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Abstract Phenothiazines have been widely used for their antiemetic, antipsychotic and
sedative properties for many years. The introduction of alternative agents for
paediatric sedation has led to the re-evaluation of phenothiazines as paediatric
sedatives. Newer agents, such as fentanyl and midazolam, have short half-lives
and reversal agents are available. Therefore these agents may offer comparable
therapeutic efficacy with a better safety profile in young children. Reports of
sudden infant death syndrome in children receiving a phenothiazine-containing
syrup for symptoms of upper respiratory infection means that the outpatient use
of these compounds in very young infants is not recommended.
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Phenothiazine drugs have a variety of clinical
uses as antipsychotics, antiemetics and hypno-
sedatives. They are also useful in combating ver-
tigo, migraine headaches, hiccups, various move-
ment disorders and for treating motion sickness.
They have also been marketed for the treatment of
nasopharyngitis in some European countries and
have been included in some cough syrups. More
recently, their usefulness as first-line hypnoseda-
tive drugs in children has been challenged by the
advent of newer medications such as benzodiaze-
pines, opioids and others. In this review we con-
sider the pharmacotoxicology of phenothiazines
within the context of paediatric sedation and the
evidence upon which clinical decision-making
should rest with regard to this paediatric indication.

1. Pharmacotherapy for 
Paediatric Sedation

1.1 Historical Context

The importance of effective paediatric sedation
has long been recognised by physicians who need
the child’s passive cooperation for many tests, pro-
cedures, and therapies. Chloral hydrate, which was
first synthesised in 1832 and used as a hypnotic
agent in 1869 by Liebreich, has fulfilled this need
for more than 130 years.[1] Chlorpromazine was the
first phenothiazine discovered in 1952, and quickly
became a commonly used drug for diseases other
than schizophrenia when its antiemetic and seda-
tive properties were realised. Barbiturates were
also introduced as early hypnosedative agents for
children, along with opioids. Such nonbarbiturate
sedatives as glutethimide, methaqualone, methy-
prylon, meprobamate and ethchlorvynol became
popular in the 1960s and 1970s; however the use
of such agents in children was limited.

The introduction of chlordiazepoxide in 1961,
with the subsequent addition of many drugs within
the chemical class of benzodiazepines thereafter,
has constituted a major advance in childhood seda-
tion. The first US guidelines on paediatric sedation
were published jointly in 1985 by the American
Academy of Pediatric Dentistry and the American

Academy of Pediatrics, and later revised in 1992.[2-4]

An important component of these recommenda-
tions addresses the safety concerns in monitoring
the cardiovascular and neurological status of the
young child who is receiving drugs for sedation
during medical or surgical procedures.

1.2 Pharmacological Alternatives 
for Paediatric Sedation

There are several drug classes besides phenothi-
azines that are available for sedating children (table
I). The benzodiazepines are probably most com-
monly used for this indication. Newer agents, such
as midazolam, have rapid onset, a short duration of
action, a good safety profile and are readily revers-
ible using the receptor antagonist flumazenil. Chlo-
ral hydrate has long been used for paediatric seda-
tion and many clinicians are comfortable using this
drug for outpatient paediatric procedures such as
electroencephalography (EEGs), radiological studies
and other tests that require a passive participant.
Fentanyl combines sedative actions with analgesia
and has been used for painful outpatient surgery
and emergency department procedures.[5] In a com-
parative study of intranasal sufentanil and mid-
azolam with intramuscular pethidine (meperidine),
promethazine and chlorpromazine (‘DPT’), Bates
and colleagues[6] found that intranasal sufentanil-
midazolam is as effective as pethidine-promethaz-
ine-chlorpromazine. In addition, time to discharge
from the emergency department was longer in the
group who received pethidine-promethazine-
chlorpromazine.

2. Use of Phenothiazine 
Sedation in Children

2.1 Current Paediatric Indications 
for Phenothiazines

The phenothiazines were once the most impor-
tant class of antipsychotic (neuroleptic) agents be-
cause of their actions on dopamine D2 receptors
and serotonin (5-hydroxytryptamine; 5-HT) recep-
tors; both these neurotransmitters are thought to be
related to the genesis of psychosis. Recently their
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use for psychiatric disorders has been comple-
mented by the introduction of ‘atypical’ antipsy-
chotic agents, such as clozapine, olanzapine and
risperidone, which have more specific actions on
serotonergic receptors.

Besides sedation, phenothiazines may also be
used in paediatric practice as antiemetic agents,[7]

for migraine headaches,[8] in the treatment of
movement disorders in autistic children,[9] and for
behavioural disorders in children.[10] The use of
chlorpromazine to relieve symptoms of with-
drawal among neonates born to heroin-abusing
mothers has also previously been described.[11] All
of these indications for phenothiazines may take
advantage of their other pharmacological actions
(e.g. anticholinergic, antihistaminergic andα-
adrenergic blocking properties).

The combination of pethidine, promethazine
and chlorpromazine will be familiar to any clini-
cian who has evaluated options for sedating a child
for an emergency procedure such as suturing a lac-
eration. In many paediatric emergency medicine
centres, outpatient dental clinics, sleep and EEG
laboratories, and radiology and imaging suites, se-
dation options more often include the use of short-
acting opioids, chloral hydrate and/or benzo-

diazepines. In paediatric practice the introduction
of promethazine-containing cough suppressants
shed light on the use of phenothiazines in the very
young child; unfortunately this uncovered induced
sleep apnoea and, possibly, sudden infant death
syndrome[12-16] which will be discussed in section
3.5.

2.2 Pharmacology

The phenothiazine class can be subdivided
based on structure, and most of the structural divi-
sions are related to the changing side chains on the
tenth ring position. The phenothiazines are divided
into aliphatic, piperazine and piperidine sub-
classifications (table II). Common members of
the aliphatic group include chlorpromazine and
promethazine; the piperazine group includes
fluphenazine, perphenazine and prochloroperaz-
ine; the piperidine group includes mesoridaz-
ine and thioridazine. The different structural
classes are associated with differential poten-
cies of pharmacological effects, although there
is great variability among the individual drugs
in each class. For example, the piperidine group
is associated with adverse cardiac effects, espe-
cially in the setting of overdose, and drugs in

Table I. Drugs used in paediatric sedation

Drug Class Route Adverse effects Cost Antidote

Chloral hydrate Chloral derivative Oral, rectal Oversedation, respiratory depression,
hypotension, sensitised myocardium,
mutagenesis?

Low No

Chlorpromazine Phenothiazine Intravenous,
intramuscular, oral

Oversedation, extrapyramidal effects,
acute dystonia, oculogyric crisis,
anticholinergic effects, neuroleptic
malignant syndrome, cardiotoxicity,
sudden infant death syndrome

Low No

Fentanyl Opioid Intravenous,
transdermal, nasal

Oversedation, respiratory depression,
rigid chest syndrome

High Yes

Ketamine Arylcyclohexylamine Intravenous Salivation, laryngospasm High No

Midazolam Benzodiazepine Intravenous,
intramuscular, oral,
nasal

Oversedation, respiratory depression,
laryngospasm

Fairly high Yes

Promethazine Phenothiazine Intravenous,
intramuscular, oral

Oversedation, respiratory depression,
extrapyramidal effects, acute dystonia,
oculogyric crisis, anticholinergic effects,
neuroleptic malignant syndrome,
sudden infant death syndrome

Low No
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the piperazine group cause more extrapyramidal
effects.Althoughdrugsinthealiphaticgrouphave
lower antipsychotic potency than those in the pi-
perazineclass,theyareassociatedwithgreatersed-
ativeandantiemeticeffects.Boththealiphaticand
piperidineclassesofphenothiazinesaremoreoften
associated with hypotensive effects, especially
whentakeninoverdose.

This differential activity of the phenothiazines
is related to the individual affinity of each drug for
the various receptors on which they act: histamin-
ergic, α-adrenergic, muscarinic, serotonergic and
dopaminergic.[17] All the agents in the phenothi-
azine class differ in affinity for the dopamine D2

receptor as well as in their adrenergic, muscarinic
and serotonergic receptor affinity. Antagonism of the

dopamine receptor in the postrema at the chemo-
receptor trigger zone gives these agents their anti-
emetic properties. Peripheralα-adrenergic block-
ade may result in hypotension. Quinidine-like
effects on the cardiac conduction system are asso-
ciated with negative inotropism and conduction de-
lays. Most of the phenothiazines are H1 histamine
antagonists and possess considerable antimuscari-
nic affinity. Drugs that are antagonists for the his-
tamine receptors are associated with sedation;
those that show antagonism for the muscarinic re-
ceptors are associated with anticholinergic effects.

2.3 Pharmacokinetics

Most of the extensive kinetic studies have been
carried out on the prototypical phenothiazine,
chlorpromazine. For brevity some generalisations
will be made. Phenothiazines as a class are well
absorbed drugs, although they generally have poor
bioavailability with extensive tissue binding to
gastrointestinal receptors and a large first-pass ef-
fect through the liver. As a class they are charac-
terised by extensive plasma protein binding and
complex hepatic metabolism, with up to 100 iden-
tified metabolites. High lipid solubility contributes
to the parent drug and its metabolites being distrib-
uted into many peripheral compartments, includ-
ing the brain, so that its apparent volume of distri-
bution is large.[18] In a child with a proportionally
lower amount of body fat this may be a factor in
distribution of the drug. Phenothiazines will also
cross the placenta and potentially pose a risk to the
fetus.[8] The typical elimination half-life of these
drugs is of the order of 20 to 40 hours.[18] Although
most of the kinetic studies on this class of drugs has
been in adults, in the neonatal population distribu-
tion and metabolism may be affected by immature
hepatic metabolism, especially in the premature
neonate.[19]

3. Adverse Effects

3.1 Drug Interactions

Phenothiazines may act to enhance the sedative
effects of such drugs as antihistamines, tricyclic

Table II. Structural classes of phenothiazines

Aliphatic class
Chlorpromazine

Cyamemazine

Triflupromazine

Promethazine

Trimeprazine

Promazine

Methoxypromazine

Piperazine class
Acetophenazine

Fluphenazine

Perphenazine

Prochlorperazine

Trifluoperazine

Thiethylperazine

Thiopropazate

Piperidine class
Mesoridazine

Thioridazine

Pipamazine

Piperacetazine

Other related compounds
Butyrophenones

Haloperidol

Droperidol

Thioxanthenes

Chlorprothixene

Thiothixene

Zuclopenthixol
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antidepressants, opioids or other drugs with sedat-
ing characteristics. This may result in effects rang-
ing from excessive sleepiness to respiratory de-
pression. Drugs with anticholinergic effects, such
as antihistamines and tricyclic antidepressants,
may also have additive effects on the phenothi-
azines. Anticholinergic drugs may delay the ab-
sorption of phenothiazines as well as producing
more anticholinergic symptoms. Tricyclic antide-
pressants, which are utilised in the treatment of
many paediatric disorders such as enuresis, atten-
tion deficit hyperactivity disorder, depression and
chronic pain, may enhance the cardiotoxicity of
phenothiazines such as thioridazine, resulting in
cardiac dysrhythmias. The coadministration of
lithium with a phenothiazine agent may predispose
the patient to neuroleptic malignant syndrome.
Phenothiazines, like all drugs with extensive he-
patic metabolism, can compete with the sites of
metabolism for other drugs such as anticonvul-
sants. Barbiturates, conversely, may lower blood
phenothiazine concentrations by virtue of their in-
duction of the cytochrome P450 enzyme complex.

3.2 Neuroleptic Malignant Syndrome

Although this potentially fatal complication of
phenothiazines is rare, its lethality and the diffi-
culty in diagnosing neuroleptic malignant syn-
drome warrant the clinician’s close attention. The
incidence of this complication of antipsychotic
therapy is estimated at approximately 0.2%, al-
though the diagnosis can be missed and attributed
to other aetiologies such as infection.[20,21] When
phenothiazines are used in lower dosages in a con-
trolled psychiatric setting, the incidence of neuro-
leptic malignant syndrome may be as low as
0.07%.[22]

Neuroleptic malignant syndrome can develop
over the course of days and is characterised by ex-
treme muscle rigidity, fever, autonomic instability
and change in consciousness. Patients on long-acting
phenothiazines may be at greater risk.[23] Other
risk factors for neuroleptic malignant syndrome in-
clude male gender, dehydration, psychomotor agi-
tation or exhaustion, higher phenothiazine dosages

and parenteral administration. Although seen at all
stages of phenothiazine use, neuroleptic malignant
syndrome is most common in the first 2 weeks of
therapy.[24] Laboratory analysis of blood demon-
strates an elevated creatinine kinase in the majority
of patients.[25]

Neuroleptic malignant syndrome has been de-
scribed with all the phenothiazines. Several pro-
posed mechanisms have been put forward as to its
aetiology. The effects of dopamine blockade on the
hypothalamus and substantia nigra have been im-
plicated in the production of rigidity and fever seen
in neuroleptic malignant syndrome.

Intensive supportive care in preventing the
complications of the condition such as airway
compromise and renal failure have assisted in de-
creasing the lethality of this condition. Such sup-
portive care includes vigorous external cooling
methods and iced lavage of the stomach, bladder
or rectum, with serial monitoring of core body tem-
perature. Other interventions that have been
utilised including dantrolene sodium, a phenytoin
derivative that inhibits calcium release from the
sarcoplasm and thereby interferes with the muscu-
lar contractions thought to be involved in the gen-
esis of the elevated body temperature. Centrally
acting dopamine agonists, such as bromocriptine,
amantadine and levodopa/carbidopa, have also re-
portedly been successful in reversing the hyper-
thermia associated with this syndrome.[26]

3.3 Dystonic Reactions and 
Extrapyramidal Dyskinesias

Acute dystonic reactions and other extra-
pyramidal effects are seen with all antipsychotics,
although more frequently with those containing a
piperazine moiety substitution on the basic ring
structure. Akathisias or hypokinesias are uncom-
mon extrapyramidal effects in paediatric patients
receiving a phenothiazine in therapeutic dosages.
Dystonic reactions are very distressing to the pa-
tient, but the rare fatalities are typically associated
with pharyngeal muscle spasm. The typical presen-
tation of a patient with dystonia is a young person
with spasmodic contractions of the upper trunk and
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head with a sustained severe torticollis. Eye move-
ments can also be affected separately, causing the
so-called ‘oculogyric crisis’. Gupta and Love-
joy[27] described in a paediatric population that
acute dystonic reactions occurred between 5 and 50
hours of the first dose of phenothiazine. Those with
a family history of dystonia appear to be at in-
creased risk. The balance of dopamine and acetyl-
choline when disrupted appears to cause an excess
of cholinergic activity and predispose to dysto-
nias.[28] It has also been postulated that adaptation
of the nervous system to post-synaptic dopamin-
ergic blockade results in overcompensation and in-
creased amounts of synaptic dopamine.[29,30] Clin-
ically, 5 different types of dystonic reactions have
been described: oculogyric (superiorly directed
gaze and eye rotation), buccolingual (tongue pro-
trusion, grimacing, trismus), opisthotonic (arched
back, rigid posturing), torticollic (contraction of
sternocleidomastoid muscle), and tortipelvic (ab-
dominal wall spasm, abnormal gait).[31]

Acute dystonias are treated with an antichol-
inergic agent such as diphenhydramine or benza-
tropine. Respiratory monitoring is necessary be-
cause of the possibility of laryngeal spasm
requiring airway support. In some children with
autism, as pointed out by Meiselas et al.,[9] there is
the potential for diagnostic confusion between
what constitutes stereotypies secondary to the un-
derlying developmental disorder and what may be
the manifestations of an antipsychotic-induced
dyskinesia. Good supportive care and close moni-
toring are other aspects of the management of dys-
tonia, which may recur without prolonged antidote
administration.[31]

3.4 Other Adverse Reactions

The adverse effect profile of an individual phe-
nothiazine agent may relate to its relative affinities
for the different neurotransmitter receptors respon-
sible for its pharmacological actions.[17] Individu-
als would be expected to demonstrate a range of
these affinities which, along with varying pharma-
cokinetics and hepatic enzyme induction pat-
terns,[32] are thought to account for variable sensi-

tivity to adverse effects and are probably under ge-
netic control. All phenothiazines have associated
anticholinergic adverse effects because of their
binding at muscarinic receptor sites. Anticholiner-
gic signs and symptoms include sedation, dry
mouth, mydriasis, urinary retention, ileus, delirium
and hallucinations. Phenothiazines all lower the
seizure threshold in a dose-related fashion. In all
patients, including adults and those patients with
psychiatric indications, phenothiazine use is asso-
ciated with seizures at an incidence of 1.2%.[33-36]

The preparation of pethidine, promethazine and
chlorpromazine is frequently used for the sedation
of children undergoing painful procedures. Ter-
ndrup et al.,[37] in a prospective analysis of 63 pae-
diatric emergency patients receiving sedation for
procedures such as laceration repair, found minor
but statistically significant changes in respiratory
rate, oxygen saturation and heart rate. None of
these patient required resuscitation. Nahata et
al.,[38] in a larger prospective sample of 95 paedi-
atric patients, found 4 patients who developed re-
spiratory depression, 1 requiring therapy with nal-
oxone. None of the children in this series had been
administered more than the recommended dose of
this combination. In a survey of paediatric emer-
gency medicine programmes on the issue of seda-
tion, Cook et al.[39] found chloral hydrate as the
most commonly used drug and the combination of
pethidine, promethazine and chlorpromazine as the
second most commonly utilised sedative. They re-
ported 2 paediatric deaths in infants undergoing
cardiac catheterisation with pethidine-promethazine-
chlorpromazine sedation. Both infants had congen-
ital heart disease. However this study is hampered
by the low (31%) return rate of their questionnaire.

Gupta and Lovejoy[27] described drowsiness, ir-
ritability, ataxia, thick speech, drooling, torticollis,
trismus, oculogyric crisis, convulsions, dystonia,
hyper-reflexia, rigidity, and/or tremors in 20 differ-
ent children, 13 of whom experienced these toxic
reactions after therapeutic doses of prochlorperaz-
ine, chlorpromazine, trifluoperazine or promazine.
Dystonic reactions were reported in 4 children after
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therapeutic doses of thiethylperazine used as an
antiemetic.[7]

Phenothiazines have quinidine-like effects on
the cardiac conduction system, causing nodal con-
duction delays through and delayed ventricular
repolarisation, which is manifest as prolonged PR
intervals, prolonged QTc intervals, flattened or
biphasic T waves, and attendant dysrhythmias in
patients who have overdosed on these medications.
Postural hypotension is frequently seen as a ad-
verse effect of phenothiazine use. More serious
life-threatening cardiotoxicity associated with
phenothiazine use includes ventricular arrhyth-
mias. Thioridazine in particular has been associ-
ated with arrhythmias, which may degenerate into
the polymorphic ventricular tachycardia known as
torsade de pointes.

Other less common adverse effects of phenothi-
azines in susceptible individuals include photosen-
sitivity reactions (dermatitis, urticaria, purple-grey
discolouration of the skin) and other rashes. Hep-
atitis with cholestasis, bile duct damage and fibro-
sis has been described; other gastrointestinal
symptoms including nausea, vomiting and gastritis
are sometimes seen.[40] Marrow suppression with
severe but reversible neutropenia and blood dys-
crasias have also been observed. Galactorrhoea,
menstrual difficulties and bodyweight gain have
been reported. Priapism in an adult taking flu-
phenazine was reversed using intravenous diphen-
hydramine.[41] Pigmentary retinopathy has been
described in patients on thioridazine, and lenticular
deposits were associated in rare cases with ali-
phatic phenothiazine use.[40] A case of a lupus-like
syndrome also has been reported after aliphatic
phenothiazine use.[40]

3.5 Phenothiazines, Sleep Apnoea and
Sudden Infant Death Syndrome

Kahn and Blum[13] described their experience
with the death of 4 male children (mean age 14
weeks) receiving a syrup containing the phenothi-
azine alimenazine (3 children received the medica-
tion for nasopharyngitis, 1 as a somnolent). All
children had no obvious cause of death. The same

investigators followed this observation with a pro-
spective study of 52 cases of sudden infant death
syndrome, 36 ‘near-miss’ infants and 176 control
children. They found that although the incidence
of nasopharyngitis was similar in all groups the use
of phenothiazines was more common in the sudden
infant death syndrome group (23%) and the ‘near-
miss’ group (22%) as compared with control indi-
viduals (2%).[12]

A study of healthy infants without personal or
family history of sudden infant death syndrome
who received promethazine while monitored
found on the second of 6 nights of observation an
increase in the number of episodes of central ap-
noea in addition to several episodes of obstruction
apnoea.[14] Several possible mechanisms have
been postulated. These include: (i) worsening of
central apnoea from central nervous system de-
pression with pre-existing nasopharyngitis; (ii) en-
hancement of REM sleep; (iii) muscle hypoto-
nia;[14] (iv) impairment of thermoregulation from
the anticholinergic actions of phenothiazines;[15]

and (v) enhancement by phenothiazine of periph-
eral and central endorphin levels.[42] In light of the
above considerations, the use of phenothiazine-
containing cough and cold preparations in children
under 2 years of age should be discouraged.

4. Phenothiazine Overdose

4.1 Epidemiology

One of the risks with any sedative is the poten-
tial for poisoning, either by iatrogenic errors in the
hospital setting or unintentional or intentional poi-
sonings occurring at home. Phenothiazines have a
sufficiently narrow therapeutic: toxic dose ratio to
make the potential for severe, life-threatening
overdoses a valid concern, especially among
young children who may have an exaggerated
toxic response to these compounds.

The American Association of Poison Control
Centers (AAPCC) reported 11 065 toxic exposures
to phenothiazine sedatives in 1997, 1965 of which
involved preschoolers <6 years of age and 1622
involved children 6 to 19 years old. Of the total
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poisonings (adults + children), 7274 events were
treated at a healthcare facility, 2116 poisonings re-
sulted in moderate-to-major toxicity, and 14 re-
sulted in death.[43] The data set from the AAPCC in
1996 included 1 death from promethazine in a 7-
month-old reportedly caused by a therapeutic er-
ror.[44]

4.2 Clinical Toxicology

The clinical syndromes described in section 3 of
this review (neuroleptic malignant syndrome, dys-
tonic reactions, oculogyric crisis) can all be seen in
the phenothiazine-poisoned patient. Most com-
monly, symptoms include depressed consciousness
to the point of coma and other neurological abnor-
malities. Disturbances of body temperature (either
fever or hypothermia) are common. The triad of
coma, prolonged QTc interval and pupillary meio-
sis (due to adrenergic blockade) should raise the
clinician’s suspicion of phenothiazine poisoning.
Extrapyramidal effects are seen commonly, includ-
ing akathisias, acute dystonic reactions, tardive
dyskinesias and parkinsonian syndromes (less
common in children than adults). In 1 series of 30
children with an acute overdose of phenothiazines,
20 exhibited oculogyric crisis, 23 had torticollis,
22 had athetoid movements, 19 had opisthotonic
posturing and 18 had facial grimacing.[45] In the
series of Gupta and Lovejoy,[27] 7 children had ac-
cidentally ingested a phenothiazine and experi-
enced neurological toxicity including tremors,
ataxia, irritability, hyper-reflexia, opisthotonus, ri-
gidity and/or drowsiness.

4.3 Diagnosis

Most often the diagnosis of phenothiazine poi-
soning is made in a patient who presents with
symptoms referrable to the neurological system
and a known history of access to phenothiazine
medications. Therapeutic misadventures must be
entertained in the circumstance of the patient who
develops a dystonia while hospitalised or being
treated by several different specialists who unin-
tentionally ‘stack’ different phenothiazine com-
pounds for differing indications in the same pa-

tient: 1 service may be treating pain, another the
patient’s symptoms of nausea and vomiting, and a
third their psychiatric disorder.

Some phenothiazine tablets (e.g. chlorproma-
zine) can be seen radiographically in a scout film
of the abdomen.[46] The diagnosis can be confirmed
by laboratory methods. Phenothiazines can be de-
tected in the urine using colourimetric techniques
– the ‘Forrest’ reaction uses ferric chloride, per-
chloric acid and nitric acid which turns urine con-
taining phenothiazines a pinkish to purple col-
our.[47] Quantitative blood concentrations can be
obtained by high performance liquid chromatogra-
phy in patients whose screening urine test is posi-
tive.

4.4 Management

The patient with a recent phenothiazine inges-
tion in overdose can be given activated charcoal as
a decontamination measure. Charcoal binds to all
of the phenothiazine compounds with good avidity,
so that the complexed drug is eliminated in the
stool rather than absorbed into the blood stream.

A patient who presents to the emergency depart-
ment with an unknown poisoning, in which the
clinical signs resemble an acute dystonic reaction
or oculogyric crisis, can be given a diagnostic trial
of intravenous diphenhydramine, benzatropine or
trihexyphenidyl. These antidotes will promptly re-
verse the reaction and thereby help confirm the di-
agnosis of poisoning.

The patient known to be exposed to phenothi-
azines who develops dysautonomia, changed con-
sciousness, muscle tremors and rigidity, elevated
creatine kinase and altered consciousness should
be administered dantrolene to counteract the neu-
roleptic malignant syndrome and should be man-
aged using the supportive measures for neuroleptic
malignant syndrome described in section 3.2.

5. Conclusions

Phenothiazine compounds are characterised by
their common core ring structure, but contain dif-
ferent side chains and substituted chemical struc-
tures that influence their pharmacological actions.
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Selected phenothiazine drugs, such as chlorprom-
azine or promethazine, may be used by clinicians
for their desired sedative properties in children.
They do have advantageous efficacy and cost char-
acteristics and are not known to have latent toxic-
ities such as mutagenesis or carcinogenesis. How-
ever, the pharmacokinetics of these agents mean
that the induced sedation can be prolonged.

Because of the multiple pharmacological ef-
fects of the phenothiazines on several broad classes
of neurotransmitters, their use is attended by a high
frequency of short-term adverse effects. Several
specific syndromes of acute toxicity, notably extra-
pyramidal adverse effects (particularly dystonic
reactions), the neuroleptic malignant syndrome
and the potential for cardiotoxicity, may occur
even at therapeutic dosages. Several of these tox-
icities, including neuroleptic malignant syndrome,
sleep apnoea and cardiac conduction problems, can be
life-threatening. Moreover, phenothiazines do not
have a specific antidote capable of reversing such
adverse effects as over-sedation or cardiotoxicity,
although neuroleptic malignant syndrome may re-
spond to dantrolene and acute dystonic reactions
usually resolve with diphenhydramine.

Newer choices for sedation, such as synthetic
opioid compounds (e.g. fentanyl) or benzodiaze-
pines (e.g. midazolam), and even some of the older
agents, such as chloral hydrate or the barbiturates,
may offer comparable therapeutic efficacy with a
better safety profile in young children. The outpa-
tient use of phenothiazine-based drugs in very
young infants is not recommended because of the
association of these compounds with sudden infant
death syndrome.
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