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Ketamine: Is It Pro-Epileptic or Anti-Epileptic? The Debate Continues. A
Narrative Review with a Case Discussion.
Amila Jayasinghe1* Ashani Rathnayake2
1,2

Faculty of Medicine, Peradeniya Sri Lanka

Ketamine is one of the old anaesthetic agents which has regained popularity in analgesia,
trauma, emergency medicine, neurology and psychiatry. Recently several cases were reported
on ketamine induced seizures in otherwise healthy children despite its popularity in the
treatment of refractory status epilepticus. We present an eight-year-old prematurely born
healthy boy who developed two episodes of generalized tonic clonic seizures following
administration of ketamine for a short ophthalmic procedure. This case and our comprehensive
narrative review of literature on pro- and anti-epileptic effects of ketamine show that the debate
continues and gaps on mechanism of action, etiology and risk factors for ketamine’s epileptic
activity remains. Due to the recent increase in its use further evaluation on ketamine’s epileptic
effects is warranted to ensure safe and effective use of ketamine.
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Introduction
Ketamine is a general anesthetic agent developed
in 1962 by the Parke-Davis (USA)
pharmaceutical
company.1
Dissociative
anaesthesia and sympathetic stimulation are its
unique features.2 It had been a popular anaesthetic
in the battle field and in the induction of
hypotensive patients.2,3 Due to several
unfavorable properties such as hallucinations on
arousal it became less popular among most
anaesthetists.4 The use of this old drug is recently
revisited because of its place in pain management,
refractory status epilepticus (RSE) and treatmentresistant depression.1,3,4
Many studies and case reports are published
showing its efficacy as a treatment for drug
resistant status epilepticus.5,6,7 However,
traditionally, the use of ketamine was always
doubted in the background of epilepsy. We report
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occurrence of two consecutive seizures in an
eight-year-old boy who was given ketamine for a
short ophthalmic procedure, with a narrative
review of ketamine’s pro epileptic and antiepileptic effects.
Case presentation
An eight-year-old healthy boy with a weight of
20kg, presented for examination of the eye under
anaesthesia following a recent change in vision.
He was a preterm baby, born at 28 weeks of
gestation and had neonatal intensive care for 14
days. He had retinopathy of prematurity. He did
not have epilepsy and his development was age
appropriate. We administered 2mg/kg of
ketamine intravenously. About 30 seconds later,
he developed generalized rigidity followed by a
generalized tonic clonic seizure. Seizure lasted
for 1 minute and settled with 2mg of midazolam.
A minute later, another episode of generalized
tonic clonic seizure was noted which lasted for 15
seconds and resolved spontaneously. The
procedure was abandoned. His cardiovascular
and respiratory parameters, blood sugar, blood
gas values, renal and liver function tests, calcium
and
magnesium
levels
and
EEG
(electroencephalogram) were normal. During the
six month follow up period he did not have any
seizures. He had the eye examination two weeks
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later with propofol, fentanyl and sevoflurane
without any complications.
Review
Safety concerns of ketamine must be revisited due
to its regained popularity in multiple fields. A
comprehensive literature review on ketamine’s
pro and anti epileptic properties were done in
Medline, Pubmed, Google scholar and CINAHL
databases using “ketamine, ketamine induced
seizure, epilepsy, status epilepticus, and
peadiatric seizure” as keywords.
The complex neuropharmacological actions of
ketamine are mediated through both NMDA and
non-NMDA receptors, nicotinic and muscarinic
cholinergic, monoaminergic and opioid receptors,
and ion channels such as Na and L-type Ca
channels.8 The exact mechanisms for
contradictory pro- and anti-epileptic effects are
not yet known but postulated to be related to the
complexity of the neuropharmacology of
ketamine or molecular differences of the brain
such as the number, strength, and composition of
NMDA receptor containing synapses.9,10
A study reported in 1974 on ketamine’s effect on
both healthy volunteers and patients with epilepsy
has revealed that ketamine does not produce EEG
changes suggestive of seizures or epileptic
activity in both groups.11 However new evidence
is emerging on ketamine’s pro epileptic and
antiepileptic properties.
Ketamine as an anti-epileptic:
Evidence for the anti-epileptic effects of ketamine
goes back to McCarthy et al.’s first discovery of
ketamine’s antiepileptic activity in animal studies
in 1965.12 These results were soon confirmed with
human studies, indicating that ketamine can be
used as a possible treatment agent in RSE13. Since
then, many studies were carried out adding more
information to the available literature.
The current theory of using it as an antiepileptic
drug arose from the discovery of NMDA’s effect
in producing grand mal seizures. Increase in
NMDA activity can cause seizures; hence NMDA
antagonists may be used to control seizures. This
is particularly important in status epilepticus,
because with prolong seizures there is gradual

down regulation of active GABA receptors and
upregulation of NMDA receptors.3,13 Hence the
routine antiepileptic drugs acting via GABA
receptors
such
as
benzodiazepines,
phenobarbitone, propofol and valproate have
limited effects in RSE.
There are several studies, case reports and
reviews published on the use of ketamine in RSE
revealing that ketamine is safe and effective as an
antiepileptic agent in RSE.3,5,14,15 Ketamine’s
effective and relative safety in controlling of
multidrug-resistant RSE in children and adults
was shown by Fang Y, et al. by reviewing several
studies from 1996 to 2014.5 Another study,
published in 2014, suggested that ketamine might
be of potential benefit, and has low tendency to
develop adverse reactions in both adults and
children.3 Most studies have examined
ketamine’s effect on RSE in adults.16 Rosati et al
observed that six out of nine children with RSE
who received ketamine had responded.17 There
are no randomized controlled studies on ketamine
in the treatment of RSE due to ethical issues in
establishing a control arm as RSE can cause
significant morbidity and mortality. Further the
first planned RCT on this was terminated due to
insufficient recruitment.5,18
There’s no data on ketamine’s use as a
monotherapy or first line therapy for seizure
management but it has shown better results when
used in RSE refractory to two or more
antiepileptics.9 It appears to work either additive
or synergistically with other antiepileptics.9 The
suggested dose is 5 mg/kg intravenous bolus
followed by a continuous infusion gradually
titrated up to 1.5 mg/kg/hour.9 Oversedation,
respiratory depression, need for intubation, and
haemodynamic instability that would occur with
high doses of other antiepileptics will be
minimized by ketamine. However, despite
availability of some literature, ketamine’s use has
not yet been included in the guidelines for the
treatment of RSE.
Ketamine as a pro-epileptic:
Despite its development as an anti-epileptic
agent, there is still a concern on its epileptogenic
action. Most of the evidence supporting pro103
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convulsive action of ketamine origin in early 21st
century probably due to its recent frequent use.
Our case too describes occurrence of two
episodes of seizures after administration of
ketamine in a healthy child born prematurely.
There are several case reports on seizure activity
following the use of ketamine.19,20,21,22
Noaimi reports a healthy six-year-old boy who
received IV ketamine for a facial laceration repair
and developed a tonic clonic seizure for about 30
seconds.19 Kandrani et al report an otherwise
healthy 10-year-old boy patient who received IM
ketamine for a tonsillectomy and developed a
seizure.20 Meaden et al report a 15-year-old girl
who received IM ketamine for procedural
sedation and had a self-limiting seizure episode
for one minute. She was a known patient with
autism with a stable mental status and CT brain
showed mild colpocephaly of the ventricles of
uncertain significance and a normal one-hour
EEG.21 Kim et al report a seven-year-old healthy
boy who had a seizure following ketamine for
sedation to repair a laceration.22 Interestingly all
patients are in the paediatric age group. Three
patients received IM ketamine (2-4mg/kg) and
one patient received 1mg/kg IV ketamine, which
are in the accepted dose range. All patients had
tonic-clonic seizures lasting 30 sec to one minute,
settling spontaneously or with a dose of
benzodiazepine and there were no repeated
episodes of seizures. They had normal follow up
EEGs. None of them had previous seizures or
known seizure precipitants.
Even though our patient was born preterm, he had
no epilepsy or cerebral pathologies. There are
case reports and studies on ketamine’s use in
premature babies for surgeries or interventions
for retinopathy of prematurity but none of these
report about seizures and it was found to be safe.
23,24
Hence, whether prematurity makes him
vulnerable to cause seizures by ketamine is
questionable.
Literature related to adult ketamine induced
seizures are different. Green et al report that three
out of 17 mentally disabled adults who had
ketamine for procedural sedation developed
transient tonic clonic seizures. However, all three
had a history of epilepsy and two of them had

daily seizures despite on antiepileptics, hence
whether the seizures were related to ketamine is
questionable.25 A review published in 2007
examining ketamine for procedural sedation has
not shown any new onset seizures related to
ketamine in healthy adults.26
The etiology of ketamine induced seizures is yet
unknown. Probably the paediatric age group is
more vulnerable than adults as all above five
cases are children. The dose, route of
administration, gender, or presence of
prematurity or autism are yet be evaluated as
possible risk factors, hence warrants further
studies.
Conclusion
It seems the dilemma of ketamine’s pro-epileptic
and anti-epileptic effects continues. Considering
the presented case report and other similar cases
published, one must consider its potential for
causing seizures in normal individuals especially
in children as intra operative seizures can be
detrimental. For safer use of ketamine, the risk
factors and aetiology for seizures must be further
evaluated as its use has again increased.
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