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Pediatric convulsive status epilepticus has a yearly inci-
dence of~20/100,000 in the United States and Europe
[1], and many children develop refractory status epilep-
ticus, defined as failure to respond to two appropriately
dosed parenteral antiseizure medications, including a
benzodiazepine [2]. Mortality rates are approximately 5%
for children requiring intensive care unit admission [3],
and survivors have risks of cognitive and other neuro-
logic sequelae.

Unfortunately, effective treatments for refractory status
epilepticus continue to elude us. Once loading doses of
benzodiazepines and other antiseizure medications have
failed to control seizures, providers often reach for con-
tinuous infusions of anesthetic drugs that act on gamma-
aminobutyric acid (GABA) receptors. Midazolam has
historically been used first, followed by pentobarbital if
seizures persist [4]. Unfortunately, these agents control
seizures in only a subset of patients, and their administra-
tion is often accompanied by side effects, including hypo-
tension [4]. The partial efficacy of GABA-ergic agents
may reflect the molecular mechanisms at play during
status epilepticus. As seizures persist, GABA receptors
are internalized, while N-methyl-D-aspartate (NMDA)
receptors are trafficked to the synapse, creating a vicious
cycle perpetuating excitation. This suggests that an agent
targeting excitatory mechanisms may prove especially
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useful, either on its own or in conjunction with GABA-
acting agents.

In this issue, Jacobwitz et al. [5] report their experi-
ence using ketamine, an NMDA receptor antagonist, as
a first-line anesthetic infusion in pediatric patients with
status epilepticus. In “A Comparison of Ketamine Versus
Midazolam as First-Line Anesthetic Infusions for Pediat-
ric Status Epilepticus,” the authors describe 117 children
with refractory status epilepticus cared for at a large chil-
dren’s hospital over a 5-year period, 79 (68%) of whom
received midazolam as the first-line anesthetic infusion
and 38 (32%) of whom received ketamine. The decision
to use midazolam versus ketamine as the first-line infu-
sion was at the discretion of the treating team and was
not formalized as part of an institutional protocol. The
authors observed that seizures were more likely to termi-
nate with ketamine than midazolam, and adverse effects
occurring during or within 12 h of the last anesthetic
administration were more frequently observed with
midazolam than ketamine.

Ketamine was first approved for clinical use as a short-
acting general anesthetic agent by the Food and Drug
Administration in 1970. There was initial enthusiasm for
its antiexcitatory and potential neuroprotective effects,
but this was dampened by reports associating ketamine
with increased intracranial pressure in children [6].
Skepticism regarding ketamine was compounded by
neuropathologic studies demonstrating neuronal vacu-
olization and mitochondrial depletion in rats exposed to
high doses [7], and ketamine use became relatively infre-
quent in pediatric patients after both rodent and nonhu-
man primate models reported developmental sensitivity
to NMDA receptor blockade, with ketamine triggering
apoptosis and neuronal degeneration in young brains
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after only brief exposure [8]. However, ketamine’s affinity
for thalamocortical pathways allows for dissociative anes-
thetic effects at doses that do not simultaneously impact
brainstem respiratory centers. This, along with its sys-
temic release of endogenous catecholamine stores, make
ketamine an attractive anesthetic agent for patients with
cardiopulmonary instability. Additional reports showing
variable changes or consistently decreased [9] intracra-
nial pressure in mechanically ventilated children with
controlled carbon dioxide levels have mitigated concerns
about ketamine causing increased intracranial pressure.
In combination with the unique and appealing side effect
profile, this has led to steadily increasing use of ketamine
in pediatric intensive care units in recent years, includ-
ing in children with neurocritical illness [10] and status
epilepticus [11]. However, studies to date have described
the use of ketamine as a second-line or third-line anes-
thetic infusion for status epilepticus, and data regarding
earlier use are sparse. Ketamine as a first-line anesthetic
is intriguing to consider as animal studies suggest earlier
administration may increase the possibility of neuro-
protective effects of ketamine in status epilepticus [12].
Less total drug exposure may be a clue to reconciling the
seemingly conflicting observations of neuroprotection
versus neurotoxicity of ketamine [13] and warrants fur-
ther study.

Although the study by Jacobwitz et al. [5] supports
early NMDA antagonism for the treatment of status epi-
lepticus, it is noteworthy that children in the study who
died were more likely to have received ketamine as a
first-line agent than midazolam, despite midazolam being
used twice as frequently. This retrospective study is lim-
ited in its ability to fully understand this observation, but
this certainly warrants careful thought and considera-
tion. There are at least three possibilities for this finding,
which future studies will help clarify. First, it is possible
that these children’s fragility prompted the clinicians to
reach first for ketamine, and the children were so sick
that even stopping their seizures could not reverse their
overall clinical course. In support of this, the treatment
groups were unbalanced in their baseline characteristics:
Children treated with ketamine were younger and more
likely to have cardiac disease and acute symptomatic
seizures, whereas those treated with midazolam were
more likely to have preexisting epilepsy. Future stud-
ies with balanced cohorts will help clarify this. Second,
this may simply be a statistical type 1 error, and larger,
multicenter cohorts will reveal whether this association
persists. Finally, it is possible that ketamine played an
unknown contributory role in the untoward outcome.
Although the authors were careful to look for immediate
adverse effects in both groups, there may be additional
downstream cascades that remain to be elucidated or to

which only certain populations of children may be vul-
nerable. A recent study of the effects of ketamine in the
setting of influenza found delayed severe weight loss and
death when animals were exposed to both ketamine and
influenza simultaneously, but neither occurred with indi-
vidual exposure [14]. This study highlights there are still
many unknown effects of ketamine, including, but not
limited to, its systemic immunomodulatory effects [15].
Future studies should be vigilant in looking for possible
off-target effects that may influence clinician’s overall
risk—benefit assessments when choosing the best drug
for their patient.

Refractory status epilepticus is a challenging and
potentially devastating disease. Both prolonged anesthe-
sia and prolonged seizures carry risks, particularly in the
developing brain. Ketamine’s unique mechanism offers
promise that this may be a tool in the arsenal against sta-
tus epilepticus, but more studies are needed to under-
stand how to best wield it for good.
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