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Abstract Although there are no documented cases of
serotonin syndrome (SS) following bupropion ingestion
alone in the literature, the ability of bupropion to potentiate
serotonin levels and lead to SS is known. A 15-year-old boy
was found at home hallucinating. He then developed tonic—
clonic activity. Upon arrival in the emergency department, he
was confused and restless. On exam, he had tachycardia,
hypertension, dilated pupils and dry oral mucosa, normal
tone and reflexes in his arms, but rigidity and +4 reflexes in
his legs with sustained clonus at his ankles. He was admitted
and treated with intravenous fluids and lorazepam for his
agitation. A urine drug screen (via gas chromatography/mass
spectrometry) was positive only for naproxen and bupropion.
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Serum bupropion and hydroxybupropion levels drawn 17
h after his reported ingestion were 280 (therapeutic range
50-100) and 3,100 ng/mL (therapeutic range <485), respec-
tively. Within 24 h of his admission, the patient was awake
with normal vital signs and neurologic exam. To our
knowledge, there are only three reported cases demonstrating
SS in conjunction with bupropion toxicity; however, none of
these were secondary to bupropion alone.
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Introduction

Serotonin syndrome (SS) is characterized by the triad of
altered mental status, autonomic dysfunction, and neuro-
muscular abnormalities [1, 2]. It is classically associated
with supratherapeutic doses of a single selective serotonin
reuptake inhibitor (SSRI) or the combination of two or
more serotonergic agents. However, many medications,
including monoamine oxidase inhibitors, tricyclic antide-
pressants, opiate analgesics, weight-reduction agents, anti-
retroviral agents, and antibiotics have been associated with
SS [1-6]. Additionally, SS has been precipitated by a single
therapeutic dose of an SSRI and by the addition of drugs
that inhibit CYP450 isoenzymes [5, 7, 8]. Recently,
bupropion has been reported as a potential causative agent
in serotonin syndrome [9-11].

Bupropion is an antidepressant and smoking cessation
aid with the potential for toxic effects in overdose that
include seizures, tachycardia, hypertension, and agitation
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[12-14]. It selectively inhibits neuronal reuptake of
dopamine and norepinephrine and may have indirect effects
at serotonergic receptors [15—18]. To date, bupropion has
only been reported as a causative agent in serotonin
syndrome in conjunction with other medications [9, 10].
We report a case of serotonin syndrome caused by
bupropion ingestion alone.

Case

A previously healthy 15 year-old Caucasian boy with a
history of depression, anxiety, and attention deficit hyper-
activity disorder, who was being treated only with
bupropion, woke his grandparents in the middle of the
night with incoherent shouting. He reported seeing people
who were not present and then developed 5 min of
generalized tonic—clonic movements without incontinence
or eye deviation. Emergency Medical Services (EMS) were
called.

When EMS arrived, the patient was incoherent and
agitated. En route to the Emergency Department (ED), he
had a second episode of tonic—clonic movements that
resolved spontaneously. Upon arrival in the ED, he was
confused and restless. Vitals signs included a heart rate of
170 beats per minute, respiratory rate of 24 breaths per
minute, blood pressure of 170/130 mmHg, temperature of
37.1°C, and oxygen saturation of 98% on room air. The
patient had been healthy and acting normally prior to the
onset of these symptoms. His only prescribed medication
was extended release bupropion, 300 mg daily administered
orally. Initial physical examination documented by the ED
physician revealed dilated but reactive pupils, normal
conjunctiva, dry oral mucosa, tachycardia, flushed and dry
skin, rigidity in his legs, and +4 reflexes in his ankles. The
remainder of his examination was unremarkable. He was
given 2 L of intravenous (IV) fluids and a total of 8 mg of
lorazepam administered intravenously, which decreased his
agitation. Initial labs revealed unremarkable electrolytes,
blood urea nitrogen, and creatinine. Total creatine phos-
phokinase and white blood count were elevated at 991 TU/L
(reference range 0-200 IU/L) and19,900/mm’ (reference
range 4,500—11,000/mm?®), respectively. Serum ethanol,
salicylate, and acetaminophen levels were undetectable.
Electrocardiogram demonstrated a heart rate of 170 beats
per minute, QRS of 100 ms, and QTc of 434 ms.
Unenhanced computed tomography of the head was
normal, and the patient was transferred to the regional
toxicology treatment center for further evaluation and
treatment.

The patient remained delirious and agitated upon arrival at
our facility. Vital signs were unchanged. Repeat physical
examination showed dry mucous membranes and mydriasis.

He was not diaphoretic. Neurologic examination was
notable for hyperreflexia and clonus in the lower
extremities, while upper extremity reflexes remained
normal. Additionally, he was extremely rigid in his
lower extremities, but his upper extremities had normal
tone. He was given 2 mg of physostigmine administered
intravenously without effect. Comprehensive urine drug
screen by gas chromatography/mass spectrometry was
positive only for naproxen and bupropion. The patient
was admitted to an inpatient unit and treated supportively
with IV fluids and additional lorazepam.

Serum bupropion and hydroxybupropion levels drawn
17 h after his reported ingestion were 280 ng/mL
(therapeutic range 50-100 ng/mL) and 3,100 ng/mL
(therapeutic range<48 ng/mL), respectively. Within 24 h
of admission, the patient was awake with normal vital signs
and neurologic examination (his symptoms resolved less
than 36 h after the reported time of ingestion). He admitted
to taking 10 tablets of his 300 mg sustained-release
bupropion. The patient was transferred to an inpatient
psychiatric facility following symptom resolution.

Discussion

A Medline search of the English language literature
demonstrated only three case reports of serotonin syndrome
in conjunction with bupropion ingestion. None of these
were secondary to bupropion alone or included pediatric
patients [9—11]. Munhoz reported a case of a 62-year-old
woman who developed SS from a combination of bupro-
pion, sertraline, piracetam, and venlafaxine [9]. She had
subtle signs of SS after 3 weeks of bupropion and sertraline
alone and then acutely worsened after the addition of
venlafaxine and piracetam. Szaklay and Strauss report a
case of possible SS in a patient undergoing oral surgery
who had taken his regular dose of bupropion plus a one-
time dose of dextromethorphan [10]. Dvir and Smallwood
describe a 53-year-old woman who was on fluoxetine, and
olanzapine daily, and developed SS with the addition of
bupropion to her regimen [11].

The toxicity of bupropion in children and adolescents
has been reported in multiple cases, but none have
described serotonin syndrome. For example, Ayers and
Tobias describe an adolescent with tachycardia, slurred
speech, dry skin, ataxia, and seizures but no hyperreflexia
following intentional ingestion of 15 to 30 100-mg tablets
of bupropion [19]. Givens and Gabrysch reported an
ingestion of 2 g of bupropion by a 3-year-old child that
resulted in seizures and profound hemodynamic instability
in conjunction with complications from whole bowel
irrigation [20]. Finally, Spiller and Schaeffer report seiz-
ures, hallucinations, ataxia, mydriasis, and moist mucous
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membranes in a 7-year-old boy following ingestion of
1,050 mg of bupropion [21]. None of the above reports
describe the classic findings of lower extremity hyper-
reflexia and clonus that are seen in SS. Some cases fail to
mention reflexes at all, and therefore, the presence of SS in
these cases is difficult to confirm.

The main pathophysiologic mechanism for SS appears to
be excessive 5- hydroxytryptophan subtype (SHTla and
5HT2a) stimulation [1, 2]. The serotonergic effects of
bupropion have been debated. In humans, some studies
have concluded that bupropion has no serotonergic activity
[15, 22]. However, studies in animals have shown that
bupropion may have some serotonergic activity [17, 18,
23]. For instance, Piacentini et al. found a comparable
increase in the levels of serotonin, norepinephrine, and
dopamine in the hippocampus of rats after administration of
bupropion. Others have postulated that bupropion may have
indirect serotonergic activity through its up regulation of
vesicular monoamine transporter-2, the transporter respon-
sible for pumping dopamine, norepinephrine, and serotonin
from the cytosol into presynaptic vesicles [24].

The differential diagnosis of serotonin syndrome
includes anticholinergic poisoning, malignant hyperthermia
(MH), and neuroleptic malignant syndrome (NMS), and
CNS infection, each of which can be distinguished from SS
by history and physical exam in conjunction with the
appropriate laboratory evaluation. While our patient had
some stigmata of anticholinergic poisoning including
mydriasis, agitated delirium, hot and dry skin, and urinary
retention, he had no response to physostigmine or exposure
to anticholinergic medications. His lack of ingestion of
anticholingeric medications is supported by urine evalua-
tion by GC/MS, making anticholinergic toxicity very
unlikely. His dry oral mucosa and skin were interpreted as
signs of dehydration and not anticholinergic findings. The
patient had no exposure to neuroleptic medications, inhaled
anesthetics, or succinylcholine which would be required to
diagnose NMS or MH. On exam, he was not febrile, and
his neck was supple, making a CNS infection less likely.
Certainly, rapid improvement in his symptoms without the
need for antibiotics makes a life-threatening infection
unlikely. The patient’s symptoms of tachycardia, mydriasis,
urinary retention, and altered mental status are all consistent
with previously reported cases of serotonin syndrome [25].
Many of these symptoms are also similar to bupropion
toxicity without SS. However, the unique finding of lower
extremity hyperreflexia and clonus with normal upper
extremity reflexes is characteristic of SS and supports this
diagnosis in the patient presented. While the patient’s
clinical presentation fits the diagnostic criteria for SS
described by Sternbach and Radomski, he did not develop
hyperthermia, a classically reported finding in SS [25, 26].
A review of 62 cases of SS reported to medical journals
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found the incidence of hyperthermia to be only 37.5% and
diaphoresis to be 33.3% [25]. Therefore, the lack of
hyperthermia and diaphoresis does not preclude a diagnosis
of SS. Adequate sedation with benzodiazepines may have
prevented hyperthermia caused by ongoing muscle hyper-
activity, and his dehydration may have contributed to the
lack of sweating.

There were two potential limitations to this study. First,
cyproheptadine, a serotonin antagonist that has been used
anecdotally in cases of SS, was not used in this case [27].
While there is a favorable risk-benefit ratio, there is a lack
of randomized clinical data to support its use. Second, it is
possible that a drug other than bupropion could have caused
these symptoms. This is unlikely given that the compre-
hensive urine drug screen by gas chromatography/mass
spectrometry done at our institution screens for most, if not
all, SSRIs.

In conclusion, we believe this to be the first case report
of bupropion toxicity alone causing serotonin syndrome.
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