
 

 

 

 

SEROTONIN TOXICITY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Ottoman Sultan, Bayezit I (1354-1403). Turkish miniature, from the Genealogy of the 

Ottoman Sultans. Illuminated manuscript, 16
th

 century, Topkapi Museum Istanbul. 



“His epistle to the Emperor was conceived in these words, “By the divine clemency”, our 

invincible scimitar has reduced to our obedience almost all Asia, with many and large 

countries in Europe, excepting only the city of Constantinople, for beyond the walls thou 

hast nothing left; resign that city; stipulate thy reward; or tremble for thyself and thy 

unhappy people, at the consequences of a rash refusal.”…Against such an enemy prayers 

and resistance were alike unavailing; and the savage would have devoured his prey if, in 

the fatal moment, he had not been overthrown by another savage stronger than 

himself…”  

 

Edward Gibbon, “The History of the Decline and Fall of the Roman Empire”, 1787. 

 

In 1402 the Ottoman sultan, Bayezit I, stood poised with his mighty armies ready to make 

the final assault on the great walls of the ancient city of Constantine. Should 

Constantinople fall all of Europe would stand open to invasion from the rapidly 

expanding Ottoman empire. Not only Constantinople therefore trembled before Bayezit, 

so did the rest of Europe. There was good reason to fear Bayezit. The once great empire 

of the Byzantines, successors to the Eastern Roman empire, had for centuries marked the 

far bastion of the defence of Europe from the distant east. Over the centuries however the 

empire had relentlessly dwindled by constant external attack and internal corruption and 

incompetence. By 1402 the empire had entirely disintegrated, all its former territories 

were occupied by the Ottomans, only the great city with its impregnable walls remained. 

Constantinople surrounded on all sides by the armies of the sultan was the only 

remaining obstacle to the pathway of Bayezit into Europe. 

 

The clan of the Ottoman Turks had arisen rapidly from obscure origins in the Fourteenth 

century. Their arms had progressively expanded their lands till the time of Bayezit. 

Bayezit, known to his people as Yilderim or the “thunderbolt”, was the most ruthless and 

ferocious of all the Ottoman rulers. He gained his throne when his predecessor was killed 

during the battle of Kosovo, the field of blackbirds, in 1389. In this battle the Serbs 

suffered the blackest day in their history when their armies were utterly annihilated and 

their lands subsequently occupied for centuries. The memory of the loss of Kosovo still 

haunts the minds of many Serbs and remains even today a source of viscous conflict in 

the region of the Balkans. Bayezit’s first action as Sultan was to have his brother 

murdered, thus initiating for the ensuing centuries the terrible tradition of imperial 

fratricide on the accession of a new Sultan. Living up to his name Yilderim he then very 

quickly crushed all local opposition in the region of Anatolia, (roughly modern day 

Turkey), then turned his eyes towards the West. Not content with the title of Sultan he 

now termed himself the Sultan of Rum, meaning the sultan of all the lands once occupied 

in the regions of the old eastern Roman Empire. The capital of that empire was 

Constantinople. Following the defeat of the Serbs, the rest of Europe seemed suddenly 

awakened from their lethargy and indifference to the Ottoman threat which the 

beleaguered Byzantines had been attempting to point out to them for decades. The 

European response was a Franco-Hungarian crusade sent to attack Bayezit. The great 

armies clashed in 1396. The crusade met the same shattering defeat as the Serbs. 

 

Not only Constantinople, but the whole of Europe was now truly alarmed. Bayezit’s 

arms’ appeared invincible. Thus it was in 1402, Bayezit sent an ultimatum to the 

Byzantine emperor Manuel I…surrender the city or suffer the same fate as the Serbs, 



French and Hungarians. Europe held its breath awaiting the emperor’s reply. History 

records that the city of Constantinople finally fell to the Turks in 1453, two generations 

after the time of Bayezit…what happened? 

 

Whilst Bayezit was preparing his mighty army outside the walls of Constantinople he 

suddenly received an urgent message that his far eastern lands had been overrun by an 

unimaginably vast host of what was apparently described as monstrous “demons”, 

unstoppable, invincible and even more merciless than Bayezit himself. Gibbon describes 

the general feelings of shock and horror at these new invaders so different from other 

men they were seriously considered to be of another species! Vague legends had been 

handed down of these hordes suddenly emerging from the vast unknown wastes of the 

eastern steppe to wreak terrible destruction on an earlier Turkish clan, the Seljuks, 

during the thirteenth century, only to just as suddenly disappear once more. These 

“demons” were Mongols lead by one of their most fearsome Khans, the great Timur or 

Tamburlaine. 

 

Bayezit quickly turned his armies around and set off to the east to face the terrifying new 

threat that had come literally out of nowhere. The Ottomans and Mongols clashed head 

on in 1403 at Ankara. Constantinople and all Europe again held their collective breath 

awaiting the outcome of the battle. The Ottomans were annihilated. Bayezit was captured 

by Timur and imprisoned in an iron cage. He was paraded around Anatolia, whilst the 

Khan restored territories to tribes and clans that that been dispossessed by the Ottomans. 

He suffered further humiliations by being used by the Khan as a footstool and mounting 

block. The Khan took over Bayezit’s Harem for his personal use and forced the Sultan’s 

Serbian wife to serve naked at his table. After eight months of this treatment the great 

Bayezit’s spirit was completely broken and he died in captivity it is said by bashing his 

head repeatedly against his cage. Streams of surviving Turkish soldiers fled toward 

Europe and when it was feared that Timur would cross the Hellespont, even Greek and 

Turk fought side by side to repel the savage new enemy. Almost as quickly as they had 

appeared on the scene, however the Mongol hordes suddenly packed up and headed back 

to the eastern steppes. It would take two generations before the Ottomans could re-

establish their power in Anatolia. Constantinople was given a reprieve of over half a 

century. 

 

When dealing with a seemingly minor problem of a serotonin overdose or toxic reaction, 

we would do well to recall the story of the great Sultan Bayezit I. Most overdoses or toxic 

reactions of these agents in isolation will not present a great problem, and a good 

outcome, as Bayezit fully expected of his “minor problem” of Constantinople, is to be 

expected. The problem will be however when a second unexpected enemy turns up at the 

gate. When more than one serotonergic agent is involved the toxic reaction in 

combination can be lethal in the form of the severe serotonergic reaction. Bayezit was so 

fixated on his goal of conquering Constantinople he totally neglected his unprotected 

eastern borders by failing to enquire about the possibly of attack by other enemies 

beyond these borders, even though the existence of the alien Mongols had been known 

from attacks in previous centuries. It is for this reason that when we are presented with 

the seemingly minor problem of a serotonergic agent overdose we must make very 

careful enquiry that there are not in fact other agents also involved that may turn a minor 

problem into a lethal one.    



SEROTONIN TOXICITY 

 

Introduction 

 

Excess serotonin within the CNS leads to a condition, which is commonly referred to as 

the serotonin syndrome.  

 

A better description however is serotonin toxicity, as features present with a range of 

mild to severe forms whilst the term serotonin syndrome implies a defined clinical entity 

with a single clear prognostic importance. 
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Life threatening symptoms may occur in particular if combinations of serotonergic 

agents are taken and for this reason a careful risk assessment must include an enquiry of 

the possibility of multiple agents having been ingested. 

 

See also SSRI overdose guidelines. 
 

Pathophysiology 

 

See appendix 1 below for normal serotonin metabolism. 

 

Serotonin (or 5- hydroxy-tryptamine) toxicity results from an excess of serotonin within 

the CNS and thus is a concentration dependent toxicity that may develop in any 

individual in distinction to an idiosyncratic reaction as seen in the neuroleptic malignant 

syndrome.  

 

5HT1A & 5HT2A appear to be the receptors that are most responsible for the syndrome.
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There are a wide range of agents which may increase serotonin levels within the CNS 

including: 

 

Blockade of serotonin metabolism: 

 

● MAO inhibitors 

 

Inhibition of serotonin re-uptake: 

 

● TCAs and other antidepressants. 

 

● SSRIs/ SNRIs 

 

● Cocaine 

 

● Opioids: pethidine, tramadol, fentanyl. 

 

● St. John’s Wort 

 

Increased serotonin release: 



 

● Amphetamines. 

 

● Cocaine. 

 

Serotonin receptor agonists: 

 

● Ergot alkaloids including LSD 

 

● Hallucinogenic indole-alkyl-amines (5HT2) 

 

Increased serotonin synthesis: 

 

● L-tryptophan 

 

Non-specific agonist effects: 

 

● Bromocriptine 

 

● Lithium 

 

● Levodopa 

 

● ECT therapy 

 

Clinical Settings for Serotonin Toxicity 

 

Serotonin toxicity should be considered in any patient who has taken a serotonergic agent 

within the last 5 weeks. If longer than this serotonin toxicity is unlikely. 
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Serotonin toxicity may result in one of three clinical settings: 

 

1. Acute overdose of SSRIs 
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● When taken in isolation, symptoms are unlikely to result in life-

threatening symptoms. 

 

● Life threatening symptoms may occur if combinations of serotonergic 

agents are taken.  

 

2. During normal therapeutic drug use, (including even a single dose).
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3. Inadvertent drug interactions, where patients are taking SSRIs in combination 

with other serotonergic drugs, or other combinations of serotonergic drugs, 

(especially pethidine and MAO inhibitors), which result in, increased serotonin 

levels. 



 

Clinical Features 

 

Serotonin toxicity presents as a spectrum of clinical syndromes that can range from very 

mild to severe and life threatening. 

 

The onset of symptoms is rapid, typically within hours.  

 

Resolution, with cessation of the offending agent and appropriate treatment, may take 24- 

48 hours. 

 

The syndrome results in abnormalities of: 

 

1. Conscious / mental state. 

 

2. Autonomic dysfunction. 

 

3. Hyperthermia. 

 

4. Neuromuscular (extrapyramidal) effects. 

 

Specifically features can include: 

 

1. Altered conscious state:  

 

● Agitation. 

 

● Anxiety. 

 

● Hypomania. 

 

● Confusion 

 

 In more severe cases: 
 

● Clouded conscious state. 
 

● Coma. 

 

● Seizures. 

 

2. Autonomic dysfunction: 

 

● Tachycardia / increased blood pressure. 

 

● Flushing or sweating. 
 

 ● Mydriasis. 
 



3. Hyperthermia:  

 

This is probably due to to diffuse muscle rigidity (although there may also be 

some contribution from direct central serotonergic effects). 

 

● Mild 37-38.5 
0
 Celsius. 

 

● Severe  38.5 
0
 Celsius. 

 

In severe cases hyperthermia may lead to frank generalized 

rhabdomyolysis (with its attendant complications) and a “heat stroke” 

type picture (with its attendant complications). 

 

4. Neuromuscular abnormalities, including: 

 

● Generalized hyperreflexia. 

 

● Sustained clonus is usually found at the ankle. Generalized spontaneous 

clonus may occur in moderate to severe cases and this is rarely seen in any 

condition other than serotonin toxicity. 

 

The lower limbs usually have a much greater degree of hyperreflexia and 

clonus than the upper limbs. 

 

● Myoclonus 

 

● Tremor 

 

● Nystagmus. 

 

● A more serious complication is generalized muscle rigidity, (which is 

usually present in severe cases and often more apparent in the lower limbs 

compared to the upper). 

 

Ataxia or incoordination is not a reliable finding, as serotonin toxicity does not 

appear to cause pure cerebellar signs. It is worth noting that any patient who is 

agitated and confused may appear to be ataxic. 

 

Severity of symptoms: 

 

Symptoms may be classified as mild, moderate or severe. 

 

Mild serotonin toxicity: 

 

● Mild features that may not even concern the patient. 

 

● Mild cases will often go unrecognized. 

 



● They may occur even during therapeutic use. 

 

Moderate serotonin toxicity: 

 

● This is when symptoms cause significant distress to the patient.  

 

● Whilst the symptoms deserve treatment, the condition is not life threatening. 

 

Severe serotonin toxicity:  

 

● This is a medical emergency, and is characterised by life-threatening symptoms 

that include, severe hyperthermia, muscle rigidity and eventual multiorgan failure. 

 

● It is almost exclusively associated with combinations of drugs acting at 

different sites. The most common combination is a MAO inhibitor and an 

SSRI.   

 

Diagnostic criteria 

 

Attempts have been made at developing specific diagnostic criteria. 

 

The older sometimes quoted “Sternbach” criteria were provisional, non-specific and 

never validated. The relative non-specificity of the criteria has resulted in increasing 

confusion about which medication can cause serotonin toxicity. In some cases serotonin 

toxicity has been attributed to agents, which have serotonin blocking activity! Prominent 

examples of this misinterpretation have included mirtazapine and olanzapine. 

 

The best current criteria are the “Hunter Serotonin Toxicity Criteria” 
1
 these criteria do 

not attempt to include all known serotonergic symptoms, but rather concentrate on those 

that are specific enough to enable a confident diagnosis of serotonin toxicity that requires 

medical treatment. 

 

The Hunter Area Toxicology Service criteria (or “HATS” criteria) identify only the 

variables required to accurately predict serotonin toxicity.  

 

These variables include: 

 

● Spontaneous clonus  

 

● Inducible clonus 

 

● Ocular clonus 

 

● Agitation 

 

● Diaphoresis 

 

● Tremor  



 

● Hyperreflexia 

 

Two additional parameters are include to identify life-threatening symptoms: 

 

● Hyperthermia > 38.5 
0
 Celsius 

 

● Muscle hypertonia/ rigidity.  

 

These parameters can be assessed according to the following decision pathway: 

 

 

 

Differential Diagnosis: 

 

Other conditions which need to be considered in the differential diagnosis include: 

 



1. Sepsis 

 

2. Thyroid storm 

 

3.  Other hyperthermic drug reactions: 

 

● Malignant hyperpyrexia is rapid in onset and initiated by an anaesthetic 

 agent. 

 

● Serotonin syndrome is most commonly confused with the neuroleptic 

 malignant syndrome. 

 

 ● Malignant hyperthermia 

 

 ● Anticholinergic syndrome. 

 

The following features will help distinguish: 
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Condition 

 

 

Agent 

 

Onset 

 

Vital 

Signs 

 

 

Skin 

 

Neurological 

Tone 

 

Reflexes 

 

Mental  

State 

 

Bowel 

sounds 

 

Serotonin 

Syndrome 

 

 

Serotonin 

agonist 

 

< 12 

hours 

 

All 

elevated 

 

Sweaty 

 

Increased 

Especially 

Lower limbs  

 

 

Increased 

And 

Clonus 

 

Agitation 

to 

Coma 

 

Increased 

 

Neuroleptic 

Malignant 

Syndrome 

 

 

Dopamine 

Antagonist 

 

 

Days 

 

All 

elevated 

 

 

Sweaty 

 

Lead-pipe 

Rigidity 

 

 

Decreased 

 

Mutism 

Bradykinesia 

Coma 

 

Normal 

 

Anticholinergic 

Syndrome 

 

 

Anticholinergic 

Agent 

 

< 12 

hours 

 

All 

elevated 

 

 

Hot 

Dry 

 

Normal 

 

Normal 

 

Delirium 

 

Decreased 

Or 

Absent 

 

 

Malignant 

Hyperthermia 

 

 

Inhalational 

Anaesthetic 

 

Minutes 

- hours 

 

All 

elevated 

 

Sweaty 

Mottled 

 

Generalized 

Rigidity 

 

 

Decreased 

 

Agitation 

 

Decreased 

 

 

Investigations 

 

There is no specific diagnostic test and diagnosis is made on clinical grounds. 

 



Investigations are directed at ruling out other causes of observed clinical abnormalities 

especially in relation to fever and confusion and in the diagnosis of various 

complications, mainly of hyperthemia and rhabdomyolysis. 

 

1. Blood tests include: 

 

● FBE 

 

● U&Es / glucose 

 

● CK 

 

● Troponin 

 

● LFTs 

 

● Coingestants: Paracetamol/blood alcohol 

 

2. CXR 

 

3. ECG 

 

4. Others as clinically indicated: 

 

● Septic workup will need to be considered if sepsis is a differential 

diagnosis. 

 

Management 

 

Most mild cases will resolve rapidly over 24 hours with cessation of the offending agent 

and good supportive care. 

 

Those with moderate or severe toxicity will require more intensive treatment. 

 

Treatment is predominantly supportive. 

 

1.  Attention to any immediate ABC issues. 

 

● Paralysis and ventilation will be necessary for severe hyperthermia / 

muscle rigidity. 

 

2. IV fluids: 

 

 ● For any circulatory compromise or dehydration. 

 

3. Hyperthermia: 

 

● Patients should be actively and passively cooled. 



 

4. Benzodiazepines: 

 

 ● These are useful for anxiety and agitation.  

 

● They have also been reported to non-specifically inhibit serotonin 

neurotransmission. 

 

Give 5- 10 mg titrated IV to achieve mild sedation. 

 

5 Other supportive measures are provided as required. 

 

6. Cease the offending agent. 

 

7. Anti-serotonergic agents: 

 

The role of specific serotonin antagonists is not well defined at present. There are 

some animal studies that suggest they are capable of reversing the lethal effects of 

serotonin toxicity. Numerous case reports of successful use are difficult to 

separate from the natural resolution of toxicity. 

 

The following are options: 

 

 Cyproheptadine: 

 

● Oral (or crushed tablets via a nasogastric tube) cyproheptadine is the 

most useful serotonin antagonist for moderate toxicity.  

 

● The initial dose is 8 mg orally. 

 

● If a response is seen, continue treatment with 8 mg orally every 8 hours 

 for 24 hours. 

 

● Some resolution of symptoms should be seen within 2 hours of the 

 initial dose. 

 

● Providing all serotonergic agents have been ceased therapy should not be 

 required beyond 24 hours, unless symptoms have been caused by an 

 irreversible MAO inhibitor. 

 

● Paediatric dosing is not well established, but the following has been 

 suggested for 7-14 year olds: 4mg stat followed by 4mg every 8 hours for 

 24 hours. 

 

 Alternative Anti-serotonergic agents to Cyproheptadine include:  

 

 Chlorpromazine: 

 



● This has some anti-serotonin activity and so may be useful for sedation in 

severe cases or when oral medication is unable to be taken. 
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● 25mg (- 100mg) can be given by slow IV infusion: in 100 mls normal 

 saline over 30- 60 minutes. 

 

● Chlorpromazine however has significant side effects with regard to 

 hypotension, excessive sedation and anticholinergic effects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 1 

 

Serotonin Neurotransmission 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Serotonin Neurotransmission, (NEJM March 2005). 

 

● Serotonin is produced in presynaptic neurons by hydroxylation and 

decarboxylation of L-tryptophan.  

 



● Serotonin is then incorporated into vesicles, where it resides until it is needed for 

neurotransmission. After axonal stimulation, serotonin is released into the 

intrasynaptic space; presynaptic serotonin receptors function as a feedback loop 

to inhibit exocytosis of vesicles (shown in red below).  

 

● Serotonin then binds to postsynaptic receptors to effect neurotransmission.  

 

● A reuptake mechanism returns serotonin to the cytoplasm of the presynaptic 

neuron, where it is reintroduced into vesicles. Serotonin is then metabolized by 

monoamine oxidase subtype A to hydroxyindoleacetic acid. 
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