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 Serotonin syndrome (SS) is a potentially life-threatening drug interaction 

caused by excessive serotoninergic activity in the CNS. Serotonin 

syndrome can arise from therapeutic drug use, drug interactions, or 

overdose of drugs that affect the serotonergic system. The clinical picture 

of SS is a triad of changes in mental status, neuromuscular disorders, and 

autonomic hyperactivity. The clinical presentation is highly variable, and 

ranges from mild symptoms to life-threatening conditions. The first 

human case reports of serotonin-related side effects of psychotropic drugs 

were published in the 1950s. The term serotonin syndrome was first used 

in the early 1980s to describe the presence of hyperthermia and behavioral 

changes in patients receiving drugs that have serotoninergic activity. [3] 

Serotonin syndrome is a clinical diagnosis and several diagnostic criteria 

have been proposed. Hunter criteria are more sensitive (84%) and more 

specific (97%) compared to others. The typical differential diagnosis of 

SS includes malignant neuroleptic syndrome (NMS), anticholinergic 

syndrome, and malignant hyperthermia. Other differential diagnoses 

include tetanus, meningitis, encephalitis, sepsis, thyroid storm, heatstroke, 

or delirium tremens. The patient's pre-existing disease can also cause 

diagnostic confusion. Cases of SS may be misdiagnosed as a pre-existing 

disorder. Serotonin syndrome is now more common in the intensive care 

unit (ICU) [11]. The true incidence of serotonin toxicity is difficult to 

assess because many cases go unrecognized. Untreated serotonin toxicity 

can lead to significant morbidity and even death. Thus, it is important for 

health care providers to recognize this toxicity and understand the drugs 

or substances that cause increased serotonin activity [8]. In this review, 

we will discuss about serotonin syndrome, especially in children. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Serotonin is a biological monoamine, similar to epinephrine, norepinephrine (NET), dopamine (DAT) and 

histamine. Serotonin is produced in two steps. The essential amino acid tryptophan is hydroxylated to 5-

hydroxytryptophan (5-HTP) by tryptophan hydroxylase. In the second step, 5-HTP is decarboxylated to 

form 5-HT (Figure 1). Studies have shown that in the presence of tryptophan, hydroxylation and 

decarboxylation occur almost simultaneously. 
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Figure 1. The conversion of tryptophan to 5-hydroxytryptamine 

 

In the central nervous system (CNS), serotonin is synthesized and stored in presynaptic neurons 

(serotonergic neurons, pineal gland, and catecholaminergic neurons). Serotonin synthesis outside the central 

nervous system is limited to enterochromaffin cells and platelets. Platelets have the ability to produce 

serotonin. Platelets are the main storage site of serotonin outside the central nervous system. Approximately 

90-95% of the human body's serotonin is located in the peripher, most of which is stored in platelets and 

enterochromaffin cells. Serotonin from enterochromaffin cells is released into the portal circulation, and 

quickly eliminated from the plasma by being absorbed into platelets and metabolized by the liver. Serotonin 

transporters located on the membranes of platelets and enterochromaffin cells are responsible for uptake 

into these cells. Serotonin, which escapes absorption and metabolism by the liver, reaches the lungs and 

then metabolized there [10]. 

 

Serotonin regulates almost all human behavioral processes. Serotonin neurons in the brainstem transmit 

projections in the cortex, limbus, midbrain, and hindbrain in an organized manner (Figure 2). The 

behavioral and neuropsychological processes regulated by serotonin include emotion, perception, reward, 

anger, aggression, appetite, memory, libido, and attention. In the central nervous system and the whole 

body, serotonin plays many roles in vascular biology, from controlling vascular resistance and blood 

pressure to controlling hemostasis and platelet function (Figure 3). Serotonin causes vasoconstriction or 

relaxation based on certain receptors expressed in the walls of each blood vessel and surrounding smooth 

muscle tissue. The activation of 5-HT1B receptors on the cerebrovascular system leads to vasodilation, 

which may partly explain the analgesic effect of triptan anti-migraine drugs [5], [9]. 
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Figure 2. Central serotonergic pathways, effects, and drugs. 
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Figure 3. Effects of serotonin outside the central nervous system 

 

2.  Serotonin Syndrome  

 

2.1 Definition 

Serotonin (SS) syndrome (also known as serotonin toxicity) is a potentially life-threatening drug-induced 

toxicity associated with increased serotonin activity in the peripheral (PNS) and central nervous system 

(CNS). It is characterized by a dose-related spectrum of clinical findings related to free serotonin levels (5-

hydroxytryptamine [5-HT]) or 5-HT receptor activation (mainly 5-HT1A and 5-HT2A subtypes), including 

neuronal Muscle abnormalities, autonomic overactivity, and changes in mental status [13]. 

 

2.2 Epidemiology  

Serotonin syndrome has been observed in all age groups, including newborns and the elderly. It is believed 

that the increase in the incidence of this condition parallels the increase in the use of serotonergic drugs in 

medical practice. This syndrome has been described after deliberate overdose, even in patients who 

received therapeutic hypothermia after cardiac arrest. Selective serotonin reuptake inhibitors (SSRIs) are the 

group of drugs most commonly associated with serotonin syndrome. The US Toxic Exposure Control 

System consistently reports tens of thousands of SSRI exposures, many of which involve serotonin 

syndrome [6]. 

 

Between 1999 and 2010, the proportion of adults taking antidepressants in the United States almost 

doubled, from 6% to 10.4%. In 2016, the Toxicity Exposure Monitoring System received case descriptions 

from the emergency department, inpatient environment, and practice office, and reported 54,410 incidents 

of exposure to selective serotonin reuptake inhibitors (SSRIs; 43% of which were single exposures). Of 

these, 102 died (the ninth most common cause of death in the United States due to drug overdose during 

this period). This means that between 2002 and 2016, the number of cases increased by 18%, and the 
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number of deaths increased by 8%. A series of studies have shown that serotonin syndrome occurs in about 

15% of SSRIs toxicity. A study found that nearly half of the US Food and Drug Administration (FDA) 

reported serotonin syndrome. A large number of patients undergoing surgery use SSRI [3]. 

 

Reports about the epidemiology of childhood serotonin syndrome is limited. Most unintentional 

consumption of SSRIs occurs in young children, while adolescent consumption is usually intentional. The 

American Association of Poison Control Centers National Toxicological Data System (AAPCC-NPDS) 

2017 annual report showed that 24,819 SSRI exposures occurred (53,934 single antidepressant exposures in 

total); 8785 SSRI exposures occurred in 13-19 year olds, 5187 exposures occurred in children under 6 years 

of age. Children 6-12 years old have the least number of exposures (1357). In Canada, prescriptions for 

selective serotonin reuptake inhibitors (SSRIs) increased by 39%. An analysis of data from the Canadian 

Primary Care Sentinel Surveillance Network from 2009 to 2014 found that prescriptions for antidepressants 

have increased, 83% of which include SSRIs [2], [16]. 

 

2.3 Etiology 

Several steps in the synthesis, distribution, and metabolism of 5-HT are reflected in the amount of 

serotonergic drugs, which have the potential to trigger serotonin syndrome. The list of drugs that can trigger 

serotonin syndrome is shown in table 1 [1]. 

 

Table 1. Drug caused serotonin syndrome 

Increases 5-HT synthesis  

- L-tryptophan 

Increases synaps release 

- Amphetamine 

- Cocaine 

- Ecstasy 

- Felfluramine 

- Mescaline 

- Psilocin 

- L-dopa 

Serotonin agent 

- Litihium 

- LSD 

Inhibit reuptake 

- SSRI 

- Serotonin reuptake inhibitor 

- Tricyclic antidepressant 

- Meperidine 

- Dextromethorphan 

- MDMA 

Inhibit Breakdown 

- Monoamine oxidase inhibitors 

- MDMA 

 

Serotonin syndrome usually mediated by the increase of endogenous intra- or extra-synaptic serotonin. 

Serotonin syndrom also can occur by direct or indirect activation of 5-HT receptors. The fact that patients 

with serotonin syndrome are seldomly found to take different doses of drugs and/or combinations suggests 

that genetic and factor such as pharmacodynamic could modulate this effect. Genetic factors may include 

polymorphisms in the CYP450 pathway, 64 SERT genes, 65 and 5-HT2 receptors [13]. 
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[16] research of children’s serotonin syndrome showed that SSRIs associated with the onset of serotonin 

syndrome include sertraline (N = 9), fluoxetine (N = 4), paroxetine (N = 3), and Fluvoxamine (N = 2). 

There are no case reports of citalopram or escitalopram and serotonin syndrome in the pediatric population. 

Five cases occurred in the case of overdose (intentional or unintentional). Six cases reported serotonin 

syndrome caused by the combination of SSRIs and other drugs. The hypothetical mechanisms vary, 

including inhibition of CYP3A4 activity and SSRI metabolism (erythromycin), increased free SSRI scores 

due to replacement of plasma proteins (lidocaine, midazolam, fentanyl), and serotonergic drugs (The 

additive effect of methylphenidate, clomipramine, linezolid). A total of 7 cases are in the context of SSRI 

monotherapy. Three symptoms occurred after receiving the first dose of SSRI (fluvoxamine 50 mg, 

sertraline 50 mg, and sertraline 100 mg) [16]. 

 

2.4. Patofisiologi 

The exact pathophysiological mechanism for serotonin syndrome is difficult to elucidate, in part because of 

the limitations of the known classes and subtypes of serotonin receptors. Although serotonin is the primary 

ligand for all of these receptors, only stimulation of certain receptor subtypes causes serotonin syndrome. 

Currently, research on the pathology of serotonin toxicity in humans is limited. Analyzed 109 publications 

in which the behavioral and autonomic responses of rodents were altered by the administration of serotonin 

agonists or serotonin-enhancing drugs. This study identified a distinct rodent "traditional behavioral 

response," which is consistently observed after administration of these drugs and, as such, is believed to be 

equivalent to serotonin syndrome in humans. These include stepping on the forelegs, bending the hind legs, 

bending the head, head twitching, back muscle contractions, and hyperthermia. Until recently, serotonin 

syndrome was believed to involve the 5HT1A receptor because the most prominent effect on the behavioral 

syndrome of rat serotonin appears to be mediated by the postsynaptic 5-HT1A receptor. Subsequent animal 

studies involving hyperthermia and muscle excitation have shed more light on the pathophysiology of 

serotonin syndrome in humans. In this experiment, mice exposed to various serotonin subtype selective 

receptor antagonists exhibited hyperthermia that was significantly associated with 5-HT2A receptor 

stimulation. In addition, hyperthermia was prevented when mice were exposed to serotonin precursors and 

MAOIs were introduced to the 5-HT2A receptor antagonist ritanserin. In contrast, when the 5-HT1A 

receptor is directly stimulated, the mice are hypothermic. Mouse models with SS also show increased levels 

of norepinephrine, dopamine and glutamate in the hypothalamus, as well as increased levels of dopamine 

and norepinephrine in the frontal cortex of mice exposed to 5-HT2A agonists. The N-methyl-D-aspartate 

(NMDA) antagonist memantine, as well as the positive allosteric modulators in GABAA, diazepam, and 

chlormethiazole, have all been shown to be effective in reducing the hyperthermic response in SS mice. 

This suggests that, at least in mice, GABA and NMDA receptors are also involved in the pathogenesis of 

SS [7], [12]. 

 

All SSRIs are metabolized by microsomal cytochrome P450 enzymes. SSRIs undergo extensive 

metabolism. SSRIs have a large volume of distribution and circulate highly bound to plasma proteins. Peak 

plasma levels are reached in about 5 hours. The half-life varies depending on the particular drug but tends to 

be prolonged. For example, fluoxetine and its active metabolite, norfluoxetine, have an average half-life of 

19 days. After discontinuation of serotonergic drug therapy, new serotonergic drugs should not be started 

until ensuring an adequate washout period (4-6 weeks) for newly discontinued serotonergic agents [2]. 
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Figure 4. Mechanisms of serotonin syndrome: (1) Increased levels of L-tryptophan will lead to increased 

levels of endogenous 5-HT; This step is catalyzed by the enzyme tryptophan hydroxylase 2 (TPH2). (2) 

Increased presynaptic 5-HT concentration due to inhibition of serotonin metabolism by MAOIs. (3) 

Increased release of 5-HT by drugs including amphetamine and its derivatives, cocaine, MDMA, and 

levodopa. (4) Direct or indirect activation of postsynaptic 5-HT1A receptors. (5) Direct or indirect 

antagonism of postsynaptic 5-HT2A receptors is thought to enhance the effects of 5-HT1A agonists. (6) 

Increased synaptic 5-HT levels due to SERT inhibition by reuptake inhibitors such as SSRIs, and TCAs. 

 

Serotonergic signaling is a tightly regulated process characterized by a combination of feedback loops, 

multiple reuptake mechanisms, and metabolic enzymes (Figure 4). Depolarization of presynaptic axons 

causes the release of serotonin into the synaptic cleft, which causes several downstream effects; Activation 

of presynaptic serotonin autoreceptors inhibits further vesicle exocytosis, and binds to postsynaptic 5-HT 

receptors thereby influencing neurotransmission. Serotonergic signals are terminated primarily by uptake of 

5-HT from the synaptic cleft returning to the presynaptic neuron. This is achieved primarily by the 

serotonin reuptake transporter protein (SERT) at the presynaptic membrane, although there is evidence that 

the plasma membrane monoamine transporter (PMAT) may also contribute. 5-Hydroxytryptamine is then 

metabolized to 5-hydroxyindoleacetic acid (5-HIAA) primarily by monoamine oxidase A (MAO-A) [13]. 

 

There are 7 families of 5-HT receptors (5-HT1 to 5-HT7), some of which have multiple subtypes, resulting 

in a total of 14 structurally and pharmacologically distinct receptors. The 5-HT1 receptor family consists of 

5 subtypes: 5-HT1A, 5-HT1B, 5-HT1D, 5-HT1e, and 5-HT1F receptors are G-protein-coupled receptors 

(GPCRs) that signal via inhibition of adenylate cyclase or channel K+ protein G. While a number of drugs 

in clinical use affect this receptor, the 5-HT1A receptor provides a pharmacological target for the anxiolytic 

agent, buspirone, which has no dependence potential. However, 5-HT1B/1D (and possibly 5-HT1F) 

receptors are targeted by antimigraine 'triptans', examples include sumatriptan and zolmitriptan (which are 

also used for cluster headache). The 5-HT2 receptor family consists of 3 members: 5-HT2A, 5-HT2B, and 

5-HT2C receptors. Many antipsychotic drugs at clinically relevant concentrations interact with 5-HT2 

receptors, with 5-HT2A receptor antagonism likely to contribute to the therapeutic effect (eg, risperidone). 

Further structural and functional diversity occurs at the 5-HT receptor through allelic polymorphisms, splice 

variants, and receptor heterodimer formation [13]. 
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2.5 Clinical Manifestation  

Manifestations of serotonin syndrome vary widely, ranging from mild symptoms to life-threatening 

syndromes. Symptoms usually begin within 24 hours of taking a serotonergic agent, adding another 

serotonergic agent to the drug regimen, or overdose. Most patients will seek help at the hospital within 6 

hours. Mild cases may present as flu-like symptoms.  

- In mild cases, the prominent features are mild hypertension and tachycardia, mydriasis, diaphoresis, 

chills, tremor, myoclonus, and hyperreflexia. 

- In moderate cases usually have the above symptoms plus hyperthermia (40 °C), hyperactive bowel 

sounds, horizontal ocular clonus, mild agitation, excessive alertness, and speech pressure. 

- In severe cases, the patient has all of the above symptoms plus hyperthermia greater than 41.1 °C, 

dramatic changes in pulse and blood pressure, delirium, and muscle rigidity. Severe cases can lead to 

complications, such as seizures, rhabdomyolysis, myoglobinuria, metabolic acidosis, renal failure, acute 

respiratory distress syndrome, respiratory failure, diffuse intravascular clotting, coma, and death. Symptoms 

of hyperreflexia, stiffness, and clonus tend to be more prominent in the lower extremities [7], [15]. 

 

Table 3. Serotonin Syndrome’s symptoms 

Altered mental status - Nervous 

- Anxiety 
- Dysorientation 

- Restlessness 

- Excitement 

Neuromuscular disorder - Tremor 
- Klonus 

- Hyperreflex 

- Muscle rigidity 
- Babinski (+) bilateral 

Autonomic Hyperactivity - Hypertension 

- Tachycardia 

- Tachypnea 
- Hyperthermia 

- Midriasis 

- Diaforesis 
- Dry Mucous 

- Shivering 

- Vomit 
- Diarrhea 

- Arythmia 
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Figure 5. Serotonin Syndrome’s variety of symptoms 

 

3. Diagnosis 

- History 

The patient's history should include a detailed description of the medication history be it OTC drugs, illicit 

substances, and dietary supplements used, as well as any changes in dosage and schedule. Dosage, 

formulation (eg, extended release), and recent changes in medication should be asked. Episodes of serotonin 

syndrome involving monoamine oxidase inhibitors may be more severe and lead to more frequent adverse 

outcomes, including death. It is also important to describe the symptoms, their onset, and the degree of 

change. Most cases of serotonin syndrome present within 24 hours, and most within six hours, of a dose 

change or drug initiation. Patients with intentional ingestion often develop greater toxicity than those 

exposed by accident, so it is important to ask patients directly about their intentions [6]. 

 

- Physical Examination 

Typical vital sign abnormalities are tachycardia and hypertension, but severe cases may progress to 

hyperthermia and dramatic changes in pulse rate and blood pressure [6]. 

 

- Laboratory Examination 

To narrow the differential diagnosis and to monitor potential complications, especially in seriously ill 

patients, the following tests may be required: 

o Complete blood count 

o Basic serum electrolytes 

o BUN and creatinine 

o Creatine phosphokinase 

o Liver transaminases concentration 

o Coagulation check 

o Blood culture 

o Urinalysis and urine culture 

o Cerebrospinal fluid analysis and culture 

o Computed tomography (CT) scan of the head [6]. 
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3.1 Diagnosis criteria  

The Hunter criteria (Table 4) were validated and found to be more sensitive (84% vs 75%) and specific 

(97% vs 96%) than the Sternbach criteria [1], [8]. 

 

Table 4. Hunter Serotonin Toxicity Criteria 

Associated with ingestion of a serotonergic agent accompanied by any of the following 

symptoms: 

- Spontaneous clonus 

- Inducible clonus with agitation 

- Ocular clonus  

- Tremor and hyperreflex 

- Hyperthermia 

 

3.2 Differential Diagnosis 

There are many differential diagnoses to consider when diagnosing serotonin syndrome, including 

malignant neuroleptic syndrome (NMS), malignant hyperthermia, anticholinergic toxicity, serotonergic 

withdrawal syndrome, sympathomimetic drug intoxication, meningitis, encephalitis, heat stroke, and central 

hyperthermia. Several diagnoses can be distinguished from serotonin syndrome based on clinical features, 

drug use, and time course [15]. 

 

3.3 Management 

Given the wide range of symptoms of serotonin syndrome in children, treatment should be started 

immediately, as delaying treatment can lead to adverse outcomes. Two serotonin syndrome management 

strategies are discontinuing the serotonergic agent and providing supportive care. Most patients improve 

within 24 hours of stopping the precipitating drug and starting therapy. Management of serotonin syndrome 

includes some basic principles and guidelines such as: 

-  Discontinuation of all serotonergic agents; 

-  supportive care aimed at normalizing vital signs; 

- Sedation with benzodiazepines; 

- Administration of serotonin antagonists [14]. 

The intensity of treatment depends on the severity of the serotonin syndrome (mild/moderate/severe). In 

mild cases, discontinuation of the offending drug, sedation with benzodiazepines and supportive care is 

often sufficient, whereas in moderate SS, more aggressive treatment of hemodynamic/autonomic instability 

is required with consideration of the addition of a serotonin antagonist (such as cryproheptadine). Severe 

serotonin syndrome is a medical emergency often complicated by severe hyperthermia, rhabdomyolysis, 

disseminated intravascular coagulation, and acute respiratory distress syndrome (ARDS), requiring 

sedation, muscle relaxants, and intubation in the intensive care setting. Most cases usually resolve on their 

own within 24 to 72 hours, although it may take longer in those taking drugs with a longer elimination half-

life, active metabolite, or longer duration of action. Irreversible MAOIs carry the greatest risk with 

symptoms lasting for several days [4], [13]. 

 

3.4 Prognosis 

In most cases of SS, symptoms usually resolve on their own within 24 hours of stopping the drug, although 

in a minority of cases where the drug has an active metabolite or a longer half-life, symptoms may persist 

longer than this [13]. 

 

4. Summary 

Over the past few years, serotonin syndrome has become a significant clinical concern, especially with the 
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surge in antidepressant use, particularly in children. Given the widespread symptoms of serotonin 

syndrome, there is a need to treat the syndrome urgently. However, even with advances in science in recent 

years for the management of serotonin syndrome, there is still some concern about the outcome of this drug 

in children in particular. For the same reason, conventional medicine remains the treatment of choice for 

serotonin syndrome. However, larger studies with long-term follow-up are needed to adequately address the 

concerns of safety and effectiveness in the management of serotonin syndrome, especially with the 

prevalence of anti-depressant use in the community. 
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