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Abstract The histamine H1 receptor antagonists (antihistamines) are an important class

of medications used for the relief of common symptoms associated with hyper-
histaminic conditions occurring in children and adults. This group of drugs may
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be subdividedinto 3 classes, or generations, based upon their propensity toinduce
sedation and cardiotoxicity.

The first generation (classical) antihistamines are highly effective in treating
hyperhistaminic conditions. However, they frequently induce sedation and may
adversely affect achild’slearning ability. First generation antihi stamine-induced
sedation has been described to occur in more than 50% of patients receiving thera-
peutic dosages. Serious adverse events are unusual following overdoses of first
generation anti histamines although life-threatening adverse events have been de-
scribed.

When the so-called ‘ second generation’ antihistaminesterfenadine and astem-
izole were introduced they were widely embraced and quickly used by clinicians
of all specidities, including paediatricians, as nonsedating alternativesto thefirst
generation compounds. These new agentswere found to be equally or more effec-
tive than first generation antihistamines in relieving symptoms associated with
hyperhistaminic conditions without the soporific effects of the first generation
agents. Unfortunately, after approximately 10 years of widespread clinical use,
disturbing reports of potentially life-threatening dysrhythmias, specifically tor-
sades de pointes, were described. Both terfenadine and astemizole have been shown
in vitro to inhibit severa ion channels, and in particular the delayed outward
rectifier potassium channel in the myocardium, predisposing the heart to dys-
rhythmias.

The potential life-threatening cardiotoxicities of the second generation anti-
histamines | ed to the search for noncardiotoxic and nonsedating agents. Loratad-
ine, fexofenadine, mizolastine, ebastine, azelastine and cetirizine are the first of
the new third generation antihistamines. These drugs have been shown to be
efficacious with few adverse eventsincluding no clinically relevant cytochrome
P450 mediated metabolic—based drug-drug interactions or QT interval prolonga-
tion/cardiac dysrhythmias.

Appropriatetreatment of an anti histamine overdose depends upon which class
of compound has been ingested. There is no specific antidote for antihistamine
overdoseand treatment is supportive particul arly for ingestions of first generation
compounds. Ingestion of excessive doses of terfenadine or astemizole requires im-
mediate medical attention. Children who accidentally ingest excessive doses of
athird generation compound may usually be adequately managed at home. How-
ever, patients ingesting large amounts (approximately >3 to 4 times the normal
therapeutic daily dose) should receive medical attention. These patients should
be monitored for 2 to 3 hours after the ingestion and patients ingesting cetirizine
should be advised about the potential for sedation.

The availability of newer generation antihistamine compounds has clearly
added to the clinicd effectiveness and patient tolerance of awidely prescribed class
of drugs. These advances have aso been accompanied by improved safety pro-
files, particularly in the case of third generation antihistamine overdose.

Many drugs are classified based upon various
drug/class-specific properties including receptor
specificity, pharmacokinetic properties, safety pro-
files, etc. With the histamine H; receptor antagonists
(antihistamines), it hasbecome commonto classify

0 Adis International Limited. All rights reserved.

these agentsinto ‘ generations', based upon their pro-
pensity to induce sedation and cardiac toxicity. Al-
though this approach to classification has been ac-
cepted by many!ll some authors questions this
approach, though offering no alternatives.[?! For the

Drug Safety 2001; 24 (2)
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Table |. Histamine Hi receptor antagonists (antihistamines) pre-
scribed to children categorised by generation and chemical class

First generation? (classical/sedating)
Alkylamines
Brompheniramine maleate®
Chlorpheniramine maleate®
Dexbrompheniramine
Dexchlorpheniramine
Dimethindene

Phiramine

Pyrrobutamine

Triprolidine
Ethanolamines
Bromodiphenhydramine
Carbinoxamine

Clemastine fumarate®
Dimenhydrinate
Diphenhydramine
Diphenylpyraline
Doxylamine
Phenyltoloxamine
Ethylenediamine
Antazoline

Pyrilamine maleate®
Tripelennamine hydrochloride
Phenothiazines
Methdilazine

Promethazine
Trimeprazine

Piperidines

Azatadine

Buclizine

Cyclizine

Cyproheptadine hydrochloride
Hydroxyzine

Meclizine®

Second generation (nonsedating/cardiotoxic)
Astemizole®

Terfenadine®

Third generation (nonsedating/ noncardiotoxic)
Azelastine

Cetirizine

Ebastine

Fexofenadine

Loratadine

Mizolastine

a Subdivided by chemical class.
b Available over the counter.
¢ Removed from US market.
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purposes of this paper, first generation (classical)
agents comprise drugs that effectively antagonise
H1 receptors but are associated with sedation, which
can be profound. Second generation agentsare those
agents that antagonise H; receptors without asso-
ciated drug-induced sedation but clinically are as-
sociated withimportant cardiotoxicities. Lastly, third
generation compounds are those antihistamines,
which effectively antagonise H; receptors produc-
ing little to no sedation and no clinically important
adverse effects, including associated cardiotoxicit-
ies with their routine clinical administration.

Both second and third generation antihistamines
possess much less affinity for nonhistamine recep-
tors as compared with first generation agents. This
receptor selectivity of second and third generation
agentsisreflected in themarked reduction in adverse
effects associated with their use. Nevertheless, the
second generation agent astemizol e has been asso-
ciated with stimulation of appetite, which may re-
sult in bodyweight gain.[3-5 Most second and third
generation antihistamines have been occasionally
linked to the occurrence of other adverse eventsin-
cluding hepatitis, alopecia and skin rashes athough
causality with the use of these medications has not
been proven.[8 In contrast, first generation antihis-
tamines bind to additional nonhistamine receptors
[e.g. serotonin (5-hydroxytryptamine) and cholin-
ergic receptors|, and thisis most likely the mecha-
nism behind many of the bothersome adverse events
associated with the use of these agents.[”]

The failure to adequately treat symptoms asso-
ciated with many allergic disorders is a common
source of discomfort that can adversely influence
achild’squality of lifeand school performance.[89]
For decades first generation antihistamines have
been prescribed to children for the treatment of
symptoms associated with many common disor-
ders including alergic rhinitis, conjunctivitis, al-
lergic skin disorders (i.e. atopic dermatitis, urti-
caria and dermagraphism) and for anaphylactic/
anaphylactoid reactions(tablel). Althoughthefirst
generation antihistamines have been extremely
useful in the prevention and treatment of many com-
mon conditions associated with histamine release

Drug Safety 2001; 24 (2)
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and excess, the very common occurrence of minor
but sometimes undesirable adverse events limit
their overall therapeutic potential. Unfortunately,
sedation, one of the most common adverse effects
associ ated with their use, may negatively impact upon
achild's socia and academic growth,[10-12]

1. First Generation Histamine H;
Receptor Antagonists (Antihistamines)

1.1 Overview

Thefirst generation antihistamines, whichinclude
several different chemical classes of compounds
(tablel), competitively antagonise histamine at the
H; receptor.[”.13 Adverse events associ ated with their
administration include sedation, dizziness, headache,
insomnia, nervousness, nausea, vomiting, constipa-
tion, diarrhoea, dry mouth, urinary retention, im-
potence, appetite stimulation and bodyweight
gain.[®13] Thefirst generation antihistamines have
historically been categorised by their chemical
structure with similar antihistamines within a chem-
icd class tending to share the same propensity to
induce a similar type and frequency of adverse
events. For example, the ethanolamine class of an-
tihistamines (i.e. diphenhydramine and clemastine),
are considered highly sedating with few concurrent
gastrointestinal adverse effects.[”.13 In contrast,
the alkylamines (e.g. chlorpheniramine) do not ap-
pear to be associated with substantial drowsinessin
many patients.[”-13 Of course, each particular anti-
histamine within a chemical class hasits own par-
ticular adverse effect profile reflecting an inherent
intraclassvariability inbiological activity. Levoca-
bastineisarelatively new antihistaminefor topical
application marketed in Europe and other countries
but not inthe US. The oral and intravenous formu-
lations of levocabagtine are not clinically useful be-
cause of the high incidence of associated sedation
with little added benefit over older first generation
antihistamines.[*4 When administered as an oph-
thalmological or intranasal topical formulation, pa-
tients experience apparent local clinical benefit
with littleto no systemic clinical or sedative effects
due to the limited systemic availability.[14]

0 Adis International Limited. All rights reserved.

1.2 Sedation Associated with First
Generation Antihistamines

Although particular first generation antihista-
mines may be associated with less sedation than
others(tablell), sedation associated with thisgroup
of antihistamines is so common that these antihis-
tamines have been termed by the US Food and
Drug Administration (FDA) as‘ sedating antihista-
mines .19 First generation antihistamines have
consistently demonstrated soporific and cognitive
impai rments 16! and are commonly used asaverum
(positive control) in clinical trials assessing seda-
tion. Theterm sedationiscommonly used to describe
the patient’s subjective assessment of their level of
alertness, decreased concentration and somno-
lence. More correctly, the term sedation is a mea-
surabl e attribute that encompasses higher cognitive
function impairment, including attention, memory,

Table 1. Relative degree of histamine Hi receptor antagonist
(antihistamine)—-induced sedation for selected agents

Antihistamine compound by generation Relative degree

of sedation
First generation (classical) agents
Brompheniramine ++
Chlorpheniramine ++
Clemastine ++
Cyproheptadine ++
Dexbrompheniramine ++
Diphenhydramine +++
Hydroxyzide +++
Ketotifen +
Promethazine +++
Pyrilamine ++
Triprolidine ++
Second generation agents
Astemizole +-
Terfenadine +-
Third generation agents
Azelastine +-
Cetirizine +
Ebastine +-
Fexofenadine +-
Levocarbastine +-
Loratadine +-

+ = mildly sedating; ++ = moderately sedating; +++ = highly sedat-
ing; +/- = equivalent to placebo.

Drug Safety 2001; 24 (2)
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coordination and psychomotor performance.[1€l
Many of the first generation antihistamines are
availableto the consumer over the counter as sleep-
ing aids underscoring their soporific effects. Ap-
proximately 25 to 55%(17-20 of patients administered
therapeutic dosages of first generation antihista-
mines appear to be affected with sedation thereby
severely limiting their clinical usefulness.

1.3 Determination of Sedation

Several objective and subjective instruments
have been used to quantify the sedative effects of
drugs. Simulated or actual car driving assesses the
effects of adrug on motor performance and its so-
porific effects. Nevertheless, these tools may be
impracticable to perform in certain patient popul a-
tions such as children or nondriving adults. The
critical flicker fusion task isanoninvasivetest that
measures the cognitive capacity of the patient and
appears to be an extremely sensitive tool. One of
the more commonly used instruments is the multi-
ple sleep latency test, which determines the length
of timeit takesto induce any stages of sleep on the
electroencephalogram. Decreased |latency time to
deep indicates soporific effects. Other objective
measures include P300, which measures cognitive
function, and choice reaction time (CRT), which
measures reaction time, comprised of recognition
and motor reaction time. Subjectiveinstrumentssuch
asthe visual analogue scale (VAS), where patients
assess their sleepiness may also be helpful. Never-
theless, these subjective findings may not parallel
objective findings using more objective critical
measures. However, most of the objective and sub-
jective research instruments listed here have been
associated with important limitations, which in-
clude the fact that few are validated and the results
they provide may not be reproducible.[18l When
assessing drug induced sedation, a battery of tests
which measures different aspects of cognitive and
psychomotor performance should be preformed to
determinethe overall sedative effects of the partic-
ular drug.

0 Adis International Limited. All rights reserved.

1.4 Receptor Basis for
Antihistamine-Induced Sedation

Traditionally, sedation associated with first gen-
eration antihistamines was believed to occur when
these antihistamines crossed the blood brain bar-
rier binding to centrally located acetylcholine re-
ceptors producing sedation and other anticholi-
nergic effects.[2! The proposed mechanism for
antihistamine-induced sedation has evolved slowly
asour knowledge of histamineand itsreceptorshas
increased inthelast few years. Levelsof histamine
that isrel eased within the CNSincrease during wak-
ing and wane during time of sleep suggesting a
circadian rhythm[2223] gnd arole for histamine in
the sleep-wake cycle. This belief of histamine’'s
roleinthe sleep-wake cycleisfurther supported by
the observation that inhibition of histidine decar-
boxylase in rats impairs their waking.[?4l Antago-
nism of postsynaptic H; receptors in the tubero-
mammillary nucleus, which is known to regulate
the sleep-wake cycle in mammals,[232% by the ad-
ministration of first generation antihistamines in-
hibits histamine-induced depolarisation. This
does not occur after administration of H, or Hz an-
tagonists?®! (i.e. cimetidine and thioperamide, re-
spectively) suggesting that histamine induced de-
polarisation is solely mediated by presynaptic H;
receptors. Therefore, first generation antihista-
mines may induce sedation by their direct antago-
nism of centrally located H; receptors.

With the recent discovery of the Hz receptor,[27]
the role of histamine has expanded to include that
of aneurotransmitter(25 with possible mediation of
many diverse physiological functions. Although
not fully elucidated, histamine and H receptors may
act as anegative feedback pathway for several dif-
ferent cascades and be associated with migraine
headaches, myocardial regularity, gastrointestinal
tract secretion, inflammation cascade, and various
functions within the CNS including modul ation of
the sleep-wake cycle.[?%] Thisnewly discovered re-
ceptor is found peripheraly and centrally within
the cortex of the brain. Activation of presynaptic Hs
receptors inhibits the synthesis and release of his-
tamineand isalso believed toinhibit acetylcholine,

Drug Safety 2001; 24 (2)
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serotonin, noradrenaline (norepinephrine) and do-
pamine release.[2829 Although its overall function
has not been fully elucidated, thisreceptor hasbeen
demonstrated to be involved in histamine-induced
sedation.[3031 Activation of Hs receptors in the
duramater of guinea-pigs by a selective Hz agonist
decreases motor activity and increases total sleep
time with electroencephalogram tracings consistent
with physiological sleep.[32 Conversely, the seda-
tive effects of an Hz receptor agonist were amelio-
rated with the administration of thioperamine, an
H3 receptor antagonist,[32 confirming the role of
Hs receptorsin the sleep-wake cycle.[33 These ob-
servations suggest that antagonism of central Hj
receptors by first generation antihistamines may
permit circulating histamine to interact with other
receptors, such as central Hs receptors culminating
in sedation. Although this hypothesis is very ap-
pealing, further research isneeded to fully evaluate
the role of the H3 receptor in sedation.

1.5 Learning Impairment Associated with
First Generation Antihistamines

Adverse effects of the first generation antihista-
mines, particularly drowsiness, appear to be associ-
ated with the peak concentration of the agent.[343%
Althoughinconsistent, the patient may devel op tol-
erance to sleepiness induced by first generation
antihistamines.[36] Unfortunately, many children
do not continue therapy long enough to develop tol-
erance because the drug is either discontinued be-
cause of excessive sedation or the duration of ther-
apy is short. In children with hyperhistaminic
conditions, both inadequacy in treatment(3”] and
treatment consisting of first generation antihista-
mines have been demonstrated to lead to dimin-
ished quality of life, impaired learning!®1%12 and
decreased learning performance.[10.11.3839 yn-
treated symptomatic atopic adults have been de-
scribed to experience decreased verbal learning,
slower decision making and slower psychomotor
speed when compared with healthy adults.[“9! Much
of thisdifference disappears when the atopic adults
are no longer symptomatic (i.e. during winter
months). Usingacomputer simulation, Vuurman and

0 Adis International Limited. All rights reserved.

colleagued'® described the effect of allergic rhinitis
and itstreatment on children’slearning ability in 3
important areas, including factual, conceptual, and
application of knowledge. Children with a history
of seasonal alergicrhinitisreceiving diphenhydra-
mine scored significantly lower (p <0.05) inal 3
areas when compared with healthy children. Al-
though not significantly different there was atrend
for the patients treated with diphenhydramine to
have consistently lower scoresthan thosereceiving
placebo. This possible deleterious effect of first
generation antihistamines on children’s learning
was later confirmed(l] underscoring the desire to
avoid the use of these agentsin children.

1.6 Toxic Ingestion of First
Generation Antihistamines

The widespread use of first generation antihis-
tamines in paediatrics has been accompanied by
frequent intoxication.[*d Typically, children in-
gesting large quantities of first generation antihis-
tamines experience marked sedation, lethargy and
anticholinergic-like symptoms including dry mouth,
tachycardia, and hyperactivity with potential pro-
gression to acute psychosig4344 (tablel11). K oppel
et al.[% in aretrospective study described 136 pa-
tients who ingested diphenhydramine (dose range
0.3 to > 5000mg; 20% of patients ingested an un-
known amount). Two-thirds of the patients were
aged between 14 and 30 years old. Of these 136 pa-
tients, 29 patients were identified when they were
hospitalised (group I) and the remaining 107 pa-
tients (group I1) were included in the study after
their local poison control centre had been contact-
ed. The most frequent symptom reported in both
groups of patients (hospitalised and poison control
contact) was somnolence; occurring in approxi-
mately 34 and 36% of patients, respectively. Ap-
proximately 23 and 27% of hospitalised and poison
control centre managed patients, respectively, ex-
perienced psychosis. Coma was described more
frequently in patients requiring hospitalisation
than patients managed by a poison control centre,
14 and 6%, respectively. Hallucinationsand mydri-
asiswere experienced by approximately 7 to 8% of

Drug Safety 2001; 24 (2)
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al patients. Tachycardia and respiratory insuffi-
ciency occurred in approximately 3% of hospital-
ised patients. Seizures and diplopia, which were
unwitnessed in the nonhospitalised patients, were
described to occur in 3 and 2% of al patients. Over-
al, approximately 16 and 30% of patients hos-
pitalised and those managed by a poison control
centre, respectively, experienced no symptoms as-
sociated with diphenhydramine ingestion.

Seizures, which can occur following intoxica-
tion with a first generation antihistamine, occur
more frequently in children than adults. Depend-
ing upon the amount ingested, seizures and life-
threatening symptomatology such as ventricular
dysrhythmias %649 cardiopulmonary arrest(43:484°]
and refractory seizuresl4446:47.491 as well as
deathl4448.49] have been described in intoxicated
paediatric patients. The potential for the develop-
ment of seizures and potentially life threatening
reactions underscores the need for prompt and ef-
fective treatment of severely intoxicated patients.
Unfortunately, no specific therapy other than ag-
gressive supportive measures is effective in the
treatment of these patients.

2. Second Generation Antihistamines

2.1 Overview

The relatively common occurrence of antihis-
tamine-induced adverse effects at therapeutic dos-
ages limited the use of first generation antihista-
mines and stimulated the search for newer analogues
with improved safety profiles. The second genera-
tion antihistamines (table |) were the first of this
new class of agentsthat afforded an apparently im-
proved safety profile. In particular they were far
less sedating than the first generation agents. Ter-
fenadine and astemizole were the first of the sec-
ond generation antihistamines marketed. Both of
these agents have been shown to posses equal or
possibly superior antihistaminic activity to first
generation antihistamines in children and adults
experiencing hyperhistaminic conditions.>* More-
over, the absence of clinically important sedation
with these agents represented a major therapeutic

0 Adis International Limited. All rights reserved.

Table Ill. Typical signs and symptoms associated with histamine Hy
receptor antagonist (antihistamine) intoxication

First generation (classical) [e.g. diphenhydramine,
hydroxyzine]

Dry mouth
Drowsiness, lethargy
Nausea/vomiting
Flushing

Fever
Hyperactivity/irritability
Tachycardia
Diarrhoea

Mydriasis

Slurred speech
Ataxia, stupor
Psychosis

Seizures

Coma

Second generation (e.g. terfenadine, astemizole)
Nausea/vomiting

Headaches

Dry mouth

Anticholinergic effects

Cardiac dysrhythmias

Third generation (e.g. loratadine, fexofenadine, cetirizine)
Sedation

Extrapyramidal reactions

Palpitations

Tachycardia

Headaches

advance in antihistamine therapy. Approximately
6 years after receiving FDA approval in 1991, ter-
fenadine became the ninth most prescribed medi-
cation in the US.I59 Both of these second genera-
tion antihistamines were FDA labelled for use in
older children and adults although paediatricians
quickly utilised available liquid formulations of
both drugs for the treatment of their younger pa-
tients.[51

2.2 Pharmacokinetics of Second
Generation Antihistamines

Paediatric pharmacokinetic studies with ter-
fenadine and astemizole have been sparse and the
available data are summarised in table IV. Once ab-
sorbed both terfenadine and astemizole undergo ex-

Drug Safety 2001; 24 (2)
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Table IV. Disposition characteristics of second and third generation histamine H1 receptor antagonists (antihistamines) in children and adults

Antihistamine Half-life Volume of Plasma protein  Route of Active metabolite
Parent (h) Metabolite (h) distribution (L/kg)  binding (%) elimination

Astemizole [3:52-54]

Children NR 11.2 (days) ND ND Metabolised by Yes:

Adults 20 11.8 (days) 250 97 CYP3A4 and desmethylastemizole

excreted by the
kidneys and via bile

Azelastinel®®
Adults 22-36 42-54 14.5 78-88 Metabolised by Yes: desmethylazelastine
CYP3A4 and other
alternative
pathways; excreted
by the kidneys and
faeces possibly via

bile
Cetirizinel®6-60]
Infants 3.1 None 0.7 ND Not metabolised. No
Toddlers 4.9 None 0.58 ND Excreted
Children 7.1 None 0.44 ND ‘k{ZChanged by the
Adults 8.6 None 0.63 99 faneys
Ebastine? [61-63]
Children Minutes 14 2.1-24 ND Metabolised by Yes: carebastine
Adults Minutes ~ 10-16 152 98 CYP3A4 and 2D6
and excreted via
the urine
Fexofenadinel>464.65
Children 17.6 None ND ND Not metabolised. No
Adults 14.4 ND 5.8 60-70 Excreted
unchanged by the
kidneys

Loratadinel5466]

Children and Adults 8.4 28 119 97-99 Metabolised by Yes:
CYP3A4 and 2D6  descarboethoxyloratadine
and excreted by the
kidneys and via bile

Mizolastinel*

Adults 8-10 None 1.0-14 98 Metabolised by None
CYP3A4 and 2C6
and excreted by the

faeces
Terfenadinel*>54
Children NR 17.6 NR ND Metabolised by Yes: fexofenadine
Adults NR 14.4 ND 97 CYP3A4 and (terfenadine carboxylate)

excreted by the
kidneys and via bile

a Data reflects the metabolite, carebastine.
CYP = cytochrome P450; ND = no data (located following a search of the English language literature); NR = not reported.

tensivefirst pass metabolism via cytochrome P450 mately 99.5%) to its active metabolite, terfenadine
(CYP) 3A4. Terfenadine, which isnearly inactive,  carboxylic acid (also known as fexofenadine).[67]
is completely and rapidly metabolised (approxi- The half-life of terfenadine, the parent compound,

0 Adis International Limited. All rights reserved. Drug Safety 2001; 24 (2)



Safety of Antihistamines in Children

127

isill defined as most studies report the half-life of
its metabolite, which is approximately 14 to 18
hours. Similarly, astemizole undergoes metabo-
lism via CYP3A4 to 3 major metabolites, des-
methyl astemizole (DMA), norastemizole and 6-
hydroxydesmethylastemizole (6-HDMA). DMA,
the major metabolite of astemizole,[%8 and nora-
stemizolel59 appears to possess antihistaminic
properties approaching those of the parent com-
pound whereas 6-HDMA possesses substantially
less activity.[70 The half-life of astemizole and its
metabolites in children have been reported to be
approximately 11.2 days.[52 Both astemizole and
terfenadine appear to be extensively distributed in
the body though no reports have described the ap-
parent volume of distribution for terfenadinein ei-
ther children or adults. In contrast the apparent vol -
ume of distribution for astemizole is approximately
250 L/kg® in adults reflecting the drugs high de-
gree of tissue binding.

2.3 Adverse Events Associated with Second
Generation Antihistamine Administration

Inclinical trial sboth terfenadine and astemizole
were reported to be well tolerated. Initialy, the type
and severity of adverse effects seen with these two
agentswere described as being no different in type
and incidence to those seen with placebo.[?! Be-
tween 2.8 and 12% of patients eval uated in various
studies complained of sedation while receiving ei-
ther terfenadine or placebo.5-71-73 Similarly 14.7
and 13.3% of children and adultstreated with astem-
izole or placebo, respectively, complained of CNS
depression.[2%] As an example of the broad-based
patient acceptance of these second generation an-
tihistamines, only 1% of 744 adult patients receiv-
ing these medications compared with 5 to 6% of
patients receiving first generation antihistamines
discontinued therapy because of unacceptable se-
dation.[3l Sedation associated with astemizole has
been reported to affect children less frequently
(96% sedation-free) than adults (84% sedation-
free).[20 Substantiating the low affinity of ter-
fenadine and astemizole for cholinergic receptors,
anticholinergic-like symptoms (i.e. dry mouth) were

0 Adis International Limited. All rights reserved.

infrequently experienced by patients administered
either second generation antihistamine.[20.71.74-77]
Dry mouth was reported to occur in children and
adults receiving therapeutic dosages of astemizole
nearly as frequently as patients receiving placebo,
approximately 5.0 and 4.5%, respectively.[20.73]

2.4 Antihistamine-Associated Torsades
de Pointes

Despite few adverse events being associated
with therapeutic dosages of terfenadine and astem-
izole some patients who accidentally or intention-
ally ingested normal or excessive doses of ter-
fenadine or astemizolealone or in conjunction with
other drugs metabolised by CY P3A4 or, more im-
portantly, agents which inhibit the activity of
CYP3A4 (table V), experienced life threatening
dysrhythmias including torsades de pointes. In
1989, the first case of torsades de pointes associ-
ated with an intentional overdose of terfenadine was
described.[”® This was soon followed by other
cases occurring in children and adults.[ From these
reports, it was noted(®ll that patients exhibiting
dysrhythmias had either exceeded the FDA recom-
mended daily dose, taken 1 of these antihistamines
concurrently with a drug known to interfere with
hepatic CY P3A4 isozyme activity (table V) or had
significant underlying liver dysfunction.[828]

Table V. Selected drugs which can inhibit cytochrome P450 3A4
isozyme activity”®!

Cimetidine

Citalopram

Diltiazem

Fluconazole

Fluvoxamine

Fluoxetine

Indinavir

Itraconazole

Ketoconazole

Macrolides (erythromycin, clarithromycin)
Metronidazole

Naringenin (active component of grapefruit juice)
Nefazodone

Norfluoxetine

Ritonavir
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From these reports, it is unknown if the patients
described had an undiagnosed cardiac abnormality
such as primary prolonged QT syndrome which
might haveincreased their risk of developing adys-
rhythmia with these second generation antihista-
mines. Nevertheless, it would seem reasonable to
believe that a patient with apre-existing prolonged
QT interval or other underlying cardiac abnormal-
ity might be predisposed to develop an antihista-
mine-induced dysrhythmia.

2.5 In Vitro Cardiac
Electrophysiology Associated with
Second Generation Antihistamines

The electrophysiology of both terfenadine and
astemizole-induced dysrhythmias has been well des-
cribed. Terfenadinein vitro, hasbeen shown to sub-
stantially reduce (and in some cases abolish) the
outward potassium-mediated tail current by block-
age of the delayed outward rectifier potassium cur-
rent (I,) channels.[84-861 Assessment of the outward
potassium-mediated tail current isahighly selective
method for measuring outward potassium chan-
nels.[8487 Blocking of the Ik, channels produces a
depressed pesk in the voltage and a decrease in po-
tassium outflow. Terfenadine, astemizole, and other
selected drugs can produce a net imbalance in the
influx and efflux of ions predisposing the myocar-
diumto early after depolarisation, which if sizable,
may ultimately be observed as a dysrhythmia and
most notably torsades de pointes.

Human ventricular myocytes are comprised of
5 different classes of potassium channels. Terfen-
adine concentrations of >471 pg/L in vitro block
nearly 100% of all 5 classes of feline potassium
channels.[84 Although thisin vitro concentration(84
far exceeds concentrationsclinically observed with
use of terfenadine at therapeutic dosages,8488! pa-
tients who have overdosed or taken concurrent
medi cations which inhibit terfenadine metabolism
may experience serum concentrations in excess of
80 ug/L which are consistent with concentrations
shown to block 50% of feline and guinea-pig Ik,
channels (approximately 70 and 24 pg/L, respec-
tively).[8485 Salata et al .83 have confirmed these
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Fig.1. Percentage change in QT interval induced by second gen-
eration histamine H; receptor antagonists (antihistamines) in
cells expressing human ether-a-go-go related genes (HERG).
Terfenadine was assessed using feline myocardium and this
may therefore explain the larger concentrations needed to in-
duce QT interval changes. Ketoconazole induces QT interval
changes when administered alone (data not presented).[:84
DMA = desmethyl astemizole.

observations that terfenadine preferably antagon-
ises the Ik, channel. Furthermore, terfenadine has
been observed to block the I, channel expressed
by the human ether-a-go-go-rel ated gene (HERG)[89
underscoring thepotential for terfenadinetoinduce
QT interval prolongation (fig. 1) and dysrhythmias
in humans. Albeit at much higher concentrations
(e.g. pmol/L), terfenadine has consistently demon-
strated blockade of other human cardiac potassium
channel targets such as Kv1.5, which express the ul-
tra-rapid outward potassium current (ly,,) channel
inhuman atrial tissue.[89 Clinically, terfenadine se-
rum concentrations aslow as 7 ug/L have been asso-
ciated withanincreaseinthe QT interval in healthy
adults.!®% Even though the serum concentration ob-
served in this patient appeared to be much lower than
that reported to block 50% of the potassium chan-
nels in myoctes, 8489 hoth terfenadine and astem-
izole concentrate within the myocardium at con-
centrations approximately 200 to 400 times greater
than concentrations reflected in the serum.[® These
data may suggest that the serum concentration for
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antihistamines that concentrate within the myocar-
dium (e.g. terfenadine and astemizole) do not ac-
curately predict their propensity to induce cardiac
dysrhythmias.

Astemizole, though less well studied than ter-
fenadine, presumably induces torsades de pointes
in asimilar manner. The primary metabolite of as-
temizole, DMA, aso appears to inhibit Ik, chan-
nelsin amanner similar to that of astemizole and
terfenadine.[%8] The remaining astemizole metabo-
lites, norastemizole and 6-HDMA can antagonise
Ik channels, although not as completely asthe par-
ent drug or DMA .[9293] | n contrast to terfenadine,
no defined correlation has been identified between
astemizole serum concentrations and prolongation
of the QT interval (fig. 1). Chen and Woosley(92
reported that 10 pol/L of astemizole completely
blocked the I, channels and approximately 50% of
the transient outward potassium channels leading
to a prolonged QT interval. The effects of both
astemizole and its metabolite DM A together on the
action potential or QT interval prolongation have
not been examined thusit isnot known whether the
cardiac effects of the 2 compounds are potentially
additive or synergistic.

The manufacturer of norastemizole, one of the
active metabolites of astemizole, hasrecently com-
pleted phase 3 clinical trials.[®4 It is anticipated that
norastemizole will be approved relatively soon for
market in the US and elsewhere. Norastemizoleis
described toincreasethe QT interval infelinemyo-
cardium(®2 although the concentration of norastem-
izole needed to antagonise approximately 50% of
Ikr channels and increase the QT interval appears
to be substantially greater than astemizole or its
major metabolite, DMA .[92.93.95] Norastemizole
appears well tolerated at therapeuti cdosages. Nev-
ertheless the ability of norastemizole to increase
the QT interva (fig. 1) suggestsnorastemizole-in-
toxicated patients may be at an increased risk for
cardiac dysrhythmias, however there is no evi-
dence that thisisthe case.

Thein vitro data summarised in this section ap-
pear to correlate well with clinical experience. The
terfenadine plasma concentration in awoman who
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experienced torsades de pointeswith fatal outcome
after receiving terfenadine together with the
CYP3A4 inhibitor, ketoconazole (table V), was
0.12 pmol/L (57 pg/L).[8 Woosley et al.[84 found
this concentration to be nearly identical to the con-
centration necessary to block 50% of the I, chan-
nels in feline myocardium. Thus blockade of Ik,
channels in ventricular myocytes with either ter-
fenadine or astemizole, if significant enough, could
cause these cells to depolarise early, inducing tor-
sades de pointes.

2.6 Acute Terfenadine and Astemizole
Poisoning in Children

Accidental and intentional overdoses with ter-
fenadine and astemizolein children have been well
described.[93:96-102] Overdoses of terfenadine and
astemizole may produce similar cardiac sequelae
in susceptible individuals although adverse effects
associated with an overdose of terfenadine are usu-
ally observed sooner (i.e. within hours) after inges-
tion than with astemizole (see table 1V). Children
who haveintentionally or accidentally ingested an
overdose of astemizole and present to the emergen-
cy department are usually fully conscioud®® or
only slightly lethargicl97:101.1021 whereas patients
ingesting large amounts of terfenadine often pre-
sented in avery lethargic or comatose state.

Most importantly, first and second degree atrio-
ventricular (AV) block aswell asother cardiac dys-
rhythmias have been reported commonly(10%102]
with both terfenadine and astemizole intoxica-
tions. These dysrhythmias have occurred within
hourg97:101 to day</109 after ingestion of the over-
dose with some patients converting to torsades de
pointes.[103 Thus, patients who ingest astemizole
reguire continuous close monitoring as they may
initially appear completely normal prior to experi-
encing a potentially life-threatening dysrhythmia
as was shown in a report by Broadhurst and Na-
than(%4 of ayoung woman with long QT syndrome
who experienced a cardiac arrest after ingesting
astemizole,[1%4 as the concentration of the parent
compound and metabolite continue to accumul ate.
Prior to the recognition of astemizole-induced car-
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diotoxicity, patients reporting overdoses were of -
ten discharged home or admitted to the hospital
floor for observation without cardiac monitoring
with potentially devastating consequences.[199 Some
of these patients experienced unconsciousness and
a severe decrease in cardiac output!99190 possibly
related to a ventricular arrhythmia occurring up to
20 hours after ingestion. Intermittent dysrhythmias
have also been described, occurring up to 48 hours
after astemizoleingestion.[192] Other el ectrocardio-
gram (ECG) abnormalities observed in astemizole
intoxicated children have included tachycardiaand
prolongation of the QT interval, which may be ev-
ident within hours of theingestion and | ast for sev-
eral days (reported up to 5 days).[93:97.102] This ap-
parent discrepancy in the manifestation of associated
symptoms between terfenadine (early) and astem-
izole (late) would appear to reflect the difference
in the 2 drugs' rate of hepatic metabolism to non-
toxic and toxic metabolites. Therefore, patientsin-
gesting apotentially toxic amount of astemizole or
terfenadine should be admitted to the hospital for in-
tensive cardiac monitoring (see section 5 for rec-
ommendations).

In summary, Disruption of cardiac Ik, channels
with either terfenadine or astemizole may induce
serious cardiac dysrhythmias. Torsades de pointes
must be considered amedical emergency requiring
prompt medical attention. Patients at risk for seri-
ous cardiac adverse effects associated with either
terfenadine or astemizole may require continuous
ECG monitoring. Following astemizole intoxica-
tion monitoring may be required for several days.
Presently, the manufacturers of terfenadine and as-
temizole have removed their respective drugsfrom
anumber of markets, including the US. Yet despite
the increased awareness, cardiotoxicities associated
with terfenadine and astemizole, QT interva pro-
longation and torsades de pointes associated with
both terfenadine and astemizole continue to be re-
ported.[106-108]

3. Third Generation Antihistamines

Therecognition of the serious adverse effect po-
tentia associated with the administration of the sec-
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ond generation anti histaminesfocused attention on
|oratadine and other, newer third generation com-
pounds. These drugs have enjoyed widespread
clinical usebecause of their overal efficacy intreat-
ing hyperhistaminic conditions, low propensity to
induce sedation (similar to second generation agents)
and high degree of safety. Most importantly, the
clinical use of third generation agents does not ap-
pear to be associated with any adverse including
cardiac effects, even in cases of severe overdose.

3.1 Loratadine

L oratadine became available in the US at ap-
proximately the sametime asterfenadine and astemi-
zole. Because of the timing of its release to clinical
medicine, it wasinitially classified as a second gen-
eration antihistamine. However, considering that itis
nonsedating and lacks clinically important cardio-
toxicity, it is more correctly classified asathird gen-
eration antihistamine. As is the case for terfenadine
and astemizole, little is known about the pharmaco-
kinetics of loratadine or its major active metabolite,
descarboethoxyloratadine (DCL), in children. Af-
ter absorption into the systemic circul ation approxi-
mately 97 to 99% and 73 to 76% of loratadine and
DCL, respectively, are bound to plasma proteins.[109]
Loratadine is distributed extensively into tissues
with an apparent volume of distribution of 119
L/kg!™ (table 1V).

The metabolic pathway for loratadine differs
from that of terfenadine or astemizole. Loratadine
ismetabolised by the CY P enzyme system viaboth
CYP3A4 and 2D6 isozymes.I'™] [nhibition of the
primary metabolic pathway of loratadine via
CYP3A4 resultsin a greater dependence upon the
CY P2D6 pathway,['1! and vice versa. This parallel
metabolism of loratadine appears to markedly re-
duce the risk of loratadine-associated metabolism
based drug-drug interactions. Nevertheless, in our
opinion the metabolism of loratadine may be mark-
edly inhibited resulting in accumulation of the par-
ent drug if it isco-administered with sel ected med-
ications (e.g. nefazodone) which competitively
inhibit both CY P3A4 and 2D6 or medication com-
binations (e.g. erythromycin and fluoxetine) that
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could interfere with the activity of both isozymes.
Despite this potential for excessive loratadine ac-
cumulation, few serious adverse effects, including
cardiac toxicity, would be expected to occur (see
section 3.1.1).[83.112]

In the vast majority of reported controlled clin-
ical trials, the incidence of |oratadine associated ad-
verse events, including sedation, appear to besimilar
to placebo.[66.113-118] | 1 |arge placebo controlled
study of 271 children with alergic rhinitis aged 6 to
12 years, the incidence of adverse effectsin the lor-
atadine group wasfound to be similar to placebo.!113]
Othershave confirmed thisrelative lack of adverse
events associated with loratadine administration in
children.[114-116] Theincidence of sedation associa-
ted with either loratadine or terfenadine was similar
to placebo, approximately 10, 7, and 8%, respec-
tively, in 317 adult patients experiencing symp-
toms associated with seasona allergic rhinitis.[117]
Sedation, headaches, and anticholinergic-like effects
(i.e. dry mouth) were described by <4% of adult
patients receiving loratadine, %6118 which was sim-
ilar to patients receiving terfenadine or placebo.[117]

3.1.1 Cardiac Effects Associated with Loratadine

In contrast to the second generation antihista-
mines, astemizole and terfenadine, loratadine ap-
pears to lack any clinically important cardiac tox-
icity. No changesin the action potential or early after
depolarisation in the guinea-pig model have been
demonstrated.['19 No significant changes in guinea
pig ventricular myocyte action potential or surface
ECG wereobserved with loratadine, even with 150
times the normal human dose (on a mg/kg basis)
whereas under similar laboratory conditions, ter-
fenadine markedly prolonged the QT interval and
induced an arrhythmia resembling torsades de
pointes.[119 Blockage of only 20% of guinea-pig
potassium channel soccursat aconcentration of 2.5
pmol/L loratadine, whichisapproximately 100 times
greater than concentrations achieved when loratad-
ine and ketoconazole are administered concur-
rently.[88] Thisis consistent with the dataof Woosley
and associates,[83 who found no effect of loratad-
ineon cardiac |k, channels at concentrations up to
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10 pmol/L or 875 times those achieved at recom-
mended clinical dosages.

Similar to terfenadine and astemizole, the effects
of loratadine on I, and human Kv1.5 channelshas
been evaluated in HERG and Kv1.5 transfected
cells. At therapeutic concentrations, loratadine is
described to have no effect on human Ikr channels
supporting previous experiences described in ani-
mals.[683 At much higher concentrations (ap-
proximately 50 pmol/L) loratadine is estimated to
block 50% of HERG Ik, channels.[88! Similar tothe
animal data, 1 pmol/L of loratadine inhibits ap-
proximately 5% of cloned HERG channels ex-
pressed in Xenopus oocytes.[%8 These human in
vitro findings would appear to support the lack of
clinically-induced ventricular dysrhythmias, espe-
cially torsades de pointes, observed with loratad-
ine. Nevertheless, at lower concentrations (0.8 to
1.2 umol/L) loratadine inhibits approximately
50% of human Kv1.5 channels,[120121] which are
primarily found in the atria of the human heart.
Furthermore the major metabolite of loratadine,
DCL, hasalso been described to inhibit human Kv1.5
channelsat concentrations much higher than the par-
ent drug in voltage, and in a time dependent man-
ner.[121-123] Nevertheless, the concentrations used
in these experimental conditions most likely are
much greater than those achieved with the recom-
mended clinical dosage or achievable in the situa-
tion of clinical overdose/suicide.

Similarly, the co-administration with erythro-
mycin, an effective CY P3A4 inhibitor (table V), and
loratadine to healthy adults did not produce any
clinically significant prolongation of the QT inter-
val or induce torsades de pointes even though the
area under the curve for both parent loratadine and
DCL weresignificantly increased.[112 Therelative
lack of clinically important adverse events, includ-
ing cardiac toxicity, with therapeutic and excessive
loratadine serum concentrations appears to elimi-
nate any important metabolism-based drug-drug
interactions.

3.1.2 Acute Loratadine Poisoning

Unlike terfenadine and astemizole, experience
with loratadine intoxication for both children and
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adultsisvery limited and not well described in the
literature. Loratadine appears to be well tolerated
after overdose substantiating loratadine’s selectiv-
ity for the H1 receptor and apparent lack of cardiac
toxicity. Children administered loratadine at a dos-
age of more than 10 mg/day experienced only mi-
nor adverse effects such as extrapyramidal symp-
toms and pal pitations.[124 Similarly, adultsingesting
excessive loratadine doses (40 to 180mg) experi-
enced nonsevere adverse effects such as somnolence,
tachycardia, and headaches.[124

To date there appearsto be only 1 reported case
in the English language literature describing an ap-
parent arrhythmia associated with loratadine ad-
ministration. Good et al.[*2% described a 69-year-
old male who developed nonsustained ventricular
tachycardia and a QT interval of 476 msec while
receiving loratadine 10 mg/day, quinidine 324mg
3 times daily along with other medications. These
other medications had not been reported to be as-
sociated with torsades de pointes.[129] The authors
concluded that the dysrhythmiain this patient was
attributable to loratadine administration although
they failed to stress the importance of the concur-
rent administration of quinidineand the patient’s pre-
vious history of dysrhythmias. It would appear that
the dysrhythmias experienced by this patient were
more likely associated with causes other than lor-
atadine administration. (83

3.2 Ebastine, Azelastine, and Mizolastine

Currently not FDA approvedinthe US, ebastine
isavailablein Europe and a number of other coun-
tries around the world. The nonpharmacologically
active parent drug, ebastine, is structurally similar
to terfenadine and israpidly and extensively meta-
bolised by CYP3A4 and possibly another uniden-
tified aternative pathway!126127 to the active me-
tabolite, carebastine. Azelastine, another relatively
new nonsedating antihistamine is currently ap-
proved in the US and other countries as an intra-
nasal spray (except in Japan where an oral formu-
lation is available). Azelastine is pharmacologically
activeand ismetabolised by CY P3A4 and 2D6 iso-
zymes to its major, active metabolite, desmethyl-
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azelastine.[128.129] Similarly, mizolastine, a newer
histamine receptor antagonis, is pharmacologically
activeand ismetabolised to i nactive metabolitesby
CY P3A4 and 2C6 isozymes.[1# Both these antihis-
tamines, in addition to their histamine receptor an-
tagonism appear to possess other important phar-
macological actions including inhibition of the
release of inflammatory mediators by mast cells
that may make them useful for the effective relief
of asthma-associated symptoms,[130-132]

The co-administration of aknown CY P3A4 iso-
zyme inhibitor, (e.g. ketoconazole or erythromycin;
see table V), can increase ebastine serum concen-
trations 10 to 30 timesval ues observed with normal
therapeutic dosages.[133-13% Unlike ebastine, the co-
administration of azelasting!’36l or mizolasting!13"]
with erythromycin did not produce any significant
alteration in the pharmacokinetic profile of either
antihistamine. This lack of change in the disposi-
tion characteristics of azelastine further supports
an aternative metabolic pathway other than
CcY p3A4_[128,129]

The pharmacokinetics of ebastine, azelastine, and
mizolastine are summarised in table | V. There ap-
pears to be no difference in the pharmacokinetics
of these agents between children and adults. Both
ebastine syrup 5mg and 10mg administered to chil-
dren age 6 to 12 years inhibited the histamine in-
duced wheal and flare for approximately 28 hours
thereby suggesting once daily administration is ap-
propriate in children.[!38 Once a day administra-
tion of ebastine is further supported by the long
half-life of carebastine, which appears to be approx-
imately 10to 14 hoursin children.[138 Adverseevents
associated with ebastine administration appear to
be similar to placebo.l138] The most common ad-
verse events described with ebastine administration
were headache, somnolence, and dry mouth.[138]

Azelastine has been formulated mainly as a na-
sal spray that delivers 132pug of drug per actuation
although as noted above, an oral formulation is
available in Japan. Regulating authorities in some
countries have approved paediatric administration
of azelastine nasal spray for alergic rhinitis. The
lower dose and the topical application of azelastine
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would be expected to diminish or circumvent pos-
sible systemic adverse events. Rethmuller-Winzen
and colleagued3d observed a mean steady state
azel astine concentration of approximately 6- to 8-
fold less after 4 intranasal sprays of azelastine
compared with an oral dose of 4.4mg in heathy
adults even when the dose was normalised. The
most common adverse eventsassociated with nasal
azelastine were aterations in taste perception and
nasal burning. All other adverse events described
(e.g. headaches, somnolence, paroxysmal sneezes,
dry mouth) were reported at rates similar to pla-
cebo.[140]

3.2.1 In Vitro and In Vivo Cardiac Effects of
Ebastine, Azelastine and Mizolastine

The cardiotoxicity profile of ebastine has not
been fully described. We were unable to identify
any studies describing a relationship between
ebastine drug concentration and QT interval pro-
longation. Carebastine 50 mg/kg has been reported
to have no effect on QT interval in the guinea-pig
model thereforeitisbelieved that carebastine, sim-
ilar to fexofenadine, does not increase the risk of
patients developing ventricular dysrhythmias re-
ceiving the parent drug, ebastine.l’*1l In rats re-
ceiving intravenous ebastine 3 mg/kg, the maximal
QT interval prolongation observed was approxi-
mately 4 msec whereas with greater than 3 times
the ‘therapeutic’ dose (10 mg/kg) the maximal in-
crease in QT interval was 9.7 msec.[142 Further-
more, there was a 4-fold difference in the respec-
tive serum concentrations obtained suggesting a
possible nonlinear or saturable relationship be-
tween QT interval and serum concentrations.[242
Ko and coll eagues!143] describe the ability of ebast-
ine to block Ik, and other potassium channels in
the rat, guinea-pig, and HERG model. These au-
thors demonstrated approximately 72% inhibition
of I, channelsin guinea-pig ventricular myocytes
with concentrations of ebastine approximately 235
times greater than steady state concentrations ob-
served in patients receiving clinically acceptable
ebastine dosages of 20 mg/day for 7 days.[61 In X.
leavis oocytes expressing human HERG I, chan-
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nels, approximately 1.4 pug/ml of ebastineinhibited
46% of the current.[143] This concentration is ap-
proximately 235 times greater than usually achieved
therapeutic peak serum concentrations observedin
healthy adults®! and approximately 26 times greater
than those observed in patients receiving concur-
rent CYP3A4 inhibitors (e.g. erythromycin and
ketoconazol €).[138] Thus, the likelihood of achiev-
ing such high concentrationsresulting in clinically
apparent cardiotoxicity with the clinical use of
ebastine, isunlikely similar to loratadine.

In children receiving ebastine 1 to 10 mg/day,
3.5% of 202 of these children had a QT interval
increase of greater than 15% over baseline.[® Sim-
ilar to the paediatric data, only 1.9% of 842 adults
receiving ebastine 1 to 30 mg/day had a QT inter-
val increase greater than 15% above basdline which,
in both cases, was similar to that observed with pla-
cebo.®Y |n 1 study, healthy adults were adminis-
tered placebo, ebastine 60 or 100 mg/day (3 to 10
times the normal therapeutic dosage) or terfenad-
ine 180mg twice daily (3 times the recommended
dosage) for 7 days.[135 The patients who received
ebastine 60 mg/day had similar QT interval changes
as placebo whereas patients receiving ebastine 100
mg/day experienced a significant QT interval in-
crease (10.3 msec) compared with placebo. Al-
though these patients experienced a prolongation
of the QT interval, it was significantly less then
patients receiving terfenadine and believed not to
be of any clinical significance.[3% These findings
are consistent with other studies.[91144]

Little data are available about the possible car-
diac events associated with azelastine. Dataonfile
with the drug’'s manufacturer suggest that azelast-
ine has no effect on prolongation of the QT inter-
val.l[1*] Furthermore, clinical studies of azelastine
hasfailed to describe any clinically significant car-
diac adverse events,[130.131,140.146-149] Gimyj| arly clin-
ical studies with mizolastine have failed to de-
scribe any clinically significant cardiac adverse
events_[lB?,lSO]

After an exhaustive search, we were unable to
uncover any published descriptions of ebastine,
azel astine or mizolastine intoxication occurring in
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either children or adults. It woul d appear that ebast-
ine does not increase the QT interval except at
extremely elevated concentrations. Nevertheless
one must be cautious in the interpretation of these
dataasit was nearly 10 years after the first market-
ing of terfenadine before torsades de pointes was
first reported with its use. However, the lack of
inhibition of potassium channelsinvitro and in an-
imal models, except at supratherapeutic concentra-
tions combined with the lack of any clinical re-
ports/findings may suggest the safety of ebastine
when administered to the general population. More
experience is clearly needed to fully elucidate the
drug’s overall cardiac safety profile.

3.3 Fexofenadine

The second third generation antihistamine to be
marketed in the US was fexofenadine or terfenad-
ine carboxylate, the active metabolite of terfenad-
ine. Thiscompound is & so availablein other major
markets. The parent compound, terfenadine, pos-
sesses no desirable therapeutic effects until hepa-
tically metabolised via CY P3A4 to the active me-
tabolite fexofenadine. In the absence of concurrent
administration of an inhibitor of hepatic CY P3A4
(table V), overdoses, or administration of the drug
to patients with marked hepatic dysfunction, ter-
fenadineisrapidly converted to fexofenadine, which
is responsible for all of the antihistaminic effects
of terfenadine. Since terfenadine is the prodrug of
fexofenadine, the clinical efficacy of fexofenadine
would not be expected to differ from that of pub-
lished reports for terfenadine.

At present fexofenadineisnot labelledinthe US
for use in children under the age of 12 years. Al-
though several clinica studies of fexofenadine in
children are ongoing, no published data are yet
available. In assessing the clinical pharmacology
of fexofenadine in paediatric patients, Simons et
al.[64 performed adouble blind two-way crossover
study in 14 children (mean age of 9.8 + 1.8 years).
The half-life of fexofenadine in these children was
approximately 18.0 hours and the volume of distri-
bution was approximately 5.8 L/kg after a 60mg
dose. The fexofenadine half-lifein childrenin this
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study!®4 did not differ substantially from data re-
ported in adults (14 hours).[*51 Careful inspection
of the data of Simons et al.[®¥ suggests that the
reported fexofenadine half-life may bein error be-
cause of the sparse blood sampling strategy used
by the investigator, which may have overestimated
thetrue elimination half-lifein children. Neverthe-
less, the children in this study were found to expe-
rience no serious adverse effects and ECGs were
normal in all patients.[64

Fexofenadine has been well tolerated even at
doses exceeding the recommended therapeutic dos-
age (seesection 3.6) Themost common adverseeffect
associated with fexofenadine administration in
adults was headache observed in 1.4 to 3.4% of
patients receiving the drug. In 1 comparativetrial (151
assessing the safety and efficacy of fexofenadine,
cetirizine and placebo, the incidence of headaches
was the same (8, 8 and 7%, respectively) suggest-
ing that headaches may be associated with the un-
derlying medical conditions of patients rather than
use of their prescribed antihistamines.

3.4 Cetirizine

Soon after the clinical availability of fexofenad-
ine, cetirizine, which isless sedating than first gen-
eration antihistamines and noncardiotoxic, was mar-
keted in the US. Cetirizine has been extensively
used in Europe for many years. Cetirizine, a zwit-
terion and potent H; receptor antagonist, isthe car-
boxylated metabolite of hydroxyzine. Once ab-
sorbed, it isbound in serum primarily to albumin.[152
Similar to fexofenadine, cetirizine is not metabo-
lised by the liver, with greater than 60% of un-
changed drug excreted from the body via the kid-
ney!153] by an active transport mechanism.['54 The
pharmacokinetics of cetirizinein children hasbeen
described (table 1V). The elimination half-life of
cetirizine appearsto vary with age. Theelimination
half-life of approximately 7.0 hourg®¢57 in chil-
dren 8 to 10 years of age appears to be similar to
that reported in healthy adults (approximately 7.4
to 8.6 hours).[57:153] | n infants and toddlers with an
average age of 12.3 months, the half-life of cetiriz-
inewasmuch morerapid, and highly variablerang-
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ing from 0.8 to 6.5 hours (mean 3.1 hours).[58! Al-
though infants have a shorter half-life and more
rapid body clearance than older children and adults,
the wheal and flare response is adequately sup-
pressed for up to 12 hours after receiving usual
doses regardless of age suggesting substantial tis-
sue concentrations of cetirizine.[5]
Unlikefexofenadine, the most common adverse
effect associated with cetirizine appears to be se-
dation. Data obtained from the drug’s manufac-
turer suggest the incidence of drowsiness in pa-
tients treated with cetirizine is approximately twice
that of fexofenadine and placebo (6 vs 3 and 3%,
respectively).[15% Cetirizine appears to be much less
sedating than its parent compound, hydroxyzine
but possibly more sedating than loratadine or fex-
ofenadine.!'5% Nevertheless, the overall incidence
of sedation requiring discontinuation of therapy in
children 6 years of age and older is only approxi-
mately 1%!15%] and is similar to rates observed with
other nonsedating antihistamines (seetablell). The
most common cetirizine-associated adverse events
reported in children ages6to 11 yearswere abdom-
inal pain and sedation whereas older children did
not describe abdominal discomfort asfrequently.[15°]

3.5 In Vitro and In Vivo Cardiac Effects of
Fexofenadine and Cetirizine

Under experimental conditions, fexofenadine
appears to be devoid of any cardiac toxicity. This
isin clear contrast to its parent compound, terfen-
adine, or the other second generation antihistamine,
astemizole. Fexofenadine serum concentrations
approximately 32 times greater than those achieved
with usual therapeutic administration had little ef-
fect on guinea-pig Ik, channels’51 appearing al-
most identical to control cardiac I, tails.[®4 In
vitro, fexofenadine is 583 times less potent in block-
ing guinea-pig cardiac Ik, channels than terfenad-
inel%l suggesting that fexofenadineisvirtually de-
void of cardiac effects under therapeutic and
excessive dose conditions.

Similar to fexofenadine, cetirizine has been de-
scribed to be clinically devoid of inhibiting potas-
sium channels. At concentrations of 30 umol/L and
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less, cetirizine had no effects on HERG I, chan-
nels.[1568] These results supported the findings of
Carmaliets157] that approximately 50% of guinea-
pig lkr channels were inhibited at concentrations
of 100 umol/L of cetirizinewhichisapproximately
150 times greater than that observed after 10mg of
cetirizine orally. Thelack of inhibition of Ik, chan-
nelsin vitro, further supports the lack of clinical QT
interval prolongation in patients receiving cetiriz-
ine.

Several clinical studies have attempted to un-
cover possible severe adverse events associated
with therapeutic or supratherapeutic doses of either
cetirizine or fexofenadine. No clinically signifi-
cant ECG changes have been observed when chil-
dren were administered either cetirizine or fexo-
fenadine.[158 Administration of therapeutic doses
of cetirizine 5mg or 10mg to 119 children aged 6
to 11 years did not produce any appreciable pro-
longation of the QT interval on asurface ECG ob-
tained on days 1 and 11 to 17 of therapy.[158] Most
children (more than 80%) receiving either 5mg or
10mg of cetirizine had aQT interval change of less
than 5% from baseline.[158] The absence of cetiriz-
ine-induced QT interval prolongation was also
confirmed inastudy of 25 healthy adult men (mean
age 28 years) receiving either cetirizine 20 or 60
mg/day for 7 days.[15]

Similar to children receiving therapeutic doses
of cetirizine, administration of high doses of fex-
ofenadine (e.g. 10 to 800mg) to healthy adults did
not appear to significantly affect the QT interval as
compared with baseline ECG.[16% Prolongation of
the QT interval was not observed in adults even
when fexofenadine serum concentrations exceed-
ed 6380 pg/L or approximately 14 times greater
than the fexofenadine serum concentration ob-
served with therapeutic dosages.!16% Although no
serious adverse events were reported with fexofen-
adine administration, approximately 54% of these
adult patients experienced at least 1 minor adverse
event with headache and sedation/lethargy being
the most common (29 and 17%, respectively).[160

The lack of any severe adverse events and car-
diac dysrhythmiasintheclinical studiesreflect the
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relativeinvitro cardiac safety of both cetirizineand
fexofenadine. Thesein vitro and in vivo results sug-
gest that similar to loratadine, few adverse events
would be observed clinically inintentional and un-
intentional cetirizine or fexofenadine intoxica-
tions.

3.6 Acute Intoxication Associated with
Fexofenadine or Cetirizine in Children

Clinical experience related to accidental/inten-
tional overdoses with fexofenadine or cetirizinein
either children or adults has been very limited. An
exhaustive review of the literature revealed de-
scriptions of 2 accidental cetirizine ingestions (only
1 published in English)[161.162] and 1 unintentional
overdose of fexofenadine.[163 Ridout and Tarigl161]
described an 18-month-old child who accidentally
ingested 18 ml of cetirizine solution (approxi-
mately 13.0 mg/kg). The child was admitted to the
hospital where vomiting was induced approximately
75 minutes after the ingestion. Overnight, the child
became hyperactive though al vita signsincluding,
blood pressure and cardiac monitoring remained
normal .[161] This child was discharged home the
next day without sequelae. This case appesars to re-
flect the anticipated safety of cetirizine even when
aninfant ingests up to 51 times the usual therapeu-
tic dose. Hansen and Feilberg Jorgensen!162 de-
scribed a4-year-old baby boy who unintentionally
ingested 60mg (3 mg/kg) of cetirizine. Asthiscase
report was published in Danish we were only able
to evaluatethe English translated abstract. Approx-
imately 1.5 hours after theingestion the patient ap-
parently experienced severe lethargy and vomiting
was induced. His ECG remained normal the entire
time he was observed and he was later discharged
without further sequelae.

As with cetirizine there are few descriptions of
adverse events occurring after supratherapeutic
doses of fexofenadine. Pinto et al.l'®4 describes a
67-year-old man with pre-existing cardiac abnor-
malities (left ventricular hypertrophy and pro-
longed QT interval) who experienced an increased
prolongation in his QT interval after ingesting
180mg of fexofenadine. The patient was rechal-
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lenged 6 days later in the hospital and was described
to experience an increase of his QT interval and
ventricular tachycardia, which progressed to ven-
tricular fibrillation. The manufacturer of fexofen-
adine reported in their response to this case descrip-
tion that the patient had pre-existing cardiac disease,
pre-existing QT prolongation, and that the patient
refused treatment with an implantable defibrilla-
tor.[1631 The manufacturer of fexofenadine also
noted that the patient experienced an in-hospital
episode of ventricular tachycardia during a fexo-
fenadine free period although this description was
not clear from the published case report.[163 De-
spite the interpretive challenge of the case report
by the manufacturer(163] the authors of the original
case report strongly disagree with the manufactur-
er’sassessment of their case assessment and reiter-
ate their belief that the arrhythmias observed in their
patient were directly related to fexofendine admin-
istration.[163 Although the exact mechanism(s) of
the arrhythmias observed in this patient may not be
clear and the possibility of their relationship with
fexofenadine administration disputed, this report
underscores the importance of postmarketing sur-
veillance for identifying possible drug-induced ad-
verse effects. However, based upon the data from
the above safety studies and the possible discrep-
ancies in this single case report, the cardiotoxic po-
tential of fexofenadine would appear to be ex-
tremely small.

In an attempt to better quantify the magnitude
and extent of fexofenadine and cetirizine associ-
ated adverse effects, we requested, received and
critically reviewed all adverse events reported to
the FDA Adverse Event Reporting System (AERS)
programme for loratadine, fexofenadine, and ce-
tirizine as of July 2, 1999. Since the release of
loratadine, fexofenadine, and cetirizine in the US,
the FDA has received 1375, 1322 and 542 case re-
ports of patients experiencing adverse events asso-
ciated with these agents, respectively. Health care
workers and patients themselves throughout the
world prepared the descriptions of these adverse
events. Interpretation of these data must be under-
taken cautiously since these descriptions submitted
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Table VI. Adverse events associated with fexofenadine admini-
stration commonly reported to the US Food and Drug Administra-
tion (FDA) Adverse Event Reporting System?

Adverse event No. of patients % of total

Total number of case reports 547
reviewed®°
Anticholinergic-like effects 76 13.9
constipation 3
diarrhoea 11
dysuria 9
headaches 16
sedation 34
Convulsions 17 3.1
possible pre-existing epileptic 3
condition?
Dizziness 18 3.3
Dysrhythmias 109 19.9
atrial dysrhythmia 19
atrioventricular 2
bradycardia
nonspecific dysrhythmia 28
QT prolongation 6°
tachycardiaf 39
ventricular dysrhythmias 1
Hypersensitivity 14 2.6
Elevated liver function tests 13 24
Nausea and vomiting 20 3.7
Palpitations 21 3.8

a Report of an adverse event to the FDA Adverse Event Report-
ing System, a voluntary reporting system, does not consti-
tute causality.

More than one report may be submitted to the FDA.
Patients may report more than one adverse event.
Patients receiving concurrent antiseizure medication.

Some patients receiving known medications to prolong the QT
interval.

f Possibly associated with anticholinergic-like effects.
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to the FDA may not reflect causality or even apos-
siblerelationship with the drug. In reviewing these
datawe attempted to delete all duplicated descrip-
tions of the same patients and adverse events al-
though unique patient identifiers were removed
making this process difficult. The most commonly
reported adverse events to the FDA viathe AERS
arepresentedintablesVI, VII,and VI1II. Inspection
of these reports failed to identify any trendsin the
typeor incidence of reported adverse effects. Close
examination of these reported adverse events re-
vealsthat the several described adverse events ap-
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pear to be associated with a previous medical con-
dition (e.g. seizures experienced by a person with
known epilepsy) or other possible medications
[e.g. increased heart rate experienced by a patient
receiving salbutamol (albuterol)]. Moreover there
appearsto have been only afew overdosesand few
reported serious cardiac toxicities associated with
the use of these medications.

4. Learning and Performance
Effects of the Second and Third
Generation Antihistamines

Treatment and nontreatment of symptoms asso-
ciated with hyperhistaminic conditions has been
associated with decreased performance and learn-
ing. Performance capability and learning for both
children and adults appears to be affected less by
the administration of a second or third generation
anti histamines compared with similar patients re-
ceiving first generation antihistamines or placebo.
A single dose of terfenadine,[166.167] | oratadinel168]
or cetirizinel1%9-171] gppearsto have asimilar effect
to placebo in inducing substantially less daytime
sleepiness when compared with treatment with first
generation antihistamines. As stated previoudly,
other authorshave described aslight increaseinthe
incidence of cetirizine-associated sedation com-
pared with terfenadine or loratadine.[172173] Over-
all, alack of sedation has been described with both
subjective and objective measurements for all the
second and third generation antihistamines. As de-
scribed above (see section 1.2) the term sedation
encompasses more than just a soporific effect of the
drug. Many of these drugsdo not induce sleepiness
although other aspects of psychomotor response
many be impaired.

Only afew second and third generation antihis-
tamines have repetitively demonstrated no sedative
propertiesin either volunteer or in patients experi-
encing a hyperhistaminic condition. Astemizole,
ebastine, and fexofenadine at therapeutic and sup-
ratherapeutic doses did not appear to lead to any
clinically important impairment of psychomotor
performance, sensorimotor, memory, motor and
physiological activity.[18l Furthermore, patientsre-
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ceiving these antihistamines did not subjectively
rate themselves as being sedated or impaired.

As stated above, most second and third genera-
tion antihistamines induce substantialy less seda-
tion than first generation agentsalthough the newer
antihistamines are not completely devoid of seda-
tive effects. Cetirizine at dosages greater than 2.5
mg/day has been described to impair sensorimotor
speed and patients have subjectively rated them-
selves as being impaired.!18! Both loratadine and
mizolastine, mostly at dosages greater than 20
mg/day, have been described to impair psychomo-
tor, sensorimotor speed, sensory skills.[1®l Further-
more, patientsand volunteersself-rated themsel ves
as being sedated when receiving more than 20mg
of loratadine or mizolastine.[18l Terfenadine at a
dose of 60mg has been described to impair patients
psychomotor performance, sensorimotor, CNS
arousal, memory, and physiological response and,
furthermore, at high doses patients have subjec-
tively reported impairment.[1€l Clearly, even though
these second and third generation antihistamines
do not appear to induce sleepiness, many of these
antihistamines can impair other psycho/motor re-
Sponses to varying degrees.

The relative lack of sedative effects associated
with loratadine and fexofenadine is thought to trans-
lateinto better learning performance and decreased
negative impact on other activities. Therapeutic
dosages of first generation antihistamines, particu-
larly diphenhydramine and hydroxyzine, have been
described to adversely affect cognitive and psycho-
motor performance.[8-12.39.39,174]

The second and third generation antihistamines
appear to improve cognitive and psychomotor per-
formance when compared with first generation an-
tihistamines or placebo yet rarely producethe same
level of cognitive and psychomotor performanceto
that observed in healthy, nonsymptomatic pa-
tients.[175-178] Children with allergic rhinitis be-
tween 10 to 12 years of age had substantially im-
proved learning after administration of loratadine
10mg/day when compared with either placebo or
diphenhydramine 25mg twice daily yet remained
inferior to healthy children.[8l Confirming this ex-
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perience in paediatric patients, cognitive function
was unimpaired in adults administered a single dose
of loratadine 10mg.[11817017L175] Djfferences in
psychomotor and cognitive performance in pa-
tients receiving loratadine and diphenhydramine
appearsto become clinically nonsignificant after 3
to 5 days of therapyl18! yet sedation continues to
be subjectively described by many patients receiv-
ing diphenhydramine.

Terfenadine,[166.175.176] gstemizole,!17] fexofen-
adine!178l and cetirizineg1™! have all been described

Table VII. Adverse events associated with cetirizine administration
commonly reported to the US Food and Drug Administration (FDA)
Adverse Event Reporting System?

Adverse event No. of patients % of total

Total number of case reports 1338
reviewed”*
Accidents (e.g. motor vehicle) 10 0.8
Anticholinergic-like effects 254 19.0

constipation 29

diarrhoea 11

dry mouth 33

headaches 49

sedation 132
Convulsions 34 25

possible pre-existing epileptic 8

conditiond
Dizziness 41 31
Dysrhythmias 100 7.6

atrial dysrhythmia 9

atrioventricular 3

nonspecific dysrhythmias 24

QT prolongation 8¢

tachycardiaf 48

ventricular dysrhythmias 8
Hallucinations/agitation 43 3.3
Hypersensitivity 44 3.3
Elevated liver function tests 31 23
Nausea and vomiting 29 2.2
Palpitations 21 1.6

a Report of an adverse event to the FDA Adverse Event Report-
ing System, a voluntary reporting system, does not consti-
tute causality.

More than one report may be submitted to the FDA.
Patients may report more than one adverse event.
Patients receiving concurrent antiseizure medication.

Some patients receiving medications known to prolong the QT
interval.

® o o T

f Possibly associated with anticholinergic-like effects.
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to increase psychomotor and cognitive perfor-
mance compared with first generation antihista-
mines. In 1 study, the driving ability of 24 healthy
adults receiving fexofenadine was compared with
clemastine and placebo.['78 On days 1 and 4 pa-
tients receiving clemastine 2mg twice daily, afirst
generation antihistamine, did significantly worse
driving than patients receiving placebo (p < 0.05
or < 0.01) whereas all patients receiving fexo-
fenadine (60mg twice daily, 120 mg/day, 120mg
twice daily, or 240 mg/day) showed no driving im-
pairment. Interestingly, thedriving performance of
patients who were receiving fexofenadine 120mg
twicedaily was significantly better than placebo (p
< 0.05). Although these authors described no driv-
ing impairment in patients receiving fexofenadine,
patients who received either fexofenadine 120
mg/day or 240 mg/day did significantly worsewith
their choicereactiontime (p < 0.05). O’ Hanlonand
Ramaekersd1™ reviewed 9 studies assessing the
driving abilities of patients after receiving first
generation and second generation antihistamines.
Patients receiving terfenadine, loratadine or ebast-
ine did not experience any driving impairment un-
less they were administered 2 to 3 times the daily
dose. Neverthel ess, these patients experienced less
effect upon their driving ability than patients re-
ceiving first generation antihistamines.

L oratadine and fexofenadine with their lack of
sedation and decreased effect in psychomotor and
cognitive function may be an appropriate choice
for school age children experiencing symptomsas-
sociated with hyperhistaminic conditions and ne-
cessitating antihistamine therapy. Nevertheless,
evaluations of the possible impact of fexofenadine
and cetirizine may have on a child's learning and/
or cognitive function requires specific study.

5. Treatment Recommendations for
Overdoses Involving Antihistamines

With increasing awareness of the benefits of treat-
ing symptoms associated with hyperhistaminic
conditions the clinician may potentially encounter
an increased incidence in the number of toxicingest-
ions involving second and third antihistamines.
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Table VIII. Adverse events associated with loratadine administra-
tion commonly reported to the US Food and Drug Administration
(FDA) Adverse Event Reporting System?

Adverse event No. of patients % of total

Total number of case reports 1412
reviewed®?<
Alopecia 20 1.4
Anticholinergic-like effects 167 11.8

constipation 5

diarrhoea 12

dry mouth 32

headaches 51

migraines 3

sedation 65
Chest pain (nonspecific) 25 1.8
Confusion 14 1.0
Convulsions 30 21

possible pre-existing epileptic 4

conditiond
Dizziness 52 3.7
Dysrhythmias 164 11.6

atrial dysrhythmia 12

atrioventricular block 6

nonspecific dysrhythmia 1

nonspecific ECG changes 8

QT prolongation 15¢

tachycardiaf 67

ventricular dysrhythmias 19

ventricular fibrillation 9
Dysphagia 30 21
Palpitations 60 4.3
Syncope 24 1.7
Taste disturbances 18 1.3
Urinary retention 12 0.9

a Report of an adverse event to the FDA Adverse Event Report-
ing System, a voluntary reporting system, does not constitute
causality.

More than one report may be submitted to the FDA.
Patients may report more than one adverse event.
Patients receiving concurrent antiseizure medication.

Some patients receiving medications known to prolong the QT
interval.

f Possibly associated with anticholinergic-like effects.
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Treatment of paediatric or adult patients who acci-
dentally or intentionally ingest alarge quantity of
afirst, second or third generation antihistaminesis
clearly dependent upon the particular antihista-
mineingested, the amount ingested and any poten-
tial underlying diseases the patient may have (figs
2 and 3). Inthe US, theincidence of terfenadine or
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astemizole ingestions should dramatically decrease
since these drugs have been voluntarily removed
from the market. Despite the absence of these an-
tihistaminesin the US, children and adultsin other
countries may possibly be exposed to astemizole
and terfenadine. Ingestions of these antihistamines
in excess of twice the recommended dosage re-
quires the patient to be examined by a physician
even if the patient appearsto be asymptomatic (fig.
2). Children suspected of ingesting terfenadine or
astemizole should undergo an ECG and be admit-
ted to the intensive care unit for further cardiac
monitoring. Cardiac abnormalities may occur within
2 to 3 hours after ingesting terfenadine whereas
cardiac abnormalities may take longer to manifest
with astemizole. If after approximately 12 and 24
hours of ingesting terfenadine or astemizole, re-
spectively, patients are asymptomatic and no ECG
changes noted, the patient may be discharged
safely. Children with prolonged QT intervals or
other ECG abnormalities should remain in the in-
tensive care unit for continuous cardiac monitor-
ing. Cardiac monitoring should continue until the
QT interval normaliseswhich may average approx-
imately 12 and 48 hours post ingestion for terfen-
adine and astemizole, respectively. If prolongation
of the QT interval degradesto ventricular tachycar-
diaor torsades de pointes immediate treatment must
beinstituted.[18% The extremely large apparent vol -
ume of distribution and high protein binding of ter-
fenadine, astemizole, and its metabolites preclude
the use of extracorporeal measures to enhance the
elimination from blood in severely intoxicated pa-
tients. Similarly, repeat doses of activated charcoal
would be expected to be of limited benefit once
terfenadine or astemizole has been absorbed into
systemic circulation.

The third generation antihistamines, loratadine,
fexofenadine, ebastine, azelastine, mizolastine, and
cetirizine are much better tolerated by patientswho
ingest large amounts. Children who accidentally
ingest large quantities of these third generation an-
tihistamines may be adequately managed at home
(fig. 3). If the patient is alert, syrup of ipecac or ac-
tivated charcoal (1 g/kg) should be administered.
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Patientswho havetaken an overdose of athird gen-
eration antihistamine should be observed for seda-
tive effects and discouraged form performing ma-
jor activities (e.g. sports, bike riding, driving, etc.)
for several hours to avoid possible sedation-in-
duced trauma. Patients who ingest greater than 3 to
4 times the usual daily dose of these third genera-
tion antihistamines, especially cetirizine, should be
monitored for excessive sedation and other possi-
ble anticholinergic effectsfor approximately 2to 3
hours after ingestion.

6. Conclusions

For decades, antihistamines have been widely
used in clinical practice. Early analogues, includ-
ing diphenhydramine, pyrilamine and many others
(see table 1) provided highly effective therapy for
most of the bothersome symptoms associated with
hyperhistaminic conditions. Unfortunately, the use
of thesefirst generation compounds was associated
with asubstantial degree of drug-induced sedation
and interference with a patient’s performance of
routine tasks. Although these drug-induced ad-
verse effects were often not serious, their common
incidence severely limited the clinical utility of
these agents fostering the development of newer,
nonsedating analogues. Second generation ana-
logues were equally as effective asfirst generation
agents in controlling symptoms associated with
hyperhistaminic conditions, but their inherent car-
diotoxicity, particularly in overdose, limited their
use and ultimately their removal from the market
in many countries. Third generation compounds af -
ford the highly desirable nonsedating characteris-
tics of second generation agents without apparent
inherent serious adverse effects while maintaining
the clinical effectiveness of previous generations.

Accidental/intentional intoxication with first
generation antihistamines is unfortunately often
associated with serious adverse effects including
anticholinergic psychosis, seizures, and possibly
coma (tablel). In contrast, severe cardiac sequelae
including torsades de pointes has been associated
with excessive doses, or impaired metabolism with
therapeutic doses of second generation antihista-
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First generation antihistamines Second generation
e.g. diphenhydramine antihistamines
|
Astemizole Terfenadine
\4
Symptomatic? v \4
* Seizures Yes s - o
> |CU/monitor ymptomatic? Symptomatic?
* Psychosis - * Anticholinergic Yes | jcuy |Yes | - Anticholinergic
- Cardiac abnormalities - Abnormal ECG findings monitor + Abnormal ECG findings
* Sedation
No No No
\ 4 \ 4
v Ingestion = 2 times the Ingestion = 2 times the
Ingest 3 to 5 times| No - therapeutic dose or therapeutic dose or
therapeutic dose DI lieliis concurrent ingestion concurrent ingestion
of potential CYP3A4 of potential CYP3A4
inhibitor or concurrent inhibitor or concurrent
Yes liver dysfunction or liver dysfunction or
cardiac dysfunction cardiac dysfunction
\ 4 No No
| When did ingestion occur? | Yes 4 Yes
| D/C home
\ 4 \4
Y Y | When did ingestion occur? | | When did ingestion occur? |
o] [
v v v v
i v | <2n | | 2-24n | [ 224n | [st2n | [212n|  |a12n]
Consider lavage Consider ¢ ¢
and/or activated activated Lavage/ Monitor for D/C Lavage/ Monitor for D/C
charcoal charcoal activated up to 24h home activated up to 12h home
charcoal post charcoal post
ingestion ingestion
\ v v
Monitor for Monitor/ Monitor/
6-12h ICU ICU
post ingestion for 24h for 24h

Fig. 2. Therapeutic algorithm for ingestion of first generation (classical) and second generation histamine H; receptor antagonists
(antihistamines). CYP = cytochrome P450; D/C = discharge; ECG = electrocardiogram; ICU = intensive care unit.

mines. More specifically, adverse cardiac effects
associated with terfenadine and astemizole have oc-
curred in patients with increased serum concentra-
tionsfollowing overdose, usein patientswith hepatic
dysfunction, or as aresult of metabolic drug-drug
interactions [e.g. concurrent administration of
CYP3A4 inhibitors (table V)]. These serious and
potentially life-threatening cardiac toxicities of
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terfenadine and astemizole underscore the need for
hospitalisation and close patient monitoring in-
cluding detailed evaluation of the ECG focusing
on the QT interva (fig. 2). The long elimination
half-life of astemizole (e.g. 9 days) suggests that
normalisation of the QT interval can be delayed up
to several days after astemizole ingestion whereas
normalisation of the QT interval would be ex-
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Third generation antihistamines, e.g.
loratidine, fexofenadine, cetirizine

A4

Symptomatic?
+ Sedation
* Palpitations

Yes -
—»| ICU/monitor

No
v

Ingest >3 to 5 times | No
therapeutic dose DClizine

Yes

v
| When did ingestion occur? |

—

Consider lavage Consider
and/or activated activated
charcoal charcoal

\f

Monitor for
8-12h
post ingestion

Fig. 3. Therapeutic algorithm for ingestion of third generation
histamine H; receptor antagonists (antihistamines). D/C = dis-
charge; ICU = intensive care unit.

pected to occur more quickly after terfenadine in-
toxication. Although terfenadine and astemizole
has been withdrawn from the US market, both
these drugs appear to pose asubstantial risk to pae-
diatric patients while they are still available in
household medicine cabinets and in some countries.
Third generation antihistamines including loratad-
ine, fexofenadine, ebastine, mizolastine and cetir-
izine, appear to be much safer compounds with
therapeutic or excessive doses and al lack any as-
sociated cardiotoxicities. These medications, even
after excessive doses leading to extremely high se-
rum concentrations have not been observed invitro
to induce substantia toxicities including torsades
de pointes. Intoxication with these third generation
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antihistamines, especially cetirizine, may be pri-
marily associated with sedation though few ad-
verse events have been reported in patients over-
dosed with these medications (table 111). Thus, it
would appear that ingestions of loratadine, fexo-
fenadine, ebastine, mizolastine and cetirizine in
children do not require hospitalisation or treatment
beyond gastrointestinal decontamination and home
observation.
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