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Abstract

Serotonin syndrome is a potentially serious clinical condition. In this article, the

authors put serotonin syndrome into historical context, discuss its pathophysi-
ology, review in detail its clinical presentations, diagnostic criteria, differential
diagnosis and treatment. Special attention is given to drugs that most often cause
serotonin syndrome, and the gene polymorphisms involved in the metabolism of

these drugs.

Serotonin syndrome is a potentially life-threat-
ening condition developing through increased
serotogernic activity in the central nervous system
(Isbister et al. 2007; Boyer 2013; Gillman 2012;
Hall et al. 2007; Hall et al. 2007). Some authors
prefer the term serotonin toxicity or serotonin
toxidrome instead of serotonin syndrome. Sero-
tonin syndrome occurs in all age groups. Its inci-
dence increased after the introduction of selective
serotonin reuptake inhibitors (SSRI) into clinical
practice. Serotonin syndrome developed in about
15% of patients receiving excessive doses of SSRIs
(Isbister et al. 2004). In the USA, out of 48 204
cases of exposure to an SSRI in 2004, there were
8 187 reported cases of moderate and severe sero-
tonin intoxication resulting in 103 deaths (Watson
et al. 2005). In many cases, the effect of serotoger-
nic medication is enhanced by drug interactions.
Those developing serotonin syndrome require
early diagnosis and initiation of therapy to make
the prognosis favorable which means, in practice,
that the patient should be both informed and aware
of their condition. This is true particularly of first-
line physicians. On the one hand, consumption of
serotonergic drugs in the population continues to
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rise with a subsequent increase in the rate of drug
interactions occurring due to polymedication;
on the other hand, the awareness of physicians of
potential side effects of drugs is still inadequate.
In an earlier study, up to 85% of physicians were
unaware of serotonin syndrome as a clinical diag-
nosis (Mackay et al. 1999).

HISTORY

Soon after the advent of tricyclic antidepressants
and monoamine oxidase (MAOQO) inhibitors as
therapies in the late 1950s, there were emerging
reports about alterations in the behavior of not
only experimental animals but, also, of treated
patients. Presentations included increased physical
activity, tremor, hyperexcitability, dilatation of the
pupil, salivation, flush, tachypnea, hypertension,
fever, myoclonus, and spasms (Bogdanski et al.
1958). In the 1970s, abnormal behavior of experi-
mental animals treated with serotonin agonists
was termed “serotonin behavioral syndrome”
(Grahame-Smith 1971; Jacobs et al. 1975), this was
further specified by Jacobs in 1976. The first to
describe this response in humans was Mitchel in
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1955 in his report on a patient with tuberculosis treated
with iproniazide and meperidine (pethidine). The
patient died with the diagnosis of “fatal toxic encepha-
litis”. Clinical manifestations related to excess serotonin
levels in the central nervous system in man were first
described by Oates and Sjostrand (1960) referring
to “indolamine syndrome” These authors observed,
in several hypertensive patients taking L-tryptophan
(20-50 mg) while treated with a MAO inhibitor (beta-
phenylisopropylhydrazine), impaired mental function,
nervousness, sweating, myoclonus, ataxia, and hyper-
reflexia. The authors were the first to suggest the clini-
cal manifestations of indolamine syndrome are due to
increased serotonin and tryptamine levels. The author
credited with coining the term serotonin syndrome in
1982 is Insel, although Gillman (1998), in his review,
noted the clinical picture of serotonin syndrome and its
etiology had been described earlier (Gerson et al. 1980).
The first criteria of serotonin syndrome were devel-
oped and published by Sternbach in 1991 to be further
specified by Radomski et al. in 2000, with new criteria
(referred to as the Hunter Serotonin Toxicity Criteria)
appearing in 2003 (Dunkley et al. 2003). Regarding
treatment, a landmark study was an experimental one
published in 1971 (Grahame-Smith 1971), document-
ing the inhibitory action of chlorpromazine on hyper-
activity and hyperpyrexia induced by L-tryptophan in
MAO inhibitor-treated rats.

PATHOPHYSIOLOGY

Although serotonin (5-hydroxytryptamine) was first
isolated and got its name in 1948 (Rapport ef al. 1948),
its effects in the body are not yet fully understood
(Amireault et al. 2013). In fact, the substance, identi-
fied 10 years before serotonin isolation, was referred
to in the relevant literature as enteramine (Vialli et al.
1937) and it took some time before both were found to
be actually identical (Erspamer et al. 1952). Serotonin
is a neurotransmitter playing a crucial role in affecting
numerous states such as aggression, pain, fear, sleep,
appetite, migraine, and vomiting; more recently, it has
been implicated in other processes such as bone metab-
olism, hemostasis, blood pressure control, anti-inflam-
matory action, and so on (Yadav et al. 2008; Tseng et
al. 2013; Watts et al. 2012; Yu et al. 2008; Zhang et al.
2012; Beikmann ef al. 2013). Serotonin is produced by
hydroxylation and decarboxylation of L-tryptophan. Its
chemical structure is similar to that of melatonin and
belongs to the class of indolalkylamines. In the body; it
is synthesized in brainstem neurons and in the gastro-
intestinal tract. The key enzyme involved in serotonin
synthesis is tryptophan hydroxylase (Tph). A decade
ago, Tph has been shown to have two isoforms, Tphl
and Tph2 (Walther et al. 2003). While the presence of
Tph2 is limited to nerve cells, Tphl occurs in the other
non-neuronal tissues. Brain-synthesized serotonin
affects attention, behavior, and thermoregulation. It

is estimated that the serotonin produced in the brain
accounts for 1-2% of the total amount of serotonin
in the body. Up to 95% of serotonin is formed in the
enterochromaffin cells of the gastrointestinal tract to
subsequently enter blood circulation where it is eventu-
ally reuptaken by thrombocytes via specific transport-
ers (Jedlitschki et al. 2012). A small fraction remains in
the blood acting as a hormone and affecting, e.g., bone
metabolism. The serotonin synthesized in the gastro-
intestinal tract has been shown to affect its motility,
vasoconstriction, uterine contractions, and broncho-
constriction. Serotonin is metabolized predominantly
by monoamine oxidase (MAO) and excreted into the
urine as 5-hydroxyindolacetic acid.

A major breakthrough in our understanding of the
action of serotonin came with the discovery of sero-
tonin receptors. In their experiments with the guinea
pig ileum, Gaddum and Picarelli identified two types of
5-HT receptors: the D receptor (for dibenziline) and the
M receptor (for morphine) (Gaddum ef al. 1957). The
D receptors were later found to be akin to the 5-HT2
and M 5-HT3 receptors. It was as early as 1979 that
Peroutka and Snyder identified two types of serotonin-
binding receptors in the brain named 5-HT1 a 5-HT2;
this group of receptors gradually expanded including as
it was newcomer receptors. Today, serotonin receptors
are divided into 7 groups with some of them split fur-
ther into subgroups. The role of some novel receptors
remains unknown (Pytliak et al. 2011) despite inten-
sive research in this area (Wang et al. 2013; Wacker et
al. 2013). The 5-HT1A receptor occurs predominantly
in the brain, the peripheral one mainly in the plexus
myentericus of the gastrointestinal tract (Hoyer et al.
2002). It is encoded by a gene localized on chromosome
5q11.2-q13. The receptor 5-HT2A gene is localized on
chromosome 13q14-q21. In addition to the brain, the
5-HT2A receptor is relatively abundant in peripheral
organs where it mediates the constrictive response of
the smooth muscle (bronchi, uterus, urinary tract),
vasoconstriction/vasodilation, platelet aggregation,
and increases capillary permeability (Pytliak et al. 2011;
Hoyer et al. 2002).

In the brain, serotonin is produced by presynap-
tic neurons, mainly in the pons and upper section of
the brainstem. If bound to post-synaptic receptors, it
remains active until it is removed by reuptake pumps
or degraded by MAO. The cause of serotonin syndrome
is overstimulation of post-synaptic serotonin recep-
tors in the CNS. In experimental animals, a role in the
symptomatology of serotonin syndrome is played by
post-synaptic 5-HT receptors in the region of so-called
raphe nuclei distributed near the midline of the brain-
stem along its rostro-caudal extension, and divided
into 9 anatomical-functional groups (B1-B9) (Frazer et
al. 1999). As serotonin does not cross the blood-brain
barrier, increased peripheral serotonin levels, such as
those found in carcinoid patients, do not get reflected
in the CNS (Gillman 2012). As regards serotonin syn-
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drome, the receptors playing a crucial role are 5-HT
1A and 5-HT2A. In terms of clinical symptomatol-
ogy, 5-HT1A overstimulation has been implicated in
conditions such as hyperactivity, hyperreflexia, and
anxiety, while 5-HT2A overstimulation has been sug-
gested to cause hyperthermia, poor coordination, and
neuromuscular irritability. While, in the past, 5-HT1A
receptors were believed to play a more important role
in the pathogenesis of serotonin syndrome, today, such
a role is generally attributed to the 5-HT2A receptors.
In animal experiments, post-synaptic 5-HT2A receptor
blockade prevented death of animals from hyperpy-
rexia whereas 5-HTA1 receptor blockade failed to have
this effect (Nisijima et al. 2000; Nisijima et al. 2001;
Nisijima et al. 2003; Nisijima et al. 2004). Also, experi-
ments have demonstrated high noradrenaline levels in
the hypothalamus; noradrenaline has also been impli-
cated in the manifestations of serotonin syndrome.
While dopamine, gamma-aminobutyric acid, and
other factors including other receptors have also been
suggested to be involved in the development of sero-
tonin syndrome (Diaz et al. 2011), their contribution
has not been conclusively documented. Despite several
similarities between serotonin behavioral syndrome in
animal experiments and serotonin syndrome in man,
some experts call for caution when interpreting find-
ings in individual groups and caution against general-
ization (Isbister et al. 2005; Izumi et al. 2006). Recently,
there has been an effort at standardizing animal models
using even modern genetic methods to allow for a more
detailed insight into the pathogenesis of serotonin syn-
drome and more effective use of these models in pre-
clinical testing of drugs (Haberzettel et al. 2013).

Potential therapeutic options are focused on at least
4 mechanisms of action resulting in excess activation of
serotonin receptors (Igbal et al. 2012):

o decreasing serotonin breakdown (MAO
inhibitors, linezolid)

+ decreasing serotonin reuptake (SSRIs, tricyclic
antidepressants, tramadol, fentanyl, cocaine,
amphetamine, etc.)

» increasing serotonin precursors or agonists
(L-tryptophan, antimigraine drugs, buspirone,
etc.)

» increasing serotonin release (amphetamine,
cocaine, buspirone, lithium)

CLINICAL PICTURE

The clinical picture of serotonin syndrome is char-
acterized by three types of presentations (Table 1):
1) increased neuromuscular irritability, 2) increased
activity of the autonomic nervous system, 3) impaired
mental status (Isbister et al. 2007; Boyer 2013; Boyer et
al. 2005; Ables et al. 2010; Gillman 2005; Walsh 2010;
Buckley et al. 2014). Some authors have even separated
gastrointestinal manifestations (diarrhea, abdominal
spasms, hyperactive bowel sounds) from the second

Serotonin syndrome

group to refer to an entity useful in the differential
diagnosis of serotonin syndrome (Hall et al. 2007).

Manifestations involving the neuromuscular system
include the most frequent ones in serotonin syndrome.
Up to 50% of serotonin syndrome patients show mani-
festations related to increased neuromuscular activity,
primarily tremor, hyperreflexia, and hypertonia (more
intensive in the lower limbs), bilateral Babinski sign,
bruxism, myoclonus, ataxia, nystagmus, and pyramidal
rigidity involving also trunk muscles.

Presentations related to the autonomic nervous
system can be encountered in up to 40% of serotonin
syndrome patients. These include dilated unresponsive
pupils, tachycardia, tachypnea, diarrhea, abdominal
pain, flush, profuse sweating, elevated temperature,
hypertension or hypotension.

Mental disorders include a wide range of conditions,
from mild ones to unconsciousness: agitation, excita-
tion, restlessness, hyperactivity, fear, disorientation,
lethargy, hallucinations, delirium, and coma occurring
in close to 40% of serotonin syndrome patients (Igbal et
al. 2012). Summarizing data of a group of 168 patients
identified in literature reports, Keck et al. found mental
disorders including mood swings in up to 85% of these
patients (Keck et al. 2000).

Importantly, patients with serotonin syndrome may
not necessarily show symptoms of all of the three above
categories, but just one. The key finding for establish-
ing the diagnosis of serotonin syndrome is increased
neuromuscular excitability. New-onset tremor, clonus,
muscular rigidity, and brisk reflexes should invariably
make the physician consider serotonin syndrome in the
differential diagnosis (Lawrence 2013).

Serotonin syndrome is associated with a wide spec-
trum of clinical manifestations ranging from mild
forms to fatal ones (Frank 2008). Depending on their
severity, the manifestations are divided into three
groups, mild, moderate, and severe (Radomski et
al. 2000). Mild forms may occur even if serotonergic
therapy remains within the therapeutic range. Mild
manifestations of toxicity include restlessness, intermit-
tent tremor, sweating, mydriasis, and so on. Moderate
forms are associated with tachycardia, hypertension,
hyperthermia, hyperreflexia/clonus, sweating, and
mental disorders such as restlessness, mild agitation,
and hypervigilance. Patients with moderate presenta-

Tab. 1. Clinical features of serotonin toxicity (Isbister et al. 2007).

Neuromuscular Autonomic Mental state
effects effects changes
Hyperreflexia Hyperthermia: Agitation
Clonus mild: below 38.5°C Hypomania
Myoclonus severe: over 38.5°C Anxiety
Shivering Tachycardia Confusion
Tremor Diaphoresis
Hypertonia/rigidity Flushing
Mydriasis
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tions will usually require symptomatic management.
Those with full-blown and toxic forms experience gen-
eralized tonic-clonic spasms, variable blood pressure
levels (hypertension or hypotension), muscle rigidity,
delirium, and coma. Elevated temperature is frequently
in excess of 40 °C; the patient may develop rhabdomy-
olysis, renal failure, metabolic acidosis or less often,
disseminated intravascular coagulopathy. Increased
muscle tone, clonus, and hyperthermia, which may be
high as 41°C, invariably suggest a serious, life-threat-
ening course, eventually progressing — if left untreated
- to multiple organ failure within several hours. These
most severe forms are encountered in patients taking
combinations of drugs targeted at different sites, most
often MAO inhibitors and SSRIs (Gillman 2006).

Tab. 2. Sternbach’s criteria for serotonin syndrome (Sternbach 1991).

1. Requires serotonergic agent started or increased

2. Atleast of 3 of the following clinical features are present:

+  Agitation

. Diaphoresis

«  Diarrhea

. Fever

«  Hyperreflexia

. Incoordination

«  Mental state changes (confusion, hypomania)
+  Myoclonus

«  Shivering

«  Tremor

3. Other causes ruled out

4. Aneuroleptic had not been started or increased in dosage

Tab. 3. Radomski’s revised diagnostic criteria for serotonin
syndrome (Radomski 2000).

1. Requires serotonergic agent started or increased

2. Presence of 4 of the following major symptoms or 3 major
and 2 of the following minor symptoms:

«  Major symptoms: diaphoressis, elevated mood, fever,
hyperreflexia, impaired consciousness, myoclonus,
rigidity, semicoma/coma, shivering, tremor

. Minor symptoms: akathisia, diarrhea, dilated pupils,
hypertension or hypotension, incoordination, insomnia,
restlessness, tachycardia, tachypnea or dyspnea

3. Symptoms not related to preexisting psychiatric disorders or
better explained by another process (eg. infection, change in
neuroleptic medication)

Tab. 4. The Hunter Serotonin Toxicity Criteria (Dunkley 2003).

To fulfill the Hunter criteria, a patient had to take a serotonergic
agent and meet one of the following conditions:

«  Spontaneous clonus

. Inducible clonus plus agitations or diaphoresis

+  Ocular clonus plus agitation or diaphoresis

«  Tremor plus hyperreflexia

. Hypertonia plus temperature above 38 °C plus ocular

clonus or inducible clonus

The onset of symptoms is rapid; they will usually
appear within 6 hours of increasing dosage or adding
another serotogernic drug (Sternbach 1991; Igbal et al.
2012) and will in most cases wane within 24 hours of
discontinuing therapy; clinical presentations may per-
sist longer after the administration of drugs with long
half-life (Boyer 2013; Watson et al. 2005). Development
of Serotonin syndrome may also be triggered by ini-
tiation of another type of serotonergic therapy within 5
weeks of SSRI discontinuation.

The risk for developing Serotonin syndrome is
increased with elderly patients because of their lower
ability to metabolize drugs and concurrent use of vari-
ous types of drugs. A combination associated with a
particular risk is one of antidepressants and analgesics.
The risk is also increased by renal dysfunction, a con-
dition frequently found in the elderly, and involving
excretion rates.

DIAGNOSIS

The diagnosis of Serotonin syndrome is based exclu-
sively on physical examination; no laboratory tests are
currently available. As the spectrum of clinical manifes-
tations of Serotonin syndrome is fairly broad, key steps
in the diagnostic work-up include taking a thorough
patient’s history including current medication, physi-
cal examination, and exclusion of other potential causes
such as neurological disease (meningoencephalitis),
septic conditions, delirium tremens, heat stroke, neu-
roleptic malignant syndrome, and toxic effects of sym-
patomimetics and anticholinergics. Syndrome-related
diagnosis should not be established without identify-
ing the underlying cause. Given the broad spectrum of
clinical manifestations on the one hand and absence of
laboratory-based diagnostic tools on the other, there
have been several attempts to aid Serotonin syndrome
diagnosis by developing diagnostic criteria with varied
sensitivity and specificity. The first criteria were intro-
duced by Harvey Sternbach, a US professor in psychia-
try, in 1991 (Table 2). His criteria have been used to date
(Butterfield et al. 2012) and were the most frequently
used diagnostic tool as late as 2007. Radomski et al.
(2000) should be credited for criteria distinguishing
Serotonin syndrome forms by their intensity into mild,
full-blown, and toxic, with symptoms categorized by
their relevance into major and minor ones (Table 3).

The currently most often used criteria are those
developed by Hunter (2003) and reported to have a
sensitivity of 84% and specificity of 97% (Table 4). As
compared with the Sternbach criteria, those developed
by Hunter are believed to be more accurate and less
prone to miss early, mild or subacute forms of Sero-
tonin syndrome.

Laboratory investigations in Serotonin syndrome
may reveal elevated creatine kinase and myoglobin
levels with the more severe forms; other findings are
either non-specific (leukocytosis, hyperazotemia) or
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are due to complications. A standard approach includes
determination of minerals (sodium, potassium, mag-
nesium, and calcium) because of inadequate hydration
and toxicological tests to rule out another source of
intoxication when in doubt. Determination of serum
serotonin levels has proved to be of no use.

DIFFERENTIAL DIAGNOSIS

The purpose of differential diagnosis is to primarily
distinguish three types of disease entities: 1) neuro-
leptic malignant syndrome (NMS), 2) anticholinergic
toxicity and, 3) agitated delirium following alcohol or
benzodiazepine withdrawal. Although Serotonin syn-
drome presentations may be similar to those of NMS
(delirium, hyperthermia, rhabdomyolysis, tachycardia,
sweating, rigidity, and hypertension), some major dif-

Tab. 5. Reported drug combinations causing serotonin syndrome.
Adapted from Volpi-Abadie et al. (Volpi-Abadie 2013)

Drug
SSRls

Drug combinations

SSRI alone

SSRIs with MAOIs or SNRIs or TCAs or opiates
or triptans

MAOI alone
MAOIs with SSRIs or SNRIs or TCAs or opiates

MAOIs

SNRIs Venlafaxine alone

SNRIs with MAOIs or TCAs or opiates or triptans

Venlafaxine with lithium or calcineurin
inhibitors

Other
antidepressants

Mirtazapine alone*

Mirtazapine with SSRIs

Buspirone with SSRIs

Trazodone with amitriptyline and lithium

Opiates Tramadol alone

Tramadol with mirtazapine and olanzapine

Opiates with MAOIs or SSRIs or SNRIs or
triptans

Over-the-counter
cold remedies

Dextromethorphan with SSRIs or amitriptyline
or chlorpheniramine

Dextromethorphan with risperidone and
amitriptyline

Atypical
antipsychotics

Olanzapine with lithium and citalopram

Risperidone with fluoxetine or paroxetine

Antibiotics Ciprofloxacin with venlafaxine and methadone
Fluconazole with citalopram
Linezolid with SSRIs or tapentadol

Other L-tryptophan with SSRIs

MAOI - monoamine oxidase inhibitor; SSRI - selective serotonin
reuptake inhibitor; SNRI - serotonin-norepinephrine reuptake
inhibitor; TCA- tricyclic antidepressant. *Mirtazapine toxicity is
currently being reassessed (Berling & Isbister 2014).

Serotonin syndrome

ferences may serve as a guide in the differential diagno-
sis (Perry et al. 2012). First and foremost, it is the rate of
onset of clinical manifestations after drug administra-
tion. With Serotonin syndrome, the onset of symptoms
occurs within several minutes to hours. Symptoms of
Serotonin syndrome occurred within 2 hours of use
of medication in 50% of patients and within 24 hours
in 75% of patients (Igbal et al. 2012; Ener et al. 2003).
Mild cases with low levels of manifestations may take a
chronic form. In contrast, NMS will develop within sev-
eral days to weeks of medication use. Differences also
exist in clinical symptomatology. Whereas characteris-
tic features of Serotonin syndrome include myoclonus
and hyperreflexia, these are rigidity and bradyreflexia
with NMS. By contrast, myoclonus and hyperreflexia
are a rare occurrence with NMS. Clinical manifesta-
tions of Serotonin syndrome resolve quickly after drug
withdrawal (within 24 hours), they may take several
days to disappear with NMS (mean, 9 days).

Anticholinergic-related intoxication may mani-
fest itself by impaired mental function, hyperthermia,
tachycardia, mydriasis, and urine retention. Unlike
those with Serotonin syndrome, these patients have dry
skin and mucosal membranes while intestinal gurgling
is minimal. The most frequent disease entity potentially
mimicking Serotonin syndrome develops upon with-
drawal of alcohol or benzodiazepines. Clinical mani-
festations may take the form of hallucinations, tremor,
hyperreflexia, clonus, tachycardia, hypertension, and
spasms. In these cases, data about current medication,
alcohol, withdrawal therapy, and onset of symptoms are
of crucial importance.

Differential diagnosis is also used to exclude menin-
gitis and encephalitis. Malignant hyperthermia occurs
rarely in predisposed individuals given halogen anes-
thetics or myorelaxants (succinylcholine).

CAUSE

The spectrum of drugs potentially inducing Serotonin
syndrome is fairly wide; the most often used ones are
listed in Table 5 (Volpi-Abadie et al. 2013; Berling et al.
2014). The risk of developing Serotonin syndrome is
increased in with drugs inhibiting central breakdown
of serotonin (e.g., MAO inhibitors). Likewise, the risk
is increased in patients taking drugs in combinations
shown in the table. The risk will also dramatically rise
in cases where the patient uses MAO inhibitors in
combination with an SSRI. Up to 50% of patients using
this combination at excess doses will usually develop
a severe form of Serotonin syndrome (Gillman 1999).
Four percent of patients initially taking an SSRI or
venlafaxine at doses within the therapeutic range,
who later started to take linezolid (with weak MAOI
properties), developed Serotonin syndrome (Taylor et
al. 2006). The risk of developing Serotonin syndrome
is variable for each individual patient, and depends
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on their ability to metabolize the drug in question,
that is, mainly on their liver and kidney function. An
important role in the metabolism of antidepressants,
neuroleptics, opiates, antiarrhythmics, beta-block-
ers, and other drug classes is played by the CYP2D6
system. The system metabolizes tricyclic antidepres-
sants and most SSRIs (fluoxetine, fluvoxamine, parox-
etine, and desmethylcitalopram, but not citalopram).
Other drugs are metabolized by CYP 3A4 (sertraline
and norfluoxetine), CYP 1A2 (fluvoxamine), or CYP
3A4, 2C19, and CYP2D6 (citalopram). Up to 7-10%
of the European population belong to slow CYP 2D6
metabolizers (Cascorbi 2003). To date, over 80 variant
alleles for CYP 2D6 have been identified. Carriers of
CYP 2D6 gene polymorphisms are at increased risk
for developing Serotonin syndrome when treated with
an SSRI. Therefore, the US Food and Drug Adminis-
tration (FDA) recommends - not requires — genetic
testing prior to initiation of therapy with an SSRI (US
Food and Drug Administration 2013). Other major
factors include age, individual tolerance, and hydra-
tion. A specific issue are drug interactions whose
importance increases with increasing numbers of
polymorbid patients using several medications, or
combinations thereof (Montastruc et al. 2012; Poe-
schla et al. 2011; Evans et al. 2010). A patient treated
with paroxetine or venlafaxine who starts to use an
inhibitor of CYP 2D6 metabolizing the former two
may develop Serotonin syndrome. Many antidepres-
sants such as fluoxetine, paroxetine, and buproprione
inhibit the CYP 2D6 pathway and may increase the
levels of other drugs, e.g., tricyclic antidepressants. Yet
another cytochrome monooxygenase system whose
use may potentially result in the development of SS is
CYP 3A4. Individuals with genetic CYP 3A4 variants
will develop excessive levels of even at normal thera-
peutic doses.

TREATMENT

On establishing the diagnosis of Serotonin syndrome,
all serotonergic therapy should be discontinued and
symptomatic management started. The intensity of
treatment depends on the severity of intoxication.
With mild forms, symptoms will often resolve within
24 hours of therapy discontinuation. In patients receiv-
ing drugs with active metabolites featuring a long half-
life, symptoms may persist for several days. Similarly,
fluoxetine (a drug of the SSRI class), when used over
a prolonged period of time, has a half-life of 1-4 days,
and its metabolite norfluoxetine, 7-15 days (Hiemke et
al. 2000).

A pivotal role is believed to be played by supportive
therapy. It includes of wide spectrum of procedures
depending on the clinical status including monitor-
ing of vital functions and modulation thereof, oxygen
therapy, maintenance of adequate hydration, blood
pressure, and temperature. Special emphasis is placed

on rehydration using adequate amounts of crystalloid
solutions to achieve high urinary excretion rates, with
recommended diuresis in the range of 1-2 ml/kg/hr.
Factors contributing to fluid loss may include, in addi-
tion to elevated temperature and profuse sweating,
vomiting and diarrhea. Another reason for fluid
administration is an attempt to prevent renal injury
due to myoglobinuria. Dehydration and metabolic aci-
dosis enhance myoglobin precipitation in the kidney
thus boosting its nephrotoxic effect. Severe intoxica-
tion requires alkalization of the urine to achieve a uri-
nary pH >6.5 (Walter ef al. 2008). As alkalization may
result in hypocalcemia and hypokalemia, it is critical to
monitor the levels of minerals and urinary pH. Patients
with severe hypertension should be given short-acting
drugs such as esmolol or nitroprusside (Boyer et al.
2005). Hypotensive patients using MAO inhibitors
should be treated with sympathomimetic amines, e.g.,
phenylpherine, epinephrine or norepinephrine, while
dopamine should be avoided (Boyer 2013; Boyer et al.
2005). Patients with hyperthermia are usually man-
aged by external cooling whereas those with body
temperature in excess of 41.1°C require immedi-
ate endotracheal intubation, sedation, and complete
neuromuscular blockade. The agents used to induce
paralysis include etomidate, succinylcholine, or the
longer-acting drug vecuronium. Currently, no phar-
macological antipyretic is available as the temperature
is the result of muscular activity.

Pharmacotherapy often includes benzodiazepines,
particularly in agitated patients, with the most fre-
quently used benzodiazepines being lorazepam
and midazolam. This class of drugs is employed, in
addition to controlling agitation, to manage mildly
increased blood pressure as well as spasms in cases
of severe intoxication. Diazepam has been shown to
extend life in experimental animals with Serotonin
syndrome, but there is no evidence of such an effect
in man.

In cases where supportive therapy has failed, an
antidote is administered, preferably cyproheptadine,
an antagonist of the histamine-1 receptor, with non-
specific antagonist properties for the 5SHT-1 and 5HT-2
receptors. As it is available only as tablets or syrup, it
must be administered by nasogastric tube. The starting
dose is 12 mg to be followed by a 2-mg dose every 2
hours until obtaining a clinical effect. Another dosing
scheme is 4-8 mg every 6 hours until the clinical symp-
toms have resolved (Igbal et al. 2012). An antagonist
effect on the SHTA2 receptor has also been shown
with chlorpromazine and olanzapine However, some
authors discourage their use because of their not yet
documented efficacy and adverse effects (Boyer 2013;
Boyer et al. 2005). No drugs potentially increasing sero-
togenic activity — in particular opiates (fentanyl, trama-
dol, methadone, meperidine) — should be given, with
linezolid to be avoided in the treatment of any infec-
tious complications.
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PROGNOSIS

The prognosis of patients with serotonin syndrome is
mostly good, with patients usually completely recover-
ing without any sequels. The majority of deaths occur
within 24 hours of intoxication. In 2012, there were 2
576 cases of fatal intoxication in the USA, with SSRIs
implicated in 89 (3%) of these cases (Mowry et al. 2013).

PREVENTION

In everyday practice, patients with Serotonin syn-
drome are encountered by physicians both in the out-
patient (general practitioners) and hospital setting.
In the case of general practitioners, those presenting
with Serotonin syndrome include most often patients
treated with serotonergic drugs and prescribed opioids
to relieve pain (elderly patients with osteoarthrosis,
tumors, injuries, etc.). Younger individuals tend to
develop Serotonin syndrome secondary to illegal drug
abuse, typically ecstasy and its substitutes (Warrick et
al. 2012). Not infrequently, Serotonin syndrome devel-
ops after taking an over-the-counter drug, e.g., herbal
remedies (St. John’s Wort) as well as various dextro-
methorphan-containing cough syrups and antiobesity
drugs (sibutramine), or previously fenfluramine (still
used today in the treatment of epilepsy in children
with Dravet syndrome). Among hospital-based physi-
cians, those most likely to encounter patients include
surgeons and anesthesiologists in the perioperative
period, again in connection with opioids administered
to relieve pain (Rastogi et al. 2011).

Based on the above, preventive measures relative
to Serotonin syndrome should be defined as follows:
1. To provide every patient prescribed a serotonergic
drug, particularly one belonging to the SSRI class, with
detailed information about manifestations of serotonin
toxicity and drug interactions, including those with
over-the-counter drugs, and herbal remedies. 2. To
improve the knowledge and awareness of physicians,
particularly in the above specialties, in this area. 3. To
expand our knowledge in pharmacogenetics allowing
us to more reliably identify individuals at increased
risk for developing Serotonin syndrome. 4. To perform
thorough post-marketing surveillance in novel seroto-
nergic agents being introduced into clinical practice.

CONCLUSION

Serotonin syndrome can be a life-threatening adverse
effect of some drugs. Its early diagnosis may help pre-
vent the development of its severe forms and potential
subsequent complications. Therefore, it is critical for the
physician to be adequately informed about serotonin
syndrome and the patient advised about the potential
side effects of drugs. It is particularly the elderly who
are at increased risk for developing Serotonin syn-
drome. Serotonin syndrome should be considered in

Serotonin syndrome

the differential diagnosis in elderly individuals present-
ing with altered mental status.
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