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Introduction
• Request for a discussion of Serotonin Syndrome
• SS has many symptoms, but the most concerning aspect is fever
• What febrile syndromes do we see usually see in periop

• Urosepsis
• GI infections
• Infected prostheses
• Etc. 

• What other syndromes can we see in periop? 
• Often more scary then sepsis

• Serotonin Syndrome , Anticholinergic toxicity, Thyroid storm , Malignant 
Hyperthermia, Neuroleptic Malignant Syndrome
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Serotonin Syndrome

• Mild to severe symptoms
oFever
oAgitation
oHyperreflexia
oTremor
oSweating
oMydriasis
oDiarrhea
oSeizures
oRhabdomyolysis
oDIC

• Cause
o2 or more serotonergic 

medications or drugs
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Serotonergic drugs
combination with other serotonergic drugs. The table below lists some of these drugs.

Class Drugs that can induce serotonin syndrome

Antidepressants Monoamine oxidase inhibitors (MAOIs),[4] TCAs,[4] SSRIs,[4] SNRIs,[4] nefazodone,[9] trazodone[9] and
mirtazapine.[4]

Opioids Dextropropoxyphene,[10] tramadol,[4] tapentadol, pethidine (meperidine),[4] fentanyl,[4] pentazocine,[4]

buprenorphine[11] oxycodone,[12] hydrocodone[12]

CNS stimulants
MDMA,[4] MDA,[4] methamphetamine,[13] lisdexamfetamine,[14] amphetamine,[15] phentermine,[10]

amfepramone (diethylpropion),[10] serotonin releasing agents[7] like hallucinogenic substituted
amphetamines,[10] sibutramine,[4] methylphenidate,[10] cocaine[10]

5-HT1 agonists Triptans[4][10]

Psychedelics 5-Methoxy-diisopropyltryptamine,[4] LSD[16][17]

Herbs St John's Wort,[4] Syrian rue,[4] Panax ginseng,[4] Nutmeg,[18] Yohimbe[19]

Others
tryptophan,[4] L-Dopa,[20] valproate,[4] buspirone,[4] lithium,[4] linezolid,[4][21] dextromethorphan,[4] 5-
hydroxytryptophan,[9] chlorpheniramine,[10] risperidone,[22] olanzapine,[23] ondansetron,[4] granisetron,[4]

metoclopramide,[4] ritonavir[4]metaxalone[4]

Many cases of serotonin toxicity occur in patients who have ingested drug combinations that synergistically increase
synaptic serotonin.[8] It may also occur as a symptom of overdose of a single serotonergic agent.[24] The combination of
MAOIs with precursors such as l-tryptophan or 5-htp pose a particularly acute risk of life-threatening serotonin syndrome.[25]

The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept

A postulated "spectrum concept" of serotonin toxicity emphasises the role that progressively increasing serotonin levels play
in mediating the clinical picture as side effects merge into toxicity. The dose-effect relationship is the effects of progressive
elevation of serotonin, either by raising the dose of one drug, or combining it with another serotonergic drug which may
produce large elevations in serotonin levels.[46] Some experts prefer the terms serotonin toxicity or serotonin toxidrome, to
more accurately reflect that it is a form of poisoning.[7][47]

Pathophysiology

Diagnosis
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The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept

A postulated "spectrum concept" of serotonin toxicity emphasises the role that progressively increasing serotonin levels play
in mediating the clinical picture as side effects merge into toxicity. The dose-effect relationship is the effects of progressive
elevation of serotonin, either by raising the dose of one drug, or combining it with another serotonergic drug which may
produce large elevations in serotonin levels.[46] Some experts prefer the terms serotonin toxicity or serotonin toxidrome, to
more accurately reflect that it is a form of poisoning.[7][47]
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combination with other serotonergic drugs. The table below lists some of these drugs.
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mirtazapine.[4]

Opioids Dextropropoxyphene,[10] tramadol,[4] tapentadol, pethidine (meperidine),[4] fentanyl,[4] pentazocine,[4]

buprenorphine[11] oxycodone,[12] hydrocodone[12]

CNS stimulants
MDMA,[4] MDA,[4] methamphetamine,[13] lisdexamfetamine,[14] amphetamine,[15] phentermine,[10]

amfepramone (diethylpropion),[10] serotonin releasing agents[7] like hallucinogenic substituted
amphetamines,[10] sibutramine,[4] methylphenidate,[10] cocaine[10]

5-HT1 agonists Triptans[4][10]

Psychedelics 5-Methoxy-diisopropyltryptamine,[4] LSD[16][17]

Herbs St John's Wort,[4] Syrian rue,[4] Panax ginseng,[4] Nutmeg,[18] Yohimbe[19]
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hydroxytryptophan,[9] chlorpheniramine,[10] risperidone,[22] olanzapine,[23] ondansetron,[4] granisetron,[4]
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Many cases of serotonin toxicity occur in patients who have ingested drug combinations that synergistically increase
synaptic serotonin.[8] It may also occur as a symptom of overdose of a single serotonergic agent.[24] The combination of
MAOIs with precursors such as l-tryptophan or 5-htp pose a particularly acute risk of life-threatening serotonin syndrome.[25]

The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept
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Many cases of serotonin toxicity occur in patients who have ingested drug combinations that synergistically increase
synaptic serotonin.[8] It may also occur as a symptom of overdose of a single serotonergic agent.[24] The combination of
MAOIs with precursors such as l-tryptophan or 5-htp pose a particularly acute risk of life-threatening serotonin syndrome.[25]

The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept
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Many cases of serotonin toxicity occur in patients who have ingested drug combinations that synergistically increase
synaptic serotonin.[8] It may also occur as a symptom of overdose of a single serotonergic agent.[24] The combination of
MAOIs with precursors such as l-tryptophan or 5-htp pose a particularly acute risk of life-threatening serotonin syndrome.[25]

The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept

A postulated "spectrum concept" of serotonin toxicity emphasises the role that progressively increasing serotonin levels play
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Many cases of serotonin toxicity occur in patients who have ingested drug combinations that synergistically increase
synaptic serotonin.[8] It may also occur as a symptom of overdose of a single serotonergic agent.[24] The combination of
MAOIs with precursors such as l-tryptophan or 5-htp pose a particularly acute risk of life-threatening serotonin syndrome.[25]

The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept

A postulated "spectrum concept" of serotonin toxicity emphasises the role that progressively increasing serotonin levels play
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Many cases of serotonin toxicity occur in patients who have ingested drug combinations that synergistically increase
synaptic serotonin.[8] It may also occur as a symptom of overdose of a single serotonergic agent.[24] The combination of
MAOIs with precursors such as l-tryptophan or 5-htp pose a particularly acute risk of life-threatening serotonin syndrome.[25]

The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept

A postulated "spectrum concept" of serotonin toxicity emphasises the role that progressively increasing serotonin levels play
in mediating the clinical picture as side effects merge into toxicity. The dose-effect relationship is the effects of progressive
elevation of serotonin, either by raising the dose of one drug, or combining it with another serotonergic drug which may
produce large elevations in serotonin levels.[46] Some experts prefer the terms serotonin toxicity or serotonin toxidrome, to
more accurately reflect that it is a form of poisoning.[7][47]

Pathophysiology

Diagnosis

combination with other serotonergic drugs. The table below lists some of these drugs.

Class Drugs that can induce serotonin syndrome

Antidepressants Monoamine oxidase inhibitors (MAOIs),[4] TCAs,[4] SSRIs,[4] SNRIs,[4] nefazodone,[9] trazodone[9] and
mirtazapine.[4]

Opioids Dextropropoxyphene,[10] tramadol,[4] tapentadol, pethidine (meperidine),[4] fentanyl,[4] pentazocine,[4]

buprenorphine[11] oxycodone,[12] hydrocodone[12]

CNS stimulants
MDMA,[4] MDA,[4] methamphetamine,[13] lisdexamfetamine,[14] amphetamine,[15] phentermine,[10]

amfepramone (diethylpropion),[10] serotonin releasing agents[7] like hallucinogenic substituted
amphetamines,[10] sibutramine,[4] methylphenidate,[10] cocaine[10]

5-HT1 agonists Triptans[4][10]

Psychedelics 5-Methoxy-diisopropyltryptamine,[4] LSD[16][17]

Herbs St John's Wort,[4] Syrian rue,[4] Panax ginseng,[4] Nutmeg,[18] Yohimbe[19]

Others
tryptophan,[4] L-Dopa,[20] valproate,[4] buspirone,[4] lithium,[4] linezolid,[4][21] dextromethorphan,[4] 5-
hydroxytryptophan,[9] chlorpheniramine,[10] risperidone,[22] olanzapine,[23] ondansetron,[4] granisetron,[4]

metoclopramide,[4] ritonavir[4]metaxalone[4]

Many cases of serotonin toxicity occur in patients who have ingested drug combinations that synergistically increase
synaptic serotonin.[8] It may also occur as a symptom of overdose of a single serotonergic agent.[24] The combination of
MAOIs with precursors such as l-tryptophan or 5-htp pose a particularly acute risk of life-threatening serotonin syndrome.[25]

The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept

A postulated "spectrum concept" of serotonin toxicity emphasises the role that progressively increasing serotonin levels play
in mediating the clinical picture as side effects merge into toxicity. The dose-effect relationship is the effects of progressive
elevation of serotonin, either by raising the dose of one drug, or combining it with another serotonergic drug which may
produce large elevations in serotonin levels.[46] Some experts prefer the terms serotonin toxicity or serotonin toxidrome, to
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synaptic serotonin.[8] It may also occur as a symptom of overdose of a single serotonergic agent.[24] The combination of
MAOIs with precursors such as l-tryptophan or 5-htp pose a particularly acute risk of life-threatening serotonin syndrome.[25]

The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept

A postulated "spectrum concept" of serotonin toxicity emphasises the role that progressively increasing serotonin levels play
in mediating the clinical picture as side effects merge into toxicity. The dose-effect relationship is the effects of progressive
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Many cases of serotonin toxicity occur in patients who have ingested drug combinations that synergistically increase
synaptic serotonin.[8] It may also occur as a symptom of overdose of a single serotonergic agent.[24] The combination of
MAOIs with precursors such as l-tryptophan or 5-htp pose a particularly acute risk of life-threatening serotonin syndrome.[25]

The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept

A postulated "spectrum concept" of serotonin toxicity emphasises the role that progressively increasing serotonin levels play
in mediating the clinical picture as side effects merge into toxicity. The dose-effect relationship is the effects of progressive
elevation of serotonin, either by raising the dose of one drug, or combining it with another serotonergic drug which may
produce large elevations in serotonin levels.[46] Some experts prefer the terms serotonin toxicity or serotonin toxidrome, to
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Many cases of serotonin toxicity occur in patients who have ingested drug combinations that synergistically increase
synaptic serotonin.[8] It may also occur as a symptom of overdose of a single serotonergic agent.[24] The combination of
MAOIs with precursors such as l-tryptophan or 5-htp pose a particularly acute risk of life-threatening serotonin syndrome.[25]

The case of combination of MAOIs with tryptamine agonists (commonly known as ayahuasca) can present similar dangers as
their combination with precursors, but this phenomenon has been described in general terms as the "cheese effect". Many
MAOIs irreversibly inhibit monoamine oxidase. It can take at least four weeks for this enzyme to be replaced by the body in
the instance of irreversible inhibitors.[26]

Many medications may have been incorrectly thought to cause serotonin syndrome. For example, some case reports have
implicated atypical antipsychotics in serotonin syndrome, but it appears based on their pharmacology that they are unlikely
to cause the syndrome.[27] It has also been suggested that mirtazapine has no significant serotonergic effects, and is
therefore not a dual action drug.[28] Bupropion has also been suggested to cause serotonin syndrome,[29][30] although as
there is no evidence that it has any significant serotonergic activity, it is thought unlikely to produce the syndrome.[31] In 2006
the United States Food and Drug Administration issued an alert suggesting that the combined use of SSRIs or SNRIs and
triptan medications or sibutramine could potentially lead to severe cases of serotonin syndrome.[32] This has been disputed
by other researchers as none of the cases reported by the FDA met the Hunter criteria for serotonin syndrome.[32][33] The
condition has however occurred in surprising clinical situations, and because of phenotypic variations among individuals, it
has been associated with unexpected drugs, including mirtazapine.[34][35]

The relative risk and severity of serotonergic side effects and serotonin toxicity, with individual drugs and combinations, is
complex. Serotonin syndrome has been reported in patients of all ages, including the elderly, children, and even newborn
infants due to in utero exposure.[36][37][38][39] The serotonergic toxicity of SSRIs increases with dose, but even in over-dose it
is insufficient to cause fatalities from serotonin syndrome in healthy adults.[40][41] Elevations of central nervous system
serotonin will typically only reach potentially fatal levels when drugs with different mechanisms of action are mixed
together.[7] Various drugs, other than SSRIs, also have clinically significant potency as serotonin reuptake inhibitors, (e.g.
tramadol, amphetamine, and MDMA) and are associated with severe cases of the syndrome.[4][42]

Serotonin is a neurotransmitter involved in multiple states including aggression, pain, sleep, appetite, anxiety, depression,
migraine, and vomiting.[8] [clarification needed] In humans the effects of excess serotonin were first noted in 1960 in patients
receiving a monoamine oxidase inhibitor (MAOI) and tryptophan.[43] The syndrome is caused by increased serotonin in the
central nervous system.[4] It was originally suspected that agonism of 5-HT1A receptors in central grey nuclei and the medulla
was responsible for the development of the syndrome.[44] Further study has determined that overstimulation of primarily the
5-HT2A receptors appears to contribute substantially to the condition.[44] The 5-HT1A receptor may still contribute through a
pharmacodynamic interaction in which increased synaptic concentrations of a serotonin agonist saturate all receptor
subtypes.[4] Additionally, noradrenergic CNS hyperactivity may play a role as CNS norepinephrine concentrations are
increased in serotonin syndrome and levels appear to correlate with the clinical outcome. Other neurotransmitters may also
play a role; NMDA receptor antagonists and GABA have been suggested as affecting the development of the syndrome.[4]

Serotonin toxicity is more pronounced following supra-therapeutic doses and overdoses, and they merge in a continuum
with the toxic effects of overdose.[40][45]

Spectrum concept

A postulated "spectrum concept" of serotonin toxicity emphasises the role that progressively increasing serotonin levels play
in mediating the clinical picture as side effects merge into toxicity. The dose-effect relationship is the effects of progressive
elevation of serotonin, either by raising the dose of one drug, or combining it with another serotonergic drug which may
produce large elevations in serotonin levels.[46] Some experts prefer the terms serotonin toxicity or serotonin toxidrome, to
more accurately reflect that it is a form of poisoning.[7][47]
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Diagnosis
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Diagnosis

• Based on symptoms
• Based on medication use
• No labs

• Don’t miss
oNMS
oMH
oAnticholinergic toxicity
oHeat Stroke
oMeningitis
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Treatment and Epidemiology

• Treatment
oStop the drug
oAntiserotonin (cyproheptadine)
oFluids and alkalinization
oTreat seizures
oTreat renal failure
oTreat coagulopathy

• Epidemiology
oUnknown
oDoctors don’t know about it
oLibby Zion case
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Anticholinergic Toxicity
• Classical description

oHot as Hell

oBlind as a Bat

oDry as a Bone

oRed as a Beet

oMad as a Hatter

• Cause
oDrugs

� Prescription: Tricyclics, 
Phenothiazines, Parkinson, Eye Drops

� OTC: Antihistamines (Excedrin PM, 
Sominex, Pamprin, Coricidin)

oPlant poisoning
� Nightshade

oDrugs
� Jimson weed
� Mushrooms

Diagnosis

• History of drug use
• Physical signs

oFever
oMydriasis
oBP instability, tachycardia, 

pulmonary edema, EKG changes
oQuiet abdomen
oFlushed skin
oDry skin and membranes
oSeizures/Coma
oHallucinations

• Differential diagnosis
oDTs
oPsych diagnosis
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Treatment

• Stop offending drug
• IV, EKG monitoring
• Activated charcoal/Cathartic
• Antipyretics
• Benzodiazepines
• Rarely physostigmine
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Thyroid Storm

• Symptoms
oFever
oTachycardia and arrhythmia
oVomiting
oDiarrhea
oAgitation
oHeart Failure
oMI

• Causes
oHyperthyroid meds stopped or 

becomes ineffective
oUntreated mild hyperthyroidism
o Intercurrent disease
oAnesthesia

Burch Wartofsky Score
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Release and control of thyroid hormone
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Treatment

• Admission to ICU
• Administer KI
• Anti-thyroid drugs

oMethimazole
oPTU

• Corticosteroids

• Beta blockers
• Antipyretics
• Fluid resuscitation
• Ventilation
• Treat underlying other disease
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Treatment with steroids 
and anti-thyroid drugs
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Iodide, Methimazole, 
Propylthiouracil

Corticosteroids
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Malignant Hyperthermia

• Autosomal dominant disease–incomplete penetrance
• Is modified/caused by environmental factors
• Usually associated with fluorinated hydrocarbon anesthetics and 

succinylcholine
• When triggered there is a dramatic increase in oxidative metabolism –

as long as the oxygen holds out
• Muscle breakdown
• Specific ‘antidote’ is dantrolene

History of Malignant Hyperthermia

• First described in humans 1962 in Australia
• Research limited until the recognition of Porcine Stress Syndrome and 

‘awake triggering’ 
• Correlation doubted until discovery of ‘awake triggering’ in humans
• MH can also occur in other animals (certain pig breeds, dogs, horses, 

mice)
• Pigs are the main study model
• May be 6 or more genes responsible for MH
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Pathophysiology of MH

• Trigger causes massive release of 
Ca+2 from Sarcoplasmic 
reticulum
• Possible triggers
• Anesthetic Agents (Sux/volatile, 

not Nitrous)
• Heat
• Exercise
• Other things that increase Ca+2 –

epinephrine, digitalis, caffeine, 
phosphodiesterase inhibitors
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6 or more of these make MH likely

• Respiratory Acidosis
• Metabolic Acidosis
• Heart involvement (arrhythmia, V tach, V fib)
• Muscle breakdown (CPK, brown urine with myoglobin)
• Muscle rigidity (especially masseter spasm)
• Temperature increase (may be a late sign or not super high)
• Family History
• Reversal of signs with dantrolene
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Treatment

• Treatment is usually prevention
oNo Sux, No volatile
oUse Regional
oRemove vaporizers

• Flush machine 20-30 minutes
• Avoid stress
• Dantrolene
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Dantrolene

• Originally developed in WWII for back pain in soldiers
• Administered orally at first
• Treatment for MH in 1975 (MH discovered in 1962!!!!!)
• Difficult to dissolve in water
• Used to be given pre-operatively to all MH patients
• Now only given if MH occurs
• Mortality decreased fro 80% (60s) to 5% (now)
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Treatments/Epidemiology

• Other treatments
oVentilator
oBicarbonate
oFluids
oAlkalinize urine
oTreatment of arrhythmias
oEpidemiology1:5000-1:100,000
oFamily History
oReversal of signs with dantrolene

• Epidemiology
o1:5000-1:100,000
oGenerally younger
oNo gender difference
oNo racial difference
oDefinitely runs in families

• Muscle biopsy
oDon’t bother
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Neuroleptic Malignant Syndrome

• Symptoms
oMuscle rigidity
oFever
oDiaphoresis
oAutonomic Instability
oCognitive Changes (Delirium, 

agitation, coma)
oElevated CPK

• Onset
o3 or more days

• Duration
o8 hours to over a month

Pathophysiology
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Causes of NMS

• Common drugs
oButyrophenones (haloperidol, 

droperidol)
oPhenothiazines (promethazine, 

chlorpromazine)
oAntipsychotics

� Clozapine
� Olanzapine
� Risperidone
� Quetiapine
� Ziprasidone

• Unusual drugs
oAbrupt stoppage of parkinson’s

drugs
oMetoclopramide
oDesipramine
oPhenelzine
oReserpine

• Non-dopamine drugs
oLithium
oAmoxapines
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Pathophysiology

• Fever – Dopamine blockade in hypothalamus
• Bradykinesia/Rigidity – Dopamine blockade (like Parkinson’ s)
• Leukocytosis – hypertonia and rhabdomyolysis
• Hypertensive crisis
• Metabolic acidosis
• Increased calcium release from sarcoplasmic reticulum
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Diagnosis

• Easily confused with
oStatus epilepticus
oMH
oCocaine toxicity
oAmphetamine overdose
oEncephalitis
oHeat Stroke

• Differences from serotonin
oBradykinesia
oRigidity
oLeukocytosis
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Treatment

• Stop the drug
• Treat hyperpyrexia
• Ventilatory support
• Circulatory support
• Pharmacological treatment

oMostly none
oOccasional dantrolene

• Benzodiazepines
• Hydration and alkalinization of 

urine
• Epidemiology

o0.2-3%
oPossible genetic basis
oMostly male
oAssociated with Lewy body 

dementia
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So what have we learned?
Making the right diagnosis may be tough.

Symptoms SS NM TS MH ACH Tox
CVS Autonomic instability Yes Yes Yes
CVS Arrhythmia Yes
CVS Tachycardia Yes Yes Yes Yes Yes
CVS Hypertension Yes Yes Yes
CVS Shock Yes Yes Yes
CVS Heart Failure Yes
CVS MI Yes
GI Vomiting Yes
GI Diarrhea Yes Yes
GU Urinary Retention Yes
Hematologic DIC Yes
Laboratory Rhabdomyolysis Yes Yes Yes
Laboratory Leukocytosis No Yes
Laboratory Metabolic acidosis Yes Yes Yes
Laboratory Increased CPK Yes
Laboratory Respirary Acidosis Yes
Neuro/Cognitive Agitation Yes Yes Yes Yes
Neuro/Cognitive Hyperreflexia Yes
Neuro/Cognitive Tremor Yes
Neuro/Cognitive Seizures Yes Yes Yes
Neuro/Cognitive Coma Yes
Neuro/Cognitive Hallucinations Yes
Neuro/Cognitive Delirium Yes Yes
Neuro/Cognitive Clonus Yes
Neuro/Cognitive Hypervigilance Yes
Neuro/Cognitive Insomnia Yes
Neuro/Cognitive Rigidity Yes Yes Yes
Ocular Mydriasis Yes Yes
Other Sweating Yes
Other Dry Mucus Membranes Yes
Renal Renal Failure Yes Yes Yes
Respiratory Respiratory Failure Yes Yes Yes
Temperature Hyperthermia Yes Yes Yes Yes Yes
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Summary of important points

• All 5 processes can have high fever
• All 5 processes generally have tachycardia
• All 5 processes can be confused with each other
• All 5 processes can be confused with other disease processes
• Except Thyroid storm and MH, treatment is LARGELY supportive and 

withdrawal of the offending drug(s)
• ONLY MH generally has BOTH

oMetabolic acidosis AND
oLactic acidosis
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The End


