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Intranasal corticosteroids and intranasal antihistamines are efficacious topicalAbstract
therapies in the treatment of allergic rhinitis. This review addresses their relative
roles in the management of this disease, focusing on their safety and tolerability
profiles. The intranasal route of administration delivers drug directly to the target
organ, thereby minimising the potential for the systemic adverse effects that may
be evident with oral therapy. Furthermore, the topical route of delivery enables the
use of lower doses of medication. Such therapies, predominantly available as
aqueous formulations following the ban of chlorofluorocarbon propellants, have
minimal local adverse effects.

Intranasal application of therapy can induce sneezing in the hyper-reactive
nose, and transient local irritation has been described with certain formulations.
Intranasal administration of corticosteroids is associated with minor nose bleeding
in a small proportion of recipients. This effect has been attributed to the vasocon-
strictor activity of the corticosteroid molecules, and is considered to account for
the very rare occurrence of nasal septal perforation. Nasal biopsy studies do not
show any detrimental structural effects within the nasal mucosa with long-term
administration of intranasal corticosteroids. Much attention has focused on the
systemic safety of intranasal application. When administered at standard recom-
mended therapeutic dosage, the intranasal antihistamines do not cause significant
sedation or impairment of psychomotor function, effects that would be evident
when these agents are administered orally at a therapeutically relevant dosage.

The systemic bioavailability of intranasal corticosteroids varies from <1% to
up to 40–50% and influences the risk of systemic adverse effects. Because the
dose delivered topically is small, this is not a major consideration, and extensive
studies have not identified significant effects on the hypothalamic-pituitary-
-adrenal axis with continued treatment. A small effect on growth has been
reported in one study in children receiving a standard dosage over 1 year,
however. This has not been found in prospective studies with the intranasal
corticosteroids that have low systemic bioavailability and therefore the judicious
choice of intranasal formulation, particularly if there is concurrent corticosteroid
inhalation for asthma, is prudent. There is no evidence that such considerations are
relevant to shorter-term use, such as in intermittent or seasonal disease.

Intranasal therapy, which represents a major mode of drug delivery in allergic
rhinitis, thus has a very favourable benefit/risk ratio and is the preferred route of
administration for corticosteroids in the treatment of this disease, as well as an
important option for antihistaminic therapy, particularly if rapid symptom relief is
required.
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Allergic rhinitis arises following an initial sen-
sitisation phase, in which allergen presentation re-
sults in antibody (IgE) formation and the develop-
ment of atopy. Subsequently, depending upon the
level of exposure and the degree of sensitisation,
allergen can then trigger a humoral response, which
underlies the clinical disease phase and is manifest-
ed by symptoms such as nasal itching, sneezing,
rhinorrhoea and nasal obstruction. Allergic rhinitis
is a common condition, having increased substan-
tially in prevalence during the 20th century,[1] and
now represents a global health problem affecting
10–25% of the world population.[2,3] The socioeco-
nomic impact of allergic rhinitis is considerable,

Table I. Classification of allergic rhinitis according to ARIA
guidelines

Allergic Parameters
rhinitis

Intermittent Symptoms are present for <4 days per week or for
<4 weeks

Persistent Symptoms are present for >4 days per week and
for >4 weeks

Mild None of the following items are present: sleep
disturbance; impairment of daily activities, leisure
and/or sport; impairment of school or work;
troublesome symptoms

Moderate- One or more of the following items are present:
severe impairment of daily activities, leisure and/or sport;

impairment of school or work; troublesome
symptoms

ARIA = allergic rhinitis and its impact on asthma.

particularly when not only the direct costs of man-
agement but also the indirect costs from reduced the allergen-induced airway inflammation, which is
productivity and absenteeism from work are taken glucocorticoid-responsive. Furthermore, topical in-
into account. These costs do not include the further tranasal therapy allows site-directed treatment with
expense of treating conditions associated with aller- a reduced risk of systemic effects because of the low
gic rhinitis, such as asthma, sinusitis, otitis media, bioavailability of intranasal antihistamines and in-
nasal polyposis, lower respiratory tract infection and tranasal corticosteroids from this site. In blocking
dental malocclusion.[4] the end-organ effects of histamine intranasal antihis-

tamines have a rapid onset of effect and can be usedPreviously, based on the timing of exposure,
as both ‘as required’ therapy for intermittent diseaseallergic rhinitis was subdivided into seasonal and
relief and as regular daily therapy in persistent dis-perennial varieties. Although such a subdivision is
ease. In general, the clinical profile of therapeuticrelevant in countries such as UK, this is not so in
benefit with intranasal corticosteroids is greater thanmany parts of the world where, because of the nature
with intranasal antihistamines in rhinitis, because ofof the climate, typical seasonal allergens are in fact
the more widespread effect of intranasal corticoster-perennial. It is also recognised that in those patients
oids on mucosal inflammation. Since there is a delaywho are multisensitised to allergens, such as tree,
before the anti-inflammatory effect is clinicallygrass and weed pollens, their ‘seasonal’ disease is
manifested following initiation of therapy, in-prolonged. In the recent document on allergic rhini-
tranasal corticosteroids have, until recently, beentis and its impact on asthma (ARIA),[5] the consen-
predominantly used for the treatment of persistentsus was that this classification was no longer ade-
disease. The debate is still ongoing, however, con-quate, and therefore a major change was proposed.
cerning the safety and tolerability profiles of in-The new classification based on the ARIA guide-
tranasal antihistamines and intranasal corticoster-lines (table I) subdivides allergic rhinitis, in relation
oids, particularly in relation to the systemic bio-to the duration of the disease, into ‘intermittent’ or
availability of intranasal corticosteroids and their‘persistent’ disease. The severity of allergic rhinitis
potential to modify growth in children.is also classified as ‘mild’ or ‘moderate-severe’.

This review adopts an evidence-based approachIntranasal antihistamines and intranasal cortico-
to conduct a thorough critical and comparative ana-steroids represent major therapeutic options as
lysis of the currently available data, particularlyfirst-line medications in the management of allergic
concerning the safety and tolerability profiles ofrhinitis because of the prominent role of histamine

as a mediator of rhinitis and the underlying nature of intranasal antihistamines and intranasal corticoster-
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oids, in the context of their use as topical therapeutic opment of H1 receptor antagonists for clinical use
agents in allergic rhinitis. came with the synthesis of the antihistamine,

terfenadine, which, while retaining peripheral H1A computerised literature search of Medline
receptor antagonist activity, did not appear to cross(1966 onwards) and Embase databases was per-
the blood-brain barrier and was thus devoid of un-formed using the following search terms: allergic
wanted CNS antihistaminic effects, such as sedationrhinitis, seasonal, perennial, corticosteroids, antihis-
and impairment of psychomotor function.[13] Fur-tamines, intranasal or topical, safety, tolerability. In
thermore, it had no H2 receptor antagonism, α- or β-addition, abstracts from key meetings have been
adrenergic receptor antagonism, antiserotoninergicincluded in the search process.
or antimuscarinic effects.[14] Thus, in 1981,It should be noted, however, that this review is
terfenadine was introduced as the first oral non-neither meant to be exhaustive, nor is it intended as a
sedating antihistamine for the treatment of rhi-systematic review or meta-analysis. Rather it aims
noconjunctivitis. This represented a major advanceto present a balanced perspective, based on the
in the development of H1 receptor antagonists foravailable evidence in the published literature, on the
use in the treatment of rhinoconjunctivitis. Othersafety and tolerability profiles of intranasal antihis-
orally administered non-sedating (second-genera-tamines and intranasal corticosteroids in the treat-
tion) H1 receptor antagonists were then launched inment of allergic rhinitis.
the 1980s and 1990s. Topical H1 receptor antagon-
ists such as levocabastine for nasal and ocular ad-1. Intranasal Antihistamines:
ministration, azelastine for nasal administration, andHistorical Perspective
more recently emedastine for ocular administration,

Histamine H1 receptor antagonists have been the have subsequently been developed. Topical therapy
mainstay of therapy for allergic rhinitis since they has the advantage of delivering drug effectively to
were first introduced, following the demonstration the target organ while avoiding or minimising sys-
by Staub and Bovet in 1937 that this class of com- temic adverse effects. Such therapy does have a
pounds, newly developed at that time, offers protec- disadvantage, however, in that if it is not systemical-
tion against allergen-induced anaphylaxis.[6] Al- ly bioavailable, it will modify disease only at that
though observational studies reported symptomatic site and not disease concurrently manifesting at oth-
relief in allergic rhinoconjunctivitis with the earliest er target organ sites. The choice between topical
antihistamines, adverse pharmacological effects, therapy and systemic therapy will thus depend upon
such as sedation, dry mouth, and blurred vision, the spectrum of disease and the efficacy to safety
limited their widespread acceptance. In addition, ratio of therapies.
there was concern that asthma, often associated with

2. Levocabastinerhinitis, could be worsened by antihistaminic ther-
apy,[7,8] although this view is no longer held, nor
indeed is it supported by the available evidence. 2.1 General Overview

In general, an ethylamine chain is common to all
H1 receptor antagonists. Many of the additional Levocabastine has been reviewed by Noble and
properties of this class of compounds, with the ex- McTavish.[15] Levocabastine is a potent and selec-
ception of sedation, can be linked to side-chain tive H1 receptor antagonist with no appreciable af-
radical structure. Structural engineering of these finity in vitro for H2, dopaminergic, adrenergic,
molecules later enabled the synthesis of H1 receptor serotoninergic, or cholinergic receptors. The recom-
antagonists without the anticholinergic,[9] antiser- mended nasal dosage for levocabastine is 0.1mg into
otoninergic,[10] α-adrenergic receptor antagonis- each nostril twice daily and ocular dose is 0.03mg
tic,[11] or local anaesthetic[12] effects evident in earli- administered into each eye twice daily.[16] The nasal
er compounds. The major breakthrough in the devel- efficacy of levocabastine has been demonstrated
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under challenge conditions.[17,18] It has a rapid onset fluticasone propionate was found to be significantly
more effective than levocabastine in the treatment ofof action (10–15 minutes) and is effective for up to
seasonal allergic rhinitis.[27,28] Another study, which12 hours. These findings have been confirmed in the
assessed nasal nitric oxide levels as a marker ofeye using conjunctival challenge.[18,19]

underlying nasal inflammation, reported a signif-Administered topically, levocabastine is most ef-
icant effect with nasal corticosteroids but not withfective against nasal itching, sneezing, and rhinor-
topical levocabastine.[29] Comparative studies inrhoea. There are a number of published placebo-
perennial rhinitis are limited. A preliminary 2-weekcontrolled trials in seasonal allergic rhinitis,[20,21] but
study reported improvement in sneezing and rhinor-the majority of studies report comparisons with ac-
rhoea with topical levocabastine compared with pla-tive medications, such as oral H1 receptor antagon-
cebo, which could not be further improved by theists,[22,23] sodium cromoglycate (cromolyn sodi-
addition of topical nasal beclomethasone dipropion-um),[20,24] or intranasal corticosteroids.[22] One pla-
ate.[30] Nasal blockage, however, did respond to thecebo-controlled study reported no effect of
additional therapy.levocabastine on nasal obstruction in patients with

Levocabastine is available as a 0.5 mg/mLseasonal allergic rhinitis due to mountain cedar,
microsuspension (0.05% levocabastine hydrochlo-when used at a dosage of 0.2mg twice daily (1 spray
ride) nasal spray and eye drops. The recommendedinto each nostril twice daily), despite clear effects on
dosage in adults and children >9 years of age is twothe neurally-mediated symptoms of itching, sneez-
sprays into each nostril twice daily and one drop intoing, and rhinorrhoea.[21] Regular therapy with levo-
each eye twice daily, both of which could be in-cabastine is reported to be more effective than a
creased to three to four times daily. Given the renaltopical antihistamine/decongestant (naphazoline/
route of excretion, levocabastine should be used

antazoline) preparation[22] or topical sodium cromo-
with caution in patients with renal impairment.[31]

glycate[20,24] in the treatment of allergic rhinocon-
Dosage recommendations for the elderly population

junctivitis. A comparative study of levocabastine
are not currently available. This is a reflection of the

(0.5 mg/mL, two sprays into each nostril four times
relative rarity of allergic rhinitis in this age group.

daily) and sodium cromoglycate (20 mg/mL, two
sprays into each nostril four times daily) involving

2.2 Tolerability and Safety Profile114 patients over a 2-week period, found significant
symptomatic improvement in allergic rhinitis with The rationale for the use of a medication for the
levocabastine therapy (76% patients on levocabas- treatment of a condition is based on assessing the
tine improving vs 46% on sodium cromoglycate).[25]

drug’s potential for beneficial and adverse effects.
Similar results with more symptom-free days in the The major advantage of the second-generation H1
levocabastine-treated patients were found in another receptor antagonists, which significantly improved
study.[20] An open observational study comparing their benefit/risk profile, was considerably reduced
efficacy and the onset of action of topical levocabas- or absent CNS sedative effects when used at
tine nasal spray and eye drops as well as nedocromil standard clinical dosages. Not all new H1 receptor
nasal spray and eye drops showed that >80% of antagonists, including levocabastine, exhibited this
patients with seasonal allergic rhinitis reported beneficial profile when administered orally. Thus
symptom relief with both medications within one levocabastine, on account of its remarkable potency
hour, amounting to approximately a 50% reduction as an H1 receptor antagonist, was subsequently de-
in symptom severity.[26]

veloped for topical use. Because of the small volume
While levocabastine nasal spray has been report- of delivery, only those H1 receptor antagonists with

ed to be as efficacious as topical nasal corticoster- reasonable solubility and high potency are suitable
oids in allergic rhinitis,[22] the comparative data cur- for delivery by topical route. Topical therapy mini-
rently available do not support this view. Intranasal mises the potential for systemic adverse effects
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while preserving the therapeutic benefits. Concern hours.[34] Renal dysfunction may, therefore, be asso-
that the effect of topical therapy might be limited by ciated with decreased elimination of the drug.[15,31]

rhinorrhoea has not been substantiated. When exper- The tolerability profile of levocabastine nasal
imentally-induced rhinorrhoea with methacholine spray has been extensively evaluated in clinical
was followed by intranasal levocabastine adminis- trials. The available data suggest that topical levo-
tration and nasal lavage with saline 30 seconds cabastine is well tolerated, with an adverse effect
following intranasal levocabastine administration, profile comparable with that of topical sodium
there was no evidence of reduction in the efficacy of cromoglycate and placebo.[21,38-41] A review of the
levocabastine in inhibiting histamine-induced adverse events reported in 1758 patients who re-
sneezing and rhinorrhoea.[32]

ceived levocabastine nasal spray in clinical trials
Levocabastine is absorbed following intranasal identified that most common adverse events en-

administration, with systemic bioavailability typi- countered were headache (4%), nasal irritation
cally ranging between 60–80% after a single-dose (3%), somnolence (3%) and fatigue (2%).[42] None
nasal administration,[33] with peak plasma concen- of these occurred more frequently than would have
tration (Cmax) reached after 1–4 hours.[34,35] Cmax been anticipated with placebo under similar circum-
values of 0.78 µg/L and 1.76 µg/L were reached 2.9 stances. In a multicentre, double-blind, placebo-con-
and 4.3 hours following nasal application of 0.1mg trolled trial evaluating the efficacy and safety of
and 0.2mg single doses, respectively, in healthy levocabastine nasal spray for seasonal allergic rhini-
volunteers.[35] Similar values were obtained follow- tis, the incidence of adverse events was similar for
ing repeated administration of levocabastine.[36] In both the treatment and placebo groups.[21] In this
another study, administration of levocabastine nasal study, most of the adverse events were mild and
spray (0.2mg) to non-atopic volunteers produced a linked with the disease process, with the most fre-
peak plasma concentration range of 1.4–2.2 µg/L.[34] quently reported being sinusitis (17% in each
Detailed pharmacokinetic-pharmacodynamic test- group), headache (17% with placebo, 14% with
ing has indicated that the clinical benefits evident levocabastine), and rhinitis (8% with placebo, 2%
with levocabastine can be attributed to the local with levocabastine).[21] This profile of adverse event
antihistaminic effects at the site of application.[37] reporting is similar to that in numerous other clinical
Coupled with the fact that levocabastine is subject to trials of topical levocabastine.[23,39-41,43-47] In sepa-
minimal hepatic metabolism, a potential site for rate studies, the overall incidence of adverse events
important drug interactions, these findings suggest has been comparable for levocabastine and placebo
theoretically that the likelihood of systemic adverse (27% vs 31%)[42] and (30% vs 32%).[48] A double-
effects with nasal administration of levocabastine is blind parallel-group study (n = 27) comparing the
extremely low. With repeated doses of intranasal safety and efficacy of topical levocabastine with that
levocabastine in healthy volunteers, steady-state of oral terfenadine over an 8-week treatment period,
plasma concentrations are reached within 7–10 found the incidence of adverse events lower, at 31%,
days. The extent of drug absorption appears to be in the levocabastine group compared with 43% in
related to the method of administration of topical the terfenadine group.[43] Other reports suggest a
levocabastine. Conflicting data exist as to the impact comparable adverse events profile between topical
of disease on the systemic bioavailability. While levocabastine and oral terfenadine (40% versus
higher drug plasma concentrations have been found 41%).[42] To date, there has been no evidence of any
in healthy non-atopic controls following single dose clinically significant effect of topical levocabastine
administration, the opposite effect was noted with on haematological or biochemical parameters. Fur-
multiple dose administration.[34] Following nasal ad- thermore, the type and frequency of adverse effects
ministration, levocabastine is primarily excreted by appear to be neither related to the number of daily
the kidneys, with an elimination half-life of 35–40 applications nor increased by the concomitant use of
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the eye drops and nasal spray compared with the use pared the findings with those of oral triprolidine.[52]

of either formulation separately.[42] Performance was assessed using validated cognitive
and psychomotor tests as sensitive measures of theDrug safety and tolerability profiles are crucial
sedative effects of psychoactive drugs. In contrast todeterminants of therapeutic choices in the paediatric
the significant sedative effect of triprolidine, topicalpopulation. A study involving 53 children aged be-
administration of levocabastine eye drops and nasaltween 6 and 15 years, reported levocabastine to be
spray, at concentrations levels up to 2.0 mg/mLwell tolerated in this age group, with a similar
(four times the recommended concentration), had noprofile of adverse events to that reported in sodium
demonstrable effect on psychomotor function incromoglycate-treated children.[41] The satisfactory
healthy volunteers.[52] There is no evidence of anypaediatric tolerability profile of topical levocabas-
pharmacokinetic or psychomotor interactions be-tine has also been confirmed in another study in-
tween intranasal levocabastine and alcohol orvolving 32 children between the ages of 5 and 11
diazepam.[42]years, who were treated with topical levocabastine

over a 20-day period.[49]
2.3.3 Cardiovascular Effects
In vitro and in vivo human and animal models

2.3 Specific Safety and Tolerability Issues have been used to assess the possible cardiovascular
effects of levocabastine following oral, ocular and

2.3.1 Local Tolerability nasal administration. The results have not revealed
It is well documented that intranasal administra- any demonstrable effects of levocabastine on action

tion of certain drugs, in particular decongestants, potential amplitude, duration, or any other key
can influence ciliary motility of the upper air- cardiovascular parameter.[42] Human studies with
ways.[50] Although topical administration of levo- topically administered levocabastine did not reveal
cabastine can be associated with a sense of nasal any significant ECG changes. Several studies in
irritation,[20,38,46] there is no evidence of a clinically healthy volunteers have reported no significant ef-
significant effect of the drug on ciliary beat frequen- fects on QT or corrected QT (QTc) intervals follow-
cy or mucociliary clearance.[51] There is no evidence ing treatment with levocabastine in single or repeat-
that levocabastine nasal spray causes any significant ed doses, even when the nasal spray and eye drops
taste disturbance when used in the treatment of were used in combination four times daily (1.2 mg/
allergic rhinitis. day).[38,42]

2.3.2 CNS Effects 2.3.4 Drug Interactions
Sedation is the most common adverse effect of Topical levocabastine administration is unlikely

the first-generation antihistamines because of their to be associated with any clinically significant drug
capacity to cross the blood-brain barrier. The severi- interactions because of its low plasma concentration
ty of adverse effect could range from subclinically and negligible hepatic metabolism. However, the
impaired reaction times to clear sedation. In view of theoretical potential for drug interactions, in the
its pharmacokinetic profile, particularly its low plas- form of binding site displacement, does exist since
ma concentration following intranasal administra- levocabastine has the ability to bind to plasma pro-
tion, levocabastine is considered unlikely to be asso- teins, particularly albumin. This risk has not been
ciated with any significant sedative effects.[33] This seen in practice. In vitro studies of potential drug
is supported by findings in specific studies of psy- interactions have so far failed to show any signif-
chomotor and cognitive function following topical icant alteration of plasma protein binding of many
administration of levocabastine.[52,53] One such drugs, including cimetidine and ketoconazole, in
study investigated potential psychomotor effects of relation to the concurrent administration of levo-
levocabastine (eye drops and nasal spray) following cabastine. Small increases (up to 8%) in the propor-
single- and multiple-dose administration, and com- tion of unbound levocabastine have been identified
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with certain high protein-bound drugs, such as tent with this suggestion, in a nasal allergen chal-
sulfadimidine (sulfamethazine), tolbutamide and lenge study, Ciprandi and colleagues found that
warfarin. This is of little clinical significance for daily treatment with topical azelastine for 1 week
levocabastine, which has a plasma protein binding before challenge reduced the allergen-induced epi-
level of only 55%.[33] thelial expression of intercellular adhesion mole-

cule-1 (ICAM-1) during the early and late phase2.3.5 Use in Pregnancy
reactions, as well as reducing the late phase eosi-Topical antihistamines, including levocabastine,
nophil and neutrophil recruitment.[60] The samehave not been shown to have potential teratogenic or
group have also identified that topical azelastineembryotoxic effects. Hence, therapeutic use in preg-
reduces the epithelial expression of ICAM-1 in natu-nancy is not currently specifically contraindi-
rally-occurring seasonal allergic rhinitis, with acated.[54]

more consistent effect with regular than on demand
2.3.6 Other Effects therapy.[61] A number of other antihistamines have
There has been no evidence of carcinogenicity or also been shown to modify epithelial ICAM-1 ex-

tumour progression in patients taking therapeutic pression; however, it is unclear as to whether this
doses of any antihistamine.[55]

represents an additional biological activity or is
purely a reflection of H1 receptor blockade. Integral

3. Azelastine to the dilemma over the in vivo antiallergic activity
of topical azelastine is the failure of this therapy to
modify cell recruitment within the nose in naturally-3.1 General Overview
occurring seasonal allergic rhinitis.[62] Thus, despite

Azelastine has been reviewed by McNeely and a number of clinical studies showing a reduction in
Wiseman.[56] Azelastine, a phthalazinone derivative, nasal obstruction with azelastine,[56,63,64] there exists
is a second-generation H1 receptor antagonist, but no consensus to date regarding the mechanism,
caused sedation when administered orally and thus particularly as not all studies have demonstrated this
developed for topical application to the nose.[57]

beneficial effect.[65,66]

Topical administration via the intranasal route con-
Standard dosage of topical azelastine is 0.14mgfines the effect largely to the nose and reduces the

into each nostril twice daily. While in one study halflikelihood of adverse effects due to systemic absorp-
the standard daily dosage (0.28 mg/day) was foundtion. Azelastine is selective to H1 receptors on
to be as effective as the standard dosage (0.56 mg/standard receptor affinity testing and, consistent
day) in improving symptoms, the benefit of thewith this, is clinically efficacious in reducing sneez-
standard dose was reflected by a significantly great-ing, itching and watery rhinorrhoea. In addition to
er use of rescue medication in the lower dosageits antihistaminic effect, azelastine has been report-
treatment group.[61] Symptomatic improvement ised to display additional biological activity compati-
reported as early as 30 minutes following the in-ble with ‘anti-allergic’ or ‘anti-inflammatory’
tranasal administration of azelastine, in a high-doseproperties. Studies in vitro have shown azelastine
treatment regimen (two puffs into each nostril [0.56inhibits both mast cell and basophil activation.[58] It
mg]), and is apparent for up to 12 hours in patientshas been proposed that such activity may explain the
with seasonal allergic rhinitis.[56] There have been areports that topical nasal therapy with azelastine
number of placebo-controlled trials of azelastine inreduces nasal obstruction in addition to the classical
allergic rhinitis. One such trial involving a 6-weekhistamine-mediated neural symptoms. Azelastine,
study of azelastine nasal spray (0.14mg into eachadministered as a nasal spray, has been found to be
nostril twice daily; total dosage 0.56mg) in childrenmore effective than oral azelastine or terfenadine in
with perennial allergic rhinitis reported a beneficialrelieving nasal obstruction, while producing com-
effect compared with placebo on all nasal symp-parable relief of other nasal symptoms.[59] Consis-
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toms, including nasal obstruction.[67] The clinical 3.2 Tolerability and Safety Profile
efficacy of azelastine nasal spray has also been
demonstrated in the treatment of vasomotor (peren-

There is a paucity of peer-reviewed publications
nial non-allergic) rhinitis.[68,69] Other studies have on pharmacokinetic properties of intranasal azelas-
focused on comparisons in seasonal and perennial tine. Following 29 days of intranasal azelastine at a
allergic rhinitis with other active medications, such dosage of 0.56 mg/day, a maximum plasma concen-
as antihistamines[63,66] and nasal corticoster- tration of 0.306 µg/L was achieved approximately
oids.[62,70-75]

2.5 hours after administration.[59,83,84] The mean
steady-state plasma concentration of intranasal aze-While azelastine nasal spray has been reported to
lastine was 0.26 µg/L in healthy volunteers com-be as efficacious as topical nasal corticosteroids,
pared with 0.65 µg/L in patients. The equivalentsuch comparative studies are limited and further
figure for oral azelastine 4.4 mg/day assessed afterstudies are required before valid comparisons can be
29 days was 8.02 µg/L. The estimated systemicmade. One study involving seasonal allergic rhinitis
exposure to the intranasal drug was 6- to 8-foldpatients receiving nasal corticosteroids or oral anti-
lower than that with oral azelastine.[85-87] A systemichistamines who remained symptomatic after a 1- to
bioavailability of 40% has been shown following2-week washout period, compared double-dose aze-
intranasal azelastine administration.[84] Unfortunate-lastine (1.1 mg/day) with the combination of
ly, the recipient group (i.e. whether patients orloratadine (10mg daily) and nasal beclomethasone
healthy volunteers) in the study was not defined.(336 µg/day).[70] Following one week of treatment,
Azelastine is metabolised by the cytochrome P450no statistical difference was evident between the
enzyme system to its major active metabolite,treatments, and it was concluded that azelastine was
desmethylazelastine. At steady-state, the plasma

as effective as the combination therapy with
metabolite concentration accounts for 20–50% of

loratadine and beclomethasone.[70] However, cau-
the azelastine concentration.[88] No data are current-

tion has to be exercised when interpreting results of
ly available on the elimination half-life of intranasal

such a study, as the effect of the nasal corticosteroid azelastine.[56]

is unlikely to have been fully expressed within the
Topical antihistamines, such as azelastine, havetime frame of the study. Therefore, this study essen-

the specific advantage of delivering high concentra-tially might have represented a basic comparison of
tions of the drug more effectively into the targetazelastine and loratadine. Intranasal azelastine (one
organ while avoiding or minimising systemic ad-puff into each nostril twice daily) is generally as
verse effects. In postmarketing surveys, including aeffective as standard therapeutic doses of other anti-
total of 7682 patients between the ages of 3 and 85histamines, including intranasal levocabastine[76]

years who were treated with intranasal azelastineand oral cetirizine,[77,78] ebastine,[79] loratadine[80]

(one spray into each nostril twice daily) for a periodand terfenadine[81] in achieving symptomatic im-
of 14 days or 31 days, the most common adverseprovement in patients with allergic rhinitis.
effects reported by 4002 of the patients 31 days post-

Azelastine nasal spray is available as a 1 mg/mL treatment included rhinitis (4%), taste disturbance
solution of azelastine hydrochloride in a metered (2.5%) and nasal irritation (1.2%).[89] Other effects
dose pump spray bottle (0.14 mg/metered spray). including somnolence, dry mouth, epistaxis and
The US prescribing recommendations specify two headache occurred in <1% of patients. With in-
puffs into each nostril twice daily for adults and tranasal azelastine administration as monotherapy in
children aged ≥12 years. In the UK and a number of one study, 8% of patients reported adverse events.
other European countries, however, azelastine is This figure rose to 20% when intranasal azelastine
recommended as one spray into each nostril twice was combined with other oral antihistamines and/or
daily for adults and children ≥5 years.[82] topical nasal corticosteroids.[90]
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Azelastine is generally well tolerated in clinical activating system.[55,96] Although sedation secon-
trials, with a physician and/or patient global assess- dary to treatment with intranasal azelastine has been
ment of tolerability (where stated) of at least ‘good’ reported in some studies, its incidence was not sig-
in >70% of patients (adults and children aged ≥7 nificantly different when compared with placebo
years) receiving intranasal azelastine (one puff into controls.[65,66,93,95] When compared with other oral
each nostril twice daily).[73,77,79,81,91] Good tolerabili- H1 receptor antagonists such as ebastine[79] and ce-
ty of azelastine is also generally evident in clinical tirizine,[77] azelastine was associated with signifi-
trials of up to 6 months’ duration,[91] with long-term cantly less incidence of sedation. In addition the
studies also confirming this. For example, one study results of some studies have even suggested that
with intranasal azelastine in 35 patients over a intranasal azelastine improved overall alertness and
period of 21 months reported that >90% of the vigilance.[71,90,97,98] It has been suggested that som-
participants rated the tolerability of the medication nolence may be a feature of the rhinitis rather than
as at least ‘good’.[92] The most frequently reported the treatment. Nevertheless, since some patients in
adverse events associated with the use of intranasal clinical trials have reported somnolence, the US
azelastine included taste disturbance,[65,66,71,73,93,94] prescribing recommendations include a warning re-
and nasal irritation.[72,76,79,95] The taste disturbance, garding the concurrent use of such medication and
often short lasting,[63,95] was associated with the drug driving or operating potentially dangerous machin-
trickling down the throat, rather than a systemic ery. Concurrent use of alcohol and/or other CNS
adverse effect.[65,66,93] suppressants is not recommended because of poss-

ible potentiation of the sedative effect.[88]Azelastine appears to be well tolerated in the
paediatric population as well. In a study involving

3.3.2 Cardiovascular Effects62 children treated with azelastine (0.56 mg/day for
Cardiac adverse effects, including serious ven-6 months),[91] the most frequently reported adverse

tricular arrhythmias that can be fatal, have beenevents were sneezing (16%), nasal itching (11%),
described for the second-generation oral H1 receptorbitter taste (11%) and nasal dryness (9.6%).The
antagonists terfenadine and astemizole. However,tolerability was rated as at least ‘good’ by the inves-
this is not a class effect and depends on their abilitytigators in 74% of participants.[91]

to interfere with the potassium rectifier current inTreatment withdrawal due to azelastine-related
the heart with consequent prolongation of the QTcadverse events was infrequent, occurring in ≤7% of
interval on the ECG.[99] These risks are present onlypatients receiving therapy (range of 1–3 patients per
when these agents are either taken in overdosage, orstudy). Reasons for withdrawal included nasal itchi-
in the presence of impaired liver function, or withness, congestion, nausea, vomiting, dizziness and
the concomitant administration of compounds thathypertension.[64,72,78,80] In clinical trials, the overall
compete with the enzyme cytochrome P450, such astolerability of intranasal azelastine was comparable
macrolides (e.g. erythromycin) and azolic antifun-with that of oral cetirizine,[77,78] intranasal budeso-
gals (e.g. ketoconazole), which results in an increasenide,[73,74] and intranasal levocabastine.[76]

in the plasma levels of terfenadine and astemizole. A
3.3 Specific Safety and Tolerability Issues similar effect has also been noted during concomi-

tant ingestion of grapefruit juice.[100] No such ad-
3.3.1 CNS Effects verse events have been reported with azelastine,
To date, there have been no formal objective although there is a paucity of peer-reviewed litera-

studies investigating the effect of topical azelastine ture on this aspect. One abstract reported that in a
on the CNS in humans. However, animal studies double-blind trial, in which perennial rhinitis pa-
have not shown azelastine to have any significant tients were randomised to receive azelastine (two
effect on spontaneous electroencephalogram ac- puffs per nostril) or placebo twice daily for 8 weeks,
tivity or the susceptibility of the ascending reticular no significant changes were found in the following
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parameters: mean heart rate or blood pressure, or promotes or inhibits gene transcription through pro-
PR, QS, QT or QTc intervals on ECG.[101] Age did cesses known as transactivation and transrepression,
not appear to influence any of the results. No specif- respectively.[104] Through this activity, corticoster-
ic interactions have been reported between in- oids exert anti-inflammatory effects by influencing
tranasal azelastine and oral erythromycin or ketoco- cytokine and mediator release, thereby modifying
nazole.[88,102] inflammatory cell recruitment within target organs,

such as the nose. intranasal corticosteroids reduce3.3.3 Use in Pregnancy
cell recruitment within the nose and reduce theThere are no data to support any association
epithelial accumulation of mast cells, eosinophilsbetween azelastine administration in pregnancy and
and antigen presenting cells, through modifying en-the incidence of congenital malformations. There-
dothelial and epithelial cell activation. This anti-fore, the use of topical azelastine is not specifically
inflammatory effect underlies the identification ofcontraindicated during pregnancy.[54]

reduced levels of mediators, such as histamine,
3.3.4 Other Effects tryptase, prostanoids, and leukotrienes in nasal lav-
No evidence exists of carcinogenicity or tumour age fluid after treatment with nasal corticosteroids in

progression in patients taking antihistamines of any allergic rhinitis. Topical therapy with intranasal cor-
form.[55]

ticosteroids has also been shown to inhibit the sea-
sonal increase in serum levels of circulating pollen-

4. Intranasal Corticosteroids specific IgE antibodies.[5] It is this widespread effect
on various stages of the allergic inflammatory pro-

4.1 General Overview cess that underlies their efficacy in allergic rhinitis.

Intranasal corticosteroids are currently recog-Beclomethasone, the first topical corticosteroid
nised as the most potent and effective topical med-for the treatment of seasonal allergic rhinitis, was
ication available for the treatment of allergic rhini-introduced in 1973 as a nasal spray.[103] Over the
tis, and their superior efficacy in treating this condi-following two decades, several other intranasal cor-
tion has been substantiated in many clinical trials. Inticosteroids have been developed and marketed.
three international reports on the management ofThese include budesonide, flunisolide, fluticasone
allergic rhinitis, intranasal corticosteroids were con-propionate, mometasone, triamcinolone, and more
sidered as the first-line therapeutic choice for adultsrecently ciclesonide.[5] The commercial availability
with moderate to severe seasonal or perennial aller-of these products is very much country-dependent.
gic rhinitis.[105-107] The regular prophylactic use ofThe introduction of intranasal corticosteroids
intranasal corticosteroids is effective in reducingrepresented a revolutionary concept at the time in
nasal blockage, rhinorrhoea, sneezing and nasalthat it substantially enhanced the therapeutic and
itching in adults and children with seasonal andsafety profiles of these agents because these could
perennial allergic rhinitis.[5] A meta-analysis hasbe administered topically. The rationale for using
shown that intranasal corticosteroids are more effi-intranasal corticosteroids in the treatment of allergic
cacious than oral H1 receptor antagonists in reduc-rhinitis was that high drug concentrations could be
ing the symptoms of allergic rhinitis, with the ad-achieved at receptor sites in the nasal mucosa, with
vantage being most obvious for nasal blockage.[108]only a minimal risk of systemic adverse effects.[5] At
A superior clinical efficacy has also been establish-the molecular level, corticosteroids mediate their
ed for intranasal corticosteroids compared with in-effect by binding to a single glucocorticoid receptor
tranasal H1 receptor antagonists[109] and intranasal(GR), which is predominantly localised to the cyto-
sodium cromoglycate.[110,111] Intranasal corticoster-plasm of target cells. The effect on inflammatory
oids are equally effective in patients with seasonalcells is mediated via the activation of this GR,
or perennial allergic rhinitis. Although small differ-which, following translocation to the nucleus, either
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ences exist in some trials, current evidence does not choice, either an H1-antihistamine or an intranasal
corticosteroid is recommended as first-line thera-support any significant overall differences in effi-
peutic option, with the additional consideration of acacy between different intranasal corticosteroids
step up to an intranasal corticosteroid if an H1-an-when they are administered at dosages adjusted for
tihistamine is first selected and later found to inade-their differing potencies.[112] The prominent effect of
quately control symptoms.[5] The common clinicalintranasal corticosteroids on nasal blockage, in con-
practice of combining intranasal corticosteroids andjunction with their anti-inflammatory properties,[107]

oral antihistamines in the treatment of allergic rhini-makes them stand out among other available treat-
tis is not supported by clinical evidence. Since thements, especially in perennial rhinitis and chronic
combination does not appear to increase the efficacydisease states in which nasal obstruction is a particu-
beyond that of an intranasal corticosteroid usedlar problem. It has also been reported that intranasal
alone,[112,126] therefore, can not be justified as a cost-corticosteroids, even when applied topically to the
effective option. It is thought that, in vivo, the anti-nose, have effects comparable with oral H1 receptor
inflammatory effects of intranasal corticosteroids onantagonists in modifying conjunctivitis in seasonal
the upper airway may encompass the effects of theallergic disease,[108] and may also modify disease
H1 receptor antagonists, making the effect of theexpression within the lower airways, with reports of
latter insignificant.a beneficial effect on both bronchial hyper-respon-

Most of the intranasal corticosteroids formula-siveness and symptoms in coexisting asthma.[113-118]

tions nowadays are administered via mechanicalThe majority of these effects, however, are asso-
aqueous pump sprays or as dry powder, with effec-ciated with intranasal beclomethasone. Beclometha-
tive and safe delivery systems. The choice of formu-sone may differ from some other intranasal cortico-
lation is dependent on the patient’s personal prefer-steroids in its systemic bioavailability (vide infra)
ence.[5]

therefore, it is uncertain whether these extranasal
effects reflect disease modification within the nasal

4.2 Pharmacokinetic Considerationsmucosa influencing disease at other sites, or alterna-
tively, represent a direct systemic effect of in-

The pharmacokinetic consideration with a topicaltranasally administered treatment.
therapy in allergic rhinitis is its potential for system-

 Although intranasal corticosteroids are consid- ic bioavailability following nasal administration, a
ered to have a slower onset of action than H1 recep- process dependent upon factors such as the proper-
tor antagonists (≥12 hours), maximum efficacy ties of the pharmacological molecule, its mode of
tends to develop over a period of days and delivery, the influence of the disease state, and the
weeks.[119-121] Intranasal corticosteroids should be fate of the absorbed molecule once within the circu-
taken regularly in seasonal allergic rhinitis,[122] and, lation, which will be influenced by factors such as
in patients in whom quality of life had been adverse- its volume of distribution, metabolism and excretion
ly affected in previous years, treatment should ideal- profiles. The net potential of any agent will depend
ly be commenced prior to the start of the pollen upon the balance between these factors. When only
season for maximal effect.[107] A once-daily regimen one factor is focused on, e.g. drug potency or drug
is normally sufficient in most cases and is associated lipophilicity, there may be a misapprehension as to
with good patient compliance.[123-125] Twice-daily the likelihood of systemic adverse effects from an
administration may be indicated in severe cases and intranasally administered corticosteroid. However,
during exacerbations. The recent ARIA document[5] since intranasal administration is an important route
recommends intranasal corticosteroids as first-line of systemic absorption that bypasses the protective
treatment in moderate-to-severe allergic rhinitis. effects of first-pass metabolism, consideration of the
With intermittent symptoms in mild persistent dis- factors affecting systemic bioavailability has as-
ease, H1 receptor antagonists are a reasonable sumed greater significance over the past decade,
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particularly with the increased availability of newer undergoes nasal metabolism, in that it is esterified
and more potent topical corticosteroids. In the ab- within the nasal tissue, forming pharmacologically
sence of a change in any other determinant, an inactive, intracellular fatty acid, oleate and palmitate
increase in potency to achieve an enhanced thera- esters.[128] Budesonide is, however, released from
peutic benefit could also be paralleled by an in- these esters by the action of lipases, so this metabol-
creased potential for systemic adverse effects. It is ism allows budesonide to have a more prolonged
essential, therefore, to be aware of the pharmacokin- tissue residency than would be anticipated from its
etic properties of the different intranasal corticoster- lipophilicity profile, but does not bar the drug from
oids and their potential for systemic effects, in addi- eventual bioavailability. The presence of cyto-
tion to how the newer drugs compare with the older chrome P450 isoenzymes within the nasal mucosa
ones. may account for the lower bioavailability of both

fluticasone propionate and mometasone from thisEach nasal cavity has a volume of approximately
site (vide infra) than would be anticipated on the10mL and the combined nasal mucosal surface area
basis of lipophilicity profiles alone, as both theseof both nasal cavities for drug absorption is about
corticosteroids are converted to inactive metabolites180cm2. The physicochemical properties of a drug
in the presence of these enzymes. The hepatic meta-that determine its absorptive properties from this site
bolism by these enzymes accounts for the first-passinclude its molecular weight, lipophilicity and parti-
metabolism of these particular corticosteroids thatcle size. There is an inverse relationship between
prevents their systemic bioavailability by the oralmolecular weight and rate of absorption, with those
route.molecules with a molecular weight of <300 kDa

being significantly less influenced by their physico- The type of delivery device for nasal administra-
chemical properties and more readily absorbed, tion has also been shown to influence the potential
while those with >1000 kDa exhibit little absorp- for systemic bioavailability. Pressurised metered
tion. Apart from ciclesonide, which is a prodrug dose inhalers (pMDIs), aqueous pump sprays and a
with a molecular weight of 260 kDa, all the other powder inhaler have been used to topically adminis-
intranasal corticosteroids have molecular weights ter nasal corticosteroids. The aerosol generated from
that range between 430–530 kDa, with the following a pMDI has a high velocity and is highly directional,
rank order: budesonide (430.5 kDa), flunisolide resulting in a narrow proximal deposition in the
(434.5 kDa), triamcinolone (434.5 kDa), fluticasone nasal cavity.[129] Comparatively, the aerosol from an
propionate (500.6kDa), beclomethasone (521.25 aqueous pump spray displays a large droplet size
kDa), mometasone (521.4 kDa). Thus, there is little with a more dispersed pattern of deposition.[130] The
difference in the molecular weights of these cortico- nasal distribution pattern with a powder inhaler lies
steroids, and this factor is not crucial in determining somewhere between the other two devices.[131] A
differences between their absorption profiles. Al- study investigating the systemic availability of vari-
though lipophilicity is an important determinant of ous formulations of intranasal budesonide[132] show-
the ability of a molecule to cross an epithelial barri- ed a significantly higher absorption level with the
er, it also determines the tissue retention of the aqueous pump spray compared with the pMDI and
molecule. Fluticasone propionate, which has a high powder formulations. Following the Montreal
lipophilicity, has been found to exhibit the highest agreement, pMDIs are no longer used for nasal
epithelial tissue concentration after in vitro incuba- administration because of the CFC propellant, and
tion in a comparison with budesonide, flunisolide aqueous nasal spray is now the recommended
and beclomethasone-17-monopropionate.[127] Meta- standard delivery device in the treatment of allergic
bolism within the tissue site will modify the fraction rhinitis. An additional delivery mode, nasal drops,
available for systemic bioavailability and thus any are licensed for use in nasal polyposis and have been
potential for systemic adverse effects. Budesonide used off-label by allergists and rhinologists for the
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treatment of severe rhinosinusitis as an alternative to with house dust mite perennial allergic rhinitis and
low-dose prednisolone therapy, particularly follow- healthy controls, leading to the conclusion that nasal
ing endoscopic sinus surgery. These formulations absorption is unaffected by the disease state in aller-
contain higher doses of corticosteroid than are used gic rhinitis.[137] Thus, there is seems no basis for the
with nasal spray administration and have caused added concern in allergic rhinitis as to the potential
concern as to their potential for systemic adverse for topical nasal corticosteroids to induce systemic
effects, although this is a lesser consideration if they adverse effects.
are being used in a situation in which oral predniso- Once absorbed, the corticosteroids will be dis-
lone would otherwise be given. One such formula- tributed within the body fat in relationship to their
tion is fluticasone propionate nasal drops, Flixonase lipophilicity and will be in equilibrium with the
Nasule1, which is licensed for use in Europe at a blood, so that as clearance takes place from the
dose of up to 1600µg daily. It is currently not blood there will be clearance from the tissue. The
licensed for use in the US. A recent study investigat- greater volume of distribution of the most lipophilic
ing the systemic bioavailability of fluticasone pro- corticosteroids, such as fluticasone propionate and
pionate administered either as nasal drops or as an mometasone, has been put forward as a potential
aqueous nasal spray formulation, using a sensitive risk factor for systemic adverse effects, with the
analytical method and a high dose regimen, found suggestion that the low plasma concentrations with
that both formulations exhibited low systemic bio- these corticosteroids after intranasal administration
availability, even at 12 times the normal daily dos- gives a false representation of their true systemic
age.[133] Interestingly, the bioavailability of fluti- bioavailability.[138] This argument is neither sup-
casone propionate nasal drop formulation (0.06%) ported by the more recent work on urinary cortisol
was approximately eight times lower that that of the measurements with intranasal mometasone adminis-
nasal spray (0.51%), which may be explained by the tration,[139] nor by analysis of previous data involv-
findings that nasal drops are cleared more quickly ing fluticasone propionate in comparison with
from the nose than nasal sprays.[134,135] triamcinolone, when the results are appropriately

Another consideration is whether the inflamma- corrected for urinary creatinine.[140] Indeed, this ar-
tory disease process itself has any effect on the gument does not stand up to critical appraisal on
absorption of the drug from the nose. It might be theoretical grounds, even in the absence of these
anticipated that an inflamed nasal mucosa, with an findings. Despite fluticasone propionate being more
impaired epithelial barrier, might permit greater sys- lipophilic and having a higher volume of distribu-
temic absorption than the normal nasal mucosa. tion (318L) than the less lipophilic triamcinolone
Thus, nasal bioavailability studies undertaken in (103L), both of these values are still greatly in
healthy volunteers may not reflect the situation in excess of the blood volume (5L) and, at steady-state,
allergic rhinitis, and may underestimate the potential approximately 98% of fluticasone propionate and
for nasally administered corticosteroids to produce 95% of triamcinolone will be in the tissue. With the
systemic adverse effects. However, the available published bioavailability data for fluticasone pro-
evidence to date suggests otherwise. A study inves- pionate and triamcinolone of 0.5% and 46% respec-
tigating the effects of acute and chronic intranasal tively, at steady-state with standard dosage this
administration of therapeutic doses of triamcinolone would lead to respective tissue doses of 0.7µg and
to subjects with active allergic rhinitis, found no 46µg. Although it will take longer to clear fluti-
significant effect of the nasal mucosal inflammation casone propionate than triamcinolone from the tis-
on the absorption of intranasal triamcinolone.[136] A sue once treatment stops, because of the longer half-
further study investigating the nasal absorption of life of fluticasone, this is irrelevant, as for a substan-
desmopressin found no difference between those tial period the tissue concentrations of triamcinolone

1 Use of the registered name is for identification purposes only and does not imply endorsement.
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4.3.2 Effects on Hypothalamic-Pituitary Adrenalwill remain in excess of fluticasone propionate be-
Axis and Growthcause of the because of the higher starting level.
The basic principle in measuring the potentialThus, despite lipophilicity being a determinant of

systemic bioactivity of corticosteroids is to evaluatetissue concentrations, it does not necessarily follow
a biomarker of an activity that is influenced bythat more lipophilic corticosteroids have a greater
exogenous corticosteroid administration, such aspotential for adverse effects. This is because there
suppression of endogenous cortisol secretion fromare other factors, including the percentage of admin-
the adrenal cortex.[149] There are currently two basicistered drug that is available for systemic delivery,
types of measurements. The first relates to the basalwhich determine the systemic adverse potential of
adrenocortical secretion, while the second repre-intranasal corticosteroid due to the activation of
sents a measure of the dynamic function of thetissue GRs. Prior to predicting the potential for
hypothalamic-pituitary adrenal (HPA) axis in ordernewer corticosteroids to induce adverse systemic
to establish the level of adrenal reserve. Althougheffects, it is therefore necessary to have access to all
measurement of the basal levels of adrenocorticalsuch information in order to make an informed
secretion is fairly simple in principle, it does possessjudgement.
some inherent disadvantages, particularly in relation
to the underlying variation in secretion levels due to

4.3 Tolerability and Safety Profile the normal circadian rhythm (highest in the morning
and lowest around midnight). Thus, variable sam-
pling times could potentially lead to high variability

4.3.1 Local Effects
in results and a reduced sensitivity of the test.

Currently available intranasal corticosteroids are Nevertheless, this test remains a very simple and
generally well tolerated. Occasional local adverse relatively reliable method as long as the sampling
effects include irritation of the nose and throat, and time is standardised.[138] The most sensitive methods
sneezing bouts because of localised irritation from for measurement of basal adrenocortical function
nasal administration, particularly at the start of the are those that integrate either 24-hour or overnight
treatment.[141] Other potential adverse effects in- cortisol output as reflected by urinary measurements
clude crusting, transient dryness, minor epistaxis on samples collected over this time period. This
and, rarely, ulceration.[121,125,142-144] These tend to be integrated approach towards measurement is very
self-limiting, but are occasionally persistent, and a important, particularly as corticosteroids with dif-
change to a different formulation or delivery system ferent pharmacokinetic properties can affect the
may be needed in order to eliminate them. The risk HPA axis at differing time points during the dosing
of a septal perforation, albeit minimal, is significant interval.[138]

considering the serious implications associated with The interpretation of dynamic function tests of
this. The risk of a perforation appears maximal adrenocortical activity needs to be evaluated within
during the first year of treatment, with mostly young the context of the stimulating dose of corticotropin
females being affected. The risk is compounded by a (adrenocorticotropic hormone). This is because the
history of previous nasal surgery, or erroneous frequently used dose of corticotropin (250µg) repre-
application methods, particularly when the spray or sents a supraphysiological dose that can render the
drops are directed towards the nasal septum. It is test less sensitive.[138] It is generally accepted that
good practice for prescribing clinicians to advise lower doses of corticotropin (0.5–1µg) are as effec-
patients to aim the spray well away from the mid- tive in producing a stimulated cortisol response and
line.[145,146] The risk of developing atrophic rhinitis tend to improve the sensitivity of the test.[150] There
has not been proved.[121] Contact allergic reactions are also other issues that need to be considered,
of the skin and mucosa to intranasal corticosteroids particularly when interpreting the results of these
are rare, but have been described.[147,148] types of studies. These include, the issue of whether
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the study drug was administered for long enough to commended therapeutic dosage.[121,140,160-164] Pa-
reach steady-state levels, issues pertaining to the tients exclusively receiving intranasal corticoster-
dosage (e.g. recommended vs higher than licensed oids appear to be at a very low risk of developing
dosage), characteristics of the study population (e.g. HPA axis suppression because of a number of im-
healthy volunteers vs patients with allergic rhinitis), portant factors, including the extensive hepatic
state of activity (e.g. sedentary vs normal day ac- first-pass metabolism, limited systemic drug availa-
tivity study), duration and timing of the urine collec- bility and the low dosage.[165-167] This is particularly
tion period (e.g. 12-hour vs <12-hour collection the case with the newer intranasal corticosteroids,
period), method of cortisol assay (e.g. radioimmu- including fluticasone propionate, budesonide,
noassay vs liquid chromatography tandem mass triamcinolone and mometasone, which do not ap-
spectrometry), method of statistical analysis of re- pear to have any significant effects on the HPA
sults (e.g. use of conventional vs unconventional axis.[121,140,158,162-164,168-171] The addition of intranasal
statistical tests), and, importantly, whether the study corticosteroids to inhaled corticosteroids does not
was adequately powered. The latter consideration is appear to increase suppression of the HPA axis.[172]

particularly important when comparisons are made It is important to bear in mind that the apparent lack
between active therapies. It is understandably essen- of HPA axis suppression with intranasal corticoster-
tial that these and other limitations are considered in oids does not preclude the occurrence of other sys-
determining the validity and strength of any conclu- temic adverse effects, particularly as this endpoint
sions. Although the influence of intranasal therapy may not be the most sensitive index of systemic
on the HPA axis is the evaluation most often used bioavailability. The risk of such effects is very much
for determining the bioavailability of systemic corti- dependent on the systemic bioavailability of the
costeroids, other evaluations on bone turnover with corticosteroid used. This can vary widely, by up to
osteocalcin, or bone growth with knemometry, have 100-fold in some cases, depending on the topical
also been employed. corticosteroid used.[173]

There is still concern that the continued and, in Two studies have described an effect on chil-
some cases, prolonged use of intranasal corticoster- dren’s growth relating to intranasal beclomethasone
oids may be associated with systemic adverse ef- and budesonide administration.[174,175] These studies
fects, including suppression of the HPA axis and an did not necessarily indicate a class-specific effect,
effect on growth. This complicates the use of oral however, as there were important differences be-
and, in some cases, inhaled corticosteroids for the tween the varying intranasal preparations and their
treatment of asthma. Certainly, the introduction of systemic bioavailability with intranasal application.
intranasal formulations has reassured, but has not At the time of these studies, however, there was
completely dispelled these fears. For instance, dexa- limited prospective information and, as a precau-
methasone spray and betamethasone drops can rare- tion, the FDA felt it appropriate to recommend that
ly provoke systemic effects.[151-155] Additionally, the all intranasal corticosteroids within the US were
dosage at which clinically relevant systemic adverse labelled with a warning that their use in children
events occur remains controversial.[156,157]

may adversely affect growth. Beclomethasone has
the highest gastrointestinal absorption of the corti-A small number of studies have suggested signif-
costeroids used in the treatment of asthma (relevanticant effects of intranasal corticosteroids on the
on account of the high proportion of swallowed drugHPA axis.[158,159] Despite such isolated studies, the
from metered dose administration) and, as a nasaloverwhelming clinical and pharmacokinetic evi-
corticosteroid, has a bioavailability of 44%,[176]dence in the published literature to date clearly
second only to triamcinolone in the currently avail-supports the view that intranasal corticosteroids are
able intranasal spray preparations. An effect onunlikely to cause any significant suppression of the
growth, albeit small, is thus likely to be a reflectionHPA axis when administered short-term at the re-
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4.3.4 Use in Pregnancyof systemic bioavailability with intranasal beclo-
There are currently no data to substantiate anymethasone when it is administered at its standard

association between intranasal corticosteroids andrecommended dosage for a prolonged period (one
congenital malformations. Inhaled corticosteroidsyear in this study).[174] Budesonide has a lower sys-
such as beclomethasone or budesonide[180] are nottemic bioavailability, and the report of an effect of
thought to have potential teratogenic or embryotoxicintranasal budesonide on growth stemmed from the
effects, and are used widely by pregnant womenadministration of the adult dose of 200µg twice
with asthma. Although the choice of agents shoulddaily. Moreover, this result could not be reproduced
be based on evidence of fetal safety, the issues ofin another study investigating the effect of budeso-
efficacy and maternal health also need to be consid-nide 400µg daily on child growth assessed by lower
ered in order to optimise any management plan.[110]leg knemometry.[177] Compared with placebo, the

study failed to find any inhibitory effect on the
5. Specific Corticosteroidsshort-term growth rate of the children involved. The

situation with budesonide is thus not so clearcut.
More prospective data is urgently required to further 5.1 Beclomethasone
evaluate the safety profile of intranasal corticoster-

Beclomethasone has been reviewed by Edelmanoids in young children.[157] The current recommen-
and van Os.[181] It has a slow gastrointestinal absorp-dation of the Committee on Safety of Medicines in
tion and a rapid first-pass inactivation by the liv-the UK is that the height of children receiving pro-
er.[182] The absolute bioavailability of intranasal be-longed treatment with nasal corticosteroids should
clomethasone is 44%.[176,183] Intranasal dosage of upbe monitored. If growth appears to be inhibited or
to 400 µg/day of beclomethasone have not beenslowed, then a paediatric referral should be consid-
associated with suppression of the HPA axis whenered.[82]

given for up to 6 months.[166,182] However, whenThe newer topical corticosteroids, such as mom-
used at twice the recommended therapeutic maximaletasone and fluticasone propionate, have a substan-
dosage (800 µg/day), beclomethasone was found totially reduced systemic bioavailability (<1%),
reduce urinary cortisol.[184] Despite not having anyparticularly when administered nasally, compared
significant effect on the HPA axis, 12 months’ treat-with some of the older corticosteroids, such as be-
ment with beclomethasone (mean dose 168µg twiceclomethasone and budesonide. Prospective studies
daily) was reported to exert a small but significantwith mometasone and fluticasone propionate have
(p < 0.01) effect on the growth of 6- to 9-year-oldnot identified any adverse effect on growth when
children with a mean growth velocity of 4.78 cm/used at standard doses in children.[178] Consequent-
year compared with 6.11 cm/year for the placeboly, the potential for systemic effects can be substan-
group. This difference of 1.33 cm/year was found totially reduced by careful selection of the intranasal
be statistically significant (p < 0.01).[185]corticosteroid.[176,178,179]

A small case series has demonstrated a low inci-
4.3.3 Other Systemic Effects dence of cataracts related to the use of inhaled and
Smell and taste disturbances and hypersensitivity intranasal beclomethasone.[186] This case series in-

reactions, including bronchospasm, have been re- cluded 21 spontaneous reports of posterior subcap-
ported to rarely occur.[82] Although adverse effects sular cataracts in patients receiving either intranasal
such as dermal atrophy, cataract formation, glauco- or inhaled corticosteroids. Nine patients were also
ma, metabolic changes, and behavioural abnormali- receiving systemic corticosteroids, which could
ties have been reported in patients receiving cortico- have influenced the risk of developing cataracts.
steroids administered via other routes, there are no There were also limitations in this study pertaining
reports to date that link such effects to corticoster- to the paucity of details provided, particularly in
oids administered solely via the nasal route.[156] relation to the dosage and duration of therapy. A
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further large-scale observational cohort study of pa- reported following the use of intranasal beclometha-
sone between 1974 and 1996.[189]tients aged <70 years, showed the incidence of cata-

racts following intranasal beclomethasone use was The use of intranasal beclomethasone during
1/1000 person-years,[187] similar to the incidence pregnancy and lactation is not advised by the manu-
rate in the nonusers. However, recipients of oral facturer as no prospective studies have been under-
corticosteroids were at a higher risk of cataract (2.2/ taken under such circumstances.[192] A record

linkage study has suggested, however, that the rate1000 person-years). In the UK register of spontane-
of congenital malformations in women exposed toously reported adverse drug reactions, two cases of
beclomethasone during the first trimester does notcataract associated with the use of intranasal beclo-
exceed background rates.[54] The Beconase patientmethasone have been reported, representing 0.56%
information leaflet for the non-prescription productof all reports of cataracts in the UK.[157] For cataract
advises the consumer to seek advice from theirand intranasal corticosteroids, the proportional re-
doctor prior to using intranasal beclomethasoneporting ratio (PRR) was 5 with a χ2 of 6.39
during pregnancy.[193](p < 0.0115). Despite the significant PRR, the evi-

dence presented overall in the literature certainly The local adverse effects associated with in-
tranasal beclomethasone are minimal and includedoes not currently support an association between
dryness/irritation of nose and throat, unpleasantintranasal corticosteroids and an increased risk of
taste and smell, headache and minor epistaxis. Raredeveloping cataracts. The raised PRR is probably
cases of raised intraocular pressure or glaucomaindicative of a theoretical risk particularly with pro-
have been reported in association with intranasallonged high dose therapy.[157] Further studies are
beclomethasone administration. The overall report-required to substantiate these findings.
ing frequency for adverse events is very low (ap-A large case-controlled study of elderly patients
proximately 0.18 events per estimated 1000 patient-receiving either beclomethasone or fluticasone pro-
years).[189,192] There have been no reported inci-pionate, did not find an increased risk of developing
dences of overdose with intranasal beclomethasone.raised intraocular pressure or low-angle glauco-
However, it has been shown that at a dosage of 8ma.[188] This applied to both low-to-medium doses
mg/day, intranasal beclomethasone did have an ef-and high doses of the inhaled corticosteroids. Ac-
fect on the HPA axis in some but not all subjects,cording to manufacturer’s data on file only 25 cases
with a return to normality after 48 hours.[194] Noof glaucoma/raised intraocular pressure were report-
other local or systemic adverse effects have beened in patients treated with intranasal beclometha-
reported to date.[5]

sone between 1975 and 1996.[189]

Intranasal beclomethasone has not been found to 5.2 Budesonide
have a detrimental effect on nasal mucosa or physi-
ology. Rhinoscopic and histopathological examina- Budesonide aqueous nasal spray has a systemic
tion of the nasal mucosa after 12 months of treat- bioavailability level of 31%.[176] In an open
ment with intranasal beclomethasone did not reveal 12-month study, intranasal budesonide used in the
any evidence of adverse effects.[190] Electron micro- treatment of vasomotor (perennial non-allergic) rhi-
scopic analysis of 142 nasal biopsies showed no nitis at a dose of 400 µg/day did not lead to any
detrimental effect on the nasal mucosa following significant changes in haematological, biochemical
9–36 months of treatment with intranasal beclo- or plasma cortisol levels.[195] The long-term safety
methasone (400 µg/day).[191] Septal perforation is a and tolerability of intranasal budesonide (200–400
rare complication following the use of intranasal µg/day) has been substantiated over a 12-month
beclomethasone. This has been confirmed in litera- period, in which it was not found to cause either
ture reviews.[142,182] According to manufacturer’s nasal mucosal atrophy or suppression of the HPA
data on file only 70 cases of septal perforation were axis.[196] In a study lasting up to 5.5 years, the
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continued use of budesonide nasal aerosol had no including linear growth in 6- to 11-year-old chil-
measurable effect on the HPA axis and did not alter dren, when compared with beclomethasone and so-
the nasal epithelium.[197] At a daily dosage of 200µg, dium cromoglycate.[203] The excipients, polyethyl-
intranasal budesonide has not been found to have an ene glycol and polypropylene glycol, can cause tran-
effect on the HPA axis.[140,158] One multidose study sient local irritation manifesting as a stinging
did report a reduction in urinary cortisol with the use sensation.[5] No other local or systemic adverse ef-
of intranasal budesonide at a daily dosage of fects have been reported to date.[5]

200–800µg.[184] Using knemometry, it was shown
that 4-week treatment with intranasal budesonide 5.5 Fluticasone Propionate
(200–400 µg/day) did not significantly affect
growth velocity, although a trend toward reduction The pharmacokinetic profile of intranasal fluti-
was seen with the 400 µg/day dosage.[176] However, casone propionate minimises the potential for sys-
in another study comparing terfenadine (60 mg/ temic adverse effects. It is estimated that the major
day), intranasal budesonide 200 µg/day, and depot portion of the dose is cleared by the nasal cilia and
methylprednisolone 60mg, a significant reduction in eventually swallowed.[204] Fluticasone propionate
growth velocity was observed over a 6-week period aqueous nasal spray has a systemic bioavailability of
in those children receiving the nasal and systemic 0.42–0.51%.[133,176] In view of the low systemic bio-
corticosteroids.[198] No other local or systemic ad- availability and the low therapeutic doses used,
verse effects have been reported to date.[5] there is a low risk of developing suppression of the

HPA axis. Although the findings in one study in
5.3 Ciclesonide healthy volunteers suggested that intranasal fluti-

casone propionate administration was associated
Ciclesonide is a new, non-halogenated topical

with a clinically significant suppression of urinary
corticosteroid with anti-inflammatory proper-

cortisol,[158] this has not been reported by extensive
ties,[199] that has recently been found to be effective

studies in patient populations (see section 4.2 for a
in the treatment of allergic rhinitis (dose of 200µg

more detailed discussion concerning intranasal cor-
into each nostril), and has displayed excellent local

ticosteroid bioavailability, particularly in relation to
and systemic tolerability profiles.[200] A recent pla-

fluticasone propionate). The effects of intranasal
cebo-controlled, randomised, double-blind study as-

fluticasone propionate on HPA axis function were
sessed the influence of inhaled ciclesonide on the

investigated by analysis of morning plasma cortisol
circadian time serum cortisol rhythm, and concluded

concentrations, response to corticotropin and
that at a daily dosage of 800µg for 7 days, inhaled

24-hour urinary free-cortisol excretion.[205] There
ciclesonide did not exert any significant effects on

was no evidence of effects on adrenal function, even
the HPA axis.[201] The systemic bioavailability of

at high doses of intranasal fluticasone propionate.
intranasal ciclesonide is currently unknown. There

Other studies have not found intranasal fluticasone
have been no reports of systemic adverse effects

propionate to have an effect on the HPA axis at a
related to the use of topical ciclesonide to date.

daily dose of 200µg in adults[115,164,178,206] or chil-
dren.[169,207] The overwhelming evidence in the liter-5.4 Flunisolide
ature regarding the short-term intranasal use of ther-

Flunisolide aqueous nasal spray has a systemic apeutic doses of intranasal fluticasone propionate
bioavailability level of 40–50%.[202] No effects of certainly backs its clinical safety in that respect.[208]

intranasal flunisolide on the HPA axis or growth Intranasal fluticasone propionate has not been found
have been reported to date. A recent 1-year trial to have a significant effect on growth. A study
evaluating the safety profile of flunisolide hydro- comparing intranasal fluticasone propionate treat-
fluoroalkane in children with asthma reported no ment with placebo showed the two groups to be
adverse effects associated with HPA axis function, comparable in terms of longitudinal leg growth in a
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2-week study in children using knemometry.[209] of septal perforation associated with intranasal fluti-
Inhaled fluticasone propionate has not been shown casone propionate use is rare, except in the presence
to have any adverse effects on the growth of children of other predisposing factors.[215]

in studies over a period of 12 months.[210]
The use of intranasal fluticasone propionate

during pregnancy and lactation is not advised by theIntranasal fluticasone propionate use has not
manufacturer as no prospective studies have beenbeen associated with any ocular adverse effects. A
undertaken under such circumstances. There is thuslarge case-controlled study of elderly patients using
inadequate evidence currently on the safety profileeither beclomethasone or fluticasone propionate did
of fluticasone propionate in human pregnancy. Innot find an increased risk of developing raised in-
animal reproduction studies, adverse effects typicaltraocular pressure or low-angle glaucoma.[188] This
of potent corticosteroids are only seen followingapplied to both low-to-medium doses and high doses
high systemic exposure levels. In the case of directof the inhaled corticosteroids. There was no evi-
intranasal application, minimal systemic exposure isdence of posterior subcapsular cataracts or glauco-
ensured.[216,217] The consumer is advised to seekma in patients treated for 1 year with intranasal
advice from their doctor prior to using intranasalfluticasone propionate at a dose of 200 µg/day.[208]

fluticasone propionate during pregnancy.There has been one report in the literature of a
Considering the very low plasma concentrationpossible link between intranasal fluticasone pro-

of fluticasone propionate following intranasal appli-pionate administration and the onset of benign intra-
cation, clinically significant drug interactions arecranial hypertension in a 13-year-old boy.[211] How-
unlikely.[218] Fluticasone propionate is metabolisedever, it must be stressed that this was an isolated
by the cytochrome P450 enzyme CYP3A4 to anreport with poor adherence to the strict diagnostic
inactive carboxylic acid metabolite. Therefore, carecriteria for this condition. To date, a cause-effect
should be taken when co-administering knownlink has yet to be firmly established.
strong CYP3A4 inhibitors (e.g. ritonavir or ketoco-

There is no evidence of intranasal fluticasone
nazole), as there is potential for interaction and

propionate having any detrimental effect on the na-
subsequent increased risk of systemic adverse ef-

sal mucosa or physiology. Nasal biopsies performed
fects of fluticasone propionate.[218]

following 12 months of treatment with intranasal
A few local adverse effects have been linked withfluticasone propionate (200 µg/day) did not reveal

the use of intranasal fluticasone propionate. Theseany abnormalities on histopathological examina-
are probably related to the nasal spray itself rathertion.[121,212] There has recently been controversy re-
than any active ingredients, and include dryness/garding the possible ciliostatic effect of benzalkoni-
irritation of the nose and throat, unpleasant taste andum chloride, a preservative used in many nasal
smell, headache, and minor epistaxis. The overallsprays, on human nasal epithelium in vivo. A single-
reporting frequency for adverse events is very low,centre, double-blind nasal biopsy study in 22 pa-
with 0.02% of individuals who have received fluti-tients receiving intranasal fluticasone propionate
casone propionate experiencing an adversecontaining benzalkonium chloride, using scanning
event.[216]

and transmission electron microscopy examination,
found no evidence of such an effect of benzalkoni- There have been few reported incidences of in-
um chloride in vivo, when it was applied for 6 weeks tranasal fluticasone propionate overdose. According
(with/without fluticasone propionate) to the nasal to a report from the manufacturer, there were five
mucosa of patients with perennial allergic rhini- cases of overdose from 13.1 million patient-years of
tis.[213] Intranasal fluticasone propionate has also exposure were reported between March 1998 and
been shown to have no detrimental effect on nasal August 2001.[219] Incidentally, intranasal fluticasone
physiological parameters following 12 months of propionate administered at 20 times the recommen-
treatment at a dose of 200 µg/day.[214] The incidence ded dosage (2mg twice daily) for 7 days, in healthy
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adult volunteers, showed no adverse effect on the 200 µg/day) aqueous nasal spray on the HPA axis
HPA axis.[204] No other local or systemic adverse were assessed in a study of male subjects with
effects have been reported to date.[5] allergic rhinitis.[162] Morning plasma cortisol levels,

urinary cortisol, and corticotropin stimulation were
5.6 Mometasone evaluated. No significant effect of the nasal cortico-

steroid on these parameters was found. In anotherMometasone aqueous nasal spray has a systemic
study, no significant changes of morning serumbioavailability of 0.46%.[176] In a crossover control-
cortisol levels were recorded in 93 patients withled study,[140] 5-day courses of intranasal mometa-
allergic rhinitis taking intranasal triamcinolonesone at a clinically recommended dosage (200 µg/
(110, 220, and 440 µg/day) for >1 year.[226] Thisday) did not have any significant effect on the HPA
finding was further confirmed in one long-term[227]

axis, bone metabolism or basic haematological para-
and three medium-term[228-230] studies in adult pa-meters. This was confirmed by the results of two
tients. In a further crossover controlled study,[140]

further studies.[166,220] Over a 1-year period, treat-
5-day courses of intranasal triamcinolone at clinical-ment of children with perennial rhinitis with in-
ly recommended doses did not affect the HPA axis,tranasal mometasone (100 µg/day) did not appear to
bone metabolism, or basic haematological para-suppress the HPA axis or have any inhibitory effect
meters. A study conducted in healthy volunteerson their short-term growth rate.[178] These findings
after a 4-day course of intranasal triamcinolone (220were paralleled by the results of another study,
µg/day) did not report any significant change inwhich failed to detect any effect on the HPA axis in
overnight urinary cortisol levels.[184] No effect ofchildren treated with intranasal mometasone (50,
intranasal triamcinolone was found on serum cor-100, and 200 µg/day) for 7 days.[221] A dose-ranging
tisol or the stimulated corticotropin response in an-study of intranasal mometasone in children with
other study.[158] The lack of effect on HPA axis wasseasonal allergic rhinitis concluded that at a dosage
also established in a study in children.[161] The safetyof up to 200 µg/day, intranasal mometasone was
of once-daily administration of intranasal triamci-well tolerated with no significant effects on the HPA
nolone (220 µg/day) for 3 weeks was evaluated inaxis.[222] The satisfactory safety profile of intranasal
429 patients with seasonal allergic rhinitis comparedmometasone in adults and children with allergic
with a placebo group.[231] The results showed norhinitis has been recently reiterated in reviews[160,223]

of the most recent and relevant clinical trials con- significant difference between the two groups. Simi-
cerning this issue. lar results were obtained in another study.[163] In

perennial allergic rhinitis, a multicentre study evalu-A study of adult patients with perennial rhinitis
treated for 12 months with intranasal mometasone ating the safety of once-daily regimen of intranasal
(200 µg/day) showed no adverse tissue changes in triamcinolone (110, 220, and 440 µg/day) in patients
nasal biopsies following treatment.[224] Similarly, no aged between 12 and 65 years demonstrated a satis-
significant effect of intranasal mometasone (200 µg/ factory profile.[232]

day) on olfactory function or mucociliary clearance Clinical and pathological studies have also been
could be detected.[225]

carried out to investigate the long-term effects of
No other local or systemic adverse effects have intranasal triamcinolone on the nasal epithelium.

been reported to date.[5]
One such study was a long-term prospective local
safety study evaluating the endoscopic and histo-

5.7 Triamcinolone
logical changes in the nasal epithelium after a
6-month treatment period with intranasal triamci-Despite having a systemic bioavailability of
nolone.[233,234] Results were also compared with46%,[176] intranasal triamcinolone does not appear to
those seen with cetirizine and beclomethasonecause suppression of the HPA axis. The possible
dipropionate. Overall, the results indicated thatsystemic effects of intranasal triamcinolone (110 or
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long-term intranasal triamcinolone treatment did not systemic bioavailability should not be recommen-
result in atrophic changes in the epithelium or im- ded for use in children.[153]

pairment of mucociliary function. No other local or With their action mainly centred on the target
systemic adverse effects have been reported to organ, and in conjunction with lack of any asso-
date.[5] ciated significant systemic effects, the use of in-

tranasal antihistamines, such as levocabastine and
6. Specific Safety and azelastine, is clearly advantageous in children.
Tolerability Considerations However, despite being safe and useful for relieving

nasal/ocular symptoms of allergic rhinitis, the in-
tranasal antihistamines lack the degree of efficacy6.1 Paediatric Population
achieved by intranasal corticosteroids and are thus

Although the principles of pharmacological treat- more appropriate for the treatment of mild or inter-
ment are identical to those in adults, caution has to mittent forms of allergic rhinitis in children, espe-
be exercised in order to avoid adverse events typical cially where nasal obstruction is not a prominent
in the paediatric population.[107,235] Dosage adapta- symptom.[5,20]

tion and special terms are often necessary, not only
because of the age factor, but also to ensure that

6.2 Pregnancyoptimum therapeutic efficacy is achieved.[236,237]

Although often trivialised by parents and doctors,
Allergic rhinitis affects around one-third ofallergic rhinitis is a significant cause of morbidity in

women of child bearing age,[54] and is often aggra-the paediatric population, leading to social embar-
vated by pregnancy.[239-241] Caution must be exer-rassment on account of the rhinitis, and on account
cised when prescribing medications to pregnantof the widespread mucosal inflammation affecting
women, particularly in relation to the potential riskseveral target organs, and a generalised sense of
of congenital malformations. A satisfactory safetymalaise with cognitive function impairment. This
and tolerability profile in adults does not necessarilycan be further compounded by inappropriate antihis-
rule out such effects in a fetus. Therefore, it is vitaltamine treatment.[238] For rhinoconjunctivitis in chil-
when prescribing in pregnancy to consider the bene-dren, intranasal corticosteroids remain the most ef-
fit/risk ratio for the fetus as well as the mother.[5]fective treatment currently available. Although there
Conversely, it must be stressed that in studies per-is a theoretical risk of systemic adverse effects, this
taining to the possible teratogenic and embryotoxichas not been shown in practice, particularly with the
effects of medications, consideration of the needs ofmodern intranasal corticosteroids which have low
the symptomatic mother for treatments that ade-bioavailability (<30%) with little evidence of signif-
quately control the disease, should not be over-icant systemic absorption. It is fairly self-evident
looked. Treatment in pregnancy is thus a balance ofthat the minimal dose of intranasal corticosteroids
risk against efficacy, with the balance tilted in fa-should be used when control of symptoms is re-
vour of safety. Fortunately, topical therapy for thequired. In contrast to the clear inhibitory effect upon
nose has made available an effective treatment mo-growth and growth velocity of oral and depot corti-
dality associated with a minimal risk of systemiccosteroid preparations,[198] the overwhelming evi-
adverse effects.dence does not support a similar effect relating to

intranasal corticosteroids administration.[177,178] As With respect to inhaled corticosteroids, there
previously discussed in section 4.3.2, two studies have been no documented prospective epidemiolog-
with intranasal beclomethasone[174] and intranasal ical studies on their use during pregnancy, but they
budesonide[175] did report inhibitory effects on are frequently used by pregnant women with asthma
growth. With this in mind, it is generally agreed and have not as yet been incriminated as ter-
nowadays that intranasal corticosteroids with high atogens.[54] No maternal-fetal adverse effects were
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reported in 40 pregnant women with asthma who rhinitis than intranasal antihistamines,[246,247] with
were treated with beclomethasone.[242] the particular advantage being most obvious for

nasal obstruction.[108,112] The superior efficacy ofAlthough some first-generation antihistamines
intranasal corticosteroids is not only evident clini-(e.g. brompheniramine, promethazine, dipheny-
cally, but also when one considers other objectivedramine and hydroxyzine) have been shown to be
parameters, such as inflammatory markers, rhi-teratogenic in animals,[243,244] there is no evidence
nomanometry, acoustic rhinometry, and quality-of-for any such effects in humans.[245] Second-genera-
life assessments.[112,126]tion intranasal antihistamines have not so far been

incriminated as human teratogens or embryotoxins While there exist clear differences in the degree
and their use during pregnancy is currently not spe- of therapeutic efficacy when intranasal corticoster-
cifically contraindicated.[54]

oids and intranasal antihistamines are compared, no
such trend can be identified in the safety/tolerability

6.3 The Elderly profiles of these two classes of drugs. Apart from
minor qualitative differences in the nature of local-Intranasal corticosteroids and topical second-
ised adverse events linked to intranasal corticoster-generation antihistamines are fairly well tolerated in
oids (e.g. nasal bleeding) and intranasal antihista-the elderly with minimal adverse effects.[5]

mines (e.g. sedation), no significant quantitative dis-
crepancies between the two groups have been found.7. Conclusion
This is mainly due to a generally low incidence of

Taking into account the results of the studies adverse effects in both treatments.[112] Concern has
undertaken on intranasal antihistamines and in- emerged over the possible effects of intranasal corti-
tranasal corticosteroids, it is generally agreed, now- costeroids on the HPA axis and growth velocity,
adays, that intranasal corticosteroids are more potent however, this risk has not consistently been seen in
and efficacious in reducing the symptoms of allergic practice in patients with allergic rhinitis

Mild disease
or occasional symptoms

Severe
symptoms

Moderate disease
or long duration

Inadequate
control

Inadequate
control

Nasal corticosteroids

plus

oral/nasal
antihistamines

Inadequate control

Oral/nasal antihistamines
or cromones

For eye symptoms:
topical antihistamines
or cromones

Allergic rhinitis

•  Add further symptomatic treatment
    or
•  Short-course oral corticosteroids
    or
•  Consider immunotherapy

Nasal corticosteroids

For eye symptoms:
topical antihistamines
or cromones

Fig. 1. Algorithm of the management protocol for allergic rhinitis based on the allergic rhinitis and its impact on asthma (ARIA) guidelines.
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