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ARTICLE INFO ABSTRACT

Introduction: Serotonin syndrome is a rare, frequently misdiagnosed, serious condition with high morbidity.
Objective: This review highlights the pearls and pitfalls of serotonin syndrome, including diagnosis, initial resus-
citation, and management in the emergency department (ED) based on current evidence.

Discussion: Serotonin syndrome is a potentially deadly toxidrome marked by excess serotonin receptor activity or
neurotransmission. Features of serotonin syndrome include 1) neuromuscular excitation such as tremor,
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IS?K Z:gfl'.s ndrome hyperreflexia, and clonus; 2) autonomic dysfunction such as tachycardia, hypertension/hypotension, and hyper-
Toxicologyy thermia; and 3) altered mental status such as agitation, delirium, and coma. Although serotonin syndrome may
Hyperthermia be more obvious in patients who have overdosed on serotonergic agents such as serotonin reuptake inhibitors

(SSRIs), multiple other medications may also cause serotonin syndrome. Alternative diagnoses such as sepsis,
neuroleptic malignant syndrome, and decompensated hyperthyroidism should be considered. The primary com-
ponents of therapy include stopping the offending agent and supportive care, which focuses on agitation control,
monitoring for and treating hyperthermia, and managing autonomic instability.

Conclusions: An understanding of serotonin syndrome can assist emergency clinicians in diagnosing and manag-

Cyproheptadine

ing this disease.

Published by Elsevier Inc.

1. Introduction

This article series addresses high risk and low prevalence diseases
that are encountered in the emergency department (ED). Much of the
primary literature evaluating these conditions is not emergency medi-
cine focused. By their very nature, many of these disease states and clin-
ical presentations have little useful evidence available to guide the
emergency physician in diagnosis and management. The format of
each article defines the disease or clinical presentation to be reviewed,
provides an overview of the extent of what we currently know and un-
derstand, and finally discusses pearls and pitfalls using a question and
answer format. This article will discuss serotonin syndrome. This condi-
tion's low prevalence, as well as its variable atypical presentations, chal-
lenging diagnosis, and high morbidity, makes it a high risk disease.

1.1. Definition

Serotonin syndrome is a toxidrome consisting of signs and symp-
toms that characterize serotonin toxicity [1-4]. Serotonin toxicity
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was first recognized in the 1960s in animal models given serotonin
agonists. It was recognized in humans with the introduction of
monoamine oxidase inhibitors (MAOI) and tricyclic antidepressants
(TCA), who developed clinical symptoms similar to those in the ani-
mal models [1,4,5]. As selective serotonin reuptake inhibitors (SSRI)
became more common, several diagnostic criteria were developed to
better characterize serotonin syndrome [1,2,5]. Serotonin syndrome
is characterized by 1) central nervous system (CNS) excitation lead-
ing to hyperreflexia, clonus, rigidity; 2) mental status changes lead-
ing to anxiety, agitation, confusion, coma; and 3) autonomic
excitation with diarrhea, tachycardia, hypertension, flushing, and
hyperthermia [4,6,7]. Symptoms are associated with the addition or
increase in dose of a serotonergic drug and typically begin within a
few hours of the inciting event [1,2,5].

There are several diagnostic criteria for serotonin syndrome, in-
cluding the Sternbach, Radomski, and Hunter criteria [2,3]. These
criteria were developed to create a diagnostic framework for sero-
tonin syndrome based on common signs and symptoms. The nu-
ances of the different criteria are discussed below. The Hunter
criteria likely have the most relevance for the emergency clinician
as they were derived from a patient population that is most similar
to patients who are seen in the ED with serotonin syndrome
currently [2,3].
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1.2. Pathophysiology

Serotonin modulates attention, behavior, and temperature control in
the CNS, but in the peripheral nervous system, it regulates
bronchoconstriction, gastrointestinal motility, uterine contraction, and
platelet regulation [8,9]. In total, there are seven classes of serotonin
receptors, 5-HT-1 through 5-HT-7, which can be further divided into
subdivisions [9]. 5-HT-2a receptors are responsible for the potentially
deadly signs and symptoms of serotonin syndrome such as increased
muscle tone and hyperthermia [9]. 5-HT-1a receptors contribute to
anxiety and hyperactivity [9]. In most cases, excess stimulation of
5-HT receptors and increased serotonergic neurotransmission can lead
to serotonin syndrome [9]. This may occur due to overdose of a seroto-
nergic medication, interaction between several serotonergic medica-
tions, and renal dysfunction resulting in accumulation of serotonergic
medications [9,10].

1.3. Epidemiology

Serotonin syndrome is a rare but potentially underrecognized and
life-threatening disease [3]. In one study of 112,045 hospitalized
patients who were prescribed at least one serotonergic agent, six were
diagnosed with serotonin syndrome, but authors noted a few cases
could have been missed as they identified three additional cases that
met all the criteria for serotonin syndrome and 23 cases that had partial
criteria documented [11]. An observational study of patients who were
co-prescribed triptans, which are thought to increase risk of serotonin
syndrome, and SSRIs found an estimated incidence of serotonin
syndrome of 0.6 to 2.3 cases per 10,000 person years [12]. Serotonin
syndrome might be more common among the critically ill due to poly-
pharmacy and impaired drug metabolism [13]. One observational
study of 309 intensive care unit (ICU) patients found that 24 patients
(7.8%) met criteria for serotonin syndrome [13]. Mortality can be severe
and is primarily related to hyperthermia [3,14,15]. Studies suggest that
of approximately 7300 diagnosed cases per year, approximately 100
patients die [14,15].

Failure to diagnose serotonin syndrome can lead to significant issues
other than increased morbidity and mortality, as misdiagnosis may lead
to inappropriate disposition (e.g., psychiatric facility) [16]. The continu-
ation of serotoninergic home medications and potential addition of se-
rotonergic medications while admitted can worsen serotonin
syndrome leading to harm, most famously in the case of Libby Zion
who died from serotonin syndrome [17]. A retrospective study of
seven cases of serotonin syndrome in patients admitted to a medical
floor found that five out of seven patients were initially admitted
under the diagnosis of worsening of a psychiatric illness, and two out
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of seven were diagnosed with gastroenteritis [16]. In one study of ICU
patients, 75% of patients had received a serotonergic medication after
admission to ICU [13]. Given that several common medications used
in the inpatient setting are potentially serotoninergic (e.g., fentanyl,
ondansetron, linezolid, and tramadol), failure to diagnose serotonin
syndrome or recognize potential medications reactions could lead to
the development or worsening of serotonin syndrome [13].

2. Discussion
2.1. Presentation

Patients with serotonin syndrome most commonly experience
symptoms within 12-24 h after medication exposure or dose adjust-
ment. The classic triad of serotonin syndrome includes 1) neuromuscu-
lar excitation, 2) autonomic dysfunction, and 3) altered mental status
(Fig. 1) [4,6,7,18-20]. Neuromuscular hyperactivity includes
hyperreflexia, clonus, hyperkinesis, akathisia, and rigidity [4]. Clonus, a
form of profound hyperreflexia, is a common feature of serotonin syn-
drome [3,4,9]. This is typically inducible and most prominent in the
legs [9]. Opsoclonus and spontaneous clonus may also occur [2]. The
absence of clonus is suggestive of another etiology [4,20]. Autonomic
dysfunction includes hyperthermia, hypertension/hypotension, tachy-
cardia, diaphoresis, flushing, mydriasis, nausea, vomiting, and diarrhea
[5]. Mental status changes include anxiety, delirium, seizure, and coma
[5]. Severe serotonin syndrome includes seizures, rhabdomyolysis, end
organ injury, and extreme hyperthermia [3,21]. Mild cases of serotonin
may have a more subtle presentation, with tremor, headache, dizziness,
insomnia, and restlessness being the initial presenting symptom in a
case series of mild cases managed in a neurology outpatient clinic
[22]. All patients in this cases series demonstrated hyperreflexia and
tremor, and 42% of patients demonstrated clonus, increased muscle
tone, tachycardia, and nystagmus on examination [22]. A critical com-
ponent of the history in suspected cases includes overdose of a seroto-
nergic agent, recent addition of a new medication with serotonergic
properties, or dose increase of a chronic medication [19,20]. As more
severe cases can present with delirium and coma, history from the
patient may be difficult to obtain. In cases where history is limited, it
is critical to review prior records for medication history, psychiatric
history, and to also obtain information from family, friends, or emer-
gency medical services personnel.

2.2. ED evaluation

The diagnosis of serotonin syndrome is based on clinical history and
physical examination. There is no diagnostic laboratory or radiologic
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Fig. 1. Presentation of Serotonin Syndrome. From https://commons.wikimedia.org/wiki/File:SerotoninSyndrome.jpg.
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test, and the history and examination determine the need for focused
testing with laboratory and imaging assessment [20]. In a patient with
a fever, potential alternative causes such as infectious or endocrinologic
etiologies should be evaluated with complete blood cell count (CBC),
electrolytes, renal and liver function, urinalysis, chest x-ray, blood cul-
tures, and thyroid stimulating hormone (TSH) as clinically indicated
[3,4,7,20]. Similarly, those with altered mental status (AMS) or evidence
of head trauma should undergo non-contrast head computed tomogra-
phy, while those with AMS and fever may need a lumbar puncture [20].
A drug history is important to ascertain the use of serotonergic medica-
tions, psychiatric medications, over the counter medications, and illicit
drugs, as well as any changes in medications [19,20]. In patients with
suspected serotonin syndrome, laboratory evaluation should include
CBC, electrolytes, renal and liver function, lactic acid level, coagulation
panel, and creatine kinase (CK) level (i.e., rhabdomyolysis) [20,23]. Lab-
oratory testing may reveal leukocytosis, elevated CK, lactic acidosis,
renal injury, liver enzyme elevation, hyponatremia, and disseminated
intravascular coagulation. For patients with possible co-ingestions, an
acetaminophen and aspirin level should be obtained [19]. An ethanol
level and a urine drug screen (UDS) can be considered, although the
clinician should exercise caution when interpreting the results of a
UDS. A UDS does not distinguish between acute and chronic drug use,
it has many false-positive or false-negative results, and it does not
rule-in or rule-out serotonin syndrome [24-27]. An electrocardiogram
should be obtained to evaluate QRS duration for possible signs of
co-ingestions such as TCAs or diphenhydramine, as well as the QT dura-
tion for possible signs of QT prolonging medications [24,27].

2.3. ED management

The components of ED management of serotonin syndrome consist
of stopping offending agents, supportive care, and decontamination
[3,28]. Supportive care includes controlling agitation, monitoring for
and treating hyperthermia, and treating autonomic instability. ED
clinicians should consider toxicology or poison center consultation for
serotonin syndrome, particularly in overdose patients [21,29]. Consulta-
tion with the psychiatric specialist may also be required after the patient
is stabilized. Patients with serotonin syndrome should be placed on
continuous monitoring of heart rate and pulse oximetry [19]. Mild
cases, such as those with only inducible clonus and restlessness without
delirium, may only require observation for symptomatic improvement
[22,30]. Moderate to severe cases often require benzodiazepines and
cyproheptadine for treatment of autonomic instability and agitation
[3,18,29]. Intravenous fluids should be administered to treat rhabdomy-
olysis or hypotension if present, and electrolyte abnormalities should be
corrected if present [23,29]. Antihypertensives may be required if the
patient has hypertension refractory to therapy with benzodiazepines.
Control of hyperthermia with physical cooling is necessary [20].
Extreme hyperthermia is life-threatening and may lead to seizure,
acidosis, rhabdomyolysis, end organ injury, and disseminated intravas-
cular coagulation [20]. Intubation for airway protection with sedation
and paralysis using a non-depolarizing paralytic may be necessary,
particularly if the patient is seizing or has extreme hyperthermia
[9,21,30,31]. Disposition depends on the severity of the hyperthermia,
mental status, ability to identify offending agents, and psychiatric
needs of the patient. In patients with autonomic instability or hyper-
thermia, admission to an intensive care unit setting is recommended.

3. Pearls and pitfalls

3.1. What are high-risk situations or medications associated with serotonin
syndrome?

The emergency clinician should consider serotonin syndrome in pa-
tients after overdose of serotonergic agents and patients with polyphar-
macy who have altered mental status, particularly if physical
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examination findings are suggestive of serotonin syndrome (see discus-
sion below) [2,10,13,28,32]. Evidence of hyperreflexia and clonus, as
well as autonomic changes, are concerning for serotonin syndrome
[20]. Medications that are high risk for serotonin syndrome have
changed over time as the medications used to treat depression have
changed [1-3,5]. While many of the patients originally described as hav-
ing serotonin toxicity were on monoamine oxidase inhibitors (MAOI),
those drugs are now less common than SSRIs and serotonin-
norepinephrine reuptake inhibitors (SNRI) [1]. A 2019 review of the
Toxicology Investigators Consortium (ToxIC) registry found the most
common single agents associated with serotonin syndrome included
sertraline, dextromethorphan, citalopram, bupropion, and fluoxetine
[7]. Other drugs associated with serotonin syndrome include tramadol,
trazodone, lamotrigine, and fentanyl [7]. Emergency clinicians should
consider serotonin syndrome in patients with overdose of serotonergic
medications including SSRIs, SNRIs, tramadol, linezolid, fentanyl, and
methylene blue (Table 1), as well as in patients on multiple serotonergic
medications [3,7,11,18,33-38].

The risk of developing serotonin syndrome after therapeutic inges-
tion of a prescribed serotonergic agent is unknown but thought to be
low [7,39,40]. One study of patients taking the antidepressant
nefazodone reported an incidence of 0.5-0.9 cases per 1000 person-
months of treatment, while a study of patients on triptans and SSRIs
or SNRIs reported an incidence of 0.6-3.9 cases per 10,000 person-
years [12,41]. The incidence of serotonin syndrome after overdose of a
single serotonergic agent is estimated to be around 14-16% [2,12]. As
discussed, commonly used SSRIs such as sertraline, citalopram, and flu-
oxetine are common causes of serotonin syndrome in overdose [2]. Of
the SSRIs, vilazodone in particular has high risk of causing serotonin
syndrome due to its 5HT-1 partial agonism and reuptake inhibition,
with case reports of pediatric patients developing serotonin syndrome
from a single dose [42-45]. Bupropion, while not a true SSRI, can cause
serotonin syndrome [46]. Bupropion is cathinone with structural simi-
larity to methamphetamine and is a norepinephrine-dopamine reup-
take inhibitor frequently implicated in poison center databases and
case reports as a cause of serotonin syndrome [7,46,47]. Although not
commonly used, MAOIs such as phenelzine and moclobemide are fre-
quently associated with serotonin syndrome [5,31]. TCAs such as imip-
ramine have also been associated with serotonin syndrome in
polypharmacy and have a different presentation as a single-agent over-
dose, primarily as a anticholinergic toxidrome with wide complex
tachydysrhythmias [48,49].

There are many other serotonergic agents that increase the risk of
serotonin syndrome. Dextromethorphan is a common over-the-

Table 1
Drugs associated with serotonin syndrome [3,7,18,25].
Class Medications
Psychiatric SSRIs and SNRIs: citalopram*, fluoxetine*, sertraline*, venlafaxine,

vilazodone

MAOIs: phenelzine, rasagiline, selegiline

TCAs: clomipramine, imipramine

Others: bupropion*, trazodone, buspirone, lithium

Lamotrigine, carbamazepine, valproate

Ondansetron, granisetron, metoclopramide

Triptans, ergotamine, methylergonovine

Fentanyl, meperidine, methadone, dextromethorphan, tramadol*
Methamphetamine, amphetamine, ecstasy (MDMA), psilocybin,
LSD

Linezolid, cyclobenzaprine, methylene blue, St. John's Wort,
fluconazole, chlorpheniramine

Antiepileptics
Antiemetics”
Anti-migraine
Opioids

[llicit Drugs

Miscellaneous

Abbreviations: selective serotonin reuptake inhibitors (SSRI); serotonin-norepinephrine
reuptake inhibitors (SNRI); monoamine oxidase inhibitors (MAOI); tricyclic antidepres-
sants (TCA); 3,4-Methylenedioxymethamphetamine (MDMA); lysergic acid diethylamide
(LSD).

* Indicates the top 5 agents implicated in serotonin syndrome.

" Itis controversial whether or not 5HT-3 antagonists like ondansetron cause serotonin
syndrome.
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counter cough suppression medication that can cause serotonin syn-
drome with polypharmacy [36,50,51]. Tramadol has been associated
with serotonin syndrome in isolated overdoses as well as polypharmacy
[51-54]. Tramadol can inhibit serotonin reuptake, and its metabolism by
CYP450 may impact the risk of serotonin syndrome [36,51-54]. In 2006
the FDA released an advisory about the risk of serotonin syndrome in
patients on triptans and SSRIs/SNRIs, since triptans were noted to
have some affinity for 5HT receptors [12]. A database study of over
19,000 patients co-prescribed triptans and an SSRI or SNRI identified
17 cases of serotonin syndrome [12]. Only seven cases occurred during
a year when the medications were co-prescribed, with the other ten
cases occurring during a time frame when the patient was on a single
agent, suggesting an overall low risk of serotonin syndrome when
triptans and SSRIs/SNRIs are taken together [12]. Ondansetron has
been associated with serotonin syndrome, as 5HT-3 antagonism may
lead to increased serotonin reuptake, although some have argued this
mechanism is theoretical and the association unclear [3]. Some antiepi-
leptics, such as lamotrigine, are also associated with serotonin syn-
drome, although risk in population-based studies is low [37].

There are several serotonergic medications used in the ED or critical
care setting that increase the risk of serotonin syndrome. Fentanyl and
meperidine are piperidine opioids that are thought to have serotonin re-
uptake inhibition properties [11,25,51,55]. A retrospective study com-
pared 107,507 admitted patients at a tertiary hospital who received a
serotonergic agent but did not receive fentanyl and 4538 patients re-
ceiving a serotonergic agent and fentanyl [11]. Authors identified four
patients in the fentanyl and serotonergic agent group meeting Hunter's
criteria for serotonin syndrome (incidence of 0.09%) and five patients in
the serotonergic agent alone group (incidence of 0.005%) [11]. Although
this suggests a low-overall incidence of serotonin syndrome from fenta-
nyl, there is likely an increased risk of development in patients on mul-
tiple serotonergic agents [11]. Linezolid is an oxazolidinone antibiotic
with reversible MAOI properties that can cause serotonin syndrome
[35,56]. A study of the FDA Adverse Event Reporting System (AERS)
identified 29 cases of serotonin toxicity in patients on linezolid, though
all patients were on other serotonergic agents [35]. An oxazolidinone
muscle relaxant, metaxalone, which is structurally related to linezolid,
has also been reported to cause serotonin syndrome in overdose
[57,58]. Methylene blue, which is used to treat postoperative vasoplegia
and methemoglobinemia, has MAOI properties and has been reported
to cause serotonin syndrome [38].

Ilicit drugs that increase serotonin release and uptake can also cause
serotonin syndrome, either with recreational use or in overdose [7].
Amphetamines, methamphetamine, cocaine, and “bath salts” have
been associated with serotonin syndrome, likely due to indirect signal-
ing of dopamine and norepinephrine [7,26,59]. Ecstasy (MDMA) and
psilocybin are thought to increase the risk of serotonin toxicity as they
directly act on the serotonin receptor [7,59].

Some drugs with CYP inhibitor properties such as St. John's Wort and
fluconazole may increase the concentration of serotonergic drugs
[60,61]. Additionally, lithium may increase serotonin receptor sensitiv-
ity, which may result in serotonin syndrome [18,19,62].

3.2. What are physical examination findings that suggest serotonin
syndrome?

The physical examination findings in serotonin syndrome include
spontaneous or inducible clonus, ocular clonus, tremor, hyperreflexia,
increased muscle tone, and agitation (Table 2) [2]. Clonus is usually in-
ducible and most prominent in the legs, though it can involve the whole
body [9,30]. Opsoclonus is defined by involuntary, multidirectional eye
movements and is common in serotonin syndrome [9,10]. These can be
triggered by eye movement or be continuous, and they may be fine or
coarse [9,10]. Spontaneous clonus includes rhythmic, large muscle con-
tractions [10]. The absence of clonus suggests against the diagnosis of
serotonin syndrome, though in severe cases, clonus can lead to severe
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rigidity [9,30]. Patients with underlying neurologic disease may not
demonstrate clonus, and in those with tremor, clonus can be difficult
to ascertain [63]. One study found mydriasis and tachycardia are com-
mon, occurring in approximately 32% and 40% of patients, respectively
[2]. However, these are common in other toxidromes, including anti-
cholinergic and sympathomimetic toxidromes, and thus they were not
included the original Hunter criteria [2]. Tachycardia may not be useful
as a diagnostic sign in serotonin syndrome but is useful in determining
prognosis and response to treatment [2]. A retrospective study of 1010
cases from the ToxIC database found that clonus and hyperreflexia
were the most common physical examination findings present in 60%
of patients [7]. Other common findings include agitation in 33%, coma
in 25%, and rigidity in 14% of patients [7]. In this study, 16% of patients
required intubation, and 3% demonstrated temperatures over 40 °C
(104.4 °F), though the mortality was 0.1% [7]. This study also noted
that seizures were more common in bupropion, citalopram, and fluoxe-
tine overdoses compared to dextromethorphan and sertraline [7]. A
prospective observational study of patients admitted to the ICU, none
of whom diagnosed with serotonin syndrome by the treating clinician,
evaluated for patients meeting the Hunter criteria and the presence of
serotonergic agents [13]. Hyperreflexia and tachycardia were the most
common clinical characteristics, present in 92% of patients [13]. Less
common physical examination findings were nystagmus (13%) and di-
arrhea (4%) [37]. A systematic review of published serotonin syndrome
cases found that fever is not universally present, with up to 27% of se-
vere cases remaining afebrile [3].

3.3. What are the strengths and weaknesses of the diagnostic criteria?

Several criteria are available for use in evaluating serotonin syn-
drome. The Sternbach criteria were first created in 1991 based upon a
literature review of the published case reports at that time [1]. Cases
were primarily among inpatients in psychiatric facilities who were on
multiple medications. The criteria included clinical signs and symptoms
such as hyperreflexia, tremor, diarrhea, agitation, and hyperthermia [1].
The criteria excluded patients with recent neuroleptic administration
and required that other causes of symptoms be excluded [1]. Issues
with the Sternbach criteria include the non-specific nature of the
criteria, including components such diaphoresis, fever, and agitation
that may be present in other diseases and toxidromes of catecholamine
excess [63]. Review of an additional 24 cases led to the development of
the Radomski criteria [5]. Symptoms were categorized into mental, neu-
rological, and vegetative with major and minor criteria for each to better
characterize the spectrum of serotonin syndrome [5]. Advantages of the
Radomski criteria include major and minor criteria to stratify the sever-
ity of serotonin syndrome [63]. A weaknesses of both the Sternbach and
Radomski criteria is that many of the patients used to derive these
criteria were on MAOI medications that are less commonly used, and
thus these criteria do not reflect the current epidemiology of serotonin
syndrome [63]. The Hunter Criteria were later derived from 473 patients
who had overdosed on a single SSRI [2]. Although rigidity was not pres-
ent in any of the patients evaluated for the Hunter Criteria, the authors
included it in their decision rule because it was felt to be clinically im-
portant [2,21]. After the criteria were developed, they were compared

Table 2
Physical examination findings in serotonin syndrome [3,4,7,1] [3].

Physical Examination Findings Frequency of Occurrence (%)

Tachycardia 35-92
Clonus 60-79
Hyperthermia (Temp >100.4F) 64-75
Rigidity 14-45
Seizure 14-36
Coma 25-33
Mydriasis 17-32
Diarrhea 4-9
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Table 3
Comparison of the diagnostic criteria for serotonin syndrome.
Sternbach Radomski Hunter
Patients 38 patients from case 62 patients from case reports 473 patients from a single center after overdose of a single SSRI
studied reports
Signs / At least three of the If any of the following criteria are met:
Symptoms following: At least four minor symptoms or three major plus two minor 1. Spontaneous clonus
« Confusion - - 2. Inducible clonus and agitation OR diaphoresis
o Major Minor L . .
» Agitation 3. Ocular clonus and agitation OR diaphoresis
* Incoordination Mental « Coma * Restlessness 4, Tremor and hyperreflexia
« Diaphoresis  Impaired mental * insomnia 5. Hypertonic/rigid and temp >38C and ocular clonus or
« Shivering status inducible clonus
* Tremor « Elevated mood
 Fever Neurologic « Myoclonus * Discoordination
« Hyperreflexia « Hyperreflexia « Dilated Pupils
 Clonus « Shivering « Akathisia
 Diarrhea « Tremor
« Rigidity
Vegetative -« Fever * Diarrhea
« Sweating * Tachycardia
« Tachypnea

Hypertension or hypo-

tension

among a larger set of patients who had overdosed on at least one sero-
tonergic agent [2]. They found that when compared to a gold standard
of diagnosis by a toxicologist, the Hunter Criteria had a sensitivity of
84% and specificity of 97% compared to the Sternbach criteria which
had a sensitivity of 75% and specificity of 96% [2]. Of note, the Hunter
criteria may be inaccurate in patients with peripheral neuropathies as
they may not display many of the upper motor neuron signs in the
criteria like hyperreflexia [63]. Another disadvantage of the Hunter
criteria is that it shares many features with neuroleptic malignant syn-
drome such as hyperthermia and rigidity [63]. Table 3 compares the dif-
ferent criteria for the diagnosis of serotonin syndrome [1,2,5].

3.4. What are other alternative diagnoses that must be considered?

Serotonin syndrome has clinical features that overlap with several
other potentially life threatening toxicologic, psychiatric, neurologic,
infectious, and endocrinologic disorders (Table 4) [10,13,19,20,27,32].
Infectious etiologies of fever and altered mental status (e.g., sepsis,
spinal infection, meningitis, and encephalitis) should be considered
[27,64]. Thorough medication histories, including any illicit drug use
and potential toxin exposures, should be obtained as there are several
toxicologic causes of hyperthermia and altered mental status [20,27].
Neuroleptic malignant syndrome may be confused with serotonin
syndrome, particularly in patients on multiple psychiatric medications
[20,23,28]. The time course of neuroleptic malignant syndrome is
much slower, developing over a few weeks of antipsychotic exposure
and is associated with more rigidity and no hyperreflexia or clonus com-
pared to serotonin syndrome that develops in hours to days after over-
dose or after a new serotonergic agent is introduced [20,27,28].
Hyperthyroidism may also cause hyperthermia, autonomic dysfunction,
and brisk reflexes [30,66,67]. While stroke rarely cause hyperthermia, it
should be considered particularly in altered patients. Psychiatric illness
such as malignant catatonia can cause altered mental status and abnor-
mal movements that may overlap with serotonin syndrome [10,32].
Mild cases of serotonin syndrome might be misdiagnosed as general-
ized anxiety, viral syndrome, or migraine [22].

3.5. What are the key components of management?

Supportive care and discontinuation of offending agents are the key
components of management of serotonin syndrome. Treating agitation,
monitoring for and treating hyperthermia, and managing autonomic
instability are the cornerstones of supportive care. Benzodiazepines are
a mainstay of treatment for agitation, seizures, and hyperthermia in sero-
tonin syndrome [21,27-29]. Mechanistically benzodiazepines counteract
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the serotonin-induced adrenergic signaling which reduces autonomic
instability, suppresses seizure foci, and relaxes muscle contractions that
generate heat [3,30]. Benzodiazepines have many advantages such as
multiple routes of administration and fast time of onset if given intrave-
nously [19,20]. There are no guidelines or randomized trials to guide the
dosing of benzodiazepines in serotonin syndrome [30]. If seizures
develop benzodiazepines can be dosed similarly to benzodiapines [72].
Additional options for control of agitation include dexmedetomidine, as
it has sedative properties and may modulate serotonin activity, although
there might be limited availability of this agent in the ED. [73] A case
series of three pediatric patients who had persistent hyperreflexia and
hypertension despite being on midazolam infusions had improvement
once transitioned to dexemedatomidine [73]. Another case report of a
vilazodone overdose in a pediatric patient used dexmedetomidine as a
benzodiazepine sparing agent, and the authors noted they were able to
adequately treat agitation without having to intubate the patient [45].
Dexmedetomidine used to treat serotonin syndrome was used as an
infusion typically in the range of 0.2-1.0 pg/kg/h [73].

The mechanism of hyperthermia in serotonin syndrome in animal
models is thought to be due to brown fat thermogenesis and excessive
muscle contractions from increased serotonergic and adrenergic signal-
ing [20]. Cyproheptadine has anticholinergic properties that may theo-
retically worsen hyperthermia and as discussed below has limited
utility in the critically ill patient with serotonin syndrome [29]. Evidence
from the general management of drug induced hyperthermia suggests
that decreased time to normothermia improves survival [27,74]. Benzo-
diazepines will improve mild hyperthermia due to muscle relaxation
[20]. Antipyretics such as acetaminophen do not have a role in drug
induced hyperthermia as the elevated temperature is not mediated by
the hypothalamus, unlike in fever from an infectious cause [20,74]. For
mild hyperthermia (38-40 °C), physical cooling with cooling blankets,
ice packs, fans should be performed [74]. Temperatures in excess of 41
°C are life threatening and require rapid cooling including ice-
immersion [74,75]. Intubation may be necessary in the setting of
extreme agitation or hyperthermia [25,30,46,67,76]. The timing of
these interventions depends on the clinical scenario and the resources
available at the treating ED. [74,75] External cooling should be started
immediately in all patients with severe hyperthermia [74,75]. While
ice-baths are often regarded as superior and experts have recom-
mended that IV access, benzodiazepine administration, and even intu-
bation can all occur while in an ice-bath, depending on clinician
experience and comfort level, evaporative cooling may be logistically
easier to perform if these other interventions are necessary [74,75].
Based on other hyperthermic conditions, external cooling should be
performed with a goal core temperature of 39 °C [74]. If hyperthermia
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Table 4
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Differential diagnosis of serotonin syndrome.

Disease

Distinguishing Features

Neuroleptic Malignant
Syndrome

Malignant Hyperthermia*

Malignant Catatonia*

Acute Dystonic Reaction

Anticholinergic Toxicity

Sympathomimetic Toxicity

Strychnine Toxicity*

Tetanus*

Sedative-Hypnotic

Withdrawal

Sepsis

Meningitis/Encephalitis

Stroke

Thyroid Storm

-Occurs within days to weeks of exposure to dopamine antagonists and dopamine withdrawal [10].

-Presents with “lead-pipe” rigidity, slow movements, bradyreflexia, and mutism [10,32].

-Patients have neuromuscular hypoactivity and normal pupils or mydriasis [10,32].

-Acute development after inhaled anesthetics like halothane or depolarizing paralytics such as succinylcholine [67].

-Presents with hyperthermia with temperatures >104 F, rigidity is common, but pupils are normal [67].

-Patients have rigor-mortis like rigidity and hyporeflexia [67].

-Laboratory analysis demonstrates metabolic acidosis and elevated CK [67].

-Patients will have slow movements and rigidity without history of antipsychotic exposure [10].

-“Waxy flexibility” with the limbs able to be passively manipulated into postures that the patient will hold for prolonged periods [10].
-Fever, tachycardia, and labile blood pressure can all be present [10].

-Usually develops within 5 days of receiving a dopamine antagonist (e.g., antipsychotic, metoclopramide, prochlorperazine).
-Oculogyric crisis can present with fixed stare [10,32].

-May present with opisthotonos, blepharospasm, and/or laryngeal spasm but no opsoclonus [10].

-Patients typically do not demonstrate tachycardia, hyperreflexia, or tachycardia [10].

-Anticholinergic medication exposure with bladder retention, hyperthermia with dry skin, dry mucous membranes, tachycardia, and hypertension
but no hyperreflexia and normal muscle tone [27].

-Patients may demonstrate hypervigilance, hallucinations, and delirium with mumbling speech [27].

-Many drugs have anticholinergic effects such as antihistamines, antiparkinsonian drugs, belladonna alkaloids, and atropine [27].
-Presents after ingestion of sympathomimetic substance with fever, tachycardia, hypertension, confusion, diaphoresis, and mydriasis [27].
-Patients do not typically have hyperreflexia or clonus [6].

-Some sympathomimetics like MDMA are also serotonergic, and some sympathomimetics may be used with a serotonergic agent (e.g., cocaine
and fentanyl) [27].

-Uncommon poisoning associated with rodenticides and some Chinese herbal remedies (e.g., Migianzi) [68].

-Presents with uncontrolled muscle contractions, hyperthermia, and tachycardia [68].

-Mental status preserved until critical hyperthermia and lactic acidosis develop [68].

-Uncontrolled muscle spasms, lockjaw, autonomic instability, and alternating tachycardia and bradycardia [69].

-In adults typically develops from infected wounds [69].

-Baclofen, benzodiazepine, and alcohol withdrawal can produce tachycardia, hypertension, anxiety, diaphoresis, nausea/vomiting, and altered
mental status [26,70].

-Seizures more common in withdrawal [26].

-Baclofen withdrawal can cause spasticity [70].

-Fevers can be present but are uncommon.

-Patients should not have clonus [70].

-Fever, tachycardia, and altered mental status can be present in sepsis [27].

-Typically presents with evidence of an infection focus [27].

-Unlikely to have clonus or hyperreflexia [27].

-Fever, tachycardia, altered mental status, and neck stiffness are common presentations [19,27].

-Unlikely to have clonus or hyperreflexia [27].

-Neurologic deficit and hyperreflexia will present in a focal neurologic distribution [71].

-Fever can occur from stroke, although it usually develops after acute presentation [66].

-History of acute onset and other symptoms such as weakness or numbness [66,71].

-Tachycardia, altered mental status, and hyperthermia are common [65].

-May have brisk reflexes [65].

-Opsoclonus and spontaneous clonus are uncommon [65].

Abbreviations: creatine kinase (CK); 3,4-Methylenedioxymethamphetamine (MDMA).

* Indicates rare diseases that can mimic serotonin syndrome, but they are uncommon ED diagnoses.

is refractory to external cooling and benzodiazepines, intubation and
paralysis should be performed, even in the absence of airway compro-
mise, in order to control repeated muscle contractions that contribute
to hyperthermia [27,74]. Non-depolarizing agents for paralytics are pre-
ferred (e.g., rocuronium), as succinylcholine may theoretically worsen
muscle contraction and rhabdomyolysis [30]. Fentanyl should be
avoided for induction and post-intubation sedation as it may theoreti-
cally worsen serotonin syndrome, and other agents such as propofol,
midazolam, ketamine, or dexmedetomidine should be used instead
[25,55]. Other than severe hyperthermia, intubation should be consid-
ered in serotonin syndrome in cases of uncontrollable agitation, status
epilepticus, or respiratory failure from chest wall rigidity [21].
Autonomic instability can manifest as hypotension, hypertension, or
tachycardia [15]. Benzodiazepines and dexmedetomidine will blunt the
catecholamine response that drives some of the autonomic instability
from serotonin syndrome, and benzodiazepines are the recommended
first-line therapy for patients with hypertension and tachycardia associ-
ated with serotonin syndrome [30,73]. Beta-blockers, calcium channel
blockers, and nitroglycerin have limited roles in treating hypertension
and tachycardia in serotonin syndrome based on available literature
but may be considered in patients refractory to other therapies
(e.g., benzodiazepines) [77]. One systematic review consisting primarily
of case reports found little to no effect with beta-blockers such as
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metoprolol or labetalol on treating hypertension in serotonin syndrome
[77]. This systematic review did discuss several case reports that found
diltiazem to be effective at treating hypertension, while other calcium
channel blockers such as nicardipine had less of an effect [77]. There is
little evidence to guide the treatment of hypotension in serotonin syn-
drome. Intravenous fluids should be administered initially, but in pa-
tients with hypotension refractory to IV fluids, a vasopressor such as
norepinephrine should be initiated [77].

3.6. What role do antidotes such as cyproheptadine possess in serotonin
syndrome?

Cyproheptadine is an oral antihistamine with some serotonin antag-
onistic properties that can be used for serotonin syndrome, but it is not
necessarily an integral component of management [29]. Recommenda-
tions for dosing of cyproheptadine range from initial doses of 4-12 mg
(administered orally), followed by 1-4 mg every 2-4 h until symptoms
resolve or a maximum dose of 32 mg in 24 h is administered [29,46].
There are several limitations to cyproheptadine. Because it is only avail-
able via the oral route, it may be difficult to administer in an altered pa-
tient [3,29,30]. Additionally, critically ill patients may have delayed
gastric absorption, and cyproheptadine reaches peak serum levels 6-9
h after ingestion in healthy volunteers, implying its action may be
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Table 5
Serotonin syndrome pearls.

- Serotonin syndrome is characterized by 1) neuromuscular excitation such as
tremor, hyperreflexia, and clonus; 2) autonomic dysfunction such as
tachycardia, hypertension/hypotension, and hyperthermia; and 3) altered
mental status such as agitation, delirium, and coma.

- Serotonin syndrome can develop after overdose of a single serotonergic agent or

therapeutic doses of multiple serotonergic agents.

- Common physical examination findings include hyperthermia, tachycardia,

hyperreflexia, and clonus, though mild cases may present in a subtle manner with

tremor, headache, dizziness, insomnia, and restlessness.

- The differential diagnosis includes neuroleptic malignant syndrome, malignant

hyperthermia, sympathomimetic toxicity, anticholinergic toxicity,

sedative-hypnotic withdrawal, sepsis, stroke, and thyrotoxicosis.

- While there are a variety of criteria, the Hunter criteria are the most relevant in

the ED setting.

- Components of treatment include controlling agitation, monitoring for and

managing hyperthermia, and treating autonomic instability.

- Cyproheptadine is not associated with improved outcomes in critically ill patients

with serotonin syndrome, though it may be used in mild to moderate cases.

Benzodiazepines can assist with treatment of neuromuscular excitation,

autonomic dysfunction, and agitation.

delayed in the critically ill patient [29]. Cyproheptadine also has antihis-
taminic and anticholinergic side effects that may obscure clinical im-
provement when treating serotonin syndrome, by causing some
tachycardia and hyperthermia [29]. A retrospective study including
cases of possible serotonin syndrome did not show any association
between cyproheptadine administration and improved outcomes,
although this study possesses multiple limitations including bias and
confounders [29]. Cyproheptadine is a reasonable choice for mild
cases but has limited utility in moderate to severe cases.
Anti-serotonergic medications such as olanzapine and risperidone
have been utilized to treat serotonin syndrome, but conflicting reports
suggest they may cause serotonin syndrome and are not recommended
[33,78]. Chlorpromazine may be used to treat serotonin syndrome due
to serotonin antagonist properties, but it may cause hypotension and
thus is not a preferred agent [20,30]. Dantrolene has not been proven
to be effective in serotonin syndrome and should not be used [20,30].
Table 5 provides a summary of pearls concerning serotonin syndrome.

4. Conclusion

Serotonin syndrome is an uncommon diagnosis defined by neuro-
muscular excitation such as tremor, hyperreflexia, and clonus; auto-
nomic dysfunction such as tachycardia, hypertension/hypotension,
and hyperthermia; and altered mental status such as agitation, delirium,
and coma. It is associated with increased serotonin receptor activity or
neurotransmission. A variety of medications are associated with seroto-
nin syndrome, including sertraline, bupropion, tramadol, dextrome-
thorphan, fentanyl, and linezolid. Physical examination findings such
as spontaneous clonus, hyperreflexia, altered mental status, and hyper-
thermia suggest the disease, but there are a variety of mimics. Compo-
nents of therapy include stopping the offending agent and supportive
care, which focuses on agitation control, monitoring for and treating
hyperthermia, and managing autonomic instability. Severe cases will
require external cooling, sedation, and possibly muscle paralysis and
intubation. Mild cases may present with just tremor, restlessness, dizzi-
ness, or headache. Unfortunately, delays in identification may lead to
misdiagnosis and disease progression to worsening hyperthermia,
rhabdomyolysis, seizures, and death, and thus emergency clinicians
must consider this diagnosis in the ED.

CRediT authorship contribution statement
Anthony Spadaro: Writing - review & editing, Writing - original

draft. Kevin R. Scott: Writing - review & editing, Writing - original
draft, Visualization, Validation, Supervision. Alex Koyfman:

96

American Journal of Emergency Medicine 61 (2022) 90-97

Visualization, Supervision, Conceptualization. Brit Long: Writing - re-
view & editing, Writing - original draft, Visualization, Validation, Super-
vision, Conceptualization.

Declaration of Competing Interest
None.
Acknowledgements

AT, BL, KRS, and AK conceived the idea for this manuscript and con-
tributed substantially to the writing and editing of the review. This man-
uscript did not utilize any grants or funding, and it has not been
presented in abstract form. This clinical review has not been published,
it is not under consideration for publication elsewhere, its publication is
approved by all authors and tacitly or explicitly by the responsible au-
thorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the
copyright-holder. This review does not reflect the views or opinions of
the U.S. government, Department of Defense, U.S. Army, U.S. Air Force,
or SAUSHEC EM Residency Program.

References

[1] Sternbach H. The serotonin syndrome. Am ] Psychiatry. 1991;148(6):705-13.
https://doi.org/10.1176/ajp.148.6.705.

[2] Dunkley EJC, Isbister GK, Sibbritt D, Dawson AH, Whyte IM. The hunter serotonin
toxicity criteria: simple and accurate diagnostic decision rules for serotonin toxicity.
QJM. 2003;96(9):635-42. https://doi.org/10.1093/qjmed/hcg109.

[3] Werneke U, Truedson-Martiniussen P, Wikstrom H, Ott M. Serotonin syndrome: a
clinical review of current controversies. ] Integr Neurosci. 2020;19(4):719-27.
https://doi.org/10.31083/JJIN.2020.04.314.

[4] Chiew AL, Buckley NA. The serotonin toxidrome: shortfalls of current diagnostic
criteria for related syndromes. Clin Toxicol. 2022;60(2):143-58. https://doi.org/10.
1080/15563650.2021.1993242.

[5] Radomski JW, Dursun SM, Reveley MA, Kutcher SP. An exploratory approach to the
serotonin syndrome: an update of clinical phenomenology and revised diagnostic
criteria. Med Hypotheses. 2000;55(3):218-24. https://doi.org/10.1054/mehy.2000.
1047.

[6] Gillman PK. The serotonin syndrome and its treatment. ] Psychopharmacol. 1999;13
(1):100-9. https://doi.org/10.1177/026988119901300111.

[7] Moss M], Hendrickson RG. Serotonin toxicity: associated agents and clinical charac-
teristics. ] Clin Psychopharmacol. 2019;39(6):628-33. https://doi.org/10.1097/]CP.
0000000000001121.

[8] Berger M, Gray JA, Roth BL. The expanded biology of serotonin. Annu Rev Med. 2009;
60(1):355-66. https://doi.org/10.1146/annurev.med.60.042307.110802.

[9] Scotton W], Hill LJ, Williams AC, Barnes NM. Serotonin syndrome: pathophysiology,
clinical features, management, and potential future directions. Int ] Tryptophan Res.
2019;12. https://doi.org/10.1177/1178646919873925. 117864691987392.

[10] Rajan S, Kaas B, Moukheiber E. Movement disorders emergencies. Semin Neurol.
2019;39(1):125-36. https://doi.org/10.1055/s-0038-1677050.

[11] General M, Gulur P, St Massachusetts P, Koury KM, Tsui B. Retrospective Analysis In-
cidence of Serotonin Syndrome in Patients Treated with Fentanyl on Serotonergic
Agents, Vol 18; 2015. www.painphysicianjournal.com.

[12] Orlova Y, Rizzoli P, Loder E. Association of coprescription of triptan antimigraine
drugs and selective serotonin reuptake inhibitor or selective norepinephrine reup-
take inhibitor antidepressants with serotonin syndrome. JAMA Neurol. 2018;75
(5):566-72. https://doi.org/10.1001/jamaneurol.2017.5144.

[13] Prakash S, Rathore C, Rana K. The prevalence of serotonin syndrome in an intensive
care unit: a prospective observational study. J Crit Care. 2021;63:92-7. https://doi.
org/10.1016/j.,jcrc.2020.12.014.

[14] Birmes P, Coppin D, Schmitt L, Lauque D. Serotonin syndrome: a brief review. CMA].
2003;168(11):1439-42.

[15] Boyer EW, Shannon M. The serotonin syndrome. N Engl ] Med. 2005;352(11):
1112-20. https://doi.org/10.1056/NE]Mra041867.

[16] Attar-Herzberg D, Apel A, Gang N, Dvir D, Mayan H. The serotonin syndrome: initial
misdiagnosis. Isr Med Assoc J. 2009;11(6):367-70.

[17] Rosenbaum L, Lamas D. Residents’ duty hours — toward an empirical narrative.
N Engl ] Med. 2012;367(21):2044-9. https://doi.org/10.1056/NEJMsr1210160.

[18] Francescangeli ], Karamchandani K, Powell M, Bonavia A. The serotonin syndrome:
from molecular mechanisms to clinical practice. Int ] Mol Sci. 2019;20(9). https://
doi.org/10.3390/ijms20092288.

[19] Wang RZ, Vashistha V, Kaur S, Houchens NW. Serotonin syndrome: preventing, rec-
ognizing, and treating it. Cleve Clin ] Med. 2016;83(11):810-7. https://doi.org/10.
3949/ccjm.83a.15129.

[20] Tormoehlen LM, Rusyniak DE. Neuroleptic malignant syndrome and serotonin syn-
drome. Handbook of clinical neurology. Elsevier B.V.; 2018. p. 663-75. https://doi.
0rg/10.1016/B978-0-444-64074-1.00039-2.

Descargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en noviembre 11, 2022.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1176/ajp.148.6.705
https://doi.org/10.1093/qjmed/hcg109
https://doi.org/10.31083/J.JIN.2020.04.314
https://doi.org/10.1080/15563650.2021.1993242
https://doi.org/10.1080/15563650.2021.1993242
https://doi.org/10.1054/mehy.2000.1047
https://doi.org/10.1054/mehy.2000.1047
https://doi.org/10.1177/026988119901300111
https://doi.org/10.1097/JCP.0000000000001121
https://doi.org/10.1097/JCP.0000000000001121
https://doi.org/10.1146/annurev.med.60.042307.110802
https://doi.org/10.1177/1178646919873925
https://doi.org/10.1055/s-0038-1677050
http://www.painphysicianjournal.com
https://doi.org/10.1001/jamaneurol.2017.5144
https://doi.org/10.1016/j.jcrc.2020.12.014
https://doi.org/10.1016/j.jcrc.2020.12.014
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0070
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0070
https://doi.org/10.1056/NEJMra041867
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0080
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0080
https://doi.org/10.1056/NEJMsr1210160
https://doi.org/10.3390/ijms20092288
https://doi.org/10.3390/ijms20092288
https://doi.org/10.3949/ccjm.83a.15129
https://doi.org/10.3949/ccjm.83a.15129
https://doi.org/10.1016/B978-0-444-64074-1.00039-2
https://doi.org/10.1016/B978-0-444-64074-1.00039-2

A. Spadaro, K.R. Scott, A. Koyfman et al.

[21] Prakash S, Rathore C, Rana K, Prakash A. Fatal serotonin syndrome: a systematic re-
view of 56 cases in the literature. Clin Toxicol. 2021;59(2):89-100. https://doi.org/
10.1080/15563650.2020.1839662.

[22] Prakash S, Patel V, Kakked S, Patel I, Yadav R. Mild serotonin syndrome: a report of
12 cases. Ann Indian Acad Neurol. 2015;18(2):226. https://doi.org/10.4103/0972-
2327.150612.

[23] Kruijt N, van den Bersselaar LR, Wijma J, et al. HyperCKemia and rhabdomyolysis in the
neuroleptic malignant and serotonin syndromes: a literature review. Neuromuscul
Disord. 2020;30(12):949-58. https://doi.org/10.1016/j.nmd.2020.10.010.

[24] Stellpflug SJ, Cole ]B, Greller HA. Urine drug screens in the Emergency Department:
the best test may be no test at all. ] Emerg Nurs. 2020;46(6):923-31. https://doi.org/
10.1016/j.,jen.2020.06.003.

[25] Khan A, Lahmar A, Asif H, Haseeb M, Rai K. Serotonin syndrome precipitated by the
use of cocaine and fentanyl. Cureus. 2022. https://doi.org/10.7759/cureus.22805.
Published online March 3.

[26] Santos C, Olmedo RE. Sedative-hypnotic drug withdrawal syndrome: recognition
and treatment. Emerg Med Pract. 2017;19(3):1-20.

[27] Jamshidi N, Dawson A. The hot patient: acute drug-induced hyperthermia. Australian
Prescriber. 2019;42(1):24-8. https://doi.org/10.18773/austprescr.2019.006.

[28] Katus LE, Frucht SJ. Management of serotonin syndrome and neuroleptic malignant
syndrome. Curr Treat Options Neurol. 2016;18(9):39. https://doi.org/10.1007/
511940-016-0423-4.

[29] Nguyen H, Pan A, Smollin C, Cantrell LF, Kearney T. An 11-year retrospective review
of cyproheptadine use in serotonin syndrome cases reported to the California Poison
Control System. ] Clin Pharm Ther. 2019;44(2):327-34. https://doi.org/10.1111/jcpt.
12796.

[30] Volpi-Abadie ], Kaye AM, Kaye AD. Serotonin syndrome. Ochsner J. 2013;13(4):
533-40.

[31] Malik A, Junglee N. A case of the serotonin syndrome secondary to phenelzine
monotherapy at therapeutic dosing. Case Rep Med. 2015;2015:1-4. https://doi.
org/10.1155/2015/931963.

[32] Apetauerova D, Patel PA, Burns JD, Lerner DP. Movement disorder emergencies.
Neurol Clin. 2021;39(2):615-30. https://doi.org/10.1016/j.ncl.2021.01.005.

[33] DvirY, Smallwood P. Serotonin syndrome: a complex but easily avoidable condition.
Gen Hosp Psychiatry. 2008;30(3):284-7. https://doi.org/10.1016/j.genhosppsych.
2007.09.007.

[34] Isbister GK, Bowe SJ, Dawson A, Whyte IM. Relative toxicity of selective serotonin re-
uptake inhibitors (SSRIs) in overdose. ] Toxicol Clin Toxicol. 2004;42(3):277-85.
https://doi.org/10.1081/CLT-120037428.

[35] Lawrence KR, Adra M, Gillman PK. Serotonin toxicity associated with the use of li-
nezolid: a review of postmarketing data. Clin Infect Dis. 2006;42(11):1578-83.
https://doi.org/10.1086/503839.

[36] Maréchal C, Honorat R, Claudet I. Serotonin syndrome induced by tramadol intoxica-
tion in an 8-month-old infant. Pediatr Neurol. 2011;44(1):72-4. https://doi.org/10.
1016/j.pediatrneurol.2010.08.005.

[37] Prakash S, Rathore C, Rana K, Patel H. Antiepileptic drugs and serotonin syndrome- a
systematic review of case series and case reports. Seizure. 2021;91:117-31. https://
doi.org/10.1016/j.seizure.2021.06.004.

[38] Basta MN. Postoperative serotonin syndrome following methylene blue administra-
tion for vasoplegia after cardiac surgery: a case report and review of the literature.
Semin Cardiothorac Vasc Anesth. 2021;25(1):51-6. https://doi.org/10.1177/
1089253220960255.

[39] Duignan KM, Quinn AM, Matson AM. Serotonin syndrome from sertraline mono-
therapy. Am J Emerg Med. 2020;38(8):1695.e5-6. https://doi.org/10.1016/j.ajem.
2019.158487.

[40] Nguyen CT, Xie L, Alley S, McCarron RM, Baser O, Wang Z. Epidemiology and eco-
nomic burden of serotonin syndrome with concomitant use of serotonergic agents:
The primary care companion For CNS disorders., 19; 2017; 6. https://doi.org/10.4088/
PCC.17m02200.

[41] Mackay FJ, Dunn NR, Mann RD. Antidepressants and the serotonin syndrome in gen-
eral practice. Br ] Gen Pract. 1999;49(448):871-4.

[42] Heise CW, Malashock H, Brooks DE. A review of vilazodone exposures with focus on
serotonin syndrome effects. Clin Toxicol. 2017;55(9):1004-7. https://doi.org/10.
1080/15563650.2017.13323609.

[43] Clevenger ], McCabe D. Development of severe serotonin syndrome from acute in-
gestion of vilazodone without co-ingestion. Am | Emerg Med. 2020;38(5):1045.
e1-2. https://doi.org/10.1016/j.ajem.2019.12.029.

[44] del Pizzo J, Fernandez EK, Kopec KT, et al. Seizures after pediatric vilazodone inges-
tion. Pediatr Emerg Care. 2018;34(3):e51-4. https://doi.org/10.1097/PEC.
0000000000001174.

[45] Schlichting E, Welter C, Schaeffer T, Strout TD. Serotonin syndrome associated with
vilazodone overdose in a 22-month-old treated with dexmedetomidine. ] Emerg
Med. 2021;60(2):e19-21. https://doi.org/10.1016/j.jemermed.2020.10.012.

[46] Murray BP, Carpenter JE, Sayers ], et al. Two cases of serotonin syndrome after
bupropion overdose treated with cyproheptadine. ] Emerg Med. 2021;60(4):
e67-71. https://doi.org/10.1016/j.jemermed.2020.10.039.

[47] Sidlak AM, Koivisto KO, Marino RT, Abesamis MG. Serotonin toxicity from isolated
bupropion overdoses. Clin Toxicol. 2020;58(12):1347-9. https://doi.org/10.1080/
15563650.2020.1742920.

[48] Miller DG, Lovell EO. Antibiotic-induced serotonin syndrome. ] Emerg Med. 2011;40
(1):25-7. https://doi.org/10.1016/j.jemermed.2007.10.072.

[49] Mathew N, Tietjen G, Lucker C. Serotonin syndrome complicating migraine pharma-
cotherapy. Cephalalgia. 1996;16(5):323-7. https://doi.org/10.1046/j.1468-2982.
1996.1605323.x.

[50] Schwartz AR, Pizon AF, Brooks DE. Dextromethorphan-induced serotonin syndrome.
Clin Toxicol. 2008;46(8):771-3. https://doi.org/10.1080/15563650701668625.

97

American Journal of Emergency Medicine 61 (2022) 90-97

[51] Baldo BA. Opioid analgesic drugs and serotonin toxicity (syndrome): mechanisms,
animal models, and links to clinical effects. Arch Toxicol. 2018;92(8):2457-73.
https://doi.org/10.1007/s00204-018-2244-6.

[52] Tashakori A, Afshari R. Tramadol overdose as a cause of serotonin syndrome: a case
series. Clin Toxicol. 2010;48(4):337-41. https://doi.org/10.3109/
15563651003709427.

[53] Beakley BD, Kaye AM, Kaye AD. Tramadol, pharmacology, side effects, and serotonin
syndrome: a review. Pain Physician. 2015;18(4):395-400.

[54] Ruiz de Villa A, Jones T, Lleshi A, Macahuachi M, Lamar K, Bazikian Y. Serotonin tox-
icity precipitated by tramadol in the setting of polypharmacy: a case of serotonin
syndrome. Cureus. November 30, 2021. https://doi.org/10.7759/cureus.20059. Pub-
lished online.

[55] Kitamura S, Kawano T, Kaminaga S, et al. Effects of fentanyl on serotonin syndrome-
like behaviors in rats. ] Anesth. 2016;30(1):178-82. https://doi.org/10.1007/s00540-
015-2092-y.

[56] Karkow DC, Kauer JF, Ernst EJ. Incidence of serotonin syndrome with combined use
of linezolid and serotonin reuptake inhibitors compared with linezolid monother-
apy. ] Clin Psychopharmacol. 2017;37(5):518-23. https://doi.org/10.1097/JCP.
0000000000000751.

[57] Bosak AR, Skolnik AB. Serotonin syndrome associated with metaxalone overdose. ]
Med Toxicol. 2014;10(4):402-5. https://doi.org/10.1007/s13181-014-0404-5.

[58] Martini DI, Nacca N, Haswell D, Cobb T, Hodgman M. Serotonin syndrome following
metaxalone overdose and therapeutic use of a selective serotonin reuptake inhibitor.
Clin Toxicol. 2015;53(3):185-7. https://doi.org/10.3109/15563650.2015.1009993.

[59] Silins E, Copeland ], Dillon P. Qualitative review of serotonin syndrome, ecstasy
(MDMA) and the use of other serotonergic substances: hierarchy of risk. Austral
New Zealand ] Psychiatry. 2007;41(8):649-55. https://doi.org/10.1080/
00048670701449237.

[60] Levin TT, Cortes-Ladino A, Weiss M, Palomba ML. Life-threatening serotonin toxicity
due to a citalopram-fluconazole drug interaction: case reports and discussion. Gen
Hosp Psychiatry. 2008;30(4):372-7. https://doi.org/10.1016/j.genhosppsych.2008.
03.008.

[61] Dannawi M. Possible serotonin syndrome after combination of buspirone and St
John’s Wort. ] Psychopharmacol. 2002;16(4):401. https://doi.org/10.1177/
026988110201600420.

[62] Adan-Manes J, Novalbos ], Lopez-Rodriguez R, Ayuso-Mateos JL, Abad-Santos F. Lith-
ium and venlafaxine interaction: a case of serotonin syndrome. J Clin Pharm Ther.
2006;31(4):397-400. https://doi.org/10.1111/j.1365-2710.2006.00745 ..

[63] Uddin MF, Alweis R, Shah SR, et al. Controversies in serotonin syndrome diagnosis
and management: a review. ] Clin Diagn Res. 2017;11(9). https://doi.org/10.7860/
JCDR/2017/29473.10696. OE05-OEOQ7.

[64] Gould M, Harrison WD, Cahill-Kearns A, Barton G. Fever in a patient with osteomy-
elitis: the diagnosis could be serotonin syndrome. BM] Case Rep. 2021;14(2):
€239152. https://doi.org/10.1136/bcr-2020-239152.

[65] Ylli D, Klubo-Gwiezdzinska ], Wartofsky L. Thyroid emergencies. Pol Arch Intern
Med. 2019;129(7-8):526-34. https://doi.org/10.20452/pamw.14876.

[66] Goyal K, Garg N, Bithal P. Central fever: a challenging clinical entity in neurocritical
care. ] Neurocrit Care. 2020;13(1):19-31. https://doi.org/10.18700/jnc.190090.

[67] Rosenberg H, Pollock N, Schiemann A, Bulger T, Stowell K. Malignant hyperthermia:
a review. Orphanet ] Rare Dis. 2015;10(1):93. https://doi.org/10.1186/s13023-015-
0310-1.

[68] Otter J, D’Orazio JL. Strychnine Toxicity. Stat Pearls; 2022. Available at. https://www.
ncbi.nlm.nih.gov/books/NBK459306/.

[69] Bae C, Bourget D. Tetanus. Stat Pearls; 2022. Available at. https://www.ncbi.nlm.nih.
gov/books/NBK459217/.

[70] Oldham MA, Desan PH. Alcohol and sedative-hypnotic withdrawal catatonia: two
case reports, systematic literature review, and suggestion of a potential relationship
with alcohol withdrawal delirium. Psychosomatics. 2016;57(3):246-55. https://doi.
org/10.1016/j.psym.2015.12.007.

[71] Spasticity Li S. Motor recovery, and neural plasticity after stroke. Front Neurol. 2017;
8. https://doi.org/10.3389/fneur.2017.00120.

[72] Sathe AG, Tillman H, Coles LD, et al. Underdosing of benzodiazepines in patients
with status epilepticus enrolled in established status epilepticus treatment trial.
Acad Emerg Med. 2019;26(8):940-3. https://doi.org/10.1111/acem.13811.

[73] Rushton WF, Charlton NP. Dexmedetomidine in the treatment of serotonin syn-
drome. Ann Pharmacother. 2014;48(12):1651-4. https://doi.org/10.1177/
1060028014549184.

[74] Rublee C, Dresser C, Giudice C, Lemery ], Sorensen C. Evidence-based heatstroke
management in the Emergency Department. West | Emerg Med. 2021;22(2).
https://doi.org/10.5811/westjem.2020.11.49007.

[75] Laskowski LK, Landry A, Vassallo SU, Hoffman RS. Ice water submersion for rapid
cooling in severe drug-induced hyperthermia. Clin Toxicol. 2015;53(3):181-4.
https://doi.org/10.3109/15563650.2015.1009994.

[76] Sasaki H, Yumoto K, Nanao T, et al. Cardiogenic shock due to takotsubo cardiomyop-
athy associated with serotonin syndrome. ] Cardiol Cases. 2013;7(1):e1-3. https://
doi.org/10.1016/j.jccase.2012.07.011.

[77] Ott M, Mannchen JK, Jamshidi F, Werneke U. Management of severe arterial hyper-
tension associated with serotonin syndrome: a case report analysis based on sys-
tematic review techniques. Ther Adv Psychopharmacol. 2019;9. https://doi.org/10.
1177/2045125318818814. 2045125318818814. Published 2019 Mar 11.

[78] Haslett CD, Kumar S. Can olanzapine be implicated in causing serotonin syndrome?
Psychiatry Clin Neurosci. 2002;56(5):533-5. https://doi.org/10.1046/j.1440-1819.
2002.01050.x.

Descargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en noviembre 11, 2022.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1080/15563650.2020.1839662
https://doi.org/10.1080/15563650.2020.1839662
https://doi.org/10.4103/0972-2327.150612
https://doi.org/10.4103/0972-2327.150612
https://doi.org/10.1016/j.nmd.2020.10.010
https://doi.org/10.1016/j.jen.2020.06.003
https://doi.org/10.1016/j.jen.2020.06.003
https://doi.org/10.7759/cureus.22805
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0130
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0130
https://doi.org/10.18773/austprescr.2019.006
https://doi.org/10.1007/s11940-016-0423-4
https://doi.org/10.1007/s11940-016-0423-4
https://doi.org/10.1111/jcpt.12796
https://doi.org/10.1111/jcpt.12796
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0150
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0150
https://doi.org/10.1155/2015/931963
https://doi.org/10.1155/2015/931963
https://doi.org/10.1016/j.ncl.2021.01.005
https://doi.org/10.1016/j.genhosppsych.2007.09.007
https://doi.org/10.1016/j.genhosppsych.2007.09.007
https://doi.org/10.1081/CLT-120037428
https://doi.org/10.1086/503839
https://doi.org/10.1016/j.pediatrneurol.2010.08.005
https://doi.org/10.1016/j.pediatrneurol.2010.08.005
https://doi.org/10.1016/j.seizure.2021.06.004
https://doi.org/10.1016/j.seizure.2021.06.004
https://doi.org/10.1177/1089253220960255
https://doi.org/10.1177/1089253220960255
https://doi.org/10.1016/j.ajem.2019.158487
https://doi.org/10.1016/j.ajem.2019.158487
https://doi.org/10.4088/PCC.17m02200
https://doi.org/10.4088/PCC.17m02200
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0205
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0205
https://doi.org/10.1080/15563650.2017.1332369
https://doi.org/10.1080/15563650.2017.1332369
https://doi.org/10.1016/j.ajem.2019.12.029
https://doi.org/10.1097/PEC.0000000000001174
https://doi.org/10.1097/PEC.0000000000001174
https://doi.org/10.1016/j.jemermed.2020.10.012
https://doi.org/10.1016/j.jemermed.2020.10.039
https://doi.org/10.1080/15563650.2020.1742920
https://doi.org/10.1080/15563650.2020.1742920
https://doi.org/10.1016/j.jemermed.2007.10.072
https://doi.org/10.1046/j.1468-2982.1996.1605323.x
https://doi.org/10.1046/j.1468-2982.1996.1605323.x
https://doi.org/10.1080/15563650701668625
https://doi.org/10.1007/s00204-018-2244-6
https://doi.org/10.3109/15563651003709427
https://doi.org/10.3109/15563651003709427
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0265
http://refhub.elsevier.com/S0735-6757(22)00530-7/rf0265
https://doi.org/10.7759/cureus.20059
https://doi.org/10.1007/s00540-015-2092-y
https://doi.org/10.1007/s00540-015-2092-y
https://doi.org/10.1097/JCP.0000000000000751
https://doi.org/10.1097/JCP.0000000000000751
https://doi.org/10.1007/s13181-014-0404-5
https://doi.org/10.3109/15563650.2015.1009993
https://doi.org/10.1080/00048670701449237
https://doi.org/10.1080/00048670701449237
https://doi.org/10.1016/j.genhosppsych.2008.03.008
https://doi.org/10.1016/j.genhosppsych.2008.03.008
https://doi.org/10.1177/026988110201600420
https://doi.org/10.1177/026988110201600420
https://doi.org/10.1111/j.1365-2710.2006.00745.x
https://doi.org/10.7860/JCDR/2017/29473.10696
https://doi.org/10.7860/JCDR/2017/29473.10696
https://doi.org/10.1136/bcr-2020-239152
https://doi.org/10.20452/pamw.14876
https://doi.org/10.18700/jnc.190090
https://doi.org/10.1186/s13023-015-0310-1
https://doi.org/10.1186/s13023-015-0310-1
https://www.ncbi.nlm.nih.gov/books/NBK459306/
https://www.ncbi.nlm.nih.gov/books/NBK459306/
https://www.ncbi.nlm.nih.gov/books/NBK459217/
https://www.ncbi.nlm.nih.gov/books/NBK459217/
https://doi.org/10.1016/j.psym.2015.12.007
https://doi.org/10.1016/j.psym.2015.12.007
https://doi.org/10.3389/fneur.2017.00120
https://doi.org/10.1111/acem.13811
https://doi.org/10.1177/1060028014549184
https://doi.org/10.1177/1060028014549184
https://doi.org/10.5811/westjem.2020.11.49007
https://doi.org/10.3109/15563650.2015.1009994
https://doi.org/10.1016/j.jccase.2012.07.011
https://doi.org/10.1016/j.jccase.2012.07.011
https://doi.org/10.1177/2045125318818814
https://doi.org/10.1177/2045125318818814
https://doi.org/10.1046/j.1440-1819.2002.01050.x
https://doi.org/10.1046/j.1440-1819.2002.01050.x

	High risk and low prevalence diseases: Serotonin syndrome
	1. Introduction
	1.1. Definition
	1.2. Pathophysiology
	1.3. Epidemiology

	2. Discussion
	2.1. Presentation
	2.2. ED evaluation
	2.3. ED management

	3. Pearls and pitfalls
	3.1. What are high-risk situations or medications associated with serotonin syndrome?
	3.2. What are physical examination findings that suggest serotonin syndrome?
	3.3. What are the strengths and weaknesses of the diagnostic criteria?
	3.4. What are other alternative diagnoses that must be considered?
	3.5. What are the key components of management?
	3.6. What role do antidotes such as cyproheptadine possess in serotonin syndrome?

	4. Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References




