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Malignant hyperthermia: Dantrolene
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2) Hiayatlsr&n5N1W Dantrolene IV injection Lﬂummmgm (drug of choice) Tun135n1E" fulminant
malignant hyperthermia (MHT)®?

Malignant hyperthermia

FDA Approval: Adult, yes; Pediatric, yes Efficacy: Adult, Effective; Pediatric, Effective
Recommendation: Adult, Class |; Pediatric, Class | Strength of Evidence: Adult,Category B; Pediatric,Category B
Summary:

- Intravenous dantrolene is indicated for the management of malignant hyperthermia crises; a post-crises follow-up
dose is also indicated Prod Info DANTRIUM(R) IV injection, 2007)

- A mean dantrolene dose of 2.5 mg/kg (range, 1 to 7 mg/kg), administered intravenously, significantly reduced
mortality compared to no treatment with dantrolene of malignant hyperthermia in 11 patients (5 adult; 6 pediatric)
(Kolb et al, 1982).

- In 12 healthy volunteers, intravenous doses of 2.4 mg/kg resulted in a corresponding blood level of 4.2 mcg/mL,
maximal muscle depression, and mean twitch depression of 75%. Significant decreases in grip strength were
evident up to 20 hr after initial dose (Flewellen et al, 1983).

- Intravenous dantrolene is the drug of choice.

Neuroleptic malignant syndrome (NMS): Dantrolene Lt@&% Bromocriptine
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No. | unasdaya LUINNNTTNEN
1 Uptodate e Patients with significant hyperthermia and rigidity should be_admitted to an intensive care unit
19.2% setting and undergo aggressive supportive care as outlined above, as well as monitoring for

potential dysautonomia and other complications.

In patients with CK elevations or hyperthermia on presentation, or who do not respond to

withdrawal of medication and supportive care within the first day or two, the use of dantrolene

bromocriptine, and/or amantadine should be considered.

2 | BMJ  Clinical 1" withdrawal of antipsychotic medication

evidence®
plus

supportive therapy

Adjunct pharmacological therapy
There are no specific recommendations regarding preference of one drug over the other. Often
these drugs are used in combination

- Oral or intravenous lorazepam may be helpful to treat NMS-associated agitation

- Dantrolene may aid resolution of NMS-associated muscular rigidity and hyperthermia. However,

some studies show that combination of dantrolene with other drugs for the treatment of NMS is
associated with a prolongation of clinical recovery; therefore, use is somewhat controversial

- Bromocriptine and amantadine are especially useful if the NMS was caused by withdrawal of

anti-Parkinson's medication. They can be administered by nasogastric tube in patients with

dysphagia

- Dantrolene, bromocriptine, and amantadine are used in the treatment of NMS despite the limited

evidence of their effectiveness

3| AudNEINg ns¥neniag NMS nd1Atyma fnntazunsndauain NMS 1Hun ufinnazanamii (dehydration), am
Taanenuna frUNNATeINNEuEH hyperthermia, $n1 renal failure $aufunisdszdaniazunsndauann

$10NBUA® autonomic dysfunction a9l lun195n1 NMS Aa dantrolene @il potent muscle relaxant fiu

bromocriptine 411 dopamine agonist & dantrolene laifiarvinelutlszmnelng aslufn1sinem

uuilseAutlsypessaniy bromocriptine Wit benzodiazepine a1atun liFngiaasanfon1s
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Neuroleptic Malignant Syndrome: Treatment in Psychiatry 20077

Dopaminergic Agents. Several dopaminergic drugs, including bromocriptine and amantadine, may reverse parkinsonism
in NMS and have been reported in case reports and meta-analyses (8, 29, 30) to reduce time to recovery and halve
mortality rates when used alone or in combination with other treatments. Amantadine is generally initiated at 200-400

mg/day in divided doses administered orally or through a nasogastric tube. The starting dose of bromocriptine is 2.5 mg
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orally two or three times a day, increased to a total daily dose of 45 mg if necessary. Bromocriptine can worsen psychosis
and hypotension. It also may precipitate vomiting and thus should be used carefully in patients at risk of aspiration.
Premature discontinuation of bromocriptine has resulted in rebound symptoms in some cases.

Dantrolene. Because of its efficacy in anesthetic-induced malignant hyperthermia, the muscle relaxant dantrolene has

been used in the treatment of NMS. Dantrolene may be useful only in cases of NMS with extreme temperature elevations,

rigidity, and true hypermetabolism (8). Generally, rapid reversal of the hyperthermia and rigidity is observed in patients
treated with dantrolene, but symptoms may return if treatment is discontinued prematurely. Dantrolene can be combined
with benzodiazepines or dopamine agonists, but it should not be coadministered with calcium channel blockers, as
cardiovascular collapse can occur. Typical dosing of intravenous dantrolene in the treatment of NMS is 1-2.5 mg/kg body
weight administered initially, followed by 1 mg/kg every 6 hours if rapid resolution of the fever and rigidity is observed, with
tapering or switching to oral dantrolene after the first few days. Side effects may include impairment of respiratory or
hepatic function. In some meta-analyses (8,29, 30), improvement has been reported in approximately 80% of NMS patients
treated with dantrolene monotherapy. In addition, time to recovery may be shortened, and mortality is decreased by nearly
half compared with supportive care, whether dantrolene is used alone or in combination with other agents. However, other
anecdotal reports and a recent meta-analysis of published cases did not support the efficacy of dantrolene in NMS (31).

Pharmacologic Treatment of Neuroleptic Malignant Syndrome

TAELE 2. Proposed Treatment Algorithm for Neuroleptic Malignant Syndrome (NMS) Spectrum-Related Symptoms

First-Line Interventions Second-Line Interventions

Anticholinergic agents

Clinical Presentation
Rigidity: tremor

Woodbury Stage?

Stage I: drug-induced
parkinsonism

Stage I1: drug-induced

Supportive Care
Reduce or switch antipsy-
chotics
Discontinue, reduce, or

Rigidity; mutism; stupor Lorazepam (1-2 mg i.m. or

catatonia switch antipsychotics i.v. every 4-6 hr)
Stage I1I: mild, early Mild rigidity; catatonia or ~ Discontinue antipsychotics, Lorazepam (1-2 mg i.m. or
NMS confusion; temperature carefully monitor for i.v. every 4-6 hr)

<38°C (100.4°F); heart
rate =100 bpm

Stage IV: moderate NMS Moderate rigidity; catatonia
or confusion; tempera-
ture 38-40°C (100.4-
104°F); heart rate 100-
120 bpm

Stage V: severe NMS Severe rigidity; catatonia or
coma; temperature 240°C
(104°F); heart rate 2120

bpm

progression, correct risk
factors

Discontinue antipsychotics,
manage fluids, initiate
cooling measures, correct

risk factors, provide inten-

sive care

Discontinue antipsychotics,
manage fluids, initiate
cooling measures, correct

risk factors, provide inten-

sive care

Lorazepam (1-2 mg i.m. or
i.v. every 4-6 hr), bro-
mocriptine (2.5-5 mg p.o.
or by nasogastric [NG]

tube every 8 hr), or aman-

tadine (100 mg p.o. or by
NG tube every & hr)

Dantrolene (1-2.5 mg/kg
body weight i.v. every 6 hr
tor 48 hr, tapered), bro-
mocriptine (2.5-5 mg p.o.
or by NG tube every 8 hr),
or amantadine (100 mg
p.o. or by NG tube every &
hr)

Consider electroconvulsive
therapy (6-10 bilateral
treatments)

Consider electroconvulsive
therapy (6-10 bilateral
treatments)

# Adapted from Woodbury and Woodbury (25).
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No. | udays szAndna
1 Micromedex Generic name FDA approval Efficacy Recommendation Strength of
Evidence
Adult Child | Adult Child | Adult Child Adult Child
Dantrolene No No E - lla - B -
Bromocriptine No No | - 1l - B -

nanELue): Ffata US FDA approval = nseusideialilnaesdnisamnsuazenanigaiiing, yr =
years, mo = months; MicroMedex efficacy Fintia E = effective, F = evidence favors efficacy, | =
evidence is inconclusive, X = ineffective; MicroMedex recommendations class wusiilu I, la, Iib,
I, uaz indeterminant 39 1 = nsliendudssloniuazaaa\ilaeld, lla = frlaadaunnlFi
dselomiannnslien, b = filasanalifudselomiannnislien Asuuetiilifasanluunensdd, 1
= sl lifiulszTond aasudnides, indeterminant = lianunsnagulEannuang1uiif; MicroMedex
strength of evidence uuautlu category A, B, C, no evidence ﬁl\‘i A= ﬁﬁﬁﬂﬁﬁuﬁﬂu meta-analysis
a7 randomized-controlled trial (RCT) @uifluliluniaideniu e RCT 717 u%ﬁﬁﬁlfﬁﬁ'wmi
yaaesd LN, B = udngiufiiu meta-analysis a1n RCT dedaufioiu & RCT fiflfdindannns
naaedties eanwuunimeaeslis itelildnimeassuuy RCT, C = Wl expert's opinion, case

A .
reports, #1780 case series

2 Uptodate The use of any of these medications is controversial and largely unsupported. In an animal model

19.2@ of NMS, dantrolene reduced body temperature, CK levels, and an EMG activation measure of
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rigidity compared with control [24]. A retrospective analysis of published cases indicates that
the use of bromocriptine and/or dantrolene appeared to hasten clinical response [58]. Time to
complete recovery was reduced from a mean of 15 days (with supportive care alone) to nine days
(with dantrolene) and 10 days (with bromocriptine). Another analysis found reduced mortality: 8.6
percent in patients treated with dantrolene, 7.8 percent in patients treated with bromocriptine, and
5.9 percent in patients treated with amantadine compared with 21 percent in those receiving
supportive care alone [59].

These and similar analyses are of questionable validity because of publication and other
biases [1.59]. In contrast, a small prospective study in 20 patients showed that dantrolene and/or
bromocriptine use was associated with a more prolonged course (9.9 versus 6.8 days) and a
higher incidence of sequel compared with those receiving supportive care alone [60]. However,
the findings in this nonrandomized study could be explained by the fact that patients in the treated
group were sicker than those not treated.

While evidence supporting the use of these agents is limited, they are frequently used because of
anecdotal evidence of efficacy, lack of other proven treatments, and high morbidity and mortality
of the disorder.

3 | Clinical Dantrolene

pharmacology | Forthe treatment of neuroleptic malignant syndromet:
20112 NOTE: Response to dantrolene in this condition has not always been successful.
Intravenous dosage:
Adults: 1.25—1.5 mg/kg IV.
Elderly: See adult dosage. Insufficient data are available to evaluate the dose-response in elderly
patients; initiate dosage cautiously. Monitor clinical response.
Bromocriptine
For the treatment of symptoms associated with neuroleptic malignant syndromet:
Oral dosage:Adults: Initiate with 2.5 mg PO three times daily; usual dosage range is 5—10 mg PO
three times daily. Complete or substantial response is expected within 2—3 days of initiating
therapy.[24182]
Children: Safety and efficacy have not been established.

4 BNF 61?" Neuroleptic malignant syndrome (hyperthermia, fluctuating level of consciousness, muscle
rigidity, and autonomic dysfunction with pallor, tachycardia, labile blood pressure, sweating, and
urinary incontinence) is a rare but potentially fatal side-effect of all antipsychotic drugs.
Discontinuation of the antipsychotic drug is essential because there is no proven effective
treatment, but bromocriptine and dantrolene have been used. The syndrome, which usually lasts
for 5-7 days after drug discontinuation, may be unduly prolonged if depot preparations have been
used.

5 | AHFS 2011 | Dantrolene

Although the manufacturer states that dantrolene currently is not indicated for the management of

neuroleptic malignant syndromeng‘ "% the drug has been used successfully in a limited number of

100 101 102 103 104 105

The manufacturer states that fatalities have occurred
108 109

patients with this syndrome.

in_patients with neuroleptic malignant syndrome despite therapy with the drug. Further study

10



http://www.uptodate.com/contents/neuroleptic-malignant-syndrome/abstract/24
http://www.uptodate.com/contents/bromocriptine-drug-information?source=see_link
http://www.uptodate.com/contents/neuroleptic-malignant-syndrome/abstract/58
http://www.uptodate.com/contents/amantadine-drug-information?source=see_link
http://www.uptodate.com/contents/neuroleptic-malignant-syndrome/abstract/59
http://www.uptodate.com/contents/neuroleptic-malignant-syndrome/abstract/1,59
http://www.uptodate.com/contents/dantrolene-drug-information?source=see_link
http://www.uptodate.com/contents/bromocriptine-drug-information?source=see_link
http://www.uptodate.com/contents/neuroleptic-malignant-syndrome/abstract/60
javascript:OpenRefMonoModal('3','24182');
http://www.medicinescomplete.com/mc/bnf/62/4459.htm#_4459
http://www.medicinescomplete.com/mc/bnf/62/6682.htm#_6682
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#unlbl-use
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#unlbl-use
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#r382576108
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#r382576100
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#r382576101
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#r382576102
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#r382576103
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#r382576104
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#r382576105
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#r382576108
http://www.medicinescomplete.com/mc/ahfs/2010/a382576.htm#r382576109

No. | s1udaya sz@nsua
is needed to determine the efficacy and optimum dosage and route of administration of the drug in
thlS COﬂditiOn.mo 101102 103 104 105
Bromocriptine
Bromocriptine has been used with some success in the treatment of neuroleptic malignant
syndromet (NMS) associated with neuroleptic drug therapy (e.g., haloperidol, fluphenazine). In a
limited number of patients, bromocriptine has relieved extrapyramidal reactions, hyperthermia,
and hypertension associated with NMS.
6 Emedicine Specific drug therapies, such as dantrolene, amantadine, bromocriptine, and electroconvulsive
20119 therapy. have an uncertain role in the treatment of neuroleptic malignant syndrome. While they
generally are felt to be helpful, they have been found to be deleterious in some studies.
7 | oy Dantrolene Uaiield
NEINEN 1. Malignant hyperthermia %QLﬂuﬂﬁﬂ?mmnmmummu
199MeNLNA 2. AIUANNIIT hyperthermia LAz rhabdomyolysis Feelinnsdanmainisetnelnéddn
FRara I R Bromocriotine 4114
1. prolactinoma 178 hyperprolactinaemia Lﬁ@ﬁu&mwzﬁ"a prolactin
2. ‘lu acromegaly aANN9&319 growth hormone
3. parkinsonism gnazd direct action ‘17; dopaminergic receptors 44 substantia nigra
4. Neuroleptic Malignant Syndrome L‘f‘i’ﬂ\‘immﬂu dopamine agonist
8 Mdconsult"” Dantrolene is a direct skeletal muscle relaxant; it prevents calcium release from skeletal muscle

sarcoplasmic reticulum by acting on the ranitidine receptor. It has very little affect on smooth and

cardiac muscle. It is very effective for MH, but its efficacy in NMS has not been firmly established.

Anecdotal experience suggests occasional efficacy, but case control studies have had mixed

results.

Dantrolene has not been shown (and would not be expected) to correct a central

disorder of thermoregulation.®® It should probably be reserved for NMS patients with rigidity who

have failed other treatments.

Bromocriptine has been used at a dose of 2.5 to 15 mg given three times a day.

Bromocriptine is a partial dopamine agonist/antagonist. In rat studies, it can reverse the catatonia

induced by neuroleptics. Data on its efficacy are mixed; studies have been done showing both

benefit and lack thereof (see Chapter 38). Some retrospective studies have demonstrated a

significant reduction in mortality from NMS in those patients treated with bromocriptine as
99,100

compared with supportive care alone. In_addition, some patients who were treated with

bromocriptine for NMS experienced recurrence of NMS symptoms when this therapy was

suddenly discontinued. It has some mild side effects, namely nausea, vomiting, limited

vasospasm, dyskinesias, hallucinations, and worsening psychosis. Bromocriptine does have a
mild stimulatory effect on 5-HT receptors and does reduce brain serotonin turnover.101 lIts
indiscriminate use should be tempered with the knowledge that it might theoretically worsen
serotonin syndrome.53 It should be strongly considered for treatment of unequivocal cases of
NMS.
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3.2. 983A97N6197

Goldfrank’s Toxicologic Emergenciesm)

The editors' and authors' royalties for this edition, as in the case of the previous editions, are being donated to the
department to further the efforts of the New York City Poison Center and to help improve the care of poisoned patients.
Benzodiazepines are the most widely used pharmacologic adjuncts for treatment of NMS and are considered first line-

therapy. Despite the length of time that they have been available and recommended by many, dantrolene and

bromocriptine are not well studied,_and their incremental benefit over good supportive care is debated.84,89 However,

these drugs are associated with relatively little toxicity, and the absence of definitive evidence should not preclude their

use, particularly in patients with moderate or severe NMS.

Benzodiazepines are frequently used in the management of patients with NMS because of their rapid onset of action,
which is particularly important when patients are agitated or restless. Benzodiazepine actions are nonspecific in nature,
but they presumably attenuate the sympathetic hyperactivity that characterizes NMS by facilitating GABA-mediated
chloride transport and producing neuronal hyperpolarization in a fashion analogous to their beneficial effects in cocaine
toxicity.42 The primary disadvantage of benzodiazepines is that they may cloud the assessment of mental status.

Dantrolene reduces skeletal muscle activity by inhibiting ryanodine receptor calcium release channels, thereby interfering
with calcium release from the sarcoplasmic reticulum. In theory, this process should reduce body temperature and total
oxygen consumption and lessen the risk of myoglobinuric renal failure. Dantrolene may be particularly useful when
muscular rigidity is a prominent feature of NMS.13 It may be be given by mouth (50-100 mg/d) or by IV infusion (2-3
mg/kg/d or 10 mg/kg/d in severe cases), although the latter requires laborious reconstitution. A recent review of 271
published cases of NMS that included information regarding drug treatment found that combination therapy including
dantrolene was associated with a prolonged clinical recovery but also found that dantrolene monotherapy was associated
with higher mortality rate than other treatment modalities including supportive care.84 However, it is extremely difficult to
draw meaningful conclusions regarding the effectiveness of dantrolene from this study in light of its design. Dantrolene is a

relatively nontoxic drug suggested by some to be a reasonable therapeutic agent in patients with NMS, particularly those

with prominent rigidity, although there is inadequate supportive evidence (see Antidote in Depth A22: Dantrolene Sodium).

Bromocriptine is a centrally acting dopamine agonist that is given orally or by nasogastric tube at doses of 2.5 to 10 mg
three to four times a day. The rationale for its use rests in the belief that reversal of antipsychotic-related striatal D,

antagonism will ameliorate the manifestations of NMS. Other dopamine agonists anecdotally associated with success

include levodopa74,99 and amantadine.40,49,103 An important consideration with dopaminergic agents, however, is that

their use may be associated with exacerbation of the underlying psychiatric illness. There is no current evidence to

support their use at this time.
3.3. f@gmmmmmmiﬁnm

Dantrolene a1aluselamilneduangdulun1sinem neuroleptic malignant syndrome“a’ "
A7 3 NIRUANINEIUNIIANEILRY dantrolene AMngudiaya Pubmed
No. | Search terms Results
1 (("Dantrolene"[Mesh]) AND (("Neuroleptic Malignant Syndrome"[Mesh]) AND "Systematic"[Sb] 1(related 1)

2 (("Dantrolene"[Mesh]) AND "Serotonin Syndrome"[Mesh]) AND "Randomized Controlled Trial" | O
[Publication Type]

3 | (("Dantrolene"[Mesh]) AND "Serotonin Syndrome"[Mesh]) AND "Case Reports" [Publication Type] 79
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Systematic reviews
n1sANEABNN3SNE NMS Taaisausan NMS case report Faudt! 1980 - 2006 398 271 cases 1ngiNg
Fnengnnrautady 4 oy Ae
1) e dantrolene 1w monotherapy
2) e dantrolene SurLENaL (L& bromocriptine, amantadine Waz electroconclusive therapy)
3) edu uanwileainen dantrolene
4) U supportive treatment whifu (1A% en)
NANTTANEIAY table 1 WAE table 2
Reulbach, et al., 2007 anmsdneifliaguen fiaeilisuen dantrolene sanrianau Fedlfioan
lunstusaunu wenaniinisldien dantrolene 1l monotherapy 1y fi§asns@edangandnnsineuuy
'f?‘ﬁuj Ffavhien dantrolene anaadlslldenmnaideniunissnmm NMS  eeindlsfimiuen dantrolene p1aasd

tselaail wnlsisanniy neuroleptic monotherapy

Managing an effective treatment for neuroleptic malignant Syndrome
Introduction Neuroleptic malignant syndrome (NMS) is a rare, but sometimes fatal, adverse reaction to neuroleptics
characterized principally by fever and rigor. The aim of this study was to prove the efficacy of different NMS treatment

strategies, focusing on the efficacy of dantrolene.

Methods Altogether, 271 case reports from 27 years (from 1980 to 2006) were included. These cases were categorized
into four treatment groups and compared to each other according to effectiveness of therapy within 24 hours, mortality,
complete time of remission in days, effectiveness due to increase of dosage, relapse on the basis of decrease of dosage,
and improvement of symptoms.

Results Between the four treatment groups, the complete time of remission was significantly different (analysis of variance,
F =4.02; degrees of freedom = 3; p = 0.008). In a logistic regression with adjustment for age, gender, and severity code,
no significant predictor of the treatment for the complete time of remission (dichotomized by median) could be found.
However, if the premedication was a monotherapy with neuroleptics, the complete time of remission was significantly
shorter with

dantrolene monotherapy (t = -2.97; p = 0.004).

Conclusion The treatment of NMS with drugs that are combined with dantrolene is associated with a prolongation of

clinical recovery. Furthermore, treatment of NMS with dantrolene as monotherapy seems to be associated with a higher

overall mortality. Therefore, dantrolene does not seem to be the evidence-based treatment of choice in cases of NMS but

might be useful if premedication consisted of a neuroleptic monotherapy.
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Table 1

Efficacy of treatment
Effectiveness within 24 hours® Complete remission in days Maortality
Yes No
Dantrolens monaotherapy 23 (76.7%) 7 (23.3%) 9.4 (SD12.7) 6/37 (16.2%)
Dantrolene with additive medication 30 (44.1%) 38 (55.9%) 19.0 (SD 31.8) 6/82 (7.3%)
Other medication 44 (67.7%) 21 (32.3%) 9.5(SD o.8) 9/101 (8.9%)
Only supportive therapy 9 (37.5%) 15 (62.5%) 9.2 (5D 18.4) 1/51 (2.0%0)

2Missing values are due to the lack of detailed information in the reports. SD, standard dewviation.

Table 2

Efficacy of treatment

Effectivenzss on the basis of Ralapsa on the basis of Improvemant of symptoms
increase of dosage decrease of dosage
Fever Rigor Baoth Not mantioned
Dantrolene monotherapy 2/37 (5.4%) 3/37 (B.A%) 0(24.3%) 4(10.8%) ©(24.3%) 15 (40.5%)
Dantrolene with additive medication 5/82 (6.1%) 7/82 (8.5%) 10{(12.2%) 23(3.7%) 12 (14.6%) 57 (69.5%)
Other madication 4101 [4.0%) 17101 (16.8%) 12(11.9%) 2(2.0%) 14 (13.9%) 73 (72.3%)
Only supportive tharapy Mot applicabla Mot applicabla 1 (2.0%) - 1 (2.0%) 49 (96.1%)

FIUTANRDY
a9 LY

IPCS/CEC evaluation of antidotes series'™”

Animal Studies
No data
Clinical Studies - Case Reports

In the neuroleptic malignant syndrome, thermogenesis is ultimately due to tonic contraction of skeletal
muscles. Thus, the use of dantrolene may be helpful by relaxing skeletal muscle.

Since the initial observations (Bismuth et al., 1982; Boles et al., 1982), there have been many case reports of
the use of dantrolene in the neuroleptic malignant syndrome (Ward et al., 1986; Harrison 1988) with no consensus
concerning dosage. Single intravenous bolus doses (less than 3 to 10 mg/kg) and repeated oral doses (25 to 600
mg/day) have been used, often in combination with other drugs and supportive treatment. Dantrolene apparently reduces
the pyrexia, usually within 12 h of intravenous therapy and over a somewhat longer period with oral dantrolene therapy.
Most patients also improve clinically, although this occurs at a later stage. In some cases withdrawal of oral dantrolene
therapy has been associated with a deterioration of the patient's condition and an increase in body temperature.

Summary of Evaluation

Dantrolene may be helpful as an adjunct to supportive therapy in _neuroleptic malignant syndrome induced by drugs

such as dopamine antagonists, particularly the major tranquillizers. There is no report of a controlled trial in this rare

illness, and no study comparing dantrolene with bromocriptine, which has also been used in its management.
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Serotonin syndrome (SS): Dantrolene Ltaz Cyproheptadine

1. fynaugunwuagasnisinenldluidaqiii

1.1 8INIINNARLN
Serotonin syndrome daulun)iiaainnisldenninaiiun1sieuaesss Ul serotonin WiaNTUAILA
o & = A = ) | o = P Al
asviaanll alpaninavidueniinalnniseangmiseszuy serotonin wansinail visearanulFlunsain
filoeldanfuauia athglsfinnu seaunisifinniaztainnisdaniesomaafdduiu®
ansinuesldun  myoclonus, hyperreflexia, muscle rigidity, confusion/disorientation,
restlessness/hyperactivity, hyperthermia, diaphoresis ﬁmmﬁummﬁmm Fenwusies 1w seizure,
opisthotonus, disseminated intravascular coagulation, myoglobinuria and renal failure, cardiac arrythmia,

8, 16)

a aa (
coma LAaLLAYTIG

1.2 guFAn90d
a1NN1981999284 Toxic Exposure Surveillance System T 2004 wuauaugine48,204 sefidnsay
\im serotonin syndrome a1nn1sl&#51 selective serotonin reuptake inhibitors (SSRIs) taaftlag 8,187 318 7
{1 serotonin syndrome luszatitnunansdaguiss uaz 103 Mei@addn adwlsfiniugiifnisaliia serotonin
4oy a & S 4 g
syndrome 7743411 81922 ANGIAALALAAS

In 2004, the Toxic Exposure Surveillance System identified 48,204 exposures to selective serotonin reuptake
inhibitors (SSRIs) that resulted in moderate or major outcomes in 8187 patients and death in 103 patients; the vast majority
of these fatalities were associated with coingestants [6]. The true incidence of serotonin syndrome, however, may be

under-represented in these figures for a number of reasons.

1.3 BUINNNITINE

n13in®T  serotonin  syndrome  Buannnsugae I liinenng  aniuldendosaausedy

5,16 16-18)

lorazepam $axnAuNsiNEuULlszAUUszAe® ¥ wnansjiaelanau uusinlii cyproheptadine'

ANFNT 7 WUANINITENEA serotonin syndrome

No. wnastaya UUINNNNETNEN

1 Uptodate 19.21"% -  Discontinue serotonergic agents

- Sedate using benzodiazepines (eg, lorazepam1 to 2 mg IV per dose; 0.02 to 0.04
mg/kg/dose in children): goal is to eliminate agitation, neuromuscular abnormalities (eg,
tremor, clonus), and elevations in heart rate and blood pressure; titrate dose to effect
Provide: oxygen (maintain Sa02 > 94); IV fluids; continuous cardiac monitoring

- Anticipate complications; in severe SS vital signs can fluctuate widely and rapidly

- If benzodiazepines and supportive care fail to improve agitation and abnormal vital

signs, give cyproheptadine (12mg orally or by orogastric tube for initial adult dose;

pediatric doses included in main text)

Treat patients with temperature >41.1°C with immediate sedation, paralysis, and endotracheal
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intubation; treat hyperthermia with standard measures; avoid antipyretics such as

acetaminophen

BMJ Clinical

evidence®

Mild serotonin toxicity

No treatment is required in these patients, except possibly ceasing the offending

medication(s) or reducing the dose of the medication, if appropriate. [4] Often, simple

identification of the serotonergic symptoms may be sufficient, and continuation of the
medication can then be decided on based upon the patient's tolerance of these effects and
benefits of the treatment.

Moderate serotonin toxicity

Treatment focuses on symptomatic relief of anxiety and agitation and the distressing effects of

neuromuscular excitation. There is no evidence to support best treatment, except the

existence of case reports. [1] [2] [3] Benzodiazepines may be used to treat anxiety and also

sedate the patient. For patients with neuromuscular excitation and agitation that is distressing

or unpleasant, cyproheptadine (a non-specific 5-HT2 antagonist and antihistamine) may be
used. [22] [23] [21] [24] It also has sedative effects that are useful.

Severe serotonin toxicity

If severe serotonin toxicity is a result of an overdose, then decontamination with a single
dose of activated charcoal may be considered if the overdose occurred within the last hour.

Although there is limited evidence for the use of specific 5-HT antagonists, intravenous

chlorpromazine has been anecdotally successful. [20] [21] Repeat doses can be used, and

often a dose can be used to sedate the patient rather than using a benzodiazepine.
Hypotension due to peripheral alpha-antagonism must be avoided by pre-administration of

intravenous fluids.

Journal  of the
Psychiatric
Association of
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Serotonin toxicity: a practical approach to diagnosis and treatment: MJA 2007

18)

Serotonin toxicity may progressively increase over a number of hours after ingestion of implicated drugs. Patients

who have moderate serotonin toxicity should be observed for a period of 6 hours; however, if a slow-release formulation
has been ingested, such as venlafaxine, observation should be continued for 12 hours. It is appropriate to provide
symptomatic treatment for these patients, including benzodiazepine sedatives, antiemetics and specific pharmacological

therapy. Most patients will improve within 24 hours of ceasing the serotonergic medication.

There may be a role for specific serotonin antagonists in serotonin toxicity, and animal studies provide data that

nonspecific HT2-antagonists and more selective 5-HT2A-antagonists reverse the lethal effects of serotonin toxicity.5 There

are numerous case reports of patients improving after being given serotonin antagonists.20-24 However, it is difficult to

18



http://bestpractice.bmj.com.ejournal.mahidol.ac.th/best-practice/monograph/991/resources/references.html#ref-4
http://bestpractice.bmj.com.ejournal.mahidol.ac.th/best-practice/monograph/991/resources/references.html#ref-1
http://bestpractice.bmj.com.ejournal.mahidol.ac.th/best-practice/monograph/991/resources/references.html#ref-1
http://bestpractice.bmj.com.ejournal.mahidol.ac.th/best-practice/monograph/991/resources/references.html#ref-3
http://bestpractice.bmj.com.ejournal.mahidol.ac.th/best-practice/monograph/991/resources/references.html#ref-22
http://bestpractice.bmj.com.ejournal.mahidol.ac.th/best-practice/monograph/991/resources/references.html#ref-22
http://bestpractice.bmj.com.ejournal.mahidol.ac.th/best-practice/monograph/991/resources/references.html#ref-21
http://bestpractice.bmj.com.ejournal.mahidol.ac.th/best-practice/monograph/991/resources/references.html#ref-21
http://bestpractice.bmj.com.ejournal.mahidol.ac.th/best-practice/monograph/991/resources/references.html#ref-20
http://bestpractice.bmj.com.ejournal.mahidol.ac.th/best-practice/monograph/991/resources/references.html#ref-20

separate these“responses” from the natural resolution of toxicity. There are no controlled trials demonstrating their

effectiveness and further study is required. Cyproheptadine and chlorpromazine are the HT2-antagonists that have been
20,23,25

used most extensively, and have a long history of safe use for other medical conditions. Oral cyproheptadine (4—

12mq) is probably the most useful 5-HT2 antagonist for moderate toxicity. Its main side effect is sedation, which is usually

beneficial. However, as cyproheptadine can only be administered orally, it is unlikely to be effective in patients

administered activated charcoal, and has limited use in severe toxicity. In severe serotonin toxicity, chlorpromazine may

be more appropriate to use for sedation than other routine sedative agents. It can cause hypotension, so patients must

receive sufficient volume loading. Other non-selective 5-HT2 antagonists, such as the atypical antipsychotics, may be

effective,21,22 but there is far less experience with their use.
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Uptodate
19,2

Treatment with propranolol, bromocriptine, or dantrolene is NOT recommended. Propranolol has a

long duration of action, may cause prolonged hypotension, and can mask tachycardia that can
be used to monitor the effectiveness of treatment. Bromocriptine, a serotonin agonist, may

exacerbate serotonin syndrome [1]. Dantrolene has no effect on survival in animal models.

Cyproheptadine — If benzodiazepines and supportive care fail to improve agitation and correct

vital signs, we suggest antidotal therapy be given. Cyproheptadine is the recommended antidote

[15]. Cyproheptadine is a histamine-1 receptor antagonist with nonspecific 5-HT1A and 5-HT2A
antagonistic properties [15]. It also has weak anticholinergic activity.

Cyproheptadine may lead to sedation, but this effect is consistent with the goals of management

[1]. Furthermore, as a nonspecific serotonin antagonist, cyproheptadine may produce transient

hypotension due to the reversal of serotonin-mediated increases in vascular tone. Such

hypotension usually responds to intravenous fluids. Cyproheptadine is rated category B for safety
in pregnancy by the US Food and Drug administration (FDA) (table 5) [8].

Definitive evidence of cyproheptadine's effectiveness is lacking. A small study used PET scan to

assess 5-HT2 blockade in two volunteers after taking cyproheptadine (12 mg and 18 mg per day
for six days). At 12 mg/day, there was 85 percent blockade and at 18 mg/day there was over 95
percent blockade of 5-HT2 receptors in the prefrontal cortex [16]. In addition, many reports

describe the successful use of cyproheptadine to treat serotonin syndrome [15.17-22]. The

majority of these patients received cyproheptadine at an initial dose of 8 mg, while fewer patients

responded to as little as 4 mg and some had no response to as much as 16 mg.

Clinical

Dantrolene 13JWU%@H@
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No. | giudaya | Usz@ngua

pharmacology | Cyproheptadine Tinudiasa

20110

4 BNF 61%" Dantrolene Waz Cyproheptadine izu'wu%mﬂ@

5 AHFS 20119 Dantrolene Waz Cyproheptadine izu'wu%mﬂ@

6 | Emedicine Dantrolene Tiwudiaya
201119 Cyproheptadine A 5HT (2a) antagonist. Has been shown in animal studies and case reports to

reduce symptoms of SS. May be helpful in mild-to-moderate cases of serotonin syndrome.

7 | andu Dantrolene 4a1ield  1.Malignant hyperthermia Fafluljisanainnisasengan  2.ALANAY
a a X Ly A o | v
NN hyperthermia Waz rhabdomyolysis FaeRnsdanmannisednelnddn
199MeNLNA Cyproheptadine 13JWU°?”J@§;J‘@
FRIaTH IR
8 | Mdconsult"" Dantrolene has been used for serotonin syndrome without documented benefit. Dantrolene may

cause increased CNS 5-HT tone and, thus, its use is not recommended for treatment of serotonin
syndrome.115

Cyproheptadine, an antihistamine with serotonin antagonist effects, has been effective for the
35,105

treatment of serotonin _syndrome. There are no randomized, controlled trials that have

demonstrated the efficacy of cyproheptadine or other 5-HT2A receptor antagonists (e.g.,

chlorpromazine, olanzapine, risperidone, methysergide) for the treatment of serotonin syndrome.

Efficacy for these pharmacotherapies is difficult to establish since serotonin syndrome is often

self-limited and has a relatively short duration.

Cyproheptadine is only available as an oral formulation; the usual dose in adults is 4 to 8 mg
every 1 to 4 hours, up to a maximum of 32 mg/day.48 For children, the cyproheptadine dose is 1
to 2 mg every 1 to 4 hours, up to a maximum of 12 mg/day. There often is a positive response
after a single dose, but larger doses may be necessary for those with serotonin syndrome as a

complication of a serotonin agonist overdose. Cyproheptadine has some sedating and

anticholinergic side effects, which may become problematic at the higher recommended doses

3.2 79//@3;1/@@’7:‘757’7?’7 Goldfrank’s Toxicologic Emergenc/esm

Treatment of patients with serotonin syndrome begins with supportive care and focuses on decreasing muscle rigidity.
Because muscular rigidity is thought to be partly responsible for hyperthermia and death, rapid external cooling in
conjunction with aggressive use of benzodiazepines should limit complications and mortality. In severe cases,
neuromuscular blockade should be considered to achieve rapid muscle relaxation. The time course of the serotonin
syndrome is variable and related to the time required to offending drug effects. In most patients, the serotonin syndrome
resolves within 24 hours after the offending drug is removed. However, the serotonin syndrome can be prolonged when it
is caused by drugs with long half-lives, protracted duration of effects, or active metabolites.

Animal models indicate that pretreatment with serotonin antagonists can prevent development of the serotonin
77,103,199

syndrome. Several case reports indicate the successful use of 4 mg oral or intravenous cyproheptadine, an

antihistamine with nonspecific antagonist effects at 5-HT1A and 5-HT2A receptors.*®'* Current recommendation allows

doses at 8-16 mg. Patients who responded typically had mild to moderate symptoms of serotonin syndrome and were not
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hyperthermic evidence supports the use of cyproheptadine in this patient group. Further research is warranted to

determine the success of higher doses given to gain sufficient 5-HT2A antagonistic effects in more severely affected
patients'81 Other drugs that are anecdotally reported to be successful for treatment of symptoms caused by the serotonin

81,82,85,91,181

syndrome include methysergide, chlorpromazine, atypical antipsychotics, and propranolol. Because all of these

drugs are of unproven utility and can be dangerous, aggressive cooling and sedation with a benzodiazepine remain the

basis of therapy.
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A17°97 9 NIRLAUIIBNIUNIIANEIEN Dantrolene Angudaya Pubmed

No. | Search terms Results
1 ("Dantrolene"[Mesh]) AND "Serotonin Syndrome"[Mesh] AND "Systematic"[Sb] 0
2 (("Dantrolene"[Mesh]) AND "Serotonin Syndrome"[Mesh] AND "Systematic'[Sb] AND 0
"Randomized Controlled Trial" [Publication Type]
3 | (("Dantrolene"[Mesh]) AND "Serotonin Syndrome'[Mesh] AND "Case Reports" [Publication 2 (related 0)
Type]
4 (("Dantrolene"[Mesh]) AND "Serotonin Syndrome"[Mesh] 3 (related 0)

#1799 10 NMIALAUIIBNIUNNIANENEN Cyproheptadine Angudiasa Pubmed

No. | Search terms Results
1 ("Cyproheptadine"[Mesh]) AND "Serotonin Syndrome"'[Mesh] AND "Systematic"[Sb] 0
2 (("Cyproheptadine"[Mesh]) AND "Serotonin Syndrome"[Mesh] AND "Systematic"[Sb] 0
AND "Randomized Controlled Trial" [Publication Type]
3 (("Cyproheptadine"[Mesh]) AND "Serotonin Syndrome"[Mesh] AND "Case Reports" 13 (related 6 readable 4)
[Publication Type]
4 (("Cyproheptadine "[Mesh]) AND "Serotonin Syndrome"[Mesh] 20 (related 7 readable 5)

A19799 11 @31aeunsduAuIenunIsAne udietis 1 serotonin syndrome

No. Authors, Patient group Study Treatments Results
Years, type
Countries
1 Isenberg, A  bB4-year-old man on | Case Cyproheptadine cyproheptadine, a serotonin
2008, tricyclic antidepressants took | reports therapy receptor antagonist, was
USA®) an unprescribed dose of administered with improvement in
buprenorphine/naloxone. He the patient's symptoms.
presented signs and
symptoms of severe
serotonin syndrome including
clonus, agitation, and altered
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No. Authors, Patient group Study Treatments Results
Years, type
Countries
mental status

2 | Paruchuri, 80-year-old woman who Case Paroxetine was | remarkable  improvement  and
2006, presented with  serotonin | series stopped, and | return to baseline status in 4 days.
USA® syndrome  while on a aggressive

therapeutic dose of hydration with

paroxetine. fluids and
treatment with
cyproheptadine

3 Munhoz, A 62-year-old woman with | Case Cyproheptadine cyproheptadine and clonazepam
2004, serotonin  syndrome  after | reports and clonazepam | with gradual improvement and
Brazil®® been induced by a therapy complete resolution of symptoms

combination of bupropion
and SSRIs.

4 McDaniel, three patients who developed | Case Cyproheptadine the signs and symptoms of
2001, serotonin syndrome after reports therapy serotonin syndrome remitted and
UsA®” a medication overdose pupils returned to normal size and

reactiveness,

5 Ma, 2008, | clorgyline-pretreated rats Animal Clorgyline, Cyproheptadine can block
USA®? study Cyproheptadine, hyperthermia and death. However,

Dizocilpine
Maleate/

pharmacology

the effects on mortality became

poor when the antidotes were

injected 60 min after high

hyperthermia had been induced

Recognition and treatment of serotonin syndrome

(29)

Dantrolene, a skeletal muscle relaxant used for treatment of NMS, has been reported to improve symptoms of serotonin

syndrome in a case series?26; however, it has also been implicated in the development of serotonin toxicity and is not

generally recommended.

4,11

The antihistamine cyproheptadine, which is also a 5-HT2A inhibitor, should be considered in moderate cases and is

recommended in severe cases, despite a lack of randomized controlled trial evidence (level |l evidence). It is available

only as an oral preparation; the initial dose is 12 mg; the dosage is then adjusted to 2 mg every 2 hours until symptoms

improve.

21,22
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The Serotonin Syndrome,current conceptsm)

Bromocriptine, a dopamine agonist, and dantrolene are not useful therapies; case reports citing their use

probably involved a misdiagnosis of another condition as the serotonin syndrome.”***

Bromocriptine has been implicated in the development of the serotonin syndrome, and its use in patients in whom the
neuroleptic malignant syndrome is misdiagnosed may worsen serotonergic signs.”‘50

According to one report, the administration of bromocriptine and dantrolene to a patient with the serotonin syndrome
caused an abrupt increase in temperature, culminating in death.* This finding is supported by the observation that
dantrolene has no effect on survival in animal models.**

Antagonist therapy with the use of cyproheptadine and chlorpromazine may have unintended effects. The

dosage of cyproheptadine used to treat the serotonin syndrome may cause sedation, but this effect is a goal of therapy
and should not deter clinicians from using the drug. Chlorpromazine is an outmoded drug that has been associated with
severe orthostatic hypotension and has been thought to aggravate hyperthermia. Patients who require acute parenteral
therapy for the serotonin syndrome are often hypertensive and are not ambulatory, so that the risk of orthostatic
hypotension is minimized. Hyperthermia in response to neuroleptic administration is an idiopathic response; the normal
outcome is hypothermia. Nonetheless, chlorpromazine should not be administered to a patient with hypotension or the

neuroleptic malignant syndrome, since the drug could potentially exacerbate clinical findings.
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A1779% 12 $1AN8 cyproheptadine

Generic name guuuy AALEY | Wil | s1AVsw.as.AnTe | Usinamanuaziindnen
1l 2553 (u1n) 1l 2552 (un)
Original | Generic | Original Generic
cyproheptadine | sugar coated tablet 2 mg tablet - 0.14 - 20,391,400
cyproheptadine | sugar coated/ 4 mg tablet - 0.12 - 211,989,300
compressed tablet
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