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Introduction: Massive bupropion overdose in pediatric patients can result in 
refractory cardiogenic shock, seizures, and cardiac arrest requiring aggressive 
intervention. Although lipid emulsion (LE), therapeutic plasma exchange (TPE), 
and extracorporeal membrane oxygenation (ECMO) have been used, evidence 
guiding clinical management remains limited. We present a case of combined LE 
therapy and TPE in a pediatric patient with massive bupropion overdose.
Methods: An adolescent female with intentional ingestion of 27,000 mg 
bupropion XL and 2,250 mg metoprolol XL experienced cardiac arrest 
requiring veno-arterial ECMO. Lipid emulsion therapy was followed by serial 
therapeutic plasma exchange. Serial urine samples quantifying bupropion and 
hydroxybupropion elimination were analyzed.
Results: Following treatment with LE and plasma exchange, the patient rapidly 
improved clinically, with declining urine concentrations of bupropion and 
hydroxybupropion showing enhanced drug clearance.
Conclusion: This case supports using combined LE therapy and TPE to enhance 
drug elimination and improve outcomes in massive pediatric bupropion 
overdose.
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1 Introduction

Bupropion hydrochloride is an aminoketone class antidepressant medication with 
indications for use including major depressive disorder, seasonal affective disorder, and 
smoking cessation along with off-label usage for attention-deficit/hyperactivity disorder, 
generalized anxiety disorder, and bipolar disorder. Bupropion is hepatically metabolized 
and renally excreted, has a prolonged half-life, and exhibits linear kinetics (Farias-Moeller 
and Carpenter, 2017). Bupropion is metabolized to three key metabolites, 
hydroxybupropion, erythrohydrobupropion, and threohydrobupropion, with 
hydroxybupropion being the most notable (Al-Abri et al., 2013). The half-life of 
bupropion and hydroxybupropion ranges from 20 to 37 h under normal elimination 
circumstances (Vilayet et al., 2024). The mechanism of action of bupropion’s 

OPEN ACCESS

EDITED BY 

Ju-Tae Sohn, 
Gyeongsang National University Hospital, 
Republic of Korea

REVIEWED BY 

Giuseppe Davide Albano, 
University of Palermo, Italy 
Soohee Lee, 
Gyeongsang National University, Republic of 
Korea

*CORRESPONDENCE 

Yosef Levenbrown, 
yosef.levenbrown@nemours.org

RECEIVED 03 November 2025
REVISED 19 December 2025
ACCEPTED 22 December 2025
PUBLISHED 08 January 2026

CITATION 

Russell B, Reedy M, Flathers KM, Matula CM, 
Stevens E, Strelow F and Levenbrown Y (2026) 
Combined lipid emulsion and plasma exchange 
in massive pediatric bupropion overdose: 
Case Report. 
Front. Toxicol. 7:1738642. 
doi: 10.3389/ftox.2025.1738642

COPYRIGHT 

© 2026 Russell, Reedy, Flathers, Matula, 
Stevens, Strelow and Levenbrown. This is an 
open-access article distributed under the terms 
of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in 
other forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not 
comply with these terms.

Frontiers in Toxicology frontiersin.org01

TYPE Case Report
PUBLISHED 08 January 2026
DOI 10.3389/ftox.2025.1738642

https://www.frontiersin.org/articles/10.3389/ftox.2025.1738642/full
https://www.frontiersin.org/articles/10.3389/ftox.2025.1738642/full
https://www.frontiersin.org/articles/10.3389/ftox.2025.1738642/full
https://www.frontiersin.org/articles/10.3389/ftox.2025.1738642/full
https://crossmark.crossref.org/dialog/?doi=10.3389/ftox.2025.1738642&domain=pdf&date_stamp=2026-01-08
mailto:yosef.levenbrown@nemours.org
mailto:yosef.levenbrown@nemours.org
https://doi.org/10.3389/ftox.2025.1738642
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org
https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org/journals/toxicology#editorial-board
https://doi.org/10.3389/ftox.2025.1738642


neurochemical effect is not well known but has weak inhibition of 
reuptake of dopamine and norepinephrine (Rianprakaisang et al., 
2021). Supratherapeutic levels of bupropion have been reported to 
cause seizures, dysrhythmias, and cardiovascular collapse resulting 
in cardiac arrest (O’Brien et al., 2021). This could be significantly 
prolonged with ingestion of supratherapeutic doses, as in the case of 
an intentional overdose.

We present the case of an adolescent female with intentional co- 
ingestion of 27,000 mg of bupropion XL and 2,250 mg of metoprolol 
XL, resulting in cardiac arrest and subsequent initiation of veno- 
arterial extracorporeal membrane oxygenation (VA-ECMO). We 
describe the impact of lipid emulsion therapy paired with plasma 
exchange on the elimination of bupropion and its active metabolite, 
hydroxybupropion, as measured by serial creatinine adjusted urine 
samples (to account for variability in hydration status and effect it 
would have on urine drug levels). Secondary outcomes include 
clinical improvements in cardiovascular, neurological, and renal 
function following these interventions.

2 Case summary

An adolescent female was brought to the emergency department 
of a partner hospital by emergency medical services after being 
found unresponsive by family following an intentional overdose of 
27,000 mg of bupropion XL and 2,250 mg of metoprolol XL. En 
route, she experienced a seizure that was terminated with 
benzodiazepines. She was hypotensive (systolic blood pressure 
60–70 mmHg) and hypoventilating, necessitating positive 
pressure ventilation. Upon emergency department arrival, she 
was intubated, central venous access was established, and 
vasoactive support was initiated. She received multiple doses of 
glucagon for bradycardia, followed by a continuous infusion. A 
norepinephrine infusion was started for persistent hypotension. On 
examination, she had fixed, dilated pupils and absent cough and 
gag reflexes.

Upon arrival to the pediatric intensive care unit (PICU), the 
patient remained hypotensive (blood pressure 60–70s/50 s mmHg), 
requiring ongoing norepinephrine and epinephrine infusions. 
Glucagon infusion was continued to address bradycardia and 
hypotension due to beta-blocker toxicity. Calcium gluconate was 
administered for refractory hypotension. The patient demonstrated 
poor neurologic function, with 8 mm nonreactive pupils, no 
spontaneous respiratory effort in the absence of sedation, and 
absent cough and gag reflexes. Initial electrocardiogram revealed 
a QTc of 510 ms. Magnesium sulfate was administered for a serum 
magnesium level of 1.8 mg/dL.

In consultation with a poison control toxicologist, high-dose 
insulin therapy was initiated for refractory beta-blocker toxicity. 
Intravenous lipid emulsion (LE) was also administered as a “lipid 
sink” to mitigate potential cardiotoxicity from bupropion. Despite 
escalating vasoactive support, the patient developed worsening 
hypotension and experienced a sudden transition to pulseless 
wide complex tachycardia. Cardiopulmonary resuscitation was 
initiated, and the patient underwent three unsuccessful 
defibrillation attempts. A total of 11 doses of intravenous 
epinephrine and lidocaine were administered. Due to failure to 
achieve return of spontaneous circulation (ROSC), the patient was 

cannulated for VA-ECMO. Total cardiopulmonary resuscitation 
duration prior to and during extracorporeal membrane 
oxygenation (ECMO) initiation was 64 min.

Following ECMO initiation, the patient was comatose, with 
dilated nonreactive pupils, absent cough and gag reflexes, and no 
spontaneous respirations despite being off sedatives and analgesics. 
An echocardiogram performed 2 h after ECMO initiation showed 
severely depressed biventricular function with an ejection fraction of 
18%. The patient had no palpable pulses and was fully dependent on 
ECMO for circulatory support. Phenylephrine and vasopressin 
infusions were started to maintain a target mean arterial pressure 
of 65 mmHg. She developed oliguric acute kidney injury secondary 
to cardiac arrest and fluid overload necessitating initiation of 
continuous renal replacement therapy (CRRT).

A 50-g dose of activated charcoal was administered via 
nasogastric tube for potential adsorption of residual drug in the 
gastrointestinal tract, followed by whole bowel irrigation with 
polyethylene glycol. After an initial 20% intralipid bolus 
(1.5 mL/kg), a continuous infusion was initiated at 0.025 mL/kg/ 
min for 24 h. High-dose insulin therapy was continued for beta- 
blocker toxicity. Despite these interventions, the patient’s condition 
showed no improvement. Approximately 18 h after admission, she 
developed seizures and was placed on continuous 
electroencephalography (EEG) monitoring. Initial EEG showed a 
burst suppression pattern with prolonged intervals and episodes of 
non-convulsive seizures. Seizures were treated with lorazepam 
followed by a loading dose of levetiracetam and transition to 
twice-daily maintenance dosing.

On hospital day 2, therapeutic plasma exchange (TPE) was 
initiated to rapidly reduce bupropion levels. Prior to each 
exchange, LE therapy was administered to mobilize bupropion 
into the intravascular compartment and enhance clearance via 
TPE. The patient received an intralipid infusion at 200 mL/h for 
3 h immediately before each exchange and underwent daily 1.5- 
volume plasma exchanges for five consecutive days. Due to the high 
exchange volumes and concurrent heparin anticoagulation for 
ECMO, plasma was used as replacement fluid to preserve 
coagulation factor levels.

Urine levels of bupropion and hydroxybupropion were 
measured before and after each plasma exchange (see Table 1; 
Figure 1). Initial concentrations were 119,000 ng/mL and 
89,200 ng/mL, respectively, which dropped markedly to 
20,900 ng/mL and 19,300 ng/mL following the first exchange. 
After 2 days without clinical improvement, the patient 
demonstrated significant neurologic and cardiovascular recovery 
following the initial plasma exchange. For the first time since VA- 
ECMO initiation, she developed a pulse pressure of 20–30 mmHg, 
and echocardiography showed improved biventricular function with 
ejection fraction increasing from 18% to 33%. Neurologic 
improvement was noted, too, as pupils became reactive, cough 
reflex returned with endotracheal suctioning, and spontaneous 
extremity movements were observed. Also, EEG findings 
improved from burst suppression to diffuse delta slowing with 
no seizure activity. Sedation was initiated at that point due to 
increased alertness.

On hospital day 3, the second plasma exchange commenced 
with continued clinical improvement. The patient tolerated weaning 
of inotropic support, as well as weaning of ECMO support from 
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3.5 to 2.7 L per minute, and fluid removal was able to take place 
through CRRT without resulting in hypotension.

Following the third plasma exchange, the patient demonstrated 
marked improvement in cardiac function, with echocardiography 
showing normal biventricular function and an ejection fraction of 
50%. She was subsequently decannulated from ECMO, and CRRT 
was discontinued. Vasoactive support was weaned to minimal 
phenylephrine doses. Neurologic status continued to improve. 
Daily intralipid infusions followed by plasma exchange were 
continued for two additional days post-ECMO decannulation due 
to persistent encephalopathy and elevated bupropion and 
hydroxybupropion levels.

Approximately 24 h after the fifth plasma exchange, urine 
bupropion and hydroxybupropion levels had fallen to 296 and 

1,070 ng/mL, respectively, with continued clinical improvement. 
A follow-up EEG was performed and was normal. A brain magnetic 
resonance image was completed and was normal, without evidence 
of hypoxic ischemic changes or other intracranial abnormalities. On 
hospital day 8, the patient was successfully extubated with intact 
neurological function. She was transferred out of the PICU on 
hospital day 12 with baseline mentation. The key features in this 
case presentation are summarized in Figure 2.

3 Discussion

The toxicity seen with bupropion overdoses ranges from mild to 
life-threatening. Mild to moderate symptoms include agitation, 

TABLE 1 Urine bupropion and hydroxybupropion levels before and after each plasma exchange.

Time post 
ingestion (h)

Post PLEX sample 
timing (min)

Bupropion 
(ng/mL)

Hydroxybupropion 
(ng/mL)

Percent change 
(BP/HB)

14.5 N/A 119,000 89,200 −82.4/-78.4

27 108 20,900 19,300

41 N/A 17,000 8,870 −50.6/+48.8

48 68 8,400 13,200

63 N/A 11,400 19,500 +167.5/+170.8

67 17 30,500 52,800

89.75 N/A 8,800 12,100 −68.2/-70.8

94.25 218 2,800 3,530

110 N/A 5,590 7,230 +166.5/+143.4

113 10 14,900 17,600

136.5a N/A 296 1,070 N/A

aLevel obtained 23.5 h post-PLEX5. x: half-life not calculated due to increasing levels or inappropriate sample timing. BP, bupropion; HB, hydroxybupropion; N/A, not obtained.

FIGURE 1 
Urine bupropion and hydroxybupropion drug levels following initiation of plasma exchange and lipid emulsion therapies.
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hallucinations, tachycardia, tremor, and single seizure. Severe 
symptoms include hypotension, multiple seizures, QRS widening, 
QTC prolongation, status epilepticus, and ventricular dysrhythmias. 

Bupropion overdose commonly results in tachycardia and more 
rarely conduction disturbances. Rarely, severe toxicity can cause QT 
prolongation and QRS widening (Brown and Crouch, 2017). 
Tachycardia serves as the most sensitive predictor of seizure risk, 
with 93% of patients without tachycardia remaining seizure-free 
during observation. The drug’s large volume of distribution 
(20–30 L/kg) and hepatic metabolism render conventional 
therapies like hemodialysis ineffective, necessitating alternative 
interventions (Brown and Crouch, 2017).

Overdose of bupropion with subsequent therapeutic support has 
been reported in several case studies regarding ECMO for 
cardiovascular collapse as well as use of LE therapy to assist in 
drug clearance (Brown and Crouch, 2017; Bornstein et al., 2019; 
Bucklin et al., 2013; Heise et al., 2016; Shenoi et al., 2011; Smolinske 
et al., 2019). No studies have been published regarding the 
administration of LE therapy in conjunction with plasma 
exchange, nor on the impact of plasma exchange on 
pharmacokinetics and clinical outcomes in cases of severe 
bupropion overdose. This current report is the first to 
demonstrate the effect that daily LE therapy followed by plasma 
exchange has, both on a patient’s clinical course as well as drug 
levels, following a massive bupropion overdose. Obtaining 
bupropion and hydroxybupropion levels before and after each 
plasma exchange also allowed us to monitor the trend in urine 
concentrations.

The published literature describing management of massive, 
life-threatening bupropion overdose is limited to case reports and 
small observational analyses. Prior reports primarily describe the use 
of LE therapy and ECMO in patients with refractory neurologic or 
cardiovascular instability.

Four studies report LE use in severe bupropion toxicity. A 
toxicology database analysis including 53 bupropion overdoses 
identified five cases in which LE administration was associated 
with ROSC among 34 total ROSC events treated with intralipid 
therapy (Smolinske et al., 2019). Case-level reports provide more 
detail regarding timing, dosing, and response. In one pediatric case 
of massive bupropion XR ingestion (24–133 mg/kg) complicated by 
seizures, conduction abnormalities, and persistent encephalopathy, 
a 1.5 mL/kg bolus of 20% LE administered on intensive care unit day 
1 resulted in marked improvement in mental status within 30 min. 
Recurrent neurologic deterioration on day 3 responded similarly to 
repeat dosing at the same bolus, with sustained resolution of 
symptoms (Bornstein et al., 2019). In another report of 
combined bupropion and lamotrigine overdose complicated by 
cardiac arrest, a 100 mL bolus of 20% LE restored palpable 
pulses within approximately 1 min, followed by QRS narrowing, 
restoration of sinus rhythm, and reduced vasopressor requirements 
over the subsequent 15 min (Sirianni et al., 2008).

In contrast, two reports describe limited efficacy of LE in 
patients who ultimately required ECMO support. In one case, a 
1.5 mL/kg bolus of 20% lipid emulsion produced no appreciable 
hemodynamic response prior to initiation of VA-ECMO (Heise 
et al., 2016). In another, administration of a substantially higher dose 
(20 mL/kg) failed to prevent progression to refractory shock 
requiring ECMO (Shenoi et al., 2011).

ECMO has emerged as a rescue therapy for refractory 
cardiogenic shock due to massive bupropion overdose. Two 
reports describe three patients supported with VA-ECMO for 

FIGURE 2 
Flowchart highlighting the key features of this case presentation. 
CRRT, continuous renal replacement therapy; ECMO, extracorporeal 
membrane oxygenation; EEG, electroencephalography; EF, ejection 
fraction; HDI, high-dose insulin; MAP, mean arterial pressure; 
MRI, magnetic resonance imaging; PICU, pediatric intensive care unit.

Frontiers in Toxicology frontiersin.org04

Russell et al. 10.3389/ftox.2025.1738642

https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org
https://doi.org/10.3389/ftox.2025.1738642


cardiogenic shock or cardiac arrest unresponsive to multiple 
vasopressors. All patients survived to discharge with full 
recovery. Duration of VA-ECMO support ranged from 71 h to 
4 days; one patient required an additional 6 days of VV-ECMO for 
persistent respiratory failure, for a total ECMO duration of 10 days 
(Heise et al., 2016; Shenoi et al., 2011).

Drugs with high plasma protein binding affinity (>80%) remain 
largely confined to the intravascular compartment and are most 
susceptible to removal during plasma exchange. When volume of 
distribution exceeds 0.2 L/kg, drugs distribute extensively into 
tissues beyond the plasma compartment, reducing the 
effectiveness of plasma-based removal techniques (Cheng et al., 
2017; Jones and Dougherty, 1986). Although bupropion has 
moderate protein binding of 84%, its large volume of distribution 
of 40 L/kg (French et al., 2011) makes the drug difficult to eliminate 
with plasma exchange alone. As such, we utilized LE to draw the 
drug and prodrug into the plasma prior to each plasma exchange. 
This was followed by daily 1.5 volume plasma exchange with fresh 
frozen plasma for a total of five treatments.

Multiple theories have been proposed to explain the mechanism 
of lipid emulsion therapy. The static lipid sink theory, suggests that 
the lipid phase of the emulsion sequesters lipophilic drugs from 
highly perfused organs such as the heart and brain. According to this 
theory, LE therapy rapidly creates an expanded lipid compartment 
within the intravascular space, drawing drug molecules off cellular 
receptors and into the plasma, trapping them in the lipid phase. In a 
case report involving a massive bupropion overdose, the patient’s 
serum bupropion level peaked shortly after lipid 
administration–supporting the presence of a lipid sink effect. 
Furthermore, the bupropion concentration declined in parallel 
with serum triglyceride levels, while no such change was 
observed for lamotrigine, a drug with low lipophilicity. The same 
report also noted rapid reversal of cardiotoxic effects following lipid 
administration–an observation consistent with the clinical course in 
our patient (Sirianni et al., 2008; Hwang and Sohn, 2024).

A second proposed mechanism is the lipid shuttle theory. This 
theory suggests that LE creates multiple lipid compartments within 
the bloodstream, which absorb lipophilic drugs from highly 
perfused organs such as the heart and brain. These lipid-bound 
drug complexes are then redistributed to tissues with lower 
perfusion, such as skeletal muscle, liver, and adipose tissue, 
where the drugs can be sequestered, metabolized, or detoxified 
(Sirianni et al., 2008; Lee et al., 2023).

Additional proposed mechanisms include the attenuation of 
mitochondrial dysfunction, a direct positive inotropic effect, and 
inhibition of nitric oxide release (Lee and Sohn, 2023). Bupropion 
has been shown to increase reactive oxygen species and 
mitochondrial death (Ahmadian et al., 2017). LE may suppress 
the generation of the reactive oxygen species and mitigate 
mitochondrial dysfunction mediated cardiotoxicity. In a rat 
model, LE has also been shown to inhibit nitric oxide release and 
increase left ventricular systolic pressures (Shin et al., 2014). An 
increase in vascular resistance via reduction in endothelial nitric 
oxide production may help to reverse bupropion-induced 
cardiovascular collapse (Lee and Sohn, 2023).

These theories can explain why LE therapy is effective in drugs 
that are highly lipid soluble (Sirianni et al., 2008; Lee et al., 2023). 
Therefore, there was scientific plausibility that utilizing LE therapy 

to draw the medication into the vascular space would augment the 
effectiveness of the plasma exchange in removing it from the 
circulation. Bupropion is highly lipophilic, having a lipid/aqueous 
partition coefficient (log P 3.47) that is comparable to that of 
bupivacaine (log P 3.64) (Sirianni et al., 2008). In looking at the 
effects of LE therapy with amitriptyline, another similarly lipophilic 
drug, when the lipid emulsion was given 30 min after a toxic 
amitriptyline dose, the amitriptyline concentration in the heart 
and brain decreased while that in the arterial plasma increased, 
suggesting that the lipid emulsion mediated partitioning from 
organs with high blood flow to the arterial blood (Heinonen 
et al., 2013). This provides a plausible mechanism, where the LE 
therapy can be used to shift the drug into the plasma compartment 
and then use the plasma exchange to remove it, given that the 
protein binding is significant.

With therapeutic dosing, the reported elimination half-life of 
bupropion and hydroxybupropion is approximately 21 and 20 h, 
respectively. In the setting of massive overdoses, the 
pharmacokinetics are likely altered secondary to saturated 
metabolic pathways, poor intestinal perfusion, 
pharmacobezoar formation, and renal and hepatic 
insufficiency (Jefferson et al., 2005; Schmit et al., 2017). In our 
patient, urine bupropion and hydroxybupropion levels prior to 
the first plasma exchange were 119,000 ng/mL and 89,200 ng/mL, 
respectively. After the first plasma exchange, urine levels 
dropped to 20,900 ng/mL and 19,300 ng/mL, respectively, an 
82% decrease in bupropion and 78% reduction in 
hydroxybupropion levels. Although there are no reports on 
the correlation between serum and urine bupropion and 
hydroxybupropion levels, assuming creatinine adjusted urine 
concentrations decrease in a proportional fashion to serum, 
this reduction would exceed expected elimination without 
extracorporeal clearance modalities. As shown in Table 1, the 
reduction in urine levels continued throughout the duration of 
the plasma exchanges. Of note, due to variability in the timing of 
some urine samples not allowing for redistribution and potential 
urinary equilibration to serum levels, there was an increase in 
urine levels for two of the plasma exchanges.

In conjunction with the reduction in urine drug levels, there was 
noted significant improvement in the patient’s neurologic and 
cardiovascular condition during this treatment period. 
Echocardiogram revealed improvement in ejection fraction from 
18% to 33% following the first plasma exchange, while 
simultaneously the patient’s encephalopathy improved. Within 
hours following the first LE-TPE therapy, the patient required 
initiation of sedation due to purposeful movements after 
demonstrating no improvement in her encephalopathy prior to 
the initiation of LE-TPE therapy.

While some of the post-exchange urine drug levels increased 
from pre-exchange throughout the treatment course, this likely can 
be explained by a few factors. The pre-exchange LE therapy may 
transiently increase plasma concentrations via drug migration to the 
central compartment and potential transient increase in absorption 
of remaining drug in the gastrointestinal tract. Early urine sample 
timing post-exchange may reflect the transient period of elevated 
serum levels and potential lagging urine concentration equilibration 
(Perichon et al., 2013; Shi et al., 2013). Urine samples with adequate 
time post-exchange showed a consistent downtrend apart from 
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exchange two, in which the post-exchange hydroxybupropion level 
increased while bupropion fell. This is likely a reflection of the 
patient’s improving metabolic function as hydroxybupropion levels 
in therapeutic doses are 5–10-fold higher than bupropion levels 
(Costa et al., 2019). Initial impaired hepatic function or saturated 
cytochrome metabolism would compromise the ability to 
metabolize the parent compound, but with clinical improvement, 
hydroxybupropion levels began to predominate. If solely examining 
the pre-exchange levels, there remains a clean and consistent 
downtrend of bupropion and hydroxybupropion levels with the 
exception of the eventual hydroxybupropion predominance 
described above.

The concomitant metoprolol ingestion, while contributing to 
the overall presentation, likely benefited little from the intralipid/ 
plasma exchange therapy, given unclear benefit of LE therapy and 
pharmacokinetics not conducive to removal via plasma exchange 
(Petersen et al., 2019; Zamir et al., 2022). Therefore, the significant 
clinical improvement seen with our patient hours after initiation of 
the combined LE and TPE were likely due to the effect of these 
therapies on bupropion and hydroxybupropion levels, as the clinical 
improvement happened simultaneous to the drop in the bupropion 
and hydroxybupropion drug levels. One potential limitation of this 
report includes the fact that the plasma exchanges were performed 
by a highly experienced apheresis team, especially in performing 
plasma exchange procedures in critically ill patients. The experience 
of this team mitigates some of the risks of the plasma exchange. This 
may limit the generalizability of this intervention if this resource is 
not available.

4 Conclusion

This report describes the effect of LE therapy followed by plasma 
exchange for five consecutive days following a massive bupropion 
XL overdose resulting in cardiac arrest following severe cardiogenic 
shock. In addition to the rapid clinical improvement of the patient 
with the initiation of this therapy, this report describes the effect of 
the paired lipid emulsion therapy and plasma exchange on the 
urinary elimination of bupropion and hydroxybupropion in the 
setting of a massive overdose.

Data availability statement

The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Nemours 
Institutional Review Board. The studies were conducted in 
accordance with the local legislation and institutional 

requirements. Written informed consent for participation in this 
study was provided by the participants’ legal guardians/next of kin. 
Written informed consent was obtained from the minor(s)’ legal 
guardian/next of kin for the publication of any potentially 
identifiable images or data included in this article.

Author contributions

BR: Writing – original draft. MR: Writing – original draft, 
Formal analysis. KF: Writing – review and editing, Investigation. 
CM: Data curation, Writing – review and editing. ES: 
Writing – review and editing, Data curation. FS: Data curation, 
Writing – review and editing. YL: Writing – review and editing, 
Validation, Conceptualization, Methodology, Supervision, 
Investigation, Formal analysis, Writing – original draft, Project 
administration, Resources, Visualization, Data curation.

Funding

The author(s) declared that financial support was received for 
this work and/or its publication. Publication was made possible by 
support from the Nemours Grants for Open Access from 
Library Services.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure 
accuracy, including review by the authors wherever possible. If 
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Frontiers in Toxicology frontiersin.org06

Russell et al. 10.3389/ftox.2025.1738642

https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org
https://doi.org/10.3389/ftox.2025.1738642


References

Ahmadian, E., Babaei, H., Mohajjel Nayebi, A., Eftekhari, A., and Eghbal, M. A. 
(2017). Mechanistic approach for toxic effects of bupriopion in primary rat hepatocytes. 
Drug Res. (Stuttg) 67, 217–222. doi:10.1055/s-0042-123034

Al-Abri, S. A., Orengo, J. P., Hayashi, S., Thoren, K. L., Benowitz, N. L., and Olson, K. 
R. (2013). Delayed bupropion cardiotoxicity associated with elevated serum 
concentrations of bupropion but not hydroxybupropion. Clin. Toxicol. (Phila) 51, 
1230–1234. doi:10.3109/15563650.2013.849349

Bornstein, K., Montrief, T., and Anwar Parris, M. (2019). Successful management of 
adolescent bupropion overdose with intravenous lipid emulsion therapy. J. Pediatr. 
Intensive Care 8, 242–246. doi:10.1055/s-0039-1693483

Brown, K. M., and Crouch, B. I. (2017). Bupropion overdose: significant toxicity in 
pediatrics. Clin. Pediatr. Emerg. Med. 18, 212–217. doi:10.1016/j.cpem.2017.07.005

Bucklin, M. H., Gorodetsky, R. M., and Wiegand, T. J. (2013). Prolonged lipemia and 
pancreatitis due to extended infusion of lipid emulsion in bupropion overdose. Clin. 
Toxicol. (Phila) 51, 896–898. doi:10.3109/15563650.2013.831436

Cheng, C. W., Hendrickson, J. E., Tormey, C. A., and Sidhu, D. (2017). Therapeutic 
plasma exchange and its impact on drug levels: an ACLPS critical review. Am. J. Clin. 
Pathol. 148, 190–198. doi:10.1093/ajcp/aqx056

Costa, R., Oliveira, N. G., and Dinis-Oliveira, R. J. (2019). Pharmacokinetic and 
pharmacodynamic of bupropion: integrative overview of relevant clinical and forensic 
aspects. Drug Metab. Rev. 51, 293–313. doi:10.1080/03602532.2019.1620763

Farias-Moeller, R., and Carpenter, J. L. (2017). Coma with absent brainstem reflexes 
and burst suppression after bupropion overdose in a child. Neurocrit. Care 26, 119–121. 
doi:10.1007/s12028-016-0307-1

French, D., Smollin, C., Ruan, W., Wong, A., Drasner, K., and Wu, A. H. (2011). 
Partition constant and volume of distribution as predictors of clinical efficacy of lipid 
rescue for toxicological emergencies. Clin. Toxicol. (Phila) 49, 801–809. doi:10.3109/ 
15563650.2011.617308

Heinonen, J. A., Litonius, E., Backman, J. T., Neuvonen, P. J., and Rosenberg, P. H. 
(2013). Intravenous lipid emulsion entraps amitriptyline into plasma and can lower its 
brain concentration--an experimental intoxication study in pigs. Basic Clin. Pharmacol. 
Toxicol. 113, 193–200. doi:10.1111/bcpt.12082

Heise, C. W., Skolnik, A. B., Raschke, R. A., Owen-Reece, H., and Graeme, K. A. 
(2016). Two cases of refractory cardiogenic shock secondary to bupropion successfully 
treated with veno-arterial extracorporeal membrane oxygenation. J. Med. Toxicol. 12, 
301–304. doi:10.1007/s13181-016-0539-7

Hwang, Y., and Sohn, J. T. (2024). Effect of lipid emulsion on neuropsychiatric drug- 
induced toxicity: a narrative review. Med. Baltim. 103, e37612. doi:10.1097/MD. 
0000000000037612

Jefferson, J. W., Pradko, J. F., and Muir, K. T. (2005). Bupropion for major depressive 
disorder: pharmacokinetic and formulation considerations. Clin. Ther. 27, 1685–1695. 
doi:10.1016/j.clinthera.2005.11.011

Jones, J. S., and Dougherty, J. (1986). Current status of plasmapheresis in toxicology. 
Ann. Emerg. Med. 15, 474–842. doi:10.1016/s0196-0644(86)80192-5

Lee, S. H., and Sohn, J. T. (2023). Mechanisms underlying lipid emulsion resuscitation 
for drug toxicity: a narrative review. Korean J. Anesthesiol. 76, 171–182. doi:10.4097/kja. 
23031

Lee, S. H., Kim, S., and Sohn, J. T. (2023). Lipid emulsion treatment for drug toxicity 
caused by nonlocal anesthetic drugs in pediatric patients: a narrative review. Pediatr. 
Emerg. Care 39, 53–59. doi:10.1097/PEC.0000000000002828

O’Brien, M. E., Chary, M., Moonsamy, P., Burns, M. M., Tom, A., and Cudemus, G. 
(2021). Successful use of ECMO and lipid emulsion for massive bupropion overdose: a 
case report. Toxicol. Commun. 5, 85–87. doi:10.1080/24734306.2021.1903725

Perichon, D., Turfus, S., Gerostamoulos, D., and Graudins, A. (2013). An assessment 
of the in vivo effects of intravenous lipid emulsion on blood drug concentration and 
haemodynamics following oro-gastric amitriptyline overdose. Clin. Toxicol. (Phila) 51, 
208–215. doi:10.3109/15563650.2013.778994

Petersen, K. M., Bøgevig, S., Petersen, T. S., Jensen, T. B., Dalhoff, K. P., Henriksen, T., 
et al. (2019). Hemodynamic effects of intravenous, high-dose lipid emulsion with and 
without metoprolol infusion in healthy volunteers: a randomized clinical trial. Clin. 
Pharmacol. Ther. 105, 1009–1017. doi:10.1002/cpt.1281

Rianprakaisang, T. N., Prather, C. T., Lin, A. L., Murray, B. P., Hendrickson, R. 
G.Toxicology Investigators Consortium (2021). Factors associated with seizure 
development after bupropion overdose: a review of the toxicology investigators 
consortium. Clin. Toxicol. (Phila) 59, 1234–1238. doi:10.1080/15563650.2021. 
1913180

Schmit, G., De Boosere, E., Vanhaebost, J., and Capron, A. (2017). Bupropion 
overdose resulted in a pharmacobezoar in a fatal bupropion (Wellbutrin®) 
sustained-release overdose: postmortem distribution of bupropion and its major 
metabolites. J. Forensic Sci. 62, 1674–1676. doi:10.1111/1556-4029.13497

Shenoi, A. N., Gertz, S. J., Mikkilineni, S., and Kalyanaraman, M. (2011). Refractory 
hypotension from massive bupropion overdose successfully treated with extracorporeal 
membrane oxygenation. Pediatr. Emerg. Care 27, 43–45. doi:10.1097/PEC. 
0b013e3182045f76

Shi, K., Xia, Y., Wang, Q., Wu, Y., Dong, X., Chen, C., et al. (2013). The effect of lipid 
emulsion on pharmacokinetics and tissue distribution of bupivacaine in rats. Anesth. 
Analg. 116, 804–809. doi:10.1213/ANE.0b013e318284123e

Shin, I. W., Hah, Y. S., Kim, C., Park, J., Shin, H., Park, K. E., et al. (2014). Systemic 
blockage of nitric oxide synthase by L-NAME increases left ventricular systolic 
pressures, which is not augmented further by intralipid®. Int. J. Biol. Sci. 10, 
367–376. doi:10.7150/ijbs.8048

Sirianni, A. J., Osterhoudt, K. C., Calello, D. P., Muller, A. A., Waterhouse, M. R., 
Goodkin, M. B., et al. (2008). Use of lipid emulsion in the resuscitation of a patient with 
prolonged cardiovascular collapse after overdose of bupropion and lamotrigine. Ann. 
Emerg. Med. 51, 412–415. doi:10.1016/j.annemergmed.2007.06.004

Smolinske, S., Hoffman, R. S., Villeneuve, E., Hoeberg, L. C. G., and Gosselin, S. 
(2019). Utilization of lipid emulsion therapy in fatal overdose cases: an observational 
study. Clin. Toxicol. (Phila) 57, 197–202. doi:10.1080/15563650.2018.1504954

Vilayet, S., Adala, A., Barakat, M., Inampudi, C., Carter, G., and Menon, A. (2024). 
Bupropion toxicity causing refractory cardiogenic shock successfully treated with 
mechanical circulatory support: a case report. Cureus 16, e71137. doi:10.7759/cureus. 
71137

Zamir, A., Hussain, I., Ur Rehman, A., Ashraf, W., Imran, I., Saeed, H., et al. (2022). 
Clinical pharmacokinetics of metoprolol: a systematic review. Clin. Pharmacokinet. 61, 
1095–1114. doi:10.1007/s40262-022-01145-y

Frontiers in Toxicology frontiersin.org07

Russell et al. 10.3389/ftox.2025.1738642

https://doi.org/10.1055/s-0042-123034
https://doi.org/10.3109/15563650.2013.849349
https://doi.org/10.1055/s-0039-1693483
https://doi.org/10.1016/j.cpem.2017.07.005
https://doi.org/10.3109/15563650.2013.831436
https://doi.org/10.1093/ajcp/aqx056
https://doi.org/10.1080/03602532.2019.1620763
https://doi.org/10.1007/s12028-016-0307-1
https://doi.org/10.3109/15563650.2011.617308
https://doi.org/10.3109/15563650.2011.617308
https://doi.org/10.1111/bcpt.12082
https://doi.org/10.1007/s13181-016-0539-7
https://doi.org/10.1097/MD.0000000000037612
https://doi.org/10.1097/MD.0000000000037612
https://doi.org/10.1016/j.clinthera.2005.11.011
https://doi.org/10.1016/s0196-0644(86)80192-5
https://doi.org/10.4097/kja.23031
https://doi.org/10.4097/kja.23031
https://doi.org/10.1097/PEC.0000000000002828
https://doi.org/10.1080/24734306.2021.1903725
https://doi.org/10.3109/15563650.2013.778994
https://doi.org/10.1002/cpt.1281
https://doi.org/10.1080/15563650.2021.1913180
https://doi.org/10.1080/15563650.2021.1913180
https://doi.org/10.1111/1556-4029.13497
https://doi.org/10.1097/PEC.0b013e3182045f76
https://doi.org/10.1097/PEC.0b013e3182045f76
https://doi.org/10.1213/ANE.0b013e318284123e
https://doi.org/10.7150/ijbs.8048
https://doi.org/10.1016/j.annemergmed.2007.06.004
https://doi.org/10.1080/15563650.2018.1504954
https://doi.org/10.7759/cureus.71137
https://doi.org/10.7759/cureus.71137
https://doi.org/10.1007/s40262-022-01145-y
https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org
https://doi.org/10.3389/ftox.2025.1738642

	Combined lipid emulsion and plasma exchange in massive pediatric bupropion overdose: Case Report
	1 Introduction
	2 Case summary
	3 Discussion
	4 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


