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We describe the case of a 5-year-old male who developed severe hyperactive delirium with aggressive violent behavior following
the administration of IV levetiracetam for the treatment of status epilepticus on two occasions. The child’s symptoms ranged from
attacking his parents and the intensive care staff. Risperidone was given without any improvement in symptoms. A high-dose
continuous infusion of IV dexmedetomidine was administered, and his violent behavior and delirium significantly improved.
The two episodes of hyperactive delirium following IV levetiracetam administration occurred at ages 3 and 5, resulting in
extensive work up including laboratory testing and cranial imaging, along with cerebral spinal fluid analysis and were normal.
IV dexmedetomidine provided rapid symptom relief to prevent harm for the child, staff, and family on both occasions.

1. Introduction

Severe hyperactive delirium is an incredibly rare side effect
of levetiracetam and can result in hallucinations and self-
harm behavior [1-3]. Treatment of severe hyperactive delir-
ium can be challenging in pediatric patients. When environ-
mental strategies fail, antipsychotics are sometimes used, but
these may not be effective and can have severe side effects
[4]. Dexmedetomidine, an alpha 2 agonist, has been used
to manage symptoms of delirium in pediatric patients and
is gaining popularity in treatment for pediatric patients with
severe anticholinergic toxidrome [5, 6]. There is currently a
paucity of information on using dexmedetomidine for
levetiracetam-induced acute psychosis.

2. Case Presentation

2.1. Patient Information. A 5-year-old male presents to the
emergency department (ED) following a seizure at home.
The child was found in bed with his head turned to the right,

arms and legs extended, and rhythmically shaking. The
event lasted about one minute. He was evaluated in the ED
after the seizure, and he was alert and interacting. Additional
symptoms include two weeks of cough and congestion, fever
(38.7°C) two days ago along with nausea, vomiting, and diar-
rhea for the past 24 hours. He had been receiving acetamin-
ophen and ibuprofen for fever and abdominal pain for the
past 48 hours. Two hours after the first seizure, he developed
another brief seizure while in the ED, and he was given
intravenous (IV) lorazepam 1mg and IV levetiracetam
40 mg/kg. He was transferred to the pediatric inpatient ward
where he had a third brief seizure three hours later. He was
loaded with fosphenytoin 20 mg/kg IV. Postictal, he became
very emotional, inconsolable, and combative. He was trans-
ferred to the pediatric intensive care unit (PICU) for further
management.

His past medical history included a Lamin A/C gene
(LMNA) mutation which also affected several family mem-
bers including his father. This condition is associated with
dilated cardiomyopathy with conduction disorders and
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arrhythmias which can develop at an early age [7]. The child
had been followed every 6 months with pediatric cardiology
and had a normal echocardiogram 2 months prior to this
admission. The child was previously hospitalized for 4 days
at age 3 when he presented in status epilepticus following a
gastroenteritis illness. Following resolution of his seizures
while in the hospital, he developed severe hyperactive delir-
ium and was very combative. His work up during that time
included a sedated MRI of his brain (normal), cerebral spi-
nal fluid analysis (normal), and chemistry panel (normal)
along with an EEG which showed no epileptiform abnor-
malities. He had persistent hyperactive delirium and was
managed in the ICU with continuous dexmedetomidine
infusion for 24 hours before his symptoms improved. Ini-
tially, he was started on levetiracetam in the ED and contin-
ued after discharge. His family reported ongoing behavior
issues and levetiracetam was discontinued 2 weeks later.
He was transitioned to oxcarbazepine and his behavior
issues resolved. He remained seizure free for 1 year and
was taken off oxcarbazepine at age 4.

Vital signs on admission to the PICU included oral tem-
perature of 37.3°C, pulse rate 143 beats per minute, respira-
tory rate 24 breaths per minute, blood pressure 97/
58 mmHg, and oxygen saturation 100% on room air. Patient
weight is 22.7 kg. On examination, he had extreme agitation
and was exceedingly difficult to console. He had a Pediatric
Glasgow Coma Scale of 13 to 14 (E: 4, V: 3-4, and M: 6).
He thrashed around the bed and was kicking and striking
his family and staff. He was yelling and crying as he was
focused on going to a water park that the family had planned
the following week. His Richmond Agitation-Sedation Scale
Score ranged from 3+ to 4+, and his Cornell Assessment of
Pediatric Delirium (CAPD) score was 20 indicating delirium
(see Figure 1). His pupils were symmetric and equal to light
with intact intraocular motion. His abdomen was not dis-
tended and there was no abdominal pain with palpation.
He had good strength and tone in all four extremities. Lab-
oratory studies were unremarkable (see Table 1). An electro-
encephalogram (EEG) could not be completed due to the
patient’s agitation.

To reduce stimulation and allow the child to rest, envi-
ronmental modifications included a quiet room with alarms
and monitors turned off. He was given melatonin 3 mg and
then diphenhydramine 12.5mg which the family had given
previously given at home to help him sleep. While in the
PICU, he would rest for 1-2 hours and then wake up and
was confused and disoriented. He continued to have agita-
tion and combative behavior for the next 5 hours after these
interventions. He was given risperidone 5 mg by mouth. For
the next 2 hours, he continued to climb out of the bed, and
when being held, he would strike his father. The family
became exhausted from trying to console him. Through
shared decision-making with the ICU team, it was decided
to start him on dexmedetomidine. A dexmedetomidine
2 mcg/kg bolus was given over 1 hour followed by continu-
ous infusion ranging from 0.2 to 0.5 mcg/kg/hr. He became
drowsy and fell asleep for 1 hour before waking up and
becoming more agitated. Dexmedetomidine was titrated up
to 2mcg/kg/hr and he was able to rest safely in his bed.
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His heart rate range decreased while on dexmedetomidine
from 100 to 80 beats per minute, but he maintained ade-
quate blood pressures with the lowest measured 89/
54 mmHg. Once he fell asleep, an EEG was obtained which
was negative for epileptiform abnormalities or focal changes,
and the background was most consistent with sleep state.
Given the persistence in his agitation and delirium along
with his recent illness with fever and seizures, a diffusion-
weighted MRI brain with and without contrast was obtained,
which revealed nonspecific minimal FLAIR bright signal in
the subparietal white matter with uncertain clinical signifi-
cance. A lumbar puncture was obtained while on the contin-
uous infusion of dexmedetomidine which he tolerated well
without any complications. The cerebral spinal fluid (CSF)
analysis revealed WBC 0/mm’, RBC 1/mm?, glucose
64 mg/dL, protein 16 mg/dL, enterovirus CSF-PCR negative,
HSV 1, and 2 DNA QL PCR negative. CSF culture showed
no growth for 5 days.

Eight hours after starting the dexmedetomidine infusion,
he woke up and was calmer. He began asking more appro-
priate questions and his delirium had improved. Dexmede-
tomidine was discontinued. He was able to play in his
room, throw a ball, and catch at the bedside the following
morning but had a mildly ataxic gait. The child was dis-
charged home 8 hours after discontinuing dexmedetomidine
continuous infusion as he had significantly improved.
Oxcarbazepine 300 mg BID was restarted for seizure mainte-
nance therapy under the guidance and follow-up with pedi-
atric neurology.

Given the strong association with this child receiving
levetiracetam IV and developing severe hyperactive delirium
on two separate occasions, levetiracetam was added to the
child’s allergy warning list to prevent future administration.
A follow-up phone call was made to the family 4 weeks after
discharge. He remained seizure-free and was doing well. The
mild ataxia had resolved within two days, and no residual
behavioral changes were seen. The family did not feel that
further psychiatric evaluation was indicated following dis-
charge as his symptoms had significantly improved. They
were instructed to monitor for changes in behavior and
notify their primary care provider and neurologist if they
observed any issues.

3. Discussion

Over the past several years, we have observed an increase in
the utilization of IV levetiracetam as a second-line agent for
status epilepticus in pediatric patients treated in EDs who
are transferred to our PICU for further management. Leveti-
racetam is as successful for seizure cessation as alternative
second line agents, such as fosphenytoin and valproic acid,
but associated with less severe side effects [8]. Levetirace-
tam’s adverse effect profile is also significantly improved
compared to alternative agents phenytoin and phenobarbital
[9, 10]. Phenobarbital’s association with CNS and respira-
tory depression deters use and incorrect preparations of phe-
nytoin have been associated with death [11]. Another benefit
of levetiracetam over other agents is that it can be adminis-
tered over a shorter period, potentially decreasing time to
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RASS score (if =4 or -5 do not proceed)
Please answere the following questions based on your interactioins with the patient over the course of your shift:
Never Rarely Sometimes Often Always Score
4 3 2 1 0
(1) Does the child make eye contact with the caregiver? X
(2) Are the child’s actions purposeful? X
(3) Is the child aware of his/her surroundings? ><
(4) Does the child communicate needs and wants? X
Never Rarely Sometimes Often Always
0 1 2 3 4
(5) Is the child restless? X
(6) Is the child inconsolable? X
(7) Is the child underactive-very little movement while awake? X
(8) Does it take the child a long time to response to interactions? X
Total 20

FiGure 1: Cornell Assessment of Pediatric Delirium (CAPD).

TaBLE 1: Laboratory test results.

Complete blood count

levetiracetam such as acute severe hyperactive delirium is
unknown, but evidence suggests that a negative modulating
effect on a-amino-3-hydroxy-5-methyl-4-isoxazolepropio-

White blood cell count 6.9 K/uL nic acid (AMPA) receptors may contribute to increased
Hematocrit 35.5% aggressive behavior [15]. Our patient had a previous reaction
Platelets 258 K/uL to levetiracetam at 3 years of age causing hyperactive delir-
Lymphocytes 23% ium. He improved over seve.ral days, but he continged to
C . . have significant behavioral issues such as aggression at
omprehensive metabolic panel A . . < .
134 ¥ home. Levetiracetam was discontinued and his behavior
Sodium nleO improved. When he presented 2 years later in status epilep-
. ticus, he was given levetiracetam in the ED. The status epi-
Potassium 38mmol/L  jepticus resolved, but he developed severe hyperactive
Glucose 102 mg/dl delirium. The behavioral effects of levetiracetam may be
Blood urea nitrogen 15 mg/dl multifactorial, and influences such as epigenetics, genetic
Creatinine <0.5mg/dl regulation of neurotransmitters (GABA, glutamate), synap-
Aspartate transaminase (AST) 83TU/L tic channels with effect on AMPA receptors, serotonin (5-
Alanine transaminase (ALT) 69 TU/L HT) modulation, or even intracellu.lar events following a sei-
Infection screenin zure could play a role in the behavioral side effects observed
q q o ) [15]. The seizure medication brivaracetam, which also has a
Influenza A and B PCR Negat%ve high affinity for SV2A, does not have activity on other neu-
SARS CoV2 PCR Negative rotransmitters such as 5-HT, GABA, or AMPA receptors
Throat culture (alpha beta hemolytic Streptococcus) ~ Negative compared to levetiracetam and is associated with less behav-
Cerebral spinal fluid ioral side effects [16].

White blood cells 0/mm?> Levetiracetam does appear to have an indirect agonist
Red blood cells /mm® effect on alpha 2 afiregergic rec.eptors in 'the peripherall ner-
Glucose 64 me/dL vous system resulting in an antinociceptive effect but is not
& well understood [14, 17]. The effect on the central nervous

Protein 16 mg/dL . . .
. system has not been investigated. Alpha 2 adrenergic recep-
Culture Negative tors have an inhibitory effect on the sympathetic nervous

seizure cessation [12]. Levetiracetam has multiple suspected
mechanisms of action on the nervous system for cessation of
status epilepticus from binding the Synaptic Vesicle Protein
2A protein (SV2A) which include the inhibition of calcium
release from intraneuronal stores, and the neuromodulation
of gamma aminobutyric acid (GABA) receptors [13, 14].
Behavioral side effects from levetiracetam reported in chil-
dren include agitation (3.4%), mood swings (2.1%), aggres-
sion (8.2%), and abnormal behavior (5.6%) [15]. The
mechanism responsible for the behavioral side effects of

system [18]. With the administration of dexmedetomidine,
an alpha 2 receptor agonist medication, we observed a signif-
icant improvement in the patient’s symptoms of acute
hyperactive delirium and aggressive behavior induced by
levetiracetam administration on two separate occasions [19].

Dexmedetomidine has been used to treat anticholinergic
toxidrome, emergence delirium and is an effective sedative
used in the PICU [20]. The downstream central nervous sys-
tem effect of alpha 2 receptor stimulation results in inhibi-
tion of adenylyl cyclase which causes hyperpolarization of
noradrenergic neurons in the locus ceruleus. This leads to



potassium efflux through calcium-activated channels pre-
venting calcium ions from entering the nerve terminal which
suppresses neural firing and inhibits norepinephrine release/
reducing ascending noradrenergic pathways [19]. Dexmede-
tomidine is hepatically metabolized with a half-life ranging
from 2-3 hours. Loading doses range from 0.25 to 6 mcg/
kg/hr and maintenance doses typically from 0.2 to 1.4
mcg/kg/hr [20]. We observed immediate improvement in
his hyperactive delirium symptoms when we used 2mcg/
kg/hr. The most common side effects of dexmedetomidine
include hypotension and bradycardia through stimulation
of the alpha 2A-AR receptors on the heart and peripheral
vasculature, while hypertension can also occur through stim-
ulation of the alpha 2B-AR receptor causing vasoconstric-
tion [21]. Our patient did not have any of these side
effects. Dexmedetomidine has been shown to safely improve
symptoms of severe hyperactive delirium in adult ICU
patients who are refractory to haloperidol [22], and recent
literature indicates its role in prevention and treatment of
delirium [22, 23].

Pediatric patients with severe hyperactive delirium pres-
ent diagnostic and management challenges. Initial efforts
focus on preventing the patient from harming themselves,
family, and staff, along with identifying triggers. Medical
conditions such as hypoxia, infection (meningitis/encephali-
tis), new organ dysfunction, renal failure, metabolic distur-
bances  (hyponatremia/hypoglycemia,  hypercalcemia),
medications (anticholinergics, benzodiazepines), and severe
pain need to be considered as causes for severe hyperactive
delirium in the pediatric patient [24]. Environmental con-
tributors such as restraints, noise, strangers, lights, absent
family members) may also contribute to delirium. Multiple
environmental modifications were pursued for our patient
along with administration of risperidone. The child
remained very agitated and combative, striking family and
staff. Continuous infusion of high-dose dexmedetomidine
immediately improved symptoms.

From our review, we describe the first case of a child
on two separate occasions, developed acute severe hyper-
active delirium with aggressive harmful behavior following
the administration of IV levetiracetam and had significant
improvement in symptoms with high-dose intravenous
dexmedetomidine, with increased alertness within 12
hours and discharge on subsequent day. As compared to
a previous report of a 12-year-old girl developing acute
psychosis 10 days after the initiation of levetiracetam,
our patient developed severe symptoms within 6 hours
of levetiracetam administration on two separate occasions
[3]. Previous case reports discuss using dexmedetomidine
in the treatment of anticholinergic toxidrome which can
be incredibly challenging to manage in the ICU. Behav-
ioral changes from levetiracetam do occur but severe
symptoms are infrequent, and the exact mechanism is
unknown. Discontinuation of levetiracetam was done in
this child’s case for the second time and he was started
back on oxcarbazepine for seizure maintenance therapy.
We propose that dexmedetomidine may be considered to
safely treat symptoms of levetiracetam induced severe
hyperactive delirium in pediatric patients.
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4. Conclusion

We describe a child who received IV levetiracetam on two
separate occasions both of which resulted in aggressively
combative and harmful behavior towards family and staff.
Levetiracetam-induced hyperactive delirium with aggression
in a young child is an exceedingly rare side effect and can be
particularly challenging to manage. Continuous infusion
dexmedetomidine at high doses may be effective at treating
acute hyperactive delirium symptoms associated with this
condition and prevent patient self-harm along with harming
family members and the healthcare team.

Data Availability

No data were used to support this study.

Consent

Written informed consent was obtained from the patient’s
parents. The signed consent form can be made available to
the journal or ethics committee on request.
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