
Serotonin syndrome is the clinical
manifestation of serotonergic 

hyperactivity in the CNS either directly
or indirectly in response to ingested
serotonergic agents.1 Its presentation
ranges from mild and transient through
to severe and life threatening, and it
can progress rapidly if not detected and
managed appropriately. The increase in
CNS serotonin activity may be the result
of serotonergic medications taken at
prescribed dose, intentional or acciden-
tal overdose, or interactions between
prescribed or over-the-counter (OTC)
medications resulting in potentiation of
serotonin within the CNS and conse-
quent pathological effects.

Causes of serotonin syndrome
Serotonergic agents (see Table 1)1–5

have become a routine aspect of pre-
scribing in recent years in both primary-
and secondary-care settings, particularly
for psychiatric conditions. The most com-
monly known reason for their use is per-
haps the use of SSRIs in depressive
disorders, however multiple classes of
psychiatric medication have significant
serotonergic effects and may be pre-
scribed in a range of clinical conditions
including anxiety disorders, obsessive
compulsive disorders and eating disor-
ders among others. Non-psychiatric con-

ditions are also commonly treated with
medications that possess serotonergic
activity, including analgesics, antibiotics,
antimigraine drugs and anti-emetics.6

Some illicit drugs such as amphetamine
and LSD are also known to potentiate
serotonin, but a further concern is the
ever-changing new wave of “legal highs”,
which have been less extensively stud-
ied. Case reports indicate that these
novel substances may also be impli-
cated in serotonin syndrome.7–9

Serotonergic agents may act in any
of the following ways to contribute to a
clinical picture of serotonin syndrome:
increased synthesis of serotonin;
increased release of serotonin from
cells; decreased reuptake of serotonin
by cells; inhibition of the enzymes
responsible for metabolising serotonin
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Given the widespread use of
serotonergic agents and the
associated risk of potentially
life threatening illness as a
result of their use, it is impor-
tant that prescribers have a
sound understanding of
serotonin syndrome, its con-
sequences and management.
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Figure 1. Hunter diagnostic criteria for serotonin syndrome. Adapted with permission from
Buckley et al, 20143



(monoamine oxidase, MAO); and antag-
onism of serotonin receptors.4,10

The exact incidence of serotonin syn-
drome is difficult to estimate, possibly due
to a lack of recognition and awareness in
prescribers, but also due to the spectrum
of clinical presentations that may develop,
some of which overlap with the milder and
more common side-effects that many
patients experience when starting seroton-
ergic medication. Isbister et al’s 2004
study did, however, estimate that up to 15
per cent of SSRI overdose patients devel-
oped serotonin syndrome.11

Given the widespread use of seroton-
ergic agents in psychiatry, other fields of
medicine, OTC medications and illicit sub-
stances, combined with the associated
risk of acute and potentially life threaten-
ing illness as a result of their use, it is
important that prescribers have a sound
understanding of serotonin syndrome, its
consequences and management. This in
turn promotes informed and shared pre-
scribing decisions made with patients,
and facilitates patient education in mon-
itoring for any adverse effects.12

Signs and symptoms
Signs and symptoms of serotonin syn-
drome (summarised in Table 2) can be
considered under three main groups
resulting in the recognisable triad of:
altered mental state, neuromuscular
abnormalities and autonomic excitation. 

Changes in mental state may include
agitation, anxiety, disorientation, restless-
ness and confusion. Neuromuscular
signs may include hyperreflexia, clonus,
tremor, muscle rigidity, bilateral Babinski
sign. Hyperreflexia and clonus are often
more pronounced in the lower extremi-
ties.13 Autonomic signs may include
hyperthermia, hypertension, tachycardia,
diaphoresis, mydriasis, skin flushing,
increased bowel sounds, nausea, vomit-
ing and diarrhoea.5,6,14

Patients will not necessarily display
signs and symptoms in all three domains
outlined above, with an estimated 40 per
cent showing evidence of altered mental
state, 50 per cent with neuromuscular
changes and 40 per cent with autonomic
abnormalities.15

Consequently, given the range of
potential presentations, the Hunter

diagnostic criteria for serotonin syn-
drome have been developed to aid cli-
nicians in reaching a diagnosis (See
Figure 1).3 Use of the Hunter criteria in
diagnosing serotonin syndrome yields
84 per cent sensitivity and 97 per cent
specificity, making it preferable to the

previously used Sternbach criteria.16

Differential diagnoses for serotonin syn-
drome include neuroleptic malignant
syndrome, anticholinergic toxicity,
malignant hyperthermia, stimulant
intoxication, sedative withdrawal,
encephalitis and meningitis.5
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Class of medication DRUG

Substances of abuse MDMA/ecstasy, amphetamine, cocaine, some “legal
highs”, LSD

Psychiatric medications SSRIs (eg citalopram, escitalopram, fluoxetine,
fluvoxamine, sertraline, paroxetine)

SNRIs (eg venlafaxine, duloxetine)
Tricyclic antidepressants (eg clomipramine, imipramine,
amitriptyline, doxepin, nortriptyline, trimipramine)

MAOI antidepressants (eg phenelzine, tranylcypromine,
moclobemide, isocarboxazid)

Anxiolytic – buspirone 
Mood stabilizers (lithium, valproate, carbamazepine) 
Other antidepressants (bupropion, trazodone, mirtazapine
Methylphenidate, dexamphetamine

Herbal and OTC
preparations 

St John’s Wort (Hypericum perforatum)
Gingseng
Nutmeg
L-tryptophan

Parkinson’s disease
therapeutics

Selegiline, rasagiline, levodopa

Antihistamine Chlorpheneramine

Anticancer Procarbazine

Antibiotics and
antivirals

Linezolid
Ritonavir 

Antiemetics Ondansetron, granisetron, metoclopramide, droperidol

Analgesics and anti-
migraine

Triptans (sumatriptan, rizatriptan, frovatriptans,
almotriptan, eletriptan, naratriptan, zolmitriptan) 

Meperidine, cyclobenzaprine
Opioids (eg tramadol, methadone, fentanyl, pxycodone,
pentazocine) 

Others Diagnostic dye – methylene blue 
Antitussive - dextromethorphan

Information derived from Isbister et al 2007;1 UKMi 2014;2 Buckley et al, 2014;3 Frank
2008;4 and Boyer 20155

Table 1. Examples of commonly used serotonergic agents 



Vulnerable patient groups
Serotonin syndrome has been in
observed in children, adults and the eld-
erly.17,18 Theoretically, any patient taking
a serotonergic agent may potentially
develop serotonin syndrome; however
,prescribers should be particularly vigi-
lant in any patient taking more than one
serotonergic agent, for psychiatric con-
ditions or otherwise. Buckley et al
(2014)3 emphasise that severe sero-
tonin syndrome is generally seen only in
the context of ingestion of multiple sero-
tonergic agents, the most common
cause being the combining of an MAOI
with one or more other serotonergic
drug. As such, MAOIs should not be used
in combination with other serotonin
potentiating medications.3

As outlined, the signs and symptoms
of serotonin syndrome emerge rapidly,
often within hours of a change in dose or
new medication being started. Prescribers
should therefore be vigilant for emerging
symptoms of serotonin syndrome in such
patients, and also consider that long half-
life drugs such as fluoxetine may still exert
serotonergic effects via their metabolites
for up to two weeks after discontinuation.19

Patients who have experienced acci-
dental or intentional overdose of seroton-
ergic agents must also be considered at
risk of developing serotonin syndrome.
Some intentional overdoses may be per-
ceived as low risk in terms of suicidal
intent, however careful history of both pre-
scribed and overdose medication should
be taken (from collateral source where
possible) to ensure that a potentially fatal
serotonin toxicity is not imminent.

First- and second-line treatment
options
Serotonin syndrome is in effect a contin-
uum of the effects of serotonin toxicity.
In the most benign of cases, it can be dif-
ficult to define a cut-off point at which
commonly encountered side-effects of
serotonergic medications become sero-
tonin syndrome itself. Boyer et al illus-
trate this by positing a significantly
depressed patient who has benefitted
from serotonergic treatment but meets
the Hunter criteria by virtue of a tremor
and hyperreflexia. Careful consideration
of patient preference, risk and benefit

may conclude that continued adminis-
tration of the agent is justified if symp-
toms are stable and non-distressing;
however, monitoring of progress, and
due care and education to avoid further
administration of any other serotonergic
agent must be given.5

In mild cases, serotonin toxicity typi-
cally resolves over the course of 24–72
hours with immediate discontinuation of
the agent(s) in question, and most of
these cases will not require admission to
hospital.20 As required benzodiazepines
can be useful in alleviating agitation and
distress.2,5,6

Moderate cases will require admis-
sion to hospital, at least for monitoring,
and treatment if needed. The focus of
treatment is correcting abnormalities of
vital signs via supportive measures while
addressing fluid balance and hyperther-
mia.5 Sedation via benzodiazepines
(rather than antipsychotics, which may
worsen tremors, rigidity and akathisia) 
is important in reducing agitation and
muscle rigidity. 

In cases where restraint is required,
pharmacological restraint via benzodi-
azepines is indicated above physical
restraint due to the overall goal of minimis-
ing muscle contractions in the hyperther-
mic patient and subsequent acidosis.6,21

Cooling blankets may be used to reduce

temperature, and consideration should 
be given to using oral cyproheptadine 
8–16mg (maximum 32mg daily) as a sero-
tonin antagonist.3

Severe serotonin toxicity is a medical
emergency and requires management in
a medical ward, HDU or ITU setting as
appropriate to the patient’s clinical
needs. Oxygen, and aggressive manage-
ment of fluid balance and hyperthermia
are essential in preventing end-organ
damage, and continuous monitoring of
vital signs is required to direct the above
goals. Cyproheptadine as above, along
with oral or intravenous benzodi-
azepines are used to address agitation
and rigidity. Patients with severe hyper-
thermia may require sedation with intu-
bation and neuromuscular paralysis to
avoid multiorgan failure. 

Although laboratory investigations are
not used in the diagnosis of serotonin
syndrome, the systemic and end organ
effects of serotonin toxicity may include
rhabdomyolysis, acidosis, renal failure
and disseminated intravascular coagula-
tion.14 Laboratory investigations aimed at
monitoring the above, including urea and
electrolytes, coagulation, creatine kinase
and arterial blood gases, can help guide
management of the acutely ill patients.
Given that serotonin toxicity may emerge
secondary to overdose, clinicians should
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Altered mental
state

Neuromuscular
changes

Autonomic signs

Mild Restlessness
Anxiety

Tremor
Inducible clonus
Hyper-reflexia

Tachycardia 
Hypertension 
Diaphoresis 
Diarrhoea
Hyperactive bowel   
sounds

Shivering

Moderate Agitation
Hypervigilance

Ocular clonus     
(opsoclonus)

Sustained clonus
Myoclonus

Fever
Diaphoresis
Skin flushing 
Mydriasis

Severe Confusion
Agitated delirium
Coma

Rigidity
Respiratory failure

Hyperthermia 
Shock

Adapted with permission from Buckley et al, 20143

Table 2. Summary of serotonin syndrome signs and symptoms 



also consider paracetamol and salicylate
levels along with ECG monitoring in any
patient who may have ingested an over-
dose of mixed composition. 

Management in primary care
GPs will initiate, titrate and review sero-
tonergic agents frequently in their day-to-
day practice. Familiarity with the
serotonergic effects and mechanisms of
action of these medications will minimise
risk of serotonin toxicity, and allow for
more confident decision making when
considering the likelihood of serotonin
toxicity. Detailed medication history,
including any recent changes or discon-
tinuation of medicines, as well as over-
dose history (accidental or intentional),
will be vital in assessing the potentially
toxic patient. Also consider recreational
drugs and OTC or herbal medicines. 

Prescribers should observe washout
periods as indicated when cross titrating
medications. The Maudsley prescribing
guidelines provide a detailed summary
table of recommended cross titration
practice for all commonly prescribed anti-
depressants.22

Neurological examination and record-
ing of autonomic parameters will help in
establishing whether or not the Hunter
criteria are met with particular attention
to clonus, hyperreflexia, hypertonia,
hyperthermia and diaphoresis. Assessing
mental state for signs of anxiety, agitation
or confusion is also necessary.

Wherever possible, prescribers should
avoid co-prescribing more than one sero-
tonergic agent, bearing in mind the sero-

tonergic effects of non-psychiatric med-
ications. If absolutely necessary, patients
taking more than one serotonergic agent
will require monitoring and review, and
both patients and family members or car-
ers should be educated as to the signs
and symptoms of serotonin toxicity and
how to access help should it develop.
Patients should also be advised about the
risks of using OTC preparations such as
St John’s Wort if already on a serotonergic
medication for any reason.23 Patients
should not be prescribed a MAOI in con-
junction with any other potent serotoner-
gic agent in combination.24

If in doubt, prescribers should discuss
with local pharmacy or medicines infor-
mation teams to advise further on med-
ication concerns.
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