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Serotonin syndrome is a drug-induced clinical syndrome caused by increased serotonin activity in the
central nervous system. It occurs when starting a serotonergic drug, increasing its dose (including over-
doses) or using a serotonergic drug in combination with other drugs. It manifests along a broad spectrum,
ranging from mild side effects to life-threatening conditions. This condition should be suspected if pa-
tients have altered mental states, autonomic dysfunction, or neuromuscular symptoms such as clonus
and tremor after using serotonergic drugs. Although the Hunter criteria have been widely used, new diag-
nostic criteria have recently been proposed to screen severe serotonin toxicity. It is necessary to differen-
tiate it from neuroleptic malignant syndrome, which is associated with taking antipsychotic drugs that
exert dopamine-antagonistic effects. If serotonin syndrome is suspected, the relevant drug should be
stopped, and the patient should be treated with benzodiazepines. Severely ill patients with hyperthermia
or neuromuscular symptoms require aggressive treatment. Serotonin receptor antagonists such as cypro-
heptadine or chlorpromazine have been tried as antidotes, but the level of evidence for their therapeutic
effectiveness is very low.

Keywords: Serotonin syndrome, Poisoning, Drug overdose, Cyproheptadine

F7o] T4 AgkEw Yrhs Fgo] Qi) FHogE ArEd &
£o] Q& R ] AL AR Bt E AZEY 55

AlZE(serotonin; 5-hydroxytryptamine, 5-HT)- H<= ofu] FOo g Ankshd Qteths AT Ty, A B FAL Al

Al EYERON FEEE A%

AgEdolth, A2 237 Eu iHeffect), T B8] 97 AAT Ao A2EY =4

(serotonin syndrome)2 F5A173419] AZEY /o] Z71E ] (toxicity) 2.2 FESIV| & it HAES AZEY SFFo gt
WshE ok 8 A SFolth AlREY T o7t 4 TEL E5) YA Ak 2 X 2of =80 &2} 54},
< 19609 5E BuEgoH, AREY FFLolg: §ole

1980913 E AgHg Aoz Azed AE5 AAA 5 MEEY S50} U2 E oF=2 9l of

1

— b L

JAzETY A2 AFSAY SHohe BT, HFEEE B¢
EE AREUA s HE A B8she Aol 2" 7 NEEY S50 AT 4= Jlrtx Barg k59 552 Table

H|g BAEHE AP Hdshs 400 o|27171A gt AHE 13} 2t} A AREd A5
S Bt} Aug AHE 2% 7 EEE, JAA A2EW & uptake inhibitor, SSRI) Z

A A (selective serotonin re-
+2 3FQ-SA| 7} tE Aol X, uf-$- W

© 2024 The Korean Society of Clinical Toxicology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://jksct.orkr

1"


http://crossmark.crossref.org/dialog/?doi=10.22537/jksct.2024.00008&domain=pdf&date_stamp=2024-12-31

J Korean Soc Clin Toxicol 2024;22(2):11-17

JKSCT

Table 1. Drugs associated with serotonin syndrome

Class Medications
Psychiatric

SSRIs and SNRIs Citalopram, fluoxetine, sertraline, venlafaxine, vilazodone

MAOIs Phenelzine, rasagiline, selegiline

TCAs Clomipramine, imipramine

Others Bupropion, trazodone, buspirone, lithium

Antiepileptics Lamotrigine, carbamazepine, valproate

Antiemetics Ondansetron, granisetron, metoclopramide

Anti-migraine Triptans, ergotamine, methylergonovine

Opioids Fentanyl, meperidine, methadone, dextromethorphan, tramadol
llicit drugs Methamphetamine, amphetamine, ecstasy, psilocybin, LSD

Miscellaneous

Linezolid, cyclobenzaprine, methylene blue, St. John's Wort, fluconazole, chlorpheniramine

SSRI: selective serotonin reuptake inhibitor, SNRI: serotonin-norepinephrine reuptake inhibitor, MAOI: monoamine oxidase inhibitor, TCA: tricy-

clic antidepressant, LSD: lysergic acid diethylamide.
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Table 2. Recently published case reports of serotonin syndrome in Korea

Author (reference) Year  Age (yr) Sex Trigger/causative drugs Remarks
You et al.” 2012 65 M Fluoxetine, duloxetine (separately)
Choi et al.” 2012 73 F Amantadine + escitalopram ESRD
Jung etal.” 2013 43 M Dextromethorphan + chlorpheniramine Overdose
57 F Codeine + cough syrup Overdose
Kang et al.” 2014 62 M Tramadol
Jeon et al.” 2014 72 M Linezolid
Lee etal.” 2015 51 M Fentanyl + palonosetron + meperidine
Jang et al.” 2015 52 M Ropinirole
63 M Carbidopa/levodopa
Choi et al.” 2016 24 F Duloxetine
Jeon et al.” 2017 55 M Atomoxetine + methylphenidate, levodopa/benserazide
Joeetal” 2017 70 M Meperidine Improved by famotidine IV
Boudier-Revéret et al.”” 2021 36 F Amitriptyline + duloxetine

M: male, F: female, ESRD: end-stage renal disease, IV: intravenous.

Table 3. The Hunter serotonin toxicity criteria

ELSE IF (hypertonic = yes) AND (temperature > 38°C) AND [(ocular clonus = yes) OR (inducible clonus = yes)] then serotonin toxicity =

No. In the presence of a serotonergic agent,
1 IF (spontaneous clonus = yes) THEN serotonin toxicity = YES
2 ELSE IF (inducible clonus = yes) AND [(agitation = yes) OR (diaphoresis = yes)] THEN serotonin toxicity = YES
3 ELSE IF (ocular clonus = yes) AND [(agitation = yes) OR (diaphoresis = yes)] THEN serotonin toxicity = YES
4 ELSE IF (tremor = yes) AND (hyperreflexia = yes) THEN serotonin toxicity = YES
5 (
YES
6 ELSE serotonin toxicity = NO
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I Ingestion of serotonergic drug I

Overdose, poisoning, drug-drug interaction*

Initiation or increase dose
Recreational drug use

Stable dose of medication

Exclusion criteria

below

1. Rule out other etiologies’
2. Neuroleptic drug had not been started or increased in dosage prior to the onset of symptom/signs

A4

1. Spontaneous clonus
2. Ocular clonus AND (agitation OR diaphoresis)
3. Hypertonic AND BT >38°C AND (ocular clonus OR

A

inducible clonus)
4. Inducible clonus AND (agitation OR diaphoresis)
5. Tremor AND hyperreflexia
6. Lower limb rigidity AND BT >38°C

At least one positive

l

1. Spontaneous clonus

2. Ocular clonus AND (agitation OR diaphoresis)

3. Hypertonia/rigidity AND BT >38°C AND
(ocular clonus OR inducible clonus)

At least one positive

A 4

|<_

Serotonin toxicity

Fig. 1. New criteria to diagnose clinically significant serotonin toxicity. Reproduced from Chiew et al.**”. BT: body temperature. *Serotonergic
agent that increases pre-synaptic serotonin concentrations or amplifies serotonergic effects. Not a serotonin antagonist or agonist or peripheral
serotonin agents; that is, ondansetron. *Other etiologies such as infectious, metabolic, or endocrine, substance abuse or withdrawal. Concurrent
assessment and management of other etiologies and serotonin toxicity may be required.
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