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Bupropion overdose in the pediatric setting poses significant potential for toxicity. We

present the case of a 15-year-old female patient presenting with intentional bupropion
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Introduction

Bupropion (Wellbutrin, GlaxoSmithKline) is a synthetic cath-
inone norepinephrine/dopamine reuptake inhibitor common-
ly used as an antidepressant. Its primary toxic effects include
seizure, tachycardia, and agitation. Many reports in the litera-
ture describe massive ingestions in adolescents presenting
challenges in management.! We report a case of adolescent
bupropion ingestion resulting in multiple seizures with sub-
sequent derangements to blood chemistries managed with
intravenous lipid emulsion (ILE) therapy. ILE use as an antidot-
al agent came into vogue in the past two decades based on
pharmacologic principles and case reports, despite sparse
high-quality data supporting its use and limited recommen-
dation by the American College of Medical Toxicology (ACMT)
and Poison Control Centers (PCC).2 While recognized off-label
as a salvage therapy for bupropion overdose resulting in
hemodynamic instability and cardiovascular collapse, ILE
use is not standard in the setting of status epilepticus. This
case represents a successful application of toxicologist-recom-
mended ILE use with prompt and effective reversal of bupro-
pion induced neurotoxicity and symptomatology.
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overdose resulting in generalized tonic-clonic seizures, severe acidosis, vomiting, and
tachycardia after ingestion of between 1,650 to 9,000 mg (24-133 mg/kg) of
bupropion. The patient was admitted to pediatric intensive care unit (PICU) where
toxicity was resolved promptly following administration of intravenous lipid emulsion
(ILE) infusion. ILE is a first-line treatment for other forms of toxicity including
unintended local anesthetic administration. ILE use is not a first-line treatment in
this setting, but this case presents a positive subsequent patient outcome.

Case

A 15-year-old, 67.2-kg female patient with no significant past
medical or psychiatric history intentionally ingested between
an estimated 1,650 to 9,000 mg (24-133 mg/kg) of bupropion
in the form of 150 mg bupropion extended-release tablets
belonging to her recently deceased grandmother. Approxi-
mately 1-hour postingestion, the patient experienced a gener-
alized tonic-clonic seizure. Although ingested pill quantity was
unknown, the patient’s mother counted approximately eleven
pills (1,650 mg) in the patient’s emesis. Emergency medical
services were called and transported the patient to the emer-
gency department (ED). Upon ED arrival, the patient experi-
enced a self-limited second seizure lasting 30 seconds.
Following this seizure, the patient became somnolent with a
Glasgow Coma Score of 11; spontaneous eye opening, incom-
prehensible speech, and purposeless movements. Physical
examination revealed the patient to be tachycardic to 138
beats per minute with strong pulses in all extremities. Her
airway was intact and she had clear lung sounds. Her abdomen
was soft and nontender with normal bowel sounds. Her
blood pressure was 121/87 mm Hg; respiratory rate, 24;
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temperature, 38.6°C; and oxygen saturation, 98% on room air.
Electrocardiogram (ECG) revealed sinus tachycardia with bor-
derline prolonged QTc at 461 milliseconds (ms) and normal
QRSinterval at 84 ms (=Fig. 1). Further examination disclosed
no other focal abnormalities. Intravenous (IV) access was
established and the patient was administered a 20 mL/kg
normal saline bolus. Shortly thereafter the patient experi-
enced a third seizure and was administered 2 mg (0.02 mg/kg)
IV lorazepam with termination of seizure activity. Initial
venous blood gas analysis revealed a pH of 7.02, PCO, of
34 mm Hg, HCO5 of 9 mEq/L, and an anion gap of 32 indicating
a mixed respiratory alkalosis with metabolic acidosis. Initial
recommendations from the PCC at that time were to provide
supportive care with intubation, benzodiazepines for seizure
activity, sodium bicarbonate if QRS widening developed on
ECG, gastrointestinal decontamination with activated char-
coal,and 1.5 mL/kg ILE infusion if refractory to supportive care.
Given the unknown time lapse since initial ingestion and
severity of ongoing symptomatic presentation, decontamina-
tion was considered but not pursued and the patient was not
intubated. Abdominal radiograph revealed no pill fragments or
concretions. ILE infusion was also deferred as the patient’s
seizure activity was responsive to 2 mg IV lorazepam. Initial
labs detected amphetamines on serum drug assay. This was
considered to be likely false-positive due to cross-reactivity
with bupropion.4

The patient was admitted to PICU. Eight hours following ED
presentation, the patient experienced two more generalized
seizures in the PICU. She received 2 mg IV lorazepam, becom-
ing postictal afterwards. ECG at this time demonstrated wid-
ened QRS at 108 ms and she was administered 50 mEq IV
sodium bicarbonate. On day 1, the patient was febrile to 38.8°C

1 4

;ﬂ_‘ | | ! | f

|"| S S En |

i ] i \ i i | i i
N Y N N e il i, [l i Pt Pt i
[ | .

= P

m aVF

i 4

Bornstein et al.

with continued somnolence. Her best verbal response was
incoherent speech. The decision was then made to administer
1.5 mL/kg (20%) ILE infusion (Intralipid, Baxter). The patient
had a marked improvement in her mental status, becoming
oriented to person and responding appropriately to questions
30 minutes following ILE administration. Although she dem-
onstrated no more generalized seizure activity, she continued
to have myoclonic jerks. On day 3 she was again noted to have
alteration in her mental status and received a repeat infusion
of 1.5 mL/kg (20%) ILE over 30 minutes. Prompt and lasting
return to baseline mental status was observed following
administration. Patient denied confusion or suicidal ideation.
Myoclonic jerks resolved at this time. The patient had a mild
transaminitis (aspartate aminotransferase (AST), 72; alanine
aminotransferase (ALT), 134) on day 4, with return to baseline
the following day. The patient was discharged from the PICU on
day 4 to inpatient psychiatry. Urine amphetamine level was
negative one day postdischarge from PICU.

Discussion

Epidemiology

A 2002 analysis of 7,348 bupropion exposures reported to
PCCs found clinical effects related to bupropion were noted in
31% of exposures. Among bupropion overdoses resulting in
toxicity, symptomatology varied by pediatric age group.!
Among younger patients, vomiting was most common versus
tachycardia among teenagers. Seizures were more frequent
sequela for teenagers, occurring in 28% of symptomatic
exposures. Of cases with seizure, 70% were single, 27%
were multiple, and 3% were status epilepticus.! An analysis
of single-drug antidepressant exposures reported to United
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Fig. 1 Patient’s electrocardiogram on ED presentation showing sinus tachycardia, with bupropion-induced QT prolongation—304 ms (QTc of

461 ms) and QRS of 84 ms. ED, emergency department.
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States PCCs from 2000 to 2014 found bupropion overdose to
portend the highest morbidity and mortality among second
generation antidepressants.’

Bupropion Pharmacology

Bupropion is a unique synthetic cathinone antidepressant
with functions mediated through two theorized mecha-
nisms: stimulation of norepinephrine and dopamine re-
lease in the central nervous system (CNS) and inhibition of
catecholamine synaptic reuptake.® While the drug classes
are chemically distinct, these mechanisms may account
for the overlap in bupropion psychopharmacology between
synthetic cathinones and amphetamines. The CNS features
of bupropion play a role in the neurotoxicity manifested in
overdose, including the seizures seen in our patient. Bupropion
causes generalized seizures in a dose-dependent manner even
within therapeutic ranges by lowering seizure threshold in
susceptible patients.” Serious reactions reported with over-
doses of bupropion include hallucinations, seizures, altered
mental status, and ECG changes including arrhythmias and
QRS and QT prolongation.? Fever, clonus, rhabdomyolysis,
hypotension, coma, and respiratory failure have been reported.
However, these sequelae occurred mainly in cases of multidrug
ingestions involving bupropion. Although most patients re-
cover without sequelae, fatal overdoses of bupropion have
been reported in cases involving large ingestions. Status
epilepticus, hemodynamic collapse, and cardiac arrest preced-
ed death in those cases.” Animal testing data suggests a
potential for bupropion-related hepatotoxicity.'® Our patient
did have a transient transaminase elevation, but it is unclear
whether her brief transaminitis resulted from bupropion, ILE
therapy, or a separate unknown cause.® During therapeutic
use, plasma levels in the extended-release formulation peak
approximately five hours postingestion. Extended-release
bupropion continues absorption for 12 to 15 hours and the
half-life is approximately 21 (+9) hours.'® Time of seizure
onset in our patient is consistent with the expected peak
plasma level from the extended-release formulation ingested.
The duration of presentation is accounted for by the plasma
half-life of bupropion.!" Bupropion has three major bioactive
metabolites, of which hydroxybupropion is the principal and
most clinically relevant. Hydroxybuprion bears half the po-
tency of its precursor and similar levels of plasma protein
binding. Plasma concentrations of metabolites can be as high
as or higher than those of bupropion.'® Extended-release
bupropion presents additional considerations for clinicians
inthat patients may present clinically stable early in the course
of overdose with benign-appearing vital signs, laboratory
values, and neurologic exam, while decompensating rapidly
later in their course. The true toxicity of a bupropion overdose
may not be revealed until days after initial exposure.” In the
presented case, the patient’s serum bupropion level was drawn
approximately 16 hours postingestion and was 879 ng/mlL,
nearly nine times the upper limit of therapeutic serum con-
centration of 50 to 100 ng/mL. Hydroxybupropion was mea-
sured at 5,799.5 ng/mL; nearly three times the upper limit of
therapeutic serum concentration of 600 to 2,000 ng/mL.'?
Notably, fatalities have been reported at ingested doses of
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between 5.4 and 9 g with postmortem serum bupropion
concentration of 440 ng/mL.’

Lipid Emulsion Pharmacology

Intravenous lipid emulsions have been used since the 1970s as
acomponent of parenteral nutrition. The only current Food and
Drug Administration (FDA) indication for ILE is as a source of
calories and essential fatty acids for such patients.'> Off-label,
ILE has also been used since the late 1990s to reverse local
anesthetic toxicity. Recently, off-label ILE use has also expand-
ed to treat other toxidromes.'*® Multiple ILE formulations
exist using different lipid sources and concentrations. The
formulation used in our case was 20% soybean oil, 1.2% egg
yolk phospholipids, 2.25% glycerin, and water.” ILE is well
tolerated in many critically ill patients from a nutritional
perspective and is used in both the inpatient and outpatient
setting in all patient age groups across a wide variety and
spectrum of severity of illness. As a reversal agent for acute
xenobiotic toxicity, ILE proposed mechanism of action involves
sequestering pharmacologically active lipophilic drugs by
forming a strong concentration gradient in an expanded plas-
ma lipid compartment, and removal from the serum via biliary
excretion into the gut.'’~'? Additionally, ILE has a hypothesized
cardioprotective role through ion channel modulation, im-
provement of cardiac fatty acid metabolism, and inhibition of
mitochondrial proapoptotic signaling pathways.20 Toxicity as-
sociated with acute ILE use is minimal and the drug has a wide
therapeutic range. The ACMT notes that there is no known daily
upper limit for safe dosing in humans.?! Extrapolation from
animal studies suggests limiting dosing to approximately 10 to
12 mL/kg over 30 minutes to maintain a reasonable margin of
safety.?? Adverse events are rare but include lung injury such as
pulmonary lipid embolism and adult respiratory distress syn-
drome,'® lipemia-associated acute pancre.sltitis,23 electrolyte
disturbances, phlebitis, and allergic reactions.?* ILE infusion
may interfere in laboratory serum analysis, and there is a
theoretical risk of nullification of benzodiazepine effects.??2
Additionally, concerns have been raised that ILE administration
may increase lipophilic medication absorption from the gas-
trointestinal tract, and can agglutinate in extracorporeal mem-
brane oxygenation (ECMO) circuits, infrequently causing
obstruction in longer term (>24 hour) simultaneous use of
both modalities.?® While the use of ILE in xenobiotic-
induced toxicity is not one of the FDA-recommended indi-
cations, expert panels recommend it on a case-by-case basis
based on prior reports, pharmacokinetics, and mechanisms
of action. A 2016 international clinical toxicology associa-
tion consensus statement on the use of ILE in poisonings
recommends its use for bupropion toxicity if other thera-
pies fail, or as last resort due to lack of gold standard, as ILE
lacks high-powered, randomized controlled evidence sup-
porting its use, and case report literature supporting its use
is scant.” The consensus statement conditionally recom-
mends that “a trial of ILE seems reasonable ... in prolonged
and refractory status epilepticus.” As PCC protocol is typi-
cally driven by robust data, ILE is most likely to be recom-
mended in more severe cases of xenobiotic toxicity,
potentially resulting in a bias towards late recommendation
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and poor outcomes.?” Indeed, independent examination of
cases from one regional poison center found nine instances
of ILE use in severe presentations among 1,274 cases of
suspected bupropion ingestion. While only five of the nine
patients who received ILE survived, this represents a very
small sample size with nearly all of the patients initially
presenting in cardiac arrest or hemodynamic instability due
to severe poisoning.3 Given their critical illness, it is difficult
to determine whether these poor patient outcomes were
ultimately worsened by ILE, or if they were so unstable as to
unlikely respond to any form of therapy at all. Overall, it
appears that it is not due to the intrinsic pharmacologic or
toxicologic profile of ILE that it is not used more frequently
but rather the absence of high-quality evidence validating
its use in critically ill patients or in specific end-organ
toxicity manifestation. This, unfortunately, represents the
most likely and biased subset for which ILE may be recom-
mended by medical toxicologists and administered in the
clinical setting, limiting future expansion of case report
literature upon which current ILE recommendations
depend.?’

Management of Bupropion Toxicity

Bupropion does not have a specific antidote or antagonist
medication. Pharmacologic management of the toxicity asso-
ciated with bupropion is typically supportive and tailored to
presentation. Benzodiazepines are indicated as first-line ther-
apy for seizures. Barbiturates are superior to phenytoin and
other antiepileptic drugs as second-line therapy, described in
multiple case reports and case series.?2° QRS prolongation
can be managed with sodium bicarbonate,” but QRS prolonga-
tion may be refractory to this therapy as bupropion does not
directly block sodium channels>® but rather, disrupts intrinsic
cardiomyocyte conduction via gap junctions.>' Bupropion and
hydroxybupropion are highly lipid-soluble and extensively
plasma protein bound (~84%), excluding dialysis as a viable
option for decontamination.'®3? Plasmapheresis and ECMO
are mentioned as salvage therapies in a small number of case
reports featuring massive bupropion overdose resulting in
cardiac arrest.>> However, there are no evidence-based guide-
lines referring to the use of these therapies in bupropion
toxicity or other severe poisonings more generally.>43° In
this instance, use of ILE per medical toxicologist recommen-
dation in a case of benzodiazepine-refractory bupropion neu-
rotoxicity with seizures and prolonged mental status changes
resulted in a remarkable improvement in patient condition
allowing for prompt discharge from intensive care. Quantita-
tive analysis indicated persistent toxic levels of bupropion and
hydroxybupropion would have been present even after several
half-lives, likely accounting for the prolonged clinical presen-
tation of seizures and altered mentation on PICU days 2 and 3.
Based on pharmacologic principles, it is plausible that admin-
istered ILE bound a sufficient quantity of serum bupropion and
metabolites to reverse bupropion-induced cathinone neuro-
toxicity. While this case represents an isolated incident, the
potential for use of ILE in management of severe toxicity in the
setting of pediatric overdose can be considered on a case-by-
case basis as a therapeutic modality in similar cases with the

Bornstein et al.

guidance of medical toxicologists and/or a regional PCC.
Further high-quality investigation is warranted to expand
and strengthen recommendations for antidotal uses of ILE
beyond salvage therapy for acute resuscitation in the setting of
other specific end-organ toxicities.

Note

This report describes a case of intentional severe bupro-
pion overdose in an adolescent patient and successful
management of sequelae with intravenous lipid emulsion
therapy.
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