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Introduction

Refractory and super-refractory status epilepticus (SE) are
acute neurologic emergencies with mortality rates of 18—
26% [1-4] and 23-48% [5-10], respectively. Over half of
survivors have poor functional outcomes [10-12], but
excellent outcomes are reported even after prolonged SE
lasting weeks or months [13, 14]. The pharmacologic
treatment itself portends additional risk of morbidity and
mortality, and recent evidence highlights these concerns
[15-17]. Although there are risks of treatment, uncontrolled
convulsive SE may be fatal or lead to permanent multi-organ
failure [18, 19]; therefore, aggressive control of seizures is
critical. When nonconvulsive SE, whether focal or general-
ized, leads to a reduction in the level of consciousness and
significant compromise of function, seizures must also be
controlled aggressively, despite the inherent treatment risks.
Predictors of refractoriness include severity of consciousness
impairment at onset, de novo episodes, and encephalitis [7,
9], but SE of any cause can become refractory if initial
therapies are delayed or inadequate, or if the underlying
cause is not reversed.

If SE is refractory to initial therapies including benzodi-
azepines and a second line intravenous (IV) anti-seizure drug
(ASD) such as fosphenytoin, valproic acid, or phenobarbital,
the patient is said to be in refractory status epilepticus
(RSE) and treatment with an anesthetic drug is frequently
initiated. When SE continues or recurs 24 h or more after the
initiation of anesthetic treatment, it is termed
super-refractory status epilepticus (SRSE), or alternatively,
‘malignant status epilepticus.” The pharmacologic treatment
of this very refractory group of patients is not well deter-
mined or supported by strong evidence [20, 21].
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This chapter provides a comprehensive overview of the
pharmacologic treatment of refractory and super-refractory
status epilepticus. Treatment aggressiveness, drug selection,
and dosing are discussed, including both anesthetic and
non-anesthetic ASDs. An in depth review of commonly used
anesthetic drugs including propofol, midazolam, ketamine,
and barbiturates including thiopental, phenobarbital, and
pentobarbital, is provided. Mirroring the daily care of
patients with refractory and super-refractory status epilepti-
cus, the chapter emphasizes the complications of anesthetic
therapies and when possible, how to prevent them. Less
frequently discussed aspects of treatment, including the
electroencephalography (EEG) suppression target, principles
of weaning anesthetic drugs, and what to do in between
weaning attempts, are addressed. Also included is a section
on when and how to initiate a trial of immunotherapy for
cryptogenic or antibody-mediated RSE.

Refractory Status Epilepticus
Selection of Third Line Therapy

After failure of an adequate dose of first line (i.e., a benzo-
diazepine) and a second line ASD (e.g., fosphenytoin), SE is
considered refractory. The main decision point at this stage is
whether to treat with a third line non-anesthetic ASD or to
initiate a continuous anesthetic infusion. Numerous options
and little data exist to guide this decision. The only ran-
domized controlled trial designed to evaluate this phase of SE
was stopped prematurely due to poor enrollment [22]. Con-
tinuous infusion IV anesthetic drugs are often employed to
control RSE, especially in convulsive SE. Purported reasons
for this aggressive approach include; (1) prevention of sys-
temic injury or death from uncontrolled convulsive SE,
(2) prevention of seizure-induced neuronal loss, (3) reduction
of cerebral metabolism, and (4) the assumption of lower
efficacy of third or fourth line non-anesthetic ASDs.
Undoubtedly, uncontrolled convulsive seizures cause
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neuronal injury and may lead to severe and permanent sys-
temic and neurologic morbidity [19, 23]. Neuronal injury
may well also occur with uncontrolled nonconvulsive sei-
zures [24-26], and the decline in neurologic function appears
to be directly proportional to the duration of nonconvulsive
seizures [27]. Nevertheless, the use of anesthetic drugs in the
doses required to control RSE is associated with serious side
effects, some of which can also result in death [19].

Given the limited evidence supporting the use of anes-
thetic drugs and the relatively unfavorable side effect pro-
files, multiple recent retrospective observational studies were
performed to assess the association between anesthetic drug
use and outcome in RSE [15-17], the results suggesting an
independent association with mortality and worse functional
outcomes. The first of these studies did not adequately
control for known outcome predictors [15]. Sutter and col-
leagues then reviewed 171 consecutive patients with
non-anoxic SE of whom 63 (37%) were treated with an
anesthetic drug [16]. They controlled for known outcome
predictors including duration of SE, critical comorbid med-
ical conditions, SE severity (graded by the Status Epilepticus
Severity Score [STESS]), and administration of
non-anesthetic third line ASDs. The STESS includes patient
age, worst seizure type, level of consciousness at presenta-
tion, and whether or not the patient has a history of seizures
[28]. The authors found that the use of an anesthetic drug
was associated with increased mortality (relative risk 2.88)
and worse functional outcomes (relative risk 1.25), but the
difference in outcomes was most pronounced in those with
focal seizure types, as opposed to convulsive or noncon-
vulsive SE in coma [16]. The patients who received anes-
thetic drugs were more likely to have a depressed level of
consciousness prior to treatment, an acute symptomatic eti-
ology, and a longer duration of SE. After adjusting for
refractoriness, the association of anesthetic drug use with
mortality and functional outcome disappeared [16]. Marchi
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et al. [17] reviewed 467 consecutive episodes of SE lasting
longer than 30 min, among whom 50 (10.7%), were man-
aged with an anesthetic drug. After adjusting for etiology,
severity of SE (using the SESS), and comorbid conditions,
the use of an anesthetic drug was associated with new dis-
ability at hospital discharge (relative risk of 4.6) and mor-
tality (relative risk 5.5). Similar to the results of Sutter and
colleagues, the effect was most pronounced for those with
milder seizure types, and patients treated with anesthetic
drugs were more likely to have severe seizure types (con-
vulsive or nonconvulsive SE in coma) [17].

What is clear from these studies is that patients who
require anesthetic drugs for control of RSE have more severe
and refractory forms of SE, and that in this patient subgroup
of patients outcomes are often poor. It remains unknown how
much brain function is being saved in survivors by aggres-
sively controlling the seizures and whether this justifies the
risks of anesthetic drug use. In fact, one paper showed that a
higher dose anesthetic drug infusion was superior to a lower
dose of the same drug (midazolam), resulting in fewer
withdrawal seizures and lower mortality [29].

Incorporating the lessons of these studies, Fig. 17.1
depicts a simple algorithmic approach to selection of third
line therapy in RSE. As a general principle, refractory gen-
eralized convulsive SE should be controlled as rapidly as
possible with the use of an anesthetic drug, and control
confirmed by continuous electroencephalogram (C-EEG).
The decision to initiate an anesthetic drug necessitates
admission to an intensive care unit (ICU), endotracheal
intubation and mechanical ventilation, continuous hemody-
namic monitoring, and initiation of C-EEG monitoring.
Nonconvulsive RSE presents less risk to the cardiopul-
monary, musculoskeletal and renal systems, and possibly the
brain. Thus, in patients who are hemodynamically stable,
have preserved airway reflexes and are adequately oxy-
genating and ventilating, it is reasonable to try one or two

Fig. 17.1 Suggested algorithm
for the selection of 3rd—5th line
anti-seizure drugs for treatment of
refractory status epilepticus. ASD
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Table 17.1 Non-anesthetic anti-seizure drug options for the treatment of refractory and super-refractory status epilepticus

Drug Loading/starting Maintenance dose Therapeutic level Adverse effects
dose
Fosphenytoind 18-20 mg PE/kg 5-7 PE/kg/day 1V, Measure phenytoin Hypotension, arrhythmia, nonallergic pruritus
IV up to divided every 8 h level
150 mg/min
Phenytoin® 18-20 mg/kg 1V, 5-7 mg/kg/day Total: 15-20 pg/mL; ' Hypotension, arrhythmia, metabolic acidosis or tissue
up to 50 mg/min oral/IV, divided every @ Free: 1.5-2.5 pg/mL | injury with extravasation (diluted in propylene glycol)
8 h
Valproate® 20-40 mg/kg, up  30-60 mg/kg/day 80-140 pg/mL Hyperammonemia, pancreatitis, thrombocytopenia
to 3 mg/kg/min oral/IV, divided every
6h
Levetiracetam® | 20-60 mg/kg, up 2-12 g/day oral/lV, 25-60 mg/L Somnolence, rarely agitation
to 500 mg/min divided up to every
6 h
Lacosamide® 200—400 mg, over | 400-600 mg/day IV Unknown Mild sedation, allergic skin reactions, prolongation of
5 min divided every 12 h PR interval
Phenobarbita®! | 5-10 mg/kg, up to | 1-4 mg/kg/day 20-50 mg/mL Sedation, respiratory depression, rare metabolic
60 mg/min oral/IV, divided every acidosis due to propylene glycol toxicity
6-8 h
Clonazepam™®  0.015 mg/kg IV 0.5-8 mg/day oral, Unknown Mild sedation
divided every 6-12 h
Topiramate 200-400 mg oral ~ 400-800 mg/day oral, A Unknown Metabolic acidosis

divided every 8-12 h®

1V intravenous; min minutes; PE phenytoin equivalent

This is a non-anesthetic dose and infusion rate recommendation for the treatment of nonconvulsive SE with some preservation of consciousness.
Airway and hemodynamic monitoring including blood pressure and telemetry monitoring are still required

®Not available in intravenous form in the United States

“Doses up to 1200-1600 mg have been used and are recommended in the Neurocritical Care Society guidelines (Brophy, 2012 [55])

9Fast acting intravenous ASD options for the acute control of RSE

additional fast acting non-anesthetic ASDs prior to initiating
an anesthetic drug (Table 17.1). When a patient with non-
convulsive RSE is comatose, a third line fast acting IV ASD
may be administered, followed by a quick assessment of the
clinical and electrographic response in order to achieve
seizure control as rapidly as possible with escalation to an
anesthetic drug if the third line treatment fails. When some
preservation of consciousness exists in the setting of non-
convulsive seizures, every attempt should be made to avoid
the use of anesthetic drugs as long as possible. In these
patients, as well as those with a ‘do not resuscitate’ order, we
have had success with loading half or even three-quarters of
a full phenobarbital load IV in divided doses, waiting several
hours in between. Given the side effect profile of pheno-
barbital, which includes prolonged sedation, hypotension,
and respiratory depression, this is usually considered after
failure of multiple non-anesthetic ASDs (i.e., fourth or fifth
line treatment). Loading 5 mg/kg of phenobarbital IV fol-
lowed by another 5 mg/kg load several hours later (if nee-
ded) while carefully monitoring the hemodynamic and
respiratory status, can be effective and avoid the need for a
continuous anesthetic infusion. This should be followed by a
maintenance dose of phenobarbital (see Table 17.1).

Drug selection is determined on a case-by-case basis,
but important considerations exist. Patients with known
epilepsy may respond well to an IV bolus of their chronic
maintenance ASD, if available, even if recent levels had
been therapeutic in the outpatient setting. Consideration
should also be given to common adverse effects and drug
interactions. For example, phenytoin and fosphenytoin are
best avoided in hemodynamically unstable patients, as they
cause clinically significant hypotension in up to 50% of
patients during infusion of the loading dose [30, 31].
Valproate may not be the best option in patients previ-
ously loaded with fosphenytoin or phenytoin as a second
line therapy, because valproate will initially displace the
protein bound portion of phenytoin and inhibit its meta-
bolism, thereby increasing the free levels of phenytoin and
decreasing the free valproate concentrations [32]. While
free phenytoin and valproate concentrations will eventually
be normalized when steady state is reached, this interaction
may defeat the purpose of attempting rapid control of
seizures, avoidance of intubation, and initiation of anes-
thesia. For a thorough review of the pharmacologic
properties, efficacy and safety data for each ASD, see
Trinka and colleagues, 2015 [33].
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Anesthetic Anti-seizure Drugs

In generalized convulsive status epilepticus, early escalation
to anesthetic drugs is justified because rapid seizure control
is imperative to avoid the development of pharmacoresis-
tance, neuronal injury, and systemic complications. Com-
monly used anesthetic ASDs are listed in Table 17.2. There
is insufficient evidence to recommend one anesthetic ASD
over another [20, 21]. There are three conventional choices
—barbiturates (thiopental or its main metabolite, pentobar-
bital), midazolam, and propofol—although ketamine has
become an alternative choice as experience with it has
increased. One randomized controlled trial was attempted
comparing thiopental and midazolam, but the trial was
powered for 150 patients and recruited only 24 [22]. A sys-
tematic review of published (primarily uncontrolled) case
series reported control of RSE without breakthrough seizures
to be 42, 66, and 60%, respectively, for midazolam,
propofol, and barbiturates [6].

As there are no randomized or controlled comparative data
upon which to differentiate these choices, selection is based
primarily on the advantages and adverse effect profile of each
drug in relation to the comorbidities of the patient. It should be
stated that all anesthetic ASDs are associated with high rates
of infection [16, 17]. If an anesthetic ASD is initiated and
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titrated to typically adequate doses without achieving elec-
trographic seizure control, an alternative anesthetic drug is
usually added or substituted. According to recently published
data from the global audit of treatment of refractory SE, the
most widely used initial anesthetic ASD is midazolam (59%),
followed by propofol (32%), and barbiturates (8%) [12].
Midazolam. Midazolam is a benzodiazepine adminis-
tered via IV infusion which acts by binding to and enhancing
the action of the GABA,4 receptor. Onset of action occurs
within minutes and it is relatively short-acting in non-obese
patients with normal renal function (elimination half-life of
1.8-6.4 h). These properties make it ideally suited to pro-
longed use without accumulation, but accumulation may
occur in adipose tissue and with renal insufficiency.
Tachyphylaxis may develop, sometimes after only one day
of use, necessitating gradually increasing doses to maintain
seizure control. The propensity for breakthrough seizures to
develop during treatment with midazolam has been shown in
multiple studies [34, 35]. As midazolam is a strong respi-
ratory depressant, mechanical ventilation is required, and
hypotension requiring pressors occurs in 30-50% of patients
[6, 29, 34]. In a systematic review of 28 studies describing
193 patients with RSE, 54 of whom were treated with
midazolam, seizures recurred acutely after the loading dose
in 20% of cases. Breakthrough seizures occurred after the

Table 17.2 Anesthetic anti-seizure drug options for the treatment of refractory status epilepticus

Drug Loading dose Infusion rate
Midazolam 0.2 mg/kg 1V every 0.1-2.0 mg/kg/h
5 min until seizures
controlled; maximum
dose of 2 mg/kg
Propofol 2 mg/kg IV every 5 min 30-200
until seizures controlled; mcg/kg/min;
maximum dose Avoid use
10 mg/kg >80 mcg/kg/min
for >48 h
Ketamine 1-2 mg/kg IV every 1.2-7.5 mg/kg/h

5 min until seizures
controlled; maximum
dose 4.5 mg/kg

Pentobarbital 5 mg/kg IV up to
50 mg/min every 5 min
until seizures controlled

or maximum 15 mg/kg

0.5-5 mg/kg/h

Phenobarbital® 20 mg/kg IV up to 1-4 mg/kg/day
100 mg/min oral/IV, divided
every 6-8 h
Thiopental® 2-7 mg/kg IV up to 0.5-5 mg/kg/h

50 mg/min

“Included here despite the absence of a continuous infusion as it requires intubation and mechanical ventilation

®Not available in the United States

Adverse effects Special considerations

Respiratory depression, hypotension Tachyphylaxis, requires
mechanical ventilation,
accumulates in adipose
tissue and renal

insufficiency

Hypotension, propofol infusion
syndrome (potentially fatal myocardial
failure, lactic acidosis,
hypertriglyceridemia, &
rhabdomyolysis)

Hypertension, hypotension,
supraventricular tachycardia,
bradyarrhythmias

Hypotension, paralytic ileus,
respiratory depression, rare
hepatotoxicity, rare metabolic acidosis
due to propylene glycol toxicity,
prolonged sedation

Prolonged sedation, respiratory
depression, rare metabolic acidosis due
to propylene glycol toxicity

Hypotension, respiratory depression,
paralytic ileus, prolonged sedation

Requires adjustment of
daily caloric intake by
1.1 kcal/ml, requires

mechanical ventilation

Requires mechanical
ventilation

Complete loss of
neurological function at
high doses, requires
mechanical ventilation

Requires mechanical
ventilation

Accumulates in adipose
tissue, metabolized to
pentobarbital
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first six hours of treatment in 51%, and withdrawal seizures
occurred during weaning of midazolam in 63% [6]. More
recently, a study compared 100 patients treated with a
high-dose continuous midazolam infusion (median maxi-
mum dose 0.4 mg/kg/h, interquartile range (IQR) 0.2-1.0) to
29 historical controls at the same center treated with a lower
dose midazolam protocol (median maximum dose
0.2 mg/kg/h, IQR 0.1-0.3) [29]. Withdrawal seizures,
occurring within 48 h of drug discontinuation, were less
frequent in the high-dose group (15 vs. 64%; odds ratio
(OR) 0.10; 95% CI 0.03-0.27) and mortality was lower (40
vs. 62%; OR 0.34; 95% CI 0.13-0.92) compared with those
in the low-dose group, despite a higher incidence of
hypotension, and similar baseline patient characteristics and
duration of midazolam infusion. The results of this study
suggest that high doses of midazolam are safe and associated
with fewer withdrawal seizures. The implications of the
lower mortality are unclear given the historical controls and
inability to account for other practice changes.

Propofol. Propofol is an anesthetic with ill-defined
anti-seizure properties, which is thought to act by modula-
tion of the GABA, receptor, and possibly
N-methyl-D-aspartate (NMDA) antagonism, at least in vitro
[36]. Like midazolam, propofol is very short-acting and has
a rapid onset of action. Other advantages include its
intracranial pressure and cerebral metabolism lowering
properties [37]. Pressors are required for treatment of
hypotension in 22-55% of patients [6, 22, 38]. Apnea
occurs in 50-84% of patients, and mechanical ventilation is
required [39]. The most feared complication of propofol is
the propofol infusion syndrome (PRIS), a syndrome of
metabolic acidosis, rhabdomyolysis, renal failure, hyper-
kalemia, hypertriglyceridemia, and rapid cardiovascular
collapse which results from a toxic effect on mitochondrial
and cellular metabolic function. The incidence of PRIS is
unknown, and estimates vary widely with the dose and
duration of use [38, 40]. Risk factors include young age,
high fat and low carbohydrate intake, concomitant cate-
cholamine infusion or corticosteroid use, and prolonged
high-dose infusions (> 80 mcg/kg/min, for >3 days) [40,
41]. In a study of 31 patients with RSE treated with propofol
for a median 67 (range 2-391) hours with median cumula-
tive doses of 12,850 (range 336-57,545) mg, three sudden
cardiorespiratory arrests occurred without clear explanation.
Two patients died and 11 additional patients exhibited fea-
tures of PRIS despite careful monitoring for metabolic and
cardiac changes [40]. It is therefore likely that the only way
to avoid this potentially lethal complication is with the use
of a protocol limiting its use to no more than 2 or 3 days at
doses not higher than 80 mcg/kg/min. Treatment of PRIS is
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primarily supportive and includes stopping propofol, sup-
porting the cardiopulmonary and renal systems, sometimes
with cardiac pacing, renal replacement therapy, and extra-
corporal membrane oxygenation [42].

While significant clinical experience exists with propofol,
data about efficacy is limited. One study examined the use of
propofol in 27 consecutive episodes of RSE retrospectively,
and found that breakthrough seizures occurred in 9/27 (33%)
episodes, but in only two cases were the seizures severe
enough to prompt substitution of an alternative anesthetic
ASD [38]. In a systematic review of 28 studies describing
193 patients with RSE, 33 of whom were treated with
propofol, seizures recurred acutely after the loading dose in
27% of cases. Breakthrough seizures occurred after the first
six hours of treatment in 15%, and withdrawal seizures
occurred during weaning in 46% of cases [6].

Barbiturates. Thiopental and its metabolite, pentobarbi-
tal, are barbiturate anesthetic drugs with strong anti-epileptic
action. Their primary mechanism of action is to enhance
transmission at the GABA 4 receptor but they also lower the
core body temperature and may have neuroprotective effects.
The barbiturates have a strong sedative effect and are res-
piratory depressants, necessitating mechanical ventilation.
At high doses, they can result in loss of all brainstem reflexes
and an isoelectric EEG, mimicking brain death [43].

Barbiturates are virtually always effective in achieving
initial seizure control. Nevertheless, because of their pro-
longed duration of action, it is this author’s opinion that they
are not an ideal choice for first-line anesthetic therapy. There
is a subset of patients with RSE who require only 24 h of
anesthetic therapy and, upon correction of the etiology, are
easily weaned from anesthesia, extubated, and discharged
from the ICU within a 12-24 h period. If thiopental or
pentobarbital is chosen as the first-line anesthetic therapy,
the likelihood of the patient awakening and liberation from
mechanical ventilation within that time frame is significantly
reduced. This is due to their zero order kinetics, rapid
redistribution, and resultant accumulation leading to a long
half-life, prolonged recovery times [44], and longer duration
of mechanical ventilation [22]. The barbiturates are metab-
olized by the liver, undergo autoinduction, and have many
drug—drug interactions. Hypotension requiring pressors
occurs in 29-77% [6, 45] of patients [22]. While less com-
mon, several other potentially serious systemic complica-
tions are specific to barbiturate. A relatively common
complication of barbiturate infusions is adynamic ileus
(Fig. 17.2), reported in 10% of patients [45]. When severe,
bowel ischemia, and even perforation can result [22, 46].
Rarely, lingual edema (Fig. 17.3) can develop risking airway
obstruction [47]. This gradually resolves after discontinua-
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Fig. 17.2 Large amount of small bowel and colonic gas consistent with ileus in a patient treated with a continuous pentobarbital infusion for

17 days at a maximum dose of 5 mg/kg/h

tion of the drug. In <1% of patients, propylene glycol tox-
icity may develop which manifests as a progressive acidosis
that resolves after drug discontinuation [45]. Rarely, pan-
creatic, gastric, or hepatic injury may develop due to sys-
temic and splanchnic hypoperfusion, complications which
more commonly occur in elderly patients [48].

In a retrospective review of 31 patients with SRSE treated
with pentobarbital infusions, seizure control was achieved in
90% of patients but recurred in 48% upon weaning of the
drug [45]. A systematic review of 28 studies describing 193
patients with RSE, 106 of whom were treated with pento-
barbital, seizures recurred acutely after the loading dose in
only 8% of cases. Breakthrough seizures occurred after the
first six hours of treatment in 12%, and withdrawal seizures
occurred during weaning in 43% of cases [6].

Ketamine. Ketamine is an NMDA antagonist—a poten-
tial advantage over the other anesthetic ASDs, as prolonged
seizures are accompanied by pharmacoresistance to GABA
agonists [49] but not to NMDA antagonists [50]. An addi-
tional advantage is its lack of respiratory depressant effects.
Onset of action occurs within seconds, and it is relatively
short-acting (elimination half-life of 2-3 h). Metabolism is
hepatic and excretion is largely renal. Efficacy has been
demonstrated in animal models, even in late stages of RSE
[50, 51]. Experience in humans with RSE has been
increasing in recent years. The largest published series is a
multicenter retrospective review of 46 adults and 12 children
totaling 60 episodes of RSE treated with ketamine [52]. In
this series, ketamine was thought to have contributed to
permanent control of RSE in 32% of cases, and transient

control in an additional 13%, similar to the reported efficacy
of the other anesthetic ASDs [6]. Interestingly, response rate
was highest when ketamine was introduced early (as a third
or fourth line agent). Still, an assessment of efficacy in a
retrospective fashion, without controlling for the effects of
other ASDs, treatment of the cause of RSE, and other fac-
tors, is questionable. The true value of this study lies in its
confirmation of relative safety at the reported doses. Infu-
sions of up to 10 mg/kg/h for up to 27 days were not
associated with increased complications or mortality com-
pared to patients receiving lower doses for fewer days [52].
Two patients in this series developed supraventricular
tachycardia that resolved after drug discontinuation. One
developed atrial fibrillation requiring amiodarone, and there
was one incident of severe acidosis during coadministration
of both high-dose midazolam and ketamine leading to dis-
continuation of the drug. Despite a call for earlier use [53], it
is generally reserved for the most severe cases, usually after
more than one anesthetic ASD has failed [50], a practice
which is in line with current guidelines [54].

Treatment Goals

Once an anesthetic ASD has been initiated, the primary
treatment goals are clinical and electrographic seizure sup-
pression, and reversal of the cause of seizures. It is a com-
mon practice to titrate anesthetic ASDs to a predetermined
EEG endpoint. Endpoints are controversial, and available
evidence is conflicting [8, 10, 29, 55]. Options include
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Fig. 17.3 Photograph of an enlarged tongue in a 20-year-old woman
with refractory status epilepticus treated with continuous pentobarbital
infusion for two weeks with a maximum dose of 9 mg/kg/h. From Ji
et al. [48] with permission

complete background suppression (sometimes referred to as
‘isoelectric’ or ‘flat’), burst suppression, or seizure sup-
pression. Determining how much to suppress requires a
clinical judgement that balances the risks of increased sup-
pression (very high doses of anesthetic ASDs are sometimes
required to achieve a burst suppression or isoelectric EEG
background, risking increased hypotension, and other sys-
temic complications), with the benefit of increased seizure
suppression. Continuous EEG monitoring has shown that
seizures may still emerge from a burst suppression pattern,
so it follows that greater suppression should confer better
seizure control [56].

Next Steps

Once achieved, it is standard practice to maintain the desired
EEG endpoint for 2448 h prior to a slow withdrawal of
anesthetic ASDs [54]. Prior to attempting the first anesthetic
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wean, 2—-3 non-anesthetic ASDs (usually including the drug
selected as second line therapy) should be initiated at high
doses and titrated to achieve therapeutic levels. In patients at
risk for development of adynamic ileus (i.e., patients
receiving opiates or barbiturates), the IV route of adminis-
tration is preferred to ensure reliable absorption. In other
patients, ASDs may be administered enterally via a naso-
gastric or orogastric tube. No evidence exists to guide
optimal ASD combinations in this setting. General consid-
erations for drug selection include seizure type, systemic
comorbidities, drug—drug interaction profiles, and avoidance
of polypharmacy (>3 ASDs may add morbidity by increas-
ing the risk of adverse effects without evidence of benefit).

In addition, the clinician must ensure that the underlying
etiology has been addressed. By this time patients will have
undergone at a minimum, a thorough history, noncontrast
head computed tomography (CT) scan, comprehensive lab-
oratory evaluation, and lumbar puncture for cerebrospinal
fluid (CSF) analysis. If an etiology is identified, attempts are
made to correct the etiology (e.g., reverse hypoglycemia), or
at least initiate appropriate treatment when the etiology is not
expected to resolve rapidly (e.g., fulminant bacterial
meningitis). If an etiology has not yet been identified at this
stage, this is the time to begin the search for more unusual
causes of SE (e.g., complete autoimmune encephalopathy
panels including NMDA receptor, and voltage gated potas-
sium channel antibodies) and to consider initiation of
empiric immunotherapy. (See also Chap. 8, “Unusual Cau-
ses of Status Epilepticus.”)

Weaning of Anesthesia

There is no evidence to guide the weaning of an anesthetic
ASD. This author’s practice is to wean anesthetic drugs one
at a time by 10% per hour. For example, if the desired EEG
endpoint is achieved with midazolam 20 mg/h and propofol
50 mcg/kg/min, and maintained for 24-48 h, the midazolam
dose would be decreased by 2 mg/h each hour until off,
while carefully monitoring the EEG for seizure recurrence.
When midazolam is successfully discontinued, the propofol
wean would begin, decreasing the dose by 5 mcg/kg/min
every hour until off. Deciding which anesthetic drug to wean
first is somewhat arbitrary but clinical circumstances may
dictate which drug to wean first. Patients exposed to pro-
longed barbiturate infusions are at higher risk for withdrawal
seizures; this may be avoided by utilizing phenobarbital as
one of the 2 or 3 non-anesthetic ASDs [57].

If seizures recur, usual practice is to resume anesthesia
and reestablish EEG suppression. Occasionally break-
through seizures that occur upon weaning of anesthesia will
subside spontaneously. How long to observe, if at all,
remains a clinical judgment. It is probably reasonable to
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observe and allow some electrographic seizures during an
anesthetic wean, but if the frequency of breakthrough sei-
zures does not decline gradually over time, anesthesia should
be resumed. The same principle applies to other patterns that
do not meet criteria for electrographic seizures, but are on
the ictal-interictal continuum. As long as the EEG back-
ground continues to improve, and seizures are infrequent and
declining in frequency, this author’s practice is to continue
weaning. During this time, bolus doses of benzodiazepines
and further optimization of the patient’s non-anesthetic ASD
regimen may increase the likelihood of successful weaning.

Super-Refractory Status Epilepticus

If seizures continue or recur 24 h or more after the initiation
of anesthetic therapy, the patient is considered to have
reached the stage of ‘super-refractory status epilepticus.” The
majority of recommendations to guide treatment of this stage
come from expert consensus. Issues that remain unresolved
include what anesthetic drug to choose after failure of a
weaning attempt and when to attempt weaning again. Bar-
biturates are often used as second line anesthetic ASDs [12].
They are reasonably well suited for long term use and are not
prone to tachyphylaxis. Over time, the time between wean-
ing attempts is increased, and after failure of several
attempted weans, anesthesia is often continued for 5-7 days
between weaning attempts.

Between Weaning Attempts

If not already accomplished, the primary focus between
weaning attempts must be on identification and treatment of
the seizure etiology. Additional tasks include careful tem-
perature  control, continued optimization of the
non-anesthetic ASD regimen, and meticulous daily screen-
ing for complications of critical illness and anesthetic ASD
use. Common complications in this setting include infections
(especially pneumonia), venous thromboembolism, skin
breakdown with formation of decubitus ulcers, adynamic
ileus, and anasarca. Cardiac complications are not infrequent
and include arrhythmias and stress-induced cardiomyopathy
[58]. Excellent nursing and use of a ‘checklist mentality’ can
aide in early recognition (or even prevention) of these
complications.

S. Hocker

Treatment of Antibody-Mediated
or Cryptogenic Refractory Status Epilepticus

When a patient presents with a history suggestive of
autoimmune or paraneoplastic disease (e.g., delirium, mood
change, memory and personality disturbance, and focal
seizures with or without secondary generalization), initiation
of immunotherapy is indicated as soon as metabolic, toxic,
infectious, and structural etiologies have been excluded (by
basic laboratory evaluation and noncontrast CT scan), and
the CSF cell count, chemistry, and gram stain are not sug-
gestive of infection, whether or not an antibody has been
identified. In the absence of such a history or other markers
of inflammation or autoimmunity, it iS appropriate to await
negative CSF cultures and serologies prior to a trial of
immunotherapy.

Clinical features supportive of immune mediated SE
include: (1) a well-defined clinical syndrome (e.g., limbic
encephalitis or faciobrachial dystonic seizures), (2) subacute
onset (maximal seizure frequency <3 months) of crypto-
genic epilepsy, (3) cryptogenic RSE or new onset refractory
status epilepticus (NORSE), (4) a viral prodrome, (5) an-
tecedent psychiatric symptoms, (6) history of systemic
autoimmunity, or (7) history of neoplasia. Supportive para-
clinical features include: (1) evidence of central nervous
system inflammation (e.g., CSF pleocytosis, elevated CSF
protein, CSF oligoclonal bands, elevated CSF IgG index or
synthesis rate, mesial temporal or parenchymal T2-weighted
or fluid-attenuated inversion recovery sequence hyperinten-
sities, or hypermetabolism on functional imaging), (2) ex-
treme delta brush pattern on EEG, or serologic markers of
systemic autoimmunity (e.g., antinuclear antibody or thyroid
peroxidase antibody positivity) [59]. These patients should
undergo comprehensive evaluation for neural-specific
autoantibodies in the serum and CSF.

Multiple arguments in favor of early empiric initiation of
immunotherapy in SRSE can be made. First, earlier initiation
of immunotherapy confers a better outcome in autoimmune
central nervous system diseases when compared with
delayed initiation of therapy [60—62]. Second, autoimmune
and paraneoplastic syndromes are the most common cause
of cryptogenic RSE [63], also known as NORSE [64].
Finally, there is increasing evidence that inflammation plays
an important role in epileptogenesis and activation of
specific inflammatory signaling pathways (e.g., interleukin-1
receptor/toll-like receptor (IL-1R/TLR) pathway) [65-68].



17 Treatment of Refractory and Super-Refractory Status Epilepticus

A trial of immunotherapy usually consists of high-dose
IV steroids alone or combined with either plasma exchange
or IV immunoglobulin [69]. If an antibody is identified, or
the patient responds favorably to the trial of immunotherapy
as evidenced by fewer breakthrough seizures or reduction in
the dose of anesthesia required to maintain the desired EEG
suppression target, immunosuppression should be continued
(Table 17.3). If there is no objective favorable response to
the trial of immunotherapy but an antibody-mediated syn-
drome is proven or strongly suspected, consider a second
immunotherapy trial with an alternative agent. In patients
where an antibody is identified, and patients in whom the
etiology remains unknown even after an exhaustive evalu-
ation, escalation of immunotherapy to rituximab or
cyclophosphamide can be considered when there is either
no, or incomplete, response to first-line treatments [59].

While this approach remains unproven in undifferentiated
NORSE, experience with 501 patients with anti-NMDA
receptor encephalitis demonstrated that rituximab and
cyclophosphamide are usually effective in patients who do
not respond to first-line immunotherapies [70]. A series of
five patients with NORSE reported better outcomes with
earlier initiation of immunotherapy compared with delayed
initiation [71]. Recognizing the limitations inherent in case
reports and series, this further supports the notion that early
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immunotherapy may be beneficial in cases of SRSE where
no cause has been identified.

Finding a neural-specific autoantibody should prompt a
targeted search for malignancies associated with the specific
antibody [72]. When no antibody is identified, but an
antibody-mediated syndrome is suspected, it is appropriate
to screen broadly for malignancy by obtaining a CT scan of
the chest, abdomen, and pelvis and if negative, proceed to
fluorodeoxyglucose positron-emission tomography (FDG
PET)-CT [73]. FDG PET is not sufficient in women with
NMDA receptor encephalitis or in any patient suspected of
having a germ-cell tumor. In these situations, ultrasound and
MRI are the preferred modalities [59]. When initial malig-
nancy screening is negative, ongoing surveillance may be
required.

‘Hail Mary’ Pharmacologic Therapies

A number of other pharmacologic options have been
reported and can be considered ‘when all else fails’
(Table 17.4). Experience with these drugs in the setting of
SRSE is limited to case reports and small case series. Each
of these therapies has limited evidence of benefit and either
unknown, or at least moderate risk. They should therefore be

Table 17.3 Acute immunotherapy options in antibody mediated or cryptogenic refractory status epilepticus

Drug Route Dose

Methylprednisolone Intravenous 1000 mg

Immune globulin Intravenous 0.4 g/kg

Plasma exchange Intravenous 1 exchange

Rituximab Intravenous 375 mg/m*

Cyclophosphamide Intravenous 500-1000 mg/m2
Oral 1-2 mg/kg

Schedule

Daily for 3-5 days; then weekly for 4-6 weeks
Daily for 5 days; then weekly for 4-6 weeks
Every other day for 10-14 days

Weekly for 4 doses

Monthly for 3-6 months

Daily

Table 17.4 ‘Hail Mary’ pharmacologic options for the treatment of super-refractory status epilepticus

Drug Route Dose Level Adverse effects
Magnesium v LD: 2-4 g over 2 h; Maintenance: 2 g every 2.0- Respiratory depression at levels of 5.0—
8 h or 0.5-2 g/h infusion 3.5 mEq/L 6.5 mEq/L; Cardiac conduction
(up to abnormalities at levels >7.5 mEq/L
7.0 mEq/L)
Lidocaine v LD: 1-5 mg/kg every 5 min until seizures <5 mg/L Mild hypotension
controlled; Maintenance: up to 6 mg/kg/h
Etomidate v LD: 0.3 mg/kg every 5 min until seizures Unknown Tachyphylaxis, adrenal insufficiency,
controlled; Maintenance: 1.2-7.2 mg/kg/h hypotension
Isoflurane Inhaled End tidal anesthetic concentration titrated to MAC 1.2- Hypotension, adynamic ileus, possible
gas desired suppression of the seizure and EEG 5.0% neurotoxicity with prolonged use
background activity
Felbamate Oral LD: 400 mg every 8 h; Maintenance: up to 40-100 Aplastic anemia, hepatic failure
1200 mg every 8 h 2 g/mL

LD loading dose, IV intravenous, MAC minimum alveolar concentration
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Fig. 17.4 Axial brain magnetic resonance images with fluid-attenuated inversion recovery sequences showing hyperintensities in the medulla,
periventricular cerebellum, and basal ganglia after prolonged treatment with isoflurane

considered only in the most refractory cases when other literature review reported 13 studies with 28 adult patients
options have proven unsuccessful. treated with inhalational anesthetics in which electrographic

Inhalational Halogenated Anesthetics. The inhalational seizure control was achieved in 26 (92.9%) patients. Iso-
halogenated anesthetic drugs isoflurane and desflurane have flurane was used in the majority of cases, and the most
been used to treat RSE, with variable success. A recent common complication was hypotension requiring
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vasopressor support [74]. In one series of 7 patients treated
with inhalational anesthetic drugs, anesthesia was main-
tained for a mean of 11 days (range 2-26), and four patients
had good outcomes (Glasgow Outcome Scale score of 4-5)
while three patients died [75]. Complications included
hypotension (7/7), atelectasis (7/7), infections (5/7), para-
lytic ileus (3/7), and deep venous thrombosis (2/7). MRI
changes in the basal ganglia, cerebellum, and brainstem have
been reported after prolonged use of isoflurane in two
patients (Fig. 17.4) [76]. These changes were reversible with
discontinuation of the drug but cannot be entirely separated
from possible brain injury due to the excitotoxic state
induced by SRSE.

Lidocaine. Lidocaine has been reported for use in SRSE
where it is used as a continuous anesthetic infusion. A recent
systematic review reported 11 published manuscripts and
two abstracts covering 76 adult patients treated for 82 epi-
sodes of SE [77]. Lidocaine doses varied with some
receiving only bolus doses and others receiving a combi-
nation of boluses and continuous infusion IV lidocaine.
Seizure control was reported in 53 of 82 (64.6%) episodes
with a >50% reduction in seizure frequency reported in an
additional 5 (6.1%) episodes. Seizures recurred upon with-
drawal of lidocaine in 13 of 58 (22.4%) of those who were
initially responsive to lidocaine. Lidocaine was generally
well tolerated, but two patients died from cardiorespiratory
arrest during lidocaine infusion.

Magnesium. Experimental evidence for the benefit of IV
magnesium in non-eclamptic status epilepticus is contra-
dictory [78, 79]. It has been tried in humans, with favorable
responses reported [80]. A recent systematic review of
magnesium sulfate for non-eclamptic SE found 19 published
papers reporting 28 patients of whom 11 were adults, 9 were
children, and 8 were of unknown age. Seizure reduction or
control occurred in half of the published cases, but in half of
those, seizures recurred upon withdrawal of magnesium
therapy. Complications included one patient who developed
limb weakness and two who developed heart block [81].

Felbamate. Felbamate was approved by the US FDA
for treatment of partial seizures with or without secondary
generalization in 1993. While its exact mechanism is not
known, it acts as an antagonist at the strychnine-insensitive
glycine recognition site of the NMDA receptor—ionophore
complex [82].Animal studies have shown that felbamate
may increase the seizure threshold and decrease seizure
spread [83]. Due to two rare but serious idiosyncratic
effects of felbamate, aplastic anemia, and hepatic toxicity,
its use has been restricted and a ‘Black Box’ warning was
inserted into packaging. Despite the risks, in cases of
SRSE where safer ASDs have failed, felbamate remains an
option. If initiation of felbamate is considered, it should be
with the guidance of an epileptologist, and with frequent
monitoring of blood cell counts and liver function [84]. In
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a series of 63 consecutive episodes of SRSE, felbamate
was the last drug added prior to successful weaning of
anesthesia in two cases where it was added as the 9th and
11th  attempted ASD  (including anesthetic and
non-anesthetic drugs) [10].

Allopregnanolone. Allopregnanolone is a neurosteroid
metabolite of progesterone with anticonvulsant properties in
multiple animal seizure models [85-88]. Infusion of allo-
pregnanolone was reported to be successful in a very
refractory case of pediatric SE [89]. A phase II clinical trial
of allopregnanolone (SGE-102), has been completed [90]
and a multicenter blinded randomized controlled trial is
ongoing (ClinicalTrials.gov Identifier: NCT02477618).

Conclusions

Nearly all cases of SRSE can be controlled with anes-
thetic ASDs, but these drugs are not a panacea. Control of
the underlying cause of the seizures and multiple
non-anesthetic ASDs at high therapeutic levels are
required to achieve liberation from anesthesia. In patients
with NORSE or proven antibody-mediated encephalitis,
early initiation of immunosuppression is recommended.
Equally important is the careful maintenance of normal
organ function and early identification and management
of systemic complications to decrease the ultimate mor-
bidity for those patients who do survive and often face a
difficult and frequently prolonged recovery.

References

1. DeLorenzo RJ, Hauser WA, Towne AR, Boggs JG, Pellock JM,
Penberthy L, et al. A prospective, population-based epidemiologic
study of status epilepticus in Richmond, Virginia. Neurology.
1996;46(4):1029-35.

2. Logroscino G, Hesdorffer DC, Cascino G, Annegers JF,
Hauser WA. Short-term mortality after a first episode of status
epilepticus. Epilepsia. 1997;38(12):1344-9.

3. Dham BS, Hunter K, Rincon F. The epidemiology of status
epilepticus in the United States. Neurocrit Care. 2014;20(3):476—
83.

4. Madzar D, Geyer A, Knappe RU, Gollwitzer S, Kuramatsu JB,
Gerner ST, et al. Association of seizure duration and outcome in
refractory status epilepticus. J Neurol. 2016;263(3):485-91.

5. Mayer SA, Claassen J, Lokin J, Mendelsohn F, Dennis LJ,
Fitzsimmons BF. Refractory status epilepticus: frequency, risk
factors, and impact on outcome. Arch Neurol. 2002;59(2):205-10.

6. Claassen J, Hirsch LJ, Emerson RG, Mayer SA. Treatment of
refractory statusepilepticus with pentobarbital, propofol, or mida-
zolam: a systematic review. Epilepsia. 2002;43(2):146-53.

7. Holtkamp M, Othman J, Buchheim K, Meierkord H. Predictors
and prognosis of refractory status epilepticus treated in a
neurological intensive care unit. J Neurol Neurosurg Psychiatry.
2005;76(4):534-9.

8. Rossetti AO, Logroscino G, Bromfield EB. Refractory status
epilepticus: effect of treatment aggressiveness on prognosis. Arch
Neurol. 2005;62(11):1698-702.



212

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Novy J, Logroscino G, Rossetti AO. Refractory status epilepticus:
a prospective observational study. Epilepsia. 2010;51(2):251-6.
Hocker SE, Britton JW, Mandrekar JN, Wijdicks EF, Rabin-
stein AA. Predictors of outcome in refractory status epilepticus.
JAMA Neurol. 2013;70(1):72-7.

Ferlisi M, Shorvon S. The outcome of therapies in refractory and
super-refractory convulsive status epilepticus and recommenda-
tions for therapy. Brain. 2012;135(Pt 8):2314-28.

Ferlisi M, Hocker S, Grade M, Trinka E, Shorvon S; International
Steering Committee of the StEp Audit. Preliminary results of the
global audit of treatment of refractory status epilepticus. Epilepsy
Behav. 2015;49:318-24.

Cooper AD, Britton JW, Rabinstein AA. Functional and cognitive
outcome in prolonged refractory status epilepticus. Arch Neurol.
2009;66(12):1505-9.

Kilbride RD, Reynolds AS, Szaflarski JP, Hirsch LJ. Clinical
outcomes following prolonged refractory status epilepticus
(PRSE). Neurocrit Care. 2013;18(3):374-85.

Kowalski RG, Ziai WC, Rees RN, et al. Third-line antiseizure
therapy and outcome in status epilepticus: the impact of
vasopressor use and prolonged mechanical ventilation. Crit Care
Med. 2012;40(9):2677-84.

Sutter R, Marsch S, Fuhr P, et al. Anesthetic drugs in status
epilepticus: risk or rescue? A 6-year cohort study. Neurology.
2014;82(8):656-64.

Marchi NA, Novy J, Faouzi M, Stihli C, Burnand B, Rossetti AO.
Status epilepticus: impact of therapeutic coma on outcome. Crit
Care Med. 2015;43(5):1003-9.

Ngugi AK, Bottomley C, Fegan G, Chengo E, Odhiambo R,
Bauni E, et al. Premature mortality in active convulsive epilepsy in
rural Kenya: causes and associated factors. Neurology. 2014;82
(7):582-9.

Hocker S. Systemic complications of status epilepticus—an
update. Epilepsy Behav. 2015;49:83-7.

Rossetti AO, Lowenstein DH. Management of refractory status
epilepticus in adults: still more questions than answers. Lancet
Neurol. 2011;10(10):922-30.

Shorvon S, Ferlisi M. The treatment of super-refractory status
epilepticus: a critical review of available therapies and a clinical
treatment protocol. Brain. 2011;134(Pt 10):2802—-18.

Rossetti AO, Milligan TA, Vulliémoz S, Michaelides C,
Bertschi M, Lee JW. A randomized trial for the treatment of
refractory status epilepticus. Neurocrit Care. 2011;14(1):4-10.
Graffeo CS, Snyder KA, Nasr DM, Murphy ME, Carr CM,
Hocker SE. Prognostic and mechanistic factors characterizing
seizure-associated crossed cerebellar diaschisis. Neurocrit Care.
2016;24(2):258-63.

Young GB, Jordan KG. Do nonconvulsive seizures damage the
brain?—yes. Arch Neurol. 1998;55(1):117-9.

Soffer D, Melamed E, Assaf Y, Cotev S. Hemispheric brain
damage in unilateral status epilepticus. Ann Neurol. 1986;20
(6):737-40.

Aminoff MJ. Do nonconvulsive seizures damage the brain?—no.
Arch Neurol. 1998;55(1):119-20.

Payne ET, Zhao XY, Frndova H, McBain K, Sharma R,
Hutchison JS, Hahn CD. Seizure burden is independently associ-
ated with short term outcome in critically ill children. Brain.
2014;137(Pt 5):1429-38.

Rossetti AO, Logroscino G, Bromfield EB. A clinical score for
prognosis of status epilepticus in adults. Neurology. 2006;66
(11):1736-8.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

S. Hocker

Fernandez A, Lantigua H, Lesch C, Shao B, Foreman B,
Schmidt JM, et al. High-dose midazolam infusion for refractory
status epilepticus. Neurology. 2014;82(4):359-65.

Cranford RE, Leppik IE, Patrick B, Anderson CB, Kostick B.
Intravenous phenytoin in acute treatment of seizures. Neurology.
1979;29(11):1474-9.

Clark S, Leloux M, Hocker S, Dierkhising R, Cascino G.
Intravenous fosphenytoin in obese patients: an evaluation of
dosing strategies, safety and efficacy. Poster presentation P1.236.
67th Annual Meeting of the American Academy of Neurology.
18-25 Apr 2015. Washington, DC.

Bruni J, Gallo JM, Lee CS, Perchalski RJ, Wilder BJ. Interaction
of valproic acid with phenytoin. Neurology. 1980;30(11):1233-6.
Trinka E, Hofler J, Leitinger M, Brigo F. Pharmacotherapy for
status epilepticus. Drugs. 2015;75(13):1499-521.

Singhi S, Murthy A, Singhi P, Jayashree M. Continuous midazo-
lam versus diazepam infusion for refractory convulsive status
epilepticus. J Child Neurol. 2002;17(2):106-10.

Morrison G, Gibbons E, Whitehouse WP. High-dose midazolam
therapy for refractory status epilepticus in children. Intensive Care
Med. 2006;32(12):2070-6.

Zhan RZ, Qi S, Wu C, Fujihara H, Taga K, Shimoji K. Intravenous
anesthetics differentially reduce neurotransmission damage caused
by oxygen-glucose deprivation in rat hippocampal slices in
correlation with n-methyl-d-aspartate receptor inhibition. Crit Care
Med. 2001;29(4):808-13.

Marik PE. Propofol: therapeutic indications and side-effects.
Current Pharm Des. 2004;10(29):3639-49.

Power KN, Flaatten H, Gilhus NE, Engelsen BA. Propofol
treatment in adult refractory status epilepticus. Mortality risk and
outcome. Epilepsy Res. 2011;94(1-2):53-60.

Langley MS, Heel RC. Propofol. A review of its pharmacody-
namic and pharmacokinetic properties and use as an intravenous
anaesthetic. Drugs. 1988;35(4):334-72.

Iyer VN, Hoel R, Rabinstein AA. Propofol infusion syndrome in
patients with refractory status epilepticus: an 11-year clinical
experience. Crit Care Med. 2009;37:3024-30.

Diedrich DA, Brown DR. Analytic reviews: propofol infusion
syndrome in the ICU. J Intensive Care Med. 2011;26(2):59-72.
Mayette M, Gonda J, Hsu JL, Mihm FG. Propofol infusion
syndrome resuscitation with extracorporeal life support: a case
report and review of the literature. Ann Intensive Care. 2013;3
(1):32.

Kirshbaum RIJ, Carollo VIJ. Reversible iso-electric EEG in
barbiturate coma. JAMA. 1970;212(7):1215.

Lowenstein D, Aminoff S, Simon R. Barbiturate anesthesia in
status epilepticus: clinical experience of 14 patients. Neurology.
1988;38(3):395-400.

Pugin D, Foreman B, De Marchis GM, Fernandez A, Schmidt JM,
Czeisler BM, et al. Is pentobarbital safe and efficacious in the
treatment of super-refractory status epilepticus: a cohort study. Crit
Care. 2014;18(3):R103.

Cereda C, Berger MM, Rossetti AO. Bowel ischemia: a rare
complication of thiopental treatment for status epilepticus. Neu-
rocrit Care. 2009;10(3):355-8.

Ji T, Zubkov AY, Wijdicks EF, Manno EM, Rabinstein AA,
Kotagal S. Massive tongue swelling in refractory status epilepticus
treated with high-dose pentobarbital. Neurocrit Care. 2009;10
(1):73-5.

Smith M. Anesthestic agents and status epilepticus. Epilepsia.
2011;52;(Suppl. 8):42-4.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Treatment of Refractory and Super-Refractory Status Epilepticus

Goodkin HP, Kapur J. The impact of Diazepam’s discovery on the
treatment and understanding of status epilepticus. Epilepsia.
2009;50(9):2011-8.

Mazarati AM, Wasterlain CG. N-methyl-D-asparate receptor
antagonists abolish the maintenance phase of self-sustaining status
epilepticus in rat. Neurosci Lett. 1999;265(3):187-90.

Borris DJ, Bertram EH, Kapur J. Ketamine controls prolonged
status epilepticus. Epilepsy Res. 2000;42(2-3):117-22.

Gaspard N, Foreman B, Judd LM, Brenton JN, Nathan BR,
McCoy BM, et al. Intravenous ketamine for the treatment of
refractory status epilepticus: a retrospective multicenter study.
Epilepsia. 2013;54(8):1498-503.

Zeiler FA. Early use of the NMDA receptor antagonist ketamine in
refractory and super refractory status epilepticus. Crit Care Res
Pract. 2015;2015:831260.

Brophy GM, Bell R, Claassen J, Alldredge B, Bleck TP, Glauser T,
et al. Neurocritical Care Society Status Epilepticus Guideline
Writing Committee. Guidelines for the evaluation and management
of status epilepticus. Neurocrit Care. 2012;17(1):3-23.
Krishnamurthy KB, Drislane FW. Depth of EEG suppression and
outcome in barbiturate anesthetic treatment for refractory status
epilepticus. Epilepsia. 1999;40(6):759-62.

Bleck TP. Electroencephalographic monitoring. In: Tobin MR,
editor. Principles and practice of intensive care monitoring. New
York: McGraw-Hill; 1998. p. 1035-46.

Krishnamurthy KB, Drislane FW. Relapse and survival after
barbiturate anesthetic treatment of refractory status epilepticus.
Epilepsia. 1996;37(9):863-7.

Hocker S, Prasad A, Rabinstein AA. Cardiac injury in refractory
status epilepticus. Epilepsia. 2013;54(3):518-22.

Toledano M, Pittock SJ. Autoimmune epilepsy. Semin Neurol.
2015;35(3):245-58.

Pittock SJ, Yoshikawa H, Ahlskog JE, Tisch SH, Benarroch EE,
Kryzer TJ, Lennon VA. Glutamic acid decarboxylase autoimmu-
nity with brainstem, extrapyramidal, and spinal cord dysfunction.
Mayo Clin Proc. 2006;81(9):1207-14.

Flanagan EP, McKeon A, Lennon VA, Boeve BF, Trenerry MR,
Tan KM, et al. Autoimmune dementia: clinical course and
predictors of immunotherapy response. Mayo Clin Proc. 2010;85
(10):881-97.

Quek AM, Britton JW, McKeon A, So E, Lennon VA, Shin C,
et al. Autoimmune epilepsy: clinical characteristics and response to
immunotherapy. Arch Neurol. 2012;69(5):582-93.

Gaspard N, Foreman BP, Alvarez V, Cabrera Kang C,
Probasco JC, Jongeling AC, et al. Critical Care EEG Monitoring
Research Consortium (CCEMRC). New-onset refractory status
epilepticus: etiology, clinical features, and outcome. Neurology.
2015;85(18):1604-13.

Costello DJ, Kilbride RD, Cole AJ. Cryptogenic new onset
refractory status epilepticus (NORSE) in adults: infectious or not?
J Neurol Sci. 2009;277(1-2):26-31.

Vezzani A, Dingledine R, Rossetti AO. Immunity and inflammation
in status epilepticus and its sequelae: possibilities for therapeutic
application. Expert Rev Neurother. 2015;15(9):1081-92.

Maroso M, Balosso S, Ravizza T, Liu J, Aronica E, Iyer AM, et al.
Toll-like receptor 4 and high-mobility group box-1 are involved in
ictogenesis and can be targeted to reduce seizures. Nat Med.
2010;16(4):413-9.

Vezzani A, Ruegg S. The pivotal role of immunity and inflam-
matory processes in epilepsy is increasingly recognized: introduc-
tion. Epilepsia. 2011;52(Suppl 3):1-53.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.
84.

85.

86.

213

Zurolo E, Iyer A, Maroso M, Carbonell C, Anink JJ, Ravizza T,
et al. Activation of toll-like receptor, RAGE and HMGBI1
signalling in malformations of cortical development. Brain.
2011;134(Pt 4):1015-32.

Toledano M, Britton JW, McKeon A, Shin C, Lennon VA,
Quek AM, et al. Utility of an immunotherapy trial in evaluating
patients with presumed autoimmune epilepsy. Neurology. 2014;82
(18):1578-86.

Titulaer MJ, McCracken L, Gabilondo I, Armangué T, Glaser C,
lizuka T, et al. Treatment and prognostic factors for long-term
outcome in patients with anti-NMDA receptor encephalitis: an
observational cohort study. Lancet Neurol. 2013;12(2):157-65.
Gall CR, Jumma O, Mohanraj R. Five cases of new onset
refractory status epilepticus (NORSE) syndrome: outcomes with
early immunotherapy. Seizure. 2013;22(3):217-20.

McKeon A. Paraneoplastic and other autoimmune disorders of the
central nervous system. Neurohospitalist. 2013;3(2):53-64.
McKeon A, Apiwattanakul M, Lachance DH, Lennon VA,
Mandrekar JN, Boeve BF, et al. Positron emission
tomography-computed tomography in paraneoplastic neurologic
disorders: systematic analysis and review. Arch Neurol. 2010;67
(3):322-9.

Zeiler FA, Zeiler KJ, Teitelbaum J, Gillman LM, West M. Modern
inhalational anesthetics for refractory status epilepticus. Can J
Neurol Sci. 2015;42(2):106-15.

Mirsattari SM, Sharpe MD, Young GB. Treatment of refractory
status epilepticus with inhalational anesthetic agents isoflurane and
desflurane. Arch Neurol. 2004;61(8):1254-9.

Fugate JE, Burns JD, Wijdicks EF, Warner DO, Jankowski CJ,
Rabinstein AA. Prolonged high-dose isoflurane for refractory
status epilepticus: is it safe? Anesth Analg. 2010;111(6):1520-4.
Zeiler FA, Zeiler KJ, Kazina CJ, Teitelbaum J, Gillman LM,
West M. Lidocaine for status epilepticus in adults. Seizure.
2015;31:41-8.

Storchheim F. Status epilepticus treated by magnesium sulphate,
injected intravenously. JAMA. 1933;101:1313-4.

Link MJ, Anderson RE, Meyer FB. Effects of magnesium sulfate
on pentylenetetrazol-induced status epilepticus. Epilepsia. 1991;32
(4):543-9.

Visser NA, Braun KP, Leijten FS, van Nieuwenhuizen O,
Wokke JH, van den Bergh WM. Magnesium treatment for patients
with refractory status epilepticus due to POLGI-mutations.
J Neurol. 2011;258(2):218-22.

Zeiler FA, Matuszczak M, Teitelbaum J, Gillman LM, Kaz-
ina CJ. Magnesium sulfate for non-eclamptic status epilepticus.
Seizure. 2015;32:100-8.

Cabe RT, Wasterlain CG, Kucharczyk N, Sofia RD, Vogel JR.
Evidence for anticonvulsant and neuroprotectant action of felba-
mate mediated by strychnine-insensitive glycine receptors. J Phar-
macol Exp Ther. 1993;64(3):1248-52.

Graves NM. Felbamate. Ann Pharmacother. 1993;27(9):1073-81.
Thakkar K, Billa G, Rane J, Chudasama H, Goswami S, Shah R.
The rise and fall of felbamate as a treatment for partial epilepsy -
aplastic anemia and hepatic failure to blame? Expert Rev
Neurother. 2015;15(12):1373-5.

Kokate TG, Svensson BE, Rogawski MA. Anticonvulsant activity
of neurosteroids:  correlation with gamma-aminobutyric
acid-evoked chloride current potentiation. J Pharmacol Exp Ther.
1994;270(3):1223-9.

Kokate TG, Cohen AL, Karp E, Rogawski MA. Neuroactive
steroids protect against pilocarpine- and kainic acid-induced limbic



214 S. Hocker

seizures and status epilepticus in mice. Neuropharmacology. 88. Broomall E, Natale JE, Grimason M, Goldstein J, Smith CM,
1996;35(8):1049-56. Chang C, et al. Pediatric super-refractory status epilepticus treated
87. Lonsdale D, Burnham WM. The anticonvulsant effects of with allopregnanolone. Ann Neurol. 2014;76(6):911-5.
allopregnanolone against amygdala-kindled seizures in female 89. Reddy K, Reife R, Cole AJ. SGE-102: a novel therapy for
rats. Neurosci Lett. 2007;411(2):147-51. refractory status epilepticus. Epilepsia. 2013;54(Suppl 6):81-3.



	17 Treatment of Refractory and Super-Refractory Status Epilepticus
	Introduction
	Refractory Status Epilepticus
	Selection of Third Line Therapy
	Anesthetic Anti-seizure Drugs
	Treatment Goals
	Next Steps
	Weaning of Anesthesia

	Super-Refractory Status Epilepticus
	Between Weaning Attempts

	Treatment of Antibody-Mediated or Cryptogenic Refractory Status Epilepticus
	‘Hail Mary’ Pharmacologic Therapies

	Conclusions
	References


