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This chapter includes many of those drugs used for their
bronchodilator or ant-inflammatory properties in the
management of reversible airways obstruction, such as
asthma and chronic obstructive puimonary disease.

The main bronchodilators discussed in this chapter are
the sympathomimetic beta agonists (stimulants of beta-
adrenoceptors), and the xanthines (mainly theophylline).
The antimusaarnic bronchodilators ipratropium, oxi-
tropium, and totropium are also included. The major class
of anu-inflammatory drugs, the corticosteroids, are
discussed separately, on p. 1597.1; other drugs considered
to act on the processes of airway inflammation and which
are included in this section include sodium cromoglicate
and its analogues,. and the various drugs that act on
leukotriene synthests and receptor binding, on platelet-
activating factor (PAF), or on other aspects of the
inflammatory cascade.

Anti-asthma Drug Groups

Antimuscarinics
The parasympathetic nervous system plays a2 role in the
regulation of bronchomotor tone, and antimuscarinic drugs
have bronchodilator properties. The quaternary ammonium
compounds aclidinium bromide, glycopyrronium bromide,
ipratropium bromide, oxitropium bromide, and tiotropiurn
bromide are the antimuscarinic {anticholinergic) broncho-
dilators in current use; as well as reduced CNS effects they
have less effect on mucodiliary clearance than drugs such as
atropine, which can produce accumulation of viscid lower
airway secretions and a risk of mucus plugging in these
patients. An antimuscarinic may be the bronchodilator of
choice in the management of chronic obstructive pulm-
onary disease. In patients with asthma they are usually
reserved for use in life-threatening acute asthma exacer-
bations.
Described in this chapter are
Adidinium, p. 1201.1
Ipratropium, p. 1211.3

Oxitropium, p. 1218.1
Tiotropium, p. 1238.1

Beta agonists

The sympathetic nervous system plays a role in the
regulation of bronchomotor tone and betaz-adrenoceptors
in bronchial smooth muscle produce bronchodilatation
when stimulated. Short-acting selective agonists of beta,-
adrenoceptors (beta, agonists; beta; stimulants), of which
salbutamol is the paradigmatic example, are therefore
first-line drugs for the relief of asthma symptoms. They are
also widely used in the management of chronic
obstructive pulmonary di although
bronchodilators may be preferred or used in addition.
Long-acting beta, agonists are used in asthma in patients
also requiring anti-inflammatory therapy. They may also
be used in some patients with chronic obstructive
pulmonary disease.
Described in this chapter are
Arformoterol, p. 1202.3
Bambuterol, p. 1203.1
Bitolterol, p. 1203.2
Carmoterol. p. 1207.1
Clenbuterol, p. 1207.2
Fenoterol, p. 1208.2
Formoterol, p. 1209.2
Hexoprenaline, p. 1211.1
Indacaterol, p. 1211.2
Isoetarine, p. 1213.2
Levosalbutamol, p. 1213.3

Corticosteroids

Corticosteroids are widely used for their anti-inflammatory
(glucocorticoid) properties in the management of asthma,
and may be benefical in some patients with chronic

-arinic

Orciprenaline, p. 1217.3
Pirbuterol, p. 1218.3
Procaterol, p. 1219.1
Reproterol, p. 12192
Salbutamol, p. 1220.2
Saimeterol. p. 1224.1
Terbutaline, p. 1228.1
Tretoquinol, p. 1239.1
Tulobuterol, p. 1239.2
Vilanterol, p. 1239.3

obstructive pulmonary disease. Because of the potendal
adverse effects associated with prolonged systemic cortico-
steroid therapy, inhalation of corticosteroids with reduced
systemic activity is preferred; oral corticosteroids are
generally only used in short courses, and at relatively low
doses, to gain control of the disease. The actions and uses of
the corticosteroids are discussed in much greater detail in
the section beginning on p. 1597.1.

Leukotriene inhibitors and antagonists

Leukotrienes appear to play an important role in the
inflammatory process of asthma, and some drugs may
modify or inhibit this action. Leukotriene synthesis may be
prevented by blockade of the enzyme 5-lipoxygenase with
inhibitors such as zleuton. Alternatively, leukotriene
receptor antagonists such as zafirlukast may be used to block
specific receptors (usually those of leukotriene Dy) and
prevent their activation. These anti-leukotriene drugs have
a role in the prophylactic management of asthma as an
alternative when inhaled corticosteroids cannot be used in
mild asthma, and as add-on therapy in more severe asthma.
Described in this chapter are
Amlexanox, p. 1202.2
Thudilast, p. 1211.2
Montelukast, p. 1214.3
Pemirolast, p. 1218.2

Mast cell stabilisers

The role of the mast cell in starting an inflammatory cascade
has long been recognised as important, and the best
established of the mast cell stabilisers are sodium
cromoglicate and nedocromil sodium. These compounds
inhibit mast cell degranulation in response to antigens or
other stimuli, and hence prevent the release of histamine,
leukotrienes, and other inflammatory mediators. They are
usually well tolerated and guidelines for the treatment of
asthma mendon their use for prophylactic therapy as an
alternative, or a suppl to cortic ids, particularly
in children. However, it is generally considered that the
corticosteroids are more effective.

Described in this chapter are
Amlexanox, p. 1202.2
Nedocromil, p. 1216.2
Pemirolast, p. 1218.2
Repirinast, p. 1219.2

Pranlukast, p. 1218.3
Tipelukast, p. 1239.1
Zafirlukast, p. 1239.3
Zileuton, p. 1240.3

Sodium Cromoglicate,
p. 12253
Tranilast, p. 1239.1

Xanthines

Xanthines are drugs with complex actions that indude, in
varying degrees, relaxation of bronchial smooth musde and
relief of bronchospasm, stimulant effects on respiration, and

the criteria for clinical diagnosis of asthma.’* Although
there is no clear definition of the asthma phenotype, 3
categories have been suggested: dlinical phenotypes such as
severity-defined or defined by age at onset, trigger-related
phenotypes such as allergy-or aspirin-induced asthma, and
inflammatory phenotypes such as ecosinophilic asthma.*
Current guidelines classify by severity according to the
clinical features present before treatment.’? Asthma may be
described as extrinsic when it is associated with exposure to
a spedific allergen such as pollen or house-dust mite, or to a
non-spedific stimulus such as a chemical irritant or exercise.
It may be descaibed as intrinsic when no external
predpitating factor is identifiable.

The actiology of asthma is poorly u.ndexstood. but both
genetic and environmental factors are believed to
contribute to development and progression of the
disease.'?

Resistance to airflow in asthma is increased by a number
of abnormalities,. including contraction of the airway
smooth musde, the presence of excessive secretions within
the airway lumen, and inflammatory cell infiltration. The
inflammation in chronic asthra causes remodelling, found
as shedding and thickening of the airway epithelium, and
hypertrophy and hyperplasia of smooth musde.®® Airway
remodeiling or thickening may be important in more severe
disease and an result in reladvely irreversible narrowing of
the airways.”

The principal symptoms of asthma are wheezing,
dyspnoea (breathlessness), chest tightness, and cough, and
these symptoms tend to be variable, intermittent, worse at
night or early morning, and provoked by particular triggers.
In an acute attack, the respiratory rate is rapid and
tachycardia is common.>” The peak expiratory flow (PEF)
and forced expiratory volume in the first second (FEV,) are
decreased in asthma, and in a severe asthmatic attack the
PEF is gcncrally less than 50% of predicted values Life-
threatening fe indude exhaustion, ¢ brady-
cardia, hypotension, confusion, and coma. =7

Management of asthma. As asthma is a chronic disease,
management involves prophylactic measures to reduce
inflammation and airway resistance and to maintain
airflow, as well as specific regimens for the treatment of
acute attacks. Measurements of lung function play an
important part in determining treatrnent and patients are
encouraged to monitor their own disease by using a simple
peak flow meter to PEF;*>7 spi 1y is used to
measure airflow limitation and revcxsibllity in hospitals and
surgeries.>? Use of exhaled nitric oxide has been
investigated to monitor disease control with corticoster-
oids;!® however, an asthma treatment swrategy using
exhaled nitric oxide did not result in a large reduction in

.
exacer

anti-inflammatory effects. Theophylline and its deri

have long been used for their bronchodilator properties in
the management of asthma and: chronic obstructive
pulmonary disease, but the narrow therapeutic range and
the propensity for interactions with other drugs make
theophylline a difficult drug to use, and it tends to be
reserved for combination therapy in patients who cannot be
managed with other bronchodilators (such as the beta,
agonists) plus inhaled corticosteroids.

Described in this chapter are

Acefylline piperazine, Diprophylline, p. 12073
p. 1200.3 Doxofylline, p. 1208.1

Ambroxol acefyllinate, Etamiphylline Camsilate,
p- 1201.2 p- 12082

Aminophylline, p. 1201.2 Etofylline, p. 1208.2

Bamifylline, p. 1203.2 Heptaminol Acefyllinate,

Bufyiline. p. 1203.3 p- 1210.3

Caffeine, p. 1203.3
Choline Theophyllinate,
p. 1207.1

Proxyphylline, p. 1219.2
Theobromire, p. 1229.2
Theophylline, p. 1229.3

Management of Reversible Airways
Obstruction

Asthma

Asthma is a chronic inflammatory disease in which the
patient has episodes of reversible airways abstruction due to
bronchial hyperresponsiveness. It is a common disorder, the
prevalence of which has increased sharply over the last 40
years, particularly in children, with prevalence greater than
30% in some areas. More than 10% of the population in
developed countries are affected. Rates are increasing in
developing countries as they become more westernised,!
and global differences in prevalence appear to be lessening.?
It has been suggested that asthma is probably not one
illness, but a collection of different phenotypes which meet

The symbol t denotes a preparation no longer actively marketed

’

or less use of inhaled corticosteroids.!!

Drug therapy is preferably given by imhalation to
deliver the drugs directly to the desired site of action. This
produces higher local concentrations and permits smaller
doses than would be required orally, with a consequent
reduction in adverse effects. Systematic reviews!2"!4 have
found that hand-held inhaler devices including pressurised
metered-dose inhalers (MDIs), dry powder inhalers, and
breath actuated pressurised MDIs, are generally equally
effective for the delivery of short-acting beta; agonists and
corticosteroids in stable asthma. Choice of inhaler should be
individualised, especially in children, waking into account
ease of use, safety, and convenience.®’'* Differences in
drug delivery exist between inhaler devices and this should
be considered when substituting one device for another.”

Spacer devices can be fitted to some MDIs to act as
reservoirs for the drug to make it easier for the patient to
inhale each dose correctly. Use of MDIs with spacer devices
produce outcomes which are at least equivalent to nebuliser
therapy.'*!3 Nebulisers tend to be reserved for patients who
are unable or unwilling to use these devices, although the
choice of spacer and method of use may substantially affect
drug delivery.*!¢ Use of a spacer device for the inhalation of
high doses of corticosteroids reduces oropharyngeal
deposition, systemic absorption, and adverse effects.’?
Specially adapted or medified inhalation devices, as well
as spacer devices, are also available to enable children to
achieve a correct .technique when using inhaled drug
therapy, but alternadve routes of delivery such as oral
dosage or nebulisation may be necessary for some infants
and small children.'¢ Prequent intermittent or continuous
nebulisation of short-acting beta; agonists are both effective
in patients with severe bronchoconstriction. '

The standard drugs used in the. management of asthma
are the beta, agonists and corticosteroids.>?

Beta, agonists relax-the bronchial smooth muscle to
produce bronchodilatation by selectively stimulating beta,-
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adrenergic receptors. Short-acting selective beta; agonists
such as salbutamol or terbutaline are the initial drugs of
choice for use as required to relieve acute bronchospasm; if
inhaled, they can have an almost immediate bronchodilat-
ing effect. Regular use of beta; agonists is mainly restricted
to long-acting beta, agonists such as salmetero] xinafoate in
patients also requiring anti-inflammatory prophylactic
treatrnent; a short-acting beta; agonist should still be used

as required.>?
Corticosteroids are the most effective preventer therapy
available for the g of asthma.'” They are used for

their anti-inflammatory properties and to reduce bronchial
hyperresponsiveness; they must be taken regularly to
achieve maximum benefit. Corticosteroid therapy is
recommended both for acute attacks and chronic asthma
prophylaxis. Meta-analysis suggests that systemic corticos-
teroids speed the resolution of exacerbations and reduce the
rate of relapse.!8* It has also been suggested that inhaled
corticosteroids may be of benefit in acute asthma if multiple
doses are inhaled at intervals of less than 30 minutes, overa
90 to 120°'minute period.® In chronic asthma, regular
inhaled corticosteroids are one of the cornerstones of

Combining inhaled cortic ids with long-
acting heta; agonists may have synergistic benefizs; 72122
such a combination is more effective than combining
inhaled corticosteroids with anti-leukotriene drugs.?* The
use of an inhaled corticosteroid. budesonide, and a rapid
and long-acting beta; agonist, formoterol, in a combined
inhaler as both regular maintenance therapy and as a
reliever when required, has been studied.** Giving
additional corticosteroid with each reliever inhalation in
response to symptoms could be expected to provide
improved control of airway inflammation,** and reductions
in the rate of exacerbations have been reported?6?’ with
relatively lower doses of inhaled corticosteroid in patients
with uncontrolled persistent asthma, compared with more
conventional treatment regimens using a beta; agonist as a
reliever. While the place of budesonide/formoterol
maintenance and reliever therapy in the management of
asthma is not yet dearly defined,®® some guideliness”
include this regimen (referred to by the manufacturer.
AstraZeneca, as Symbicort Maintenance and Reliever
Therapy, or SMART) as an option for adults at Step 3 (see
below).

Exerdse-induced bronchoconstriction is also reduced in
both adults and children by regular use of inhaled
corticosteroids.??

Various studies have examined the role that inhaled
corticosteroids might play in modifying the development of
asthma in symptomatic children.?*! Although the short-
term therapeutic efficacy varied between studies, possibly
due to the differing lengths of treatment and study
populations used, in all 3 studies the long-term clinical and
functional outcomes d:d not differ in children treated with
inhaled cortic compared with placebo.

Xanthines such as aminophylline or theophylline may be
given for their bronchodilating properties although there is
evidence that the long-acting beta; agonist salmeterol
produces a greater improvement in lung function, reduces
the need for rescue short-acting beta; agonists, and has
fewer adverse effects compared with theophylline.’? There
is disagreement about adding xanthine treatment to beta,
agonists for the management of acute severe asthma (see
below).

Inhaled antimuscarinics such as ipratropium bromide or
oxitropium bromide, used with beta, agonists, are given in
acute asthma; a systematic review” found that inhaled
mulnple doses of antimuscarinic reduced hospital admis-
sions and improved lung function tests compared with beta;
agonists alone.

Cromaglicate or nedocromil may be used as an alternative to
corticosteroids for the prophylaxis of less severe asthma or
combined with other therapy. Anti-leukotrienes such as the
leukotriene receptor antagonist zafirlukast and the
leukotriene inhibitor zileuton are another alternative or
adjunct to inhaled corticosteroids. When used with inhaled
corticosteroids, ant-leukotrienes bring modest improve-
ments in lung function compared with inhaled corticoster-
oids alone.** They may also be useful in exercise-induced
bronchoconstriction.>” The anti-IgE monodonal antibody
omalzzumab‘”’ is availab]e for use in selected patients with

suggest consideration of immunotherapy to desensitise
patients with poorly controlled disease unavoidably
exposed to a precipitating allergen. Although there is
increasing evidence of benefit from such treatment’ the
size of the benefit overall remains somewhat uncertain, and
the potential adverse effects make it controversial (see
under Allergen Immunotherapy, p. 2435.1). UK guidelines®
consider that although there is evidence of benefit from
immunotherapy when compared with placebo, compara-
tive studies with other asthma treatments are needed.

Gastro-oesophageal reflux has been suggested as another
exacerbating factor;®® symptoms of gastro-oesophageal
reflux disease are about one and a half imes more common
among individuals with asthma than the general popula-
tion,* although the exact nature of the association remains
unclear. A 2003 systematic review of acid suppressive
therapy conduded that it did not benefit asthma in most
patients; % more recent studies on the subject support this
view,*'42 although one did note reduced exacerbations and
an improvement in the asthma quality of life in patients
given lansoprazole compared with placebo.®?

Guidelines for drug therapy of chronic asthma have
been issued in many countries including Australia,*!
Canada,** the UK,* and the USA,® and by the Global
Initiative for Asthma (GINA).” Guidelines specifically for the
management of childhood asthma have been issued by The
European Pediatric Asthma Group.* In general, guidelines
advocate a stepwise approach to treatment. Initial control is
achieved with the early use of and-inflammatory drugs at
doses most appropriate for the severity of disease. In mild to
moderate asthma, starting inhaled corticosteroids at very
high doses and stepping down confers no benefit,*”*® and
relatively low initial doses are recommended.>?

Guidelines vary slightly in their definidon of low,
moderate and high inhaled corticosteroid doses—for the
definitions of these terms in UK, US, and global asthma
guidelines see Asthma, under Choice of Corticosteroid,
p. 1600.3.

In adults and older children

The UK recommendations for adults and children over 5
years of age with chronic asthma are as follows:
¢ Step 1; mild intermittent asthma

Patients requiring only occasional relief from symptoms

may be adequately managed with an inhaled short-

acting beta, agonist such as salbutamol or terbutaline
taken when needed.
* Step 2; regular preventer therapy

Regular inhaled corticosteroids may be added at an

appropriate starting dose for the severity of the disease if

symptoms are present or an inhaled betaagonist is
required three times a week or more, or if symptoms
wake the patient from sleep one night a week. Padents
who have had an exacerbation of asthma requiring oral
corticosteroids in the last 2 years should also be
considered for regular inhaled corticosteroids. Alternatives
are cromoglicate or nedocromil, leukotriene receptor
antagonists, or modified-release oral theophylline, but
these are less effective.

e Step 3; initial add-on therapy
If adequate control is not achieved, the preferred
treatment is to supp low-dose inhaled corticoster-
oids with a long-acting inhaled beta, agonist such as
salmeterol xinafoate. If there is only suboptimal
response, the long-acting beta, agonist is continued and
inhaled corticosteroid increased to a moderate dose. If
there is no response to a long-acting beta, agonist, it
should be d and inhaled cortic id increased to

a moderate dose; if control is still inadequate additon of

another drug such as a leukotriene receptor antagonist or

ciclosporin, and oral gold- may be considered for their
anti-inflammatory, immunosuppressant, and cortica-
steroid-sparing properties: their use must be balanc:d
against their potentially serious adverse effects. Referral
for specialist care is advised for all patients at this step

The US recommendations for chronic asthma manageme at

in adults and children over 5 years are:

e Stepl
A short-acting inhaled beta, agomsl is recommended,
taken as required to relieve symp

e Step 2
As in UK guidelines, if regular controller therapy is
needed, then a low-dose inhaled corticosteroid is the
preferred weatment. Other alternatives include crom -
glicate, nedocromil, a leukotriene receptor antagoni it,
and theophylline.

e Step3
The preferred treatment for patients over 12 years wlo
are not controlled with low-dose inhaled corticosteroics,
is either addition of a long-acting inhaled beta, agonist
increasing the inhaled corticosteroid to a moderate dose.
In children aged 5 10 12 years either a leukotriene
receptor antagonist or modified-release oral theophyllisie
are equally acceptable treatment options in place of a
long-acting inhaled beta; agonist: however, they a-e
secondary options for patients 12 years and over, along
with the leukotriene inhibitor zileuton.

e Step 4

An increase in the inhaled corticosteroid o a modera:e

dose is recommended in patients not controlled by Step

3. A long-acting inhaled beta, agonist is the preferred

addition to this; alternatives include either a leukotrier e

receptor antagonist or modified-release theophyiline, »r

in patients 12 years and over, the leukotriene inhibitor

zileuton.

Step 5

High-dose inhaled corticosteroid in addition to a lon:-

acting inhaled beta, agonist is the preferred treatment for

patients on Step 5. Alternatively, children aged 510 11

years may benefit from either a Jeukotriene receptor

antagonist or modified-release theophylline in place of a

long-acting inhaled beta, agonist. Omalizumab may te

considered for patients 12 years and over who have

allergies.

e Step 6
As in Step 5 of the UK guidelines above, an oral
corticosteroid may be added to the inhaled high-dose
corticosteroid and long-acting beta, agonist. Alterna-
tively, children aged 5 to 11 years may benefit from
either a leukotriene receptor antagonist or modified-
release theophylline in place of a long-acting beta,
agonist. Omalizumab may be considered for patients 12
years and over who have allergies.

Consultation with an asthma specialist is recommended

from Step 4.
Global guideli for the g of asthma in

adults and children aged over 5 years recommend:

e Step 1, as for UK guidelines, a shortacting inhaled beta,

" agonist is the recommended reliever treatment. An

inhaled antimuscarinic such as ipratropium, a short-
acting oral beta; agonist. or immediate-release theo-
phylline may be considered as alternatives.

¢ Step 2; reliever medication plus single controller
As in UK guidelines a low-dose inhaled corticosteroid is
the preferred treatment; anti-leukotrienes are considere 1
an appropriate alternative.

e Step 3; reliever medication plus one or two controllers
A low-dose inhaled corticosteroid with a long-acting
inhaled beta, ag {the preferred option in adolescents

modified-release oral theophylline should be considered.
¢ Step 4; persistent poor control
For patients with pemslem poor control of asthma
despite use of inhaled dose corticosteroids and
an addldonal drug (usually a long-amng inha]ed beta,
agonist), inc g the inhaled cortic d to a high
dose should be considmd Patients over 12 years of age
may alternatively benefit from addition of either a
leukowiene receptor antagonist, modified-release oral
theophylline, or an oral medified-release beta; agonist. If
a trial of a particular treaunent option is ineffective, the
drug is stopped (or in the case of an increased dose of

inhaled cortic d, reduced).

A sy tic review of 1
mab, as adjunctive th PY 1O COTtiC ids, found that
treammentled to a reduction, and in some cases, withdrawal
of regular inhaled corticosteroid, as well as a reduction in
asthma exacerbations; longer term evalvation of adverse
effects, direct comparison with inha]ed corticosteroids, and

in children is
CHRONYC ASTHMA
Advice for patients with chronic asthma inciudes
of ! of allergens such as pollen, and of
bronchoconsmcung drugs such as beta blockers. Patients
who have had asthma induced by aspirin and NSAIDs
should also avoid these drugs. Skin testing o determine
allergen sensitivity may be advisable.>” US guidelines®

All cross-references refer to entries in Volume A

* Step 5; continuous or frequent use of oral corticosteroids
1f further control is needed, then an oral corticosteroid
such as prednisolone may also be given in single daily
doses at the lowest dose providing adequate control.
High-dose inhaled corticosteroids should aiso be
maintained. Other treatments may be considered to
minimise the use of corticosteroid tablets, such as a 6-
week trial of treatrnent with long-acting beta; agonists,
leukotriene receptor antagonists, or theophylline. i a
trial of a particular treatment option is not effective, the
drug is stopped. When other weatments have proved
unsuccessful in patients over 12 years of age, a 3-month
trial of immunomodulators such as methotrexate,

and adults), or else increasing the inhaled corticosteroi
to a moderate (the preferred option in children over 3
years) or high dose should be considered. Alternative
treatment options for all ages are a combinadon of low-
dose inhaled corticosteroid with either an
anti-leukotriene or modified-re} theophyiline.

¢ Step 4: reliever medication plus two or more controliers
The preferred treatiment at Step 4 is to combine 4
moderate or high dose of an inhaled corticosteroid with 1
long-acting inhaled beta, agonist. Addition of either an
anti-leukotriene or modified-release theophylline may
also provide benefit. High-dose inhaled corticosteroids
should be reserved for patients who are not controlled by
moderate doses combined with a long-acting inhaled
beta, agonist and/or an additional controller; they are
recommended only on a trial basis for 3 to 6 months.

e Step5
Asin Step 5 of UK guidelines and Step 6 of US guidelines.
an oral corticosteroid may be considered in addition to
another controller medication. Omalizumab is an option
for patients with allergic asthma who remain uncon-
trolled on combinations of other controllers including a
high dose of inhaled or oral corticosteroids.

Referral to an asthma specialist is recommended from Step

4.
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A short ‘rescue’ course of oral prednisolone may also be
needed at any time and at any step for an acute
exacerbation.

In children under 5 years of age

Rec datons for the 8! of chronic
asthma in children under 5 years of age have also been
issued in the UK® and USA,? and by GINA.*? There is limited
information available for this age group, however, and some
recommendations are based on extrapolations from studies
in older children and adults. These guidelines also prowde a
step h to 1ent. UK rec ion:
for managemem of chronic asthma in children under 5
years of age are as follows:

« Step 1; mild intermittent asthma

Inhaled short-acting beta; agonist as required.
o Step 2; regular preventer therapy

A low-dose inhaled corticosteroid may be added if

control is poor. If a corticosteroid cannot be used, an

alternative to be considered is a leukotriene receptor
antagonist.
« Step 3; initial add-on therapy
Addition of a leukotriene receptor antagonist may be
considered if control is poor in those already taking
inhaled corticosteroids. In those taking a leukotriene
receptor antagonist alone, addition of a low-dose inhaled
" corticosteroid should be reconsidered. Children under 2
yearsand those who have persistent poor control on Step

3, may be referred to a respiratory paediatrician (Step 4).
Global guidelines are similar to those in the UK.

The US makes the following recommendations for the
management of chronic asthma in children under 5 years of
age:

e Step 1, as [or UK guidelines above.
e Step2

As in UK guidelines, addition of a low-dose inhaled

corticosteroid is recommended. Alternative, but less

preierable. treaunents indude the leukotriene receptor

Tl

me and ¢ v“ ate.

e Step 3

An increase in the inhaled corticosteroid to moderate-

dose should be considered.
¢ Step 4

In addition to moderate-dose inhaled corticosteroid,

consider either a long-acting inhaled beta, agonist or

montelukast.
e Step5

The inhaled corticosteroid is increased to high-dose, in

addition to ecither a long-acting beta, agonist or

montelukast.
e Stepé

In patients who remain uncontrolled, an oral cortico-

steroid may be added.

Consultation with an asthma specialist is recommended
from step 4 onwards.

A short course of oral prednisolone may also be needed
for acute exacerbations of asthma.

For all ages, weaument should be regularly reviewed
and reduced in a stepwise manner if asthma is well
controlled. Patients should be maintained on the lowest
possible dose of inhaled corticosteroid; a reduction in dose
every 3 months should be considered, decreasing the dose
by about 25 to 50% each time.57

ACUTE SEVERE ASTHMA

An acute artack of severe asthma (status asthmaticus) is
potentially life-threatening and treatment should be
instituted as soon as possible. UK guidelines® provide
guidance on the assessment and initial treatment of
exacerbations of asthma in general practice and in the
accident and emergency department. Patients with any
features of a life-threatening attack. or a severe attack
persisting after initial treatment with high-dose shon—acung
beta, agonist and an oral cortic id, require ad
to hospital.

In adults.

Guidelines suggest the following regimen for the hospital
management of adults:®
¢ Initially, oxygen should be given to all hypoxaemic

patients with acute severe or life-threatening asthma to

maintain an oxygen saturation of 94 to 98%.
¢ High doses of inhaled short-acting beta, agonists

(salbutamol 5 mg or terbutaline 10mg) and antimusca-

rinic (ipratropium bromide 500 micrograms) should be

given via a nebuliser with oxygen, or compressed air if
oxygen is not available; if neither of these is available,
multiple actuations of a MDI into a large vol spacer

of magnesium sulfate has not been fully established,
although there is some evidence that it has bronchodi-
lator effects in adults. A meta-analysis conduded that its
routine use was not justified, but that it appears to be safe
and beneficial in some patients with severe exacerba-
tons.»®

e Subsequently, oxygen therapy should be connnued. as
should corticosteroid treatment with oral prednisolone

was therefore recommended for patients with life-
thr ive acute asth attacks;® some
evidence in- chxldren," although not in adults,’? supports
this. In contrast, the most recent US guidelines issued by the
National Asthma Education and Prevention Program do not
recommend the use of xanthines as they are considered o
offer no benefit over the optimal use of inhaled short-acting

or intravenous hydrocortisone.

e Nebulised beta, agonists and ipratropium bromide may
be given every 4 10 6 hours. If the padent’s condition has
not improved after 15 to 30 minutes, the nebulised beta;
agonist should be given more frequently (up to every 15
minutes, or in a continuous regimen such as salbutamol
10 mg hourly). .

« If progress is sill unsatisfactory, then an infusion of
aminophylline (5 mg/kg over 20 minutes then 500 to
700 micrograms/kg per hour, monitoring blood concen-
trations if continued for more than 24 hours; the loading
dose should not be given to patients already on
maintenance oral therapy), or a parenteral beta; agonist
may be considered, although there is limited evidence to
support the routine use of either of these drugs.

o Patients who deteriorate further with drowsiness,
unconsciousness, or respiratory arrest need wansferral
to an intensive care unit and intermittent positive-
pressure ventilation.

Oral prednisolone treaument is continued for at least 5 days

or untl recovery. Once lung function is stabilised the

patient can be discharged taking inhaled corticosteroids and
bronchodilators.

In children.

UK guidelines suggest the following regimen for acute
asthma in children aged 2 years and over:*

* Severe acute attacks in children are initially treated with
oxygen, given via either a face mask or nasal cannula, to
maintain an oxygen saturation of 94 to $8%. High-dose
short-acting beta, agonists are also given, either via a
nebuliser (salbutamol 2.5mg or terbutaline 5mg in
children aged 2 to 5 years; up to 5 mg of salbutamol and
up to 10 mg of terbutaline may be given in children over
5 years) using oxygen as the driving gas, or as multiple
actuations of a MDI into a large volume spacer device.
There is some evidence that in children with acute
asthma, use of spacers rather than nebulisers improves
oxygenation, and reduces adverse effects and time spent
in the emergency department.'

s A systemic corticosteroid at.a high dose is also required,
cither oral prednisolone (20 mg daily in children aged 2
to 5 years, and 30 to 40 mg daily in those over 5 years of
age: children already receiving maintenance oral
corticosteroids should receive 2 mg/kg up to a maximum
of 60 mg daily), or intravenous hydrocortisone (4 mg/kg
every 4 hours in more severely affected children).

e If life-threatening features are present, or response to
beta, agonists is poor, nebulised ipratropium bromide
{250 micrograms) may be added. Bronchodilators may be
repeated every 20 to 30 minutes initially, and then
weaned according to response.

o If no improvement is seen, transfer to a paediatric
intensive care unit is recommended. Further

beta, agonists and increase the frequency of adverse effects.”
Inc q e, in the US guideli adult patients whose
asthma cannot be managed with oxygen, inhaled short-
acting beta, agonists and antmuscarinics, and systemic
corticosteroids may be considered for treatment with
intravenous sulfate or nebuli with a
mixture of helium and oxygen (heliox) in order to avoid
intubaton and mechanical ventilation. UK guidelines
consider there is no evidence to support the use of heliox; a
meta-analysis”™ concluded that the existing evidence on
heliox failed 10 show a dear benefit, and although lung
function might be improved in the most severe acute
asthma patients, the number and size of studies available for
analysis was small and the quality variable.

OTHER ASPECTS OF ASTHMA MANAGEMENT

Qther therapeutic approaches for the management of
asthma are currently under investigation.* Ultra-long-
acting beta, agonists under development such as
carmoterol, milveterol (GSK-159797; TD-3327), and
indacaterol are suitable for once daily use, leading to
increased convenience for patients.” Carbamazepine has
shown potential as a treaunent for asthma in addition to
regular asthma therapy;* improved lung functon and
fewer exacerbations have been reported. The recombinant
human B-type natriuretic peptide (BNP), nesiritide, has
been reported to be an effective bronchodilator when given
intravenously;” its clinical role, if any, remains to be
determined. As well as their established antibacterial effect,
it has been suggested that macrolides also have
immunomodulatory effects that could be useful in_the
management of respiratory diseases. However, a systematic
review! found insufficient evidence to support or refute the
use of macrolides in chronic asthma although some clinical
data indicated a positive effect: routine use was not
recommended and further studies were warranted.
Ketolides also appear to have immunomodulatory effects:
a 10-day course of oral telithromycin started with standard
treatment for acute asthma in adults was reported to

p ymp gardiess of infection with
Chiamydophila p iae (Chlamydia p iae) or Myco-
plasmn 38 The mech of this effect is
undear, however, and further studies are needed.*®

Interestingly, furosemide given by inhalation has been
found to protect against bronchoconstriction induced by
exerdise® and external stimuli, 562 but was not effective in
improving bronchial hyperresponsiveness in a 4-week
study, and provided no additional benefit when added to
salbutamol for the treatment of acute asthma in a small
study in children.** Any clinical application has yet to be
determined.*® There has been some interest in heparin
given by inhal $347 and nebulised lidocaine may be of
some benefit;$>%4* intravenous lidocaine or oral mexiletine
have been shown to block reflex bronchoconstriction.™

options to consider are intravenous salbutamol
{15 micrograms/kg over 10 minutes followed by an
infusion of 1 to 5microgramstkg per minute of a
200 microgram/mL solution); intravenous aminophyl-
line (5mg/kg over 20 minutes then 1mgrkg per hour

Inhaled sulfate may also be of some adjunctive
benefit w0 beta; in the g of acute
episodes.”

There is increasing study of the cellular mechanisms of
inflammation in asthma and ways of controlling them.”
Phosphodxesterase type-4 is an enzyme that hydrolyses

the loading dose should not be given in children al Y

receiving oral theophylline); and, for children over 5

years of age, a single intravenous dose of magnesium

sulfate (40 mg/kg to a maximum of 2 g over 20 minutes).
Subsequent management follows a similar routine to that in
adults.

For children under 2 years of age with acute asthma
UK guidelines recommend beginning with oxygen and a
trial of short-acting beta; agonist given by multiple
actuations of an MDI into a large volume spacer or via a
nebuliser (salbutamol 2.5 mg or terbutaline 5 mg). The beta,
agonist is repeated every 1 to 4 hours if responding; if
response is poor nebulised ipratropium (250 mic ) is

cyclic ad mc phate {cyclic AMP), stimulating
the release of acute mﬂammatory mediators and immune
responses; it is found in airways smooth muscle, pulmonary
nerves, and inflammatory and immune cells relevant to the
pathogenesis of asthma. Phosphodiesterase type-4 inhi-
bitors such as roftumilast are under investigation for their
anti-inflammatory and bronchodilator activity.’>”® The
thromboxane A; antagonist, seratrodast, is being tried for its
effects on pulmonary function and mucus secretion.
Asthma-relevant cytokines or chemokines have been
targeted in several ways. Interleukin-4 ([L-4) stimulates a
range of inflammatory processes in asthma, and soluble
recombi interleukin-4 receptor (IL-4R; rhulL-4R) is

added. A short course of a high-dose oral corticosteroid
{prednisolone 10mg daily for up to 3 days) may be
considered.

Global guidelines”*?® for acute severe asthma are similar
to those in the UK, except parenteral beta, agonists are not
rece ded for routine use in severe asthma exacerba-

device may be used.

« High doses of systemic corticosteroids are also required:

for example, oral prednisolone 40 to 50mg daily or
intravenous hydrocortisone 100mg every 6 hours.
Alternatively, intramuscular methylprednisolone
160mg may be given instead of a.course of oral
prednisolone.

¢ A single intravenous dose of magnesium sulfate (1.2 to

2g infused over 20 ) may be considered at this
stage if life-threatening features are still present. The role

tions, although they are included as a treatment option for
critically-ill patients. US guidelines also suggest that the
parenteral use of beta, agonists is of unproven value. Also in
contrast to the UK, the intravenous use of xanthines is not
recommended in the USA. In compiling the UX guidelines
the British Thoradc Sodety has taken the view- that
although most patients on maximal doses of nebulised beta,
agonists and corticosteroids derive no additional benefit
from intravenous aminophylline, some could obtain
additional bronchodilatation; intravenous aminophylline

being investigated’?® as an antagonist to bind and
neutralise interleukin-4. Investigation into the recombinant
human IL-4 variant, pitrakinra, is showing promising results
in late phase asthmatic responses to allergen challenge.”®
The anti-CD25 interleukin-2 antagonist dadizumab has also
been investigated with some reported benefit. An
anti-interleukin-5 antibody, mepolizumab, has also been
investigated;?>?* although airway and bone-marrow
cosinophils were reduced, no dinical benefits were noted.
Cytokines which have a potential anti-inflammatory effect
are interleukin-10,”* interleukin-12, and interferon
gamma.”?* TNF-o may also play a role in severe asthma.
The anti-TNF antibody infliximab, and the TNF receptor
blocker etanercept have been shown to be effective in other
inflammatory diseases.” Small studies using parenteral
etanercept have shown some benefit on lung function and
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symptoms;”’-’® promising results have also been reported
with intravenous infliximab.™

The effects of diet and dietary supplements on asthma
have also been of interest. Modification of dietary fatty adids
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review incduding this study and 4 others considered that
there was insuffident evidence to recommend a specific role
for vitamin C in the treatment of asthma.®? Maternal diet
during pregnancy has also been examined; Vitamin D
defidiency has been suggested as playing a possible role in
immune-mediated disorders such as asthma.*

Exercise-induced asthma. For most patients exercise-
induced asthma is an expression of poorly controlled
asthma and regular treatment with inhaled corticosteroids
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should be reviewed.® Immediately before exercise, i
short-acting beta, agonists are the drugs of choice.8? If
exercise is a specific problem in pati taking inhaled
corticosteroids, conslderation may be given to leukotriene
receptor antagonists, long-acting beta; agonists (although
some r1olerance may occur), cromoglicate, oral beta,
agonists or theophylline.®

cy. It is particularly important that asthma
should be well controlled during pregnancy; where this is
achieved asthma has no important effects on pregnancy,
labour, or the fetus.>7#-® A prospective case-control
study** found no increase in the risk of major congenital
malformations in children born to mothers being treated for
asthma.

Inhalation has particular advantages as a means of giving
drugs during pregriancy because the therapeutic action can
be achieved without the need for plasma drug concentra-
tions liable to have a pharmacological effect on the fetus.
Systemic treatment should not be withheld if indicated,
although there is insufficient information to support the use
of anti-leukotrienes, except as continued treatment in
women who were taking these before pregnancy for asthma
not controlled by other medications.***%

" Severe exacerbatons can have an adverse effect on
pregnancy and should be treated promptly with conven-
tional therapy, induding oral or parenteral corticosteroids,
oxygen, and nebulisation of a beta, agonist.*5¢ Prednisolone
is a suitable corticosteroid for oral use since very little of the
drug reaches the fetus.®*

Occupational asthma. More than 10% of adult-onset
asthima cases can be artributed to occupational exposure to
pulmonary irritants.®* Reduction or avoidance of exposure
to the trigger is ideally an important component of

87899 Symp may still persist; however,
the prognosis for workers with occupational asthma is
worse for those who remain exposed for more than one year
after’ symptoms develop, compared with those removed
earlier.

Rhinitis and asthma. There is a significant assodation
between allergic rhinitis and asthma.”® It has been
proposed that they are both manifestations of a single
inflammatory process within the respiratory tract.”? Asthma
outcomes may be improved by following a combined
therapeutic approach to comorbid allergic rhinitis and
asthma.”! Intranasal corticosteroids, an effective treatment
for allergic rhinitis, have produced conflicting results in
studies which assessed their effects on asthma symptoms.®'
Leukotriene receptor antagonists have produced benefits for
patients with both allergic rhinids and asthma and the
anti-IgE antibody omalizumab may have a role in more
severe cases.”.
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Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD, chronic
obstructive lung disease, chronic obstructive airways
disease) is a common disorder characterised by airflow
obstruction which is more or less continuous and not fully
reversible, unlike asthma. The airflow limitation is usually
progressive and is assodated with chronic inflammation
which is mainly caused by dgarette smoking;!? passive
smoking exposure® genetic factors, infections, environ-
mental pollution, and occupational dust and chemical

4 may also have an actiological role. Symptoms of

COPD include chronic and progressive dyspnoea, wheeze,
frequent respiratory-tract infections, cough, and sputum
production.'? COPD may affect central or proximal airways,
peripheral airways, lung parenchyma, and pulmonary
vasculature to varying degrees in individuals with the
disease!3

e Central a.irways Hypertrophy of the mucous glands
and an incréase in the number of goblet cells within the
bronchial Tucosa leads w0 an increase in mucus
production: {chronic bronchitis). Padents suffer from a
chronic productive cough with excessive sputum
production, and have been described as ‘blue bloaters’.
Airway wall changes indude squamous metaplasia of the
airway epithelium, loss of cilia and dliary dysfunction,
and increased smooth musde and connective tissue.

« Peripheral airways. Bronchiolitis is present in the small
airways. Goblet cell hyperplasia, squamous cell
metaplasia, inflammacory cell infiltration, and fibrosis
are all seen, leading to irreversible narrowing of the
airways.

e Lung parenchyma. Emiphysema occurs in the lung
parenchyma in COPD. An abnormal permanent
cnlargement of air spaces distal to the terminal
bronchioles is accompanied by destruction of the
alveolar wall without obvious fibrosis. There is excessive
airway collapse upon expiration and irreversible airways
obstruction. Dyspnoea is a prominent symptonx a
marked loss of weight may also be noted. Patients may
hyperventilate to maintain oxygen levels in the blood
and have been called ‘pink puffers’ in contrast to the
‘blue bloaters’ of the classic bronchitic presentation.
Emphysema can sometimes be caused by a hereditary
defidiency of alpha,-proteinase inhibitor (alpha, anti-
trypsin), see p. 2438.2. Microscopic lesions can progress
to form bullae, which are defined as an emphysematous
space grealer than 1 am in diameter.

. v lature. Initially these changes are
chaxacterised by thickening of the vessel wall and
endothelial dysfunction. These are followed by increased
vascular smooth musde and inflammatory cell infiltra-
tion. In advanced stages of the disease there is collagen
deposition and emphysematous destruction of the
capillary bed.

pul y changes. Patients with severe COPD
with hypoxaemia and hypercapnia can develop cor
pulmonale (heart disease secondary to disease of the lungs
and respiratory system) marked by pulmonary hyper-
tension, right ventricular hypertrophy, and right heart
failure.>®* COPD is also associated with systemic
inflammation and skeletal muscle wasting.’

Management of COPD. Although there is less consensus

than for asthma, guidelines for the treatment of COPD have
been issued in several countries,'*>7* and some dinicians
have developed clinical algorithms for management.'® The
most important therapeutic intervention is encouraging
those patients who smoke to stop; this is the most effective
intervention to reduce disease progression."*!! Psycholo-
gical support and adjunctive drug therapy may be required

(see Smoking Cessation, p. 2570.2). Prevention of respir-

atory infection should be considered; influenza vacdnation

is recommended!-+37-8 and can reduce serious illness and
death in patients with COPD by about 50%."*7# Compared
with influenza vaccination, there is less well-defined benefit
from pneumococcal vaccination in patients with COPD.* It
is generally recommended however, %7 and a study found
most benefit in younger patients and those with more
severe disease.’? )

Drug treaunent is mainly symptomatic and palliative
ustng bronchodilators, corticosteroids, and oxygen therapy.

First-line drug therapy for the treatment of COPD
consists of bronchodilators to alleviate bronchospasm and
any reversible component of the airways obstruction. Bither
an inhaled short-acting antimuscarinic, such as ipratropium
bromide, or a short-acting beta, agoruist, is suggested as the

‘initial bronchodilator.'*? Individual responses to the

different classes of bronchodilators are variable.® In mild

ded basis.'*?# In moderate and more severe disease,
therapeutic options include the regular use of these
bronchodilators cither alone’ or in combinadon.” or the
addition of long-acting bronchodilators such as the beta,
agonists salmeterol and formoterol or the antimuscarinic
tdotrapium.'*%74 A review!? of the role of long-acting
bronchodilators in COPD found that they -effectively
improved lung function; however, they differed in their
effects on other outcomes. Only tiotropium had consistent
superiority to the short-acting bronchodilator xpratropmm
A reduction in COPD exacerbatons and related hospital

increased incidence of pneumonia in the inhaled cortico-
steroid groups was a cause of concern. The UK MHRA has
warned* of the need to be vigilant for the development of
pneumonia and other infections in patients with COFD who
are using inhaled cortcosteroids, as the symptoms of
infection often overlap with those of exacerbation of COPD;
the use of corticosteroids should be reconsidered if such
tnfections develop. The MHRA also warned* that since the
benefit of adding an inhaled corticosteroid to a long-acting
beta; agonist was limited, such combination therapy should
only be used when COPD progr to severe di and
that inhaled cortic ds should not be used alone.

tions and improved symptoms and quality of life have been
reported in two systematic reviews'4!> of tiotropium
compared with either placebo or ipratropium; improve-
ments in lung function compared with either placebo,
ipratropium, or a long-acting beta, agonist were also noted.
Regular treatment with long-acting bronchodilators is more
effective and convenient than with shorter acting drugs.'?
Combining bronchodilators with different mechanisms and
durations of acion may increase the degree of bronchodi-
latation while avoiding the need for high doses and the
associated adverse effects.'%” Ipratropium given with
salmeterol has been assodated with benefidal effects on
quality of life and lung function compared with salmeterol
alone.!® Beneficial effects on lung function have also been
reported with tdomopium plus formoterol compared with
either treatment alone.''* A xanthire such as an oral
modified-release preparation of theophylline may also be
considered, usually where short and long-acting broncho-
dilators are ineffective, or in patients unable to use inhaled
therapy, as there is an increased risk of adverse effects and
drug interactions as well as a need for monitoring.!-+74!?
Theophylline has been reported to reduce. exacerbations
compared with a long-acting beta, agonist,® but is less
effective than inhaled corticosteroids. Theophylline may
also have positive cardiac inotropic effects, see under
Chronic Obstructive Pulmonary Discase, p. 1231.1, which
could be of value in cor pulmonale. Roflumilast is an orat
phosphodiesterase inhibitor that can be used for maintenance
treatment in those with severe disease; its place in therapy is

_not yet established.

Inhaled corticosteroids have been reported to reduce the
rate of exacerbations,** and guidelines recommend
regular treatment with an inhaled corticosteroid combined
with a long-acting beta; agonist for symptomatic patients
with moderate to severe COPD and repeated exacerba-
tons.!*? UK guidelines® indude recommendations on the
selection of bronchodilators and corticosteroids for regular
inhaled maintenance treatment according to predicted FEV,
for those who remain breathless or have exacerbations
despite using short-acting beta, agonists or short-acting
antimuscarinics.

Although some guidelines” still recommend trying oral
prednisolone in selected patients with stable COPD to assess
response to continued inhaled corticosteroid therapy, a
laxge study“ found that the response to a course of oral

was lated 10 the change in FEV, and
health status over the next 3 years of treatment with either
inhaled fluticasone or placebo. Other guidelines? have

The effect that inhaled corticosteroids have on the rate of
decline in lung function seen in COPD padents has also
been studied. A pooled analysis* found that, although small
but significant improvements in FEV; were recorded in the
first 6 months of treatment with inhaled corticosteroid
compared with placebo (particularly in ex-smokers and
women), the rate of dedine was not affected after the first 6
months. A systematic review?® came 1o stmilar conclusions
regarding lung function dedine, but repcited‘a slowing in
the rate of decline in quality of life. A later 3-year placebo-
controlled study did demonstrate a reduction in the yearly
rate of dedine in lung function with a combination of
fluticasone and sab ], or either « alone ™

Long-term maintenance use of oral corticosteroids is not
generally recommended,!>>72 although they have a place
in the shor-term management of exacerbations (see
below), and withdrawal after an exacerbation may be
difficult in some patients with advanced disease.?

In patients with severe COPD and persistent hypox-
aemia, supplemental oxygen provided on an almost
continuous long-term basis at home has been found to
improve survival and alleviate complications such as cor
pulmonale, polycythaemia and neuropsydmlogtal u.upmr
ment.**>* Guidelines recc
in patients whose resting Pa0, is less than 55 mmHg (abont
7.3kPa), or whose arterial-oxygen saturation is less than
about 88%.!*%78 It may also be considered when Pa0;is
between S5 and 60 mmHg (7.3 to 8kPa) or arterial-oxygen
saturation is less than about 90%, and if there is evidence of
polycythaemia, pulmonary hypertension, or right heart
failure.!2378 Nocturnal oxygen therapy may benefit some
patients who suffer from nocturnal hypoxaemia,* but not
all guidelines recommend it, as evidence for dinical benefits
and improvement in survival is lacking.* Evidence of benefit
from shor-term, ‘as-needed” oxygen inhalation after
exertion is lacking * although a review of studies using
ambulatory oxygen during an exercise test reported an
improvement in exerdsc performance versus placebo;®
selected patients might gain some benefits. 24

A meta-analysis*® of the use of muwlytic suggested a
small reduction in exacerbations and in the total number of
days of disability; benefit may be greater in patients with
frequent or prolonged exacerbations. Although most

idelines do not d widespread use,'? patients
with chronic productive cough may be considered for
weament;? a reduction in exacerbations has been
reported.'” Patients who are not prescribed inhaled

cortic

ids may also gain some benefit4’ Improved

therefore concluded that a short course of oral cortic id
is a poor predictor of long-term response to inhaled therapy,
and do not recommend this assessment. A systematic
review? also found that bronchodilator reversibilicy and
bronchial hyper-responsiveness did not predict response to
inhaled corticosteroids.

Whether inhaled corticosteroids improve the long-term
outcomes of COPD is less clear. There has been some
suggestion that inhaled corticosteroids reduce mortality,?*2¢
although subsequent systematic reviews?>?? did not find
any significant effect. A study?® designed to assess the cffcct
of a combination inhaler containing an inhaled cortico-
steroid (fluticasone) and the long-acting beta, agonist
salmeterol on survival in COPD patients did not show a
significant reduction in all-cause mortality, but benefits
were seen in the rate of exacerbations, lung function, and
health status compared with placebo. Unexpectedly, the
study investigators also reported a higher probability of

lia given medications containing
fluucasonc A later systemaﬁc review?’ also found an excess
risk of pneumonia in patients with COPD, and a case-
control study suggcsted t.he risk increased wuh higher doses
of inhaled cortic 2 Other met:
combined inhaled corticosteroid and long-acting beta,
agonist in one inhaler with either placebo,® long-acting
beta, agonist,’! or inhaled corticosteroid.*? Combination
therapy led to a significant reduction in exacerbation rates
compared with placebo, long-acting beta; agonist, and
inhaled corticosteroid. However, another systematic review
considered that the relative efficacy and safety of such a
combination versus the antimuscarinic tiotropium was
uncertain.®® All-cause mortality was reduced with
combination therapy compared with either placebo or
inhaled corticosteroid, but no impact was seen in
comparison with long-acting beta; agonists.>*? Again, the

pulmonary function has been reported in patients given
acrosolised surfactant.% )

There is some evidence that treatment with cardiovasaidar
drugs can produce improvements in some pulmonary
measures. Cohort and case control studies have reported a
reduced COPD and pneumonia/influenza mortality risk
with the use of statins.** Another case control study* also
reported a reduction in pulmonary as well as cardiovascular
outcornes with statins, ACE inhibitors, and angiotensin I
receptor inhibitors, the largest benefits occurring with the
combination of statins and either ACE inhibitors or
angiotensin II receptor inhibitors. This combination was
associated with a reduction in COPD hospitalisations, total
mortality in both high- and low-risk groups, and myocardial
infarction in the high-risk group. X

A systematic review*’ to assess the effects of
cardiosclective beta blockers on respiratory function of
patients with COPD found no adverse effects on lung
function or respiratory symptoms compared with placebo,
and concluded that they should not be routinely withheld
from patients with COPD and cor pulmonale. Additionally,
a retrospective study* noted a reduced mortality assodated
with beta blocker use in patients hospitalised for acute
exacerbations of COPD.

Surgery may be used in selected patients with end-stage
disease who remain symptomatic despite optimal medical
treatment. Bullectomy may be used to remove a large bulla
that does not contribute to gas exchange.'*>74? Lung
transplantation (p. 1941.3) may be used in very advanced
COPD, 37 particularly in patients with idiopathic emphy-
sema or alpha, antitrypsin deficiency.*” In severe COPD
with hyperinflation and obvious target areas, lung volume
reduction surgery may be considered; it may be a better
option than medical therapy to reduce mortality in patients
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with mainly upper-lobe emphysema and low exercise
capadity.1352.50
Much investigational therapy has focused. with variable
msults, on three key processes in COPD: oxidative tissue
diated tissue destruction, and leuco-
-ariven chronic inflammation.”-*? Oxidative stress has
been targeted with antoxidants, particularly acetylcys-
teine.*? Various medi of the infl Y processes
have also been targeted, for example, inhibitors of
interleukin-8°*** and phosphodiesterase type 4.%3.3%3¢
Other therapies which have been considered include
inhibitors of cell signalling, TNF, and adhesion molecules
and chemokines.?> Retinoids have been studied in
emphysema for potential positive effects on lung repair.””
Small studies have reported impro in dysp 3839
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and exerdise capacity®® with inhaled fu ide. Inhaled
formulations of trospium chloride and the long-acting
antimuscarinic glycopyrronium bromide are under devel-
opment for the treatment of COPD. There is also evidence
that oral therapy with polyunsaturated fatty acids
(induding omega-3 and omega-6 fatty acids) may improve
exercise capacity.® As well as their established antibacterial
cffect, it has been suggested that macrolides also have
immunomodulatory effects that could be useful in the

of i y di however, their role in
COPD remains to be determined.

Exacerbations. Patients with COPD frequently suffer
acute exacerbations of their symptoms, and may require
hospitalisation. They are triggered mainly by respiratory
viruses and bacteria, which infect the lower airway and
increase infl jon.*! Tr 1t options include max-
imal bronchodilators, antbacterials, systemic corticoster-
oids, and oxygen as necessary, with appropriate manage-
ment of any assodiated cardiovascular disorder.! 57862

For bronchodilator therapy a short-acting beta, agonist
may be combined with a short-acting antimuscarinic such
as ipratropium,!-37# although evidence for the efficacy of
this combination is lacking.%®> Some guidelines*? further
advocate use of a xanthine such as intravenous theo-
phyiline in unresponsive patients, although evidence of a
dear benefit with systemic xanthines is inconsistent.*

Systemic corticosteroids are beneficial in acute exacerba-
tions of COPD."*%7# Studies®>4¢ of severe acute exacerba-
tion requiring hospitalisation have found systemic
corticosteroids to improve lung function and reduce the
length of hospital stay, and a later meta-analysis confirmed
that early treatment with oral or parenteral corticosteroids
reduced treatment failure and the need for addidonal
treatment, although it was also associated with an increased
risk of adverse effects.” Some consider that the most
effective dose and duration of treatment is yet to be
established, 7% although one study®® found that a 2-week
course was as effective as a longer course of 8 weeks.
Guidelines suggest oral doses of prednisolone 25 to 50mg
daily, or equivalent, for 7 to 14 days.*>73 There is also no
evidence of long-term benefit.**¢ Inhaled budesonide may
be an alternative to oral corticosteroids in the treatment of
exacerbations.!

The use of antibaaerials for acute exacerbations has long
been controversial. Meta-analysis®® has suggested a
decrease in mortality, treatment failure, and sputum
purulence compared with placebo in moderately to severely
ill patients, although the analysis induded only a smail
number of studies, with important differences in design (see
also Bronchitis, p. 175.3). Guidelines recommend their use
on an empirical basis where signs of infection are
present!2374 but do not support prophylactic antibacterial
cover for those with recurrent acute exacerbations.!>>7
Short courses of antibacterial therapy (5 days or less) are as
effective as longer courses in mlld to moderate exacerba-
tions.”™ .

Oxygen thmpy is required in patients with hypoxia; the
goal is to intain oxygen ion above 90% but

| sing CO, ion.>7 Uncontrolled oxygen
t.herapy -can result in suppression of respn-atory drlve,
carbon dioxide narcosis, and respi Yy arrest; in hospital,
arterial blood gases should be used to guide weatment.2
Some guidelines’ suggest low initial oxygen concentrations
of 24 to 28%. A 2006 systematic review”! found a lack of
evidence on the safest way to provide initial oxygen
treatment in-COPD exacerbations.

Respiratory stimulants such as doxapnm” are of limited
use but may be considered when invasive ventlation is
unavailable or inappropriate.’2

Despite intensive therapy, some patients progress to
respiratory musdle fatigue and require ventilatory support.
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Acefylline Piperazine/Aminophylline 1201

Profile

Acefylline piperazine is a derivative of theuphylline
(p. 1229.3) that has been used for its bronchodilator effects.
Itis not converted to theophylline in the body.

treatment of difonic obstructive pulmonary discase, in healthy
15, J Clin Pharmacol 2009; 49 1239-46.

3. Ontiz S, # al Ssfety and of aclidini istered
intravencusly and sbsolute bioavailability of inhaled aclidinium in
healthy male participanes. Jabururmzmz. 52: 819-27.

4. delaMoueS, etal. and safety of bromide
in younger and elderly pedents with chronic nbmm:ﬂve pulmonary
disease. Int J Clire Pharmacol Ther 2012; 50: 403-12.

Ammophyll‘ne Hydrah [BANM, pINNY

Preparations ]

Propristary Preparofions (details are given in Volume B) Preparations

mw India: Cadiphylate; Etophyl Proprietory Prep (details are given in Volume B)
Mli-ingrodion Prep India: Cadiphy’ ; Preparaions. Denm.: Eklira Genuair; Neth.:

Aclldlmum Bromide usav, N

1-4115700  Aciidinii Bromidurr}, Bromure dAch
Bromuro de aclidinio; LAS-34273; LAS-W-3

bpomug.
(3R)-3-{[Hydroxyd»(thlophen-z-ynace!ylloxyl-i‘ .
‘propy-IN -azabicyclo{22_2]octan-1 -ylium bf id
CuHaBINOS,25646 ~
\CAS — 320345-96-1.
ATC — R033805 Ry
JATC Ver == : QROTBBOS.
YNt — UQW7UF9N97

Uses and Administration

Adidinium bromide is a quaternary ammonium antimusca-
rinic used similarly. to ipratropium (p. 1211.3) in the
maintenance treatment of reversible airways obstruction, as
in chronic obstructive pulmonary disease (p. 1199.1); it is
not suitable for the initial treatment of acute bronchospasm.
Adidinium is given by inhalation, via a dry powder inhaler,
as the bromide, although doses may be expressed as either
the base or the salt; aclidinium bromide 375 micrograms is
equivalent 1o about 322 micrograms of aclidinium.

Metered doses from the inhaler device may be expressed
as the amount delivered 20 the mouthpiece (400 micr-
ograms of aclidinium bromide per actuation) or the amount
delivered from the mouthpiece (corresponding to 375 micr-
ograms of adlidinium bromide per inhalation). The usual
dose is one metered dose inhaled twice daily.

Rcfcxencs

in chronic e disease.

JB.
Drugs 2012; T2: 1999-2011.
2. Pubr R o al. BﬂmofxﬂdimumhomﬂeMulmduly
compared with placebo and ium in patents with

Eklira Genuair; Norw.: Eklira Genuair; Spairm: Bretaris; Eklira
Genuair; UK: Bklira Genuair; USA: Tudorza.

Ambroxol A:e{-yllmcie BANM, NNV

ofyllme Acebrophylllne Aceﬁhnato de’ ambroxol
Ambroxol Acéfylhne, Ambroxoh Acefylhnas, -AmBpoKcona

Profile

Ambroxol has mucolytic properties (see Ambroxol Hydro-
chloride, p. 1654.3) but theophylline derivatives such as the
acefyllinate are used as bronchodilators. Ambroxol
acefyllinate is given in an oral dose of 100 mg twice daily.
For doses in children see below.

Administration in children. Ambroxol acefyllinate can be
used as a bronchodilator in children. Children from 1 to 6
years of age may be given an oral dose of 25mg twice
daily, and children from 6 to 12 years, 50 mg twice daily.

Preparations

8 (Wgpar. :
(CJHaN4O))bCiH4(NH1)»2HM'

CAS. — 49746:66-7; “5B97-66-5. Brmitophy/
- 76970°41-7 (@i e

{aminaphylirié: fion

Pharmacopoeias. Inde Bur. (see p. vii), Jon, US, andV‘eL
Some pharmacopocias include anhydrous and hydrated
aminophylline in one monograph. Some pharmacopoexas
do not specify the hydration state.

Ph. Eur. 8: (Theophylline- ethylenedlamme Hydrate;
Aminophylline Hydrate BP 2014). It contins 84.0 to
87.4% of anhydrous theophyiline and 13.5 to 15.0% of
an.hydmus ethylencdlamlne A white or slightly yellowish
lar. Freely soluble in water (the
soluuon becomes doudy through absorption of carbon
dioxide); practically insoluble in dehydrated alcohol. Store
in well-flled airtight containers. Protect from light.
USP 36: {Aminophylline). It is anhydrous or contains not
more than two molecules of water of hydration. It contains
not less than 84.0 and not more than 87.4% of anhydrous
theophylline. It consists of white or slightly yellowish
granules or powder, having a slight ammoniaml odour.
Upon exp to air it gradually loses eth diamine and
absorbs carbon dioxide with the liberation of theophylline.
One g dissolves in 25 mL of water to give a clear solution; 1 g
dissolved in 5mL of water crystallises upon standing, but
redissolves when a small amount of ethylenediamine is

Propristary Preparations (details are given in Volume B)

Singgle-ingredient Pr Braz.: Bri if; Brondilat:
Brondyneo; anﬁlﬂ. Brontek; Cebronfilinat; Bxpecdilat; Fili-
nar; Hiflux; Teomuc India: A-Xanthin; Ab-Phylline; Bestofy-
line-A; Mucoreg; Ital: Ambromudl; Broncomnes; Surfolase;
Mex.: Brismucol; Kasmucol; Venez.: Brixilon; Bronilis; Klas.

Mulli-ingredient Praparations. India: Acedril.
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severe COPD. Chest 201.2; 141: 745-52.

3. Jones PW, et ol Bfficacy and safety of twice-daily adidinium bromide in
COPD padents: the ATTAIN study. Eur Respir J 2012; 40: 8306,

4. Xerwin EM. e af. Bfficacy and safety of a [2-weck treatment with twice-
datly adidiniurm bromide in COPD patients (ACCORD COPD ). COPD
2012; 9: 90-101.

Adverse Effects and Precautions

As for Ipratropium Bromide (p. 1212.2).

The most frequently reported adverse effects of inhaled
aclidinium bromide are headache and nasopharyngitis.
Other adverse cffects include cough, dysphonia, rhinitis,
sinusitis, and diarrhoea.

Interactions

For interactions associated with antimuscarinics in general,
see Atropine, p. 1312.3. However, these interactions are not
usually seen with antimuscarinics, such as adlidinium
bromide, given by inhalation.

Phormacokinetics

Aclidinium bromide is rapidly absorbed from the lung, with
peak plasma concentrations occurring within 5 minutes of
inhalation in healthy subjects and within 15 minutes in
patients with chronic obstructive pulmunarj disease. Whole
lung deposition of inhaled aclidini de is about 30%
of the metered dose; less than 5% reaches t.he systemxc
dirculation as unch d adidinium. Aclidini is

Ammophy“me BAN NN

_m, Euphyllinum; Metaphylhn Teofilina y
ezcla -de; Teofilinas-etilendiaminas; Teo-
_TéoMIhnteMeedeamllnr Teofyﬂlnetylen-

Ethylenedlamlne
:amin 'Theophyl' ur Et Ethylene-

Y (21) its
(C;l-l,N.O,)z,C;_H.(NH,),—a%ZM ol
€AS -~ 317-34-0- {anhydrous amrnophyllme)
ATC — RO3DA0S:

ATC Vet — QRO3DACS.
NI — 27Y3KIKA23: -

Pharmacopoeias. In Eur. (see p. vii), Int., US, and Viet. Some
pharmacopoeias include anhydrous and hydrated amino-
phylline in one monograph. Some pharmacopoeias do not
specify the hydration state.

Ph. Eur. 8: (Theophylline-Ethylenediamine, Anhydrous;
Aminophylline BP 2014). It contains 84.0 to 87.4% of
anhydrous thcophyllme and 13.5 to 15.0% of anhydrous

rapidly hydrolysed in plasma.

Aclidinium bromide is rapidly and extensively metabo-
lised by chemical and enzymatic hydrolysis (mainly by
butyrylcholinesterase) to inactive metabolites. After intra-
venous dosing, about 1% is excreted as unchanged drug in
the urine; 54 to 65% of the dose is excreted as metabolites in
the urine and 20 to 33% as metabolites in the faeces. After
inhalation, about 0.1% is excreted as unchanged drugin the
urine; the estimated effective half-life is reported tobe 5t0 8
hours, and the terminal elimination half-life about 2 to 3
hours.

References.

1. Jansat JM, et al. Safety and pharmacokinetics of single dnsu of
aclidinium bromide, a novel long-acting. inhaled antimuscartnic, in
heaithy subjects. Int J Clin Pharmacol Ther 2009; 47: 4608,

2. Jansat JM, et al. Safety and pharmacokinetics of multiple doses of
aclidinium bromide, a novel long-acting ist for the

ethylenediamine. A white or slightly yellowish hygroscopic
der, sometimes g lar. Freely soluble in water (the
soluﬂon becomes doudy Lhrough absorption of carbon
dioxide); practically insoluble in dehydrated alcohol. Store
in airtight containers. Protect from light.

USP 36: (Aminophylline). It is anhydrous or contains not
more than two molecules of water of hydration. It contains
not less than 84.0 and not more than 87.4% of anhydrous
theophylline. It consists of white or slightly yellowish
granules or powder, having a slight ammoniacal odour.
Upon exposure to air it gradually loses ethylenediamine and
absarbs carbon dioxide with the hberadon of theophylline.
One g dissolves in 25 mL of water to give a clear solution; 1 g
dissolved in SmlL of water crystallises upon standing, but
redissolves when a small amount of ethylenediamine is
added; insoluble in alcohol and in ether. Its solutions are

[kaline to litmus. Store in airtight containers.

The symbol t denotes a preparation no longer actively marketed

added; insoluble in alcohol and in ether. Its solutions are
alkahne to litmus. Store in airtight containers.

. Aminophylline solutions should not be
allowed to come into contact with metals.

Solutions of aminophylline are alkaline and if the pH falls
below 8, crystals of theophylline will deposit.! Drugs known
to be unstable in alkaline solutions, or that would lower the
PH below the critical value, should not be mixed with
aminophylline.

1. Edward M. pH—an factor in the
intravenous therapy. Am J Hosp Pharm 1967; 24: 440-9.

of additives in

Uses and Administration

Aminophylline has the actions and uses of theophylline (see
p- 1229.3) and is used similarly as a bronchodilator in the
management of asthma (p. 1195.2) and chronic obstructive
pulmonary disease (p. 1199.1). Aminophylline has also
been used to relieve neonatal apnoea (p. 1204.3). It was
formerly used as an adjunct in the treatment of heart
failure, and may occasionally have a role in patients with
this condition who are also suffering from obstructive
airways disease. Aminophylline is usually preferred to
theophylline when greater solubility in water is required,
particularly in intravenous formulations.

Aminophylline may be given in the anhydrous form or as
the hydrate, and doses may be expressed as either;
aminophylline hydrate 1.09 mg is equivalent to about 1 mg
of aminophylline. The USP 36 specifies that aminophylline
preparations should be labelled with respect to their
anhydrous theophylline content; aminophylline 1 mg and
aminophylline hydrate 1.09mg are equivalent to about
0.86mg theophylline. As the pharmacokinetics of theo-
phylline are affected by several factors including age,
smoking, disease, diet, and drug interactions, the dose of
aminophylline must be carefully individualised and serum-
theophylline concentrations monitored (see Uses and
Administration of Theophylline, p. 1229.3).

In the management of acute severe bronchospasm,
aminophylline may be given intravenously by slow
injection or infusion. To reduce adverse effects, intravenous
aminophylline should not be given at a rate greater than
25mg/minute. In adults who have not been taking
aminophylline, theophylline, or other xanthine-containing
medication, a loading dose of 5 mg/kg ideal (lean) body-
weight or 250 to 500 mg of aminophylline may be given
intravenously over 20 to 30 minutes by slow injection or
infusion, followed by a maintenance infusion dose of
500 micrograms/kg per hour. Older patients and those with
cor pulmonale, heart failure, or liver disease may require
lower maintenance doses; smokers often need higher
maintenance doses. A loading dose may not be considered
necessary unless the patient’s condition is deteriorating.
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Intravenous aminophylline is best avoided in patents
already taking theophylline, aminophylline, or other
xanthine-containing medication but, if considered neces-
sary, the serum-theophylline concentration should first be
assessed and the injtial loading dose should be calculated on
the basis that each 600 micrograms/kg of aminophylline
{equivalent to about 500 micrograms/kg theophylline) will
increase serum-theophylline concentration by 1miao-
gram/mL.

In the management of chronic bronchospasm amino-

Roduction of body fat. Cosmetic aminophyiline cream has
been promoted for its supposed ability to remove fat {‘cel-
lulite’) from the thighs.! Concern has been raised about
the potential for topical sensitisation.? Cosmetic use of
aminophylline is banncd in some countries.

L BL G {or cellulite removal.
Ann Pharmacother 1996: )0: 292—3‘
2. Simon PA. C aeam. Ann Pharmac.

other 1996; 30; 1341,

Renal colic. Aminophylline has been swmdied' for its

phylline may be given orally as modified-rel

tions; a usual dose is aminophylline hydrate 225 to 450 mg
twice daily. Therapy should start with the lower dose and be
increased as appropriate. Retitration of the dosage is
required if the patient is changed from one modified-release
preparation 10 another as the bioavailability of modified-
release aminophylline preparations may vary.

For doses of aminophylline used in children, see
Administration in Children, below.

Inwamuscular injection of
.local pain and is not recommended.

Aminophylline has also been used as the hydrochloride.

phylline causes i

Administrafion. RECTAL ADMINISTRATION, Absorption from
aminophylline suppositories is erratic and this dose form
has been associated with toxicity, hence the warmnings that
suppositories should not be used, espedially in children. In
the UK suppositories are no longer readily available; one
hospital wishing to use the rectal route for apnoea in pre-
mature infants (see Neonatal Apnoea, p. 1204.3) achieved
therapeutic plasma-theophylline concentrations with a
specially formulated rectal gel.!

1. Cooney S, ¢ al. Rectal aminophylline gel in treatment of apnoea in
premature newborn babies. Lancet 1991; 337: 1351,

Adminisivation in children. Aminophylline may be given
intravenously, by slow injection or infusion, to manage
acute severe bronchospasm in children. Doses should
be calculated using ideal or lean body-weight. In children
who have not been taking aminophylline, theophylline or
other xanthine-containing medicine, UK licensed product
informadon recommends a loading dose of 5 mg/kg given
by slow injection or infusion over 20 to 30 minutes. Initial
maintenance dose ranges are:

e 6 months up to 10 years of age: 1 mg/kg per hour

« 10 to 16 years of age: 800 micrograms/kg per hour
Although unlicensed in the UK for use in children under 6
months, the BNFC suggests that these doses may be used
from 1 month of age. Children aged from 12 to 18 years may
be given 500 to 700 micrograms/kg per hour. Serum-
theophylline concentrations shouid be used to guide further
dose adjustments.

Children who are already receiving theophylline,
aminophylline or other xanthine-containing medicines,
should not normally receive a loading dose of i ous
aminophylline unless serum-theophylline concentration is
available to guide dosage. Loading doses are based on the
expectation that each 600 micrograrms/kg lean body-weight
of aminophylline will result in a 1-microgram/mL increase
in serum-theophylline concentration.

Oral modified-release preparations are given to children
with 2 body-weight over 40kg in the long-term manage-
ment of chronic bronchospasm. An initial dose of
aminophylline hydrate 225 mg twice daily may be given if
the child has not previously taken xanthine preparatons,
increased after 1 week to 450 mg twice daily according to
serum-theophylline concentrations. Different modified-

p ] value as an adjunct in the management of the
pain assodated with renal calculi (p. 6.3).

1. Djahda( H @ al. The effect of aminophyliine on renal colic a
ized double blind trial. South Med J 2007: 100: 10814,

Adverse Effects, Treatment, and Precautions

As for Theophylline, p. 1231.2, p. 1232.3, and p. 1233.1.
Hypersensitivity has been associated with the ethylenedia-
mine content.

ia. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies aminophyiline as
probably porphyrinogenic; it should be prescribed only lor

leukotriene inhibitor. It is given orally in the managemet
of asthma (p. 1195.2) and for allergic rhinitis {p. 612.1); a
dose of 25 or 50mg three times daily has been suggested.
Amlexanox is also given as a metered-dose nasal spray for
allergic rhinitis, and as 0.25% eye drops- for allergic
conjunctivitis.

Aml is also applied in the g of
aphthous ulcers (see Mouth Ulceration, p. 1814.2); a 5%
oral paste may be used 4 times daily. Other formulations
include a 2-mg biodegradable oral disc designed to deliver
amlexanox locally.

References.
1. dr A et al. 5% oral paste. a new weatment ‘or
recurrent minor aphthous ulcers: L Clinical demonstraton of
- acceleration of healing and resolution of pain. Oral Swry Oral Med Oral
Pathol Oral Radiol Endod 1997; 83: 222-30. R
2. Kh A eaa 5% orllpls!e.am'aumxmlm
minor ulcers: IL. Ph and
ton of dinical safety. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1997; 83: 231-8.
3. BellJ. for the of heh
Drug bvestiy 2005; 28: 555-66.
4. Murrsy B, e al. The efficacy of amlexanox OraDisc on the prevention of
minor ion, J Oral Patho! Med 2006; 33: 117-

ulcers. Cin

prR

S. LivJ, o al. An evaluation on the eﬂlacy and safety of amlcxanox oral
adhesive tablets in the minor aphih
ulcrmlon ina Chln:se mhorL a nndumb.ed double-blind, vehicle-

compelling reasons and precautions should be consid
in all patients.’
{. The Drug Dawabasc for Acuie Porphyria. Available at: hup:/iwww,
drugs-porphyria.org {accessed 17/10/11}

Interactions
As for Theophylline, p. 1233.3.

Pharmacokinetics

Aminophylline, a complex of theophylline with ethylene-
diamine, readily liberates theophylline in the body. The
pharmacokinetics of theophylline are discussed on
p. 1236.3.

Studies in healthy subjects suggested that ethylenedia-
mine does not affect the pharmacokinetics of theophylline
after oral or intravenous dosage.!?

1. Aslaksen A, ot al. Co h, k heophyiline and
aminophylline in man. 8r J Clin Pharmacol 1981: 11: 269-73.
2. Caldwell J, & al. Th aiter
infusion with ethyl or sodium glycinate. Br J Clin Pharmacol
1986; 22: 351-5.
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Proprietary Preporations (details are given in Volume B)
Single-ingredient F Arg.: Cardi Fadaﬁ.hnz Lar-
)anﬁhm:Bmz:"'y.‘ liv; A

inol Pu].moddazf‘ Umﬁhn,
Caaad. Phylloconu.nf- Chile: Cardiomin; China: Xing You
Shan (EX#¥); Cz: Syntophyllin: Denm.: Teofylamin; Fis.:
Aminocont; Gr.: Euphyllint; Phyllotemp: Hung.: Diaphyllin;
India: Minophyl; Indon.: Phyllocontin; Irl.: Phyllocontin; Ital.:
Amivomal; Tefamin; Jpn: Neophyllin; Mex.: Amofilint; Drafi-
lyn-Z; Philipp.: Theofil; Port.: Filotempo; S.Afr.: Phyllocontin;
Spain: Eufilinat; Swed.: Teofyllamin; Thai.: Amino; Asmaliat;
Turk.: Aminocardol; Asmafilin; Carena: Filinsel; UK:
Phyllocontin; Venez.: Broncophilina.
Muli-ingredient Preparations. Braz.: Alergo Filinal; Dispneitratt;
China: Asmeton (PFIX7#); Cha Xin Na Min (%3 B#&); Fufang
Dan An Pian (XFIEK); Ke Zhi (R2Z); Hong Kong: Ami-
tont: A India: B free; Cortasth Mex.: Paliatil;
Port.: Anti-A icot; S.Afr.: t; Natrophylline Com-
poundt: Repasmat; USA: Emergem-Ez.

Pre 9

release p are not considered interchangeable.
Ammaphyl.lmehasalsobecnusedmzhe of | Ph jal Prep

neonatal apnoea (see p. 1204.3). For further information BP 2014: Ami r‘,nine A hylline Tablets;

on the dosage of theophylline itself in see 1 A h Illn: Tablets;

Administration in Infants, p. 1230.2. USP 36: Aminophylline D:layed r:leas: Tablets; Aminophylline
ln)ecuon, Aminophylline Oral Aminophylline Rectal

Cardioc For mention of the use of amino- inophylline Supp ies: Aminophylline Tabiers.

phylline for bradyamrbythmias, see Theophylline,

p. 1231.1.

. Amlexanox 1BAN, USAN, iNN
Erectile For reference to the use of a qeam AA-673 Amlexanoxo Amlexanoxum Amoxanox; CHX 3673

containing aminophylline, isosorbide dinitrate, and coder-
gocrine mesilate in the weatment of erectile dysfunction,
see under Glyceryl Trinitrate, p. 1392.2.

Methotrexate neurotoxicity. For reference to the use of
aminophyiline or theophylline to relieve the acute neuro-
toxicity of methotrexate, see Other Drugs, under Treat-
ment of Adverse Effects, p. 827.1.

Molor neurone diseass. A siudy' in 25 patients with
amyotrophic lateral sclerosis (see p. 2605.2) found that
aminophylline improved the endurance of respiratory
muscles and increased the handgrip strength of skeletal
musdles; it may have some potential therapeutic benefit in
such patients.

1. Bero MC, o al Acute action of aminophylline in patients with
amyotrophic lateral sclerosis. Ada Newrol Seand 2007; 113: 301-5.

All cross-references refer to entries in Volume A

CAS'— 68302 -57-8. L
ATC — AQTADO7,; RA3DX0].
ATC Vet — QADIADO OR03DX01

; UN | RLI(2459K. :

NoTe. The name Ehcs has been used as a uade mark for
amlexanox.

Pharmacopoeias. In Jpn.
Profile

Amlexanox has a stabilising action on mast cells resembling
that of sodium cromoglicate (p. 1225.3) and also acts as a

dinical trial. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2006; 102: 475-81.

6. Meng W, et al. A dinical evaluation of amlrnnox oral adhcswe pellic!-s
in the ueatment of recurrent and wih
amlexanox oral tablets: a randomized, placebo mmrollcd blinde 1,
multicenter dinical trial. Trials 2009; 10z 30.
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Propriefory Preparations (details are given in Volume B)
Single-ingredient Preparations. China: An He (£#); Fu Rui ii
(#3AM): Li Ke Bang (L3H); Xishumai (F#F8); Fin.: Afr -

solt; Irl.: Aphtheal; Jpm: Solfa; Neth.: Miraftil; Port.: Afail;
USA: Aphthasolt.

Arfonnoferol Tartrate [USAN, NNV ©

Arformotérol,” Tartrtate d"; - Arformoteroli Tartras; RR
Formoterol Tartrate; Tartrato de arformoterol Apd)opmorep
ona TaprpaT

()-N-2-Hydroxy-5- ((1R)-1 hydroxy-2-{[(1R)-2-(4-methoxy
phenyi}- t-methyliethyllamino}ethyl)phenyilformamide
hydrogen (2R 3R)-2,3-dihydroxybutanedioate.
CigHzaN04CHg0=4945 -

CAS — 67346490 (arformoterol); 200815-49-2 (arformorerc
ramate) _—

UNI — 5P8V121235

Profile

Arformoterol is the R R-enantiomer of the beta,-adrenc-
ceptor agonist formoterol (p. 1209.2) and has similar
properties. Arformoterol is a long-acung selective beta;
agonist that is used as a bronchodilator in the management
of chronic obstructive pulmonary disease (p. 1199.1). It is
given as the tartrate, but doses are described in terms of the
base; 22 micrograms of arformoterol tartrate is equivalent 1o
about 15 micrograms of arformoterol. Given as a nebulised
solution, a usual inhaled dose of arformoterol 15 15 micr-
ograms given every 12 hours.

References.
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emerging therapeutic opdon for asthma and COPD? Dntp 2007; &
503-15.

5. King P. Role of arformoterol In the management of COPD. byt J Chro'
Olstruct Pulmon Dis 2008: 3: 385-91.

6. J¥, a al. and sal of
chronic obstructive pulmonary disease: a one year :v-luanon of safer
and wlerance. Ther Adv Respir Dis 2008; 2: 37-48.

7. Madsn A tarate in the of
tion in patients with chronic obsructive pulmonary disease. Drugs Tollv
2009; 45: 3-9.

8. Panerteri RA. ef ol Comparison of the efficacy and safety of arformoterot
15 p g twice dally and arformoterol 30w g once daily in COPD: a single
dose, multdcenter, rndomized. modified-blind. two-way cossover
study. Clin Ther 2009; 31: 1716~23.

9. Hananiz NA, e al. The safety and efficacy of ariormoterol and formotero!
im COPD. COPD 2010: 7: 17-31.

10. Cazzola M, e al. Arformoterol tartrate in the treatment of COPD. Exper:
Rev Rexpir Med 2010: 4: 155-62.
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Bambuterol Hydrochloride
[BANM, ANNM) ®

Barnbutérol Chlorhydrate de, Bambuteml hidroeloruro de;
*Bambuterol-hidigklorid; Bambuterolhydrochiorid;. ‘Bambu-
‘terel-hydrochlorid; Bambuterolhydroklorid; -Bambuterofi
hydrochloridum; Bambuterolihydroldoridi; Bambuterolio
hidrochloridas; Hidrodoruro  de bambuterol KWD—2183
Bambyrepona Mgpoxnopup.* * T
(RS)-5-¢2-tert-Butylamino-1 hydroxyethyl}m—phenyiene brs
{dimethylcarbamate) hydroghloride, -~ =
CiaHpNiOsHEI=4039 - ’

CAS — 81732:65-2 (bambutaol), 8173246-9 (bambureml
monohydrochloride). )
ATC — RO3CCT2.

ATC Vet — QRO3CCI2.

UNIH — 786Q84023F.
Pharmacoposics. In Eur. (see p. vﬁ)
Ph. Eur. 8: (Bambuterol Hydrochloride). A white or almost
white crystalline powder. It exhibits polymorphism. Freely
soluble in water; soluble in alcohol.

Uses and Adminisiration

Bambuterol is an inactive prodrug of terbutaline
(p. 1228.1), a direct-acting sympathomimetic with mainly
beta-adrenergic activity and a selective action on beta,
receptors (a beta, agonist). It has similar actions to those of
salbutamol ({p. 1220.2) except that it has a more prolonged
duration of action (at least 24 hours). Bambuterol
hydrochloride is used as a long-acting bronchedilator for
persistent reversible airways obstruction in conditions such
as asthma (p. 1195.2). The usual dose is 10 to 20 mg orally
once daily at bedtime. Doses may need to be reduced in
renal impairment (see below).

Administration in renal # . Licensed product
information recommends that the initial dose of bambu-
terol hydrochloride should be halved in patients with
renal impaimment (glomerular filtration rate less than
50 mL/minute), Further doses should be adjusted accord-
ing to response.

between b
10 mg once daily, and werbutaline corrolled release, 5 mg twice daily, in
mild to moderate asthma. Eur Respir J 1993; 6 1474-8.
2. Gunn SD, e of. Compulson of the efficacy, tolerabillty and patient
of tablets against rwice-daily
asthma. Bur J Clin Pharmaco!

ly
release in
1995; 48: 23-8.

3. Zarkovic JP, & al. The Bambuterol Multicentre Study Group. One-year
safety study with bambuterol once daily and terbumline three times
daily in 2-12-year-old children with asthma. Pediatr Pulmonol 2000; 29:
4249,

Adverse Effects and Precautions

As for Salbutamol, p. 1221.3. Bambuterol is not
recommended for patients with severe hepatic impairment
as its metabolism would be unpredictable. The dose of
bambuterol should be reduced in renal impairment (see
above). It is'unsuitable for the relief of acute bronchospasm
or in patients with unstable respiratory disease.

Effects on the heart. A prescripton event monitoring
study found an excess risk of non-fatal heart failure in
elderly patients receiving bambuterol, particularly in the
first month of treatment.! See also under Salbutamol,
p. 1222.1.

1. Martin RM, et al. Risk of non-fatal cacdiac faiture and ischaemic hean
disease with long acting B, sgonists. Thorar 1998; 33: 558-62.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies bambuterol as
probably not porphyrinogenic; it may be used as a drug of
first choice and no premutions are needed.!
1. The Drug Daubase for Acute
drugs-porphyria.org (accessed l7llolll)

. Available ar: hup:

Inferactions

As for Salbutamol, p. 1223.1. Bambuterol inhibits plasma
cholinesterases and can prolong the action of drugs such as
suxamethonium (see Sympathomimetics, under Suxa-
methonium, p. 2040.1) that are inactivated by these
enzymes.

Pharmacokinetics

Nearly 20% of a dose of bambuterol is absorbed from the
gastrointestinal tract after oral doses. It is slowly metabolised
in the body to its active metabolite, terbutaline; peak
terbutaline concentrations are reported to occur about 4 to 7
hours after a dose of bambuterol as tablets. The slow rate at
which metabolism occurs determines the prolonged

The symbol + denotes a preparation no longer actively marketed

.

duration of action of bambuterol of at least 24 hours.
Hydrolysis of bambuterol is catalysed by plasma cholin-
esterase; however, bambuterol also inhibits plasma cholin-

Preparations
Propristary Preparations (details are given in Volume B)
Single-ingredient Preparations. USA: Tornalatet.

esterase and therefore partly inhibits its own metabolism.
For the metabolism and excretion of terbutali see
p- 1229.1.
References.
1. Sirar DS. Clinical ph k of b Clin ¢

1996; 31: 246-56.

2. Nyberg L. o al. Pharmacokinetics of bambuterol in healthy subjects. 8rJ
Clin Pharmacol 1998; 45: 47[-!

3. Bang U, etal. P in subjecs
for the atypical gene for plasma cholinesterase. Br J Clix Pharmacol 1998;
45: 479-84.

4. Ablstrtdm H, o . Pharmacokinerics of bambuterol during omal
ldministndonmanhmlﬂcd:ﬂdrrn.ﬂrldin?hnﬂmll”%ﬂ:)%

$. 4 oo gl i of during oral
administration of plain tabiets and soludon to healthy adults. Br J Clin
Pharmaco! 2000; 49: 199-206.
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Single-ingredient Preparclions. Austria: BambeG Braz.: Bam-
bair; Bambec; China: Ao Duo Li (#3%); Bambec (M%)
BangShun (3RM); Bei He Jian {M44); Hui Jie (L7%); Li Ke
Pei (a[3K); Luo Xi (##%); LuoLi (FH); Zhu Long (WAR);
Denm.: Bambec: Oxeol: Fr.: Oxeol; Ger.: Bambec: India: Abel:
Asthafree; Bambudﬂ, Bemlo; Betzday' Norw.: Bambec NZ:
Bambec; Philipp.. b Pulmi Singapore.

bec; Spain: bec; Swed.: bec; Thai.: Bambeg UK:
Bambec.
gredient Preparati India: Plus; Y
Plus; Odimont Plus.
Bamifylline Hydrochloride

(BANM USAN ANNM]

AC- 3810 Bamlﬁhn& h' drogle
“drate-de;-Bamifylini. Hydrochlon ; BA
CB-8102; Hndrodoruro de - bamuﬂlma,r&amudmnnuua
il "RPOWDWIL
‘8-Benzyl-7 [2-(N=ethyl-N 2-hydroxyethyiammo)ethyﬂtheo—
phylline hydrochicride:

CaHtyNsOy =219 >

CAS . — 2016—639 (bam/Mhne), 20684—06—4 {bam:fylhne
hydmchlonde)
ATC = ROSDAO& T
ATC Vet — QRO3DA0S,
UnIt .—-_564.65.OLMJ.S

Profile

Bamifylline hydrochloride is a theophylline derivative
(p. 1229.3) that is used for its bronchodilator properties in
reversible airways obstruction. It is not comverted to
theophylline in the body. It is given in usual oral doses of
600 or 900 mg daily in 2 or 3 divided doses. It is also given
rectally as suppositories, and by slow intravenous infusion.

Preparations
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Single-ingredient Preparctions. Braz.: Bamifix; Fr.. Trentadil;
Ital.: Bamifix; Briofil.

Bitolterol Mesilate aanm, innv) ©

Bitoltérol, Mésilate de; Bitolterol, mesilato de; Bitolterol
Mesylate (USANJ; Bitolteroli Mesilas; Mesilato de bitolterof;
Win-32784; burontepona Meaunar. .
4-{2-{tert-Butylamino)-1-| hydroxyethyﬂ-o—pheny|ene dl—p—tol-
uate methanesulphonate: .. i
CapH3NO5,CHO;5=557.7: oo v

CAS —30392406 itoiterol).30392-4; 1-7 (brtulterol mesnlate)
ATC ~RO3AC 17 :

Profile

Bitolterol is an inactive prodrug that is hydrolysed in the
body to colterol, a direct-acting sympathomimetic with
mainly beta-adrenergic activity and a selective action on
beta, receptors (a beta, agonist). It has similar properties to
those of salbutamol (p. 1220.2), and has been used as a
bronchodilator in the management of diseases with
reversible airways obstruction such as asthma (p. 1195.2)
or in some patients with chronic obstructive pulmonary
disease (p. 1199.1); inhalartion results in the rapid onset of
bronchodilatation (2 to 4 minutes) with a duration of action
of 5 or more hours.

7 '?Kéﬁpﬁyﬁl'ne;a}ﬂihpivsobtita-

2 -Amino-2-+ methyipropan-I-ol theophyﬂmate
Cu |9N503‘2693
CAS — 5634-344.
ATC —RO3DAIO0. -~ 7,
ATC Vet — QRO3DAI0, -
-GNl — VOUSVOB772,

Profile
Bufylline is a theophylline derivative (p. 1229.3) that has
been used for its bronchodilator effects as an ingredient of

preparations promoted for coughs and other respiratory-
tract disorders. The ethiodide has also been used.

Preparations
Proprieiary Preparations (dztails are given in Volume B}
Braz.: EMS Expectorante; Reveni}

Dospan; Reveml Expcctoram.e Reveml. Xpe Expectorante; S.
Afr.: D t: n Expectorantt.

P P

Ccffeme BN

137 Inmeth lp io
xanthine; 7—Me:hyltheqphylllne :
QH'M—TNI .
CAS — 58-08-2
-ATC = NOEBCOI. :
ATC Vet — QNO6BCO
UNIl — 3G6ASW338E. - - -
NOTE. Compounded preparations of caffeine may be
represented by the following names:
s Co-bucafAPAP (PEN)—butalbital,
caffeine.
Pharmacopoeias. In Bur. (see p. vii), Int., Jon, US, and Vier.
Some pharmacopoeias indlude caffeine and caffeine hydrate
under one monograph.
Ph. Bur. 8: (Caffeine). A white or almost white, crystalline
powder or silky white or almost white crystals. It sublimes
readily. Sparingly soluble in water; freely soluble in boiling
water; slightly soluble in dehydrated alcohol. It dissolves in
concentrated solutions of alkali benzoates or salicylates.
USP 36: (Caffeine). It is anhydrous or contains one
molecule of water of hydration. An odourless white powder
or white, glistening needles, usually matted together. The
hydrate is efflorescent in air. The hydrate is soluble 1 in 50 of
water, | in 75 of alcohol, 1 in 6 of chloroform, and 1 in 600
of ether. The hydrate should be stored in airtight containers.

paracttamol, and

Caffeine Citrate aanm)
Cafelna, citrato de; Citrated- Caﬂ‘elne. Cotfemum Citricum

KodenHa Uupar.

CeHigNiO, CeHg0r=386.3
CAS — 69-22-7.

ATC — NOBBCO!, ,
ATC Vet — QNOGBCOT.
UNI— U26E04675Q. " L

Coffeme Hydrate (AN

UNII-‘FTGSIQ&??&‘:&’! R

Phunmoopoems. In Chin., Eur. (see p. vii), Int., Jpn, US, and
Viet. Some pharmacopoeias include caffeine and caffeine
hydrate under one monograph.

Ph. Bur. 8: (Caffeine Monohydrate; Caffeine Hydrate BP
2014). A white or almost white, crystalline powder or silky
white or almost white crystals. It sublimes readily. Sparingly

The symbol & denotes a substance whose use may be reswicted in certain sports (see p. viii)
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soluble in water; freely soluble in boiling water; slightly
soluble in dehydrated alcohol. It dissolves in concentrated
solutions of alkali benzoates or salicylates.

USP 36:. {Caffeine). It is anhydrous or contains one
molecule of water of hydration. An odourless white powder
or white, glistening needles, usually matted together. The
hydrate is efflorescent in air, The hydrate is soluble 1 in 50 of
water, 1 in 75 of alcohol, 1 in 6 of chioroform, and 1 in 600
of ether. The hydrate should be stored in airtight containers,

Siabiliy. References to the stability of caffeine and caff-
cine dtrate.
1. Bisenberg MG, Xang N. Stability of dtrated calfeine solutions for
injectable and enteral use. Am J Hosp Pharm 1984; 41: 2405-6.
2. Nahata MC, of al. Swability of caffeine injection In intrevenous

and nutridon DICP Arnt Ph b
1989; 23: 466-7.
3. Hopkin C, et al. Stability study of caffcine dtrate. BrJ Pharm Pragt 1990;

12: 133,

4. Donnelly RE, Tirona RG. Stability of dtraced caffeine injectable solution
in glass vials. Am J Hosp Pharm 1994; 5): 512-14.

5. Fraser BD. Stability of caffeine citrate injection in polypropylege
syringes at room temperature. Am J Heaith-Syst Pharm 1997: 54: 1106,
1108,

Uses and Administration

Caffeine is a methylxanthine that, like theophylline
(p- 1229.3), inhibits the enzyme phosphodiesterase and
has an antagonistic effect at central adenosine receptors. Itis
a stimulant of the CNS, particularly the higher centres, and
it can produce a condition of wakefulness and increased
mental activity. It may also stimulate the respiratory centre,
increasing the rate and depth of respiration. Its
bronchodilating properties are weaker than those of
theophylline. Caffeine facilitates the performance of
muscular work and increases the total work that can be
performed by a muscle. The diuretic action of caffeine is
weaker than that of theophylline.

Calfeine is used as a mild CNS stimulant in usual oral
doses of 50 to 100mg, although doses of up to 200 mg may
be used. Doses should not be taken more often than every 3
hours. It is also frequently included in oral analgesic
preparations with aspirin, paracetamol, or codeine in unit
doses of about 15 to 65 mg but its clinical benefit is debated
(see Pain, p. 1205.1). Caffeine is sometimes given with
ergotamine in preparations for the treatment of migraine,
usually in unit doses of 100mg. Caffeine citrate has been
used similarly. For details of doses in children, see
Administration in Children, below.

Caffeine and sodium benzoate and caffeine and sodium
salicylate are readily soluble in water and have been used
when cafleine is to be given by injection.

Beverages of coffee, tea, and cola provide active doses of
caffeine (see p. 2648.2).

General references.

1. Sawynok J. Pharmacological rationale for the clinical use of aaffeine.
Drugs 1993; 492 37-50.

2. Keisler BD, Armsey TD. Caffeine as an ergogenic aid. Curr Sports Med Rep
2006; 5: 215-9.

3. Jones G. Caffeine and other sympathomimetic stimulants: modes of
action and effects on spors performance. Essays Biochem 2008; 44: 109-
23,

4. Perré S. An update on the mechanisms of the p:
caffeine. J Nexrochem 2008; 105; 1067-79.

Administrafion in children. Caffeine is used in the short-
term treatment of neonatal apnoeca of prematurity
(below).

e An initial loading dose of caffeine dtrate 20mg/kg
(equivalent to 10mg/kg caffeine) is given orally or by
intravenous infusion over 30 minutes. I there is
inadequate response to the first loading dose, a second
loading dose may be given. Licensed product information
recommendations for timing of the second dose vary; re-
dosing after either 4 hours or 24 hours have been
suggested. If there is continued inadequate response,
serum-caffeine concentrations should be measured
before further doses are given.

* Beginning 24 hours after the loading dose, a
maintenance dose of caffeine citrate 5 to 10 mg/kg (2.5
to 5mg/kg caffeine) daily is given either orally or by
intravenous infusion over 10 minutes. .

Serum concentrations of caffeine should be d

effects of

Asthma. Caffeine’s bronchodilating activity is about 40%
that of theophylline! and oral doses of 5 or 10 mg/kg have
been shown to produce an effect.*? Because of its weak
action other xanthines are generally recommended in
asthma (p. 1195.2), but it may need 10 be avoided before
tests of lung function.*

1. Gong H, ¢ ol Bronchodilator effects of caffeine in coffee: a dose-

Tesponse study of asthmatic subjects. Chest 1986; 89: 335-42.

2 Btckn AB, ¢t al. The b effects and pi of
cafieine in asthma, N Engl J Med 1984; 310: 743-6‘

3. Bukowsky] M, Nakstsu K. The broachodilator effect of caffeine in adult
asthmadcs. Am Rev Respir Dis 1987; 135: 173-5.

4. Welsh EJ, #1 al. Caffeine for asthma. Available in The Cochrane Database
of Systematic Reviews: Issue 1. Chichester: John Wiley: 2010 (accessed

13/07/10).

Dementia. A cohort study in 7017 patients aged 65 years
and over examined the assodation between caffeine
intake, cognitive dedine, and incident dementia.! Caffeine
consumption itsell was found to be significantly associated
with many variables also associated with cognitive decline,
such as age, gender, depressive symptoms, and cardiovas-
cular disease. Although no relationship was found
between baseline caffeine intake and incident dementia in
a 4-year foliow-up period, caffeine consumption appeared
to reduce cognitive decline in women without dementia.
The authors concluded that further studies are required to
ascertain whether cafleine may be of value in prolonging
the period of mild cognitive impairment in women before
a diagnosis of dementia.

1. Richie K. ¢t al. The neuroprotective effeas of cffeine: a prospective
population study (the Three City Study). Neurclogy 2007; 69: 536—45.

Diabetes mellitus. A single dose of caffcine 250mg proved
benefidal in augmenting warning symptoms and physio-
logical responses to experimentally-induced hypoglyc-
aemia in diabetic patients,’ and was suggested as a poten-
tially useful adjunct for diabetics who have difficulty in
recognising the onset of hypoglycaemia (see Diabetic
Emergencies, p. 465.3). In a subsequent placebo-con-
trolled crossover study oral caffeine 200mg twice daily
appeared to enhance the intensity of hypoglycaemic warn-
ing symptoms in patients with type 1 diabetes on a low-
caffeine diet.? A later study® reported an assodation

References. e

1. Hinkie PB, ot al. Use of affeine w lengthen seizures in ECT. Am !
Pychiatry 1987; 144: 1143-8.

2. Coffey CE, o sl Caficine augmeniation of ECT. Am J Pyduatry 1990;
14T 57T9-83.

3. Kelsey MC. Grossberg GT. Safety and cfficacy of caffeine-augmenten!
ECT in elderly depressives: a remospeaive study. J Geriatr Psychiaty »
Naavl 1995; & 168-72.

Neonatal apnoea. Apnoea of infancy has been defined a:
cessation of breathing either lasting 20 seconds or more o'
associated with bradycardia, cyanosis, pallor, and markec!
hypotonia, for which no specific cause can be identified.
Premature infants (less than 37 weeks of gestation) car
exhibit periodic breathing with pathological apnoe:
{apnoea of prematurity); this usually resolves as the infan'
approaches term and the neurological systems controlling
ventilation mature. !

The management of neonatal apnoea for which nc
underlying disorder can be found may involve supportive
measures such as cardiorespiratory monitoring:* continuous
positive airways pressure and drug therapy may be
required.?

The methylxanthines, aminophylline, theophylline, anc
caffeine, reduce the frequency of apnoea and the need for
mechanical ventilation in preterm infants during the first
seven days of therapy.* In preterm infants giver
intermiutent positive airway pressure, prophylacic methyl-
xanthine treatment increases the chances of successfu;
extubation within one week.® There is evidence to suggest
that this benefit might be more helpful in infants of
extremely low birth-weight extubated in the first week
High doses of caffeine, 20 mg/kg daily, have been used
around the time of extubation in neonates born at less than
30 weeks of gestation. Short term benefits were noted,® and
no evidence of harm in the first year of life. A review of the
use of prophylactic methylxanthines found no evidence to
show that caffeine prevents apnoea in at-risk preterm
infants, or that it reduces the severity of apnoea or its
symptoms; prophylactic methylxanthines might, however,
reduce the duration of need for positive pressure ventilation
and the rate of patent ductus arteriosus ligation.” Caffeine
has also been reported to reduce the incdence of
bronchopulmonary dysplasia in infants with very low

between caffeine and a reduction in the freq y of
nocturnal hypoglycaemia in patients with type 1 diabetes,
which the authors suggested may explain the increase in
warning symptoms and hormonal responses previously
reported in daytime hypoglycaemia. Caffeine has also
been seen o irpair postprandial glucose metabolism in
patients with type 2 diabetes,* raising concern about the
potential hazards of caffeine in these patents for whom
decreases in insulin sensitivity might increase average glu-
cose levels and the risk of diabetic complications.

1. Debrah lL et al E!lm of nﬂeme on recognition of and physialogical
ini diabetes. Lanart 1996;

yposly
347: 19—24

2. Watson JM,  al. Influence of caffeine on Lhe frequency and perception
of hypoglycemia in free-living patients with type 1 diabetes. Diadetes Care
2000; 23: 455-5.

3. Richardson T, nnl. lnllum of cafleine on ﬁrqumqofhypoﬂymh
detected by glucose system in patients
with long-standing type 1 diabetes. Diabetes Care 2005; 28: 1316-20.

4. lane JD, & «l. Caffeine impairs glucose metabolism in type 2 diabetes.
Diabetes Care 2004; 27: 1047-8.

Diagnosis and festing. Cafieine excretion assessed by
measuring its urinary metabolites or by the exhalation of
labelled CO, in breath after doses of '>C- or !*C-labelled
caffeine has been used to develop liver function tests and
to determine the activity of specific enzymes such as xan-
thine oxidase, P450 cytochromes, and polymorphic N-
acetyltransferase.!

Caffeine given orally has been used to assess acetylator

birth-weight,? so that positive airways pressure could be
stopped eardier in infants given caffeine compared with
those given placcbo. A later evaluation of these infants
found that caffeine therapy improved the rate of survival
without neurodevelopmental disability at 18 to 21 months.?
The inddence of cerebral palsy and cognitive delay were
also reduced. Eathe: stoppmg of pos:uvc airway pressure in
the infants assigned to cafft e d almost half of the
benefical long-term effect of caffeine, but further studies
are required to ascertain other potential mechanisms of
action. When d at 5 years, I caffeine therapy
was no longer assodated with a significantly improved rate
of survival without disability in these children.® Rates of
cognitive impairment were much lower at 5 years than at 18
months, and similar in the 2 groups, suggesting that
cognmve delay may not be a lasting ou.(come after preterm

Caﬂemc has a wider therapeutic index, fewer peripheral
adverse effects than theophylline, and a longer half-life
enabling once-daily dosage, and is therefore preferred.¢1?
Caffeine is given as the dtrate salt, and is well absorbed
when given orally. For details of doses, see Administration
in Children, above. The BNFC considers appropriate serum
concentrations in neonatal apnoea to be 10 to 20 mg/litre
(50 to 100 micromol/litre). Higher concentrations of 25 to
35 mg/litre (130 to 180 micromol/litre) may sometimes be
required. Previous treatment with theophylline, infants
born to mothers who consumed caffeine before delivery,
infants sh g signs of tumty or mfams who require

status by determining the metabolic ratio of the

S-acetylamino-6-formylamino-1-methyluracilt (AFMU) to
1-methylxanthine in urine,? but some have questioned its
value.?

Caffeine has also been investigated in the diagnosis of
susceptibility to mahgnam hypen.henma‘ Intramuscular
injection induced a y hype bolic reaction in
subjects susceptible to mahgnant hypenhermm, but not in
non-susceptible subjects or healthy controls. The authors
suggested that monitoring of carbon dioxide, produced by

before starting treatment in infants who have aiready been
treated with theophylline (which is metabolised to caffeine
tn infants) or whose mothers consumed caffeine before
delivery. Infants with impaired renal or hepatic function
should also have serum concentrations of caffeine
monitored, and doses reduced if necessary. Serious toxicity
has been associated with serum concentrations greater than
50 micrograms/mL.

Optimal duration of treatment has not been established,
however therapy is usually continued until the neonate has
reached 37 weeks of gestational age when apnoea of
Pprematurity lly resolves sp ly. It is recom-
mended that caffeine should be stopped when the patient
has 5 to 7 days without a significant apnoeic attack.

All cross-references refer to enuies in Volume A

hyper bolism, might offer a minimally invasive test for
such susceptbility.

1. Kalow W, Tang B-K. The use of calleine for cnzyme assays: a critical

appraisal. Clin Pharmacol Ther 1993; 53: 503—14.

higher doses mll q ing of p caffeine
concentrations; however, routine momtonng of plasma
concentrations is not always considered necessary.'! During
the first year of life, the elimination half-life of both caffeine
and theophylline decreases significantly as the infamt
matures; regular monitoring of serum concentrations and
constant dosage adjustments are therefore required if
therapy is prolonged.!

For details of the adverse effects on the cardiovascular
system associated with caffeine during treatment of
neonatal apnoea, see Effects on the Cardiovascular System,
p- 1205.2.

'Use of doxapram has been tried ior apnoea that does not

2. Hildebrand M. Seifert W. of h
caucasians with caffeine. Eur J Clin Pharmaco! 1989; 37: 525-6.

3. Notarianni LJ, et a/. Cafleine 2sa probe: NAT2 ing. Br
J Clin Pharmacol 1996; 41: 169-73.

4. M. atal, ©
by use of a metabolic test. Lances 2002; 359: 157980,

ECT. In patients whose scizure duration is dedlining despite
maximal ECT stimulaton, pretreatment with high-dose
intravenous caffeine increases seizure duration without
affecting seizure threshold. Theophylline has been used
similarly, see p. 1233.2.

pond to xanthine therapy;-*2 its effects were similar 1o
the methylxanthines.!>!* Doxap is poorly absorbed
orally and adverse effects such as hypertension, CNS
stimulation, and heart block have been reported.’®

1. Kriter KE, Blanchard J. Management of apnea In infants. Clin Pharm
1989; 8: 577-87.

2. Ruggint NR. Pathophysiology of apnoea in preterm infamis. Arch Dis
Child 1991; 66: 70-73.

3. Schmidt B, « al. Caffeine therapy for apnca of prematurity. N Engl J Med
2006; 354: 2112-2).

4. Henderson-Smart DJ, De Paoll AG. Methylxanthine treatment for
apnoca in preterm infants. Available in The Cochrane Daabase of
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Systematic Reviews; {ssue 12 Chichester: John Wiley: 2010 {accessed
03/07112).

S. Henderson-Smart DJ, Davis PG. Prophylacic methylxanthines for
endotracheal extubation in preterm infants. Available in The Cochicane
Database of Systematic Reviews; Issue 12. Chichester: John Wiley: 2010
{accessed 03/07/12).

6. Steer P, et al. High dose caffetne drate for extubadon of preterm infants:
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intestinal blood flow velocity in preterm infants;?> no
changes were noted in left ventricular output, blood
pressure, or heart rate. The authors atuributed the effect on
blood flow velocity to vasoconstriction, and suggested a
smaller caffeine loading dose, repeated several hours later. A
later study, also in preterm infants, which examined the
effect of a divided loading dose of caifeine (12.5 mg/kg
repeated after 4 hours), found that cerebral blood flow
velocity was decreased after the second dose; intestnal
biood flow velocity and left ventricular output remained
unchanged.? The authors concluded that the 20% reduction
in cerebral blood flow velocity seen was probably not

o
caffeine. Bnrldhﬂumaall”al" 377-82.
8. Dieger HC, o o The fixed of

ingful for infants with adequate cerebral oxygen
supply, however, an infant’s ability .to respond to

add,
punmmnlmduﬂmismedev:dvemwzm and

nndomlud. dnuble-mnd. dnde—dose. phubu-ammlkd paralle]
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analysis. J Clin Pharm Ther 1996: 21: 261-82.

10, Zhang W-Y. A benefit-risk assessment of caffeine as an analgesic
adjuvant. Drug Safety 2001; 24< 1127-42.

POST-DURAL PUNCTURE HEADACHE. Intravenous caffeine sod-

ium benzoate may relieve post-dural puncture headache

(p- 1983.1) that persists despite comservative therapy.

However, the evidence for such use has been questioned.!

1. Halker RB, & al. Caflcine for the pr and

19/03/08), -

Obesily.-A 1999-review! of non-prescription weight loss
supplements concluded that controlled studies have not
shown fat loss in overweight individuals using caffeine
without an energy-resuicted diet. A later study? examined
a herbal combination product, containing amongst its
active ingredients caffeine (from kola nut) and ephedrine
(from ephedra), in the treaument of overweight and
obesity without other lifestyle modifications. Some benefi-
clal effects on body-weight were reported after 12 weeks
of treatment compared with placebo: however, although
no serious adverse effects were seen in the healthy sub-
jects enrolled in this study, the herbal product used con-
tained relatively low amounts of active ingredienis com-
pared with preparations used in other similar studies. The
FDA has since banned the sale of dietary 1 s

of
the myth. ist 2007; 13: 323-7.

puncture

Psoriasis. The efficacy of a 10% formulation of topical
caffeine in the treatinent of psoriasis has been investigated
in a group of 39 patients with stable plaque psorasis.!
Improvements were seen at each 2-week follow-up stage,
but the difference only became significant after 8 weeks.
The only adverse effect noted during the study was mild
itching, reported by 2 of the caffeine recipients.

1. Vali A, et al, Evaluation of the efficacy of topical cafeine in the treatment
of psoriasis vulgaris. J Dermatol Treat 2005; 16: 2347,

Adverse Effects, Treatment, and Precautions

As for Theophylline, p. 1231.2, p. 1232.3, and p. 1233.1.
Tolerance occurs rapidly to the stimulating effects of
caﬂcme physical signs of withdrawal including irritability,

PP

containing ephedra as they present an unreasonable risk

to health (see Ephedra, p. 1663.1), and concerns have "

been raised about potential additive stimulant effects of
preparations containing both caffeine and ephedrine, see
Sympathomimetics under Interactions, p. 1206.2.

1. Egger G, etal The of popular, weight loss
supplements. Med J Aust 1999; 171: 604-8.

2. Coffey CS, &t al. A randomized double-blind piacebo-controlled dinicai
trial of a product conmaining ephedrine, caffeine. and other ingredients
from herbal sources for treaument of averweight and obesity in the
absence of lifestyle remument. Ire¢ J Obes Relat Metab Disord 2004; 28:
1411-19.

Orthostatic Caffeine has been of benefit in
the treatment of orthostatic hypotension (p. 1634.3) due
to autonomic failure in some patients, especially for post-
prandial hypotension.'* However, efficacy has only been
shown in mild cases and it is usually ineffective in severe
cases.t
1. Onrot J, & al. Hemodynamic and humonl efiecs of afleine in
autonomic (ailure. N Engl J Med 1985; 313: 549-54.
2. Hoeldtke RD. et al. T of with
dihydroergotamine and cafleine. Ann Intern Med nu 108: 168-73.
3. Tonkin AL Postural hwoundon Med J Auxt 1993; 162: 436-8.
4. Mathias CJ. Orth ibers” J 1995; 3%: 124-32.

Pain. Caffeine has been widely used in analgesic prepara-
tions to enhance the effects of both non-opioid and opioid

{gesics but is of debatable benefit (see under Choice of
Analgesic, p. 4.2). Some investigators have failed to show
that caffeine offers any benefit’? but others have shown

lethargy, and headache may occur if intake is
stoppcd abruptly.
General references.
1. Wills S. Drugs and substance misuse: caffeine. Pharm S 1994; 252: 8234.
2. Predholm BB, et al. Actions of caffeine in the brain with spedal reference
to factors that contribute to Its widespread use. Pharmacol Rev 1999; S1:
83-133.

Breast feeding. The American Academy of Pediatrics!
states that caffeine is excreted slowly by the infant and
may be associated with irritability and poor sleeping pat-
tern when ingested by breast-feeding mothers. However,
no effects occur with moderate intake of caffi d bev-

hyp by vasodilatation may be compromised.
For a discussion of the effects of caffeine-containing
bevemgcs on cardiovascular risk factors, see p. 2648.3.
1. Savoca MR, e al. Association of embulatory blood pressure and dietary
caffeine in adolescents. Am J Byperton 200S; 18: 116-20.
2. Hoecker C, & al. Caffeine impairs cercbral and intestinal blood fow
velocity in preterm infants. Pedigrrics 2002; 109: 734-7.
3. Hoecker C, o al. Effects of a divided high loading dose of caffeine on
circulstosy variables in pretertn infants. Arch Dis Child Fetal Neonatal 5d
2006: 91: F61-F64.

Effects on mentol fundlion. The effects of caffeine on
sleep, including its potendal 1o cause sleep disturbances
and excessive daytime sleepiness, have been reviewed.!-?
L. James JE, Keane MA. Caffeine, sleep and wakefulness: lmpﬂndnns of
new about withd: i reversal. Hium
2007; 22: S49-58.
2. Roelus T, Roth T. Caffeine: sieep and daytime sleepiness. Sieep Med Rev
2008; 12: 153-62.

Headache. The association of caffeine with headache has
been reviewed.! Headache is a recognised symptom of
caffeine withdrawal and even subjects who drink moder-
ate amounts of coffee can develop headaches lasting 1 10 6
days when switched to a decaffeinated brand.? It has also
been suggested that postoperatve headache could be
attributed to caffeine withdrawal as fasting patients are
required to abstain from drinking tea or coffee before sur-
gical procedures. Several studies>* have found a positive
association between postoperative headache and daily
caffeine consumption, although there have also been
negatve findings.* A prospective study suggested that a
prophylactic ous dose of caffi on the day of
surgery reduced the likelihood of postoperative headache
in patients at risk of caffeine withdrawal.”

In a casc-control study,® investigating the possible
association of dietary and medicinal caffeine use with
chronic daily headache (CDH), caffeine was found to be a
modest risk factor for CDH onset, regardless of headache
type. Patients suffering from CDH were more likely overall
to have been high caffeine consumers before the onset of
CDH: no association was found with current caffeine

erages {2 or 3 cups daily) and caffeine is usually compati-
ble with breast feeding. Furthermore, a prospective cohort
study of over 800 infants showed no significant conse-
quences of maternal caffeine consumption on sleep pat-
terns at the age of 3 months, even in those whose mothers
consumed 2300mg daily during pregnancy and while
breast feeding.2
Studies examining the transfer of caffeine into breast
milk after oral doses of 35 to 336mg of caffeine have
recorded peak maternal plasma concentrations of 2.4 to
4.7 micrograms/mL, peak maternal saliva concentrations of
1.2 to 9.2 micrograms/ml., and peak breast-milk concentra-
tions of 1.4 to 7.2 micrograms/mL. At these concentrations
in breast milk, the calculated daily caffeine ingestion by
breast-fed infants ranged from 1.3 to 3.1 mg, which was not
thought to present a hazard, although irritability and a poor
sleeping pamem were reported.*$
1. Acade of . The transfer of drugs and other

that the adjuvant use of caffeine can increase )f
activity.>® A meta-analysis of 10 studies comparing para-
cetamol plus caffeine with paracetamol alone in women
with postpartum uterine cramp found any benefit of the

bination to be minimal® A literature review'® con-
duded that there was some evidence that caffeine may be
useful as an analgesic adjuvant in relieving headache, but
that the dose may need to be at least 65 mg and that these
higher doses increase the risk of nervousness and dizzi-
ness. Bvidence for the effects of catfeine in other types of
pain, such as postpartum, postoperative, dental, rheu-
matic, and cancer pain, was inconclusive.

In the UK it is generally recommended that caffeine-
containing analgesic preparations should not be used not
only because of doubts about caffeine enhancing the
analgesic effect but because it can add to gastrointestinal
adverse effects and in large doses can itself cause headache.

Whether caffeine enhances the gastrointestinal absorp-
tion of ergotamine in preparations for the relief of migraine
is not clear.

1. Winter L et al. A doublé-blind. comparative evaluation of
acetaminophen. caffeine, and the combination of acetaminophen and

chemicals into human milk. Pedumc 2001; 108; 776-89. {Retired May
2010} Correction. ibid.; 1029. Also available at: htp:
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1. Shapiro RE. Caffeine and headaches. Curr Pain Headache Rep 2008; 12:
311-5.

2. vanl M, Kaun MB. caused by cafleine withdrawal
among moderate coffee drinkers switched from ordinary to
decaffeinated coffee: a 12 week double blind trial. 8MJ 1990; 300:
1558-9.

3. Gailetly DC, et al. D i hdi i
morbidity? Leret 1989; & 1335.

4. Weber JG, a al. Perioperative ingestion of caffeine and postoperative
headache. Mayo Clin Proc 1993; 68: 342-5.

5. Nikolajsen L, e al. Effect of ptrvloux frequency of headache, duration of
fasting and caffeine Br J Anaesth
1994; 72: 295-7.

6. Verhoefl FH. Millar JM. Does affeine conuibute w postoperadve
morbidity? Lanart 1990; 336: 632.

7. Weber JG. etal. P of caffeine and
recovery after ambuhlory surgical procedures. Maw Clin Proc 1997: T2:
621-6,

8. Scher AL ef al. Caffcine as a risk factor for chronic daily headache: a
populadion-based study. Nenrology 2004; 63: 2022-7.

Oveuloscge Reports and reviews of caffeine toxicity.
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2. Santos IS, et al. caffeine and infant
waking: prospective cohort study. Pediatria 2012; 129: 860-8.
3. Tyrala EE Dodson WE. Caffeine secretion into breast milk. Arch Dis Child
1979; 54: 787-800.
4. Hildebrandt R, ef ol Transfer of caflcine to breast milk. 8r J Clin
Pharmacol 1983; 13: 612P.
S. Sagraves R, ¢ 4l. Pharmacokinetics of caffeine in human breagt mitk
after a single oral dose of caffeine. Drug Intell Clin Pharm 1984; 18: 507.
6. Berlin CM, ¢t al. Disposition of dietary caffeine in milk, saliva, and
plasma of lactacing women. Pediatrics 1984; 73: 59-63.

Effects on the cordiovascular system. An inareased caff-
eine intake has been associated with an increase in day-
time blood pressure.! The study, in 82 healthy, normoten-
sive adolescents, suggested that caffeine use may be a
factor contributing to essential hypertension in young peo-
ple.

High dose caffeine (25 mg/kg) used as a loading dose in
the prevention and treatment of neonatal apnoea (see
P. 1204.3) resulted in a marked reduction of cerebral and

PM. ef al. Cafieine intoxication: a near lauality. Ann Emerg
Med 1985; 14: 1227-9.

2. Dalvi RR. Acute and chromic toxicity of caffeine: a review. Ver Hum
Toxicol 1986; 28: 144-50.

3. Rivenes SM, & al Intentional caffeine poisoning in an infant. Pediatric
1997; 99: 736-8.

4. Anderson BJ, et al. Caffeine overdose in a premature infane: clinical
course and pharmacokinetics. Anaesth intersive Care 1999; 27: 307-11.

5. Emgenckon E & al. Caffeine intoxicadon in a premature neonate.
Paediatr Anaesth 200%; 11: 737-9.

6. Holstege CP, o al. Massive affeine overdose requiring vasopressin
infusion and hemodialysis. J Taxiof Clin Tnml 2003 41: 1003-7.

7. de LRH, o al. Life lacmia and lactate

after with Stacker 2, a ‘powerful

dimming agent’. 8r J Clin Pharmacol 2008; 66: 728-31.

Porphyria. The Drug Database for Acute Porphyria,.com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies caffeine as prob-
ably not porphyrinogenic; it may be used as a drug of first
choice and no precautions are needed.!

1. The Drug Database for Acute Porphy A
drugs-porphyria.org {accessed 02/11/11}
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Pregnancy. Studies of maternal caffeine intake on
pregnancy outcomes have had mixed results. Although
some. prospective studies bave found that maternal caff-
eine intake was associated with rediced fetal growth,!2
another study did not support this conclusion,® and a
moderate reduction in caffeine intake in the second half of
pregnancy was reported to have no effect on birth-weight
or length of gestation.* Similarly, conflicting resuits have
been reported for the effect of caffeine on miscarriage®*
and the risk of sudden infant death syndrome.*!® A report
evaluating the reproductive effects of caffeine for the Food
Standards Agency in the UK," concluded that maternal
caffeine intake during pregnancy is associated with an
increased risk of fetal growth restriction. It seemed likely
that the risk was increased with a caffeine intake of about
200mg daily, but a lower threshold below which there
was no increase in risk was not identified. It was alse not
possible to ascertain causality, although it was considered
prudent to assume this. Although the literature suggested
a positive assoclation between caffeine intake and miscar-
riage, limitations in study design did not allow a firm con-
dusion to be drawn and data on other adverse effects such
as preterm birth and congenital malformations were also
incondlusive.

1. Cook DG.  ai Relation of alfeine ntake and biood cafleine

3. Barnent G, « al. Pharmacokinetic determination of relative potency of
of caifeine Boer J Clins Phu { 1990;

39: 63-9.
4. HalyDP et al Lack of between and caffeine in
normal volunteers. Antimicrob Agertis Chemother 1991; 3%: 660-4.

Antidepressants. Fluvoxamine has been reported to sig-
nificantly reduce the dearance and prolong the elimina-
tion half-life of caffeine.! The clinical importance of this
interaction, attributed to inhibition of cytochrome P450
isoenzyme CYP1A2 by fluvoxamine, is unknown.

1. Culm-Merdek KB e al Fluvoxamine impairs single-dose caffeine

dearance without altering caffetne pharmacodynamics. Br J Clin
Pharmacol 2005; 60; 486-93.

i ics. The mean clearance of caffeine was
increased and its half-life decreased in epileptic patients
taking phenytoin compared with healthy controls, resulting
in lower plasma-caffeine concentrations. Treatment with
carbamazepine or valproic acid had no effect on the pharma-
cokinetics of caffeine.!

L H, et &/, Etfects of phenyroi ine, and valproic acid
on caffeine metabolism. Swr J Clin Pharmaroi 1989; 3& 401-6.

Antifungals. In a single-dose stud); in heaithy subjects, fer-
binafine 500mg by mouth decreased the dearance and
increased the eclimination half-life of caffeine 3mg/kg

during p Y to fetal growth:
popuiation based mtdy BMU 1996; 313: 1358-62.

2. CARE Swdy Group. Maternal asffeine intake during pregnancy and risk
of feral growsh resuiction: a large prospeciive observadonal study.
Abridged version: BMJ 2008; 337: 1334-8. Pull version: hrtp://www.,
bmj.com/cgi/reprint/337/mov03_2/22332 (accessed 23/08/09)

3. Clausson B, ¢ al. Effect of caficine exposure during ancy on birth
weight and gestational age. Am J Epidemiol 2002; 153: 429-36.

4. Bech BH, & 4l. Blfect of reducing caffeine intake on birth weight and
length of gestation: randomised controiled trial. Abridged version: BMS
2007; 334: 409. Pull version: hrrp://www.bmj.com/cgi/reprinu/334/
7590/409 (accessed 25/08/09)

5. Mills JL. & al. Moderate aﬂuneuumdlheﬂskdspcmuntoux
abortion and intrauterine growth retardation. JAMA 1993; 269: 593-7.

6. Kicbanoff MA, e a4l Maternal serum paraxanthine, a cafleine
metabolite, and the risk of spontaneous abortion. N Engl J Med 1995
341: 163544

7. Infante-Rivard C,  al. Petal Joss associated with affeine intake before
and during pregnancy. JAMA 1993; 270: 2940-3.

8. Cnarttingfus S, o ¢l. Caffeine inwake and the risk of first-trimester
spontaneous abortion. N Sngl J Med 2000; 343: 183945,

9. Pord RPK, o ol Heavy affeine intake in pregnancy and sudden infant
death syndrome. Aroh Dis Child 1998; 78: 9-13.

10. Alm B, et al. Caffeine and alcohol as risk factors for sudden infant death
syndrome. Arch Dis Child 1999: 81: 107-11.

1. Commineeon'l‘vﬂdlydd:mﬂcakin!‘ood. Cansumer Products and

on the rep effects of catfeine.
Av-ihble at: hup://eotfood. gov. uk/pds fleine200804.
pdf (accessed 25/08/09)
Inferactions

Like theophylline (see p. 1233.3) caffeine undergoes
extensive metabolism by hepatic microsomal cytochrome
P450 isoenzyme CYP1A2, and is subject to many
interactions with other drugs and substances that enhance
or reduce its metabolic clearance.

Reviews.

given intra ly. K le 400 mg by mouth did not
prolong the elimination of caffeine to a significant extent.!

1. Wahllinder A, Paumgarner G. Effect of keloconazole and 1erbinafine
on the pharmacokinedcs of afleine in healtby volunteers. Eur J Clin
Pharmacol 1989; 37: 279-83.

Antigout drugs. In a study in 2 healthy subjects, the
plasma half-life of caffeine was essentiaily unchanged by 7
days of oral treaunent with allopurine! 300mg or 600 mg
daily. However, allopurinol caused a specific, dose-depen-
dent inhibition of the conversion of 1-methylxanthine to
1-methyluric acid.!

1. Grant DM. et al. Effiect of allopurinol on caifeine disposition in man. 8rJ

Clin Pharmacol 1986; 21: 454-8.

Gastrointestinal drugs. Oral dmetidine 1g daily reduced
the systemic clearance of caffeine and prolonged its elimi-
nation half-life in 5 healthy subjects. Although the steady-
state plasma-caffeine concentration would increase by
about 70%, it was thought unlikely that this would pro-
duce adverse clinical efects.! However, in contrast a study
in 11 children given cimetidine in doses of 11 to 36 mg/kg
daily for gastritis found no evidence that it altered the
metabolism of a dose of !>C-labelled caffeine.?
1 LJ, Rogers HJ. emic o
10 dmetidine. Br J Clin Pharmacol 1981; 12: 155-9.
2. Parker AC. o ol Lack of inhibitory effect of cimetidine on caffeine
metabolism in children using the caffeine breath tesv. Br J Clin Pharmaco!
1997; 43: 467-70.

of afleine due

Lithium. For mention of the effect of caffeine on serum-
lithium concentrations. see Xanthines, p. 432.3.

Methoxsalen. single oral doses of 1.2mg/kg methoxsalen

1. Camillo JA, Benitez ). Clinically
between dietary cafleine and medications. Clin Pharmacokinet 2000; 39;
127-33.

Alcohol. In a study of 8 healthy subjects given an oral
dose of alcoho! of 2.2mlL/kg, caffeine 150mg by mouth
did not antagonise the central effects of alcohol and,
instead, a synergistic interaction occurred which further
increased reaction time. The common practice of drinking
coffee after drinking alcohol in order to sober up is not
supported by these results.! Another study? found that
some antagonism of the central effects of alcohol was pro-
duced by caffeine, although there was no reversal of sub-
jective ions of drunk ; however the dose of
caffeine in this study (400 mg) was considerably higher.
1. Obomne DJ, Rogers Y. Interactions of alcohol and caffeine on human
reaction tme. Aviet Spacc Brviron Med 1983; 54: 528-34.
2. Azcona O, & al. Evaluation of the central effects of akobol and caffeine
interaction. Br J Clin Pharmacol 1995; 40: 393-400.

Antiarrhythmics. In 7 healthy subjects and 5 patients with
cardiac arthythmias, mexiletine in a single dose of 200mg
and a dose of 600mg daily respectively, reduced the elimi-
nation of caffeine by 30 to 50%.! Lidocaine, flecainide, and
tocainide had no effect on caffeine elimination in healthy
subjects.!

1. Joeres R, Richter E.

1987;31% 117

Antiboclerials. Caffeine elimination half-life has been
reported to be macased and dearance decr:ased when
given with cprofk 3 and p acd,*?
whereas lomefloxac ‘nu i Mam‘l floxacin> had lit-
tle or no :ﬁect on these parameters. Enoxacin had the
greatest inhibitory effect on caffeine clearance.23

1. Healy DP, & 4l. Interaction between oral dp! and caffeine in
normal volunteers. AmavbAmammthtrl’”' 33: 474-8.

and cafieine

N Engl J Med

2. BHarder S, at al. C fieine: a drug bl
m'mvivomdmvmnmvesﬂguﬂnns Am J Med 1989: 87 (suppl SA):
89-915.

All cross-references refer to enties in Volume A

have reduced the dlearance of caffeine in patients with
psoriasis,'2 consistent with a cytochrome P450 isoenzyme
CYP1A2-dependent inhibition of caffeine demethylation.?
1. Mays DC, & «l. Methoxsalen is a potent inhibitor of the metabolism of
catieine in humans. Clin Pharmocol Ther 1987; 42: 621~6.
2 Bendriss EX, o al of caffeine by 5-
methoxypsoralen in patients with psoriasis. Br J Cin Pharmacol 1996;
41: 4214,

Sex hormones. The dearance of cafieine has been
reported to be reduced and its elimination half-life
increased in taking oral ives.!*> This inter-
acion was thought 10 be due to xmpamnem of hepatic
metabolism of caffeine by sex hormones and could result
in increased accumulation of caffeine. Similar results have
been reported® in a study of postmenopausal women
given oestrogens for hormone replaccment therapy and caff-
cine.

L. Parwardhan RV, @t ol Impaired eliminadon ol caffeine by oral

comtraceptive steroids. J Lab Clin Med 1980; 95: 603-8.

2 A y DR. Todd EL. of caffeine d by chropic
use of low-d ining oral EBur J Gin
Pharmacol 1985; 28: 425-8.

3. Balogh A, o al. Infh of
oral with G on cffeine
climination. Bur J Clin Pharmacz! 1995; (l: 161-6.

4. Pollock BG, ef ol Inhibition of caffeine metabolism by estrogen

L therapy in women. J Cin Pharmecsi 1959:

39: 936-40.
i Use of caffeine 400mg with phenyl-
propanolamine 75 mg, both given orally as modified-release
preparations, produced greater plasma-caffeine concentra-
tions in healthy subjects than caffeine alone. Greater
increases in blood pressure and more reports of physical
adverse effects occurred after the combination than after
either drug alone.!

Giving caffeine with ephedrine has been reported to
produce significant cardiovascular, metabolic, and hormo-
nal responses, including increased systolic blood pressure

and heart rate, and raised fasting glucose and insulin.? These
enhanced effects appear to be the result of a pharmacody-
namic rather than a pharmacokinetic interaction, and led to
the issue of a warning by Health Canada in 2006 not to v se
weight loss products containing both caffeine aid
ephedrine, since the combination had caused report:d
adverse eflects ranging from dizziness, tremors, headaches,
and irregularities in heart rate to seizures, psychosis, he:nt
attacks, and stroke.> Those particularly at risk inclule
individuals suffering from ischaemic heart disease, hyper-
tension, and diabetes.2?
1. Lake CR. e ol Phenylpropenolamine increases plasms affeine levels.
Clin Pharmacol Ther 1990; 47: 675-85.
2. HallerCA eral. i and ic effects of combir «d
ephedrine and caffeine. Clin Pharmacol Ther 2004: 75: 259-73.
3. Health Canads. Health Canada advises consumers not to use weight 1 ss
products mnumln[ ephedrine and aaffeine (fssued 23rd May zoo .)
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Theophyfline. For the effect of cafieine on the metabolisn
and elimination of theophylline, see p. 1235.3.

Pharmacokinetics

Caffeine is absorbed readily after oral doses and is wide y
distributed throughout the body. It is also absorbed through
the skin. Absorption when given rectally by supposito v
may be slow and erratic. Absorption after intramusculir
injection may be slower than after oral doses. Caffeire
passes readily into the CNS and into saliva; low
concentrations are also present in breast milk. Caffeire
crosses the placenta.

In adults, caffeine is bolised almost completely n
the liver via oxidation, demethylation. and acetylation, ard
is excreted in the urine as 1l-methyluric acid, -
methylixanthine, 7-methylxanthine, 1,7-dimethylxanthire
{paraxanthine), 5-acetylamino-é-formylamino-3-methv-
luracil {AFMU), and other metabolites with only about
1% unchanged. Hepatic cytochrome P450 isoenzyme
CYP1A2 is involved in caffeine enzymatic metabolisn:.
Neonates have a greatly reduced capacity to metabolice
caffeine, due to their immature hepatic enzyme systems,
and it is largely excreted unchanged in the urine. By 9
months of age, urinary excretion is similar to that seen in
adults. Elimination half-lives are about 3 to 7 hours in aduls
but may be about 3 to 4 days in neonates.

Metabolism and fion. The metabolism of caffeine
has been shown to be dose dependent!? with clearance
decreasing as the dose is increased suggesting saturabie
metabolism. Four- to fivefold differences in plasma hal -
lives of caffeine are common among healthy people. The
plasma half-life of caffeine is decreased by smoking® and
by exercise, and is increased by liver disease such as cirrh-
osis and viral hepatitis,>* and in pregnancy.® The plasma
half-life of cafieine is not affected by old age® or obesity.”
Drug interactions also affect the pharmacokmeuc of caff-
eine (see above).
1. Cheng WSC, et ol Dose-dependent phnmhnzm: of aficine m
bumans: asatestof Qin
Ther 1990; 47: 516-24.
2. Denaro CP, a «l. Dose: of aafirine liom with repeated
dosing. Clin Pharmacol Ther 1990; 48: 277-85.

3. Kalow W. ity of caffeine in humans.
forschung 1985; 33: 319-24.
4. CollompK. et al. Effects of exercise on the p of

caafleine. Eur J Clin Pharmacol 1991; 40 279-82.

5. Scott NR. et al. The phsrmacokinectics of caffeine and its
dimethybxanthine metabolites in patients with chyonic liver disease. 2r
J Qin Pharmacol 1989: 27: 205-13.

6. Blanchard J, Sewers SJA. Comparative pharmacokinetics of caffeine in
young and elderty men. J Pharmamkinet Biopharm 1983; 11: 109-26.

7. Abemnethy DR. & al. Cafletne disposition in obestty. Br J Clint Pharmacol
1985; 20: 61-6.

Preparations
Propristary Preparations (details are given in Volume B}

L Pre; Arg: G t; Percutafe
Austral.: Cafnea; Nu Doz; Austria Cofiekapton; Canad.: Alert
Aidt; Pep-Back; Wake Ups; Water Joet; Chile: Jaquedryl; Per-
cutafeine; China: Kang Yu Deng Tong (M3 Ei#); Cz: Kine-
dryl; Peyona; Fin.: Cofi-Tabst; Fr.: Lipofeine; Percutafeine; Gr.:
Cafdt; Peyona; Indon.: Panadol Exwra; Iri.: Peyona; Pro-Plust:
Neth.: Peyona; Pol.: Kofext; Peyona; Port.: Peyona; Rus.: Vaso-
bral {BmoGpan); Spaim: Durvitan; Peyona; UK: Peyona; Pro-
Plus; Ukr.: Cefecon N {Llegexon H); Glycodin (T'mixomer)t; USA:
Cafcit; Caffedrine; Enerjets; Keep Alert; Lucidex; NoDoz; Stay
Alert: Vivarin.

Eors O - s
P PIep

are listed

in Yolume B.

BP 2014: Aspirin and Caffeine Tablets: Caffeine Citrate Injection:
Caffeine Citrate Oral Solution: Paracetamol and Caffeine Tablets;
Paracetamol, Codeine.Phosphate and Caffeine Capsules; Para-
cetamol, Codeine Phosphate and Caffeine Tablets; Soluble
Paracctamol and Caffeine Tablets;

USP 36: Acetaminophen and Caffeine Tablets: Acctaminophen.
Aspirin, and Caffeine Tablets; Butalbital, Acetaminophen, and



Caffeine/Diprophylline 1207

Caffeine C. I Ibital, A inoph and Caffeine
Tablets; Butaibital, Aspirin, and Caffeine Capsules; Butalbital,
Aspirin, and Caffeine Tablets; Butalbital, Aspirin, Cafleine, and
Codeine Phosphate Capsules: Caffeine and Sodium Benzoate
Injection; Caffeine Cirrate Injection: Caffeine Citrate Oral
Solution; Ergotamine Tartrate and Caffeine Suppositories;
Ergotamine Tartrate and Caffeine Tablets; Orphenadrine Citrate,
Aspirin, and Caffeine Tablets; Propoxyphene Hydrochloride,
Aspirin, and Caffeine Capsules.

Carmoterel inn @
Carmotérol Carrnoterofum; CHF~4226 Qumotefol TA- 2005
Kapume ’

Hydroxy-S—((lR)- -hydroxy-2-{(1 R)-z—(4-memoxyphenyl)-
1—methy|ed1yi]amlno}ethyﬂqumolin—2(lH)—one
CphaNO=3684 "0 :

CAS — 147568-66-9
NIt = 981ONULADY.

Profile

Carmoterol is a beta; agonist under investigation in asthma
and chronic obstructive pulmonary disease.

Choline Thoophyllinaie BAN, iNN)

Chollne, Théophyllinate de; Cholini Theophyilinas. Kelini-

teofyllinaatti; Kolinteofyllinat, Oxifilina; Oxtriphyliine; Teo-

dnato de ‘ooling; Teofilinato de ~colina;’ Theophyllme

Cholinate; Xanuka TeopnnnuKar, R
CrHnNsO;=2833

CAS — 449940-5.

ATC — RO3DA02.

ATC Vet — QRO3DAC2.

UNIl — 3KO45XRS8X.

Pharmacopoeias. In Br., Chin., and US.

BP 2014: (Choline Theophyllinate). A white crystalline
powder, odourless or with a faint amine-like odour. It
contains between 41.9% and 43.6% of choline and between
61.7% and 65.5% of theophylline, each calculated with
reference to the dried substance. Very soluble in water;
soluble in alcohol; very slightly soluble in chioroform and in
ether. Store at a temperature not exceeding 25 degrees.
Protect from light.

USP 36: (Oxtriphylline). A white rystalline powder, having
an amine-like odour. It contains not less than 61.7% and
not more than 65.5% of anhydrous theophylline. Soluble 1
in } of water; freely soluble in alcoho); very slightly soluble
in chloroform. A 1% solution in water has a pH of about
10.3. Store in airdght containers.

Profile
Choline theophyilinate is a theophylline salt that liberates

theophylline (p. 1229.3) in the body; choline theophyllin- |

ate 1.57 mg is equivalent in theophylline content to about
1mg of anhydrous theophylline. It is used as a
bronchodilator for reversible airways obstruction. The
usual initial oral dose for adults is 8300 mg daily, in 4 divided
doses. The daily dose should be adjusted according to
clinical response and serum-theophylline concentrations
{see Uses and Administration of Theophylline, p. 1229.3).
For details of doses in children see Administration in
children, below.

Administration in children. Choline theophyllinate can be
given to children aged from 10 years in an initial oral dose
of 100 to 200mg; further doses are guided by symptoms
and serum-theophylline concentrations. An average daily
dose of 10 to 20 mg/kg is usually required.

The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dlassifies choline theo-
phyllinate as probably porphyrinogenic; it should be pre-
scribed only for compelling reasons and precautions
shouid be considered in all patients.’

1. The Drug Dawbase for Acute . Available ar: hrep:
drugs-porphyria.org (accessed l7l|onl) .
Preparations
Proprietory Preparations (details are given in Volume B)

Single-ingrediont Preporctions. Austral: Brondecon Elixirt;
Canad.: Choledy!; Gr.: Choledyl; Swed.: Teovent.

Mudti-ingradient 2 Austral: andecou Bxpect-
orant}; Canad.: Choledyl Exp : India: A L; Alkar-
ex-PD; Efelin-PD; NZ: Broncelix{; Brondecont.

Pharmacopoeial Preparations
BP 2014: Choline Theophyllinate Tablets;
USP 36: Oxmiphylline Delayed-release Tablets; Oxtriphylline

The symbol t denotes a preparation no longer actively marketed

R ded-rel

phylline Tablets.

Tablets; O

yiline Oral Soluti

Urinary incontinence. A systematic review of the use of
d ; iachudl tenbuterol. in usi

Clenbuterol Hydmchlonde (BANM, i) @

CIenbutérol Chiorhydrate de:Clenbuterol hldrocloruro de,
Clenbuterolhydrochioid; Clen i
Hidrocloruro - de denbuterol;f
Klenbuterol-hidroklorid; nenbuterolhydrok[orid ‘Kenbiiter-
olihydrokloridi; Klenbuterolio hidrochloridas; NAB-365
{clenbuterof); Knexbyrepona T WIpOXIOpYA. : v
1-{4-Amino-3, S—duchlorophenyl)-z terr butylamlnoethanol
hydrochloride. b ]
CiaHiaCl N0 HCI=3136 R L
CAS — 37148-27-9 {clenbu(eml), 21898~19-1 (c/enbuteml
hydrochicride). G
{ATC — RQ3ACI4; RO3CCI3.
ATC Vet — QROIACT4; 0R03ECIJ_ L
UNII—GOR5747GWU . S

Street names. The following terms have been used as ‘sireet
names’ (see p. vii) or slang names for various forms of
denbuterol:

Angel Dust; Clen.
Pharmacopoeias. In Chin. and Eur. (see p. vi).
In US for veterinary use only.

Ph. Eur. 8: (Clenbuterot Hydrochloride). A white or almost
white crystalline powder. Soluble in water and in alcohol;
slightly soluble in acetone. A 5% solution in water has a pH
of 5.0t0 7.0.

USP 36: (Clenbuterol Hydrochloride). A white or almost
white, crystalline powder. Soluble in water and in alcohol:
slightly soluble in acetone. A 5% solution in water has a pH
of 5.0 to 7.0. Protect from light.

Profile

Clenbuterol hydrochloride is a direct-acting sympathomi-
metic with mainly beta-adrenergic activity and a selective
action on beta; receptors (a beta; agonist). It has properties
similar to those of salbutamol (p. 1220.2). It is used as a
bronchodilator in the management of reversible airways
obstruction, as in asthma (p. 1195.2) and in certain patients
with chronic obstructive pulmonary disease (p. 1199.1). A
usual oral dose is 20 micrograms twice daily. Clenbuterol
hydrochioride has also been given by inhalation. In patients
with asthma, as-required beta agonist therapy is preferable
to regular use. An increased need for, or decreased duration
of effect of, clenbuterol indicates deterioration of asthma
control and the need for review of therapy.

Abusa. Clenbuterol has been used illicitly in animal feeds
in an attempt to promote weight gain and to increase
muscle to lipid mass. Adverse effects typical of sympatho-
mimetic activity have been attributed to such misuse both
in farmers perpetrating such acts! and in innocent persons
consuming meat products from affected animals.>> Clen-
buterol has been abused by spertsmen for its anabolic
effects,® although it is doubtful as to whether it enhances
performance.” M: infarction was described in an
otherwise healthy 17-year-old bodybuilder after abuse of
clenbuterol.® Coronary artery spasm and/or temporary
thrombosis were suggested as possible explanations for
this adverse effect. A case of overdosage in a bodybuilder
who took 108.75mg of denbuterol hydrochioride has
been reported.” He presented after about 30 minutes with
anxiety, palpitations, and shortness of breath. His supra-
ventricular tachycardia was eventually controlled with
esmolol after adenosine and then diltiazem had proved
ineffective, butr subsequent atrial fibrillation required
cardioversion. Contamination of illicit heroin with denbu-
terol has also been reported.!>!?

1. Dawson J. B Agonists put meat in the limellght again. BMJ 1990; 301:
12389,

2. Martnez-Ni

JE. Food related 10
§ -agonist in liver. Lancrt 1990; 3362 3311,
3. Maistro S. « al. Beta blockers to prevent clenbuterol poisoning. Lancet

of illicit

1993; 346: 180.

4. Brambillsa G, et ai. Pood i i of
clenbutervi-treated veal In luly .MMA 1997; 1’78 6”

5. Ramos P, & al. Proposed g 1 food AmJ
Med 2004; 117: 362,

6. lnon Lancet 1992; 340: 403.

7. Spann C, Winter ME. Effect of on athletic
Pharmacother 1995; 19: 75-7. .

8. Ki B, etal. Myocardial ina 17-year-old body bujlder

using denbuterol. Gire J 2005; 692 1144-6.
9. Daubert GP. et al. Acute denbuterol overdose resulting in
and atrial 0 J Med Tuxicol 2007;

J 56~60.

lo.mmummmdmhmuwﬂnmmlmm
April 2005. MMWR 2005; 54 793-6. Correction. ibid.; 852.

11, Hoftman RS, e al. A descriptive study of am outbreak of denbuterol-
conwmining heroin. Ann Bmery Med 2008; 52: 548-53.

12. Manini A, o ol A novel with
clenbuterol-tainted heroin. Clin Texio! 2008; 46: 1088-92.

13. Dimaano JQ, et al. Sm(dmvpcsdblyulmtdvﬂlhdmbumllﬁnm
Nurs 2008; 34: 582-3.

. ng urinary
_found that there was weak evidence to sug-
gest that their use was better than placebo.! Although
only minor adverse effects were reported, the authors
noted that there was still potential for rare but serious
adverse effects reported elsewhere in the literature.
1. Alhasso A, e &l Adrenergic drugs for urinary incontinence in adults.
Available in The Cochrane Database of Systematic Reviews; lssue 3.
Chicheser: John Wiley; 2005 (accessed 13/01/08).

Preparations
Proprietory Preparations (details are given in Volume B)

Single-ingredient Preparations. Arg.: Bronq-C; Clembumar; Oxi-
bmn,Aum'ia:Spnupenl:au'lrMmm.Asmmc; Spiro-
pent.Ger.“L, Gr.‘-‘r Hung.: Spiropent; Indon.:

Ttal: M Jprr Spirop M, 1
Mex.: Novegam; Oxyfl Philipp.: Spi
Broncoterol; Cesbmn-f- SPdn Ventolaset; Venez.: Bmdﬂan.
Brodilin; Buclen; Clenbunal; Risopent.

3 r 52 . 1 C
Oxibron NF: Austria: M ; Ching: Amb (liﬁﬂ),
Ger.: Spasmo-Mucnsolvan. Mex.: Ambodll C; Balsibron-C; Bro-
gal C M; Bi ct far Com-
puesto; Bmxol Plus; Broxollm-c Ebmmin P- Fludexol-CL, Lox-
oral; 1 C; S it Bx;
Septacin Ex; Seraxol. L Serbok Port.: Clembroxol: Mucospas;
Ventoliber; Venez.: Ambromuco Composimm. Arbixil; Clen-
buxol; Litusix C ; Composi-
tum.

D|prophyllme [BAN, ANN]

e mrerum gy

phylingem; Biprofiina; Diprofi--
5 Biprofyl -Bi

H\umnoopoems In Chm Bur. (see p. vit), and Us.

Ph. Eur. 8: (Diprophylline). A white or aimost white,
crystalline powder. Freely soluble in water; stightly soluble
in alcohol. Protect from light.

USP 36: (Dyphylline). A white, odourless, amorphous or
crystalline solid. Freely soluble in water; sparingly scluble in
alcohol and in chloroform; practically insoluble in ether. A
1% solution in water hasa pHof 5.0 to 7.5. Store in airtight
containers.

Uses and Adminisiration

Diprophylline is a theophylline derivative which is used
similarly to theophylline (p. 1229.3) as a bronchodilator in
reversible airways obstruction.

The usual orai dose of diprophylline is up to 15mgrkg
every 6 hours. It has also been given intramuscularly.
Diprophylline is also an ingredient of preparations that have
been promoted for coughs.

Action. Improvements in measurements of lung function
after diprophylline in oral doses of 15 and 20 mg/kg were
only one-third to one-half those obtained after oral theo-
phylline 6 mgrkg.!
1. Furukawa CT. & al. Diphylline versus theophyiline: a double-blind
comparative evaluation. J Clin Pharmacol 1983; 23: 414-18.

Adverse Effects, Treatment, and Precautions

As for Theophylline, p. 1231.2, p. 1232.3, and p. 1233.1.
Diprophylline is mainly excreted unchanged in the urine
and should therefore be used with caution in patients with
renal impairment; dose adjustments may be required.
However, unlike theophylline, plasma concentrations of
diprophylline are not greatly affected by changes in liver
functon or hepatic enzyme activity such as those produced
by smoking or age.

Breast feeding. In a study of 20 women given diprophyl-
line by intramuscular injection,! diprophylline was found
to concentrate in breast milk, with a milk to serum con-
centration ratio of about 2. However, it was considered
that the quantty of diprophylline a breast-fed infant
would ingest was unlikely to produce any pharmacological
action unless the child was very sensitive. The ‘American
Academy of Pediatrics® also considers that the use of
diprophylline is usually compatible with breast feeeding.

1. Jarboe CH, ¢t al. Dyphyline ellmjnation kinetics n lactating women:

blood 1 milk transfer. J Clin Pharmacol 1981; 21: 405-10. -

The symbol ® denotes a substance whose use may be restricted in cerain sports (see p. viii)
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2. Ameri d of Pediatrics. The tansier of drugs and other
chemicals into human milk. Pediatris 2001; 108: 776-89. [Retired May
2010) Comrection. ibid: 1029. Also avaflable ar P;n:"l;uwollq

19/03/08)

Inferactions

Since dipropbyiline does not undergo metabolism by
hepatic microsomal cytochrome P450 it does not exhibit the
many interactions seen with theophyliine (p. 1233.3).
However, the possibility of synergistic effects should be
bome in mind if it is used with other xanthines.

Probenecid. Probenecid has been reported to decrease the
dearance of diprophylline thus prolonging its half-life.!

1. May DC, Jarboe CH. of. of by
* N Engl J Med 1981; 304 791.

2 May DC, Jarboe CHL. Effec of p cid on Clin
Pharmacol Ther 1983; 33: nz-s
3. Acan M, etal i of the renal

in chicken. rat and man. J Pharm Pharmacol 1987; 39: 526-30.

Pharmacokinetics

Etamiphylline Camsilate aam vy
.Camsilato. de.. dletamlﬁllna Camsilato..de - etamlﬂllna,
Camsilato_ de’parafilina; Di¢tamiphylline Camphesulfonate;

J -camsilato. de;x Et'arrnphyﬂmer Camsilate - d’

CHN;OsS=5116 -
CAS 314—35 2" (eram:phylhne), 1932629-5 (eramlphyllme
camstlate}'

ATC — RO3DA0S:

ATC Vet - QRO3DAOS.

Pharmacopoeias. In Br(ver).

BP(Vet) 2014: (Etamiphylline Camsilate). A white or almost
white powder. Very soluble in water; soluble in alcohol and
in chloroform; very slightly soluble in ether. A 10% solution
in water has a pH of 3.9 10 5.4.

Profile

Diprophylline is rapidly absorbed from the ga
tract and from the site of intramuscular injections.
Diprophyliine is not converted to theophylline in the
body. It is largely excreted unchanged in the urine with an
elimination half-life of about 2 hours. Diprophylline is
distributed into breast milk.

Preparations

Proprietary Preparations (details are given in Volume B)
Single-ingredient China: A Shen Nuo Qi (F%i¥
#); Ruo Chang (¥%); Tian Quan Xi Ning (i;ll‘?.'); Gr.: Sil-
bephylline; Homg Kong: Diprolinet: Syncophyllinet; Uni-
Dyphinet; Ital: Katasma; Port.: Neufil; Turk.: Astmadin; Difi-
lin; USA: Dylix; Lufyilin.

Maulfi-i ons. Fr.: O a la Di ylline;
Hong KD"" anchohxf Israet: Philinalt; Philinett; Ital:
Cort-Inal; Spain: Alergical Expectorante; Bronsal: Twrk.: Brok-
sin; UK: Noradran; USA: Difil-G; Dilex-G; Dy-Gt: Dyflex-G:
Dyphyliine-GG+; Jay-Phyl; Lufyllin-GG; Panfil G.

» Pr

Phormacopoeial Preporations

USP 36: Dyphylline and Guaifenesin Elixir, Dyphylline and
Guaifenesin Tablets; Dyphylline Elixir; Dyphylline Injection:
Dyphylline Tablets.

Doxofyllme JUSAN, dNIN)
quﬂlnum, ﬂoxcotbunnun

Profile

Doxofylline is a theophylline derivative (p. 1229.3) which is
used as a bronchodilator in reversible airways obstruction. It
is given in oral doses of up to 1.2 g daily. It may also be given
by slow intravenous injection.

References.

1. DiniFL, CogoR. anew xanthine
devoid of major cardiovascular adverse effects. Qurr Med Res Opin 2003;
16: 258-68.

2. SankarJ, ef al. Doxofylline: the next
J Pediatr 2008; 75: 251-4.

3. Shukla D, &t al i for
Mmmtdnﬂmmmmommewmmrym:u
Expert Opin Pharmacother 2009; 105 2343-56.

4. Page CP. Doxofylline: a “novofylline”. Puim Pharmaal Ther 2010: 23:
2314

Preparations

Propristary Preparations (details are given in Volume B)
Single-ingredient Preporctions. China: An Li Nuo Br (SHI3&/K):
An Sai Ma (%%3); Chuan Ning (}|%); Fei Te Ai Si (383X
#); Jian Pang Neng (#877#8); Lang Ming (#%%):; Lv Meng (%
#); Na De Lai (#8%); Shu zZhi (#Z); Shuai An (W3Z); Shu-
weixin ({£#4); Suo Di (Ril); Suo Ji (XF); Suo Li An (KH
%); X1 Si Nuo (WBi%); Xin Qian Ping (W#¥); Xin Xi Ping
(WEF); Yi Suo (RE); Yili (X#); India: Bestofyline; Coxy-
late; D-: Xamh!n. Do:dil. Doxfree; Daxiba; Doxma; Doxobid;
Doxob Efin-CR: dox: Filodox;

Indian

Pyline; Pyiy‘ Lunair; Monuﬁn. Mucosma; Oxowin; Oxypur; |

Hal: Ansimar, Mex.: Axofint; Philipp.. Ansimar. Dilatair;
Maxivent; Puroxan; Thal: Puroxam; Ukr.: Aerofillin

{Aopodmmmm). )
Mulii-ingredient Preparations. India: Mucosma-T.

All cross-references refer to entries in Volume A

Ewamiphylline camsilate is a derivative of theophylline
{p- 1229.3) and has been used as a bronchodilator in
reversible airways obstruction. Ewamiphylline does not
liberate theophylline in the body. Etamiphylline camsilate is
used in veterinary medicine.

The hydrochloride salt has also been used.

Etofylline jpan, i

Aethophyffinumy;  Ewofiling; Etofilinas; Etofillin;  Etofylin;

Etofylliini;  Etofyllin; Etofylline; Etofyllinum; Hydro-

xyaethyltheophyllinum; Hydroxyéthylthéophylline; Oxyeto-

phytiine; Stopunamn.

7-(2-Hydroxyethyl)-1,3-dimethyixanthine;  3,7-Dihydro-7-(2-

_hydroxyethyl)-1,3-dimethyl-1H-purine-2 6-dione; 7-{2-Hydro-
xyethyl)theophyiline.

CoHiaNO5=2242

CAS — 519-37-9.

ATC — CO4ADO4.

ATC Vet <~ QCO4ADO4.

UNIt — L164909TBI

Profile
Etofyllme is a derivative of Lheophyllme {p. 1229.3) that is

Ph. Eur. 8: (Fenoterol Hydrobromide). A white or almost
white, crystalline powder. Soluble in water and in alcohcl.
A 4% solution in water has a pH of 4.2 to 5 2. Protect froin
light.

Uses and Adminish'ah'on

Fenoterol is a direct-acting sympathomimetic with beta-
adrenoceptor stimulant activity largely selective for ber:;
receptors (a beta; agonist). It has actions and uses similar 10
those of salbutamol (p. 1220.2) and is used as a
bronchodilator in the management of reversible airways
obstruction, as occurs in asthma (p. 1195.2) and in some
patients with chronic obstructive pulmonary disease
(p- 1199.1). On inhalation, fenoterol acts within a fe'v
minutes and has a duration of action of about 3 to 5 hour:.

In the management of reversible alrways obstruc-
tion, fenoterol hydrobromide may be given from a metere. -
dose aerosol in a dose of 1 or 2 inhalations of 100 micrograms
up to 4 times daily, with at least 3 hours between doses; a
maximum daily dose of 800 micrograms is recommende 1
Current asthma guidelines recommend that inhaled shor-
acting beta, agonists such as fenoterol be used on an ‘a:-
required’, not regular, basis. In those patients requiring
more than occasional use of fenoterol, anti-inflammator/
therapy is also needed. An increased requirement for, or
decreased duration of effect of fenoterol indicates
deterioration of asthma control and the need for increase {
anti-inflammatory therapy.

Fenoterol hydrobromide is available as a dry powder
inhaler in some countries; 1 inhalation of 200 micrograms,
repeated once after 10 minutes if necessary, is given 3 or -4
times daily.

Fenoterol may be inhaled as a nebulised solution for acut:
attacks of bronchospasm; it may be given with the
antimuscarinic ipratropium. in a dose of fenoterol hydro-
bromide 1.25mg, up to a maximum of 4 times daily.
Fenoterol hydrobromide is also given alone in a dose of 0.5
to 1.25 mg depending on severity, increased to a total dail
dose of 2 mg in severe cases.

Fenoterol hydrobromide may also be given orally for the:
relief of bronchospasm at a dose of 2.5 to 5mg three time-
daily.

For doses in children, see Administration in Children
below.

Fenoterol hydrobromide has also been used similarly to

], in the mar of pr: ure lab {sec
p. 2131.1). A suggested dose, by intravenous infusion, ha:
been 0.5 to 3micrograms/minute, up 10 a maximum o’
4m1cmgramslmmute Therapy should be limited to 2
of 48 hours, because prolonged treatment is

an of preparations pr d for resp Y and
cardiovascular disorders. It is not converted to theophylline
in the body.

Etofylline nicotinate has also been used.

Preparations

Propriefory Preparations (details are given in Volume B)
Single-ingredient quawutims. Cz.: Oxyphyllin.
Multi-ingredient cz: Emlan, Oxanuil; Hnng Kong
Instenon; India: Agrophyllin; Alb Asthos;

Delin; Dericip; Deriphyllin; Deripil; Efelin; Elo-sdbeml Glo-
phyllin: Terphylin: Rus.: Instenon (Mucrenon); S.Afr.: Acoph-
lem; Alcophyllex; Dilinct; Solphyllex; Solphyilin; Theophen
Comp; Ukr.: Instenon (Hucrenon).

Fenoterol v, usan, inv ®

Fénorérol Fenoteroll; Fenoterolum; @exotepon.

BE (3,5-D|hydroxyphenyn 2—(4—hydroxy a-methylphenethyla-
mlno)ethanoL L

‘CiHpNO,=30324 e

CAS — 13392-18-2.° .

ATC - GD2CA03; ROIACO4; RO3CCO4.

ATC Ver QGD2CAD3; QRO3ACO4; QR03CC04

UNl ~- 22M9P70009

Fenoterol Hydrobromide manm, i ®

Fénotérol, Bromhydrate de; Fenoterol, hidrobromuro de,
Fenoterol-hidrobromid; ‘ Fenoterothydrobromid; Fenoterol-
hydrobromid; Fenoteroli Hydrobromidum; Fenoterolitiydro-
bromidi; Fenoterolio. hidrobromidas; Fenoterolu bromowo-
dorek; Hldrobromuro de fenoterol; TH-11653; tDeHm'epona
fwapo6pomng, .

RE (3,5-D|hydroxyphenyl)-2 (4—hydroxy—u-methylphenethyla-
:mino)ethanol hydrobromide.

C,,Hz,NotHBr—BMj )

{CAS — 1944-12-3. - :

“ATC -~ GO2CA03; R03AC04 RO3CCo4. .

ATC Vet ~— QGOXCAO3; OR03AC04 QRO3CCO4.

UNIl — RLI45Z99RB:

Pharmacopoeias. In Eur. (see p. vii).

associated with risks of serious cardiovascular effects in both
the mother and fetus (see Precautions under Salbutamol,
p. 1222.3),

Oral or rectal beta, agonist therapy is no longer
recommended in premature labour, because of a lack of
evidence of benefit from treatment given by these routes of
administration. Formerly, fenoterol hydrobromide could be
given orally in a dose of Smg every 3 10 6 hours, for
maintenance therapy after uterine contractions were
controlled by parenteral treatment.

Administration in children. In some countries fenoterol
has been given via a metered-dose inhaler to children
over 6 years of age, at the same doses used in adults (see
Uses and Administration. above).

Adverse Effects and Precautions

As for Salbutamol, p. 1221.3.

Increased mortality. Since the inroduction of metered-
dose aerosols of beta agonists there have been two
reported epidemics of increased morbidity and mortality in
asthmatic patients associated with their use. The first
occurred in the 1960s and was linked with the use of
high-dose isoprenaline inhalers.’ The use of isoprenaline
was subseq ly largely stopped in favour of more selec-
tve beta; agonists.

The second epidemic occurred in New Zealand in the late
1970s and 1980s and was associated with the use of
fenoterol.!* When use of fenoterol fell in New Zealand, so
too did the asthma mortality rate.* Heavy or reguiar use of
fenoterol was implicated.®’ Fenoterol was also implicated in
increased asthma morbidity and monality in a study in
Canada,” as was salbutamol, and results from Japan aiso
suggested a relation between asthma deaths and excessive
use of beta agonists, particularly fenoterol.® However, an
analysis of the New Zealand deaths could not ldennfy sucha
risk with beta other than f L

There is still debate about this second epiderhic. The
individual case control studies, including the one from
Canada,” showed an increased morbidity and mortality in
patients taking fenoterol, but a meta-analysis of the
accumulated data to 1992 suggested that the increase in
montality in the patients taking beta, agonists was slight and
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only significant when they were given by nebulisation.’
Also a working party of the UK CSM idered!® that a

Interactions

causal link between asthma mortality and beta-agonist use
could neither be confirmed nor refuted.

Not surprisingly there are different views on the cause of
the increased asthma mortality. The cardiotoxicity of the
beta agonist might have to be considered, although
evidence for such an effect is considered by some to be
slight.!! The severity of the asthma might have been a factor
in two different ways. One hypothesis is that patients used
more fenoterol because they had severe asthma and were
already at increased risk of dying.'? Another proposes that
heavy beta-agonist use led to an increase in asthma
severity’® which could be explained by a down reguladon of
beta receptors.'*

This may appear to be only of historical interest since

As for Salbutamol, p. 1223.1.

Pharmacokinetics

Fenoterol is incompletely absorbed from the gastrointestinal
tract and is also subject to extensive first-pass metabolism by
sulfate conjugation. It is excreted in the urine and bile
almost entirely as the inactive sulfate conjugate. Fenoterol is
distributed into breast milk.

Refc:ences.

1. Warnke K. et al. The pharmacokinetics of the beta 2-adrenoceptor
agonist fenoterol in healthy women. Eur J Clin Pharmacol 1992: 43: 663-
s 1

2 " G 1 H Ph . o N
characteristics of the beta-2-agonists terbutaline, salbutamel and
fenoterol. bt J Clin Pharmacol Ther Toxicol 1992; 30t 342-62.

mortality rates have fallen and current rec ton
for the use of short-acting beta; agonists, which are
generally more selective than fenoterol, are for them to be
taken as required rather than on a regular basis; indeed
increasing use of such drugs is seen as an indication to
amend the weatment schedule. Moreover, the dose of
fenoterol has been reduced in recent years. However,
controversy over regular use of short-acting beta, agonists
continues to be fed by conflicting studies of their benefit.
More recently. 2 further observational studies have reported
an association between use of short-acting beta, agonists
and adverse effects on mortality.!*!¢ A cohort study.!*
designed to evaluate the effect of respiratory medications on
asthma death, Jlound an assodation between the excessive
use of short-acting beta, agonists and an increased risk of
asthma death; no additdonal risk was found with fenoterol
beyond the risk associated with beta, agonists as a class. It
was unknown whether excessive use was a symptom or a
cause of worsening asthma. A case-control study's similarly
found a modestly increased risk of mortality assodated with
use of short-acting beta, agonists in the previous 1 to 5
years. However, the study had insufficient power to come to
any conclusions regarding the effects of fenoterol, which
was rarely prescribed alone, and concluded that evidence
{or a direct adverse effect of beta; agonists was incondusive;
other explanations might include lack of more appropriate
asthma care, more severe disease or increasing severity of
disease, or a tendency for patients whose disease was not
responding to receive a wider range of treatments.

For discussion of similar concerns about the use of long-
acting beta, agonists in asthma, see Salmeterol, p. 1224.3.
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Preparations
Proprietary Preparations (details are given in Volume B)

ient Preporctions. Arg.:. Alveofen; Asmopul:
Berotec; Austria: Berotec; Belg.: Berotect; Braz.: Berotec: Bro-
mifer; Bromotec Fenate; Fenozant; Cz.: BeroteG Demm.:
Berotect: Ger.: Berotec; Partusisten: Gr.. Berotec: Ftagirol;
Hung.: Berotect; Indon.: Berotec; Irl.: Berotect; Ital.: Dosbero-
te; Jpm: Berotec; Malaysia: Berotec; Feno; Mex.: Partusisten;
Neth.: Berotect; Partusisten; Philipp.: Berotect; Pol.: Berote
Port: Berotect; Rus.: Berotec (Beporex); Partusisten
([taprycucren); S.Afr. Berotec; Simgapore: Berotec Switz:
Berotec; Thai.: Berotect: Iperol; Ukr.: Berotec (Bepotex):
Venez.: Segamol.

Muhi-i Pr Hons. Arg.: Berodual; Ipradual; Austria:
Bemdual. Bcrodualm. Belg.: Duoveny; Braz.: Duovent; Canad.:
Duovent; Chile: Berodual; Cz: Berodual; Demm.: Berodual;
Duovent; Fin.: Atrovent Comp; Fr.: Bronchodual; Ger.: Bero-
dual; Gr.: Berodual: Hung.: Berodual; India: Fcnovent: Indon.
Berodual; Irl.: Duoventt; Ital: D
Duovcnt. Mex_ Berodual; Ivon; Neth.: Berodual. Plu-
tipp.: dual; Pol.: Berodual; Port.: Berodual; Rus.:

{Bepontyan); Ditec (lgrex)t; S.Afr.: Atrovent Beta; Berodualt:
Duovent; Sabax Nebrafcn. SIW chdual Duovem.
Switz.: Berodual; Thai.: dual; Inhalex;

(CigthN 0 CHO~8049

S 73573472 (fnnnarérb/), 43229907 (formoterol

Pharmacopoeias. Eur. (see p. vii); Jpn, and US mclude the
dihydrate, (C\gH;24N;Q4)5, CoH 04, 2H,0 = 840.9.

Ph. Eur. 8: (Formoterol Fumarate Dihydrate; Formoteroli
Fumaras Dihydricus). A white or almost white or stightly
yellow powder. Slightly soluble in water and in mopropyl
alcohol; practically insoluble in acetonitile; soluble in
methyl alcohol. A 0.1% solution in water has a pH of 5.5 to
6.5. Protect from light.

USP 36: (Formoterol Fumarate). A white or almost white or
slightly yellow powder. Slightly soluble in water and in
isopropy! alcohol; soluble in methyl alcohol; freely soluble
in acetic acid and in dimethyl sulfoxide; practicaily insoluble
in acetonitrile and in ether. A 0.1% solution in water has a
PH of 5.5 to 6:5. Protect from light.

Nebuliser solutios g formoterol fumar-
ate 10 micrograms/mL was found to be physically and che-
mically stable when mixed with the following solutions:!
¢ budesonide inhalation suspension 250 mricrograms/mL
¢ acetylcysteine solution 100 mg/mL
¢ ipratropium bromide mhalauon solution 200 micro-

grams/mL

sadium cromoglicate inhalation solution 10 mg/mlL
The authors of this study noted that when these solutions
were mixed and nebulised, or given sequentially, the
amount of drug delivered i vitro was increased compared
with single-drug nebulisation. Additionally, sequencal
nebulisation led to higher delivery of the first drug given.
The dlinical implicatdons of these results were unclear.

1. Akapo S, o al. Compatbility and aerosol dnncr.:rlsms ol bmnmml
fumarate mixed with other necbult
2008; 42; [416-24. .

Uses and Administration

Punol; UK: Dr t; Ukr.: Berodual (Bepoayan); Venez.: Bero-
dual; Duovent; Respidual.

Pharmacopoeial
BP 2014: Fenoterol Pressurised Inhalation.

Fenspiride _Hydrochlorlde IUSAN, NN

Decaspmde, : idroclor
Chlorhydrate de; Eenspmdt

‘de fenspirida;, JP428, ‘NAT-333; _NDR:5998A;. (Deﬂmupuga
fugpoxnopug, .

8- Phenethyl-?-oxa-B 8—drazasp|ro[45]decan-2-one hydro—
chloride.”... .. -

CISHZONZOZHG_Z%B

CAS = 5053-06-5 fenspmde) 5053-08-7 (fEnspmde hydro-
chioride). .
ATE.— RO3BXO01, RO.?DXOJ . . i

7ATE Vet — QRO3BXG1; QRO30X03. * T
Uk — . 832NBX878 '
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1994; 309: 795-6.

13. Sears MR. Asthma deaths in New Zealand. Lancer 1995; 345: 655~6.

14. Tauersfield AE. Use of B ; agonists in asthma: much ado about nothing?
BMI 1994; 309: 794-5.

15, Lanes SF, #t ai. Respiratory medications and risk of asthma death. Thorax
2002: 57: 683-6.
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case-conrol study. Abridged version: BMJ 2003; 330 117. Fall version:
http://www.bmj.com/cgifreprint/330/7483/1 17 (accessed 15/01/08)

ia. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dassifies fenoterol as prob-
ably not porphyrinogenic; it may be used as a drug of first
choice and no precautions are needed.!
1. The Drug Database for Acute Porphyria. Availabie at: hupu/ivwww.
drugs-porphyria.org (accessed 17/10/11)

Pulmonary oedema. Pulmonary oedema has occurred in
women given beta agonists, including fenoterol! for pre-
mature labour. The risk factors, the most important of
which is fluid overload, are discussed under Precautions
for Salbutamol, on p. 1222.3.

). Hawker F. Pulmonary oedema d with B 7
treatment of premature labour. Anaesth Infensive Care 1984; 12: 14351,

The symbol t denotes a preparation no longer actively marketed

Fenspiride is reported to have bronchodilator and
anti-inflammatory properties. It is given as the hydro-

Formoterol is a direct-acting sympathomimetic with mainly
beta-adrenoceptor stimulant actvity specific to beta,
receptors (a beta; agonist). It has properties similar to
those of salbutamol (p. 1220.2), but like salmeterol
(p. 1224.1) it has a prolonged duration of action of up to 12
hours; it is therefore not considered suitable for the
symptomatic relief of acute attacks of bronchospasm. It is
used with regular inhaled corticosteroid when a regular
long-acting beta, agonist is needed for management of
chronic asthma (p. 1195.2), or for prevention of exercise-
induced asthma. It is also used in chronic obstructive
pulmonary disease (p. 1199.1).

Formoterol is given by inhalation as the fumarate but
how the dose is expressed may depend on the formulation.
* A usual dose for asthma is 1 inhalational capsule of

formoterol fumarate 12 micrograms twice daily. In the

UK, this may be increased to 2 inhalational capsules

(24 micrograms) twice daily if necessary for severe

disease. In the USA, 1 inhalational capsule of 12 micr-

ograms may be taken when required, at least 15 minutes
before exercise, to prevent exerdse-induced broncho-
constriction in those patients not taking regular doses;
additional doses should not be taken within 12 hours.

» Metered doses from a dry powder inhaler may be
expressed as the amount delivered into the mouthpiece

(multiples of 6 micrograms per inhalation) or the amount

chloride in asthma ({p. 1195.2) and other respiratory
disorders in usual oral doses of 160 to 240mg daily in

divided doses before meals. It has also been given rectaily

and by intramuscular or intravenous injection.

Preparations
Propriefary Preparations (dctails are given in Voiume B)

i Preparati Fr.: P i; Honmg Kong:
B lt; ftal.: Pn l; Pol.: Elofen; Eurespal; Penspo-
gal; Puineo; Port.: Pn l; Rus.: Eurespal (Op ); Ukr.:
Erespal (2 pil (¥

delivered from the mouthpiece (corresponding to
multiples of 4.5Smicrograms per inhalation). Usual
doses, expressed as the amount delivered into the
mouthpiece, are 6 or 12 micrograms once or twice daily,
increased if necessary in severe disease to 24 micrograms
twice daily. (In the UK, a dose of 12 micrograms may be
taken before exercise to prevent exercise-induced "
bronchoconstriction.) No more than 36 micrograms
should be inbaled as a single dose, with a maximum
daily dose of 72 micrograms.

* Metered doses from an aerosol inhaler may also be
exp d as the amount delivered into the mouthpiece

Formoterol Fumarate

(12 micrograms per inhalation) or the amount delivered
from the mouthpiece (corresponding to 10.1 micrograms
per inhalation). Usual doses are 1 or 2 inhalations twice

daily.

Treatment should be reassessed if this proves inadequate; in
the UK, some preparations are licensed for additional short-
term symptom relief, but such use is contrary to current
asthma guidelines {see p. 1195.2). .

In chronic obstructive pulmonary disease, a usual
dose from inhalation capsules is formoterol fumarate
12 micrograms twice daily.

Metered doses from a dry powder inhaler, expressed as
the amount delivered into the mouthpiece, are 12 mia-
ograms once or twice daily while those from an aerosol

The symbol @ denotes a substance whose use may be restricted in certain sports (see p. viii)
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inhaler are 12micrograms twice daily; if required,
additional doses may be used for relief of symptoms. A
maximum of 24 micrograms may be inhaled as a single dose,
with a total maximum daily dose of 48 micrograms.

Formoterol fumarate may also be inhaled via a nebuliser
in a dose of 20 micrograms twice da:ly

An oral formulation of f isa
in some countries for reversible airways obstruction; doses
of 80 micrograms have been given twice daily.

For doses of formoterol fumarate used in children, see

Administration in Children, below.
Reviews.
1. Faulds D, ddmdammdluphanmbdulmﬂu
and th tial in alrways disease. Drugs
1991; 42: 113-37.

2. Bartow RA, Brogden RN. Formoterol: an update of its pharmacoiogical
and therapeutic efficacy I the management of asthma. Druss

1998; 33: 303-22.

3. Sovani MP, et al. A benefit- rlsk asasmenl u“nhaled long-saiing B ;-
agonists in the disease. Drug
Safety 2004; 27: 689-713.

Administration in children. Doses of formoterol fumarate
inhaled from inhalational capsules in children aged 5
years or older are the same as those for aduits, see Uses
and Administration, p. 1209.3.

Formoterol fumarate may be given by metered-dose dry
powder inhaler to children é years of age and over. The
usual dose, expressed as the amount delivered inio the
mouthpiece, is 6 to 12micrograms once or twice daily.
Occasionally up to 48 micrograms daily may be required
(maximum single dose should not exceed 12 micrograms).

doses have been assoclated with an increase in severe
exacerbations of asthma. It should not be used in patients
who are not also receiving an inhaled corticosteroid.
Long-acting beta, agonists such as formotero] are not
appropriate for the tr of acute bronch
Conjunctival irritation and eyelid oedema ‘have been
reported in isolated cases.
Refcm:ces.
1. Wilton LV, Shakir SA. A p ket i of
(Foradil): its use in general practice in England. Drug Safety 2002: 15:
213-23.
2. Pauwcis RA. o« al. Formoterol as relief medicadon in amhma: a
worldwide safety and effectiveness trial. Eur Respir J 2003; 22: 787-54.

Asthma. A review of 3 controlled studies comparing
inhaled formoterol with placebo, concluded that regular
use of high-dose formoterol (48 micrograms daily) may be
associated with more frequent serious asthma exacerba-
dons.! The conc use of inhaled corticosteroids was

llowed but not datory, and was not reported in the
review, which led to debate on whether the results of the
study would be applicable when current prescribing guide-
lines for asthma were followed.2?

In some countries, such as Japan, formoterol f
has been given orally to children from the age of 6 months at
a dose of 4 micrograms/kg daily, in 2 or 3 divided doses.

Asthma. Formoterol is a long-acting beta, agonist (dura-
tion of action about 12 hours). Guidelines on the manage-
ment of asthma, see p. 1195.2, generally recommend that
the use of long-acting beta, agonists be reserved for
patients with chronic asthma who have already progressed
to inhaled corticosteroids; they are not a substitute for cor-
ticosteroids. Combinations of for 1 with an inhaled
corticosteroid, used as both maintenance and reliever
therapy, have been studied. Results are seemingly
encouraging, although what role such combinations
should play in therapy is not yet clearly defined. Formo-
terol may also be useful in controliing persistent noctumal
asthma or preventing exercise-induced arttacks. There is
some evidence that after prolonged use, protection against
bronchoconstriction is reduced (see Tolerance, below),
and high-dose therapy may be assodated with an
increased rate of severe exacerbations (see Asthma under
Adverse Effects and Precautions, below). Although long-
acting bronchodilators should not be used for acute relief
of asthma, formoterol has reportedly been used success-
fully as part of the management of acute severe asthma in
hospital.
Rcfcrences
1. vander Molen T. et al. Bffects of the long acting 8 agonist formoterol on
asthma control in asthmatic patients using inhaled corticosteroids.

Thorax 1996; 52 535-9.
2. Pauwels RA. « al. Bifeat of inbaled

Inc to this, a study,* d d to test
the hypothesis of a dose-related increase in serious asthma
exacerbations with formoterol therapy, did not show any
increase in serious asthma exacerbations between different
formoterol doses and placebo. Again, inhaled corticosteroid
use was allowed but not mandatory, with 62.4% of patients
reported as receiving regular anti-inflammatory therapy.

A systematic review® firmly concluded that the addition
of a long-acting beta, agonist (such as formoterol) to low or
high doses of inhaled corticosteroids reduced the risk of
asthma exacerbations compared with ongoing treatment
with similar doses of inhaled corticosteroids alone. The
addition of a long-acting beta, agonist reduced by 23% the
relative risk of patients requiring systemic corticosteroids for
an asthma exacerbation, over 4 to 54 weeks. There is no
evidence of a difference in safety between treatment with
formoterol plus a cortic id (rypically bud ide} and
salmeterol plus a corticosteroid (fluticasone).* However, for
concerns about serious adverse effects associated with long-
acting beta, agonmists in asthma, including systematic
reviews of largely asthma-related events with formoterol.
see Increased Mortality, under Salmeterol p. 1224.3.
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6. Cates CJ, Lasserson TJ. Regular eatment with formoterol and an
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Inferactions
As for Salbutamol, p. 1223.1.

Pharmacokinetics

Inhaled formoterol is rapidly absorbed. It is largely
metabolised by glucuronidation and O-demethylation
with about 10% being excreted in the urine as unchangec
drug. The mean terminal elimination half-life after
inhalation is estimated to be 10 hours.

ity. Formoterol occurs as a racemic mixture

in which arformoterol (p. 1202.3), the R.R-enantiomer, it

the active form."? It has been suggested that stereoselec

tive metabolism and excretion may account for the indivi

dual- variation in duration of effect seen with formoterol

although the exact mechanism remains unclear.'>

1. Zbang M. etal. i of [«

liver microsomes. Br J Clin Ph‘mal 2000; 49: 152-7.

2. Lbwvall), et al. The effect of formoteral over 24 h im patients with asthma
the role of enantiomers. Puim Pharmacol Ther 2005: 18: 10913,

3. Zhang M, a al. urinary of fe [ and ir:

glucuronide conjugate in human. Br J Clin Pharmacol 2002; 34: 246-50
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Preparations

Proprietory Preporations (details are given in Volume B)
Single-ingredient Arg.: Fordilen; Oxis; Xanol; Aus-
tral.: Foradile; Oxis; Austria: Foradil: Oxis; Belg.: Foradil; For-
magal: Formoair; Oxis; Braz.: Fluir; Foradil: Formare; Formo-
caps; Oxis; Canad.: Foradil; Oxeze; China: Atock (X&%); Oxis
(B 3H); Pan De Xin (WMAK); Cz.: Atimos; Foradil: Forairt:
Formano; Formovent; Oxist; Denm.: Delnil; Eformaxt; Poradil;
Formo; Postair; Oxez: Oxis; Fin.: Cycloterol; Fomeda: Foradil:
Formaxa; Oxis; Fr.: Asmelor; Atimos; Foradil; Formoair; Ger.:
Foradil; Forair; Formatris; FormoLich; Formotop; Oxis; Gr.:
Broncoteril; Edufil; Foradil; Forair; Forcap; Formaxa; Formo-
pen: Formotll Imotec; Kinitron; Oxez; Homg Kemg: Oxis;
Hung.: Atmos; Diffumaxt; Foradil: Fortofant: Oxis: India:
Deriform: Poratec; Irl.: Foradil; Oxis; Israel: Foradil: Oxis: Ital:
Aliterol; Atimos: Bolus; Bvervent: Feronal: Foradil: Forotan:
Fortasint; Kurovent; Levovent; Liferol; Oxis; Jpm: Atock; Oxis;
Malaysia: Oxis; Mex.: Foradil; Oxis; Neth.: Atdmos; Poradil; For-
mocapst; Oxis: Norw.: Foradil}; Oxis; NZ: Foradil; Oxis; Phi-
lipp.: Atock: Poradil; Oxist; Pol.: Atimos; Diffumax; Poradil;
Forastmin: Oxis; Oxodil: Zafiron; Zomexil; Port.: Asmatec Ad-
mos; Eformaxt; Poradil: Forair: Formaxat: Oxis; Rus.: Atimos
{Anmmoc); Foradil {(Dopaman); Oxis (Oxcuc); S.Afr.: Foradil; For-
atec; Oxis; Singapore: Foradil; Oxist; Spain: Broncoral; Foradil;
Formatris; Neblik; Oxis; Swed.: Foradil: Formatris; Oxis: Swifz.:
Foradil; Oxis; Thai.: Oxis; Turk.: Atimos; Foradil; Porast; For-
yxa; Oxis; Ventofor; UK: Atimos Modulite} Foradil; Oxis; Ukr.:
Fortix (®op Z2afiron (3admp USA: Foradil: Perforomist;
Venez.: Fluir; Foradil; Formotec.

Muli-ingredient Preparations. Arg.: Frevia; Neumoterol; Symbi-
cort; Austral.: Symb Austria: Formodual; Foster; Symbi-
cott; Belg.: Flutiform; Inuvair; Symbicort; Braz.: Alenia: Fora-
seq; Fostair; Symbicort; Vannair; Canad.: Symbicort; Zenhale.
Chile: Symbicort; Vannair; Chma: Symblcon ({B£7]); Cz

Budfor; C Edoflo; Fc icort; Demm.; Assi-
une lnnovur Rilast; Sinesticc Symblcon. I-'m. Flulﬂorm.

bicort; Fr.: F ; Sy

Ger.: Pos(er Inuvair; Symbicort; Gr.: Foster; Inuvair; Symbi-
cort: Hong Kong: Symblcon: Hung.: Foster; Symbicon, India:

associated with clcvau.-d cream\c kinase has been reported | Avessa; Bud bihale-FF; Duova; E . Foracort:
during for 1 b muscle biopsy | Formonide; Indor.: Symblcon. IrL Budfor; Edoflo; Symbicor:
suggested unmchondnal dysiuncnon No infl XY | Israel: Symbi Ital: A Fe dual; Fos-

changes were seen and symptoms resolved on withdrawal
of formoterol.
1. Ki:nunMC.dnl wad:mdnaldysfunmmindrodukzkswns
of B2 agonist
Nananmd Dlml 2004; 14: 375-7.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies formoterol as

probably not porphyrinogenic; it may be used as a drug of °

first choice and no precautions are m:cdcd.I
L -nunm; Danh-s! for Acute Available at: hup:

Reviews: Isue 1. Chichester: John Wiley: 2009 {(accessed 11/08/09).
13. Rodrigo G, & al Formoterol for acute asthma in the emergency

department: a systematic review with meta-analysis. Anm Allergy Astione
Inomunol 2010; 104 247-52.

Stuttering. Inhaled formoterol 12micrograms daily was
reported to improve stuttering (p. 1078.1) in 3 children
between 14 and 20 years old. In 2 males, the onset of
effect was about 6 weeks, but long-term follow-up was
not possible. In the female patient there was early

All cross-references refer to entries in Volume A

gs- l7llollll

Tolerance. Regular use of formoterol produced bronchodi-
lator desensitisation,!> and tachyphylaxis to bronchopro-
tection against methacholine, effects that have been noted
with other long-acting beta, agonists (see Salmeterol,
p. 1225.2) and short-acting beta, agonists (see Salbutamol,

p. 1222.3).
1. van der Woude HJ, et al. d hodilati eﬂcctol I
in relieving hacholine induced mod: 10 severe b

ter; Inuver Sinestic; Sinesticmitet; Symbicort: Jpm: Symbicort;
Malaysia: Foracort; Symbicort; Mex.: Symbicort; Neth.: Assi-
eme; Budfor; Edoflof; Flutform; Formodual; Foster; Iffeza:
Sinesticc Symbicort; Norw.: Flutiform; Inuxair; Symbicort; NZ:
Symbicort: Vannair; Philipp.: Symbicort; Pol.: Fostex: Symbi-
cort; Port.: Assieme; Formodual; Foster; Symbicort; Rus.: Fora-
dil Combi (®opamun Komba); Foster (®ocrep); Simbicort
(CmeGoxopt)t; Symbicort (C p1); S-Afr.: Symbicord; Sin-

gapore: Symbicort; Spain: Formodual; Foster; Rilast; Symbicort;

Swed.: Innovair; Symbicort; Switz.: Symbicort; Yannair; Thai.:
Symbicort; Turk.: Combipack: Foradil Combi; Foster; Innovair:
Symbicort: Ventofor-Combi; UK: flutiform; Fostair: Symbicort:
Ukr.: Simbicort (Cumbuxopr); USA: Dulera; Symbicort; Venez.:
Foraseq; Symbicort.

Hephmmol Acefyllinate (N

‘Acefilinato “de heptammol Azcéfylhnate dHeptammoI‘
Acefyllinum. Heptaminolum; Heptaminol, acefilinatd de;
Heptaminol Acéfylline; Heptaminol Acephyllinate; Heptami-
‘nol " Theophyliine Ethanoate; Heptaminol’ Theophylline-7-




Heptaminal Acelinate/Ipratropium Bromide 1211

Aacetate; Heptaminoli
MHAT, :
}'he 6—armno-2»methylheptan-2~ol salt of theophylth—
ylacetic acid .- .
QH19N0C9"||oNt00—3334 -
-CAS — 5152-72-7; roo75-w<1
ATC — COIDX08. - - - -l
ATC Vet — QCOIEXD8.» + 7% i
UNIl — WLGINITBOE, -+ )

Acefyllin&s; Fentamurona

Profile

Heptaminol acefyllinate is a derivative of theophylline
(p. 1229.3) that has been used for its bronchodilator and
cardiovascular effects.

Preparations
Proprielary Preparations (details are given in Volume B)

Single-ingradient Preparations. Indon.: Cariamyl,

Muls-ingredient Preparations. Braz.: Sureptil; Spaim: Diclami-
nat.

Hexoprencllne Hydrochlonde

[BANM, ANNM] ®

Hexoprenallna, h|drocforuro de‘ Hexoprénallne Chlorhy-
“drate o, Hexoprenallm Hydrochloridum; Hidrocloruro de
-hexoprenaling; ST-1512; lexconpeHanvya fapoxnopua. .

“N.N'-Hexamethylenebis{4-(2-amino-1-hydroxyethypyraca-
techol] dihydrochlqride; NAf-Hexamethylenebis{2-amino-1-
(34~dvhydroxyphenyﬂeﬂwnoﬂ dlhydmdﬂoride_

CAS == 3215701 (l':etdplmallne), 4323-43 -7 {heroptenaline
dihydrochioride).
ATC —~ RO3ACHS; ROICK

ATC Vet — QROFACOS; QROSCCOS

Hexoprenclme Sulfah (BANM, USAN, riNNM) ®

Hexoprenalina,  sulfatd’; é .
Hexoprenaline Sulphate; Hexoprena"nr Sulfas, Sulfato de:
hexoprenaling; fexconperanuea Cynedear. -

(#)-a0' n-lexamethyleneb«s(lmmomethyfene)] bis(3 4—d|hy-
droxybenzyl alcohal} sulfate (1:1)..: - -,
CpHyNOgH;50:=5186 -
CAS — 32266-H0-7;
ATC — RO3ACD6: ROICCOS:
ATC Vet — QRO3AC06; ORO
"UNIl = (85159102C "

Profile

Hexoprenaline is a direct-acting sympathomimetic with
mainly beta-adrenergic activity selective to beta, receptors
(a beta; agoaist). It has properties similar to those of
salbutamol (p. 1220.2) and has been used as a
bronchodilator in the treatment of reversible airways
obstruction as occurs with asthma (p. 1195.2) and in some
patients with chronic obstructive pulmonary disease
(p. 1199.1). It has sometimes been used similarly to

Ib I in the ent of premature labour

(p. 2131.1).

Hexoprenaline is usually given as the hydrochloride or
sulfate.

For the relief of bronchoconstriction, a typical aduit
oral dose of the salts has been 0.5 to 1 mg three times daily.
The salts were also formerly given by inhalation. In patients
with asthma, as-required beta agonist therapy is preferable
to regular use. An increased need for, or decreased duration
of effect of, hexoprenaline indicates deterioration of asthma
control and the need for revicw of therapy.

In the ure labour an intra-
venous infusion of hcxoprcnaline sulfate, diluted in glucose
5% or sodium chloride 0.9%, can be given at an initial rate
of about 300 nanograms/minute. Infusion may be preceded
by slow intravenous injection of 10 micrograms as a loading
dose over 5 to 10 minutes. Beta; agonist therapy should be
limited to a maximum of 48 hours, because prolonged
treatment is assoclated with risks of serious cardiovascular
effects in both the mother and fetus (see Precautions under
Salbutamol, p. 1222.3). Oral or rectal therapy is no longer
rec 1ded in pr labour b of a lack of
evidence of benefit from treatment given by these routes of
administration. A lower dose prolonged infusion of
75 nanograms/minute has been used for support during
cervical cerclage.

The symbol 1 denotes a preparation no longer actively marketed

Preparations

Indacaterol has also been investigated in the treatment of

Proprieiary Preparafions (detax]s are glvenm Volume B)
Single-ingredient Py Arg.: ; Austria: Gyni-
prak Cz.: Gynipral. Hong Kong: Ipradol. Rus.: Gynipral
(F-mw). S.Afr.: lpradelt; Switz: Gynipra; Ukr.: Gynipral
(Tuuunpan)

ibudilast [ANN)

AV-4H Ibudllastum KC404 MN 166; Méynvmacr
D )

Phonnaccpoems. In me
Profile

Ibudilast is an orally active leukotriene antagomist
(p- 1195.2), phosphodiesterase inhibitor, and platelet-
activating factor antagomist. It is given orally in the
managemcnt of asthma (p. 1195.2) in a dose of 10 mg twice

Ibudxlasr. is also d for the of
dizziness secondary to impaired cerebral drculation
following cerebral infarction, in doses of 10 mg three times
dail

Y- .
Tbudilast is also under investigation for the t of

References,
1. RoigJ, o «l. ndacaterol, a novel once daily inhaled B 2~adrenoreceptor
agoaist. Open Rexpir Med J 2009; 3: 27-30. .
2. Bech KM, Beler J. Indacaterol, 2 novel inhaled, once-daily, long-acting
for the treatment of obstructive airways diseases. Adv

Adverse Effects and Precautions

As for Salbutamol, p. 1221.3 and p. 1222.3. Nasophar-
yngitis, cough, and upper respiratory-tract infections are
common.

Interactions

As for Salbutamol, p. 1223.1.

Indacaterol is metabolised by the Cytodn'ome P450
isoenzyme CYP3A4 and P-glycoprotein and inhibitors of
these substances may increase systemic exposure to
indacateroi, although this did not affect safety in dinicat
studies.

Pharmacokinetics .
Peak concentrations oi mdacatcrol occur about 15 minutes
after inhalati bi ilability was on average

43%. Indacaterol is metabolised by cytochrome P450
isoenzymes, particularly CYP3A4. Uridine diphosphate
glucuronosyltransferase 1A1 (UGT 1A1) also contributes to

multiple sclerosis and for chronic neuropathic pain.

References.

1. Kishi Y. et al. Dudilast a non-selecdve PDE mhibitor with multiple
actions on blood cells and the vascular wall. Cardiowasc Drug Rev 2001; 19:
215-25.

2. Ledeboer A, et al. budilast (AV-411): 2 new dass therapeutic candidate
for neuropathic pain and opiocid withdrawal syndromes. Expert Opin
Irrvest Drugs 2007; 165 935-50.

3. Rolan P, o 4l budilast in heaithy volunteers: safety, tolerability and
pharmacokinetics with single and multiple doses. Br J Clin Pharmaco!
2008; 66: 792-801.

4, Rolan P, et al. Ibudilast: a review of its pharmacology. efficacy and safety
in respiratory and neurological discase. Expert Opin Pharmacother 2009;
10: 2897-2%04.

Preparations
"‘F"hf Preporations (details are given in Volume B)
China: Si Yl Ke (A1 BT); Wei

Single-ingredient Preparalions.
Chang (#%); Jpm: Ketas.

Inducuferol (BAN, USAN, NN @

,temlum, QAB—I49' Iﬂngaxarepon L
DuetiwI-Z.B-dlhydro—W-nnden—Z yl)amlnol-1-

hydronethyl}-S—hydroxyqulnolmQ(Tl-l)-one hydmgen (22)
2-butenedioate (salt).
Cz‘quNzonHaom—m

ATCVer 0RO3A l& RO .
UNII—2JECHIX7R. el e

Uses and Administration

Indacaterol is a long-acting beta, agonist used as a
bronchodilator in the maintenance treatment of chronic
obstructive pulmonary disease; it is not indicated for the
relief of acute bronchospasm. It is given as the maleate but
doses are expressed as the base; indacaterol maleate 1.3 mg
is equivalent to about 1 mg of indacaterol. Inhalation results

bolism and indacaterol is a low-affinity substrate for P-
glye When ind ol was given orally, about
90% was excreted In the faeces; renal clearance plays a
minor role in excretion via the urine. The average terminal
half-life was 45.5 to 126 hours, but a half-life of 40 to 52
hours was calculated after repeated dosing.

Preparations
Proprielary Preparations (dera.i.ls are given in Volume B)

Single-ingredient Aryg.: Onbrize; Austral.: Onbrez;
Austria: Oubrez; Belg.: Onbrez; Canad.: Onbrez; Cz.: Hirobriz;
Onbrez; Oslif; Deeme.: Onbrez; Fr.: Onbrez; Oslif: Ger.: Onbrez;
Gr.: Onbrez; Hung.: Onbrez: Irl.: Hirobriz; Onbrez; Oslif; Israel:
Onbrez; Jpn: Onbrez; Neth.: Hirobrizz Oubrez; Oslif: Norw.:
Onbrez; Philipp.: Onbrez; Pol.: Hirobriz; Onbrez; Oslif; Port.:
Hirobrizz Onbrez; Oslif; Simgapore: Onbrez; Spaim: Hirobriz:
Onbrez; Oslif; Swed.: Onbrez; Switz.: Onbrez; Thai.: Onbrez;
Turk.: Onbrezz UK: Onbrez; Ukr.: Onbrez (Os6p=|) USA:
Arcapta.

Iprutroplum Bromide @, usan, NN

Bro
Brémutb de; Ipratrogiowy - brome
monohydrat; lpmroptum Bromure

ATC - R01AX(J3" RO3B80I. - o
ATC Vet — QROTAXD3; QROSBBOI
UNI — J697UZZA). -+ '

Pharmacopoeias. In Eur. (see p. vii), Jpn, and US.

Ph. Eur. 8: (Ipratropium Bromide). White or almost white
crystalline powder. Soluble in water; slightly soluble in
alcohol; freely soluble in methyl alcohol. The pH of a 1%
solution in water is 5.0 to 7.5.

USP 36: (Iprawopium Bromide). A white to off-white,
crystalline powder. Soluble in water; slightly solublé in
alcohol; freely soluble in methyl alcohol. A 10% solution
has a pH of 5 to 7. Store in airtight containers.

Stability. In a study' of the stability of admixtures of ipra-
trop and solutions equal ratio
mixtures were Iound to retain more than 90% of their
initial conc ge for 5 days at 4 degrees

in a rapid onset (within 5 minutes) of bronchodil
which lasts for up to 24 hours.

In the UK indacaterol maleate is given as inhalation
powder in capsules containing the equivalent of indacaterol
150 microg) or 300 micrograms, and supplying indaca-
terol 120 micrograms or 240 micrograms, respectively, from
the mouthpiece of the device. The contents of one capsule
are inhaled daily, at the same time cach day. In the USA a
lower dose of one 75-microgram capsule daily, supplying
indacaterol 57 micrograms from the mouthpiece, is licensed.

or 22 degrees in the dark or at 22 degrees under continu-
ous fluorescent lighting. ) o
1. Jacobson GA, Peterson GM. Stability of lpratroplum bromide and
salbutamol nebuliser Int ] Pharm Pract 199%; 3c 169-73.

Uses and Administration

Ipratropiumn bromide is a quaternary ammonium
antimuscarinic (p. 1195.1). It is used by inhalation as a
bronchodilator in the treatment of reversible. airways

The s.ymbol ® denotes.a substance whose use may be restricted in certain sports (see p. viii)
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obstruction, as in asthma and chronic obstructive puim-
onary disease (see below).

In the UK the dose of ipratropinm bromide from the
metered-dose aerosol is expressed in terms of the amount of
drug released from the valve into the mouthpiece

ment with ipratropium (given for at least 4 weeks) with
weatment using regular short-acting beta; agonmists in
stable COPD;! it found small benefits on lung function
outcomes and quality of life with ipratropium compared
wnh a short-acting beta, agonist; a reduction in the
for oral corticosteroids was also seen. Com-

"(20 micrograms) whereas in the USA it is exp d in
tertas of the dose emitted from the mounhpxece (17 micr-
ograms, cquivalent to 21 micograms released from the
valve); recommended doses may therefore appear lower in
the USA. For reversible airways obstruction, the usual
UK dose from a d-dose | is 1 or 2 inhalaton:
(20 or 40 micrograms) three or {our times daily; single doses
of up to 4 inhalations may be required. Comparable doses
are used in the USA, but it is recommended that the daily
dose should not exceed 12 inhalations. Ipratropium
bromide may aiso be given by inhalation as a nebulised
solution in doses of 250 to 500 micrograms up to 4 times
daily. Dry powder inhalation capsules have been used.

Ipratropium bromide, given intranasally, is also used in
the management of rhinorrhoea associated with rhinitis. A
dose of 42 micrograms is given into each nostril by metered-
dose nasal spray 2 or 3 times daily. US licensing also permits
higher doses of 84 micrograms into each nostril 3 or 4 imes
daily, for up to 4 days when rhinorrhoea is associated with
the common cold; doses of 84 micrograms may be given into
each nostrit 4 times daily, for up to 3 weeks when
rhinorrhoea is associated with seasonal allergic rhinitis.

For details of doses in children, see Administration in
Children, below.

Administration in children. Children may be given ipra-

tropium bromide via a metered dose aerosol in the treat-

ment of reversible airways obstruction. UK licensed

product information recommends doses by age as follows:

* under 6 years: 1 inhalation of 20 micrograms three times
daily

e 6t 12 years: 1 or 2 inhaladons of 20 micrograms three
times daily

¢ 12 years and over: adult doses, see p. 1211.3

Ipratropium bromide may also be given by inhalation as a

nebulised soluton. UK licensed product information

recommends the following doses:

¢ under 6 years, for the treatment of acute asthma only:
125 to 250 micrograms, given no more often than every 6
hours up to a total daily dose of 1 mg

s 6 to 12 years, for the weatment of acute or chronic
asthma: 250 micrograms, repeated if necessary up to a
total daily dose of 1 mg

» 12 years and over: adult doses, see p. 1211.3.

Ipratropium bromide is used in the management of

rhinorrhoea assodated with rhinitis. A dose of 42 micr-

ograins may be given into both nostrils two or three times

daily. In the UK this dose may be given to children from 12

bination therapy with ipratropium and a short-acting
beta; agonist was associated with some clinically meaning-
ful lung function outcomes compared with the beta, ago-
nist alone, but these were not reflected in subjective
improvements or symptom scores.

A systematic review comparing ipratropium with a long-
acting beta, agonist in stable COPD,? found that salmeterol
had more effect than ipratropium on lung function, but no
major differences were seett between symptom responses to
ipratropium and ol. Combinaton t with
these two drugs was better than salmetero} alone in terms of
quality of life.

1. Appleton S. o al. Iprauoplum bmmide versus short acting bets-2
agonisis for suabie chronic ob: y disease. Available in
The Cochrane Database of Systematic Reviews; Issue 2. Chichester: John
Wiley; 2006 (accessed 18/02/08).

2. Applewon S. e ol. Ipratropivm bromide versus long-acting bera-2
agonists for slable chronic obstructive pulmonary disease. Available in
The Cochrane Daiabase of Sysiematic Reviews; Issue 3. Chichester: John
Wiley; 2006 {accessed 18/02/08).

Hypersalivation. Ipratropium has been tred for its
antimuscarinic properties in the management of sialor-
rhoea and hypersalivation of various causes,'™ but studies
have suggested that it is of little value in redudng saliva
production in patients with parkinsonism® or hypersaliva-
tion induced by clozapine.*
1. Kunwar AR, e al. bromide for of
induced sialorrhea. Amn Pharmamrhcr 1003 37: 1343,
by O a al Cl i ced sialorthea treated with
sublingual ipratropium spray: a case series. J Clin Prychopharmecol 2004;
24: 98-100.
). Thomsen TR. ef al. Iprawropium bromide spray as weatment for sialorrhea
in Parkinson’s disease. Mov Disord 2007: 22: 2268-73.
4 S.eal T of induced |
with domized, double-blind. placebo-
controlled crossover study. 7 am Psychiatry 2009; 70: 1114-19.

Rhinifis. Ipraropium bromide is used intranasally for the
treatment of rhinorrhoea in allergic and non-allergic rhin-
itis (p. 612.1). It has also relieved rhinorrhoea and sneez-
ing associated with the common cold, alone or with intra-
nasal corticosteroids or xylometazoline.

References.

1. Georgitis JW, o al. Ipraropium bromide nasal spray In non-allergic
rhinitis: efficacy, nasal cyiological response and parient evaluation on
quality of life. Clin Exp Allergy 1994; 24 1049-55.

2. Hayden FG, e ol. Effectiveness and safety of inuanassi ipratropium
bromide in common colds: a randomized, double-blind, placebo-
controlled trial. Amn Intern Med 1996; 125: 89-97.

3. Dockhorn R, o al Ipratropium bromide nasal spray 0.03% and
bedomethasone nasal spray aione and in combinadon for the treatment

years of age, but in the USA this dose is licensed in child
from 6 years of age.
US licensing also permits higher doses for up to 4 days
when rhinorrhoea is assodated with the common cold:
* 51to 11 years: 84 micrograms into each nostril three times
daily
¢ 12 years and over: adult doses, see p. 1211.3
Higher doses are also permitted in the USA for up to 3 weeks
when rhinorrhoea is associated with seasonal allergic
rhinitis. Children 5 years of age and over may be given the
same dose as adults, see p. 1211.3.

Asthmo. Ipratropium bromide is currently recommended
as an adjunct to beta, ag in the of
acute severe asthma, see p. 1195.2. Antimuscarinic drugs,
mainly ipratropium but also including oxitropium
(. 1218.1). glycopyrronium and atropine, have been
re d in the of both acute and chronic
asthma. A systematic review and meta-analysis' of the
efficacy of antimuscarinics in the treamment of acute
asthma in children and aduls, lound they produced signif-
icant reductions in h d treat-
ment with an inhaled bm, agonist also pmduced a signifi-
cant increase in respiratory function.

Systematic reviews of antimuscarinic drugs have
concluded that there is currently insufficient evidence 10
justify their routine use in adults? or children? with chronic
asthma.

1. Rodrigo GJ, Castn JA. in the of
children and adalts with acute asthma: a sysiematic review with meta-
analysis. Thorax 2005; 60: 740-6.

2 Westby M, « al. Antcholinergic agents for chronic asthma in adults.
Available in The Cochrane Damabase of Systematc Reviews; Issue 3.
Chichester: John Wiley; 2004 (accessed 18/02/08).

3. ld NJ, ef al. therapy for chronic asthoms in
children over 2 years of age. Available in The Cochrane Database of

Issue 1. C John Wiley; 2003 (accessed

07/05/10).

Chronic  obstrucfive pulmonary disease. Inhaled
antimuscarinics, such as ipratropium bromide, are cur-
rently recommended as bronchodilators in chronic
obstructive pul y di (COPD) guidelines, see

p- 1199.1. A sy review ¢ d regular treat-

All cross-references refer to entries in Volume A

of rhil in rhinitis. Anx Allergy Astima Immunol 1999: 82:
349-59.

4. Bonadonna P, et al. Cold-induced rhinits in skiers—dinical aspects and
treatment with ipratropium bromide nasal spray: a3 randomized
controlled trisl. Am J Riimel 2001: 15: 297-301.

S. Kim KT, o al. Pedlacric Auovent Nasal Spray Study Group, Use of 0.06%
ipratropiumn bromide nasal spray in children aged 2 w 5 years with
rhinorthea due to a common <old or allergies. Ann Alloyy Adhma
Imomunol 2008; 4 73-9.

6. Bedes R & ol Effeas ol intranasal xylometazoline, alone or in
combination with ipratropium, in patents with common cold. Gerr Med
Res Opin 2010; 26: 889-99.

Adverse Effects and Precautions

Ipratropium and other inhaled antimuscarinic broncho-
dilators commonly cause dry mouth and constipation, and
rarely, urinary retention. They should be used with care in
prostatic hyperplasia. Acute angle-closure glaucoma has
been reported: the mist or solution should not be allowed to
enter the eyes, partucularly in patients susceptible to
glaucoma. As with other bronchodilators, paradoxical
bronchaspasm has occurred. Tachycardia, palpitations, and
arthythmias have been reported with ipratropium. Hyper-
sensitivity reactions, including urticaria, angioedema, rash,
and anaphylaxis have occurred rarely. Nausea and
vomiting, dyspepsia, headaches, and dizziness have also
been reported.

Intranasal ipratropium has been associated with nasal
dryness, irritation, and epistaxis.

For details of the adverse effects of, and precautions for,
antimuscarinics in general, see Atropine, p. 1312.1 and
p. 1312.2.

Buccal vkceration. A report! of inflammation and ulcer-
ation of the buccal mucosa associated with the use of an
ipratropium bromide inhaler.
1. Spencer PA. Buccal ulceration with ipratropium bromide. BMJ 1986;
292: 380,

Effects on the cordiovascular system. A large systematic
review! found that use of the inhaled antimuscarinics
ipratropium and tiotropium for more than 30 days
increased the risk of myocardial infarction and cardiovas-
cular death in patients with chronic obstructive pulm-

onary disease (COPD) compared with placebo or an actire
control (an inhaled beta; agonist with or without an
inhaled corticostercid). The magnitude of the risk was di‘-
ficult to discern as many of the studies included we e
small and short-term, resulting in few events. An
increased risk of cardiovascular death with the use of ipr.-
tropium has also-been reported in a case-control study? .a
COPD patients, and 2 cohort study involving 82717 LS
veterans with COPD also found that exposure to ipra-
tropium within the last 6 months was associated with an
increased risk of cardiovascular events (heart failure, acure
coronary syndrome, or arrhythmias).? However, these
findings are contrary to results from other studies. A
cohort study* comparing the safety of tiotropium to long-
acting beta, agonists suggested users had a similar risk of
cardiovascular events and a 4-year placebo-controlled
study® of tioropium in about 6000 patients with COPD
reported a reduction in cardiac morbidity, although the
study was not designed to assess cardiovascular events.
Other analyses®” of pooled data from studies in patients
with obstructive lung disease suggested serious cardiovas-
cular events did not occur more often in patients takirg
tiotropium than in those taking placebo or salmetercl.
Further studies are considered necessary in order 10 con-
firm the cardiovascular safety of inhaled antimuscarinics.*

For further discussion of a possible increased risk of
mortality associated with ipratropium use, see p. 1213.1.

For further information on the risk 1o the cardiovasculir
system associated with totropium. see Effects on the
Cerebrovascular System, p. 1238.2.

1. Singh 5. @ el Inhaled anticholinergics and risk of major adversc
cardiovascular events in patients with chronic obstructive pulmonay
disease: 3 ic review and lysis. JAMA 2008; 300: 143~
50. Correction. ibid. 2009; 301: 1227-30.

2. Lee TA. e ol. Risk for death associated with medications for recen: y

chronic e Y disease. Anz Iniern Med 2003;
14%: 330-90.

3. Ogle S5, o al. G ular evenrs iated with iu n
bromide in COPD. Chest 2010; 137: 13-19.

4. Jara M, ef al. Comparative safety of long-acting inhaied bronchodilators:
a cohort study using the UK THIN primary care database. Drug Safety
2007; 30z 1151-60.

5. Tashkin DP, @ al. UPLIFT Swdy Invesigators. A 4-year trial »f
tiotropiam in chronic obstructive pulmonary disease. N Engl ) Med 2009;
359: 1543-54.

6. Kesten S. o al. Pooled dinical trial analysis of tiotropium safety. Chrst
2006: 130: 1695-1703. Also available ac: hup://www.chestjournal.ory/
content/130/6/1695.full.pdf+huni (accessed 07/08/09)

7. Rodrigo G). & ef Tiowopium and risk for {atal and nonfaral
ardiovascular events in patients with chronic ive pulmonary
disease: systematic review with meta-analysis. Respir Mod 2009: 103:

1421-9.
8. Salpeter SR. Do inhaled antichalinergics increase or decrease ihe risk of
‘major lar cvents? A is of the available evidence.

Drugs 2009; 69: 2025-33.

Effeds on the eyes. Ocular complications have been
reported with the use of aerosolised ipratropium. A patient
with a history of glaucoma developed angle-closure glauc-
oma after use of ipratropium from a metered dose inhaler
(MDI) with nebulised salbutamol.! Pupillary dilatation?
and blurred vision® have been reported in association with
ipratropium given through a spacer dévice in patients also
given salbutamol therapy, and a 4-year-old child who
attempted to self-administer an ipratropium MDI devel-
oped anisocoria (unequal dilataton of the pupils) and
ataxia.* Angle-closure glaucoma,>? pupillary dilatation,”'?
and anisocoria'''? have been reported in patients given
nebulised ipratropium, usually with salbutamol, through a
poorly fitting face mask. The antimuscarinic effects of ipra-
tropium can lead to impaired drai of h

in the eyes of patients predisposed to angle-dosum glauc-
oma; use with salbutamol may intensify this problem by
increasing the production of aqueous humour.‘ Stu-
dies'> suggest that patients with a history of angle-clc-
sure glaucoma might be at an increased risk of developing

glaucoma when nebulised ipratropium and salb ol ars
used together.
1. Hall SK. Acute angle-dosure asa ol combinei

P -agonist and ipratropium bromide therspy in the emergency

department. Ann Emery Med 1994: 23; 884-7.

‘Weir REP, o al. Pupil blown by a puffer. Lancet 2004 363: 1853.

. Kizer KM. ¢t al. Blurred vision from ipracropfum bmmnd: inhalation. A1

J Health-Syst Pharm ZM 57: 996-1.

4. Bond DW, ot al. is due to sell: i inhaled
bromide. Eur J Pediar 2002; 161: 178.

S. Packe GE, o al. Nebulised ipratropium bromide and salbutamol causing

dosed-angle glaucoma, Lancet 1984; ik: 691.
6. Shab P, n-LAmumy:dmu ) with
bromide and sslb L BMJ 1992; 304: 40-1.

7. Mulpeter KM, of «f. Ocular hazards of nebulized bronchodilators.
Postgrad Med J 1992; 68: 132-3.

8. Roberts TE, Pearson DJ. Wide eyed and breathless. BMJ 1989; 299: 1348,

9. Waellle J, et al. Unilateral fixed dilated pupil in an infant after inhalation
of nebulized lpnnopum bromide. erulr 2000: 136: 423-4.

W

10. 0} from n

. plﬂmB.leb’yloos 67: 914-15..

I.Ios K, L Ann tntern Med
1998; 128: 327,

12. Tossom N. Nebulizer-assodated anisocoria. N Engl J Med 2006; 354: 8.

13. Watsun WTA, o al. Effect of nebulized ipratropium bromide on
intraocular pressures in children. Chesr 1994; 105: 1439-41.

14. Kalra L Bone MF. The effect of nebulized bronchodilator therapy on
intraocular pressures in patients with glaucoma. Chest 1988; 93: 739-41.
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Effects on the gasirointestinal tract. Paralytic ileus devel-
oped shortly after starting ipratropium therapy in 2
patients, apparenty due to the inadvertent swallowing of
the drug during inhalation.!? Both patients also had other
predisposing factors for paralytic ileus (cystic fbrosis,'
spastic diplegia).

I

D, MX ileus equi in
with nebulised ipratropium bromide in cystic fibrosis. Lanzet 1990; 355:

332,
2. Markus HS. Panlytic ileus associated with iprawropium. Lamcet 1990;
353: 1224,

Effects on the respirafory fradt. Antimuscarinics typically
inhibit mucodiliary clearance and inhibit secretions of the
nose, mouth, pharynx, and bronchi. However, inhaled
ipratropium bromide has virtally no effect on sputum
viscosity or volume and, in contrast to atropine, it does
not affect mucodiliary function in the respiratory tract.?

1. Gross NI. Ipratropium bromide. N Engl J Med 1988: 319: 486-54.

2. Mann KV, ¢ af, Use of ipratropium bromide in obstructive lung d!suse
Clin Pharm 1988; 7: 670-80.

BRONCHOSPASM. Paradoxical bronchoconstriction occurring
afier the use of ipratropium was reported in 3 patients.! A
further report? of paradoxical bronchoconstriction after
nebulised salbutamol and ipratropium suggested that this
adverse effect might bave been caused by benzalkoni

Interactions

For interactions assodated with antimuscarinics in general,
see Atropine, p. 1312.3. However, these interactions are not
usually seen with antimuscarinics, such as ipratropium,
given by inhaladon.

Salbutamol. For reference to nebulised salbutamol exacer-
bating the adverse effects of nebulised ipramopium in
patients predisposed to angle-closure glaucoma, see under
Effects on the Eyes, p. 1212.3.

Pharmacokinetics

After inhalatjon, around 10 to 30% of a dose is deposited in
the lungs where it exerts its therapeutic effect. Orily a smail
amount of ipratropium reaches the systemic circulation.
The majority of a dose is swallowed but is poorly absorbed
from the gastrointestinal tract. Ipratropium and its
metabolites are eiminated in the urine and faeces.
References.
1. Ensing K, e af. Pharmacokinetics of ipratropium bromide after single
dose inhalation and oral and intravenous administradon. Eur J Clin
Pharmacol 1989; 36: 189-94,

Preparations

chloride present in the nebuliser solutons. Nebuliser solu-
tions of ipratropium in some ‘countries contain benzalkon-
ium chloride as a preservative. Solutions available in the
UK are preservative-free but licensed product information
stifl recommends that the first doses of ipratropium nebuli-
ser solution should be inhaled under medical supervision.
1. Connolly CK. Adverse reaction to ipracopium bromide. BMJ 1982; 285:

934-5.
2. Boucher M, e al. Possible associations of benzalkonium chloride in
solurions with arrest. Ann 1992; 26:
7724 A

Effects on the urinary fract. Trearment with nebulised
ipratropium bromide has resulted in urinary retention in
elderly men espedially those with prostatic hyperplasia.’?
Micrurition difficulties associated with use of ipratropium
and salbutamol in a child have also been reported.’

1. Lozewicz S. Bladder outflow induced by
bromide. M,MMMJ[9B9‘6§ 260-1.
1 Pras E, o al. Urinary with ip: bromide.

DICP Ann Pharmacother 1991; 25: 939-40.

3. Hooimeijer HL. o af. Bemoeilijkte micde bij een kind toegeschreven aan
het gebruik van ipratropium en salbutamol, Ned Tijdschr Geneeskd 2007;
151: 2726-8.

Increased mortality. A case-control study found an unex-
pected association between death from asthma and treat-
ment with ipratropium, which was not explained by
comorbidity due to chronic obstructive pulmonary disease
(COPD).! A remospective cohort study? of elderly patients
also found a slight increase in the risk of death in asthma
patients using ipratropium, although this may bave been
due to the confounding effect of disease severity. No
increase in all-cause moruality was seen in patients with
COPD using ipratropium. In contrast, another case-control
study reported an increased risk of death associated with
use of ipratropium for COPD.> A longitudinal cohort study
of 1100 patients with obstructive lung disease found an
increased risk of premature death associated with ipra-
tropium in both asthma and COPD patients.* After adjust-
ing for confounding factors such as forced expiratory
volume, smoking status, BMI, and presence of cor pulm-
onale, ipratropium was associated with a mortality risk
ratio (RR) of 2.4 in asthmatic patients and 1.6 in COPD
patients. Again, residual confounding by disease severity
could not be ruled out.

For a suggestion that inhaled ipratropium can increase
the risk of cardiovascular death, see Effects on the
Cardiovascular System, p. 1212.2.

I. Guite HF. a a/. Risk factors for death from asthma. chronic obstructive
disease, and disease after a hospital admission
fnr asthma. Thorax 1999; 34: 301-7.

2. Sin DD. Tu JV. Lack of association between ipratropium bromide and ’

mortality in elderly patients with chronlc obstructive airway disease.
Thorax 2000; 35: 194-7.

3. Lee TA. & al Risk for death assodated with medications for recemly

chronic y discase, Ann Intern Med 2008;

149: 380-90.

4. Ringbwmk T. Viskum K. It there any association between inhaled
ipratroplum and mortality in patients with COPD and asthma? Respir
Med 2003; 97: 264-72.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dlassifies ipratropium
bromide as probably not porphyrinogenic when used by
inhalation; it may be used as a drug of first choice and no
precautions are needed. It is classified as not porphyrino-
genic when used intranasally.! -
1. The Drug Datsbase for Acute Porphyria. Avallable atri hnp://www,
drugs-porphyria.org (accessed 02/11/11)

The symbol 1 denotes a preparation no longer actively marketed

Propriefary Prep (details are given in Volume B)
Preparations. Arg.. Aerotrop; Akitropio;
Atrovent; Iprabron; Austral.: Aeron; Apovent; Atrovent; Ipra-
tin; Ipravent Austria: Autovent; Ioop; Belg.: Amonase;
Atrovent; Nebu-Trop; Braz: Alvent; Ares; Awovent; Bromo-
ven;; Iprabont: Ipraneo; Camad.: Apo-Ipravent; Awmovent;
Novo-Ipramide: Chile: Aerotrop; Atrovent; China: Atrovent (&
£5); Cz.: Atrovent Demm.: Awovent; Fin.: Atrovent; Ipraxa;
Fr.: Arovent; Ipratrogen; Ger.: Atrovent; Itrop; Gr.. Atrovent;
Zyrolen; Hong Kong: Atrovent: Cycloventt; Steri-Nebt; Hung.:
Atrovent; India: Tpneb; Ipramist; Ipranase; Ipratop; Ipravent;
Indon.: Atrovent; Irl.: Arovent; Ipravent; Rinatec; Israel: Aero-
vent; Apovent}; Atrovent; Ital: Atem; Rinovagos; Jpm:
Atrovent; Malaysia: Atrovent; Mex.: Awovent; Neth.: Atrovent;
tpraxa; Norw.: Atrovent; Ipraxa; NZ. Apo-Ipravent; Atrovent:
Univent; Philipp.: Atwovent: Broncho-vent; Pol: Atrovent;
Port.: Atrovent; Ipraxa; Rus.. Atrovent (Atpomewt); Ipravent
(Mnpasext); S.Afr.. Atovent Ipvent; Singapore: Atrovent
Steri-Neb ium; Spaim: Atroaldo; Atrovent; Swed.:
Atrovent; Ipraxa; Suntz. Atropair; Arovent; Rhinovent; Thai.:
Atroventf; Iperol: Turk: Amovent; UAE: Awmopulm; UK:
Arrovent; Respontin; Rinatec; USA: Arrovent; Venez.: Alovent.
dient Pre Arg.: Berod
duak; Iprasalb Salbuual AC; Au.muL Combivent; Austria:

Combi

Nebu-lprasal; Otrivine Duo;

Braz.: Coml

Isoetarine Hydrochlondo (BANM, NNV ®

Etyprenalirie - Hydrogh
.Isoetarina, hidroel

CisHiNQs HCER275.8
CAS — 5096-4.2576-92-3.
ATC — ROACOZ: RU3CC06.
ATC Vet — QRO3ACO7: QRO3CCO6.
UNIl — 51V8U784H3, -

Pharmacopoeias. In US.

USP 36: (Isoetharine Hydrochloride). A white to off-white,
odourless, crystalline solid. Soluble in water; sparingly
soluble in alcohol; practically insoluble in ether. A 1%
solution in water has a pH of 4.0 to 5.6. Store in airtight
containers.

Isoetarine Mesilate panw,

UNIF= oV74WJsPJB

Pharmacopoeias. In US.

USP 36: (Isoetharine Mesylate). White or pmcﬂmlly white,
odourless, crystals. Freely soluble in water; soluble in
alcohol; practically insoluble in acetone and in ether. A 1%
solution in water has a pH of 4.5 to 5.5. Store in au'ﬂght
containers,

Profile

Isoetarine is a sympathomimetic with mainly beta-
adrenergic activity. It has actions similar to those of
salbutamol (p. 1220.2) but is less selective for beta,
adrenoceptors. Isoetarine has been used by inhalation as a
bronchodilator in the management of reversible airways
obstruction.

Canad.: Combivent; Duovent;

ratio-lpra Sal: Chile: Berodual Co!

L’hma- Combwem (Tl“ﬁ), ch Shu ({:ﬁ). Cz: B:mdual.
C

moL Sapunol. Zymelin Plus, Fm. Arrodual. Atrovent Comp,
Ipramol; Otrivin Comp; Saliprat; Fr.: Bronchodual; Ger.: Bero-
dual: Gr.. Berodual; Beroveny Demoren; Ipramol; Otrivin

; Combivent; Ipra-
Preparations
Belg.: Combivent: Duovent;
D Ph . 1 P "
Gen- Combof Mylan-Combo USP 36: Isoctharine Inhalation Solution: Isoetharine M ”
Inhalation Aerosol. .
r D t; Ipra-
Levosalbutameol i~ ®
Levalbuteral; Lévosalbutamol L
Duolin; F Ca"bﬁymn- - :

Advance; Hong Kong: Comblvent. Ipramol Hung.: Berodual:
Otrivin Duo; India: A i
Indon.: dual: C IrL.f‘"‘C“
Duoventt; Ipramol; Israel: Otrivin Complete; Ital: Almeida;
Biwind; Breva; Duovent; Naos; Malaysia: Berodual: Combi-
vent: Duolin: Duovent: Ipramol; Mex.: Berodual: Combivent:
Neth.: Berodual: Combipramolt; Combivent; Ipramol; Otrivin
Duo; Norw.: Otrivin Comp; Zycomb NZ Comblvent. Duolin.
Philipp.: Adsal Plus; dual; Combipul; C D
Pulmodual; Pel.: Berodual; Otrivin Duo. Port.: Berodual; Com-
bivent: Ipramol; Otrifar; Rus.: Berodual (Bepomyan); Ipramol
{Hnpamon); Xymelin Extra (Kcumemus Owerpa); S.Afr: Adco-
Combineb; Atrovent Beta; Berodualy; Combivent: Duolin;
Duovent; Sabax Nebrafen; Singapore: Beroduval: Combivent:
Duovent, Spain: Combiprasal: Owiduo: Swed.: Combivent
Ipramol; Otrivin Comp: Sapu'nol ZyComb-I» Switz.: Berodual:
Dospit; L, Thai.: 1; Combi Inha-
lex; Iprateral; Punol; Turk. C ;. UK: Comb
Duoventt; Ipramol; Ukr.: Berodual (Bepoayan); Xymelin Exm
{Kenmenun 3xcrpa); Zyoomb (3umu6)1" USA: Combivent; Duo-
Neb; Venez.: t; Duolin; D Ipralin;
Respidual.

Pharmacopoeial Preparations

BP 2014: Ipratropium inhalation Powder, hard capsule;
Ipratropium Nebuliser Solution; Ipratropium Pressurised Inhala-
tion.

lsoeiurme {BAN dNN} ®

(R [{tert- Butylammo)methyl]-&-hydroxy—
diol.

CisHauNO;=2393
CAS — 3439104~
UNIl — EDN2NBHSSS:

Levosalbutamol Hydrochlonde NNV @

Hidrocloruro de Iwosalbutamol. Levalbutbrol Hydroch nde
(USAN); Lévosalbuamol, Chiorhydrate de; Levosalbutamol;
hidrocloruro de; Levosalbutamoli Hydrochlondum, I'Ieao-
canbéymaona fuopoxnopwa. -

(R-a'-{(cert- Butylammo)methyl]-4-hydroxy m xylene—qa =
diol hydrochloride: B : .

Cy3HuNO HI=275,
“CAS — 50293-90-8.: :
UNI= WDQI 526Q4M;

Pharmacopoeias. In US.

USP 36: (Levalbuterol Hydrochloride). A 1% solution has a
pH of 4.5 to 5.5. Store in airtight containers at 20 degrees to
25 degrees, excursions permitted between 15 degrees and
30 degrees. Protect from light.

I.evosalbufumol Sulfate fiNNM) @

The symbol & denotes a substance whose use may be restricted in certain sports (see p. viti)
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Uses and Administration

7 MD, e al. L versus racemic slbuterol in the
treatment of acute cxacerbation of asthma in children. Pediarr Ewery Care
2003; 2): 415-19.

8. Andrews T, o ol Bl[h-dose

tor
txial. J Pediatr 2009; 155: 205-

10. .
9. Xelly HW. Levalbuterol for asthma: a better weatment? Gur Allengy
Asthma Rep 2007; 7: 310-14.

Adverse Effects and Precautions .

As for Salbutamol, p. 1221.3.

Incidence of adverse effects. Some studies have reported
that beta-adrenergic adverse cffects (e.g. nervousness and
increascd hean rate) are less frequent with inhaled levo-
1 than with racemic salbutamol.'* In general,

Levosalbutamol, the R (-)- tomer of ol

(p. 1220.2), may be used as an altemnatve to racemic
salbutamol for the management of asthma (p. 1195.2). It is
given as the hydrochloride, sulfate, or tartrate but doses are

. usually expressed in terms of the base; 1.15mg of
levosalbutamol hydrochloride, 2.4mg of levosalbutamot
sulfate, and 2.63mg of levosalbutamol tartrate are
equivalent to about 1 mg of levosalbutamol. For the relief
of acute bronchospasm, 1 or 2 inhalations of the equivalent
of 45 micrograms of levosalbutamol can be given from a

- metered-dose aerosol, repeated every 4 to 6 hours as
required.

Levosalbutamol may also be inhaled via a nebuliser;
usual doses equival to levosalb ol 630 micrograms
are inhaled three times daily, increased if necessary to
1.25mg three times daily. For children’s doses, sce
Administration in Children below. In padents with asthma,
as-required beta agonist therapy is preferable to regular use.
An increased need for, or decreased duration of effect of,
levosalbutamol indicates deterioration of asthma control
and the need for review of therapy.

* Levosalbutamol is also under investigation in a topical
formulation for the treatment of cutaneous lupus erythe-
matosus.

General reviews,
1. Jenne JW. The debate on 5-cnandomers of P -agonists: tempest in 2
texpot or gathering ssorm? J Allergy Clin Immunol 1998; 102: 893-3.
2. Nowak R Single-isomer levalbuterol: a review of the acute daa. Curr
Allergy Asthoma Rep 2003; 3: 172-3.

3. Bager WE. L and use in the
mmdp:&uxmdaduhmhmmwngm-lmm
2003; 90: 583-91.

4. Dana D, & al An ion of neb d levalb in stable COPD.

Chext 2003; 124: 844-9.
3. Keily BEW. Levalbutero! for asthma: a benier treatment? Curr Allersy
Asthme Rep 2007; 7 310~ 14.

Action. In vitro, levosalbutamol had slightly higher affinity
than racemic salbutamol for beta, and beta, adrenocep-
tors.! The S$(+)-cnantiomer had low affinity for these
receptors. All 3 were mildly selective for beta, adrenocep-
tors.
1. Penn RB, eral. C of R-, $-, and RS-abuterol i
human 8 ,- and 8 ;-adrenergic receptors. dmkvﬂkr!ylmmnm
14 37-45.

Adminisiration in dﬂdnn. Children aged 4 years and
older may be given lev ! via a d-dose
aerosol at the same dose as that used for adults, see Uses
and Administration, above.

Children aged from 6 10 11 years of age may be given
levosalbutamol via a necbuliser in doses from 310 to
630 micrograms three times daily.

Asthma. Controlled studies comparing levosalbutamol
with racemic salb | for the tr of asthma have
produced variable results. Levosalbutamol provided great-
er bronchodilatation than the equivalent amount of the
racemate in some studies.'? A decrease in hospital admis-
sions and an increase in patient-discharge rates have also
been reported.** Controlled studies comparing levosalbu-
tamol with racemic salbutamol in children with acute
asthma have generally failed to show any clinical benefit
over the racemate.® A review concluded that, although
current studies did not provide evidence of a substantial
d ge for le | over racemic salbutamol,
the data were insuffident to determine whether subsets of
the patient population might benefit from single isomer
therapy.?
1. PMeskow WW, et al. Pairwise comparison of levalbuterol versus racemic
in the of asthawa. Allergy Astiome
Proc 2004; 25: 429-36.

2. Nowak R, ¢ al. A comparison of levaibuterol with racemic albuterol in
the treatment of acute severe asthma exacerbations in aduits. Am J

Emury Med 2006; 245 25967,
. Canl JC, of al C: of racemic alb

w

for 1he

however, little difference has been seen in dinical prac-
tice.’ Despite pnelimmary evidence that the increased air-
way hyperresp ness occasionally seen with long-
term racemic salbutamol (see Tolerance, p. 1222.3) may
be due to the S(+)- i and therefore might not

. occur with levosalbutamol,® a small study was unable to

find any favourable protective eflect.”

1. Netson HS, «f al. Imp:
with racemic albuierol in patients with asthma. J Alleray Jin Imnumol
1998; 102: 943-52.

2. Milgrom H. ef al. Low-dose levalbuterol in children with asthma: safety
and elicacy in comparison with placebo and racemic albuterol. J Allergy
Clin Immunel 2001; 108: 938—45.

3. Handley DA. et ol Dose-response evaluation of levalbuterol versus
racemic albuterol in patients with asthma. J Asthma 2000; 37: 319-27.

4. Tripp K. L&A A cumulative dose sludy of levalbuterol and racemic

by 134a metered-dose
mhnkrlnmhmad:mh;mldlkvgyambmm-lzuos. 122: 544-9,

S. Amesedes BT, Cathoun WJ. Levalbuterol versus albuterol. Qurr Allergy
Asthma Rep 2009; 9; 401-9.

6. Perrin-Fayolle M. Salbutamol in the treatmentt of asthma. Larcet 1995;
346: 1101,

7. Sjoswiird KN, a al. Single-isomer R-nlbuumol is not superior w0

{for bronch Respir

Med 2004; 98 950-9.

Interactions
As for Salbutamol. p. 1223.1.

Pharmacokinetics

3. Braun-Falco M, o al. ‘with
weated with ant S antibody Br J Dermeatol
2004; 131: 1103-4.

4. Garrett JK. o al And 5 it therapy for

m:mmm:uxuns—xo
. Mx. o al HBS Siudy Group. 'hum:emd
patients with thy with
WJWMJ!& 1215-28. Correction. ibid.: 2530.
6. Haldar P, o al an
eosinophilic asthma. N Snsl J Med 2009; 360; 973-34.
7. Nair P, et al. for
sputum cosinophilis. N Engl J Med 2009; 360: 985~93.
8 A, ¢ al. Anti ‘anﬂbody
mab) in active hiti o
controlled, double-blind trial. Gur 2010; 59: 21-30

of refractory

asthma with
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Montelukast Sodium

{BANM, USAN r!NNM}

L- 706631 MK—476 Montelukast sédlco. Montélukast
Sodique; Natril Montelukasturm; HaTtpuih MonTenyxacr.
Sodium  1-[({(R)}-m-[(E)-2-7-<chloro-2-quinolyl}-vinyll-a-fo-(1-
hydroxy-1-methylethyl)phenethyl]-benzylithio)methyl]
cyclopropaneacetate.

CasHysCINNa0;5=6082

CAS — 158966-92-8 (montelukast); 151767-02-1 (montelukast
sodiumy).

ATC — RO3DCO3.

ATC Vet -~ QRO3DCO3.

UNIl — U103/185FL.

Pharmacopoeics. In Eur. (see p. vii) and US.

Ph. Eur. 8: {(Montelukast Sodium). A white or almost white,

hygxoscopxc powder. Freely soluble in water and in
hane; {reely soluble to very soluble in alcohol.

Store in airtight containers. Protect from light.

USP 36: (Montelukast Sodium). A white or almost white,

hygroscopic powder. Freely soluble in water and in

dichloromethane; freely soluble to very soluble in alcohol.

Store in airtight containers. Protect from light.

Uses and Administration

Monteluk is a selective leukotriene receptor antagonist

There is some systemic absorption of inhaled le -
mol. After a single dose levosalbutamol has a half-life of 3.3
hours. For details of the metabolism and excretion of
salbutamol enantiomers, see Stereoselectivity, under
Salbutamol p. 1223.2.

Mefabolism. There is evidence that levosalbutamol is
metabolised faster than $(+)-salbutamol.

References.
1. Bmllmn DW. Pawcett JP. ioselective of salb in
g oral and i i Br J Clin Pharmacol
1996,41 35—40
2. Lipwonth BJ, e al. P inetics and p v B2
actviry of d racemic salb and is R and S
isomers in bealthy volunteers. Thorax 1997; 53: 849-52.
3. ir-Shah K. @ al. and dy

characteristics and safety of inhaled albuterol enantiomers in healthy
volunieers. J Clin Pharmacol 1998; 38: 1096-1106

4. Boulton DW. Fawcett JP. The of what
are the dinical implications? Clin Phanmacokinet 2001; 40: 23-40.

Preparations
Proprietary Preparctions (details are given in Volume B)
Single-ingredient Prop Arg.: Albulair; V India:
Levolin; USA: Xopenex.
Pharmacoposiol
USP 36: Levalb 1 Inhalati luti
Mepolizumcb [USAN, dNN]

Mépolizumab, Mepolizumabum- 53-240563- ( ‘usy»a@

s — 196078-29-2
ATC — [DaACOS ~
ATC Vet - QLOSACOE. -

Profile

Mepoli b is a h ised anti-interleukin-5 mono-
donal antibody. It is under investigation in the

ment of asthma, as well as the treatment of hypeteosmo-
philic syndrome (chronic eosinophilic leukaemia), and

in the weaunent of acute asthma in the ED. Am J Smerg Med 2005: 23:
B842-7.

S. Truint T, wal L 10 racemic alb
outcomes in paticnts hospitalized with COPD or asthma, Chest 2003; 123:
128-33.

6. Qureshi P, & al Clinical efficacy of racemic albuterol versus ievalbuterot
fot the of acute pedistric asthma, Axn Bwmerg Med 2003; 46: 29—
36.

All cross-references refer 10 entries in Volume A

philic oesophagitis (p. 1810.1).
Referenices.
efficacyand | 1. Leckie MJ, a ol Effecrs of an i 5 blocking

antibody on hils, airway hyper and the late
asthmatic response. Lancet 2000; 356: 2144-8.

1. Mo 5S-G, o d Use of an m:i-mlrrlzuldn-s antbody in the
with N Engl J Med

1003, 349; 2334-9.

with actions and uses similar to those of zafirlukast
(p. 1240.1) although it is reported to have a longer duration
of action. It is used as the sodium salt, but doses are
expressed in terms of the base; montelukast sodium
10.38 mg is equivalent to about 10 mg of montelukast.

Montelukast sodium is used in the management of
asthma (see p. 1215.1) and allergic rhinitis (see p. 1215.3). It
is given orally in doses equivalent to 10 mg of Tuk
once daily. In chronic asthma, the dose is given in the
evening. For acute prevention of exercise-induced
bronchoconstriction, the dose should be given at least 2
hours before exercise and not repeated within 24 hours.
Patients already taking montelukast daily for another
indication, including chronic asthma, should not take
additional doses for exercise-induced brenchoconstriction.
Montelukast is not used to treat an acute asthma attack. In
the weatment of seasonal or perennial allergic rhinitis
(without asthma), the dose may be taken in either the
mormning or evening.

For details of doses in children, see below.

Administration in children. Montelukast sodium has been
widely used in children,’ for whom it is available as oral
granules and chewable tablets. Chewable tablets are suita-
ble for those aged 2 years and older; oral granules are sui-
table for infants from 6 months of age as they may be
given direaly into the mouth or mixed with a small
amount of soft food. Oral daily doses, expressed as monte-
lukast, are based on age:

» 6 months up to 2 years: 4mng (as granules)

e 2to 5 years: 4mg (as granules or chewable tablets)

* 6 to 14 years: 5mg (as chewable 1ablets)

+ 15 years and over: use the adult dose, see above

In the UK, the above doses are licensed for the management
of chronic asthma and from 2 years of age for the
prophylaxis of exercise-induced asthma: in asthmatic
children with concomitant seasonal allergic rhinitis, it is
only licensed from age 15. Doses should be taken in the
evening.

In the USA these doses are licensed from 1 year of age in
chronic asthma, to be given as a single daily dose in the
evening. In the pre ion of exercise-induced broncho-
constriction in children aged 6 years and older, a dose may
be given at Jeast 2 hours before exercise, and not repeated
within 24 hours. Patieats already being treated with daily
therapy for another indication, including chronic asthma,
should not be given additional doses for exercise-induced
bronchoconstriction. Montelukast is also licensed for use in
allergic rhinitis (without asthma) in the USA. The above
daily doses can be given either in the momning or the
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evening from 2 years of age in seasonal allergic rhinitis and
from 6 months of age in perennial allergic rhinids.

1. Bisgaard H, ef al. Safety and tolerability of montelukast in plactbo-
controiled pediacic studies and their open-label extensions.
Pulmonol 2009; 44: 368-79.

Asthma. Use of montelukast in asthma (p. 1195.2) has
been reviewed,!* (further general references for leuko-
triene antagonists can be found under Zafirlukast,
p. 1240.1). Montelukast produced modest improvements
compared with placebo in chronic asthma and exercise-
induced asthma in both adults*$ and children.”” In a sys-
tematic review'® of studies in adults and children compar-
ing leukotriene receptor antagonists with inhaled corticos-
teroids for monotherapy in mild to moderate p

toms after the first 2 weeks of montelukast treatment,!
generating some interest in whether montelukast could
prevent or modify more persistent asthma that has been
assodiated with RSV.2 However, a further szmxlzr study
found no benefit with monteluk
with placebo,’® and did not support the use of mont:lukast
in infants with acute bronchiolitis.
L Bb;uxd H Study Gmnp on and } yncytial
fukast in virus
Mmm:mwmmm; 167: 379-83.
2. Szefler 53, Simoes EAF. Montelukast lor respiratory syncydal virus
hioll effect or p findings? Am J Respir Crit
. Care Med 2003; 167: 290-1.
3. Amirav |, e ol. A double-bilind, placebo-controlled, randomized uial of
montetukast for acute bronchiolitis. Abstract: Pediatris 2008; 122: 1361,
Full version: pHNt/122/6/

asthma, in which more than half of the studies used mon-
telukast, leukotriene antagonists were found to be less
effective in maintaining asthma control. The difference
was particularly marked in patients with moderate disease.
Addition of lukast to an inhaled cortic id has
significantly improved asthma control in adults and ado-
lescents,!! and in children,'*** with mild to moderate
asthma, However, in adults and adolescents the additi

1249 d 17108/09)

Cystic fibrosis. A smal study in children with cystic fibro-
sis (p. 177.2) found that tukast reduced eosinophilic
inflammation.! A later study,® reported improved lung
function and a reduction in coughing and wheezing, and
concluded that montelukast may have measurable

of an inhaled long-acting beta; agonist, such as salmeterol,

anti: y activity in patients with cystic fbrosis.
In a small group of adult padents with cystic fibrosis®

is more effective;!!!4 comparative studies in children are
limited.'*

Montelukast may be used for prophylaxis in patients
with chronic exercise-induced asthma.!*!¢ However, it may
only be effective in 50 to 80% of patients.!¢ There is some

idence that montelul may be more effective than
inhaled salmeterol for the chronic treatment of exercise-
induced asthma,'”!® and although a later study'® found
similar effects on lung function with the two drugs, 2 more
favourable effect was seen on gas exchange during
moderate exercise with the use of montelukast.

Montelukast has also been studied in adults and children
for the treatment of acute asthma, using either oral therapy
or an investigational injectable form. However, despite
some evidence of improvement in lung function, the

ddition of Tuk dard therapy did not

significantly affect rates of hospnal admission.?®

1. Jarvis B, Markham A. a review of irs thy
n persistent asthma. Drugs 2000; 39: 891928,

2. Nayak A. A review of montelukast in the meatment of asthma and
allergic rhinitls. Experr Opin Pharmacother 2004; 5: 679-86.

3. Storms W. Update on monteiukast and its role in the teatment of
asthma, allergic chinitis and exercise-induced bronchocsostriction.
Expert Opin Pharmacother 2007: 8: 2173-87.

4. Amlani S. « al. Montelukast for the weatment of asthma in the adult

Expert Opin her 2011; 12: 2119-28.

5. Leff JA. et al. for the
treatment of mild asthma and exercise-| mduc:d bronchoconstriction. N
Engl J Med 1998; 339: 147-52. -

6. Reiss TP, o al Montelukast, a once-daily leukowiene recepror
antagonist, in the weatment of chronic asthma: a multicenter,
randomized, double-blind trial. Arch Interm Med 1998; 158; 1213-20.

7. Knorr B. ¢ al. Montelukast for chronic asthma in 6- to l4-year-old
children: a mndomized, doubie-blind rrial. JAMA 1998: 27%; 1181-6.

8. Kemp P, o al. Montelukast once daily inhibits exercise-induced
bronchoconstriction in 6- 1o [4-year-old children with asthma. J Pediatr
1998; 133: 424-8.

9. Knorr B, o al. a leukotri receptor for the
treatment of persistent asthma in children aged 2 to 5 yesrs. Abstract:

potendal

Pediamrics  2001; 108: 754-5. Full version: hetp://pediatrics,
108/3/e48 14/04/08)

10. Chauhan BF. PM. Ang agents d

inhaled in the of and/or chronic

asthma in adults and children. Available in The Cochrane Database of
Systematic Reviews; Issue 5. Chichester: John Wiley: 2012 {accessed

17/06/13).
11. Joos S. et al. Montelukast as add-on therapy to inhaled corticosteroids in
the mild 1o asthma: a review.
2008; 63: 453-62.
12. Phi W, o al imp asthma control in
children on inhaled Ann Allergy

Asthma immungl 2003; 91: 49-54.
3. Johnston NW., o ai. Artenuation of Lhe September epidemic of asthma
tbations in children: a rand lled trial of tuk
added 10 usual therapy. Pediairics 2007; 120: 702712
. Ducharme FM. o al. Addition to inbaled corticosteroids of long-acting
beta2-agonists versus anti-leukotrienes for chronic asthma. Available in

~

monteluk improved symp in particular exercise
tolerance and peak expiratory flow rates. The patients
who benefited the most had positive Aspergilhus serology.
and the authors suggested that colonisation of the airways
in cystic fibrosis by Aspergillus stimulates T helper cell
inflammation and leukotriene synthesis. A review of leu-
kotriene receptor antagonists in cystic fibrosis* concluded
that dlinical benefit seemed likely in a subset of patents
with bronchial hyperresponsiveness similar to that seen in
asthma.

A study into the pharmacokinetics of montelukast in
cystic fibrosis® found that the dose of montelukast and the
dosing interval do not need to be modified if the goal of
therapy is to achieve similar serum concentrations as for
asthma treatment; however the efficacy of these

conc for the infl. Y lung disease of patients
with cystic fibrosis was unknown.
L. Schmitt-Grohé S, et al. Anti-infl y effects of fukast in mild

cystic Abrosis. Anw Allergy Asthma Immunol 2002; 89: 599-605.

2. Stelmach L o oL Effecs of montelukast creatment on dinical and
inflammatory vartables in patients with cysdc fibrosis. Amn Allergy
Asthma Drosmol 2005; 95: 372-80.

3. Morice AH, o al, Montelukast sodtum in cystic fibrosis. Thorax 2001; 56:
244-5.

4. Schmitt-Grohé S, Zielen S. Leukowiene receptor antagonists in children
with cystic fibrosis lung disease: and-inflammatory and cfinical effects.
Pediatr Drugs 2005: 72 353-63.

S. Graff GR, et al. Montelukast pharmacokinetics in cystic fibrosis. J Pediatr
2003; 142: 53-6.

Eczema. Despite early indications from some small dinical
studies and case reports'? that montelukast might be of
benefit in eczema (p. 1684.1) larger, more recent studies
have failed to show any improvement compared with pla-
cebo.4®

1. Capella GL e al. A randomnized trial of
L awpic

receptor i
of adults. ur J

n
Dermatot 200); 11: 209-13.
2. Hoa KLE. & al. Brief case series: at doses for
asthma treatment, reduces disease severity and increases soluble CD14
in children with atopic dermatitis. J Derneatolog Treat 2005; 16: 15~18.
3. Angelova-Fischer I, Tsankov N. Successful treatment of severe atopic
dermatitis with cysteinyl

showed significant improvement, and 9 showed moderate
improvement.

1. Or R, & al. Sparing effect by montelukast aeaanent for chronic graft
versus bost discase: a pilot study. Trensplantation 2007; 83: $77-41.

Mastocytosis. Montelukast has been tried, with some suc-
cess, in the treatment of systemnic mastocytosis {p. 1226.3)
in an infant.! .

1. Tolar J, et al. L i for the of
systemic mascacytosis. N ngl J Med 2004; 330: 7356,

Rhinitis. Montelukast is used in allergic rhinitis (p. 612.1),
where large placebo-controlled studies have shown it to
relieve symptoms in both seasonal allergic rhinitis,"? and
perennial allergic rhinitis.’ However, a meta-analysis* of
leukotriene antagonists (mainly montelukast) for manage-
ment of allergic rhinitis concluded that while leukotriene
antagonists were modestly more effective than placebo
and of similar efficacy to antdhistamines, in reducing nasal
symptoms and improving rhinoconjunctivitis, they were
less effective than corticosteroids even when used with
antihistami A later sy ic review® commented
that some studies in allergic rhinitis using a combination
of montelukast and an antihistamine had produced results
comparable with intranasal corticosteroids. Also, in
patients with both allergic rhinitis and asthma, montelu-
kast had resulted in significant improvements in both
when compared with placebo.

1. PhdlpG.dnLMomduhnbtmem‘mnﬂaﬂaw:rmmn:a

d d, double-blind, placebx in the
spring. Clin Exp Alkr,y 2002; 31 102H.

2. van Adelsberg J. etal. lled trtal eval the dinical
beneflt of montelukast for areating spring seasonal allergic rhinitis. Ann
Allergy Asthona Insweunol 2003; 90: 214-22.

3. Patel P, & al. Randomized, double-blind, placebo-contolled study of
moantelukast for treating perenntal allergic rhinitis. Ann Alleryy Astima
lmmumol 2003; 99: 551-7.

4. Wilson AM, et al. Leukorriene receptor antagosists for allergic rhinitis: a

review and lysis. Ame J Med 2004; 116: 338-44.

S. Nayak A, Langdon RB. Montelukast in the treatment of allergic rhinitis:

an evidence-based review. Drugs 2007; 67: 887-901.

Sleep-disordered breathing. Montelukast with an intra-
nasal corticosteroid has been reported to be beneficial in a
small study in child with residual sleep-disordered
breathing after tonsillectomy and adenoidectomy.!
1. Kheirandish L. « o/ Inranasal sterolds and oral leukotriene modifier
therapy in residual sleep- after and
adenoidectomy in children. Pediatrics 2006; 117: e61-€66,

Urficaria. Montelukast has been investigated in the treat-
ment of urticaria (p. 1689.2) with variable results.! How-
ever, urticaria has also been desaibied as a suspected
adverse cffect of montelukast therapy.

Montelukast has been rcpor(ed to be more effective than
placebo when used with the antihi ine deslc dine in
the treatment of delayed pressure urticaria.?

1. McBayne TO, Siddall OM. Montslukast reatment of urticaria. Armm
Pharmacocker 2006; 40 93942,
2. Newis B e al. n with
the chall test papuie. and is effective
in the weatment of delayed pressure urticaria: a randomized, double-
blind, placebo-controlled study. Br J Dermatol 2006; 135: 1279-82.

Adverse Effects and Precautions

receptor
Aas DaﬂammlAlmemu Adriat 2005; 14. 115-19.
4. Veien NK, et al. of 10 severe alopic
in aduhs: a double-blind. placeb:
trial. J Am Acad Dermatol 2005; 53: 147-9,
S. Priedmann PS, & al. A double-blind, placebo-conwolled wial of
montefukast in adult atopic eczema. Clin Exp Allergy 2007; 37: 1536-40.

Gastrointestinal disorders. Benefit has been reported!
with the use of montelukast in patients with eosinophilic
oesophagitis (see p. 1810.1). A systematic review with

The Cochrane Database of Systematic Reviews: lssue 5. Chi John
Wiley: 2011 {accessed 17/06/13).

15. Gezelewski T, Sle[mach L Exercise-induced brenchoconstriction in

child review of the available

treatment options. Dm, 2009; 6%: 1533-53.

16. Carver TW. Exercise-induced asthma: critical analysis of the protective
role of monteiukast. J Asthma Allergy 2009; 2: 93~103.

17. Villaran c. o al Mom:lnkasl versus salmeterol in patients with asthma

recommend for the di is and of eosi-
nophilic oesophagitis® concluded that although leuko-
triene receptor antagonists had been shown to induce
symptomatic relief at high doses, no significant improve-
ments in histology were noted and their use for the treat-
ment of eosinophilic oesophagitis is not supported by the

and ion. J Allergy Clin Immunol 1999; | current literature.
104 347-53. 1. Atwood SEA, et al. hill a novel using
18, Edeiman JM. er al. Oral with inhaled Gut 2003; 52: 181-5.
to prevent exercise-induced bronch a 2. Furuta GT, o al. Ameri ; North | mor

double-blind trial. Ann intern Med 2000; 132 97-104.
19. Steinshamn S, et al. Effects of montelukast and salmeterol on phqmal
and exercise y in with
induced bronchoconstriction. Chest 2004; 124 1154-60.

20. Waus K, Chavasse RIPG. Leukotriene receptor antagonists i addition to
usual care for acute asthma in adults and children. Availsble in The
Cochrane Database of Systematc Reviews; Issue 5. Chichester: John
Wiley; 2012 (acoessed 17/06/13).

Bronchiolifis. Bronchiolitis due to RSV infection is often
followed by post-bronchiolitic reactive airways disease,
characterised by asthma-like wheeze and other symptoms.
Results from a placebo-controlled pilot study in infants
with acute bronchiolitis suggested a reduction in symp-

The symbol t denotes a preparation no longer actively marketed

As for Zafirlukast, p. 1240.1.

Additionally, palpitations and seizures have been
reported with montelukast use. In children, eczema and
infections such as varicella, gastroenteritis, and upper
respiratory-tract infections have occurred.

Churg-Strauss syndrome. For discussion of the possibie
role of leukotriene antagonists in Churg-Strauss syndrome
see under Zafirlukast, p. 1240.2.

Effects on the CNS. For information on the CNS adverse
effects associated with use of anti-leukotrienes, see under
Zafirukast, p. 1240.2.

Hepatic impairment. Although there is evidence of effects
on the liver in patients receiving montelukast, and
although it is largely eliminated by hepatic metabolism,

American Society of Pediauic Gastroenterology, Hepatology, and
Nutrition. Eosinophilic esophagitis in children and adults: a systemadc
review and consensus recommendations for diagnosis and treatment.
Gastroenierology 2007; 133: 1342-63. Also available at: hrip://download.
journals.elsevierhealth.com/pdfs/journals/0016-5085/
PIS0016508507014746.pdf (accessed 14/04/08)

Grdbverws-l\ost disease. A pilot study in refractory,
chronic graft-versus-host disease (GVHD) after all

Tuk (unlike zafirlukast) is not considered by
licensed product information to be contra-indicated in
hepatic impairment, and no dose adjustinent is considered
necessary in mild to moderate hepatic impairment.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Potphyria Centre Sweden, classifies montelukast as

haematopoietic stem cell transplantation (p. 1937.1),} saw
an improvement in 15 of 19 padents after montelukast
was added to their standard immunosuppressive regimens;
in 4 patients signs of chronic GVHD were resolved, 2

y porphyri nic; it should be used only when no
saier altcmaﬁve is avallable and precautions should be
C m Vv i “lf

1. The Drug Database for Acuu Porphyria. Available av hup /1www,
drugs-porphyria.org (accessed 17/10/11)

The symbol @ denotes a substance whose use may be restricted in certain sports (see p. viii)
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Interactions

Licensed product information recommends caution when
potent inducers of cytochrome P450 isoenzymes, such as
phenytoin, phenobarbital, or rifampicin are given with
montelukast.

Corilcoshmlds. For a report of penphcral oedema in a
patient given and prednis see Leukotriene
Antagonists, p. 1620.2.

Phenobarbital. Peak serum concentrations after a single
dose of montelukast 10mg were reduced by 20% in 14
healthy subjects who took phenobarbital 100mg daily for
14 days, and area under the serum concentration-time
curve was reduced by 38%. However, it was not thought
that montelukast doses would need adjustment if given
with phenobarbital.’

1. BHolland S, eral. Tk ) Is by multiple
doses of phenobarbital (P}. dm Pharmecol Ther 1998; 63: 231.

Pharmacokinetics

Peak plasma concenrtrations of montelukast occur 2 to 4
hours after oral doses. The mean oral bioavailability is about
64 t0 73%. Montelukast is more than 99% bound to plasma
proteins. It is extensively metabolised in the liver by
cytochrome P450 isoenzymes, mainly by CYP2C8 and to a
lesser extent by CYP3A4 and CYP2C9. The plasma half-life
ranges from 2.7 to 5.5 hours. Montelukast and its
metabolites are excreted principally in the faeces via the
bile.

References.
1. Knorr B. e al. Montelukast dose selection in 6- to 14-year-olds:
of single-dose k in children and aduits. J
Clin Pharmacol 1999; 39: 786-93.
2. Knorr B, et al. Monldukmdosesdemnnmd:ﬂdrenlgeszwiyeu:
berween children and

adulnlcﬁlmml 1999: 41: 612-19.

3. MigoyaB. aal of in patients 6
wumnnﬂasold..l&n?hnmlzom 4 48794,
4 KnowB, etal P ics and safery of in children

aged 3 to 6 months. J Clin Pharmace! 2006; 46: 620-7.

5. Kearns GL. e al Pharmacokinercs and sajety of montelukast oral
grangles in chilkdren 1 10 3 months of age with bronchiolttis. J Clin
Pharmacol 2008; 48: 502-11.

Preparations
Proprietary Preparations (details are given in Yolume B)

Single-ingredient Pr Arg.: | I; M Rolast;
Smguhn" Austral.: Smgulaxr Au:mz Smgu]anr Belg.: Rhino-
lair; Singulair; Braz.: Singulair; Canad.: Singu-

lair; Chile: Asventol: Brondilat, Montecross; Singulair; China:
Singulair (M/KS*); Cz: Brogalas; Castispir; Elukan; Eonic; Mir-
alust; Monkasta; Monlucare; Montecon; Montel; Montelar;

Nedocromil Sodium paw usan, nmy

59602 (nedocrornll). FPL SQOGZKC (ﬂedocromll calcuum)*
L«SmZKP (nedocmmu Sodlum) “Natrif- Nedocronplum

'mcoz RO3BCO3; SOTGXD4. - - -
pilved GROIACDY; QROSBC03 osvlaxm
UNI = ETBTF‘"G T -

NOTE. Nedocromil Caldum is also USAN.

Uses and Administration

Nedocromil sodium has a stabilising action on mast cells
resembling that of sodium cromoglicate (p. 1226.1) and is
used similarly in the management of chronic asthma. It
should not be used to treat an acute attack of asthma.

For asthma, nedocromil sodium is inhaled from a
metered-dose aerosol. The usual dose for adults and
children from 6 years of age is 4 mg inhaled four times daily
which may be decreased to 4 mg twice daily after control of
syraptoms is achieved. Clinical improvement may not be
obtained for 1 week or longer after beginning therapy.

Nedocromil sodium is also used topically in the treatment
of allergic conjunctivitis and allergic rhinitis. For
seasonal and perennial allergic conjunctivitis it is given as a
2% solution, instilled into each eye twice daily. This may be
increased to 4 times daily if necessary, which is the usual
dose in vernal keratoconjunctivids. In seasonal allergic
conjunctivitis, treatment is usually given for no more than
12 weeks. In allergic rhinitis nedocromil sodium is used as a
1% nasal spray: one spray is given into each nostril 2 t0 4
times daily for up to 8 weeks. For details of doses in children,
see Administration in Children, below.

General references.
L Bm;den RN Sorkln EM N:do:mlml sodtum: an updated review of its
and efficacy in asthma. Druss

1993; 43: 693-715,
2. Parish RC, Miller LJ, il sodium. Ann ? her 1993; 27:

599-606.

Administrafion in children. Nedocromil sodium is given
by metered-dose aerosol inhalation in the management of
asthma in children from 6 years of age at the adult dose,
see above. Although unlicensed in the UK for younger
children, the BNFC recommends the same dose from 5
years of age.

Similarly, for the topical treatment of seasonal allergic
conjunctivitis and vernal keratoconjunctivitis, the adult
dose ray be given to children from 6 years of age, see above.

Denm.: Asth ,,Elukan.‘f lo; Kestil Lukair; Meti-
prego; I 3 MG inas; Monthan;
Montisartas: Montulind: Olekas:f O:elus«r Smgulaxr Fm.
Airathon; Astecon;
bronch; Singulair; Gr.: Montast; ?neumo Kast; Smgulau- Telu-
kan: Hong Kang Singuhlr Hung.: Singulait; India: Airway:
Kast: MK: Molly: Montair; Mon-
tal’ L ! Mopti; Odi s Il
Molat Singulair; Israel: Singulair: Take Air; Ital:
Asth : Mintals 1

Tr of p | allergic conjunctvitis with nedo-
cromil sodium is not licensed in children in the UK, but the
BNFC recommends adult doses from 6 years of age.

Asthma, Nedocromil sodium is generally considered to be

an alternative to sodium cromoglicate in the

of asthma (p. 1195.2). Nedocromil has been shown to

improve symptoms and reduce bronchodilator intake in

adults! and children? with chronic asthma. However, a
tic review? of nedocromil for chronic asthma in

K lo; Lukasm; 3
Monthan; Moolpas; Otelus; Singulair; Xigenast; Jpm: Kipres;
Malaysia: Singulair; Ma. Singulair; Nzth. Amllhon. Kaszlute-

dnldren subsequently found that although a number of
small studis have shown that nedocromil improves air-

won; Luk St
Norw.: Singulair; NZ: Sing'ulan- Phl‘hyp er: Kasmr Kas-
torion;

Singulair; Pol: Airath A L; Astmi Dri-
mon; Bonic Hardic; Miluk ; Monk Montelak; Monte-
norm; Singulair; Symlukast;
Vi.zendo Port.; Dcpnvet' Duocea, Lukair; Singulair; Singulergy:
Synglarin}; Rus.: ); Singulair (Caarynsp);
S.Afr Lumont; Singulair; Smmne. Topraz; Singapore: Singu-
lair; Spais Monkasta; Pluralais; Singulair Swed.: Singulair
Switz.: Lukair; Singulair; Thai: Montek; Singulair; Turk.: Air-
last: Clast; Luxat; Monax; N-Fess; Notta; Onceair; Respair; Sin-
gula.iz: mptn. UK: Singulair; Ukr.: Lucast {Jlyxact); Milukant

: Montel (M Singlon (Cwmrnon); Singulair
(Cnm-ynp), Usa: Smguhu': Venez.: Airon; Inuvic; Mopukast;
Singulair.

Molti-ingrecient Preparations. India: Airway-L: Alnacet-M; Aro-
kast; Breathezy-L: Dilevocet-M; Folcet-MT; Hiskast; Kurecet-M;
L-Montus; Largy-M: Lazine-M: LCRal Plus; Le-Zyncet-M; Lem-
ont-LC;  Lepit-MK; Leverest-MK: Levocet-M; Levoclic-M;
Levoriz-MK: Levotin Plus; Levotra-M: Levotrin-M; Levoz-M;
Levzed-MK; Luka; Luzei-M; Luzer-M. Lydt-M. M Kzsl L
Molly-Plus; Moncet: Mondeo-LC: M Plus;

LC: Plus; Montb L k-
LC; Montilife: Montlu-L; Montral: Monty; Monway Plus;
Mosha-L; Mucopen; Nislevo-MK: Noal-LM; Nukast; Odimont
Plus; Okasma; Ontelio-L; Philipp.: Co-Altria; Zykast.

All cross-references refer to entries in Volume A

flow K reduces symp and reduces bronchial
hyperresponsiveness, this has not been confirmed in a lar-
ger long-term study of children with milder asthma. Its
place in relation to other asthuna therapies for children is
also unclear. 1t may be used before exercise to reduce
exercise-induced bronchoconstriction,* and appears to be
as effective as sodium cromoglicate for this indication.®

L. Edwards AM, Stevens MT. The dinical efficacy of inbaled nedocromil
sodium (Tilade) in the reatment of asthma. Eur Respir J 1993; 6 3541,

2 Amenio L o e Double blind. placebo controlled study of nedocromil
sodium in asthma. Arch Dis Child 1993; 68: 193-7.

3, Sridhar AV, McKean M. Nedocomil sodium for chronic asthma in
children. Availsble in The Cochrane Database of Systematic Reviews:
Issue 3, Chichester: John Wiley; 2006 (accessed 14/04/08).

4. Spooner CH, ef al. Nedocromil sodium for preveniing exercise-induced
bronchoconstriction. Available in The Cochrane Database of Systematic,
Reviews: Issue 1. Chichester: John Wiley; 2002 (accessed 14/04/08).

5. Kelly KD, a al. Nedocromll sodiurn versus sodium cromoglycate for
preventing exercise-induced  bronchoconstriction. Avallable in The
Cochrane Database of Systematic Reviews: Issue 3. Chichester: John
Wiley; 2000 (accessed 14/04/08).

Cough. For references indicating a positive response to
sodium cromoglicate but not to nedocromil sodium in the
management of cough induced by ACE inhibitor therapy,
see Cough, p. 1226.3.

Rhinitis and conjunctivifis. Nedocromil has been used in
the management of allergic rhinitis (p. 612.1) and con-
junctivitis (p. 611.1). In the management of seasonal aller-

gic rhinitis, there is some" evidence that prophylactic
mometasone furoate (p. 1644.1) reduces symptoms more
effectively than nedocromil.! In vernal keratoconjunctivi
tis nedocromil may be more effective than cromoglicate
(see p. 1227.1), but is less effective than fluorometho
lone.?

1. HﬁdeaLmuqlndutﬂydmmnem“nm
sodium as for seasona) allerglc
rhinitls. Az Allergy Asthma Ivomcnol 2006; 96: 673-8.

Z.Tabbann’ Al-XKharashi SA. Efficacy of anedocromil 2% versu:

0.1%: a rand d, double masked trial comparing
the eflects on severe vernal BrJ 1999
83: 1804,

Adverse Effects and Precautions

Inhaled nedocromil sodium may cause headache, gastro-
intestinal disturbances (nausea, vomiting dyspepsia, and
abdominal discomfort). An unusual or unpleasant taste is
reported rarely. Paradoxical bronchospasm may occur. Eye
drops may cause transient burning and stinging.

It should not be used for the wearment of acute asthma
attacks. The general cautions desaibed under sodium
cromoglicate (see p. 1227.2) also apply.

Incidence of adverse effects. A review! of nedocromil
sodium noted that adverse effects were infrequent, mild,
and short-lived. The most common effect appeared to be
an unpleasant or bitter taste, which occurred in 12 to 13%
of patients, although less than 1% of patients stopped
treatment because of it. Other adverse effects included
cough {in 7%), headache (6%), sore throat (5.7%),
nausea (4%), and vomiting (1.7%).

I. Bmgden RN, Sorhn EM. Nedocromil sodium: an updared review of its
and th efficacy in asthma. Drugs

1993; 45: 693-713.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies nedocromil as not
porphyrinogenic when used ophthalmically; it may be
used as a drug of first choice and no precautions are
needed.!
1. The Drug Dawabase for Acute Porphyria. Available at: bup:/iwww.
drugs-porphyria.org (accessed 17/10/11) NC lor intranesal use and lor
airway diseases.

Pregnancy. For discussion of the safety of nedocromil
when used during pregnancy, see Sodium Cromoglicate,
p. 1227.2.

Pharmacokinetics

Nedocromil sodium is poorly absorbed from the gastro-
intestinal tract; about 10% of the inhaled dose is absorbed
from the lungs. Absorption is also poor after topical
ophthalmic use, and occurs mainly through the nasal
mucosa. Nedocromil sodium is excreted unchanged in the
urine and faeces. The half-life is stated to range fromabout 1
to 3.3 hours.

The extent of absorption or bicavailability of nedocromil
sodium after inhalation in healthy subjects was 7 to 9% of
the dose, including 2 to 3% oral absorption and 5 to 6%
absorption from the respiratory tract.! After inhalation of
nedocromil sodium 4 mg the mean peak plasma concentra-
tion was 3.3nanograms/ml in healthy subjects and
2.8nanograms/mL in asthmatic patients, after about 20
and 40 minutes respectively. The mean total uri
excretion 24 hours after a single dose was 5.4% of the dose
in healthy subjects and 2.3% in asthmatics.

1. Neale MG, of al. ‘!‘hepharmwnhnmcsofudouumdwd!maw
drug for the airways discase, in
human voiunteers and pmems with reversible obstructive airways
disease. Br J Clin Pharmacol 1987; 24: 493-301.
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Propriefary Preparations (details are given in Volume B)
Single-ingredient Preparafions. Austral: Tilade; Austria: Tilade;
THarint; Tilavist; Braz: Tilade; Camad: Alocril; Cz.: Tilade;
Denm.: Tiladet; Tavist Fin.: Tilade; Fr.: Tilavist; Ger.: Inan;
Gr.: Tilade; Irl: Tilade; Israet: Tilavist; Ital: Kovilen; Kovinal;
Tiade; Tilarin; Tlavist; Mex.: Irtan; Neth.: Tilade; Tilavist
Norw.: Tilavist; NZ: Tilade; Port.: Tilavist: Rus.: Tilade (Tainen);
Singapore: Tilade; Spain: Tilad; Tilavist: Swed.: Tilavist; Switz.:
Tilavistt; Turk.: Tiladet; UK: Rapitil; Tilade; USA: Alocril.
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Uses and Administration

Omalizumab is a recombinant humanised monocional
antibody that selectively binds to IgE. It inhibits the binding
of IgE to mast cells and basophils, thus reducing the release
of mediators of the allergic response. Omalizumab is used in
the prophylactic management of moderate to severe,
persistent allergic asthma (p. 1195.2). The dose depends on
the patient’s weight and pre-tweatment serum-IgE con-
centrations; in the UK, dosage regimens range from 225 to
600 mg given every 2 weeks or 75 10 600 mg every 4 weeks,
whereas in the USA regimens range from 225 to 375mg
every 2 weeks or 150 10 300 mg every 4 weeks. Omalizumab
is given by subcutaneous injection, and not more than
150mg should be given at one injection site. Total IgE
concentrations rise during treatment (see Pharmacoki-
netics, below), remaining elevated for up to 1 year after
withdrawal, and cannot be used to determine continued
dosage. Dose determination after treatment interruptions
lasting up to 1 year should be based on pre-treatment
serum-IgE concentrations.

Omalizumab is under investigation in the prophylactic
management of seasonal allcrgic rhinits.
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adults and adolescents with perennial allergic rhinitis. Arne Allergy
Asthma Immurol 2003; 91: 160-7.

S. Hanf G. ¢ al. Omalizumab inhibits allergen challenge-induced nasal
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Adminisiration in children. Omalizumab is used for the
prophylactic management of severe persistent allergic
asthma in children trom 6 years of age. The dose depends
on the child’s weight and pre-treatment serum-IgE con-
centrations; dose ranges are the same as those in adults,
see above.

N~

Aspergillosis. Successful treatment of allergic bronchopul-
monary aspergillosis with omalizumab has been reported
in children with qsnc fibrosis."? In one such report,'
d impr and normalisation in
lung function within 2 2 4 hours of givmg omalizumab
led to complete withd. [ of cortic d treatment in
a 12 year old girl. Others? have reported similar benefits.
1. vanderEntCK, etal. ful of aitergic bronchopul
upergﬂ]oﬂs with recombinant anti-IgE antibody. Thorax 2007; 62: 276~

2. mﬁxummczsmﬂmlmammmabmw
bronchopulmonary aspergillosis and cystic fibrosis. Pediasr Pulmonal
2008; 43: 607-10.

Asthma. Omalizumab may be used for the treatment of
severe persistent allergic (IgE mediated) asthma as an add-
on therapy to optimised standard therapy in adults (see
Asthrna, p. 1195.2). It has been shown to reduce exacer-

bations and cortic id r compared with pla-
d hma.! It

5. Walker S, ef al. Anti-igE for chronic asthma in adults and children.
Available In The Cochrane Database of Systematc Reviews; issue 2.
Chichester: John Wiley; 2006 {accessed 14/04/08).

6. Berger W, o al. Evaluation of long-term safety of the anti-IgE antibody,
omalizumab, in chiliren with allergic asthma. Amn Allergy Asthma
Immunol 2003; 91: 132-8.

7. Mll;ram H, o al. Treatment of childhood asthma with

lin B antibody Pediatric 2001; 105:
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Churg-Sirquss syndrome. A response to omalizumab bas

been reported’ in 2 refractory cases of Churg-Strauss

syndrome (p. 1603 l) which had previously been masked

by cortic ,  Churg-Strau

syndrome has also been rcponed as an adverse effect of

omalizumab (see below).

1. Pabst S, eral. Apparent response to and-IgE therapy in two patients with

refractory *forme fruste” of Churg-Swrauss syndrome. Thenx 2008; 63:
747-8,

Adverse Effects and Precautions

Injection site reactions are common with the use of
omalizumab. Other adverse effects that have been reported
include generalised pain, fatigue, arthralgia, myalgia,
dizziness, earache, gastrointestinal disturbances, headache,
fracrures, pruritus, dermatitis, and alopecia. An increased
incidence of parasitic infection has been reported in patients
at high risk for helminthic infections. Viral infections, upper
respiratory-tract infections, sinusitis, pharyngitis, and flu-
like {llness. can also occur. Systemic eosinophilia such as
Churg-Strauss syndrome has also been reported.

Potendally life-threatening anaphylaxis presenting as
bronchospasm, hypotension, syncope, urticaria, angio-
edema of the throat or tongue, cough, or chest tightness has
been seen after omalizumab weaument. Anaphylactic
reactions may occur up to 4 days after a dose, and as early
as the first dose or more than 1 year after beginning regular
treatment. Serum sickmess reactions have also been
reported rarely with i b use; symp usually
appear 1 to 5 days after an injection and include arthritis or
arthralgia, rash, urticaria, fever, and lymphadenopathy.

Severe thrombocytopenia has been reported with use of
omalizumab.

Licensed product information notes an mv:reasecl
incidence of mali ies in given i

In children, pyrexia and upper abdominal pain are
commonly reported after omalizumab treatnent.

Omalizumab should not be used for the treatment of
acute asthma attacks, and inhaled corticosteroids should not
be abruptly withdrawn on starting omalizumnab therapy.

{details are given in Volume B)

Single-ingredient Preporutions. Ary.: Xolair; Austral: Xolair;
Austria: Xolair; Belg.: Xolair; Braz.: Xolair; Canad.: Xolair;
Chile: Xolair Cz.: Xohir, Demm.: Xolair; Fr.. Xolsir Ger.
Xolair; Gr.: Xolai Homg Kong: Xolair; Hung.: Xolair; Irl:
Xolair; Israel: Xolair; Ital.: Xolair: Jpr: Xolair; Malaysia: Xolair;
Neth.: Xolair: Norw.: Xolair: NZ: Xolair; Philipp.: Xolair; Pol.:
Xolair; Port.: Xolair; Rus.: Xolair (Kcomp); Singapore: Xolair:
Spairn: Xolair: Swed.: Xolair; Switz.: Xolair; Thai.: Xolair; Turk.:
Xolair; UK: Xolair; Ukr.: Xolair (Kcamp); USA: Xolair: Venez.:
Xolair.
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ATC — RO3ABO3; RO3CBU3.
ATC Vet — QRO3AB03; QROICRO3.

H'\amwcopoelas. In Eur, (sec p. vii), Jpn, and US.

Ph. Eur. 8: (Orciprenaline Sulfate). A white, slightly
hygroscopic, crystalline powder. Freely soluble in water;
slightly soluble in alcohol; practically insoluble in
dichloromethane. A 10% solution in water has a pH of 4.0
to 5.5. Store in airtight containers. Protect from light.

USP 36: (Metaproterenol Sulfate). A white to off-white
crystalline powder. Freely soluble in water. A 10% solution
in water has a pH of 4.0 to 5.5. Store in airtight containers.
Protect from light.

References. Uses and Administration
L. Deniz YM, Gupta N. Safety and lity of b (Xolair), 8
and-IgE Clin Rev Allergy | Orciprenaline sulfate is a ducct-acn.ng sympathomimetic
Immunol 2005; 29: 31-48. with mainly beta-ad eptor lant activity. It has

2. Limb SL, #f al. Delayed onset and d ol
after omalizumab administraton in patients with asthma. J Allergy Clin
Immeunol 2007; 120: 1378-81. Correction. ibid. 2008; 121: 178.

actions and uses similar to those of salbutamol (p. 1220.2)
but is less selective for beta, receptors.

3. Cox L a al. American Academy of Allergy, Ashma and
American College of Allergy. Asrhml :nd Immunology Joint Task Force
Report on i laxis. J Allergy Clin Immunol
2007; 120: 1373-7,

4. Corren J, er of. Safety and toierability of omalizumab. Clin Exp Allergy
2009; 39: 788-97.

Effects on the cardio lar system. Interim findi

from a study to assess the long-r.cm safety of omalizumab
have suggested a disproportionate increase in cardiovascu-
lar and cerebrovascular problems among patients treated
with omalizumab compared with an untreated control
group. Reported problems included cardiomyopathy, myo-
cardial infarction, arrhythmias, heart failure, syncope,
transient ischaemic attacks, pulmonary hypertension, and

cebo in adults with to-severe allergic
also reduced exacerbation rates in patients with inade-
quately controlled, severe persistent asthma,? and is con-
sidered to be an effective therapy in difficult-to-meat,
high-risk adult patients.>*

A systematic review® of omalizumab therapy for chronic
asthma found that omalizumab was more effective than
placebo at reducing exacerbations and improving quality of
life. Although omalizumab had an inhaled-corticosteroid-
sparing effect, the dinical significance of the magnitude of
reduction open to interp ion, and other factors
such as cost-cffectiveness and comparative efficacy
compared with other add-on therapy should be considered.
In patients on oral corticosteroids, no significant impact was
seen on either exacerbations or oral corticosteroid dose.

Omaiizumab has been investigated in the treatment of
childhood asthma with encouraging results.”

1. SolérM. etal. meand l(!am.body i reduces TH

thrombosis. Further data are required before a causal rela-
tionship can be ascertained: regulatory bodies in both
Canada and the USA are cartying out reviews.'?
1. Health Canada. Realth Canada mncwmg posnble association of asthma
drug Xolair risk of
problems (issued 13th August 2009) Available au: hup:/fwww.hc-sc.
gc.cafahc-asc/media/advisories-avis/_2009/2009_129-eng.php
(accessed 16/03/1G)
2. FDA. Omalizumab (marketed as Xolair) - early communication about an
ongoing safety review (issued 16¢h July 2009). Avall-hle au hup://
www.fda. g

d 172406.htm

Effects on the cerebrovascular system. For a possible
association between omalizumab treatment and an
increase in cerebrovascular adverse effects, see above.

16/03/10)

Pharmacokinetics
li b is absorbed after subcutaneous injection with a

and steroid in allergic asth Bur Respir J 2001; 18:
254~61.

2. Humbert M, et al. Benefits of omalizumab as add-an therapy in patients
with severe persistent asthma who are inadequately controlled despite
Dest available therapy (GINA 2002 step 4 treatment): INNOVATE. Allergy
2005; 60: 309-16.

3. Hendeles L Sorkness CA. Anti-immunogiobulin E therapy with

b for asthma. Amn Ph her 2007; 41: 1397-1410.

4. Price D. The use of omalizumab in asthma. Prim Care Rexpir J 2008; 17:

62-72.

The symbol t denotes a preparation no longer actively marketed

bioavallability of about 62%, mching peak serum
concentrations after 7 to 8 days. It is removed by IgG and
IRE clearance processes in the liver, with a serum
elimination half-life of about 26 days. During treatment
with omalizumab, the serum concentration of free IgE
decreases but that of total IgE increases because the
omalizumab-IgE complex has a slower climination rate
than free IgE.

Orcip line sulfate is used as a bronchodilator in the
management of reversible airways obstruction, as in asthma
{p. 1195.2) and in some patients with chronic obstructive
pulmonary disease (p. 1199.1). However, more selective
beta, agonists such as salbutamol or terbutaline are now
preferred. On inhalation, the onset of action is usually
within 30 minutes and can last from 1 to 5 hours.

Orciprenaline sulfate may be inhaled as a 0.4 or 0.6%
nebulised sotution from unit-dose vials containing 10 or
15 mg, respectively. For relief of acute bronchospasm, one
vial is inhaled up to every 4 hours; in the management of
chronic disease, one vial has been given 3 or 4 times daily. In

i with asth ‘a ired’ beta agonist therapy is
prefenble to regular use. An inceased need for, or
decreased duration of effect of, orciprenaline indicates
deterioration of asthma control and the need for review of
therapy.

In the chronic management of reversible airways
obstruction, orciprenaline suifate has been given orally in
a usual adult dose of 20 mg three or four times daily.

In acute bronchospasm orciprenaline sulfate has been
given parenterally. A dose of 250 to 500 micrograms has been
given by slow intravenous injection, or 5 to 10micro-
grams/minute by intravenous infusion. Alternatively, an
intramuscular or subcutaneous injection of 0.5 to 1 mg has
been used.

Orciprenaline sulfate has also been used similarly to
isoprenaline (see p. 1412.1) for its cardiovascular effects in
the treatment of bradycardia of various types, notably in
AV heart block and sinus bradycardia. In such cases oral
doses of up to 240mg daily in divided doses, have been
used. Por doses of orciprenaline used in children, see
Administration in Children, below.

Administration in children. In patients with asthma, ‘as-
required’ beta agonist therapy is preferable to regular use,
and chmmc treatmem with orcip line would g
be d as inappropriate in children. Ne heless, an
oral prcparanon is licensed for such use in some countries;
in the USA, children aged from 6 to 9 years may be given

The symbol & denotes a substance whose use may be restricted in certain sports {see p. vili)
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orciprenaline sulfate 10mg three or four times daily for
reversible bronchospasm. Children aged over 9 years, or
over about 25 kg may be given adult doses, see p. 1217.3.

Asthma. Orciprenaline sulfate is considered less suitable
for the relief of reversible airways obstruction than the
selective beta; agonists. The UK MH:RA considers that
study data show sub ial th te for sal-
butamol over orciprenaline with respect to improvements
in pulmonary function, dosing frequency, and adverse
effects.!?

1. MHRA. MHRA public . Ord sutphate
(Alupent): planned withdrawal from the UK market following a risk-
benefit analysis (issued ber 2009). Available at: hup://
mhra.gov.uk/h groups/pl-p/d esources/
con062531.pd {accessed 17/03/10)

2. MHARA/CHM. Ordprenaline te [Alupent): withdrawal due 1o
unfavourable denefit-risk profile. Orig Safety Updawe 2009 3 4): 6.
Available at: hap:// mhrs.gov.uh ET_
FILEGdDocName=CON062. )| h aiestRe-
leased (accrssed 03705710}

Adverse Effects and Precautions

As for Salbutamol, p. 1221.3 and p. 1222.3. Adverse effects
are more common because of the non-selective beta agonist
effect of ordprenaline, and in particular, tachycardia and
palpitations can occur before maximum bronchodilatation.
For the adverse effects and precautions pertaining to
non-selective beta agonists see under Sympathomimerics,
p. 1508.2 and p. 1508.3.

Interactions

the recommendation that it should not be used during

pregnancy.

Preparations

Propriefary Preparations (details are given in Volume B)
Preparations. Gr.: Oxivent; ftal.: Oxivent: Jpm:

Tersigan.

Pemirolast Potassium usan, iNnv

BL-5617; BMY-26517; “Kalit Pemirolastum; Pemuolast
potdsico; Pémirolast Potassique; Kanws Memmponact.
“Potassium 9-methyl -3 (1 H’-tetrazol 5+ yl)-4H—pyndo[1 ,2-a]pyr-
imidin-4-one. ¥

C oH;KN,O—266.3

CAS — 69372- 79—6 memuolasr) 100299-089 (pemirolast
potassium).

UNIll — 497A170UUE.

Profile

Pemirolast potassium has mast cell stabilising properties like
sodium cromoglicate (p. 1225.3) and may also be a
leukotriene inhibitor. It has been used in the treatment of
chronic asthma (p. 1195.2) and in the prophylaxis of allergic
rhinitis {p. 612.1) and conjunctivitis (p. 611.1). Pemnirolast
iurn has no bronchodilator properties and should not

As for Salbutamol, p. 1223.1.

Pharmacokinetics

be used for the treatment of acute asthma attacks.

For asthma, the usual dose is 10mg orally twice daily
after food. For allergic rhinitis the dose is halved. Pernirolast
P ium 0.1% eye drops are instilled 4 times daily in the

After oral doses orciprenaline is absorbed from the
gastrointestinal tract and undergoes extensive first-pass
metabolism in the liver; about 40% of an oral dose is
reported to reach the drculation unchanged. It is excreted
in the urine mainly as metabolites.

Preparations

Proprietary Preparations (details are given in Volume B)
Single-ingredient Austria:  Alupentt; Ger.:
Alupent; Gr.: Alupent: India: Alupent: Indon.: Alupent Iri.:
Alupentt; Ital: Alupent$; Jpm: Alotect; Mex.: Alupent; Pol.:
A pentt; Rus: A P (A ¥+ UK: Alupentt;
USA: Alupentt.

-3 Preparations. Chrile: Broncodual Compuesto;
Cloval Compuesto; Pulbronc Solvanol Tusabront; Vapoflu;
Gr.: Sflomat Compositum; Indon.: Silomat Compositumt; Iri.:
Alupent Expectorantt: Mex.: Bisolpent Ex; Philipp.: Bisolpent;
S.Afr Adco-Uncwpem, Benylin Chesty; Bisolvon Linctus DA;

D UAE: Ordinol.
Pharmacoposial Preparations
BP 2014: Orcprenaline Tablets;
USP 36: | Sulfate Inhalation A 1 P
enol Sulfate Inhalad b 1 Sulfate Syrup;
Metaproterenol Sulfate Tablers.
Oxllroplum Bromide jzan, /N

0 pi Oksmoplumbromndl Oxltropu
opia; bromurc de; Oxitropium, Bromure d;

lidz OxCATPONiAA BpoMMA: .
[QS)—trapoyloxyltropamum bromude
3- [(S)‘tmpe)fioxy]-G 7-epoxytropanium.

Pharmacopoeias. In Bur. (see p. vii).
Ph. Bur. 8: (Oxitropium Bromide). A white or almost white,
crystalline powder. It exhibits polymorphism. Very soluble
in water; sparingly soluble in alcohol; freely soluble in
meth](l alcohol; practically insoluble in dichloromethane.

Profile

Oxitropium bromide is a quaternary ammonium
antimuscarinic with actions similar to those of ipratropium
bromide (p. 1211.3), to which it is structurally related. It is
used as a bronchodilator in the treatment of reversible
alrways obstruction, as in asthma (p. 1195.2) and chronic
obstructive pulmonary disease (p. 1199.1). Doses of 100 or
200 micrograms by inhalation from a metered-dose aerasol
have been given 2 or 3 times daily. Oxitropium bromide
may also be given as a nebulised solution in doses of 1.5mg
inhaled 2 or 3 times daily. Animal studies have shown
reproductive toxicity with high doses of oxitropium, hence

All cross-references refer to entries in Volume A

prophylactic management of allergic conjunctivitis. For
details of doses in children. see below.

Pemnirolast has also been investigated for the prevention
of restenosis after coronary artery stent placement.
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Administration in ch ) ium may. be

used in the management of asthma in chﬂdren in the fol-

lowing oral doses:

» ] 10 4 years: 2.5 mg twice daily after food

* 51t0 10 years: 5 mg twice daily after food

s 11 years and above: use adult doses, see above

For allergic rhinitis, the above doses are halved.
Pemirolast potassium 0.1% eye drops can be used four

times daily in children over 3 years with allergic

conjunctivitis.

Preparations
Propristary Preparafions (details are given in Volume B)

Single-ingredient Preparations. China: Ai Xin Yi Le (XLAK3UF);
Alegysal (Jf3X3\); Min Si Tong (JRS38); Nt Er Ping (B/RF);
PuLiMin (%#18); Ze Er Sheng (%Wi4); Hong Kong: Pemirox;

Indon.: Alegysal: Jpm: Alegysal; Philipp.: Alegysal; Thai.:
Pemirox; USA: Alamast.

Pirbuterol jaan, iy ®

Plributérol;. Pnrbuteroll PII’bUIe!O]UI‘I'l, Pyrbuterol nup-

Byrepon. -
: 2+tert Butylammo-l-(S-hydroxy—é—hydmxymemyl-z-pyndy
éthanol, = .¢

CquoNzOs=24°3
CAS.—38677-81-5...

ATC — R03AC08. R03CC07

ATC Vet = QROACO8; QRO3CCO7.
UNIl — OGB45I8RVWW.. ~

Pirbuterol Hydrochloride

{BANM, USAN, dNNM) @

CP-24314-1; Hdrodoruro de purbuterol Pirbutérol, Chlorhy-
-drate: de;- Pirbuterol, hidrocloruro de; Pirbuteroli: Hydros:
chloridum; - Pyrbuterol Hydrochlonde I'lupﬁy‘repona
Tgpowiopng, -~ - :

cuHmN,o,,zHCl-mz

v

CAS — 38029-10-6.

ATC — RO3ACO8; RO3CCO7.

ATC Vet — QRO3ACO8; QRO3CCO7.
UNIl — J6793T658K

Profile

Pirbuterol is a direct-acting sympathomimetic with mainly
beta-adrenoceptor stimulant activity and a selective action
on beta, receptors (a beta, agonist). It has properties similar
10 those of salbutamol (p. 1220.2).

Pirbuterol is used for its bronchodilating properties. It is
given as the acetate in the management of reversible
airways obstruction, as in asthma (p. 1195.2) and in some
patients with chronic obstructive puimonary disease
(p. 1199.1). On inhalation, pirbuterol exerts an effect
within 10 minutes, which is reported to last at least 5 hours.

Pirbuterol is given by inhalation as the acetate but doses
are expressed in terms of the base: pirbuterol acetate
250 micrograms is equivalent to about 200 micrograms of
pirbuterol. It is given via a metered-dose aerosol in a usual
dose equivalent to pirbuterol 200 to 400 micrograms (1 to 2
inhalations) as required but not more often than every four
hours. A total daily dose of 2.4 mg (12 inhalatons) should
not be exceeded. In patients with asthma, “as-required’ beta

g therapy is prefe to regular use. An increased
need for, or decreased duration of effect of, pirbuterol
indicates deterioration of asthma control and the need for
review of therapy.

Pirbuterol has also been given orally as the hydro-
chloride.

Preparations
Proprisfary Preparations {details are given in Volume B)
Single-ingredient Preparations. Fr.: Maxairt; USA: Maxair.

Pitrakinra (i~ S

AER-OOl Bay-16-9996 P:trakmrum, ﬂm'pamnpa

e Methlonyl [121-aspamc acid,124-aspartic acxd]mterleukm-
4,

NoTE. The name Aerovant has been used as a trade mark for
pitrakinra.

Profile

Pitrakinra is a dual interleukin-4 and -13 receptor
antagonist that is under investigation in the weatment of
asthma.

References.
1. Wenzel §, e al. Effect of an interleukin-4 variant on late phase asthmatic
response to allergen challenge in asthmatic patients: results of two phase
2a studies. Lancer 2007; 3702 1422-31.
2. Burmeister Gerx E, of al. Hurnan
of an 4 and
Pharmacc! 2009; 49: 1025-26.

13 dual ist in asthma. J Clin

Pranlukast (BAN, iNN)

"ONO-1078: Pranlukasturn. I'Ipaunyxacr L :
N-[4-Ox0-2-(1H-tetrazol-5-yl)-4H-1- benzopy!an—8 )'|T P-(4-
phenylbmoxy)benzamoda o

CyHpNsO=4815. :

CAS.— 103177-37-3.
ATC — ROIDCOZ .
ATC Vet — OR03DC02.
UNI— TB82891052 -

Profile

Pranlukast is a selective antagonist of the leukotriene Cy, Dy,
and E, receptors with similar properties to zafirlukast
(p. 1239.3). It is used in the management of asthma
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(p- 1195.2) and allergic rhinitis (p. 612.1), at a usual oral
dose of pranlukast hydrate 225 mg twice daily.
For details of doses in children, see below.
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=

Administrafion in children. Children with asthma may be
given 3.5mgrkg of pranlukast hydrate orally twice daily.
The maximum daily dose is 10mg/kg, not to exceed the
usual adult daily dose of 450 mg (see p. 1218.3).

Churg-Sirguss syndrome." For discussion of the potential
causative role of leukotriené’ antagonists in Churg-Strauss
syndrome, see under Zafirlukast, p. 1240.2.
Preparations

Proprietary Preparations (details are given fn Volume B)
Single-ingredient Prégorafions. Jps: Onon; Mex.: Azlaire; Venez.:
Azlaire.

Procaterol Hydrochloride
[BANM, USAN, dNNM) ® ‘
“Ciigse; Hidrocforuro de proca 1
“Chlorhydrate “de; Procaterol;
Hydrochlondum Pmkaterolhydrekl

ke hydroxy-z-nsopropylammobutyil

chioride. . . Vo
c,,HnN,o,,HCJ_n&&
CAS. —172332-33-3. mrocarerol), 59828-07-8 bracatero/

ATC — R03AC 6 R03CC08. A
ATC Vet — QRO3ACIS; QR03CC08 - T
UNIf — 4VDIBRT7TR * PERTLAY
NoTE. Commercial procatcrol hydmch!onde is the hcmn-
hydrate (C(sH22N20, BCL%H,0=335.8).

Pharmacopoeias. Chin. and Jpn include the hemihydrate.

Profile

Procaterol hydrochloride is a direct-acting sympathomi-
metic with mainly beta-adrenoceptor stimulant activity
selective to beta; receptors (a beta; agonist). It has properties
similar to those of salbutamol (p. 1220.2) and itis used as a
bronchodilator in the management of reversible airways
obstruction, as in asthma (p. 1195.2) or in some patients
with chronic obstructive pulmonary disease (p. 1199.1). On
inhalation it produces an effect within 5 minutes and the
effect can last up to 8 hours.

To relieve acute bronchospasm, a usual dose of

20 micrograms of procaterol hydrochloride is given by ]

inhalation from a d-dose l or dry p
inhaler up to 4 times daily. In patients with asthma, ‘as-
required’ beta agonist therapy is preferable to regular use.
An increased need for, or decreased duration of effect of,
procaterol indicates deterioration of asthma control and the
need for review of therapy. An inhalation solution
containing 100 micograms/mL has been given via a
nebuliser in usual doses of 30 to 50 micrograms. Procaterol
hydrochloride can also be given orally in doses of
50 micrograms once or twice daily.

Preparations
Propriefary Preparations (details are given in Volume B)

Single-ingredient Preporofions. China: Bai Da Tu (fBEM);
Chuan Di (Jit); Meptin (R%M); Xi Si Ning (BBF); Cz:
Lontermin; Hong Kong: Meptin; Indon.: Ataroc Meptin; Vac-
tiv; Jpm: Meptin; Malaysia: Meptin; Philipp.: Meptin; Port.:
Onsudil; Singapore: Meptin; Thai.: Caterol; Meptin.

The symbol + denotes a preparation no longer actively marketed

- UNIt -——"13G10MN4PG.

Proxyphyllme [BAN, INN]

Proxlfyllm,

7-(2- Hydrbxypropyl) 1 3—dimethylxanthlne _(RS) 1.3-
DImeﬂ\yl—T—iZ—hydroxypfop}{l)punneZ,ﬁ(BH tH)-dione; 7~(2-

“CigHuN03=2382
€AS — 603-00-9. ~
ATC — R03DAG3.

"ATC Vet — QRO3DA03.

Pharmacopoeias. In Eur. (see p. vil).

Ph. Eur. 8: (Proxyphylline). A white or almost white,
crystalline powder. Very soluble in water; soluble in alcohol.
Protect from light.

Profile

Proxyphylline is a derivative of theophylline (p. 1229.3)
which is used as a bronchodilator and for its cardiovascular
properties. Proxyphylline is readily absorbed from the
gastrointestinal ract and it is not converted to theophylline
in the body.

Preparations
Proprietary Preparations. (details are given in Volume B)
L Ger.: Antihyper-

ars Lard Pry i

Muiti-ings P
tonicum $; Mex.: Gadital.

Repmncsi (USAN, AN

épirinast Repmnastum, Penupu
S-dihydro-7, &dlmemyM 5-d»oxo-4H—pyrano[3,2-

g-z-carboxyiate -
: =355.4
‘CAS — 73080-51-0.
UNII — 4K8KA8B61G.
Profile

Repirinast is an orally active anti-allergic with a stabilising
action on mast cells resembling that of sodium cromoglicate
(p- 1225.3). It has been given orally in the management of
asthma (p. 1195.2).

s

ate via a d-dose aerosol at the same dose

uscd in adults (see above).
Preparations
Proprielary Preparations (details are given in Volume B}

Preparati Ger.:
Bronchospasmin.

Multi-mgredient Preparalions. Ger.: Aarane N; Allergospasmin.

Bronch Gr.:

Roflumilast usw, NN

AFTRINT, 3-9302*1 o 8217,
P°¢nwmcr

CI,H,4CI1F,N203—4032
‘CAS — 162407-32-3.
TATC — RO30X07
ATC Vet — QROIDX07.°
UNI— 0PSCEZOPSU, .

Uses and Administration

Baflimil

is a phosphodi type-4 inhibitor that is
used for maintenance treatment of severe chronic
obstructive pulmonary disease as an adjunct to broncho-
dilators. An orai dose of 500 micrograms is taken once daily.
It should not be used to treat acute bronchospasm.

Roflumilast is also under investigation in the weatment
of asthma.
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Single-ingredient Preparations. Jpn: Romet. Adverse Effects and Precautions
The most commonly reponed adverse effects with
roflumilast are gastroi I disturb such as diarr-

Reproterol Hydrochloride
{BANM, USAN, iNNM) @

D-1959 (reproterol). Hvdrodoruro de reproterol, ‘Réprotéral;
! rate e rocloruro dey Reproteroll

-3
‘hydrochieride.
cwH,,Nsos,Ho—m 9.
CAS !

ATC Vet — QROJACTS; QRO3CC14,
UNI — Y4i1COJBWB.

Profile

Reproterol is a direct-acting sympathomimetic with mainly
beta-adrenergic activity and a selective action on beta;
receptors (a beta, agonist). It has properties similar to those
of salbutamol (p. 1220.2).

Reproterol hydrochloride is used as a bronchodilator in
the management of reversible airways obstruction, as in
asthma (p. 1195.2) and in some patients with chronic
obstructive pulmonary disease (p. 1199.1).

For the relief of bronchospasm, reproterol is given with
sodium licate via a d-dose aerosol, in a usual
dose of 2 inhalarions of reproterol hydrochloride 500 micr-
ograms four times daily. In patients with asthma, ‘as-
required’ beta agonist therapy is preferable to regular use.
An increased need for, or decreased duration of effect of,
reproterol indicates deterioration of asthma control and the
need for review of therapy. A slow intravenous injection of
reproterol hydrochloride 90 micrograms, repeated after 10
minutes if necessary, has been used in the treatment of
status asthmaticus. Reproterol has also been given orally.

Administration in children. For the relief of bronchospasm
in children, reproterol hydrochloride is given with sodium

hoea and nausea, abdominal pain, headache, and a decrease
in appetite and body-weight. These adverse effects mostly
occur within the first weeks of therapy and resolve on
continued treatment. Weight should be checked regularly,
particularly in those who are underweight, and treatment
stopped if a significant weight decrease occurs. Other less
common adverse eﬁem include hypersensitivity, rash,
palpitations, tremor, d gastritis, le spasms and
wealmcss. myalgia, back pain, and fatigue. Gynaecomastia,
dysgeusia, urticaria, respiratory-tract infections, haemato-
chezia (blood in the stools), and increases in liver enzymes
and creatine phosphokinase have been reported rarely.

An increased risk of psychiatric disorders such as
insomnia, anxiety, and depression have been reported with
roflumilast, and suicidal ideation and behaviour, including
successful suicide attemnpts, have occurred rarely. Roflumi-
last is not recommended in patients with a history of
depression and suicidal ideation or behaviour, and caution
is advised in patients who report previous or existing
psychiatric symptorns or those on other drugs likely to cause
psychiatric events.

Roflumilast is extensively metabolised in the liver and
should be used with caution in patients with mild hepatic
impairment (defined as Child-Pugh class A); it is not
recommended in those with moderate or severe impairment
{Child-Pugh class B or C). Due to a lack of data, roflumilast is
not recommended in patients taking immunosuppressive
drugs, or those with severe immunological disease, severe
infectious disease, cancer, or severe heart failure (NYHA
grades 3 or 4).

Roflumilast should not be used for the treatment of acute
asthma attacks.

Inferactions

The active ‘N-oxide metabolite of roflumilast has similar
potency to roflumilast and is the main contributor to overall
phosphodiesterase type-4 inhibition, Roflumilast is meta-
bolised via the cytochrome P450 isoenzymes CYP3A4 and

The symbol & denotes a substance whose use may be restricted in certain sports (see p. viii)



1220 Bronchodilators and Antiasthma Drugs

CYP1A2, and inhibitors or inducers of these enzymes may
affect exposure to roflumilast and its N-oxide metabolite.

Use of roflumilast with theophylline or with an oral
contraceptive containing gestodene and ethinylestradiol has
resulted in increased inhibition of phosphodiesterase type-
4.

Roﬂumihst has not been shown to inhibit or induce any
cytochrome P450 isoenzymes, aside from a weak induction
of CYP2B6.

Fuvoxamine. R d doses of fluv (an inhibitor
of the cymchmme P450 isoenzymes CYP1A2 and
CYP2C19) increased exposure to roflumilast in a pharma-
cokinetic study.! Although the rate of formation of the
active N-oxide metabolite was decreased, clearance was
also decreased, resulting in increased exposure w the
metabolite. The authors of the study suggested that this
increase could have been due to CYP2C19 inhibition of N-
oxide metabolism by fluvoxamine, as CYP1A2 was not
involved in the metabolism of roflumilast N-oxide. Total
phosphodiesterase-4 inhibition was inaeased by about
60%.

- 1. von Richter O, # al. Ellect of N on the ph inetics of
roflumilast and roflumilast N-oxide. Clin Pharmocokinet 2007; 46: 613~
2

Kefoconazole. Exposure 10 roflumilast was increased after
single and repeated doses of ketoconazole, a potent inhibi-
tor of the cytochrome P450 isoenzyme CYP3A4. Forma-
tion of the active N-oxide metabolite was delayed and
exposure was slightly decreased after a single ketoconazole
dose, but unchanged after repeated dosing. The authors
stated that both roflumilast and its N-oxide are metabo-
hscd by CYP3A4 but to different degrees. Overall phospho-
type-4 inhibiton was unaffected and it was con-
sidered unnecessary to adjust the roflumilast dose when
giving with ketoconazole.!
L. lahuG.auL Effect of single and repeated doses of ketoconazole on the
of and ilast N-oxide. J Clin

Pharmacol 2008; 48: 133949,

Rifampicin. Exposure to roflumilast decreased when it was
given with rifampidn, a potent inducer of the cytochrome
P450 isoenzyme CYP3A4. Exposure to the active N-oxide
metabolite was also reduced despite increased formation,
and the authors of the study suggested that rifampicin
could mediate these effects by induction of CYP3A4 and
CYP2C19 as both are involved in metabolism of the N-

oxide. Overall phosphodicst_znse type-4 inhibidon was

reduced by about 60%.!

I. Nausr N a al. Effeas of in on the of
rofflumilan and roflumilast N-oxide in healthy subjects. Br J Clin
Pharmacol 2009; 68: 580-7.

Pharmacokinetics

Following an oral dose on an empty stomach, peak plasma
concentrations of roflumilast occur after about 0.5 to 2
hours, and after about 4 to 13 hours for the actve
metabolite roflumilast N-oxide. Food delays the time taken
to reach maximum concentration but does not affect total
exposure to the active compounds. The absolute bioavail-
ability is about 80%. Plasma-protein binding of roflumilast
and roflumilast N-oxide is about 99% and 97%.
respectively. Studies in animals indicate that roflumilast is
readily distributed to organs and tissues without evidence of
accumulation; penetration of the blood-brain barrier is low.
Steady-state plasma concentrations are reached after about
4 days for roflumilast, and 6 days for the N-oxide. Total
€XpOSUre to both compounds is increased in {females, elderly
patents, and in non-Caucasians, and slightly decreased in
smokers.

Roflumilast is. m:nsxvely metabolised in the liver both
via conjugation and via cytochrome P450 isoenzymes. The
main metabolite is roflumilast N-oxide the formation of
which is mediated by CYP3A4 and CYP1A2. Roflumilast and
its N-oxide have similar potency; however, exposure to the
metabolite is about tenfold greater and it is the main
contributor to overall activity. The N-oxide is further
metabolised via CYP3A4, CYP2C19, and extra-hepatic
CYP1Al.

After an oral dose, the median plasma effective half-lives
of roflumilast and roflumilast N-oxide are about 17 and 30
hours, respectively. About 20% of an oral or inwavenous
dose is recovered in the faeces, and 70% in the urine as
inactive metabolites.

References.

Preparations

Proprietary Preparations (details are given in Volume B)
Single-ingrediend Preporafions. Canad.: Daxas; Cz.: Daliresp;
Daxas; Libertek; Denmm.: Daxas; Fr.: Daxas; Ger.: Daxas; Gr.:
Daxas; Irl.: Dal Libertek: Israei: Dal Neth.: Daliresp:
Daxas; Libertek; Norw.: Daxas; Pol.: Daxas; Pon. Daxas; Spain:
Dazxas; Libertek; Swed.: Daxas; Switz: Daxas; UK: Daxas; Ukr.:
Daxas (Haxcac); USA: Daliresp.

of, salbutamol indicates deterioration of asthma control anc
the need for increased anti-inflammatory therapy. Salbut-
amol sulfate is now available in chlorofluorocarbon (CFC)-
free aerosols. Doses for these aerosols (expressed in terms of
salbutamol) are the same as for conventional aerosols.
Salbutamol may also be inhaled as-the sulfate from dry
powder inhalers or discs, particularly by patients who have
difficulty using aerosol formulations. Doses are similar to
those given by metered-dose aerosols, aithough not all dry

Salbutamol s, ny ®

AH-3365; Albuterol (USAN); Salbutamnoli; . Salbitamolis;
Salbutarfiolum; Sch-13949W; Szalbutamol; Canvbyramon.
2'tert- Bu mo-l (4~hydroxy -3 hydroxymethylphenyl)
ethanol. ” -
C|3"_‘11N03—2393

CAS = 18559-94-9.

ATC — RO3AC02; RO3CCO2.

ATC Vet — QROIACO2; QRO3CCO2.
UNIl — QF8SVZ843E.
Pharmacopoeias. In Chin., Eur. (see p. vii), Int., US, and Viet.
Ph. Eur. 8: (Salbutamol). A white or almost white,
aystailine powder. Sparingly soluble in water; soluble in
alcohol. Protect from light.

USP 36: (Albuterol). A white crystalline powder. Sparingly
soluble in water; soluble in alcohol. Protect from light.

Salbutamol Sulfate A, vy ®

"Albuterol Sutfate (USAN); Salbutamol Hemisulphate; Salbut-
amol;, sulfate de; Salbutamol, sulfato de;. Salbutamoi
Sulphate; Salbutamoli Sulfas; Salbutamolio sulfatas; Saibu-
“amolisulfaatti; Salbutamolsulfat; Salbutamol-sulfst Salbuta-
molu' siarzan; Sulfato de albuterol; Sulfato de salbutamol
Szalbutamol-szutfat; Canbbyramona Cynut:ar )
{C13HuNOy)H,50,=576.7

CAS — 51022-70-9:

ATC = RO3AC02; RO3CCO2.

ATC Vet — QRO3ACOZ; QRO3CCO2.

UNIt — 021SEF3731.

Pharmacopoeias. In Chin., Eur. (see p. vii), Int., Jon, and US.
Ph. Bur. 8: (Salbutamol Sulfate). A white or almost white
aystalline powder. It shows Polymorphism. Freely soluble
in water; practically insoluble or very slightly soluble in
alcohol and in dichloromethane. Protect from light.

USP 36: {Albuterol Sulfate}. A white or practically white
powder. Freely soluble in water; slighily soluble in alcohol,
in chloroform, and in ether. Protect from light.

Stability. For mendon of the stability of a 1:1 mixture of
salbutamol and ipratropium nebuliser solutions, see under
Ipratropium. p. 1211.3.

Uses and Administration

Salbutamol is a direct-acting sympathomimetic with mainly
beta-adrenergic activity and a selective action on beta;
receptors (a beta; agonist—p. 1195.1). This results in its
bronchodilating action being more prominent than its effect
on the heart.

Salbutamol and safbutamol sulfate are used as broncho-
dilators in the management of reversible airways
obstruction, as in asthma and in some patients with chronic
obstructive pul ] also decreases
uterine conn-acnhty and may be given as the sulfate to arrest
premature labour (p. 2131.1).

Inhalation results in the rapid onset (within 5 minutes)
of bronchodilatation, which lasts for about 3 to 6 hours.
After oral doses, the onset of action is within 30 minutes,
with a peak effect between 2 to 3 hours after the dose, and a
duration of action of up to 6 hours; modified-release
preparations that have a longer duration of acdon are
available.

Salbutamol is used as the base or sulfate in aerosol
inhalers and as the sulfate in other preparations. The dosage
is expressed in terms of salbutamol base; salbutamol sulfate
1.2mg is equivalent to about 1 mg of salbutamol.

For the relief of acute bronchospasm, 1 or 2

inhalations of salbutamol 100micrograms may be given:

from a conventional metered-dose aerosol as d.upto4

powder formulations are bioequivalent.

When inhalation is ineffective, oral salbutamol may be
given in a dose of 2 to 4 mg three or four times daily as the
sulfate; some patients may require doses of up to 8 mg three
or four times daily, but such increased doses are unlikely to
be tolerated or to provide much extra benefit. Elderly
patients should be given the lower doses initially. Modified-
release preparations are also available; a usual adult dose is
8 mg twice daily.

In more severe or unresponsive bronchospasm salbut-
amol sulfate may be given intermittently via a nebuliser in
adults and children. Licensed doses are 2.5 to Smg of -
salbutamol repeated up to 4 times daily; continuous use is
also possible, usually at a rate of 1 to 2 mg/hour. However,
guidelines allow for more frequent use or continuous use at
a higher rate in acute severe asthma (see under Asthma,
p. 1195.2). Single-dose units of 0.1% or 0.2%, or a
concentrated solution of salbutamol 0.5%, are available for
nebulisation. Continuous use is usually as 2 0.005 10 0.01%
solution in sodium chioride 0.9%. Patients with acute
severe asthma may require supplemental oxygen.

Alternatively, salbutamol can be given via a spacer
device for acute severe asthma. Four inhalatons of
100 micrograms from a metered-dose inhaler are given
initially, then a further 2 inhalations are given every 2
minutes according to resp up to a maxi of 10
inhalations.

In the management of a severe attack of bronchospasm a
slow intravenous injection of salbutamol 250 micrograms as a
solution containing 50 micrograms/mL as the suifate may be
required; alternatively salbutamol may be given by
intravenous infusion of a solution containing Smg in
500mL (l0micrograms/mL) at a usual rate of 3 to
20 micrograms/minute according to the patient’s need;
higher dosages have been used in patients with respiratory
failure.

Salbutamol sulfate can also be given for bronchospasm
by subc or lar injecton in doses of

Ib 5l 500 microgr every 4 hours as required.

For the arrest of uncomplicated premature labour
between 22 and 37 weeks of gestation salbutamol sulfate is
given by intravenous infusion, preferably with the aid of a
syringe pump at a conc of 200 microgr /mL of
salbutamol in glucose 5%. U no syringe pump is available
then the infusion should be with a more dilute solution of
20 micrograms/mL in glucose 5%. The same dose is used as
with the syringe pump. The recommended initial rate of
infusion is 10 micrograms/minute increased at intervals of
10 minutes undl there is a response; the rate is then
increased slowly until contractionscease. The usual
eifective dose is 10 to 45 micograms/minute. The infusion
should be maintained at the rate at which contractions cease
for 1 hour, then reduced by decrements of 50% at intervals
of 6 hours. Therapy should be limited to a maximum of 48
hours, because prolonged treatment is associated with risks
of serious cardiovascular effects in both the mother and
fetus (see Precautions, p. 1222.3).

The maternal puise should be monitored throughout the
infusion and the infusion rate adjusted to avoid a maternal
heart rate of more than 120 beats/minute. A close watch
should also be kept on the patient’s state of hydration since
fluid overload is considered to be a key risk factor for
pulmonary oedema.

Oral or reaal beta; agonist therapy is no longer
recc ded in p ure labour, because of a lack of
evn:lcnce of benefit from treatment glven by these routes of

istration. Formerly, 1 could be given orally
in doses of 4 mg three or four times daily, for maintenance
therapy after uterine contractions were controfled by
parenteral treatment.

For doses of salbutamol used in children, sece
Administration in Children p. 1221.1.

Administration. Beta, ag are used extensively in the
of reversible airways obstruction. A com-

times daily. Two inhalations may also be given just before
exertion for the prophylaxis of exercise-induced broncho-
spasm. (In the USA these inhalations may be expressed as
supplying 100 micrograms, the amount delivered into the

h or 90 micrograms, the amount delivered from

1. Hamann R, # al. Sieady-state ph: and
Mmmmmumnmm-ndmadmmﬁmumm
Clin Pharmacokinet 2007: 46; 403-16,

2. Bethhm,a-LDeu-pmpordomlhmlndemlmk‘mdmpuud-

dose pharmacokinetics of roflumilast, an oral, once-daily phosphodi-
esterase 4 inhibltor. Jam)’llamdallom 47 26—36

3. Neville XA, o dl. Single-d h.

Indlw.imﬂurmlzm 48.97!—85

in children

All cross-references refer to entries in Volume A

the mouthmcce ) Current asthma guidelines (see p. 1195.2)
recommend that inhaled short-acting beta, agonists such as
salbutamol be used on an as-required, not regular, basis. In
Lhose panems rcqumng more than occasional use of

anti-i ory therapy is aiso needed. An
increased requirement for, or decreased duration of effect

mon, effective, and convenient method of dosage is by a
pressurised aerosol inhaler. With this route relief is pro-
vided rapidly and fewer systemic adverse effects are likely
to occur than with oral use. It is important that patients
using conventional inhalers employ the correct technique,
which involves coordinating actuation of the aerosol with
inhalation; if patients have difficulty with this, alternatives
are available. Spacer devices may be used with inhalers.
These are added on to the inhaler and reduce the velodty
of the aerosoi; also more propellant may evaporate before
inhalation allowing a greater proportion of the drag to
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reach the lungs, and coordination of actuation of the aero-
sol and inhalation is less important. Breath-actuated aero-
sol inhalers and dry powder inhalers are also available and
are actuated by the patent's inspiration and thus avoid
entirely the need for coordination of actuation and inhala-
tion; however, inhalation of the dry powder has occasion-
ally caused irritation of the throat or coughing.

The oral route can be used although generally a form of
inhaled therapy as described above is preferable. Formula-
dons intended for oral use are commerdally available,
including modified-release formulations. Nebulisation is an
alternative method of delivery and this may be used in the
management of severe acute attacks as may parenteral

then that should be a sign for additional treatment with
anti-inflammatory drugs. Increasing need for, or decreased
effect of, short-acting beta; agonists indicates deteriorating
asthma and the requirement for stepping up therapy. In
one placebo-controlled study.! patients with stable asthma
receiving regular high doses of a short-acting inhaled beta,
agonist were able to reduce the dose considerably with no
change in asthma control, lending further support to the

dation for ‘as-required’ rather than regular use
of these drugs. The discussion under Fenoterol on
p. 1208.3 on the increased mortality that has been seen in
asthma patients and the connection with asthma therapy
includes a view that regular use might have contributed to
the increased mortality. However, a systematic review? of
studies of shornt-acting beta, agonists, most of which used

therapy.
Chlorofluorocarbon (CFC) propellants in ptcssunsed
aerosol inhalers are being replaced by hydrofluore

(HFA) propellants. Conventional and breath-actuated HFA
preparations are available. HFA aerosols may fee! and taste
different to CFC aerosols. ’

Adminisiration in children. For the weatment of reversible
atrways obstruction, including nocmmal asthma and pre-
vendon of allergen- or exercise-i br

in children, the BNFC suggests the following usual “doses
of salbutamol:

by aerosol inhalation

+ 1 month to 18 years of agé, 100 or 200 micrograms (1 or

2 inhalations) up to tounimes daily, for occasional use

only-
by inhalation of dry powder ﬁ-om inhalers or discs doses vary
between preparations, although they are used in children
from about 5 years of age in doses similar to those given by
metered-dose aerosols

Inhaled therapy is generally considered frst-line
treatment, but oral therapy may be necessary if an inhaler
device cannot be used. In the UK salbutamol syrup is
licensed for children from 2 years of age and modified-
release oral preparations from 3 years of age:
arally using an immediate-release preparation
« 1 month to 2 years of age, 100 micrograms/kg (up to a

maximum dose of 2 mg) three or four times daily
« 210 6 years of age, 1 to 2mg three or four times daily
« 6 to 12 years of age, 2mg three or four times daily
» over 12 years of age, doses as for adults, see Uses and

Administradon, p. 1220.2
orally using a modified-release preparation
o 310 12 years of age, 4mg twice daily
« over 12 years of age, as for adults, see p. 1220.2
In the management of acute mild to moderate exacerba-
tions of asthma, salbutamol may be given using a metered-
dose aerosol inhaler via a spacer device. For children of all
ages, 1inhalatdon {100 micrograms) may be given every 15
10 30 seconds up to a maximum of 10inhalations. The dose
may be repeated after 10 to 20 minutes if required. In more
severe exacerbations, salbutamol can be given intermit-
tently via a nebuliser. A dose of 2.5mg which can be
increased to 5mg in children over 5 years of age, can be
repeated every 20 to 30 minutes or as necessary. Immediate
transfer to hospital and inhalation of oxygen is also
required. Children under 18 months of age often respond
poorly to bronchodilators; nebulised beta, agonists have
been associated with mild paradoxical bronchospasm and
transient worsening of oxygen saturation.

Although parenteral salbutamol is not licensed in the UK
for use in children, the BNFC recommends the following
doses in the management of acute severe or life-
threatemng acute asthma:

tjection over 5
¢ 1 month to 2 years of age, 5 micrograms/kg as a single
dose
* 210 18 years of age, 15 micrograms/kg {to a maximum of

250 micrograms) asa single dose
by
* 1 month to 18 years of age, 1 to 2 micrograms/kg per

minute, adjusted according to response and heart rate up

to 5micrograms/kg per minute. Doses above 2micro-

grams/kg per minute require close monitoring
Salbutamol can be used to treat severe hyperkalaemia in
children (see Hyperkalaemia below). The BNFC recom-
mends:

by intr ion over 5 mi

o children of all ages, 4 micrograms/kg as a single dose;
repeated if necessary

by inhalation of nebulised solution (although intravenous

injection is preferred)

» children of all ages, 2.5 or 5.mg as a single dose, repeated
if necessary
Asthma. Short-acting beta, ag: such as salt 1
are used for short-term relief in all patients with sympto-
matic asthma (p. 1195.2). High doses are used in acute
asthma, but current recommendations for chronic asthma
are for low doses to be inhaled as required rather than
regularly. When patients with mild asthma find that
symptomatic relief is needed more than 3 times a week,

The symbol } denotes a preparation no longer actively marketed

1, found no dlear dinical advantage or detriment
from regular use compared with taking them as required.

1. Harrison TW. et ai. Randomised placebo controlled trial of § agonist
dose reduction in asthma. Thorax 1999; 54 98-102.

2. Walters EH, e of. Inhaled short acting beta2-agonist use in chronic
asthma: regular versus as needed treatment. Available in The Cochrane
Database of Systematic Reviews; [ssue 1. Chichester: John Wiley; 2003
(accessed 15/01/08).

Bronchiolifis. Acute bronchiolitis (inflammation of the
bronchioles associated with viral respiratory-tract infec-
tion, usually due to RSV—see p. 961.3) is a poorly defined
respiratory condition seen in infants and young children.
The diagnostic criteria, and the usual management, vary
considerably from country to country. Beta; agonists such
as salbutamol are widely prescribed in the USA, but not in
the UK, and attempts to establish their benefits have pro-
duced conflicting results.! Modest benefit (but no differ-
ence in hospital admission rate) has been reported from a
meta-analysis of bronchodilator therapy in general,? but a
meta-analysis of beta,-agonist therapy in bronchiolitis did
not show it to be effective.’ Some comparative studies
have suggested that nebulised adrenaline is more effective
than salbutamol.** However, one study in hospltahsed
children found no benefit from nebulised 1 in

8. Helfrich B, et oL Saibutamol for hyperkalaemia in children. Aqz Pediacr
2001; 90z 1213-16.
9. Singh BS. et al Efficacy of alb l i in
ia in J Pediatr 2002; 141: 16-20.

(X iolei is. Inhaled beta, agomists are
often helpful in treating the reversible component of air-
way obstruction in women with pulmonary lymphangio-
leiomyomatosis, and a trial of treatment is warranted.'-
For mention of the use of medroxyprogesterone in this
rare disease, see Respiratory Disorders, p. 2288.3.

1. Johnson S. Lymphangiolciomyomatosis: dinical festures, management
and basic mechanisms. ﬂma 1999; 34: 254-64.

2. Johnsom SR, AE. Clinical
myomatasis in the UK. nmuzooo $3: 1052-7.
Muscular There is some evidence that beta,

agonists affect muscde sirength and have an anabolic
effect, although whether this applies when given by inha-
lation has been queried—see Abuse, under Precautions,
P. 1223.1. Salbutamol has therefore been investigated in a
small number of patients in the management of muscular
dystrophies {p. 1608.1). Oral doses of modified-release sal-
butamol up to 12mg daily have been used in boys aged
between 5 and 11 years with Duchenne or Becker muscu-
lar dystrophies,' and doses of 8 or 16 mg twice daily have
been given to adults with facioscapulohumeral dystro-
phy.>¢ Although some improvements in muscle' strength
and muscle mass have been reported, not all muscle
groups respond and the long-term effects of weatment are
not known.

1. Fowler 5G, aal.mmudaloldbumulhnudlmemdxedm

muscular dystrophy. Neurology 2004; 62: 1006-3.

2. Shmd.udmmerdmmkxnbndymmambuhmboys
wlth" h or Becker it 3 100&.70137—

3. Kls:l-ﬂ' a ai. Randomized, dnubkhumL placebo-controlled triat of
albuxeml in 2001; 57: 1434~

4. nn der Kooi EL, et al Strength maining and afbuterol in
2004; £3; 702-8.

terms of improved oxygenation or length of hospital stay,*
and another’ found no difference in efficacy between neb-
ulised adrenaline, salbutamol, and sodium chloride 0.9%.

The use of oral salbutamol in infants with acute viral
bronchiolitis has been found to be no more effective than
placebo and so is not recommended.®

1. Everard ML. Acute bronchiolltis=—s perennial problem. Lancet 1996;
348: 279-30.

2. Gadomski AM. Bhasale AL for
in The Cochrane Database of Systematic Reviews; Issue 3. Chichester:
Jobn Wiley; 2006 {accessed 25/01/08).

3. Fores G, Horwitz RL EHfficacy of 8 ;-agonists in bronchiolits: a
reappraisal and meta-analysis. Petiatrics 1997; 100z 233-9.

4. Reijonen T. o al. The dlinical efficacy of nebulized racemic epinephrine
aad albuterol in acute bronchiolitis. Arch Pediatr Adolesc Med 1995; 149:
686-92.

5. MenonK. dal A i rial
wi b in the

the efficacy of

of acute bronchiolitis. J Pediair 1995;

126: 1004~7.

6. Dobson IV, er al. The use of albuterol in hospitalized infants with
bronchiolits. Pediatrics 1998; 101: 361-8.

7. Patel H, o al. A randomized, controlled trial of the eflectiveness of

bulized therapy with with albuterol and saline

in infants hospitaiized for acute viral bronchiolitis. J Pediar 2002; 141:
313-24. Trhal

8. Patel H. etal ized, dwbkbund. lacebo- u'lllo(onl

P labour. Beta, agonists such as salbutamol have
been used as tocolytics in the management of premature
labour (p. 2131.1}, and can postpone labour for a few
days, but the risk of adverse cardiovascular and metabolic
events including pulmonary oedema (see p. 1222.3)
means that great care and appropriate monitoring of the
patient’s heart rate and state of hydration are needed.

Tnhalati n

1 of 1 from a
metered-dose inhaler at the beginning of an attack has
been shown to reduce the duraton of paln in patients
with proctalgia fugax.!
|. Bckardt VR, et al. Treatment of procuigia fugax with sabutamel
inhalation. Awm J Gastroenterol 1996; 91: 686-9.

Adverse Effects

As for Sympathomimetics, p. 1508.2. Salbutamol has
mainly beta-agonist effects and, like other beta agonists,
may cause fine tremor of skeletal muscle (particularly the
hands), palpitations, tachycardia, nervous tension, head-

aches, peripheral vasodilatation, and rarely muscle cramps.
ion causes fewer adverse effects than systemic

albuzerol in infanis with mild:
Pediatr 2003; 142: 509-14.

Chronic obstructive p di Ib | and
other beta, agonist bronchodﬂators form part of the first-
line treatment of chronic obstructive pulmonary disease
{p. 1199.1).

acute viral bronchiol

Cough. For studies of inhaled salbutamol in the treatment
of cough, see under Beclometasone, p. 1622.1.

Hyperkalaemia. Salbutamol can lower plasma i
concentrations by promoting intracelular uptake,' -2 and
this effect has been used in treating mild hyperkalaemnia
{p. 1779.1) associated with chronic disorders such as renal
failure3* and hyperkalaemic periodic paralysis.” However,
such use is controversial: the effects of salbutamol may be
inconsistent® and some clinicians prefer to avoid the use of
beta, agonists because of fears that large doses may induce
cardiac arrhythmias.”

Saibutamol has been used to lower plasma-potassium
concentrations in children® and premature neonates® with
some success. For doses of salbutamol used to treat severe
hyperkalaemia in children, see Administration in Children
above.

1. Bushe C. Salbutamol for hyperkalaemia. Lancet 1983; Li: 797.

2. sllent and deadly. Lancer 1989; i 1240,

3. Allon M, etal. d alb i for acute hy in patients on
hemodialysis. Ann Imtern Med 1989; 110: 42H

4. McClure RJ, ef al. of b L and

uebulised salbutamol. Arci Dis Child 1994; 70: 126-6

5. Wang P, Clausen T. Treatment of attacks in h! ¢ familial
periodic paralysis by inhaladon of salbutamol. Lancer 1976: & 221-3.

6. Wong S5-I, Maltz HC. Albuterol for the treatment of hyperkalemia. Ann
Pharmacother 1999; 33: 103-6.

7. Halperin ML, Kamel KS. Potassium. Lancrt 1998; 352: 13540,

dosage, and the more selective beta; agonists cause fewer
adverse effects than less selective beta agonists. Potentially
serious hypokalaemia has been reported after large doses.
Myocardial ischaemia has also been reported. Hypersensi-
dvity reactions have occurred, including paradoxical
bronchospasm, angioedema, urticaria, hypotension, and
collapse.

The high doses of salbutamol used intravenously to delay
premature labour have additionally been assoctated with
nausea and vomiting, and with severe adverse cardiac and
metabolic effects and pulmonary oedema.

Effects on the CNS. Visual balludnations lasting for an
hour have been reported® after use of nebulised salbut-
amol in an elderly patient. At the time of the report the
manufacturers were aware of 3 cases of hailudnations in
children given oral salbutamol but no such reaction had
been previously reported in aduits given recornmended
doses.

Hyperactivity and restlessness have been reported with
the use of salbutamol; however, a small placebo-controlled
study of 19 children,? failed to show a statistically significant
difference in activity levels after a nebulised dose of
salbutamol.

1. Khanna FB, DaviesR. with the
of salbutamol via a aebuliser. BMJ 1986; 292: 1430.
2. Hadlikouml i et o/ Bronchodilator therapy and hypenactivity in
preschool children. Arch Dis Child 2002; 86: 202—4. Also available at:
d 15/01/08)

otp: banj. Bl/rep

Effects on electrolytes and metabolism. Saibutamol, in
common with other beta,-agonists, may cause hypokal-
aemia and hyperglycaemia. These effects are related to the
dose and route of salbutamol used; hypokalaemia is more
common after parenteral and nebulised use. Hypokal-

3/1202

The symbol ® denotes a substance whose use may be restricted in certain sports (see p. vii)
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aemia may be potentiated by therapy with corticosteroids,
diuretics, or xanthines, and by hypoxia; potassium con-
centrations should therefore be monitored in severe
asthrna.

Effocts on the eyes. It has been suggested that salb 1

10. Bouvy ML,  al. Use of sympathomimetic drugs leads 1o increased risk of
tion lor arrhythmias in patients with congestive beart faflure.

Arch Irtern Med 2000; 160: 2477-80.
11. Au DH, ef al. Risk of morality and hear falture rd d

Pulmonary cedema. Pulmonary oedema has occurred in
women given beta, agonists, induding salbutamol,!* for
labour. The risk factors, the most important of

with inbaled 8 -adrenoceptor agoniss among patients with known Jeft
ventricular systolic dystunction. Chest 2003; 123: 1964-9.
llmnlndmmhﬂm chronic heart fallure and Inhaled 8 -

and to a greater extent ritodrine may contribute to retino-
pathy in the premature infant when used for premature
labour.!

A case of acute angle-closure glaucoma was attributed to

agonists. Am Heart J 2004; 148: 915-20,

Effects on the respiratory system. Paradoxical broncho-
constriction has occ:smnally been reported after broncho-

dilatation of the pupil by stimulation of the sympathetic
nervous system secondary to local absorption of nebulised
salbutamol in the eye; the patient also had other risk factors
for developing glaucoma.? For reports of glaucoma
preapl!ated by the combmed use of ipratropium bromide

and buliser, see Ip pium Bromide,
p. 12123,
1. Michie CA, « o Do [ the
k of hy in the infant? Arch Dis Child
1994; 71: F149.

2. Rho DS. Acute angle-cdosure glaucoma after albuterol nebulizer
treamment. Awm J Ophthalmol 2000; 130: 1234,

Effects on the heart. The main adverse cardiac effect of
salbutamol is tachycardia due to increased sympathetic
effects on the cardiovascular system. Such tachycardia is
dose dependent and is more common after systemic than
inhaled therapy. A meta-analysis' of randomised, placebo-
controlled studies in patients with asthma or chronic
obstructive pulmonary disease (COPD) confirmed that sin-
gle doses of beta; agonists can cause an increase in heart
rate and a reduction in potassium concentrations (see also
Effects on Electrolytes and Metabolism, p. 1221.3}. The
longer-term effects of beta, agonists on the cardiovascu-
lar system were also assessed and an increased risk of
adverse cardiovascular events due 10 sinus tachycardia
was found. There was also a trend towards an increase in
major adverse events including ventricular tachycardia,
atrial fibrillation, syncope, heart failure, myocardial infarc-
tion, cardiac arrest, and sudden death. Myocardial
ischaemia has been reported with salbutamol when used
to delay premature labour.? Eleven of 17 reports were
considered serious, including one fatality. Most of these
reports involved the use of parenteral formulations; none
involved the use of inhaled salbutamol formulations for
the relief of bronchospasm. However, there is some evi-
dence that high doses of inhaled salbutamol can decrease
coronary flow reserve, and might exacerbate ischaemia in
patients with coronary artery disease.® Observational stu-
dies into the assodiation between beta; agonist use and the
risk of myocardial infarction have produced conflicting
results. Some have reported an increased risk,** whereas
others have reported that this risk is increased only in
patients with asthma® but pot in those with COPD.47 In
patients with asthma and long QT syndrome, treatment
with beta, agonists (salbutamol, salmeterol, and ord-
prenaline) increased the risk of cardiac events such as syn-
cope, myocardial infarction, and sudden cardiac death.
The risk was higher in the first year of beta, agonist treat-
ment but was reduced in patents also receiving beta
blockers.? Similarly, a case-control study® in hypertensive
patients reported that the risk of myocardial infarction was
only increased in patients with ischaemic heart disease
who had recently started treatment with beta; agonists.
The authors of this study felt that this increased risk was
likely to have been due to latent cardiovascular disease
rather than a direct effect of the beta, agonists. Case-con-
ol and cohort studies have also suggested that patients
with pre-existing heart failure may be at increased risk
of hospitalisation from arrhythmias'® or exacerbation of
heart failure!!? with the use of beta, agonists.

However, a causal relatonship cannot necessarily be
established from these case-control and cohort studies,
because of confounding factors such as comorbidity, and
because the extént of beta, agonist use could only be
estimated from prescription record systems.

See also Pregnancy, below.

1. Salpeter SR, o al. Cardiovascular effects of P -agonists in padenrs with

astyme and COPD: & mesm-analysis. Chest 2004; 123: 2309-21.

2. GlaxoSmithKline. Canada. Health Canada endorsed imporiant safery
information on Ventolin LM. injecion and Veatolin LV. infusion
solution: for ‘women & labour and delivery (issued lzduune

dilating therapy. With neb lut it has been sug-

which is fluld overload, are discussed under Precautions,

below.

1. Bawhker P. d with # 5 h
uumtdpmmhbour Ansestk Intensive Care I?Ku. 143-51.

2. Plani RJ, Rosenow EC. Pulmonary edema associated with tocolytic

mmuwn— 110: 714-18.

3. Hamel H, ol Bddme et tocolyse par béu
Mal Respir 2002; 19: 241-4.

4. wcndmmdﬂmmmd&wnfmwdwpn

lors dune menace d"accouchement prématuré

é Rev

gested that the preservatives present could be responsibl
{see also under Ipratropium, p. 1213.1), or that the pH
may contribute if non-neutral. In addition, regular use of
beta, agonists such as salbutamol (as opposed to use on an
as-needed basis) has been shown to increase airway
hyperresponsiveness to various stimuli and to lead to the
possible development of tolerance to the bronchoprotec-
tve effect (see below).

The increased risk of pulmonary oedema associated with
sajbutamol is mentioned under Pulmonary Oedema, below.

increased mortality. The increased incidence of morbidity
and monality that occurred in asthmatic patients mainly
involved fenoterol, but salbutamol has been implicated.
The debate on the relevance of beta agonist therapy to this
increased morbidity and mortality is discussed under
Fenoterol on p. 1208.3.

Overdosage. Reports of overdosage with salbutamol!-
have generally only described the features that may be
expected with beta, agonists such as tachycardia, CNS sti-
mulation, tremor, hypokalaemia, and hyperglycaemia.
The plasma-potassium concentration and pulse rate have
been found to correlate with the plasma concentration of
salbutamol.” Symptomaric treatment of the adverse effects
has proved successful although it is unlikely to be required
after repeated inhalation. In the UK, the National Poisons
Information Servie notes that activated charcoal may be
considered after oral overdose in patients who have taken
a potentially toxic amount and present within 1 hour.
Further management is mainly supportive. Tachycardia
with adequate cardiac output is best left untreated, but in
extreme cases beta blockers such as metoprolol or esmolol
may be used {caution is required in patients with a history
of bronchospasm, see p. 1320.3). Persistent hypertension
may respond to an intravenous infusion of glycery! tri-
nitrate or another nitrate; calcium-channel blockers are an
alternative. Beta blockers should be avoided because of
the risk of paradoxical hypertension and coronary vaso-
constriction from unopposed alpha effects.

1. Morrison GW. Farebrother MIB. Overdose of salbutamol. Lanat 1973;

il 681.

2. O’Brien IAD, ef al. ia due to BMS
1981; 282: 1515-16.
3. Prior JG, et al. Self. with oral L. AMJ 1981; 282: 1932.

4. Connell IMC. er al.
reversed by propranolol. SMJ 1982: 285: 779,

5. Spiller HA, o al. A two-year rerrospective study of accidental pediatric
albuterol ingestions. Pediatr Emery Care 1993; 9: 338-40,

& Leikin JB, ef al. Hypokalemia after pedlatric albuterol averdose: a case
series. Am J Emerg Med 1994: 13 64-6.

7. Lewis LD, et al. A study of self poisoning with oral
laboratory and dinical feasures. Hum Exp Toxicol 1993; 12: 397-401.
Correction. ibid. 1994; 13: 371.

Pregnancy. Most adverse effects associated with salbut-
amol in pregnancy relate to the cardiovascular and metab-
olic effects of the very high doses given by inmravenous
infusion in attempts to delay premature labour (see also
under Pulmonary Oedema, below). Maternal effects
indude myocardial ischaemia, 2 unifocal ventricular ecto-
pics associated with the hypokalaemic response to intra-
venous salbutamol,’ and heart failure in a hypertensive
woman.* Similarly, serious fetal and neonatal cardiovascu-
lar complications have also been associated with tocolytic
salbutamol.’

Metabolic acidosis after salbutamol infusions in diabetic

mmgﬂuﬂm J Gyneool Obstet Biol Reprod (Paris) 2005; 34: 493
8.

Tolerance. Some studies suggest that regular inhalation of
a short-acting beta, agonist, although it continues to pro-
duce bronchodilatation, increases airway hyperresponsive-
ness and may reduce the protective effect against broncho-
constriction provoked by stimuli such as bradykinin,
methacholine, or allergen.'* Such tolerance is considered
another argumeni against regular use of short-acting
drugs.! Reduced bronchoprotective effects have also been
found with long-acring beta, agonists (see Saimeterol,
p. 1225.2).

It has been suggested that reduced benefit with
salbutamol may be due 10 the S(+)-enantiomer,’® which
unlike the R (-}~ fomer (le ib l, p. 1213.3)
does not possess bronchodilating activiry. Stereoselective
merabolism (sec under Pharmacokinetics, p. 1223.2) means
that regular use of the racemate could lead to accumnulation
of the S-enantiomer, which provides a possible mechanism
for the effect. Genetic polymorphism of the beta,-
adrenoceptor has also been proposed as another possible
mechanism.*!®

1. Cockcroft DW, o al. Regular inhaled salbutamol and airway
_responsiveness to allergen. Lanat 1993; 342: 833-7.
2. O’ConnorBJ, etal. 1w the effects of inhaled
P ;-agonists in asthma. N Engl J Med 1992. 327: 12048,
3. Cockcrafs DW, «f al. Regular use of inhaled albureroi and the allergen-
induced late asthmatic response. J Allergy Clin Immunol 1995; 96: 44-9.
4. Ioman MD, O'Byme PM. The efleq of regular inhaled albuterol on
exerdse-induced bronchoconstriction. Am J Respir Crit Care Med 1996
153: 65-9.
5. Crowther SD, et «l. Vared effects of regular salbutamol on airway
1o inhaled Lanert 1997; 350: 1450.
6. Hmmx RJ, et al. Tolerance to beta-agonists during acute bronchocon-
striction. Eur Respir J 1999: 14: 283-7.
7. Perrin-Fayolle M. Salbutamol in the treamment of asthma. Lancer 1995;
346: 1101,
8. Handley D. The asthma-like pharmacology and toxicology of (S)-
isomers of B agonists. J Allergy Clin Inmunol 1999; 104 (suppl): 569~576.
. Isracl B, et al. Usc of regularly scheduled albutero) reatmem in asthma:
d, it placebo: cross-over trial.
. Lanon 2004; 364z 1503~12.
10. Broadley KJ. B -Adrenoceptor responses of the airways: for beaer or
worse? Eur J Pharmacol 2006; 533: 15-27.
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Precautions

Salbutamol and other beta agonists should be given with
caution in hyperthyroidism, myocardial insufficency,
arthythmias, susceptibility to QT-interval prolongation,
hypertension, and diabetes mellitus {especially on intra-
venous use—blood glucose should be monitored since
ketoacidosis has been reported).

In severe asthma particular caution is also required to
avoid inducing hypokalaemia as this effect may be
potentiated by hypoxia or by the effect of other
anti-asthma drugs on potassium (see Interactions,
p. 1223.1); plasma-potassium concentrations should be
monitored.

Beta, agonists such as salbutamol are not appropriate for
use alone in the treatment of more than mild asthma (see
Asthma, p. 1195.2). Increasing need for, or decreased
duration of effect of, inhaled salbutamol and other short-
acting beta; agonists indicates deterioration of asthma
control and the likely requirement for increased
anti-inflammatory therapy.

In women being treated for premature labour the risk of
pulmonary oedema means that the patient’s state of
hydration and cardiac and respiratory function should be
monitored very carefully; the volume of infusion fluid
should be kept to the minimum (normally using glucose 5%
as the dlluem) and beta,-agonist therapy should be stopped

2007). Available ac hutp://www he-sc ge casdhp-mps/alt_{s
dgpse tolin_hpc-cps-eng.pdf (accessed 09/07/08)
Effect of inhaled

women has also been reported.s”
For reports of retinopathy in the premature infant see
Effects on the Eyes above.
L. Whitchead ML o o My after of
| for pr labour. Larxzt 1979; ik: 904.
2 tho;mummm Canada. Health Canada endorsed salety

ly and diuretic therapy started if signs of
y oed develop. Other risk factors for pulm-

3. Kochiadakis GE, & al.
circulation tn humans. Inf J Cardiol 2007; 117: 408-10.

4. Au DH, o al The risk of myocardial infarction associated with inhsled
B -adrenoceptor agonists. Am J Respir Crit Care Med 2000; 161; 827-30.

5. Au DH, e al Association between inhaled B -agonists and the risk of
unsisble angina and myocardial (nfarction. st 2002; 121: 846-51.

6. Lemaitre RN. & ol nhaled bew-2 adrenergic receptor agonists and
primary cardiac amest. Am J Med 2002; 113: 711-16.

7. Suissa S, o al. Inhaled short acting # agonist use In COPD and the risk of
mmmmmmmma.ua-e

8. Pad Long QT i Group.
mummmwmmmmm;mmdm
treated with beta, agonists. Am J Cardiol 2008; 102: 871—4.

9. de Vries F, et al. Use of B; agonisu and risk of acute myocardial
infarction n patients with hypertension. Br J Clin Pharmacol 2008; 63:
580-6.

on coropary

All cross-references refer 10 entries in Volume A

soludon: for pregnant women & labour and delivery (hmed 12th June,
2007). Available at: bitp://www.hc-sc.gc.ca/dh
dgpsa/pdlmedefi/ventolin_hpe-cps-eng.pd! (accessed 09/07/08)

3. Chew WC, Lew LC. Ventricular ectopic after salbutamol infusion for
preterm labour. Lamay 1979; H: 13834,

4. Whitchead M, of al. Acute congestive cardiac fatiure in a hypertensive
‘woman lor labour. BMJ 1980; 280:
12212,

5. Kaz VL Seeds JW, Fensl and
Irom B -sympathomimetic therapy for tocolysis. Am J Obstet Gynecol
1989; 161z 14,

6. Chapman MG. i-tnduced acidosis In diabetics. BMJ
1977; 1: 639-40.

7. ThomasDJB, et ai. l-induced diabetic . BMJ 1977;
2: 438,

oo Ventolin LM. injecton and Ventolin LV. infusion :

onary oedema include multiple pregnancy and heart
disease. Ischaemic heart disease or significant risk factors for
ischaemic heart disease are specific contra-indications;
where heart disease is suspected assessment by a physician
experienced in cardiology is needed. Eclampsia and severe
pre-eclampsia are also contra-indications, with special care
needed in mild to moderate pre-eclampsia. Other
contra-indications include intra-uterine infection, intra-
uterine fetal death, antepartum haemorrhage (which
requires immediate delivery), placenta praevia, and cord
compression; beta, agonists should not be used for
threatened miscarriage. See also Uses and Administration,
p. 1220.2.




Salbutamal 1223

For detaﬂs of the precautions to be observed with
sympathc ics in g ], see p. 1508.3.

Abuse. Salbutamol inhalers have been subject to abuse,
particularly by children and young adults.!” This has
occurred in both asthmatic and non-asthmatic individuals
and has been thought 10 be for the effect of sympathetic

Cordiac glycosides. Hypokalaemia produced by beta; ago-
nists may result in an increased susceptibility to digitalis-
induced arrhythmias although salbutamol mtravenously
and orally can also d serum conc of
digexin (see Beta, Agonists, p. 1357.1).

stimulation and for the effect of the fluorocarbon propel-
lants. The introduction of fluorocarbon-free inhal

Corti ids. Cortic ids and beta, agonists may
both produce falls in plasma potassinm concentrations;

should reduce the latter modvation, although not the for-

mer.
The World Anti-Doping Agency prohibits the use of all beta,
agonists in athletes, in and out of competition,? on the basis
of their supposed ergogenic effect. Although a therapeutic
use exemption may be granted for the use of inhaled
salbutamol or salmeterol, e.g. in the management of
h the p e of salb | in urine at concentra-
dons above 1microgram/mL is considered an adverse
analytical finding, unless pharmacokinetic studies show
that such concentrations are being produced after
inhalation of the drug at therapeutic doses up to a
maximum of 1.6mg daily; this bas been shown to be a
possibility.® The idea that abuse of inhaled beta, agonists can
improve performance in non-asr.hmanc md.mdua]s has
been qucsmmed.“’
1. Brennan PO. [nhnleds:ﬂmnmLan:w{mmwldruglbﬂs:?antt
1983; ik 1030-1.
2. Thompson PJ, & al. Addiction:zo aerosol reatument: the asthmatic
alternative to glue sniffing. 2M7 1983; 287: 1515-16.
3. Brennan PO. Addiction to acrosol treaunent. BMJ 1983; 287: 1877,
4, Wickramasinghe H, Licbeschuetz HJ. Addiction to aerosol treatment.
BMJ 1983; 2872 1877, -
5. 0‘Callaghan C, Milner AD. Aeroso| treatment abuse. AMDuDqu 1988;
63:70.
6. ina NY, et 2l Hy ia in an child from abuse of
albuterol metered dose inhaler. Pediatr Emerg Care 1998; 14 145-7.
7. Boland B, ¢t al. Salbutamol inhaler misuse: a persisting problem?
Addiction 2008; 103: 1907.
8. Wworld And-boping, Agency. The world ant-doping code: the 2010
standard. ilable at: harp://www.wada-
List_Final EN_Web.

2010_P

pd! {accessed 14/10/09)

9. Schweizer C, ef al. Doping test reveals high concentrations of salbutamol
in a Swiss track and field athlete. Clin J Sport Med 2004; 14: 312-5.

10. Kindermann W. Meyer T. Inhaled B; agonists and performance in
competitive athleves. Br J Sparts Med 2006; 40 (suppl 1): i43-i47.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies salbutamol as not
porphyrinogenic; it may be used as a drug of first choice
and no precautions are needed.!
{. The Drug Dawbasc for Acute Porphyria. Avﬂhhlz ac hop/iwww,
drugs-porphyria.arg {accessed 17/10/11)

Interactions

there is evidence that such falls can be exacerbated by use
together.! The possibility of enhanced hyperglycaemic
effects from such a combinadon should also be borne in
mind.

" It has been suggested that in acute severe asthma,
corticosteroids may modify beta receptors, reversing the
beta receptor desensitisation and downregulation caused by

salbutamol (see Tolerance, under Adverse Effects,
p- 1222.3).
References. .
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Preparations

(dml.ls are given in Volume B}

beta, agonists and enhancing the bronchodilator resp
In chronic asthma there is little evidence to support this
theory; however, combination therapy with corticosteroids
and beta, agonists has been found to have beneficial effects
on asthma control; the exact mechanism for this remains
unclear. .
1. Taylor DR, e al. Interaction berween cordcosteroid and beta-agonist
drugs: biochemical and cardiovascular effects in normal subjects. Chest
1992; 102: 519-24.
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prieiary Prep
Single-ingredient Pr Arg.: salm; Airsalbu; Amo-
casin: Asmatol; Butamol; Cemmf- Duopack: Mmoueml, Nebu-
trax; Niblet; R [butok; Salbutral +
Aeromed: Salbutral: Ventidl; Ventimol: Ventolin; Yontal
Zoom; Austral.: Airomir; Asmol; Butamol; Bpaqi; Respaxt:
Ventolin; Austria: Buventolt; Sultanol; Belg”: Airomir; Docsal-
butat; Ventolin; Braz.: Aerodini; Aerogoid; Aerogreen; Acrojet;
Aerolin; Aerotrat; Asmakilt; Asmaliv; Broncofedrin; Bronconal;

2. Taylor DR, Hancox RJ.
agonists. Thorax 2000; 35: $95-602.

Diurefics. Hypokalaemia is known to be a possible adverse
effect during treatment with beta, agonists such as salbut-
amol or terbutaline, and this may be enhanced if diuretics
are also given;! in addition the arrhythmogenic potential
of this interaction may be clinically important in patients

with ischaemic heart disease.?
L Lipwcm.h BJ, et al. Prior treamment with diuretic augments the
hic effects of inhaled albuterol. Am J

Med 1989; 86: 653-7.
2. NtwnhamDM.sdTheeﬂemd ide and

Dilamol; Neutoss; Prodotamolt; Pulmoflux; Sabu-
tam; Salbutamaxt; Tussilivv Camad.: Airomir; Apo-Salvent;
Vemolm, Chile: Acrolin; Agnl.ln Airomirt- Asmavent; Bropil;

I; Pesema; Respolint; {; Chista: Da Fen
Ke Chuang (Itﬁﬂ-ﬂ) Ennollne (FRAA); Hul Bai Shi (BFH
#); Kang Er Shu Ning ({XR§F); Lv Ke (#X); Pin Chuan (&
J; sai Bt Shu (RHHF); Sha Bo Te (BMM); Ventolin (536
) X1 Bel Ta (BEfFD); Cz: l; Ecosal V
Ventolin; Derm.: Airomir; 1 lamol: Salb
Ventolin: Ventoline; Volmaxt; Fin.: A.mem BuventoI. Venti-
lastin; Vemoune, I-'r Anomu- A x,

on the
10 inhaled terbut-

aline. Br!ﬂm?lummll”l 32: 630-2.

Neuromuscular blockers, salbutamol given intra
has been reported to enhance the neuromuscular blockade
produced by pancuronium and by veauromium (see
Sympathomimetics, p. 2033.2).

Xanthines. An enhanced hypokalaemic effect may occur
when salbutamol is given with theophylline.!? See also
under Terbutaline, p. 1229.1 and Sympathomimetics,
under Theophylline, p. 1236.3 for the potentiation of
other effects.
1. Whyte KF, o al. Salb
alone and in
Pharmacol 1988; 25: 571-8.
2. Kolski GB, et al. Hypokalemia and respiratory arrest in an infant with
status J Pediarr 1988; E12: 304-7.

the effect of
Br J Clin

induced hypokal
with

Use of salbutamol and other beta; agonmists with
corticosteroids, diuretics, or xanthines increases the risk of
hypokalaemia, and monitoring of potassium concentrations
is recommended in severe asthma, where such combination
therapy is common (see also Effects on Electrolytes and
Metabolism, p. 1221.3). For an outline of interactions
associated with sympathomimetics in general, see p. 1508.3.

Beto, agonists. Patients receiving salmeterol may require

Pharmacokinetics

Salbutamol is readily absorbed from the gastrointestinal
tract. When given by inhalation, 10 to 20% of the dose
reaches the lower airways. The remainder is retained in the
delivery system or is swallowed and absorbed from the gut.
Salbutamol is subject to first-pass metabolism in the liver
and possibly in the gut wall but does not appear to be
bolised in the lung; the main metabolite is the inactive

salbutamol to control an acute attack of bronch

One study indicated that the effects might be addmve‘
but another showed that pati receiving sal ol had
reduced sensitivity to salbutamol and might need higher
doses of the latter for acute relief.2 However, a study in
asthmatics admitted to a hospital emergency department
with acute exacerbations of their illness, found that pre-
vious salmeterol therapy did not reduce the efficacy of
standard doses of salbutamol.’ Others have aiso noted
attenuation of the bronchoprotective effects of a beta, ago-
nist (in this case, fenoterol) by salmeterol.*

sulfate conjugate.

Salbutamol is rapidly excreted, mainly in the urine, as
metabolites and unchanged drug; a smaller proportion is
excreted in the faeces.

The plasma half-life of salbutamol has been estimated to
range from 4 to 6 hours.

General references.
. Walker SR, et al. The ciinical pharmacology of oral and inhaled
salbutamol. Clin Pharmacol Ther 1972; 13: 861-7,

2. Hetzel MR. Clark TJH. Comparison of inwavenous and aerosol
salbutamol. BMJ 1976: 2: 919.

\4 27} Ger.: A H; Broncho
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mo}r P Sa[bu. bub H:

11 Gr.: A 1 A cth
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Cybutol; Etinoli poli t: I SalmoL Syntalint; Uni-
Butamolt; Vantint; V t: k i V Vento-
mokt; Volmax-f- lin; Hung.: Ecosal; V !
India: A il; Asthalin; k konat; Brosol;
Derihaler; Durasal: Salbetol; Salmaplon; Salsol; Itdom.: Asma-
care; A ; Bronchosal; Brondisal; i Fmolln. Gli-
sendt; Hivent; Lasal; Librentin{; Pri Salbr

Suprasma; Ventolin; Volmaxt; Irk: Aerolint; Airomirt; Asma
sal; Gerivent; Salamol Steri-Neb; Salamol Salbuvent; Venta-
mol; Ventolin: Israel: Salbutrim; Ventolin; Ital: Broncovaleas;
Ventmax; Ventolin: Volmaxt:; Malaysia: Airomiry; Asthalin;
Beatolin; Bonair; Butavent Buventol Salamol Salmax:
Ventolin; Volmax; Mex.: Apo-Salvent; Assal; Avedox-FC; Azyr-
olt; Biorenyn; Bonairt; Capacit; Cobamol Dicoterol; Exafil;
Farmarest; Oladint; Quinfaval; Salamol}; Salbutalan; Sal-
comed; Tunxm. Umbmn, Ventnlm. Volmaxf' Zibil; Netln Au'u
mir; Norw.: mi
NZ: Am)m:r Apo Salvemf- Asmigmf Ast.ha]jn. Buv:mol,
lin; Volmax; Phi-
lxpp Acuvem, AdsaL Aem-Vem: A.immu- Amoltex, AsbunyL
Asfry
Bioneb; Brywolin; Cletalf; Bfamed: Emplusal. Blvcnt. Libren-
tint; Meventil; Provexel NS; Prox-S; Resdil: Rhinol; SAL; Sal-
buflo; Salbumed; Salvex; Sedalin; Venalax XPT; Venalax; Ven-
tar; Vento-Broncho; Ventolin; Ventosalt; Vimonzil; Pol:
Buventol: Steri-Neb Salamolt; Velaspir; Ventodiskt; Ventolin;
Port.: Airomir; Salbulair; Ventilan; Rus.: Asthalin (Acramas);
Salamol {Canamon); Salben (Cansben); Salgim (Canxruu) Saltos
{Camroc); Ventolin (B ). S.Afr.. Airomirt; A
Cybutol; Venteze; Ventolin; Volmax; Singapore: Apo-Salvent,
Asmol: Asthma Formula; Azmasol; Brethmol; Butahale;
l: Medoli Jbuair: Salmol: Venderol; Ventamol;
Ventolin: Volmax; Zenmolin; Spain: Aldobronquial; Buto
Asmat; Buto-Air; Respiromat; Salbuair; Ventilasting: Ventoal-
do; Ventolin; Swed.: Airomir; Buventol; Sabufarm; Venukstin
Ventoline; Switz.: Ecovent; Thai.: A

1. Smyth BT, e al. and dose eq I of satb 1 and 3. Lin C, et al. Isolation and identfication of the major metabolite of
saimeterol in patients with asthma BMJ 1993: 306: 54:._5 albuterol in human urine. Drug umanuwww 5: 234-8. Antomol; Asmasal; AsmoL Asthalin; Asthamol; Asthmolin;
2. Grove A, Lipworth BJ. 1 after 4. Morgan DJ, etal. P and oral hosol, Bulo  Asma; Butoventt; Buventol; Dur-
twice dally salmeterol (n asthmatic patients. Lancet 1995; 346: 201-6. and its sulphate conjugate. Br J Ctin P"‘"'"ﬂ" 1986; 22: 587-93. asal; Naso; 1 b Saldaf' saldol; Sal-
. ot U et G ot ot e - Ly oot koot | ik Svens S Sulwa ;. Verol Vel Viow
i i a my sal con - re] L
;:;o;los;- t;:;lbmzml during acute episodes of asthma. Am J Med 1999; 'Eurlmn 1989, 37: 4582, P Zal!:u Z.cbu 1” Turk.: vent;
4. van Veen A, et al. Regular use of long-lcdn[ Bz-adlrnocepmr agonists 6 Rey E, o al. Ph i of i in renal Vent-o-sal; Ventodisk: Ventolin; Volmax; UAE: Buta-
the b effica and its bi effects. Bur J Clin Pharmacol 1989; 37; lin; UK: Airomir; A J; Pulvinal Sait I I; Sala-
ceptor agonists in asthma. nuamrhnmlznoo»mr 387-9. pin; Salbulin: Vi s Ventolin; Ukr.: Salamol-Eko (C:
T e M, O L e O P ooy | Jwo); Ventolin (Besromm); USA: Accuneb; ProAlr; Proventl:
Beta blockers. Non-cardioselective beta blockers oppose wm_u"’""'“"' & J Gin 1993 | Ventolin; VoSpire; Vemez: Asthalin; Butoas; Salbulis; Sal-
the bronchodilator effects of beta-agonist bronchodilators 8. Miliez JM, e al. Ph of salb 1 in the bumed: Salburol: Salbutan.

and are contra-indicated in asthmatic patients as they may
cause serious bronchoconstriction, even if given as eye
drops. No adverse interaction normally occurs between
beta-agonist bronchodilators and cardioselective beta
blockers; however, bronchospasm can sometimes occur in
asthmatic patients, particularly if high doses are used. In a
case-control study in postoperative coronary artery bypass
graft patents, use of sotalol with salbutamol led to an
increased risk for postoperative atrial fibrillation.

1. VaderC, &t IL Interaction between sotalol and albuterol after CABG:

and length of sty at an
intensive ﬂl! unit. Br J Ciin Phamml 2002: 53: 555P~536P,

‘woman after mbcuuneous administration with 2 porwable pump. Obstet
Gynecol 1992; 80: 182-5.
9. Nansimha Munhy S, Hiremath SR. Clinical pharmacokinetic and
of d | drug delivery systems of
salbutamol sulfate. Int J Phuarm 2004; 287: 47-53.
10. K o al. Age systemic exp
salbutamol. Br J Clin Pharmacol 2007; 64: 241-4.
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ity. The R (-)-enantiomer of

Preparations. Arg.: Bedasma. Burocon. Buto-
solf; Combi Ib; Salbutol Beclo; i AG;
Ventide: Austral.: Combivent; Austrla' Comblvenl. Belg Com-
bivent; Nebu-Iprasal: Braz.: A

clin; Clenil Composi Comblvem. Cawd. Combl-
vent; Gen- Combvf- Mylan- Combo ratlo-Ipra Sal: Chile:. Aero-
Plus. A t: /! Butocort; Butotal B;

Stereaselectivily.

(levosalbutamol—p. 1213.3) is preferentially metabolised
and is therefore cleared from the body more rapidly than
the S(+)-enantiomer, which lacks bronchodilator activity
but may be implicated in some of the adverse effects of

The symbol 1 denotes a preparation no longer actively marketed

C 1 Aemsol Salbuml AC; Ventde; China:
Combivent (TT4); Ren Shu ({"#); Shun Qi (M#F); YI Xi
Qing (®8M); Denm.: Combipramot}; Combivent; Ipramol;
Sapimol; Fin.: Atrodual; Ipramol; Redol Comp; Saliprat; Gr.:
Berovent; Demoren: Ipramol; Hong Kong: Combivent; Ipramol;
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Um-Bummol Expectoranrr' Vemider Ventolin Expectorantt;
India:  Alromol: Albu-
amoi; Alemyl-B Alkarex-PD; Amborex-GS; Ambrex. Ambril-
S; Ambril-SG; Ambro PD; Ambro S; Ambro TS: Ambrodil-S;
Amb S; Ambrolax-PD; Ambrolite-S; Ambrolite-ST;
Ambtos-GM. Ambrosol; Amcare; Amcof; Amrolite 2S; Asma-
tide-BR; Ast-Bx; Asthacom{; Asthalin AX; Asthalin Expect-
orant; Asthavent-BR; Asthos; Axalin-AXt; Axalin; Axol Plus;

use of a long-acting beta, agonist is required for persistent
reversible airways obstruction, as in chronic asthma orin

"

be used for mai ice therapy in and severe
chmnic obstructive pulmonary disease (see p. 1199.1).
in lung function and symptoms has been

some patients with chronic obstructive pul y d

It may be useful in protecting against nocturnal and
exercise-induced asthma attacks. Short-acting beta; ago-
nists (on an as-required basis) and regular
anti-inflammatory therapy should continue to be used.

scen in such patients after regular treatment with inhaled
salmeteroL* a reduction in exacerbations has also been
seen. 4 Additional benefit has been rcpurted from the use

of ol with inhaled cortic

in the

- Salmeterol is used in the form of the xinafoate; dosesare 1. Boyd G. st al. An o of chronic
Benylin E; Brex-S; Brodil; Bronchilet; B 1 3 - -
cord PE' ko Plus; Bronk Sy roncophy] Bl:‘:: :‘::‘:_ expressed in terms of the equivalent amount of , y discase (COPD). Bur Respir J 1997; 10: 813-21.
sal; C-Cold; Carbasima; Combimist; C X; D Duo- foate 1.45 mic isequivalenttoabout | T Hone B o B in the o
lin; Durabec: Durasalyn; Bascof; Efelin-PD; Efelin; Elkof; Elkut; | 1microgram of salmeterol. 3. Stockiey RA. et al. Addition of salmeterol to existing teatment in

Elsol-S; Eto-Salbetol; Exituss; Exol; Expectus; Instaryl-P; Instar-
yLl: Kofarest; LCF; Mastifen-S; Mcxol-G Mnuss-AX. Mxms-BR.
Muco Asthalin; Mucobar-S; M
Okaril; Pulmo-Rest Expec!orant-f- Pulmo-Rest: '!'hco-AsLb:hn.
Ventorlin Exp; Indon.: Combivent; Partolin Expectorant; Lasal
Expectorant; Proventol Expectorant; Salbron Expectorant; Sal-
buven Expeaoranc 'reosal. Ventidet: Ventolin Expectorant;
Irl.: Combi ; Ital: Almeida; Biwind;
Bma, Clenil Compositum. Naos: Pl:naer Malaysia: Aerocort;
Combivent; Duclin; Ip | Expectorant; Ventolin
Expectorant{; Mex.: Aemﬂux, Apomuxol; Broxol Air; Combi-
vent; Dinolan; Flamebin: Fluvicil: Fluxol; Fuliac Mucoflux:
Musaldox; Neumyn-AS: Removil Sal:mﬂux. Sibilex; Salbolcx
Ulax-C; Ventide: Neth.: Combi : Combi 1
NZ: Combivent; Duolin; Phl’llpp Adsal Plus; Asbunyl Plus;
Asfrenon GF; Asmalin  Broncho; Broncaire Expectorant:
Bronchospec: Brytolin; Clarituss Plus; Combipul; Combivent;
Duavenc Ehmed Plus, H’caryl Hiswaril: Neoventt; Pecof;
t; Rhinol Plus; Salb d Plus;
SalvexJCP:sGX: ! Broncho (Reformulated); Ventar EXP;
Vento-Broncho G; Ventolin Expectorant Venzadril: Port.:
Combivent; Ipramol; Propavente: Rus.: Asconl Expccmmm

The usual dose is 50 micrograms of salmeterol twice daily
from a metered-dose acrosol or dry powder inhaler; if

necessary, up to 100 mic may be inhaled twice
daﬂy For doses of sal 1 used in child see
inistration in Children, below.
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Administration in children. For persistent reversible air-

ways obstruction that requires regular bronchodilatation, |

including nocturnal asthma and prevention of exercise-
induced asthma, children aged 4 to 12 years may be given

(A peut); Biasten (B

Joc:t {(xocer); Kasnol (Kammon); S.Afr.: Adcc-Combmeb
COmbxvcnr. Duolm. Duro-Tusst; Singapore: Combxvem. Spam.

I; Swed.: Combi
Switz.: DOSpll' Ipmmol. Thai.: Almasal. Asmol Expecwnm.
Beclosal; t: Clenil Composil % C

Sabumol Ex; Salmel Expectorant Vzmonn B:pecmnnrr.
Turk.: Clenil Kompoze; Combivent; Ventide; UK: Combivent:
Ipramol; Ukr.: Ascoril Bp:c!ount (Acxopun 3xmempmr)1'
Joset (Ixocer); Salb 1 D ) ]
DuoNeb; Venez.: Aerocort; Aemﬂnx. Bedosal. Bzoxodm. Buto-
sol; Combivent; Duolin; Ipralin; Venticort; Ventide.

Preparations
BP 2014: Prolonged-release Salb { Capsules: Prolonged
release | Tablets: Salb | Inhalation Powder, pre-
disp d; Salb 1 lation Powder; Salb ! Injection;
h 1 Nebuli % iy | Oral Solut
Salbutamol Pressurised Inhalation; Salbutamol Tablets:
USP 36: Albuterol Tablets.

Salmeferol Xmufoate

naphthoate; Salmetérol Ksnnafoat; Salmétérol, Xinafoate de;
Sa1meterol mnafoatu de' Salmeteroh Xlnafoas. Salmeter—
“ofi

SEReads A

‘Salmieterokx mafoétf meterohanafoat; Xinafoato de Sak
‘mheterol

Pharmacopoeias. In Eur. (see p. vii) and US.
Ph. Bur. 8; (Salmeterol Xinafoate). A white or almost white
powder. Practically insoluble in water; slightly soluble in
dehydrated alcohol; soluble in methyl alcohol. Protect from
light.

USP 36: (Salmeterol Xinafoate). A white or off-white
powder. Practically insoluble in water (pH 8.0) and in saline
soludon (0.9% w/w); slightly soluble in alcobol, in
isopropyl alcohol, and in chloroform: soluble in methyl
alcohol. Store in airtight containers at a temperature not

exceeding 30 degrees.
Uses and Administration

50 mic of salmeterol twice daily by inhalation.

Asthma. Salmeterol is a long-acting beta, agonist (dura-
tion of action about 12 hours}. Guidelines on the manage-
ment of asthma, see p. 1195.2, generally recommend that
salmeterol should be reserved for use in padents with
chronic asthma who have already progressed to inhaled
corticosteroids; it is not a substitute for corticosteroids.
Most evidence suggests that, apart from in severe exacer-
bations, adding a long-acting beta; agonist to standard
dose inhaled corticosteroid therapy may be more effective
than increasing the dose of corticosteroid. or than combin-
ing a corticosteroid and an ant-leukotriene drug. Sal-
meterol may also be useful in controlling persistent
nocturnal asthma or preventing exercise-induced attacks.
There is some evidence that after prolonged use, duration
of protection against exerdse-induced bronchoconstriction
is reduced {see Tolerance, p. 1225.2).
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Adverse Effects and Precavutions

As for Salbutamol, p. 1221.3. Inhalation of salmeterol may
be associated with paradoxical bronchospasm. and it should
not be used in patients who are not also receiving an inhaled
corticosteroid. Very rarely, arthralgia has been reported
with salmeterol use.

Sal ol is not appropriate for the t of acute
bronchospasm or for patients whose asthma is deteriorating.

Effects on the cardiovascular system. A pooled analysis®
of safety data from 7 studies of salmeterol in chronic
obstructive pulmonary disease found no evidence of an
increased risk of cardiovascular adverse effects. The dura-
tion of these studies had ranged from 12 weeks to 1 year.
For further discussion of beta, agonist use (induding sal-
meterol) and the risk of cardiac events such as myocardial
infarction, see Effects on the Heart, under Salbutamol,
p.1222.1

!in COPD. Chest

1. GT. et al. G safety of
2003; 123: 1817-24.
Effects on the respiratory system. Transient paradoxical
bronchoconstriction with breathlessness, wheeze, or
cough has been reported in 6 asthmatic patients after
inhalation of salmeterol from a metered-dose aerosol but
not after inhalation of the dry powder formulation by dis-
khaler.! The fluorocarbon propell in the d-dose
acrosol were suspected as the jrritants causing broncho-
constriction.
1. wilkinsen JRW, #f al F ical bronch: i In

patients after salmeterol by metered dose inhaler. BM/ 1992; 305: 931-2.

Effects on the skin. Urticarial rash associated with inhaled
salmeterol, of which the propellant was not the cause, has
been reported. Although many urticarfal reactions and a
variety of rashes had been attributed to beta-agonist ther-
apy their reprodudbility had not always been documen-
ted.!
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mortality. Interim results from a large con-
trolled study (SMART)' designed to evaluate the safety of
salmeterol in patients with asthma, found a smalt but sta-
tistically significant increase in respiratory-related and
asthma-related deaths or life-threatening episodes in the
total population receiving salmeterol compared with place-
bo. This imbalance occurred mainly in the African-Ameri-
can subpopulation, and combined with difficulties in
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Salmeterol is a direct-acting sympathomimetic with beta-
adrenoceptor stimulant activity and a selective action on
beta, receptors (a beta; agonist). When given by inhalation,
salmeterol acts as a bronchodilator. The onset of action is
about 10 to 20 minutes but the full effect may not be
apparent until after several doses. Unlike short-acting beta,
agonists (see Salbutamol, p. 1220.2), salmeterol is therefore
not suitable for the symptomatic relief of an acute attack of
bronchospasm. However, it is Jong-acting with a duration of
action of about 12 hours and is indicated where the regular

All cross-references refer to entries in Volume A
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Chronic obsiructive ry disease. Guidelines indi-

cate that long-acting beta, agonists such as salmeterol may

J versus fixed

enrol led 10 early termination of the study. Various
factors may have influenced the differences in outcomes
seen with salmeterol; greater disease severity was noted at
baseline in the African-American subgroup compared with
Caucasian subjects, and nearly hall of all participants were
not receiving inhaled corticosteroids.

A subsequent meta-analysis® of 19 placebo-controlied
studies of patients with asthma who were taking the long-
acting beia; agonists salmeterol or formoterol (see
p. 1209.2), reported an increased risk of hospitalisation for
an asthma exacerbation, life-threatening asthma artacks,
and asthma-related deaths compared with placebo. A sub-
group analysis that examined studies in which more than
75% of patients were also receiving inhaled corticosteroids
also found an increased risk of hospital admission. The
applicability of this review to therapy as recommended by
current guidelines has been questioned,> as many of the
studies included in the primary analysis did not require
inhaled corticosteroids to be used, and studies which
compared different asthma maintenance regimens were
excluded because they were not placebo-controlled.

Systematic reviews of regular treatment with salmeterol*
or formoterol® for chronic asthma found an increased risk of
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serious non-fataj adverse effects compared with placebo. In
contrast, subsequent reviews of regular treatment with
salmeterol® or formoterol’ plus inhaled corticosteroids
found no difference in serious adverse effects when
compared with inhaled cortic ids although results
were not sufficient to conctude that there was no increased
risk. Addidonally, the number of deaths was too small to
allow a firm conclusion to be reached on the effect of long-
acting beta, agonists on mortality. A direct toxic effect of
beta; agonists,” concomitant asthma treatments and
adherence to treatment,®® differences in baseline disease
severity, 8 raclal or genetic factors,! polymorphism,'®
tolerance,'®!! and masking of underlying airway inflamma-
tion by long-acting beta, agonists*® have all been proposed
as possible explanations for the increased risk of adverse
outcormnes reported with long-acting beta, agonists.

In contrast to the above studies, a meta-analysis'? of 66
manufacturer-sponsored studies involving 20 966 patients
with persistent asthma, suggested that the addition of
salmeterol to inhaled comcos(ermds did not alter the risk for
asthma-related hospital 1 compared with inhaled

corticosteroids alone, although asthma-related intubation
or death was too infrequent to draw conclusions. In
additon, a case-control study'? that included 532 patients
under age 65 who had died from asthma, matched with 532
controls with a hospital admission for asthma, found no
evidence of adverse effects on mortality with medium to
long-term use of inhaled long-acting beta; agonists. An
carlier observational cohort study also found no evidence
that salmeterol conmbutcd to deaths reported from
asthma.'*

Current asthma guldelmes advocate use of a long-acting
beta; agonist in addition to inhaled corticosteroids, and not
as monotherapy, see Management of Asthma, p. 1195.2.
A review!® by the UK MHRA conduded that:

« epidemiologicah data indicated that since the intoduc-
tdon of long-acting beta agonists there had been a
reduction in asthma-related hospitalisations in adoles-
cents and a decrease in asthma-related mortality in all
ages.

¢ data from controlled clinical study did not reflect the
safety concern from postmarketing studies, possibly due
to more consistent use of corticosteroids in controlled
settings

s the data supported the use of long-acting beta agonists
with inhaled corticosteroids consistent with the UK
guidelines on the management of asthma and that to aid
compliance in the concomitant use of a corticosteroid, a
combination inhaler should be used when appropriate

A systematic review in patients with stable, moderate-to-

severe chronic obstructive pulmonary disease found that the use

of long-acting beta, agonists was not associated with a

higher rate of respiratory-related mortality compared with

placebo.'t
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The symbol t denotes a preparation no longer actively marketed

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Cenmre Sweden, dassifies salmeterol as
probably not porphyrinogenic; it may be used as a drug of
first choice and no precautions are needed.!

t; Gr.: Sal Hong Kong:
s:rvvem. Hung.: Serevent; India: Azrol Sal.m:zer Serobid;
Indon.: Sereventt; Irl.: Serevenu Isvael: Serevent; Ital: Arial;
Salmetedur; Serevent; Jpm: Serevent Malgysic Sereventt;

1. The Drug Database for Acute P lable ac hup: w,
drugs-porphyria.org (accessed ozlnul)

Tolerance. As with short-acting beta, agonists (see Salbut-
amol, p. 1222.3), there is evidence that regular use of
long-acting beta, agomists such as salmeterol produces
tachyphylaxis to their protective effect against broncho-

" constriction, as provoked by sumuli such as allergen,

methacholine, or exercise.! The authors of a study of the
long-term effect of salmeterol on exercise-induced asthma
conciuded that the decreased bronchoprotecive effect
over time was due to a decrease in duration of action (to
less than 9 hours) rather than tachyphylaxis,® but this
interpretation was criticised.5”

There is also some evidence to suggest that symptomatic
relief by short-acting beta, agonists is significandy reduced
by regular use of long-acting beta, agonists.*® Receptor
downregulation, induced by regular use of a long-acting
beta, agonist, has been suggested as the mechanism for this
reduction in response and may lead to patients requiring
higher doses of beta, agonists to attain relief from an acute
asthma attack.*!® One study suggested that the greater
tachyphylaxis to short-acting beta; agonists seen with
salmeterol compared with formoterol might represent the
expression of partial antagonism by salmeterol at beta,
receptors.®* Whatever the mechanism, the reduced
bronchoprotective effect is perhaps more of a concerm
with long-acting beta; agonists, since, unlike the short-
acting beta; agonists, their use on a regular basis is
recommended.!! See also Beta, Agonists, under Interactions
of salbutamol, p. 1223.1.
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Interactions

As for Salbutamol, p. 1223.1.

Salmeterol is metabolised by the cytochrome P450
isoenzyme CYP3A4, and use with oral ketoconazole has
resulted in an increased systemic exposure to inhaled
salmeterol with the potential to increase adverse effects;
similar interactions could occur with other potent inhibitors
of CYP3A4. Licensed product information suggests that
salmeterol and ketoconazole should not be used together.
Use of salmeterol with erythromycin, a moderate inhibitor
of CYP3A4, did not have a significant effect on exposure to
salmeterol.

For a study suggesting a decreased effect of salbutamol in
patients receiving salmeterol, as well as a report of additive
effects, see Beta, Agonists under Interactions of Salbutamol,
p. 1223.1.

Pharmacokinetics

After inhalation of therapeutic doses of salmeterol, only low
concentrations occur in the plasma. Salmeterol is
metabolised in the liver by the cytochrome P450 isoenzyme
CYP3A4 to a-hydroxy-salmeterol, which is eliminated
mainly in the faeces.

Reviews.

1. Cazxola M, @ al Clinical pharmacokinedcs of salmeterol. Clin
Pharmacokinet 2002; 41: 19-30.
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Serevent; Austria: Sercvem. Belg.: Serevent; Braz.: Serevent
Canad.: Serevent; Chile: Serevent: Xemos; China: Ping Te (¥
#5); Qitai (PL2E); Serevent (WELM); Si Duo Mi (AIFH); Cu:
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ed asthma using |
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CooHye04=3544 :
CAS — 112665-43 7 703186-79—2
ATC — RO3DXD6,*
ATC Vet -~ QRO3DX06.
UNI — 4USBIM42IN.

Profile

Seratrodast is a thromboxane A; antagonist that is reported
to reduce airway hyperresponsiveness. It is given orally in
the prophylactic management of asthma (p. 1195.2), in
single doses of 80 mg in the evening after food.

Adverse effects include gastvointestinal disturbances,
drowsiness, headache, palpitations, and hepatitis. Hepatic
function should be monitored and the drug should be
withdrawn if hypersensitivity reactions such as rashes and
pruritus occur, or if there is elevation of liver enzyme
values. Seratrodast should be used with care in patients with
pre-existing hepatic impairment. It is not suitable for the
treatment of an acute asthmatic attack.

References.
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Proprietary Pnparmiom {details are given in Volume B)

Single-i ons. China: Ch 10 (%¥); Quan
Kang Nuo (§ﬁ§). Jpn Bronica.

Sodium Cromoglicate pam, vy

Cromoglicate de Sodium; Cromoglicato de Sodid;
Cromogllcato dlsbdu:o, Crornolyn Sodium (USAN). D|nam«

cromoghcate de; Sodium.¢
kat, Hatpmi Kpomormmumar.
Disodium.. 4,4'-dioxo-5,5'

Phcn'nacopoelos In Chin., Eur. (see p. vii), Int., Jpn, and Us.
Ph. Bur. 8 (Sodium Cromoglicate). A white or almost
white, hygroscopic, crystalline powder. Soluble in water;
practically insoluble in alcohol. Store in airtight containers.
Protect from light. .

The symbol & denotes a substance whose use may be restricted in certain sports (see p. vif)
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A white, odourless,

PRy

USP 36: (Cromolyn Sodlum)

h effect of nebulized sodium
md:ndmbompmmnly Bur Respir J 1993; 6: 387~

8. Yukse! B,

hygroscopic, crystalline p . Soluble in water; &
in alcohol and in ch]urolorm Store in airtight containers.

‘Uses and Administration

Sodium cromoglicate is used for the prevention of allergic
reactions. Although its precise mode of action remains
uncertain, it is believed to act mainly by preventing release
of mediators of inflammation from sensitised mast cells
through stabilisation of mast-cell membranes. It has no
direct antihistamine or anti-inflammatory action.

. Sodium cromoglicate can prevent the asthmatic response
to a variety of allergic and non-allergic stimuli. It is used in
the of chronic asthma that cannot be managed
with inhaled beta; agonists alone; it is not used for acute
attacks of asthma.

Sodium cromoglicate is also used in the prophylaxis and
treatmnent of seasonal and perennial allergic rhinitis and
allergic conditons of the eye including acute and chronic
allergic conjunctivitis and vernal keratoconjunctivitis, It has
been given orally, with dietary restriction, for the
prevention of food allergies, and is also used in the
treatment of mastocytosis.

It is important that the regular use of sodium
cromoglicate is maintained, both in the prophylactic control
of asthma and in the management of other allergic
conditions. Beneficial effects may take several weeks to
become established.

In the prophylaxis of asthma, sodium cromoglicate is
given by inhalation as a nebulised solution or from a
metered-dose aerosol. The usual dose as nebulised solution
is 20 mg by inhalation 4 times daily increased, if necessary,
to 6 or 8 times daily. Once the asthma has been stabilised it
may be possible to reduce the dosage. In some countries,
sodiumn cromoglicate is available in different strengths of
metered-dose aerosol. Using a metered-dose aerosol
providing Smg per inhalation, the usual dose is 10mg
four times daily, increased to 6 to 8 times daily if necessary;
it may be possible to reduce the dosage to 5 mg four times
daily once the asthma has been stabilised. Addidional doses
may be taken before exercise. Metered-dose aerosols
providing 1 mg per inhaladon are also available. The usual
dose is 2mg four times daily, which can be doubled if
necessary. The adequacy of the lower dosage has been
questioned (see under Administration, below),

Inhalation of sodium cromoglicate may cause broncho-
spasin; scparate inhalation of a beta, agonist such as
salbutamol a few minutes beforehand should prevent this.
Use of a combination product containing a beta, agonist is
not recommended as this is liable to be used inappropriately
for relief of bronchospasm rather than for its prophylactic
effect.

For the prophylaxis of allergic rhinitis, sodium
cromoglicate solution can be given as a nasal spray. A 4%
spray that delivers about 5 mg per actuation may be given as
one spray into each nostril 2 to 4 times daily. Prophylactic
treatment for seasonal allergic rhinitis should begin 2 to 3
weeks before exposure 10 the offending allergen and should
continue throughout the season. in allergic conjunctlv-
itis and vernal k ivitis,
catcxsuscdasdmpsofzor4% apphed4t06umcsdauy

In food allergy and in mastocytosis, sodium
cromoglicate may be given in oral doses of 200mg four
times daily before meals. If satisfactory control is not
achieved within 2 to 3 wecks the dosage may be doubled,
but should not exceed 40 mg/kg daily; a reduction in dosage
may be possible once symptoms have been controlled.

For details of doses in children, see Administration in
Children below.

Aclion. Sodium cromoglicate has a range of actons at cel-
lular level that may be important for its protective effect
in asthma, It is known as a mast cell stabiliser that inhibits
the release of histamine and other inflammatory mediators
from sensitised mast cells. Other reported actions include a
direct effect an airway nerves'? and antagonism® of sub-
stance P, which ties up with its inhibition of the effects of
platelet activating factor (PAF).4?

There have been a few reports® of sodium cromoglicate
producing bronchodilatation. However, in practice ‘other
drugs with accepted bronchodilating activity are used for
this effect in asthma treatment schedules, see p. 1195.2.
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Administrafion. The efficacy of sodium cromoglicate 2mg
four times daily by metered-dose aerosol inhaler has been
shown by conwolled studies in adults and children with
asthma.'"S However, although sodium cromoglicate 2mg

inhalation from a d-dose aerosol was reported®

more effective than placebo in-the treatment of a group of
31 infants with persistent wheezing aged under 1 year.*
1. Guevam JP, o al. Inhaled versus sodium
chﬂdrmmd:duluﬁ:bmmAulhbklnmcodlnnennuhnof
Esue 2. € John Wiley; 2006 (accessed

14/04/08).

2. van der Wouden JC, ¢ «l. Inhaled sodium cromoglycate lor asthma in
children. Available in The Cochrane Database of Systematic Reviews;
Issue 4. Chichester: John Wiley; 2008 {accessed 14/08/09).

3. Geller-Bemstein C. Levin S. Nebulised sodium comogiyate in the

of wheexy bronchits in infants and young children.

to be as effective as 20 mg inhaled as p , the tenfold
difference in dosage has been questioned,” and others
have reported contrary results.®® It has been suggested
that an aerosol supplying 5 mg per metered dose {see Uses
and Administration, above) would be preferable.!” In a
mmparison of single-dose pmu'eatmem from metered-
dose inhal ate 10mg (2X 5 mg puffs)
was as effective as bedometasonc dipropionate 200 micr-
ograms in inhibiting bronchial responsiveness to hist-
amine.’!

Care is required if inhaled sodium cromoglicate is given
via a spacer device; evidence suggests that these may greatly
influence the amount of drug delivered, reducing it to one-
third of the dose delivered by inhaler actuation in some
cases.’?

1. Geller-Bemnstein C, Levin 5. Sodium cromoglycate pressurised aerosol in
childhood asthma. Curr Ther Res 1983; 34: 345-9,

2. y D. Sodium ¥ in aerosol form In regular users of
bronchodilator drugs. Curr Med Res Opin 1983; 8: 333-7.

3. Rubin AB, o al. The treatment of asthma in adults using sodium

cromoglycate rized acrosol: a double-blind controlled wial. Curr
Med Res Opin 1983; 8: 353-8.
4. hal MN, eral. A of the dinical benefits of

comolyn sodium aerosol by meiered-dose inhaler in the weamment of
asthma. J Allergy Clin Immunol 1988; 81: 651-7,

5. Selcow JE, o al. Clinical beneflts of cromolyn sodium aerosol (MDI) in
the treannent of asthma in children. Ann Allergy 1989; 62: 195-9.

6. Llatmer KM, et al. by sodium gly of bronch

striction by y heat loss: of d
lerosol and powder. Thorar 1934; 39: 277-81.
7. Sodium acrosol. Drug Ther Buil 1982; 20: 27.

8. Robson PA, ot al. Sodium comoglyate: spincaps or metered dose
acrusal. BrJ Clin Pharmacol 1981; 11: 383-4.
9. Bar-Yishay E e ol Duraton of scton of sodium

1982; 43: 294-8.
4. Furfaro$, a4l B of ) n 3y wh 7
Arch Dis Child 1994; 712 3314,

's syndmme. Sodium aomoglicate eye drops
improved blurred vision in a patient who had had Cogan’s
syndrome (p. 1603.2) for 18 years.’ Sodium cromoglicate
capsules [orally] also reduced the frequency of fever
attacks in this patient.

L. Carter ¥, Nabarro J. C gly
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{or Cogan’s synd Lameet 1987: 12

Cough. Sodium cromoglicate has been used with modest
success by aerosol inhalation to suppress the cough asso-
ciated with ACE inhibitor therapy (p. 1285.3) in some
patiens.? However, inhalation of nedocromil sodium was
not helpful in the treatment of ACE inhibitor induced
cough in 6 diabetic patents.’ A systematic review* consid-
ered that there was no good evidence to support the use
of inhaled cromoglicate or nedocromil in the treatment of
non-specific cough in children.
1. Keogh A. Sodium phy for g
enzyme inhibitor cough. l.uul 1993 341: 560.
2. Hamgrraves MR, Benson MK. Inhaled sodiura cromoglycate in
angiotensin-conventing enzyme inhibitor cough. Lancer 1995: 345: 13-
16.
3. Puolijoki A, Reldaro M. Lack of eflect of nedocromil sodlum in ACE-
Inhibitor-induced cough. Lancet 1995; 345: 394.
4. Chang A, ¢ ol. Inbaled for specific cough in
children. Available in The Cochrane Database of Systematic Reviews;
issue 1. Chichester: John Wiley: 2004 {accessed 14/04/08).

E A 4% sodium comoglicate lotior was found to

exercise induced asthma: comparison of 2 formulations. Arch Dis dull
1983; 38: 624-7.
10. Tullet WM. & ol Dose-respomse effect of sodium cromoglycate
pressurised acrosol in exerdise induced asthma. Thorar 1985: 40: 41-4.
11. Cockcroft DW, Murdock XY. Comparative effects of inhaled salbutamol,

sodium gly and on allergen-
induced earty late and
i bronchial responsi 1o hi: J Allergy Clin Immunol
1987; 79: 734-40.

12 Bamy PW, O'Callaghan C. Inbalatonal drug delivery Irom seven
different spacer devices. Thorax 1996; 51: 835-40.

be of benefit in improving symptoms and reducing topical
corticosteroid use in a study! in children with moderately
severe atopic dermatitis (p. 1684.1).

1. SwinerR et al. !maq and accepiability of a new topical skin lotion of
sodium {Altod: in atopic in children aged 2-
12 years: a double-blind, randomized. placebo-controlled wrial. Br J
Dermatol 2005; 152: 334—41.

Food allergy. Oral sodium cromoglicate has been usetl in
the prophylaxis of food allergy reactions (p. 611.2). How-
ever, efficacy has not been unequivocally established.

M charmrbncs

Administration in children. Children may be given sodium
of

Mastocytosis is a rare condition charac-

cromoglicate for prophylacuc hma and
allergic rhinitis, and in the prophylaxis and treaunent of
acute and chronic allergic conjunctivitis and vernal kera-
toconjuncuyvitis, using adult doses, see Uses and Adminis-
tration, above. Different counwies may have different
licensed lower age limits and some inhalation dosage
forms are unsuitable in very young children.

In food allergy and in mastocytosis, sodium cromoglicate
may be given orally to children from 2 years of age. A dose
of 100mg is given four times daily before meals. If
sadsfactory conitrol is not achieved within 2 to 3 weeks the
dosage may be doubled but should not exceed 40 mg/kg
daily; a reduction in dosage may be possible once symptoms
have been controlled. For food allergy, adult doses may be
given to children from 14 years of age, and from 13 years for
mastocytosis, see above.

Asthma. Sodium cromoglicate is used as a prophylactic
agent in the management of chronic asthma (p. 1195.2),
but in pracrice inhaled corticosteroids are preferred if regu-
lar prophylactic treatment is indicated, i.e. if the condition
cannot be managed with occasional use of an inhaled
short-acting beta, agonist alone. Even in children, in
whom cromoglicate has tended 1o be more widely used,
inhaled corticosteroids are considered firsi-line preventers.
A 5y ic review! paring sodium cromoglicate with
inhaled corticosteroids found that inhaled corticosteroids
were superior in terms of asthma control and lung func-
tion for both children and adults with chronic asthma.
However, guidelines still specify the use of cromogln:ate or
nedocromil as a valid alternative to inhaled cortic

terised by abnormal proliferation of mast cells and their
accumulation in body tissues.!> Signs and symptoms of
the disease result from the spontaneous or induced release
of mast cell mediators. Mastocytosis occurs in cutaneous
or systemic {orms, which are further subdivided based on
clinical preseptation and prognosis. Clinical algorithms
and recommendations for diagnosis,. treatment, and
response criteria have been developed. <
* Cutaneous mastocytosis most often manifests as urticaria
pigmentosa (disseminated red-brown macules, papules,
or plaques); other symptoms include flushing pruritus,
urticaria, blistering. and dermatographism. Mastocyio-
mas may occur as brownish solitary or multiple nodular
accumulations of mast cells. In children with cutaneous
mastocytosis, symptoms will resolve in about half by
adolescence.
» Systemic mastocytosis can involve diverse organs and
dssues mduding the bones, liver, spleen. lymph nodes,
poietic system, gastroi inal tract, and also
the skin. General symptoms mclude Iangue, weight loss,
fever, and sweats. Gastroi C ints such as
abdominal pain and diarrhoea are common, and some
b have labsorption, steatorrhoea, or peptic
ulcer disease. Bone marrow involvement may resuit in
bone pain, osteoporosis, fractures, bone marrow fibrosis,
and myeloproliferative and myelodysplastic diseases.
Other systemic effects incdude lymphadenopathy,
hepatosplenomegaly, headache and other neuropsych-
iatric symptoms, syncope, and anaphylactoid reactions.
Avoidance of trigger factors is an important measure in the
manag of mastocytosis. Such factors include expasure

in some circumstances. Another systematic review? found
insuffident evidence to conclude that sodium cromoglicate
was more effective than placebo for maintenance treat-
ment of chronic asthma in children, although the results
favoured treatment for some outcomes such as symptom
scores and bronchodilator use.

Response to tr with nebulised sodium ¢ gli-
cate was found to be age-related in a study of children under
2 years of age with recurrent or persistent wheezy bronchitis
and a history of allergic symptoms.’ It was effective in
children of 12 to 24 months of age but not in those below 12

7. Weiner P, ¢t o!. Bronchodilating effect of tyn sodium in asth
paticnts at rest and following exercise. Ann Allergy 1984; 53: 186-8.

All cross-references refer to enties in Volume A

months. Similarly, nebulised sediura cromoglicate was no

to extremes of cold or heat (hot bath or sunbathing),
emotdonal swess, mechanical irritation (vigorous towel
rubbing, massage), infections, alcohol some d.mgs (eg
aspirin, NSAIDs, opioid Igesi
polymyxin B, dextran, radiographic dyes), and animal
venoms. L25,7

Treatment is aimed at relieving symptoms and does not
alter the course of the di 124578 1,
anthistamines such as hydroxyzine and cypruheptadine
are used to provide relief of flushing, pruritus, urtcaria,
blistering, and abdominal pain. Patents ar risk of
anaphylactoid reactions should carry adrenaline for self-







