
without interrupting dietary treatment.*’ Data from case
reports, case series, and 2 other retrospective studies demon-
strated similar efficacy.*®*>°

Efficacy of KD in SRSE in children. There are no prospective or
randomized trials assessing the efficacy of KD in SRSE in chil-
dren. Data are available from several retrospective studies and
case series in children with SRSE of different etiolo-
gies.*"**°1-32 There is no consensus on the timing of initiation
of KD in SRSE, although typically started via the enteral route
after days of failed anesthetic treatment. Of particular interest is
its use in febrile infection—related epilepsy syndrome (FIRES)
where there are several studies suggesting its efficacy.’>>* Park
et al reported 16 children with SRSE, including 10 patients with
FIRES who were treated with KD. The patients were in SRSE
with a median of 23 days (range, 3-420 days) prior to KD initia-
tion. Ketosis was achieved within 2 to 6 days. Of the 16 patients,
9 achieved seizure freedom, 6 had >50% seizure reduction, and
1 had <50% seizure improvement. Eleven patients reported side
effects, with the most common being gastrointestinal
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disturbances. Other early side effects included lipid aspiration
pneumonia, hypercholesterolemia, elevated liver enzymes, and
hypoproteinemia.>® Nabbout et al reported 10 patients with RSE
and SRSE due to FIRES. In 7 patients, seizures stopped within 2
to 4 days following the onset of ketonuria and 4 to 6 days
following the onset of the diet. Patients recovered consciousness
within 24 to 48 hours following seizure cessation.>>

The KD has also been used for the treatment of SRSE of
different etiologies, including patients with preexisting epi-
lepsy and immune-mediated encephalitis.’’>> Appavu et al
reported on KD treatment in 10 children with SRSE. Median
duration of SE prior to KD was 18 days. Nine patients had
resolution of SRSE, with a median of 7 days after diet initia-
tion, and 8 patients were weaned off anesthesia within 15 days
of diet initiation and within 1 day of achieving ketonuria.>'

In conclusion, for children with SRSE (level U, 5 class IV
studies) and adults (level U, _3_ class IV studies), insufficient
evidence exists to support that the KD is effective. Studies are
limited by their retrospective nature, small sample size, and
concomitant use of other agents, although KD was utilized. The
optimal timing for KD initiation remains unknown. The effec-
tiveness of KD with some treatment agents compared to others
or for specific etiologies is also unknown. Prospective trials are
needed to determine the effectiveness of KD for SRSE.

Lidocaine

Lidocaine, a class Ib anti-arrhythmic and local anesthetic
agent, reversibly binds a specific receptor site in the pore of
sodium channels of axons, blocking ion movement through the
pore. This is not to be confused with ASMs, which enhance the
rapid phase of sodium channel inactivation in the central ner-
vous system (eg, phenytoin, carbamazepine, lamotrigine, and
others), or lacosamide, which enhances slow inactivation of
sodium channels in neurons. The reason for this additive effect
of lidocaine likely stems from the drug’s amine chain, not
present in other commonly used sodium channel-based anti-
epileptic drugs.’® Literature on the use of lidocaine in the treat-
ment of SE is focused on its use for neonatal seizures and is
beyond the scope of this review.”’ Yamamoto et al’® in a sur-
vey of 194 neonatal ICUs at university hospitals in Japan found
that lidocaine was useful in the treatment of neonatal SE.

Data in adults are limited to case reports with mixed effi-
cacy. Cervenka et al>® reported on the use of IV lidocaine,
coadministered with other ASMs including IV anesthesia in a
49-year-old with SRSE. Lidocaine was ineffective in control-
ling SE. Lidocaine was effective in a case report of a 15-year-
old with FIREM. Lidocaine was started at a dose of 1.25 mg/
kg/h, resulting in a progressive resolution of SE and EEG
improvement from the first day of administration allowing the
barbiturate coma to be completely removed in the subsequent
days.®° Lidocaine was also effective in a 23-year-old after fail-
ure of pentobarbital coma.®"

For children and adults with SRSE, insufficient evidence
exists to support that the lidocaine is effective (level U, 5 class
IV studies).

Inhalational Anesthetics

Inhalational anesthesia (in decades past halothane, and in recent
years isoflurane) has been used occasionally for the treatment of
SRSE when other treatments have failed. The exact mechanism
by which these agents suppress seizures is not completely under-
stood, but clinical experience has demonstrated a very rapid
suppression of seizure activity under EEG monitoring. The most
common complication is hypotension that may require the use of
pressors.®*** Isoflurane is highly effective in stopping epileptic
activity in up to 92.9% and 94.4% of adult and pediatric patients,
respectively. In most patients, the seizures returned after cessa-
tion of inhalational anesthetics. In all, 30% inhaled Xenon has
been associated with 100% seizure control in all neonates with
seizures due to asphyxia.®® There is a concern for potential toxi-
city associated with the use of inhalation anesthetics. A case-
controlled study reported 8 patients with SRSE treated with
anesthetic agents and matched with similar patients not receiving
isoflurane. Isoflurane cases showed more magnetic resonance
imaging (MRI) hippocampal signal abnormalities compared to
control.®® A case report of 2 patients treated with isoflurane for
over 30 days was associated with MRI abnormalities, suggesting
a potential neurotoxic effect after prolonged use.®’

In conclusion, for children and adults with SRSE (level U,
16 class IV studies), insufficient evidence exists to support that
anesthetic agents are effective. There is also a concern for
potential neurotoxicity, which makes this therapeutic approach
less desirable. Indeed, the main goal to treat SRSE aggressively
is to prevent potential brain damage.

Brain Surgery

Surgical approaches in the management of SRSE have been
reported when first-, second-, and third-line pharmacological
management of seizures are ineffective. Different surgical pro-
cedures have been used for SRSE, including focal resection,
lobar or multilobar resection, functional/anatomical/modified
hemispherectomy, corpus callosotomy, and multiple subpial
transections with or without focal resection.®® Surgical inter-
ventions have been performed at least 2 weeks after persistent
SE in all but one case who was operated within 8 days of the
onset.®®%” Resection has been used primarily in the setting of
Rasmussen encephalitis with epilepsia partialis continua.’®’"
In patients with seizure focus in eloquent cortex, such as motor
or language areas, resection is not ideal and will result in post-
operative neurological deficit. In these cases, it has been shown
that multiple subpial transections are effective at decreasing
clinical seizure activity.”” Multiple subpial transection is
thought to be effective due to decreased synchronization
through the transected cortex preventing spread of seizure from
the foci to adjacent cortex.”> Ma et al reported a case of a 25-
year-old woman who had partial anterior callosotomy who
presented with persistent generalized SE lasting over 1 month
and was finally treated with completion of the corpus callosot-
omy. She returned to baseline following the procedure.’?
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In summary, focal surgical resection is recommended for
patients with a well-localized ictal zone in noneloquent cortex
and persistence of convulsive or nonconvulsive SRSE and fail-
ure of proper pharmacological therapy (level U, 7 class IV
studies). There is no evidence to recommend the use of corpus
callosotomy for SRSE.

Perampanel

Perampanel is a selective, noncompetitive a-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid (AMPA) receptor antago-
nist. Increased trafficking of NMDA and AMPA receptor
subunits to the synaptic membrane contributes to increased
glutamate-mediated excitatory activity. Therefore, targeting
AMPA receptors may offer alternative treatments for patients
with SRSE.! Perampanel is available only as an oral (PO) for-
mulation that can be administered via nasogastric tube in
patients with SRSE. The gastrointestinal absorption and con-
sequent bioavailability of perampanel given by enteral feeding
tube could be reduced by slowed gastric emptying, impaired
intestinal blood flow, and reduced intestinal motility.”* The
literature describing the use of perampanel is limited to small
retrospective studies and a few case reports.

Strzelczyk et al described the use of perampanel, adminis-
tered via nasogastric tube, in 23 patients with SRSE; 6 patients
responded. Resolution of SRSE on EEG occurred with a med-
ian time of 3 days, with a median dose of 6 mg.”> Rohracher
et al described 12 patients, including 5 patients with SRSE
treated with perampanel. Perampanel was given after a median
number of 4 ASMs (range: 2-7). Median initial dose was 4 mg
titrated up to a median of 12 mg in increments of 2 to 4 mg/d.
Of the 12 patients, 2 responded. No adverse cardiorespiratory
changes or changes in laboratory parameters related to the
administration of perampanel were observed.’®””

Beretta et al’® described 8 postanoxic patients with SRSE.
Patients were treated with a single daily dose of perampanel,
administered via nasogastric tube. Perampanel was started with
a median initial dose of 6 mg (range 6-12 mg). In 6 patients,
SRSE resolved within 72 hours following administration of
perampanel without changes in comedications. A mild chole-
static injury was observed in 5 patients. Similarly, there are
case reports describing resolution of postanoxic SRSE follow-
ing administration of perampanel.”®*° It should be recognized
that with a very long half-life of approximately 105 hours, if
only maintenance dosing is provided once daily (ie, with no
loading dose), it will take approximately 525 hours (3 weeks) to
achieve a steady-state plasma concentration of perampanel.
This makes it hard to interpret studies reporting resolution of
SRSE after only 72 hours.

In conclusion, the current data supporting the use of peram-
panel in the treatment of SRSE are scarce and limited to small
case series and case reports and confounded by differences in
patients’ population, comedications, timing of administration,
and dosages of perampanel. Preliminary data suggest it may
have a role in the treatment of postanoxic SRSE, although
larger prospective studies are needed to assess its utility in this
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population. For adults and children with SRSE, insufficient
evidence exists to support the efficacy of perampanel (level
U, 4 class IV studies).

Pregabalin

No class I, 11, or III studies have been performed on PGB as a
treatment for SRSE. A literature search identified only 3 orig-
inal articles on this subject. Review articles were excluded.
Novy and Rossetti®' retrospectively found 10 of 230 patients
with RSE treated with PO PGB at their center over a 3.5-year
span. One patient was treated twice daily (bid) for a total of 11
episodes. Pregabalin was used after other ASMs had failed in
all cases, and 9 of 11 episodes were considered refractory.
Pregabalin was given PO for simple partial SE via nasogastric
tube for patients in stupor/coma. Episodes were very likely
controlled in 5 patients, possibly controlled in 3, and not con-
trolled in 3.%'

Swisher et al reported a retrospective review in which they
identified 23 patients with SE related to primary or metastatic
brain tumors. In all patients, phenytoin and levetiracetam were
used initially, then PGB was given. After administration of all 3
ASMs, SE was controlled in 16 (70%) of 23 patients an average
of 24 hours after the addition of the third drug.®® This same
group reported a series of 21 patients who received PGB for the
treatment of nonconvulsive SE or seizures. They found PGB
was more effective in aborting seizures than nonconvulsive SE
(2 patients, 18%). Of the 9 patients with brain tumors, 6
responded, whereas all 4 with posthypoxic seizures did not.®

One concern is that de novo myoclonic SE has been reported
in patients without epilepsy treated with PGB. Knake et al**
reported 2 patients with chronic pain with PGB-induced myo-
clonic SE. Likewise, Baysal Kirac et al® described 2 chronic
pain patients treated with PGB who developed myoclonic SE.

In conclusion, for the treatment of SRSE, insufficient data
exist to support the efficacy of PGB (level U, 3 class IV stud-
ies). Induction of myoclonic SE has been reported in patients
without epilepsy following administration of PGB.

Topiramate

Topiramate was approved by the FDA in 1997 for both focal
and generalized seizures in patients aged 2 years and older.
This agent appears to have multiple mechanisms of action that
may contribute to its antiseizure activity, including rapid inac-
tivation of voltage-gated sodium channels, augmentation of
GABA currents (independent of benzodiazepine receptors),
inhibition of carbonic anhydrase, and blockade of excitatory
postsynaptic AMPA /kainate receptors.®®

Several studies have evaluated topiramate use in both neo-
natal seizures and RSE and SRSE in adult patients. In neonates,
Perry et al reported that in infants with EEG confirmed SE,
seizures were terminated within 24 hours following an enteral
loading dose of 5 mg/kg bid for 2 days. Patients were then
started on a maintenance dose of 2.5 mg/kg bid.®” Lower initial
and target maintenance doses of 2 to 3 and 5 to 6 mg/kg/d,
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respectively, have also been reported to be efficacious.
Although limited anecdotal data suggest benefit in preterm
infants (maintenance doses of 3.5-8 mg/kg/d),* this ASM is
not without potential serious adverse effects in these patients,
including irritability, feeding problems, metabolic acidosis,
and, more recently, necrotizing enterocolitis.’® In adults,
although several small retrospective reviews and/or case series
have evaluated topiramate in RSE, evidence is sparse for
SRSE.”!

For the treatment of RSE, data have been conflicting, with
Hottinger and colleagues reporting in a retrospective study that
topiramate successfully terminated RSE in over 70% of
patients when topiramate was given as the fourth to seventh
ASM at doses ranging from less than 400 to 799 mg/d.”*

Conversely, Madzar et al®* did not observe any meaningful
efficacy of topiramate in RSE.

In one of the largest published data sets, Fechner and col-
leagues retrospectively evaluated adjunctive use of topiramate,
given both PO and via nasogastric tube, in n = 106 patients
classified as either RSE (n = 66) or SRSE (n = 40). The
authors denoted a positive response to topiramate in those
patients whose SE terminated when topiramate was the last
ASM added with no additional changes to background ASMs.
Using this criterion, the median time from the onset of SE to
initiation of topiramate was about 8 days (1-30 days). Initial
topiramate doses ranged from 25 to 500 mg, with a median
initial dose of 100 mg. Treatment duration ranged between 1
and 70 days, with a median of 12 days and with a median
maintenance dose of 400 mg (25-900 mg/d).*

Overall, these authors reported a positive response to TPM
in 32% of patients with RSE and 20% in patients with SRSE.

Although generally well tolerated, hyperammonemia has
been commonly observed. Fechner et al noted this in 35.8%
of treated patients, and particularly in those concomitantly
receiving valproic acid. Similarly, Hottinger and colleagues
reported hyperammonemia in 20% of treated patients.

Mild hyperchloremic acidosis has also been noted, and
rarely, pancreatitis. In summary, limited data suggest that ent-
eral administration of topiramate to patients with SRSE may be
of some value. Importantly, this agent seems to be generally
well tolerated. In conclusion, for the treatment of SRSE insuf-
ficient, data exist to support the efficacy of topiramate (level U,
1 class IV study and 6 case reports).

88

Discussion

Super-refractory status epilepticus is the end of a continuum of
sustained seizure activity that is increasingly difficult to treat.
The overall approach to SRSE should be similar to that of
typical SE and RSE, with the addition of therapy not previously
used up to that point. Similar to RSE, no guidelines exist for the
treatment of SRSE. Current data derive from retrospective
studies, where selection bias likely affected the results. Treat-
ment options are selected at the clinician’s discretion based
upon their training, personal experience, expert opinion, and
published case reports or small uncontrolled studies. To our

knowledge, no evidence-based review discussed the broad
range of treatments for SRSE and no guidelines exist regarding
the optimal approach to treatment of this serious condition.
Similar to recent review of RSE by the AES Treatments Com-
mittee, we systematically reviewed the world’s literature
regarding the treatment of SRSE.

When SE persists after the first 24 hours and fail typical
treatments, the evidence is more diluted. In desperation to offer
a therapy for these patients, clinicians have explored multiple
unconventional treatments that lack evidence of efficacy or
safety. Among the therapies reviewed here, we found mostly
class IV studies. Some therapies carry a significant health risk.
For example, therapeutic hypothermia may cause venous
thrombosis and pulmonary embolism; inhalation anesthetics
may cause neurotoxicity. Other therapies such as lidocaine,
PGB, perampanel, and VNS had very little data to support their
use. Ketogenic diet has been used mainly in children with class
IV evidence. Brain surgery may be reserved for patients with a
well-defined super-refractory seizure focus in a noneloquent
cortex after other treatments have failed.

Similar to the recent review of RSE by the AES Treatments
Committee, we systematically reviewed the world’s literature
regarding the treatment of SRSE. The methodology used for
this comprehensive review has limitations. We used a librarian
to search for publications about SRSE and assigned a small
number of taskforce members to conduct independent searches
for each therapy. As a result, it is possible that each small group
did not conduct identical search strategies. In addition, some
groups did not track the exact number of articles identified nor
catalog the reasons for excluding them beyond relying on the
inclusion and exclusion criteria listed in section “Methods.”
Our methodology and reporting meet most of the Institute of
Medicine and PRISMA standards, but given these limitations,
we consider this a review rather than a systematic review.

In conclusion, mostly insufficient evidence exists on the
efficacy of alternative treatments for SRSE besides the treat-
ments reported in recent comprehensive review of RSE and no
guidelines exist regarding the optimal approach to treatment of
this serious condition.
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