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Thú chapter indudes many of those drugs used for theứ 
bronchodilator or anti-inílanunatory propertìes in the 
management oỉ reversible airvvays obstruction, such as 
asthma and chronỉc obsnucdve pulmonary dỉsease.

The main bronchodilators discussed in this chapter are 
the sympathomimetíc beta agonists (stímulants of beta- 
adrenoceptors), and the xanthines (mainly theophylline). 
The antimuscarinic bronchodilators ipratropium, oxi- 
tropium, and tìotropium are also induded. The major dass 
of and-lnílammatory drugs, the corticosteroids, are 
dỉscussed separately, on p. 1597.1; other drugs considered 
to act on the processes of airvvav inílammation and vvhich 
are induded in this section indude sodium cromoglicate 
and its analogues.. and the various drugs that act on 
leukotriene synthesh and receptor binding, on platelet- 
actìvaóng tactor (PAF), or on other aspects oí the 
inílammatory Cascade.

Antimuscarinics
The parasympathetic nervous System plays a role in the 
reguladon of bronchomotor tone, and antimuscarinic drugs 
have bronchodilator properties. The quatemary ammonium 
compounds adidinỉum broưúde, giycopyrronium bromỉde, 
ipratropium bromide. oxitropium bromide, and tioữopium 
bromide are the antimuscarinic (anticholineigic) broncho- 
dilators in current use; as well as reduced CNS eữects they 
ha ve less effect on mucodliary deaiance than drugs such as 
atropine, which can produce accumulatíon of visdd lower 
airvvay secretions and a risk of mucus plugging in these 
patients. An antúnuscarinic may be the bronchodilator oỉ 
dioice in the management of chronic obstructive pulm- 
onary disease. In patients vvith asthma they are usually 
reserved for use in liíe-threatening acute asthma exacer- 
batíons.
Described in this chapter are

Adidinium. p. 1201.1 Oxúropium, p. 1218.1
Ipratropium. p. 1211.ỉ  Tiotropium. p. 1238.1

Beta agonists
The sympathedc nervous System plays a role ìn the 
regulation of bronchomotor tone and betaJ-adrenoceptors 
in bronchial smooth musde produce bronchodilatation 
when stimulated. short-acting selective agonists of beta2- 
adrenoceptors (beta2 agonists; beta2 súmulants), of vvhich 
salbutamol is the paradigmatic example, are thereíore 
first-Iine drugs ỉor the relieí of asthma symptoms. They are 
also vvidely used in the management of chrónic 
obstructive pulmonary disease, although antúnuscarínic 
bronchodilators may be preíerred or used in addition. 
Long-acting beta2 agonists are used in asthma in patients 
also requiring antí-inflammatory therapy. They may also 
be used in some patients vvith chronic obstructive 
puhnonary disease.
Described in  this ch ap te r  are 

Ariormoterol, p. 1202.3 
Bambuterol p. 1203.1 
BitolteroL p. 1203.2 
Cannoteĩol p. 1207.1 
ClenbuteroL p. 1207.2 
Fenoterol p. 1208.2 
FoonoceroL p. 1209.2 
Hexoprenaline. p. 1211.1 
IndacateroL, p. 1211.2 
Isoeurine. p. 1213.2 
Levosalbutãmol p. 1213.3

Corticosteroids
Cortícosteroids are vvidely used for theữ and-inflammatory 
(glucocorticoid) properties in  the management of asthma, 
and may be beneâdal in some patients vvith chronic

Ordprenaline, p. 1217.3 
Pirbũterol. p. 1218.3 
ProcateroLp- 1219.1 
Reproterol. p. 1219.2 
Saibutamol p. 1220.2 
SalmeteroL p. 1224.1 
Teiimtaline. p. 1228.1 
TretoquinoL p. 1239.1 
Tulobùterol, p. 123922 
VQanteroL p. 1239.3

obstructive pulmonary disease. Because oỉ the potenóal 
adveise eỉíects assodated with prolonged systemic cortico- 
steroid therapy. inhalation oỉ corticosteroids with reduced 
systemic activíty is preterred; oral cordcosteroids are 
geneialỉy only used in short courses, and at relatively low 
doses, to gain control oỉ the disease. The actíons and uses of 
the cortìcosteroids are discussed ìn much greater detaiỉ in 
the sectíon beginning on p. 1597.1.

Leukohiene inhibitors and antogonists
Leukotrienes appear to play an important role in the 
inAammatory process of asthma. and some drugs may 
modiíy or ữihibit this action. Leukotriene synthesỉs may be 
prevented by blockade of the enzyme 5-lipoxygenase with 
inhibitors su ch as áleuton. Altematívely, leukotrìene 
receptor antagonỉsts su ch as zafirlukast may be used to block 
spedRc receptors (usuaũy those oỉ leukotrìene D«) and 
prevent their activation. These anti-leukotriene drugs have 
a role in the prophylactic management of asthma as an 
altemative when inhaled cortícosteroids cannot be used in 
mild asthma, and as add-on therapy in more severe asthma. 
Described ỉn this diapter are

Amlexanox, p. 1202.2 
IbudUast. p. 12112 
Montelukâỉt. p. 1214.3 
Pemirolast. p. 1218.2

Mast cell stabilisers
The role oỉ the mast cell in starting an inAammatory Cascade 
has long been recognised as imponant, and the best 
established of the mast celỉ stabilisers are sodỉum 
CTomoglicate 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 inAammatory mediatois. They are 
usually well tolerated and guidelines for the treatment of 
asthma mendon theứ use for prophylactic therapy as an 
altemative, or a supplement, to cordcosteroids, particularly 
in children. However, it is generally considered that the 
corticosteroids are more eữective.
Described in this chapter are

Amlexanox, p. 12022 Sodium Cromogllcate,
NedocromiL p. 1216.2 p. 1225.3
Pemirolast, p. 1218.2 Tranilast, p. 1239.1
Repirinast p. 1219.2

Pranlukast. p. 1218.3 
Tlpelukaỉt, p. 1239.1 
zàfiilukast. p. 1239.3 
sleuton. p. 1240.3

Xanthines
Xanthines are drugs with complex actions that indude. in 
varying degrees, relaxatíon of bronchiaỉ smooth musde and 
reỉieí of bronchospasm, stímulant efiects on respiration and 
antì-inflammatory eỉfects. Theophylline and its derivatives 
have long been used ỉor theữ bronchodilator properties in 
the management of asthma and chronic obstructive 
pulmonary disease, but the narrovv therapeutic range and 
the propensity for interactions with other drugs make 
theophylline a diỉScult drug to use, and it tends to be 
reserved for combinaúon therapy in patients who cannot be 
managed with other bronchodilators (such as the beta2 
agonists) plus inhaled corticosteroids.
Described in this chapter are 

Acetylline piperaõne.
p. 1200.3

Ambroxol acelyllinate.
p. 1201.2

Amỉnophylline. p. 1201.2 
Bami(ylline. p. 1203.2 
Bulylline. p. 1203.3 
Caỉíáne. p. 1203.3 
Choline Theophyllinate. 

p. 1207.1

Diprophylline. p. 1207.3 
Doxoỉylline. p. 1208.1 
Etamiphylline Camsilate,

p. 1208.2
Etotylline. p. 1208.2 
Heptaminol AcetylUnace. 

p. 1210.3
Proxyphyllinc, p. 1219.2 
Theobromine. p. 1229.2 
TheophyUine. p. 1229.3

Management of Reversible Airways 
Obstrũction
Asthma
Asthma is a chronic intlammatory disease in which the 
patìent has episodes oỉ reversible airways obstruction due to 
bronchial hyperresponsiveness. It is a common disorder, the 
prevaỉence oi vvhich has increased sharply over the last 40 
yean, particulariy in children. vvith prevalence greater than 
30% in some areas. More than 10% oí the population in 
developed countries are aAected. Rates are increasing in 
developing counnies as they become more vvestemised,1 
and global differences in prevalence appear to be lessening.2 
It has been suggested that asthma is probably not one 
illness, but a collectíon of diHerent phenotypes vvhich meet

the criteria ỉor clinical diagnosis of asthma.3-4 Although 
there is no dear dehnitíon oí the asthma phenotype, 3 
categories have been suggested: dinical phenotypes such as 
severity-dehned or defined by age at onset, trigger-related 
phenotypes such as allergy-or aspiiin-induced asthma, and 
inOammatory phenotypes snch as eosinophilic asthma.4 
Current guidelines dassUy by severity accordỉng to the 
dỉnical ỉeatures present beíore tteatmenL5-7 Asthma may be 
described as extrinsic when it is assodated vyith exposure to 
a spedfic allergen such as pollen or house-dust mite, or to a 
non-spedfic stimulus such as a Chemical irritant or exerdse. 
It may be descríbed as intrinsic yvhen no extemal 
predpitating íaaor is identiSable.

The aedology of asthma is poorly understood, but both 
genetic and envữonmental iactors are believed to 
contribute to development and progression of the 
disease.lA’

Resistance to airflow Ịn asthma is increased by a number 
oi abnormalities, induding contraction of the airvvay 
smooth musde, the presence oỉ excessive secretíons within 
the airvvay lumen. and inAammatory celỉ inRltration. The 
inHammation in chrọnic asthma causes remodelling, tound 
as shedding and chickening of the aừvvay epithellum, and 
hypertrophy and hyperplasia oí smooth musdeA’ Airvvay 
remodeHing or thickening may be important in more severe 
disease and can result in relatívely irreversible nairowing of 
the airways.T

The prindpal symptoms oí asthma are yvheeãng, 
đyspnoea (breathlessness), chest tighmess, and cough, and 
these symptoms tend to be variable, intermittent, worse at 
night OT early moming, and provoked by pardcular triggers. 
In an acute attack, the respiratory Rite is rapid and 
tachycardia is common.5'7 The peak expiratory flow (PEF) 
and ỉorced expiratoiy volume in the first second (FBVx) are 
deaeased in asthma, and in a severe asthmatic attadc the 
PEF is genetally less than 50% oí predicted values. Iiỉe- 
thieatening ỉeatures indude exhausdon, cyanosis, brady- 
cardia, hypotension, conhision, and coma.5'7

Management o f asthma. As asthma is a chronic disease, 
management involves prophylactic measures to reduce 
inSammatỉon and airway resistance and to maintain 
airflow, as well as spedfic regimens for the treatment oỉ 
acute attacks. Measurements of lung hmction play an 
important part in detennining treatment and patients are 
encouiaged to monitor theữ ovyn disease by using a simple 
peak flow meter to measure PEF;5"7 spứometry is used to 
measure airũovv limitatỉon and reversibillty in hospitals and 
surgeries.5-7 Use oỉ exhaled nitric oxide has been 
investigated to monitor disease control with corticoster- 
oids;10 hovvever, an asthma treatment strategy using 
exhaled nitrỉc oxide dỉd not result ỉn a laige reduction in 
exacerbatìons or less use oỉ inhaled cordcosteroids.11

Orug therapy is pieíeiably given by Inhalatìon to 
deliver the drugs directly to the desbed site of action. This 
produces higher locaỉ concentradons and permits smaller 
doses than would be requứed orally, with a consequent 
reducúon in adverse efiects. Systematic reviewsu ' 14 have 
lound that hand-held inhaler devices induding pressuiised 
metered-dose inhalers (MDIs), dry powder ỉnhalers, and 
breath actuated pressuiised MDIs, are generaỉly equally 
ehective íor the delivery oi short-acting beta2 agonists and 
cordcosteroids in stable asthma. Choice of inhaler should be 
individualised, espedally in children, taking into account 
ease of use, saíety, and convenience.6,714 Differences in 
drug delỉvery exist between inhaler devices and this should 
be considered when substítudng one device ỉor another.7

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 correcdy. Use oí MDIs with spacer devices 
produce outcomes vvhich are at least equivalent to nebuliser 
therapy.14-15 Nebulisers tend to be reserved for padents who 
are unable or unvvilling to use these devices, although the 
choice oi spacer and method of use may substanóally aãect 
drug delivery.1'14 Use oi a spacer device ỉor the inhalation oỉ 
high doses oỉ corticosteroids reduces oropharyngeal 
deposition. systemic absorptìon, and adverse eữects.’-7 
Spedally adapted or modided inhalation devices, as well 
as spacer devices, are also available to enable children to 
achieve a correct technique when using inhaled drug 
therapy, but altemative rõutes oỉ delỉvery such as oraĩ 
dosage or nebulisation may be necessaiy íor some iníants 
and small children.14 Piequent intermittent or continuous 
nebulisation oỉ short-acting beta2 agonists are both eữéctíve 
in padents with seveie bronchoconstriction.14

The Standard drugs used in the management of asthma 
aie the beta2 agonists and cortícosteroids.’'7

Beta2 agonists relax the bronchial smooth muscle to 
produce bronchodilatatỉon by selectively stímulating beta2-

The Symbol t  denotes a preparation no longer actively marketed
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adrenergic receptois. Short-actmg selective beta2 agonistỉ 
such as saỉbutamol or terbutaline are the initíal drugs oí 
choice for use as required to relieve acute bronchospasm; if 
inhaỉed, they can have an almost ũnmediate bronchodilat- 
ing effect. Reguỉar use oỉ beta2 agonists is mainly restricted 
to lóhg-actỉng beta2 agonists su ch as salmeterol xinaỉoate in 
patients also requiring anti-inflammatory prophylactic 
treatment; a short-acting beta2 agonist should still be used 
as required.5'7

Cortícoỉteroidi are the most effective preventer therapy 
available ỉor the management oi asthma.'7 They are used for 
theứ antj-inflammatory properties and to reduce brondúal 
hyperresponsiveness; they must be taken regularly to 
achieve maximum beneBt. Corticosteroid therapy is 
recommended both for acute attacks and chronic asthma 
prophylaxis. Meta-analysis suggests that systemic corticos- 
teroids speéd the resolution oí exacerbations and reduce the 
rate of relapse.1*-1* It has also been suggested that inhaled 
corticosteroids may be of benefit in acute asthma iỉ multiple 
doses aie inhaled at intervals of less than 30 minutes, over a 
90 to 120-minute period.20 In chronic asthma, regular 
inhaled corticosteroids are One of the comerstones of 
management. Combining inhaled corticosteroids with long- 
acting beta2 agonists may have synergistic beneíits;17'21'22 
such a combination is more eỉỉective than combining 
inhaled corticosteroids with anti-leukotriene drugs.23 The 
use oỉ an inhaled corticosteroid, budesonide. and a rapid 
and long-acting beta2 agonist, íormoterol, in a combined 
inhaler as both regular maintenance therapy and as a 
reliever when required, has been studied.24 Giving 
additíonal corticosteroid with each reliever inhalation in 
response to symptoms could be expected to provide 
improved control of airway inílammation,25 and reductions 
in the rate of exaceibations have been reportẽd24-27 with 
relatively lovver doses oỉ inhaled corticosteroid in padenis 
with uncontrolled persistent asthma, compared with more 
conventional ơeatment regỉmens using a beta2 agonist as a 
reliever. Whỉle the place oỉ budesonide/ỉormoterol 
maintenance and reliever therapy in the management of 
asthma is not yet dearly deSned,2’ some guidelines4-7 
include this regimen (reỉened to by the manuỉacturer, 
Aĩtraĩerưca. 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 
cordcosteroids.2®

Various studies have examined the role that inhaled 
corticosteroids might play in moditying the development of 
asthma in symptomatíc children.2,' M Although the short- 
tenn therapeutic eíBcacy varied betvveen studies, possibly 
due to the diãering lengths oi ưeatment and study 
populations used, in all 3 studies the Iong-tenmi dinical and 
hmctional outcomes did not dUíer in children treated with 
inhaled corticosteroidỉ compaređ with placebo.

Xantkina su ch as aminophylline or theophylline may be 
given for theữ bronchodilating properties although there is 
evidence that the long-acting beta2 agonist salmeterol 
produces a greater improvement in lung íunction, reduces 
the need for rescue short-acting beta2 agonists, and has 
fewer adverse eHects compared wlth theophylline.32 There 
iỉ disagreement about adding xanthine treatment to beta2 
agonists for the management of acute severe asthma (see 
bẽlow).

Inhaled antìmuscarinia su ch as ipraơopium bromide or 
oxitrophim bromide, used with beta2 agonists, are given in 
acute asthma; a systematic revievv33 íound that inhaled 
multiple doses of antúnuscarinic reduced hospital admis- 
sions and improved lung hmction testỉ compared with beta2 
agonists alone.

Cromogticate OT nedoaomữ may be used as an altemative to 
corticosteroids for the prophylaxis o( less severe asthma or 
combined with other therapy. Anti-leukotrienes such as the 
leukotríene receptor antagonist za£irlukast and the 
leukotrìene inhibitor zileuton are another altemative or 
adjunct to inhaled corticosteroids. when used with inhaled 
corticosteroids, antì-leukotrienes bríng modest improve- 
ments in lung ỉunction compared with inhaled corticoster- 
oids alone.34 They may also be useful in exerôse-induced 
bronchoconstriction.5'7 The anti-IgE monodonal antibody 
omaíàumab17-3* is available for use in selected patíents with 
aDergen-induced asthma. A systemaúc review oỉ omalizu- 
mab,34 as adjunctive therapy to corticosteroids, ỉound that 
treatment led to a reduction, and in some cases, vvithdravval 
oỉ regular inhaled corticosteroid, as well as a reduction in 
asthma exaceibations; longer term evaluaúon oí adverse 
eSects, direct comparison with inhaled corticosteroids, and 
assessment in children is needed.

CHBONIC ASTHMA
Advice ỉor patients with chronic asthma indudes 

avoidance oỉ smoking. of allergens su ch as pollen, and oỉ 
bronchoconstrìcting drugs su ch as be ta blóckers. Patíents 
who have had asthma induced by aspirin and NSAIDs 
should also avoid these drugs. Skin testing to determine 
allergen sensitivity may be advisable.5*7 us guidelines5

suggest consideration oỉ immunotherapy to desensitise 
patients with poorly comrolled disease unavoidably 
exposed to a predpitatỉng allergen. Although there is 
increasing evidence of benefit from sudi ơeatment37 the 
size of the beneât overall remains somevvhat uncertain, and 
the potential adverse eỉTects make it conơoversial (see 
under Allergen Immunotherapy, p. 2435.1). UK guidelines4 
consider that although there is evidence oỉ benefit bom 
Immunotherapy when compared with placebo, compara- 
dve studies with other asthma treatments are needed.

Gastro-oesophageal reflux has been suggested as another 
exaceibatỉng ĩacton3* symptoms of gastro-oesophageal 
reílux disease are about one and a halỉ times more common 
among individuals vvith asthma than the general popula- 
tíon,39 although the exact nature oỉ the assodation remains 
undear. A 2003 systematic review oỉ add suppressive 
therapy conduded that it did not beneũt asthma in most 
patients;40 more recent studies on the $ubject support this 
vievv,41-42 although one did note reduced exacerbations and 
an improvement in the asthma quality oỉ Uỉe in patients 
given lansoprazole compared vvith placebo.42

Guidelines for drug therapy of chronic asthma have 
been issued ỉn many countries including Australia,43 
Canada,44'45 the UK,4 and the USA,5 and by the Global 
Initiative for Asthma (GINA).7 Guidelines speđlìcally for the 
management oí childhood asthma have been issued by The 
European Pediatric Asthma Group.44 In general, guidelines 
advocate a stepvvise approach to ưeatmenL Initial control is 
achieved with the early use oỉ antí-inUammatory drugs at 
doses most appropriate for the severìty of disease. In mild to 
moderate asthma, startỉng inhaled corúcosteroids at very 
high doses and stepping down coníers no beneht,47'4* and 
relatively low initial doses are recommended.5'7

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

In  adults and otder chữdren
The UK recommendatìons for adults and children over 5 

yeais of age with chronic asthma are as follows:
• Step 1; mild intermittent asthma

Patients requiring only occasional relieí from symptoms 
may be adequately managed with an inhaled short- 
acting beta2 agonist such as salbutamol or terbutaline 
takerĩ when nẽeded.

• Step 2; regular preventer therapy
Regular inhaled corticosteroids may be added at an 
appropríate starting dose íor the severity of the disease if 
symptoms are present or an inhaled beta2agonist is 
required three times a week or more, or ư symptoms 
wake the patient bom sleep One night a vveek. Patíents 
vvho have had an exacerbation of asthma requiring oral 
corticosteroids in the last 2 years should also be 
considered ỉor regular inhaled corticosteroids. Altematíves 
are cromoglicate or nedocromil leukotriene receptor 
antagonists, or modified-release oral theophylline, but 
these are less eữective.

• Step 3; initíal add-on therapy
If adequate control is not achieved. the prelerred 
ưeatment is to supplement low-dose inhaled corúcoster- 
oids with a long-acting inhaled beta2 agonist such as 
salmeterol xinaíoate. u  there is only suboptimal 
response, the long-actỉng beta2 agonist is conúnued and 
inhaled corúcosteroid increased to a moderate dose. II 
there is no response to a long-acting bcta2 agonist, it 
should be stopped and inhaled corticosteroid increased to 
a moderate dose; ư control is still inadequate additíon of 
another drug su ch as a leukotriene receptor antagonist or 
modiRed-release oral theophylline should be considered.

• Step 4; persistent poor conưol
For patients with persistent poor conưol oí asthma 
despite use oí inhaled moderate-dose corticosteroids and 
an additional drug (usually a long-acting inhaled beta2 
agonist), increasing the inhaled corticosteroid to a high 
dose should be considered. Patients over 12 years of age 
may altematively benelit from addition of eỉther a 
leukotriene receptor antagonist, modihed-release oral 
theophylline, or an oral modiSed-release beta2 agonist. ư 
a uial oỉ a particular ưeatment option is ineữective, the 
drug is stopped (or in the ca se of an inaeasẹd dose oí 
inhaled corticosteroid, reduced).

• Step 5; continuous or ừequent use oỉ oral corticosteroids 
u  ỉurther control is needed, then an oraỉ corticosteroid 
su ch as prednisolone may also be given in ỉingle daỉly 
doses at the lowest dose providỉng adequate control. 
High-dose inhaled corticosteroids should also be 
maintained. Other treatments may be considered to 
minimise the use oi corticosteroid tablets, su ch as a 6- 
week trial oỉ treatment with long-acting beta2 agonists, 
leukotriene receptor antagonists, or theophylline. u  a 
triaỉ oỉ a particular treatment option is not eữective, the Ị 
drug is stopped. When other ưeatments have proved ! 
unsuccessful in patients over 12 yean of age, a 3-month I 
trial of immunomodulators such as methoưexate, i

ddosporin, and oral gold' may be considered ỉor thcứ 
anti-inũammatory, immunosuppressant, and cortio- 
steroid-sparing propertìes: theử use must be balanc td 
against their potentially serious adverse eííects. Reíenal 
ỉor spedalist care is advised ỉor all patients at this step 

The u s  recommendatìons for chronic asthma manageme at 
in adults and đũldren over 5 years are:
• Step 1

A short-acting inhaled beta2 agonist is recommended. 
taken as requixed to relỉeve symptoms.

• Step 2
As in UK guỉdelines, iỉ regular controller therapy is 
needed, then a Iow-dose inhaled corticosteroid is the 
preỉerred tieatment. Other altematìves indude crom 5- 
glicate, nedocromỉl, a leukotriene receptor antagoni ;t, 
and theophylline.

• Step 3
The preỉerred treatment for patlents over 12 years wlio 
are not controlled vvith low-dose inhaled cortícosteroỉcs, 
is either addiúon of a long-acting inhaled beta2 agonist )r 
increasing the inhaled corticosteroid to a moderate doíe. 
In children aged 5 to 12 years either a leukotriene 
receptor antagonist or modihed-release oral theophyllũ le 
are equally acceptable treatment options in piace of a 
long-acting inhaled beta2 agonist; however, they a-e 
secondary oprions for patients 12 years and over, aloiig 
with the leukoữiene inhibitor áleuton.

• Step 4
An increase in the inhaled corticosteroid to a modera :e 
dose is recommended ìn patients not controlled by Stcp
3. A long-acting inhaled beta2 agonist ỉs the preferr< d 
addition to this; altematives indude eìther a leukotrier e 
receptor antagonist or modUied-release theophylline, ir 
in patients 12 years and over, the leukotriene inhibitor 
zileuton.

• Step 5
High-dose inhaled corticosteroìd in addition to a lon ;- 
acting inhaled beta2 agonist is the preíeưed ữeatment í(ir 
patients on Step 5. Altematively, children aged 5 to 11 
years may beneht írom either a leukotriene receptor 
antagonist or modihed-release theophylline in place of a 
long-acting inhaled beta2 agonist. Omalizumab may te  
considered ỉor paúents 12 years and over who ha\e 
allergies.

• 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 beta2 agonist. Altema- 
tively, children aged 5 to 11 years may beneht frorn 
either a leukotriene receptor antagonist or modiOed- 
release theophylline in place of a long-acting beta2 
agonist. Omaliziunab may be considered for patients 12 
years and over who have allergies.

Consultatíon vvith an asthma spedalist is recommended 
bom Step 4.

Global guidelỉnes íor the management oỉ asthma in 
adults and children aged over 5 years recommend:
• Step 1, as for UK guidelines, a shorNacting inhaled beta2 

agonist is the recommended reliever ơeatment. An 
inhaled antứnuscarinic such as ipraưopium, a shon- 
acting oral beta2 agonist. or immediate-release theo- 
phylline may be considered as altematives.

• Step 2; reliever medication plus single conưoller
As in UK guidelines a low-dose ỉnhaled corticosteroid is 
the preíerred ơeatment; antì-leukoưienes are considered 
an appropriate altemative.

• Step 3; reliever medication plus one or two controllers 
A low-dose inhaled cortìcosteroid with a long-acting 
inhaled beta2 agonist (the preỉerred option in adolescents 
and adults), or else increasing the inbaỉed corticosteroi l 
to a moderate (the preỉerred option in children over ỉ 
years) or high dose should be considered. Altematìv: 
treatment optíons for all ages are a combination of low- 
dose inhaled  corticostero id  w ith  e ither au 
anti-leukotrìene or modihed-release theophylline.

• Step 4; reliever medicaúon plus two or more conưoller; 
The preỉened treatment at Step 4 is to combine I 
moderate or high dose of an inhaled cortìcosteroid with ,1 
long-acting inhaled beta2 agonist. Addiúon oí either an 
anú-leukotriene or modihed-release theophylline may 
also provide benefit. High-dose inhaled corticosteroids 
should be reserved for patients who are not conưolled by 
moderate doses combined with a long-acting inhaled 
beta2 agonìst and/or an additional conưollen they are 
recommended onỉy on a trial basis ỉor 3 to 6 months.

• Step 5
As in Step 5 of UK guidelines and Step 6 of us guidelines. 
an oral cortìcosteroid may be considered in addition to 
another conơoller medicaúon. Omalizumab is an option 
for patíents vvith allergic asthma who remaìn uncon- 
ơolled on combinations oí other controllers induding a 
high dose of inhaled or oral cortícosteroids.

Reỉerral to an asthma spedalist is recommended bom Step
4.

AU cross-reỉerences reíer to entries in Volume A
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A shon 'rescue' course oỉ oral prednisolone may aỉso be 
needed at any tíme and at any step ỉor an acute 
exacerbatíon.

In  đũtdren under 5 years o f age 
Recommendations for the management of chronic 

asthma in children under 5 yeaxs of age have also been 
issued in the UK‘ and USA,5 and by GINA.4* There is limited 
iníormation available for this age group, however, and some 
reconunendadons are based on extrapolations hom studies 
in older children and adults. These guidelines also provide a 
stepvvise approach to management. UK recommendations 
for management o{ chronic asthma in children under ỉ  
years oí age are as íollovvs:
• Step 1; mild intermittent asthma

Inhaled short-acting beta2 agonist as requữed.
• Step 2; regular preventer therapy

A low-dose inhaỉed corácosteroid may be added ư 
control is poor. If a corácosteroid cannot be used. an 
altemative to be considered is a leukotriene receptor 
antagonist.

• Step 3; initial add-on therapy
Addition of a ieukotriene receptor antagonist may be 
considered ư conưol is poor in those already taking 
inhaled corticosteroids. In those taking a leukotriene 
receptor antagonist aỉone, addition oỉ a low-dose inhaled 
corticosteroid should be reconsidered. Children under 2 
yearsand those who have persistent poor control on Step 
3, may bereíerred to a respiratory paediatrician (Step 4). 

Global guidelines are similar to those in the UK.
The us makes the following recommenda tions for the 

management oí chronic asthma in chiỉdren under ỉ  years oỉ 
age:
• Step 1, as for UK guideUnes above.
• Step 2

As in UK guidelines, addition oí a low-dose inhaled 
corticosteroid recommended. Altemative, but less 
preỉerable, treaònents indude the leukotriene receptor 
antagonist monteỉukast, and cromoglicate.

• 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 beta2 agonist or 
montelukast.

• Step 5
The inhaled corticosteroid is increased to high-dose. in 
addition to either a long-actíng beta2 agonist or 
montelukast.

• Step 6
In patients who remain unconưolled, an oral cortico- 
steroid may be added.

Consultation with an asthma spedalist is recommended 
from step 4 onvvards.

A shon course of oral prednisolone may also be needed 
for acute exacerbaúons oỉ asthma.

For all ages, ưeatment should be regulariy reviewed 
and reduced in a stepvrôe manner if asthma is well 
controlled. Patíents should be maintained on the lowest 
possible dose of inhaled conicosteroid; a reduction in dose 
every 3 months should be considered, decreasing the dose 
by about 25 to 50% each time.4-7

ACUTE SEVEHB ASTHMA
An acute attack of severe asthma (status asthmatícus) is 

potentially life-threatening and ơeatment should be 
imtituted as soon as possible. UK guidelines4 provide 
guidance on the assessment and initial treatment of 
exacerbations of asthma in general practice and in the 
acddent and emergency department- Patients with any 
íeatures of a lưe-threatening attack, or a severe attack 
persisdng aíter initial treatment with high-dose short-actỉng 
beta2 agoniỉt and an oral corticosteroid. require admission 
to hospital.

In ãduits.
Guidelỉnes suggest the following regimen for the hospital 

management of adults:6
• Initially, oxygen shouỉd 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 inhaỉed shon-acúng beta2 agoniỉts 
(salbutamol 5 mg or terbutaline 10 mg) and antimusca- 
rúiic (ipratropium bromide 500 micrograms) should be 
given Via a nebuliser with oxygen, or compressed air iỉ 
oxygen is not available; ư neither of these is available, 
multiple actuations of a MDI into a large volume spacer 
device may be used.

• High doses of systemic corticosteroids are also required: 
íor example, oraỉ prednisolone 40 to 50 mg daily or 
intxavenous hydrocortisone lOOmg every 6 hours. 
Alternatively, intramuscular methylprednisolone 
160mg may be given instead of a.couise oi oral 
prednisolone.

• A single intravenous dose of magnesium sulíate (1.2 to 
2 g inhised over 20 minutes) may be consỉdered at this 
stage iỉ liíe-threatening íeatures are sõll present. The role

of magnesium sulỉate has nót been íully established, 
although there is some evidence that it haỉ bronchodi- 
lator eSects in adults. A meta-analyás conduded that its 
routine use was not justified, but that it appeais to be saíe 
and beneũdal in some patients wìth seveie exacerba- 
tions.50

• Subsequendy, oxygen theiapy should be continued, as 
should corticosteroid treatment with oial prednisolone 
or inơavenous hydrocortisone.

• Nebulised beta2 agonists and ipratropium bromide may 
be given every 4 to 6 hours. u  the padends condition has 
not improved aher 15 to 30 minutes, the nebulised beta2 
agonist should be given more ửequently (up to eveiy 15 
minutes, or in a contínuous regimen such as salbutamol 
lOmghourly).

• ư progress is still unsatisỉactory, then an iiưusion oỉ 
aminophylline (5 mg/kg over 20 minutes then 500 to 
700 micrograms/kg per hour, monitoring blood concen- 
tratíons if contínued for more than 24 hours; the loading 
dose should not be given to patients already on 
maintenance oral therapy), or a parenteral beta2 agonist 
may be considered, although there is lỉmited evidence to 
support the routine use oỉ either of these drugs.

• Patients who deterìorate hirther with drovvsiness, 
unconsdo usness, or respiratory arrest need transíerral 
to an intensive care unit and intennittent positive- 
pressure ventiladon.

Oral prednisolone ơeatment is continued ÍOT at least 5 days 
or unnl recoveiy. Once lung funcdon is stabilỉsed the 
patíent can be dìschargeđ taking inhaled cortìcosteroids and 
bronchodilators.

In dtildren.
UK guidelines suggest the ỉollovving regimen íor acute 

asthma in children aged 2 years and o v e r‘
• Severe acute attacks in children are initially treated with 

oxygen, given Via either a íace mask or nasal cannula, to 
maintain an oxygen saturation of 94 to 98%. High-dose 
shon-acting beta2 agonists are also given, either Via a 
nebuliser (salbutamol 2.5 mg 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 ỉpacer device. 
There is some evidence that in children with acute 
asthma, use of spacers rather than nebulisers improves 
oxygenaúon, and reduces adverse eữects and tũne spent 
in the emergency depanment.15

• A systemic corticosteroid at a high dose is also required, 
either oral prednisolone (20 mg daily in diildren 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 2mg/kg up to a maximum 
ol 60 mg daily), or intravenous hydrocortisone (4mg/kg 
every 4 hours in more severely aữected children).

• If lUe-threatening ỉeatures are present, or response to 
beta2 agonists is poor, nebulised ipratropium bromide 
(250 micrograms) may be added. Bronchođilators may be 
repeated every 20 to 30 minutes initially, and then 
vveaned according to response.

• lí no improvement is seen, transíer to a paediatric 
intensive care unit is recommended. Further treatment 
options to consider are intravenous salbutamol 
(15 micrograms/kg over 10 minutes íollovved by an 
iníusion of 1 to 5 micrograms/kg per minute of a 
200 microgram/mL solution); intravenous aminophyl- 
line (5mg/kg over 20 minutes then 1 mg/kg per houn 
the loading dose should not be given in children already 
receiving oral theophylline); and, for children over 5 
years of age, a single intravenous dose of magnesium 
sulíate (40mg/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 vvith acute asthma 
UK guidelines recommend beginning with oxygen and a 
trial of short-acting be ta 2 agonist given by multiple 
aauations oí an MDI into a large volume spacer or Via a 
nebuliser (salbutamol 2.5 mg or terbutaline 5 mg). The beta2 
agonist is repeated every 1 to 4 hours ư responding; ư 
response is poor nebulised ipraưopium (250micrograms) is 
added. A short course of a high-dose oral corticosteroid 
(prednisolone ỈOmg daily for up to 3 days) may be 
considered.

Global guidelines7'49 for acute severe asthma are ámilar 
to those in the UK, except parenteral beta2 agùnists are not 
recommended for routine use in severe asthma exacerba- 
tions, although they are induded as a treatment option ỉor 
critically-ill patíents. u s  guidelines also suggest that the 
parenteral use of beta2 agonists is oỉ unproven value. Also in 
contrast to the UK, the intravenous use of xanthines is not 
recommended in the USA. In compiling the UK guidelines 
the Biitish Thoradc Sodety has taken the view that 
although most patíents on maximal doses oỉ nebulised beta2 
agonists and corticosteroids đerive no additional beneht 
hom intravenous aminophylline, some could obtain 
additional bronchodilatation; inơavenous aminophylline

was thereỉore recommended ỉor patients with liie- 
threatening unresponsive acute asthma attacks;4 some 
evidence in children,51 although not in adults,52 supports 
this. In contrast, the most recent us guidelines issued by the 
National Asthma Educatíon and Prevendon Program do not 
recommend the use of xanthines as they are conádered to 
oữer no beneht over the optimal use oi iiứialed shon-acting 
beta2 agonists and increase the ừequency oỉ advene eổects.5 
In consequence, in the us guidelines, adult paóents whose 
asthma cannot be managed with oxygen, inhaled short- 
acting beta2 agonists and anúmuscarinics, and systemic 
corúcosteroids may be considered for treatment with 
intravenous magneãum sulíate or nebullsatìon with a 
mixture oỉ helium and oxygen (heliox) in order to avoid 
inrubanon and mechanical ventilatỉon. UK guidelỉnes 
consider there is no evidence to support the use of heliox; a 
meta-analysis53 conduded that the existing evidence on 
heliox ỉaiỉed to show a clear beneht, and although lung 
íunctíon might be improved in the most severe acute 
asthma patíents, the number and size of studies available ỉor 
anaỉyãs was small and the quality variable.

OTHHR ASPECTS OF ASTHMA MANAGEMENT
Other therapeutic approaches for the management of 

asthma are currently under investigation.54 Ultta-long- 
aaing beta2 agonists under development such as 
carmoterol, milveterol (GSK-159797; TD-3327), and 
indacaterol are suitable ỉor once daily use, leading to 
increased convenience for patíents.”  Carbamazepine has 
shown potential as a treatment íor asthma in addition to 
regular asthma therapy;54 improved lung lunction and 
fewer exacerbations have been reported. The recombinant 
human B-type natriuretic peptide (BNP), nesứitlde, has 
been reported to be an eHective bronchodilator when given 
intravenously;57 its dinicaỉ role, ư any, remains to be 
detennined. As well as their established antíbaaerial eSect, 
it has been suggested that macrolides also have 
immunomodulatory eữects Chat could be useíul in . the 
management of respũatory diseases. Hovvever, a SỴStematic 
reviewl íound insuỉBúent evidence to support or reíute the 
use of macrolides in chronic asthma although some dhúcal 
data indicated a poãtive eữect; routine use was not 
recommended and hirther studies were vvarranted. 
Ketolides also appear to have immtmomodulatory eỉỉects: 
a 10-day course of oral telithromydn started with Standard 
treatment íor acute asthma in adults was reported to 
improve asthma symptoms, regardless oí inỉection vvith 
Chlamyảophila pneumoniae (chlamydia pneimoniai) or M.ya- 
plasma pn eu m o n ia eThe mechanism oỉ this effea is 
undear, hovvever, and hirther studies are needed.”

Interestingly, ỉurosemide given by inhaladon has been 
ỉound to protect against bronchoconstrictlon induced by 
exerdse60 and extemal stimuU,41,62 but was not eữective in 
improving bronchial hypeưesponsiveness in a 4-vveek 
study,45 and provided no additìonal bene&t when added to 
saỉbutamol for the creatment oí acute asthma in a small 
study in children.44 Any dinical applicaúon has yet to be 
determined.45 The re has been some interest in heparin 
given by inhalation,65'47 and nebulised lidocaíne may be of 
some benefit;45•6*•4, intravenous lidocaine or oral mexiletine 
have been shovvn to block reũex bronchoconstriction.70 
Inhaled magnesium sulíate may also be of some adjunctive 
beneãt to beta2 agonỉsts in the management oỉ acute 
episodes.71

There is increasing study of the cellular mechanisms of 
inũammation in asthma and ways of controlling them.72 
Phosphodiesterase type-4 is an enzyme that hydrolyses 
cyclic adenosine monophosphate (cydic AMP), stimulaáng 
the release of acute inQammatory mediators and immúne 
responses; it is lound in ainvays smooth musde, pulmonary 
nerves, and inQammatory and immune cells relevant to the 
pathogenesis of asthma. Phosphodiesterase type-4 inhi- 
bitors such as roílumilast are under investigatíon for their 
anti-innammatory and bronchodilator activity.72-73 The 
thromboxane Aj antagonist, seratrodast, is being tried for its 
ehects on pulmonary hmction and mucus secretion. 
Asthma-relevant cytokines or chemokines have been 
targeted in several vvays. Interleukin-4 (IL-4) stứnulates a 
range oỉ inHammatory processes in asthma, and soluble 
recombinant interleukin-4 receptor (IL-4R; rhuIL-4R) is 
being investigated74'75 as an antagonist to bind and 
neutralise interleukin-4. Investigation into the recombinant 
human IL-4 variant, piơakinra, is shovving promising results 
in late phase asthmadc responses to allergen chaỉlenge.74 
The anti-CD25 interleukin-2 antagonist dadỉxumab has also 
been investigated with some reported beneỉit. An 
anti-inteiieukin-5 andbody, mepolizumab, has also been 
investigated;72’75 although ainvay and bone-marrow 
eosinophils were reduced, no dinical beneũts were noted. 
Cytokines vvhich have a potential anti-inílammatory eữect 
are interleukin-I0,7J interleukin-12, and interíeron 
gamma.7175 TNF-a may also play a role in severe asthma. 
The anti-TNF antibody infUximab, and the TNF receptor 
blocker etanercept have been shown to be eổective in other 
inũammatory diseases.72 Small studies using parenteral 
etanercept have shovvn some beneũt on lung ỉunetion and
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symptoms;77,78 promising results have also been reported 
with intravenous infliIimab.7,

The eỉtects of diet and dỉetary supplements on asthma 
have also been of interesL ModiỄcation of dietary ỉatty adds 
in the flrst 5 yeais of Uíe,80 did not reduce the risk oỉ asthma 
or aUèrgic disease in children considered to be at hỉgh risk 
ỉor developing asthma. Dietary ascorbic add supplementa- 
tion has been investigated and although an improvement 
in post-exerdse lung funcdon and symptoms were noted in 
onê small placebo-controlled study in adults with asthma 
and exerdse-inđuced bronchoconstriction.*1 a systemadc 
review induding thỉs study and 4 others considered that 
there was insuffident evidence to recommend a spedfic role 
for vitamin c in the treatment of asthma.82 Matemal diet 
during piegnancy has also been examined; Vitamin D 
deStiency has been suggested as playing a possible role in 
inunune-medỉated disorders su ch as asthma.*3

Exercise-lnduced asthm a. For most patíents exerdse- 
inđuced asthma is an expression of poorly controlled 
asthma and regular treatment vvith inhaled corticosteroids 
should be revievved.4 Immediately beíore exerdse, inhaled 
shon-acting beta2 agonists are the drugs of choice.6,7 If 
exerdse is a spedíic problem in patients taking inhaled 
corticosteroids, consideration may be given to Ieukotriene 
receptor antagonists, long-acting beta2 agonists (although 
some tolerance may occur), cromoglicate, oral beta2 
agonists or theophylline.4

Pregnancy. It is partìcularly important that asthma 
should be well controlled during pregnancy; where this is 
achieved asthma has no important eỉíects on pregnancy, 
Iabour, or the íetus.5'7'*4'*7 A prospective case-conơol 
study88 found no increase in the risk of major congenital 
malíormatìons in children bom to mothers being treated for 
asthma.

Inhalation has partícular advantages as a means of giving 
drugs during pregnancy because the therapeutíc action can 
be achieved without the need for plasma drug concentra- 
tions liable to have a pharmacological effect on the íetus. 
Systemic treatment should not be vvithheld ư indicated, 
although there is insuSdent inỉormation to support the use 
of anti-leukotrienes, except as continued ưeatment in 
women who vvere taking these beíore pregnancy for asthma 
not controlled by other medications.4,*5,“

Severe exaceibatíons can have an adverse eííect on 
pregnancy and should be treated promptly with con ven- 
tional therapy, induding oral or parenteral coràcosteroids, 
oxygen, and nebulisation of a beta2 agonist.644 Prednlsolone 
is a suitable cortícosteroid for ora] use since very little of the 
drug reaches the íetus.85

Occupatíonal asthma. More than 10% oỉ aduỉt-onset 
asthma cases can be attiibuted to occupational exposure to 
pulmonary irritants.89 Reducdon or avoidance of exposure 
to the trigger is ideally an important component of 
managemenL4,7,8,,9° Symptoms may still persist; hovvever, 
the prognosis íor vvorkers with occupational asthma is 
worse ỉor those who remain exposed for more than one year 
after‘ symptoms develop, compared with those removed 
eariier.4

Rhinltls and asthma. There is a signiGcant assodation 
between alleigỉc rhinitis and asthma.7•,, It has been 
proposed that they are both manifestatíons of a sỉngle 
inflammatory process within the respứatory tract.M Asthma 
outcomes may be improved by following a combined 
therapeutic approach to comorbid allergic rhinitis and 
asthma.’1 Intranasal corticosteroids, an eíỉectìve ơeatment 
for allergỉc rhinitls, have produced conũicting results in 
studies which assessed theữ effects on asthma symptoms.’1 
Leukotiiene receptor antagonists ha ve produced beneãts for 
padents with both aíergic rhinitis and asthma and the 
antí-IgE andbody omallzumab may ha ve a role in more 
severẽ cases.’1'”
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Chronic obstructive pulmonary disease
chronic obstructive pulmonary disease (COPD, chronỉc 
obstructive lung disease, chronic obstructive airvvays 
dlsease) ỉs a conưnon disorder characterised by airilovv 
obsơuctìon which is more or less continuous and not fulỉy 
reversible, unlike asthma. The airflow limitatíon is usually 
Progressive and is assodated with chronic inílammatíon 
whìch is mainly caused by dgarette smoking;1-2 passive 
smoking exposure3 genetic íaaors, inỉections, environ- 
mentaỉ pollutìon, and occupatìonaỉ dust and Chemical 
exposure4 may also have an aetíological role. Symptoms of 
COPD include chronic and Progressive dyspnoea, wheeze. 
ứequent respiratory-tract iníections. cough, and sputum 
productìon.1-2 COPD may aíỉect Central or proximal airvvays, 
peripheral airvvays, lung parenchyma, and pulmonary 
vasculature to varying degrees in individuals with the 
disease1-3
• Central aìrvvays. Hypertrophy of the mucous glands 

and an increasẹ ỉn  thê number õf goblet cells vviứnn the 
bronchiaỊ Ịnucọsa leads to an increase in mucus 
productìon-' (ứmmic bronckừà). Patients suSer from a 
chronic productive cough with excessive sputum 
productíon, and have been described as 'blue bloaters'. 
Airvvay wall changes include squamous metaplasia oỉ the 
airvvay epithelium, loss of dlia and dliary dyshmction, 
and increased smooth musde and connective tíssue.

• Peripheral airvvays .Bronchiolitis is present in the small 
airtvays. Gobĩqt cell hyperplasia, squamous cell 
metaplasia, inũammatory cell inãltration. and Bbrosis 
are all seen, leading to irreversible narrovving oỉ the 
ainvays.

• Lung parenchyma. Entphysema occurs in the lung 
parenchyma in COPD. An abnormal pennanent 
enlargement of air spaces distaỉ to the tenninal 
bronchioles is accompanied by đestruction oỉ the 
alveoỉar walỉ vvithout obvious Bbrosis. There is excessive 
airvray collapse upon expiration and irreversible ainvays 
obstruction. Dyspnoea is a prominent symptom; a 
marked loss of vveight may also be noted. Patients may 
hyperventilate to maintain oxygen levels in the blood 
and have been called 'pink puữers' in contrast to the 
'blue bloaters' oỉ the dassic bronchitic presentatíon. 
Emphysema can sometimes be caused by a hereditary 
deSdency oí alphai-proteinase inhibitor (alphai antí- 
trypsin), see p. 2438.2. Microscopic lesions can progress 
to form bullae. vvhỉch are defined as an emphysematous 
space greater than 1 cm in diameter.

• Pulmonary vasculature. Initially these changes are 
charaaetỉsed by thickening oí the vessel wall and 
endothelial dysỉunction. These are íollovved by increased 
vascular smooth musde and inílammatory cell inSltra- 
tion. In advanced stages of the dỉsease there is collagen 
depositíon and emphysematous destruction of the 
capillary bed.

• Extrapulmonary changes. Patíents with severe COPD 
with hypoxaemia and hypercapnia can develop cor 
pulmonalc (heart disease secondary to disease oỉ the lungs 
and respiratory System) marked by pulmonary hyper- 
tension, ríght ventricular hypertrophy, and rỉght heart 
failure.3'4 COPD is also assodated with systemic 
inAammation and skeletal muscle vvasting.5

M anagement of COPD. Although there is less consensus
than for asthma, guidelines for the treatment oỉ COPD have
been issued in several countries,1-2-3-7-’ and some dinidans 
have developed dỉnical algorithms for management.10 The 
most important therapeutic intervendon is encouraging 
those patients who smoke to stop; this is the most eHective 
intervention to reduce disease progression.1'111 Psycholo- 
gical support and adjunctive drug therapy may be required 
(see Smoking Cessation, p. 2570.2). Prevention of respir- 
atory inỉection should be considered; inũuenza vacdnation 
is recommended1-2-3-7-* and can reduce serious illness and 
death in patients with COPD by about 50%.1-3-7-4 Compared 
vvith influenza vacdnatíon, there is less well-defmed beneũt 
bom pneumococcal vacdnation in patients with COPD.8 It 
is generally recommended hovvever,1-2-7-4 and a study ỉound 
most beneíit in younger paúents and those vvith more 
severe disease.12

Drug treatment is tnainly symptomatic and palliative 
using bronchodilators, cortìcosteroids, and oxygen therapy.

First-line drug therapy for the treatment oỉ COPD 
consists oỉ bronchodilators to alleviate bronchospasm and 
any reversible component of the airvvays obstructíon. Either 
an inhaled short-acting antmuscarinic, such as ipratropium 
bromide, or a short-acting betíi agonừt, is suggested as the 
initial bronchodilator.1-2-7 Individual responses to the 
diHerent dasses of bronchodilators are variable.8 In mild

disease inhaled bronchodilators can be used on an as- 
needed basis.1-17-* In moderate and more severe disease. 
therapeutic optìons include the regular use of these 
bronchodilators either alone7 or in combination.7'4 or the 
additíon oỉ long-acting bronchodilators such as the beta2 
agonists salmeterol and ỉormoterol or the antimuscarinic 
dotropium.1-2-3’7-* A revievv13 of the role of long-acting 
bronchodilators in COPD lound that they eữectívely 
improved lung ỉunctíon; hovvever, they diHered in theứ 
effects on other outcomes. Only tìoơopium had consistent 
superiority to the shon-acting bronchodilator ipratropium.
A reductìon in COPD exacerbations and related hospitalisa- 
tíons and improved symptoms and quality oỉ liỉe have been 
reported in two systematíc revievvs14-15 of tíotropium 
compared with either placebo or ipraưopium; improve- 
ments in lung funcdon compared with either placebo, 
ipratropium, or a long-actíng beta2 agonist were also noted. 
Regular treatment with long-acting bronchodilators is more 
eữectíve and convenient than with shorter acdng drugs.1-2 
Combining bronchodilators with diííerent mechanisms and 
durations oỉ acdon may increase the degree oỉ bronchodi- 
latatìon while avoiding the need for high doses and the 
assodated adverse eHects.1-2-7 Ipratropium given vvith 
sáỉmeterol has been assodated vvith beneddal eữects on 
quality oí life and lung tunctíon compared with salmeterol 
alone.14 Beneũdal eSects on lung functìon have also been 
reported with dotropium plus lonnoterol compared yvith 
either treatment alone.17-14 A xanthine such as an oral 
modiũed-release preparadon of theophylline may also be 
considered, usually where short and long-actíng broncho- 
dilators are ineữectíve, or ìn padents unable to use inhaled 
therapy. as there is an increased risk of adverse eữects and 
drug interacdons as well as a need for monitoring.1-2-7-4’1’ 
Theophylỉine has been reported to reduce exacerbatíons 
compared with a long-acting beta2 agonist,20 but is less 
eổectìve than inhaled cordcosteroids. Theophylline may 
also have positíve cardiac inotropic eSects, see under 
Chronic Obstructíve Pulmonary Disease, p. 1231.1, vvhich 
could be oí value in cor puỉmonale. RoQumilast is an oraỉ 
pkosphodiesterase inhibitor that can be used ỉor maintenance 
treatment in those with severe disease; its place in therapy is 
not yet established.

Inhaled cortícosteroids have been reported to reduce the 
rate oi exacerbatìons,21-23 and guidelines recommend 
regular treatment vvith an inhaled corticosteroùl combined 
vvith a long-acting beta2 agonìst for symptomatíc padents 
with moderate to severe COPD and repeated exacerba- 
tìons.1-15 UK guidelines2 indude recommendatíons on the 
selectíon of bronchodilators and corticosteroids for regular 
inhaled maintenance treatment according to predicted FEVị 
for those who remain breathless or have exacerbatíons 
despite using short-actìng beta2 agonists or short-acdng 
antímuscarinics.

Aỉthough some guidelines7 stUỈ recommend trying oral 
prednisolone in seleaed patíents with stable COPD to assess 
response to contìnued inhaled cortícosteroid therapy, a 
large stuđy24 ỉound that the response to a course oĩ oral 
prednisolone was unrelated to the change in FEVi and 
health status over the next 3 years oỉ treatment with either 
inhaỉed Hudcasone or placebo. Other guidelines2 have 
thereỉore conduded that a short coutse oỉ oral corticosteroid 
is a poor prediaor oí long-tcrm response to inhaled therapy, 
and do not recommend this assessment. A systematíc 
revievv23 aỉso íound that bronchodilator reversibiỉity and 
bronchial hyper-responsiveness did not predict response to 
inhaled cortìcosteroids.

Whether inhaled cortícosteroids improve the long-term 
outcomes of COPD is less dear. There has been some 
suggestìon that inhaled cortìcosteroids reduce mortality,25-24 
although subsequent systematíc revievvs21-27 did not find Ị
any  sìgniOcant eíỉect. A s tu d y 24 designed to  assess th e  e ííeci :
of a combinadon inhaler containing an inhaled cortico- 
steroid (Hudcasone) and the long-acting beta2 agonist 
salmeterol on survival in COPD patíents did not show a 
signiBcant reduction in all-cause mortality, but beneBts 
vvere seen in the rate of exacerbadons, lung ỉunction, and 
health status compared vvith placebo. Unexpectedly, the 
study investìgators aỉso reported a higher probability oỉ 
pneumonia amongst patíents given medicatíons containing 
Autìcasone. A later systematíc revievv27 also ỉound an excess 
risk of pneumonia in padents with COPD, and a case- 
control study suggested the risk increased vvith higher doses 
oỉ inhaled cortícosteroids.2* Other meta-analyses compared 
combined inhaled corticosteroid and long-acting beta2 
agonist in one inhaler with dther placebo,30 long-acting 
beta2 agonist,31 or inhaled corticosteroid.32 Combination 
therapy led to a signiScant reduction in exacerbatlon rates 
compared with placebo, long-actìng beta2 agonist, and 
inhaled cortìcosteroid. However, another systematic review 
considered that the telative efficacy and saỉety of such a 
combination versus the antứnuscarinic tiotropium vvas 
uncertain.31 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 beta2 agonists.30-32 Again, the

increased inddence oỉ pneumonia in the inhaled cortico- 
steroid groups was a cause oỉ concem. The UK MHRA has 
wamedM of the need to be vigilant for the development of 
pneumonia and other inỉections in patients with COPD who 
are using inhaled conicosteroids, as the symptoms oỉ 
inỉection often overlap with those of exacerbation of COPD; 
the use oí corticosteroids should be reconsidered ư such 
inỉections develop. The MHRA also wamed35 that since the 
benefit oí adding an inhaled corticosteroid to a long-actíng 
beta2 agonist was limited. such combination therapy should 
only be used when COPD progresses to severe disease, and 
that inhaled corticosteroids should not be used alone.

The eữea that inhaled corticosteroids have on the rate oi 
decline in lung (unction seen in COPD patients has also 
been studied. A pooled analysis34 found that, although sniall 
but signiBcant improvements in PEVi were recorded in the 
ttrst 6 months of treatment with inhaled corticosteroid 
compared vvith placebo (particularly in ex-smokers and 
vvomen), the rate oỉ dedine was not aãected after the first 6 
months. A systematíc revievtr23 came to stmilar condusions 
regarding lung hmction dedine, but repõrted a slowing in 
the rate oỉ decline in quality of lUe. A later 3-year placebo- 
conữolled study did demonstrate a reducdon in the yearỉy 
rate of decline in lung hmctíon with a combination of 
Đutícasone and salmeterol, or either component alóne.37

Long-term maintenance use oỉ oral cordcosteroids ỉs not 
generally recommended,1-2-3-7-* although they have a place 
in the shon-term management of exacerbatìons (see 
below), and withdrawal ãỉter an exacerbation may be 
diỉScult in some patìents vvith advanced dlsease.2

In patients with severe COPD and persistent hypox- 
aemia, supplemental oxygen provided on an almost 
condnuous long-term basis at home has been ỉound to 
improve survival and alleviate complicatíons such as cor 
pulmonale, polycythaemia and neuropsychological impaứ- 
ment.34'3’ Guidẽúnes recommend startỉng oxygen thôrapy 
in patients whose resting Pa02 is less than 55 mmHg (about
7.3 kPa), or whose arterial-oxygen saturadon is less than 
about 88%.I-i3-7-* It may also be considered when Pa02 is 
between 55 and 60mmHg (7.3 to 8kPa) or arterial-oxygen 
saturatíon is less than about 90%, and ư there ỉs evidence oi 
polycythaemỉa, pulmonary hypertension, or rỉght heart 
íailure.1-2-5-7-* Noctumal oxygen therapy may benefit some 
padents who suữer Ễrom noctumal hỹpoxaemia,3-7 but not 
all guidelines recotnmend it, as evidence for dinical benefits 
and improvement in survival is lacking.3 Evidence of benefit 
from short-term, 'as-needed' oxygen inhaladon after 
exertion is lacking,40 although a review of studies using 
ambulatory oxygen during an exerdse test reported an 
improvement in exertíse períormance versus placebo;41 
seleaed patients might ga in some beneữts.142

A meta-anaỉysis43 of the use oỉ mucolytia suggested a 
small reductíon in exacerbations and in the total number oí 
days of disability; benefit may be greater in patíents with 
ỉrequent or prolonged exacerbations. Although most 
guidelines do not recommend widespread use,1-2 patients 
with chronic productíve cough may be considered for 
ữeatment;2 a reduction in exacerbations has been 
reported.1-7 Patients who are not prescribed inhaled 
corticosteroids may also gain some beneãL1-43 Improved 
pulmonary hmctíon has been reported in patients given 
aerosolised suríactant.44

There is some evidence that neatment with cardiovascular 
drugs can produce improvements in some pulmonary 
measures. õohort and căse conưol studies have reponed ã 
reduced COPD and pneumonia/inỉluenza mortality risk 
vvith the use of stadns.43 Another case control study44 also 
reported a reduction in pulmonary as well as cardiovascular 
outcomes vvith statins, ACE ìnhibitors, and angiotensin n
receptor inhibitors. th e  largest beneE ts occurring vvith the 
combinatìon ot statins and either ACE inhibitors or 
angiotensin Q receptor inhibitors. This combination was 
assodated vvith a reduaion in COPD hospitalisations, total 
mortality in both high- and low-risk groups, and myocardial 
inỉarction in the high-risk group.

A systematic revievv47 to assess the eílects of 
cardioselective beta blockers on respứatory hmction oỉ 
patients vvith COPD lound no adverse eỉĩects on lung 
hmction or respiratory symptoms compared with placebo, 
and conduded that they should not be routinely tvithheld 
hom patients with COPD and cor pulmonale. Additionally, 
a retrospective study4* noted a reduced mortalỉty assodated 
with beta blodcer use in padents hospitalised ỉor acute 
exacerbations of COPD.

Sưrgery may be used in selected patients with end-stage 
disease who remaỉn symptomatic despite optimal medỉcal 
treatment. BuDectomy mây be used to remove a large bulla 
that does not contnbute to gas exchange.1-2-3-7-4* Lung 
transplantatìon (p. 1941.3) may be used in very advanced 
COPD,1-2,3-7 pardcularly in patients with idiopathìc emphy- 
sema or alpha) antitrypsin deũdency.49 In severe COPD 
with hyperinílation and obvious target areas, lung volume 
reductíon surgery may be considered; it may be a better 
option than medical therapy to reduce mortality in patients
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with malnly upper-lobe emphysema and low exerdse 
capadty.t^*5'7'5®

Much investigatùmaĩ therapy bas íocused. with variable 
results, on three key proccsscs in COPD: oxidatíve tissue 
damage, protease-mêdiated tíssue destructíon. and Ieuco- 
cyte-đriven chronic inAammation.’1-52 Oũdatíve sưess has 
been targcted with antoxidants, particularìy acetylcys- 
tdne.,} Various medỉators oỉ the inAammatory processes 
have also been targeted, ỉor example, inhibitors oỉ 
interleukin-8” -54 and phosphodỉesterâse type 4.” -55,5‘ 
Other therapies which have been considered indude 
inhibitors of cell signalỉing, TNF, and adhesion raolecules 
and chemokỉnes.93 Retinoids have been studied in 
emphysema for potentíal positive eữects on lung repair.57 
Small studies have reported improvements in dyspnoea5*'”  
and exerdse capadty59 with inhaled furosemide. Inhaled 
ỉonnulatìons oỉ trospium chloride and the long-acting 
antúnuscarinic glycopyrroni um bromide are under devel- 
opment for the treatment oỉ COPD. There is also evidence 
that oral therapy with polyunsaturated íatty adds 
(induding omega-3 and omega-6 fatty adds) may improve 
exerdse capadty.60 As vvell as their established antibacterial 
eSect, it has been suggested that macrolides also have 
ũmnunomodulatory eítects that could be useíul in the 
management oỉ respiratory diseases; however, their role in 
COPD remains to be detemũned.

Exacerbations. Patients with COPD írequently suíter 
acute exacerbations oỉ theữ symptoms. and may requừe 
hospitalisatíon. They are tiiggered maỉnly by respứatory 
vừuses and bacteria, vvhich iníect the lower ainvay and 
increase inílammation-61 Treatment opdons indude max- 
imal bronchodilators, antíbaaerials, systemic corticoster- 
oids, and oxygen as necessary, with appropriate manage- 
ment of any assodated cardiovascular disorder.1-2-5'7'*62 

For bronchodilator therapy a shon-acting beta2 agonist 
may be combined with a short-acting antimuscarinic su ch 
as ipratropium,1-5-7'® although evidence for the eỉBcacy of 
this combinatỉon is la dóng.63 Some gujdelinesu  hirther 
ađvocate use oí a xanthine such as intravenous theo- 
phylline in unresponsive patíents, although evidence oí a 
dear benefit vvith systemic xanthines iỉ inconsistenL®4 

Systemic cortkosteroids arẹ benehdal in acute exacerba- 
tìons of COPD.1-2-5-7-* Studies45-64 of severe acute exacerba- 
tion requirmg hospitalisation have ỉound systemic 
corticosteroids to improve lung hmcúon and reduce the 
length oỉ hospitaỉ stay, and a later meta-analysis conhnned 
that eaiỉy treatment with oral or parenteial cortìcosteroidỉ 
reduced ưeatment failure and the need ỉor additíonal 
treatment, althoụgh it was also assodated with an increased 
riỉk oỉ áđverse eỉỉects.67 Some consider that the most 
eổective dose and duration oỉ ữeatment is yet to be 
established,67-4* aỉthough one study45 íound that a 2-week 
couise was as eííectíve as a longer course of 8 weeks. 
Guidelỉnes suggest oral doses of prednisolone 25 to 50 mg 
daily, or equivalent, for 7 to 14 days.1-2-5-74 There is also no 
evidence oí long-tenn benefiL(,-M Inhaled budesonide may 
be an altemative to oral corticosteroids in the ưeatment of 
exacerbations.1

The use oỉ antìbaữerialỉ for acute exacerbations has long 
been controversial. Meta-analysis69 has suggested a 
deaèáse in mortality, treatment íailure, and sputum 
pumlence compared vnth placebo in moderately to sẽverely 
ỈU patients, although the analysis induded only a small 
number oỉ studies, with important diíterences in deágn (see 
also Bronchitis, p. 175.3). Guỉdelines recommend theữ use 
on an empirical basis wbere sìgns of inỉection are 
present1-2-5-7'* but do not support prophylactic antibacterial 
cover £or those with recuixent acute exacerbations.1 •2-5-7 
short coưrses of antĩbactenal theiapy (5 days or less) aie as 
eữective as longer courses in mild to moderate exacerba- 
tíons.70 •

Oxygen therapy is required in patíents with hypoxia; the 
goal ỉs to maintain oxygen saturation above 90% but 
prevent increasing COj retention.1-5'7 Uncontrolled oxygen 
theiapy can result in suppression oỉ respixatory diive, 
caibon dioxide narcosis, and respiratory arrest in hospitah 
arteiial blood gases should be used to guide ữeatment.2 
Some guỉdelỉnes7 suggest low initial oxygen concentrations 
oỉ 24 to 28%. A 2006 systematíc reviesv71 íound a lack oí 
evidence on the saỉest way to provide initial oxygen 
treatment in COPD exacerbationỉ.

Respừatory stímularus such as doxapram72 are of limited 
use but may be considered when non-invasive ventilation is 
unavaOable or inappropriate.1-2

Despite intensive therapy, some patients progress to 
respiratory musde ỉatigue and require ventilatory support.
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Acefyỉline Piperazine /BAN, rtNNì
Acéfilina piperaána; Acéíylline Pipéraàne; Aceíyllinum 
Pipẹrạánum;-Acẹpiíỹlline; Piperaane Theophyiline Ethano- 
ate; AueệniuuiH riiinepa3MH.
Piperaáne bis(théophyllin-7-ylacetate) (1:1). 
(C^ ,oN4O J ì C,H,oNj=56ZS ■; " - :

18833-13-1; 18428-63-2. ■ -
ATT—  R03DAQ9.
ATC.Vet —  QR03DA09.
'UNIỊ — 12I91KỊ)S6Z

All cross-reíerences reíer to entries in Volume A
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Prt>fi7ẹ
Aceíylline piperaáne is a derivatíve oí theophyllỉne 
(p. 1229.3) that has been used for its bronchodllator eỉỉects. 
It is not converted to theophyllme in the body.

P rep a ra tío n s

Prupri«tary Preparaiions (detaỉls aie given in Volume B)
SngU ingratT—nt Praparations. India: Cadiphylate; Etophylate; 
tnihm.: Etaphylline.
MuhKngradÌMt Preporations. lnáitr. Cadiphylate.

A c l ỉ d i n i u m  B r o m i d e  IUSAN, riNNi
^14115700; Adĩdinii Bromidum; Brorâure d'Adidinium;’ 
Bromuro de adidinio; LAS-34273; LAS-W-330; ÁKnnflMHMỈí 
6pOMMfl. <"L.
(3/?)-3-{[Hydroxydi(thiophen-2-y0aeelyl]oxýH:{3^phẻnoxy- 

; propyl)-1 X5-azabicyclo[2i2]octan-l -ylium bromidẽ. - '~- 
CaH joBrNQ(S J-5W.6 **• *• '

:CAS — 320345-99-1. ■ . . • ■
ATC —  R03BB05:.' ■ - ■

,’ẠTC Vệt -r- QRƠ3BB05. , \
ÌINÌI —  UQWẦÍF9N9Ỉ.

Uses and Administration
Aclidinium brotnide is a quatemary ammonium antimusca- 
tinic used similaiỉy. to ìpratropium (p. 1211.3) in the 
maintenance treatment of reveisible alnvays obstructìon, 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, vía a đry powder inhaler, 
as the bromide, although doses may be expressed as either 
the base or the salt; adidinium bromide 375 micxogiams is 
equivalent to about 322 micrograms oỉ adidinium.

Metered doses hom the inhaler device may be expressed 
as the amount delivered into the mouthpiece (400micr- 
ograms oỉ adidinium bromide per actuatíon) or the amount 
delivered Ịrom the mouthpiece (corresponding to 375 micr- 
ograms of aclidinium bromide per inhalation). The usual 
dose is one metered dose inhaled twice daily.
Reíerences.

1. Frampton JE. Adidlnium: in chronic otetrucdve pulmonaxy disrase. 
Dtuịs 2011 7 1  1999-2011.

2. Fuhr R, tí ai. Bfficacy of aciidỉnhim bromỉde 400 u g cwicc daiỉy 
compared wỉch placebo and dotropium ỉn padents wỉtb modeiaie to 
severe COPD. Ờ tạt 20 l i  141: 745-52.

3. Jo n «  PW. et aL Bfficacy and saíety of twice-daỉly adidlnỉum bromide in 
COPD patients: the ATTAIN stuđy. Eur Rapừ J 2012; 40: 830-4.

4. Kerwin EM, et aL EEQcacy and safety oi a l2-week treatment wtth cwice- 
daily adỉdinium brotnỉde in COPD panents (ACCORD COPD I). COPD 
2012; 9ĩ 90-101.

AdverseEffects and Precạutions
As for Ipratropium Bromide (p. 1212.2).

The most ừequently reported adverse eữects of inhaled 
adidinium bromide are headache and nasopharyngitis. 
Other adverse eííects indude cough, dysphonia, rhinitis, 
sinusitis. and diarrhoea.

Interactìons
For interactions assodated vvith antừnuscarinics in generai 
see Atropine. p. 1312.3. However, these interactíons are not 
usually seen vvith antimuscarínics, such as adidinium 
bromide, given by inhalation.

Pharmacokinetics
Adidinium bromide is rapidly absorbed ữom the lung, with 
peak plasma concenttations occurring vvithin 5 minutes of 
inhalation in healthy subjects and vvithin 15 minutes in 
patients with chronic obstructive pulmonary disease. Whole 
lung deposition oỉ inhaled adidỉnium bromide is about 30% 
of the metered dose; less than 5% reaches the systemic 
drculation as unchanged adidinium. Adidinium bromide is 
rapidly hydrolysed in plasma.

Aclidinium bromide is rapidly and extensively metabo- 
lised by Chemical and enzymatic hydrolysis (mainly by 
butyrylcholinesterase) to inactive metabolites. Atter intra- 
venous dosing, about 1% is excreted as unchanged dmg in 
the urine; 54 to 6 5 % of the dose is excreteđ as metabolites in 
the urine and 20 to 33% as metabolites in the íaeces. Aiter 
inhalatíon, about 0.1 % is excreted as unchanged drug in the 
urine; the estimated eữective halỉ-liíe is reported to be 5 to 8 
hours, and the termmal elimination halỉ-tìỉe about 2 to 3 
hours.
Reíerences.

1. Jansat JM. rt a i Saíety and pharmacoỉdnetỉcs oi dngỉe doses of 
aciỉđỉnỉum bromide, a novd long-actỉng, inhaled antímuíortnic ỉn 
heaỉthy subiects. Irư J ơừt Pharmacoi Ther 2009; 47:460-8.

2. Jan$at JM ,rt a i Saíety and phamuKokỉnetỉcs of multỉpỉe doses of 
adidlnium bromỉde. a novel ỉong-acdng nnMCMtaẳg antagoniít for tbe

treatment oỉ chronic oòstmctive puỉmonaiy dỉsease. ỉn heaỉthy 
paitldpants. J ơ ù t Pharmaeol 2009; 49: 1239-46.

3. Oĩtỉz s. et ai. Saỉety and toỉerabQity of adỉdỉnhiin admỉnỉstered 
intravenousty and absoỉutc btoavaỉỉabiiity oỉ inhaled adh&ùum in 
healthy male parddpana. /  ơờ t Pharmaeoi 2012; 52:819-27.

4. de ỉa Mocte s, et ai. Pharmacokmetỉcs and saíety oỉ adldinlum bromide 
in younger and eỉderỉy patỉems wỉth chronic obstructive puỉmonary 
disease. ừưJ ơ ùí Pharmacoi Ther 2012; 50: 403-12.

P repara tions

Prapríehay Preparaiions (details are given in Volume B)

Singis-ingredient Praporolions. Denm.: Eklira Genuaii; Netìụ: 
Ekũra Genuaừ; Norvr.: Eklira Genuain Spaim Bretaris; Eklira 
Genuaú; UK. Eklỉra Genuain USA: Tudoraa.

Ambroxol Acefy1linate IBANM, riNNM)
Ácebrolyíline; Ácebròphytlìne; Acefilinato đe ambroxol; 
Ambroxol Acéìylllne; Ambroxoli Aceíyllinas; AMÓpoKCona 
AMeỘM/uiktHaT. :■.......
-CnH.aBrỊNiO.QHìoN^^lổS ’ ' "  ’
CAS -  96989-76-3. }  ■
•um —;0H M lẸt74m ' - ' -■

ProỊ'ile
Ambroxol has mucolytic properties (see Ambroxol Hydro- 
chloride, p. 1654.3) but theophyiline derìvatives such as the 
aceíyllinate are used as bionchodiỉaton. Ambroxol 
aceỉyllinate is given in an oral dose of 100 mg twice daily. 
For doses in children see below.

Adminiỉtration in chiidren. Ambroxol aceỉyllinate can be 
used as a bronchodỉlator in children. Children bom 1 to 6 
years of age may be given an oral dose of 25 mg tvvice 
daỉly, and cbiỉdren bom 6 to 12 years, 50 mg tvvice daily.

P rep ara tío n s

Proprietary Preparotiom (details are given in Volume B)

Single-ingradMnt ProparaHons. Braz.: Brismucolỷ; Bronđilat; 
Bròndyneo; BronElil; Brontek; CebronSlinat; Expecdỉlat; Fili- 
nar; Hiílux; Teomuc Indừ c. A-Xanthin; Ab-PhylUne; Bestoíy- 
line-A; Mucoreg; thứ.: Ambromudl; Bronconmes; Surlolase; 
Atec: Brismucol; Kasmucol; Venez.: Biixilon; Bronilis; Klas.

Muki-ingredient Praporqtionì. India: AcediiL

A m i n o p h y l l i n e  íaAN, piNNi
:■ Amiííotìlin; ^nofiìina;:Amino(ylin;: AminọiỹịliinỊ; Aminolyl- 
linp.Aranophyỉllnunv Euphylllnúm; Metaphýllin; Teoíilina y 
etìlenodiamina;-rnezda de; TeoAlĩnas-etÌlendỉaminas; Teo- 
Ễllinetilénđiamin; Tèoíỹlliinietyleeriìdiamiini; Teolylllnetylen- 
díãmin;'.Theophyllạminum; Theọphylline and EẬylenédỊạ- 
rnỉnè,' Theopfiyí.lfne Ethylenediamine Compọund; 
Ịheổppiyllíne-ẻthýiènèdiamine; TheophyllinumEt Ethylene  ̂
dẽnrunúrn;A«MHO$MmMa . .  • - -•
A .^nixture of theophylline and ethylenediamine (2:1), its 
composition approxĩmately correspónding to the íbrmula 
below. . ,
^7H8N4OJ2.CìH4(NH2)2=420.4
CAS— 3ĩ7-34-0 (anhydrous aminophyiline).
ATC —  R03DA05.
ATC Vet —  QR03DAQ5. r .-
um  — 27Y3KJK423i.

Pharmacopoeias. In Eur. (see p. vii), Int., us. and Vict. Some 
pharmacopoeias include anhydrous and hydrated amino- 
phylline in One monograph. Some pharmacopoeias do not 
spedíy the hydration State.
Ph. Eur. 8; (TheophyUine-Ethylenediamine, Anhydrous; 
Aminophylline BP 2014). It contains 84.0 to 87.4% oỉ 
anhydrous theophylline and 13.5 to 15.0% of anhydrous 
ethylenedỉamine. A white or slightly yellowish hygroscopic 
powder, sometimes granular. Freely soluble in water (the 
solution becomes cĩoudy through absorptíon of carbon 
dioxide); practically insoluble in dehydrated alcohoL Store 
in airtight containers. Protect bom light.
USP 36: (Amỉnophylline). 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% oỉ anhydrous 
theophylline. It consists oỉ white or slightly yelloTvish 
granules or powder, having a slight ammoniacal odour. 
Upon exposure to air it gradually loses ethylenediaxnine and 
absorbs carbon dioxide with the liberation oỉ theophyllỉne. 
One g dissolves in 25 mL oỉ water to give a clear solution; 1 g 
dissolved in 5 mL of water crystallises upon standing, but 
redissolves when a small amount of ethylenediamine is 
added; insoỉuble in aỉcohol and in ether. Its Solutions are 
aikaline to litmus. Store in aútight containers.

AminophyỊKne Hydrcrte ỊBANM, p/NNM)
Aminofiìina^dwùwodna; Áminọ^ạ-hidrạtadạp Ạmlnofylin 
hỳdratovaný;:ArnlnophyỌlne, ỵỹdíaỉè ^dirivịminọphyllini 
b^iĩratumi AnỊinophýllióúrn p^ệỏ j^ 'À row pbyJíịpùợ ix  
Hyđricum; T«ọ^lÌinielyleenidianmnjln^dlaattítóĩeoặlinẹtý- 
tendìaminhỵdrat; Théophyl]ine-étbỹlèfiediamine';hýdratée;; 
Theophỵllinum e t ethyien^iaminũm^hydrictirn^ -AkAMHCH-̂  
ộnnnMHarnqpàT. ’ "'1
( C ^ N ^ i C A í N H ^ i O ^ s e Ị  ù . . ì ị .

4974&06-7; 5897-66-5 ■ỹxmiăphỳiỉirìe -dihýdrâte); 
76970-41-7 (aminophyílínẽ mantâỳitratẻx T Í ?  
ATC—mDA05. . -
ATCVet— QR03DAQ5 f
Ùm — C229N9ĐX94
(amìnophylline ịhonohydrate)'. “i !  ; .  -áintrK. 'c-ỊpiV •

Pharmacopoeias. In Oún., Bưr. (see p. vii), Jpn, us. and Vĩeí. 
Some phaimacopoeias indude anhydrous and hydrated 
aminophylline in one monograph. Some pharmacopoeias 
do not spedỉy the hydratìon State.
Ph. Eur. 8: (Theophylline-ethylenedlamine Hydrate; 
Aminophylline Hydrate 6P 2014). It contains 84.0 to 
87.4% of anhydrôus theophylline and 13.5 to 15.0% oí 
anhydrous ethylenediamine. A white or slightly yellowĩsh 
powder, sometimes granular. Freely soluble ỉn water (the 
solutíon becomes doudy through absorption of carbon 
dioxide); practỉcally insoluble in dehydratêd aỉcohol. Store 
in well-filled aữtight containeis. Protect from light 
USP 36; (Aminophylline). It ũ  anhydrous or contains not 
more than two molecules of vvater of hydration. It contains 
not less than 84.0 and not more than 87.4% oỉ anhydxous 
theophylline. It consists of white or slightly yellowish 
granules or powder, having a slight ammoniacal odour. 
Upon exposure toaứit gradually loses ethylenediamine and 
absorbs carbon dỉoxide with the lỉberatỉon of theophyũine. 
One g dissolves in 25 mL oỉ water to give a dear solutìon; Ị g 
dissolved in 5 mL of vvater crystallises upon standing, but 
redissolves when a smalỉ amount oỉ ethylenediamỉne is 
added; insoluble ỉn alcohol and in ether. Its Solutions are 
alkaline to litmus. Store in airtight containers.

IncoinpatibiIHy. Aminophylline Solutions should not be 
allovvẽd to come into contãct with metals.

Solutions of aminophylline are alkalỉne and iỉ the pH ỉalls 
below 8, crystals of theophylline will deposit.1 Drugs known 
to be unstable in alkaline Solutions, or that would lovver the 
pH below the crìtical value, should not be mixed vvith 
aminophylline.

1. Edward M. pH—an imporunt ^cror In the compađbQỉtỴ of addỉttves io 
intravenous therapy. Am J Hosp Pharm 1967; 24: 440-9.

Uses and Administration
Aminophylline has the actions and uses o! theophylline (see 
p. 1229.3) and is used súnilariy as a bronchodilator in the 
management o( 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 
tormerly used as an adjunct in the treatment of heart 
lailure, and may occasionally have a role in patients with 
this condition who are also suíĩering bom obstructive 
ainvays disease. Aminophyiline is usually preíerred to 
theophylline when greater solubility in vvater is required, 
particularly in intravenous íormulatìons.

Aminophylline may be gi ven in the anhydrous form or as 
the hydrate. and doses may be expressed as eithen 
aminophylline hydrate 1.09 mg is equivalent to about 1 mg 
of aminophylline. The USP 36 spedSes that amứiophylline 
prcparations should be labelled with respect to theứ 
anhydrous theophyíline content; aminophylline 1 mg and 
aminophyllỉne hydrate 1.09 mg are equivalent to about
0.86 mg theophyllỉne. As the pharmacokinencs of theo- 
phylline are aỉỉected by several ỉactors induding age, 
smoking, disease, diet, and drug ínteractions, the dose of 
aminophylline must be careỉully índỉvidualised and serum- 
theophylline concentrations monitored (see Uses and 
Adminỉstration of Theophylline. p. 1229.3).

In the management of acute severe bronchospasm. 
aminophylline may be given intravenously by slow 
injecúon or inỉusion. To reduce adveise eSects, intravenous 
aminophylline should not be given at a rate greater than 
25 mg/minute. In adults who have not been taking 
aminophylline, theophylline, or other xanthine-containing 
medicatíon, a loading dose oi 5mg/kg ideal (lean) body- 
weight or 250 to 500 mg of aminophyllinẹ may be given 
intravenously over 20 to 30 minutes by slow injectiọn or 
inhision, followed by a maintenance inhision dose oỉ 
500 micrograms/kg per hour. Older patients and those with 
cor pulmonale, heart ỉailure, 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.

The Symbol t  denotes a preparaúon no longer actively mariceted
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Inơavenous aminophyUine is best avoided in patients 
already taking theophylline, aminophylline, OT other 
xanthine-containing medication but, ư conádered neces- 
sary, the semm-theophylline concentration should fiist be 
assessed ãnd the initial loading dose should be caỉculated on 
the basis that each 600micrograms/kg oỉ aminophyUine 
(equivalent to about SOOmicrograms/kg theophylline) will 
increase serum-theophylline concentration by lmicro- 
gram/mL.

In the management of chronỉc bronchospasm amỉno- 
phyllỉne may be given oraUy as modiSed-release prepara- 
tions; a usual dose is aminophylline hydxate 225 to 450 mg 
tvvice daỉly. Therapy should start vvith the lower dose and be 
increased as appropriate. Retitration oỉ the dosage iỉ 
requỉred ư the patient is changed hom one modibed-release 
preparation to another as the bioavailability of modiSed- 
release anũnophylline preparations may vary.

For doses oỉ aminophyUine used in children, see 
Adminỉstration in Children, belovv.

Intramuscular injection of amìnophylline causes intense 
.localpain and is not recommended.

Aminophylline has also been used as the hydrochloride.

Administrotion. RECTAL ADMlNtSTRATÌON. Absorption bom 
aminophyUine ỉuppositories is erratíc and this dose íorm 
has been assodated vvith toxidty, hence the vvamings that 
suppositories should not be used. especiaily in children. In 
the UK supposỉtories are no longer readily available; one 
hospital wishing to use the rectal routc ỈOT apnoea in pre- 
mature inỉants (see Neonatal Apnoea, p. 1204.3) achieved 
therapeutíc plasma-theophylline concenơations with a 
spedaũy íormulated rectal gel.'

1. Cooney s. tt al. Recul aminophyllỉne gel in treauneni of ipnoca in 
premature newbom babies. Lanaí 1991; 337: 1351.

Adminislration in chiídren. Aminophylline may be given 
intravenously, by slow injection or inhision. to manage 
acute severe bronchospasm  in children. Doses should 
be calculated using ideal or Iean body-vveight. In children 
who have not been taking aminophylline, theophylline or 
other xanthine-containing medidne, UK licensed produa 
ìníonnatỉon recommends a Ioading dose oỉ 5 mg/kg given 
by slow injection or inhision over 20 to 30 minutes. Initial 
maintenance dose ranges are:
• 6 months up to 10 ỹears of age: 1 mg/kg per hour
• 10 to 16 yeais of age: 800 micrograms/kg per hour 
Although unỉicensed in the UK for use in children under 6 
months, the BNFC suggests that these doses may be used 
bom 1 monthoỉage. Children aged bom 12 to 18yearsmay 
be given 500 to 700 micrograms/kg per hour. Serum- 
theophylline concentrations should be used to guide hirther 
dose ađjustments.

children who are abeady receivỉng theophylline, 
aminophylline or other xanthme-containing mediónes, 
shouỉd not nonnally receive a loading dose oỉ intravenous 
aminophylUne unless serum-theophyllme concentratíon is 
available to guide dosage. Loading doses are based on the 
expectatìon tbat each 600 micrograms/kg lean body-weight 
oỉ aminophyỉhne will result in a 1 -microgram/mL increase 
in serum-theophyUine concentration.

Oral modibed-release preparations are given to children 
with a body-weight over 40 kg in the long-term manage- 
ment oỉ chronic bronchospasm. An initial dose oi 
aminophylline hydrate 225 mg rvvice daily may be given ư 
the child has not previously taken xanthine preparations, 
increased aỉter 1 week to 450 mg tvvice daily according to 
serum-theophyUine concentratíons. DiSerent modibed- 
release preparations are not considered interchangeable.

Aminophylline has also been used in the management of 
neonatal apnoea (see p. 1204.3). For turther inỉormation 
on the dosage oí theophylline itselí in neonates, see 
Administratìon in Inỉants, p. 1230.2.

Cardkx arrhydmias. For mentíon of the use oỉ amino- 
phylline for bradyarrhythmias, see Theophylline, 
p. 1231.1.

Eredie dystundion. For reíerence to the use of a cream 
containing aminophyUine, isosorbide dinitrate, and coder- 
gocrine meálate in the beatment oí erectile dyshinctìon, 
see under Glyceiyl Trinitrate, p. 1392.2.

Mertìolmxnte neurotoxicity. For reíerence to the use oỉ
aminophylUne or theophyllme to relieve the acute neuro- 
toxidty of methotrexate, see Other Drugs, under Treat- 
ment of Adverse ESects, p. 827.1.

Motor naurom dbease. A study1 in 25 patients with 
amyotrophic lateral sderosis ($ee p. 2605.2) íound that 
aminophylline improved the endurance of respbatory 
musdes and increased the handgrip strength oỉ skeletal 
musdes; it may have some potential therapeutic benebt in 
su ch patients.

1. Bm o MC tí aL Acute action of amỉnophyỉlỉne ỉn patíents wiih
amyoưophỉc lateiai sderosỉs. Aơa Neuroi Seànd 2007; 115: 301-5 ỉ

All cross-reíerences reíer to entries in Volume A

Redudion of body fort. Cosmetìc aminophyUine cream has 
been promoted ỉor its supposed ability to remove fat ('cel- 
lulỉte') bom the thighs.1 Concem has been raised about 
the potential for topical sensitisation.2 Cosmetic use oỉ 
aminophyllỉne is banned in some countries.'

1. Dlddnson BL Gon-Harper ML AninophyDlne ior cdlultte rcmoval. 
A m  HuữmacoUur 1996; 30: 292-3.

2. Simon PA. Commem: uninophylUne-conuiníng o a n .  A m  Hutrmac- 
othir 1996:30; 1341.

R end colic. Aminophylline has been studied1 for ỉts 
potential value as an adjuna in the management oỉ the 
pain assodated with renal calculi (p. 6.3).

1. Djaỉadat H. tí ai. The eỉĩect oi aminophylllne on renal colic a 
randomứed doubỉe blhid controlled trial. South M edJ2007; 100:1001-4.

Adverse Effects, Treahnent, and Precautions
As ior ^eophyllme. p. 1231.2, p. Ì2 3 I 3! and p. 1233*1. 
Hypeisensitivity has been assodated with the ethylenedia- 
mine content.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenơe (NAPOS) and 
the Porphyria Centre Sweden. classiỉies aminophylline as 
probably porphyrinogenic; it should be prescribed only for 
compelling reasons and precautions should be considered 
in all patíents.1

1. The Drug Database for Acute Porphyria. Avaiiabie ac htrp://www. 
dnigs-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 heaỉthy subjects suggested that ethylenedia- 
mine does not aữect the pharmacokinetìcs of theophyllbie 
aíter oral or inưavenous dosage.1-2

1. Asỉaksen A. tí ai. Comparaiive phannacoỉdnetỉo of theophyỉline and 
aminophyUỉne in man. Br J ơ hĩ Pharmaeoỉ 1901; 11: 269-73.

2. CaỉdweU J, tí ai. Theophylỉine pharmacoidnetics aỉter ìnưavenous 
iníuỉion wỉ(h eỉhylenediamíne or sodỉum glydnate. Br J ơin Pharmacoỉ 
1986; 22: 351-5.

P repara tìons
Proprietary Pieporotions (detaik are given in Volume B)
Single-ingredient Preporolions. Arg.: Cardirenal; Fadafilìna; Lar- 
janfilina; Braz.: Aminoúnat; Aminoliv; Asmaũn; Asmapen; 
Asmodha' Asmoquinol' Minoton; Pulmodilatt; Uniũlin; 
Canad.: PhỵUoconónt; Chile. Cardiomin; China: Xing You 
shan (£ % # ); Cz.: Syntophyllin; Denm.: Teolylamin; Fin.: 
Aminocont: Gr.; Euphyllint; Phyllotemp; Hung.: Diaphyllin; 
India: Minophyl; Indon.: Phyllocontin; IrL: Phyllocontin; ItaL: 
Aminomal; Teíamin; Jpn: Neophyllin; Mac.: AmoQlint; DraC- 
lyn-Z; philipp.: Theoũl; PorL: Filotempo; S~Afr.: Phylloconún; 
Spain: EuSUnat; Swed.: Teotyllamin; Thai.: Amino; Asmaliat; 
Turk.: Aminocardol; AsmaBlin; Carena; Blinsel; VK:
PhyDoconũn; Ventĩ.: Broncophilina.
MuhHngredient Preparotions. Braz.: Alergo FilinaL' Dispneitratt; 
Chitur. Asmeton1 (RKill); cha Xin Na Min (3£9rlPtt); Puỉang 
Dan An Pian ( í í ^ l ẵ í l l t ) ;  Ke Zhi (% ì.): Hong Kong: Ami- 
ton+; Asmeton; Indùr. Broncobee; Cortasthma: Mac.: Paliatil; 
PorL: Ann-Asmaúcot; S-Afr.: Genasmat; Natrophylline Com- 
poundỷ; Repasmat; USA: Ẽmergent-Ez.
Photinocopowd  Praparabons
BP 2014: Aminophylline Injecúon; Aminophylline Tablets; 
Prolonged-release Aminophylline Tablets;
USP 36: Aminophylline Delayed-release Tablets; Aminophylli&e 
Inịection; AnũnophyUine Oral Solution; Amìnophylline Rectal 
Solution; Aminophynine Suppositories; Aminophylline Tablets.

A m l e x a n o x  (BAN, USAN, dNNI
AA-673; Amlexanoxọ; Amlexanoxum; Amoxanox; CHX-3673; 
AMnexcaHOKC, ■
27Amino-7-ísopropyl-5-oxo-5H-t1]benzopyrano[23-b]pyri- 
dine-3-cart30xylic acid. ‘
C,6H14NA=2983  
CAS — 68302-57-8. '
ẢTC — A01AD07; R03DX0Ì. ' :
ATC Vet— QÁQIAD07; QR03DX01.

\u r n -  8RŨC2459K. . ...
NOTB. The name Elics has b een  used as a trade mark for 
amlexanox.
Pharmocopoáas. In Jpn.

Profi/e
Amlexanox has a stabilisừig action on mast cells resembling 
that o( sodium cromoglicate (p. 1225.3) and also acts as a

leukotriene inhibitor. It is given oraUy in the manageme.1t 
oỉ asthma (p. 1195.2) and for allergic rhinitis (p. 612.1); a 
dose oỉ 25 or 50 mg three times daily has been suggested. 
Amlexanox is also given as a metered-dose nasal spray ỉir  
alỉergic rhinitis, and as 0.25% eye drops ỉor allergic 
conjunctivitis.

Amlexanox is also applied in the management ìi 
aphthous ulcers (see Mouth Ulceratíon, p. 1814.2); a 5% 
oral paste may be used 4 tứnes daily. Other íormulatioiis 
indude a 2-mg biodegradable oraỉ disc designed to deliveT 
amlexanox locally.
Reíerences.

1. Khandvvala A. tí  a i 5% amỉexanox oraỉ paste, a new ưratmem lor 
rtcurrent mỉnor aphthous ulcers: L Gỉỉnỉcal demonstratíon ữf

• acceỉeratlon of heaỉỉng and resoỉutỉon of paỉn. Oraỉ SurỊ Orai Mtd Oỉ-aỉ 
PaiMoỉ Oraỉ Radioi Eruiod 1997; 83: 222-30.

2. Khandwaỉa A. t í  aL 5% amỉexanox oraỉ paste, a new treatmem ỉor 
recurrem oiinor ajdithous uỉcers: n. Pharmacoỉónetỉcs and demonstra- 
don of cttnỉcaỉ saíẽty. Oraỉ Sutị Oraỉ Med Oral Pathol Orai Radiol Erutod 
1997; 83: 231-8.

ỉ .  Bell J. Amỉexanox íor the ỉreatmem oỉ recurrent aphthous uỉcers. Cin 
D ntf htvatig 2005; 25: 555-66.

4. Murray B. tí ai. The eỉíicacy oi amlexanox OraDisc on the prevention of 
recoưent mỉnor apbthous ulceration. J Orai Pathol Med 2006; 35: 117- 
22.

5. Lỉu J. tí ai. An evaỉưation on the eữicacy and saíety of amỉexanox oral 
adhesive tablets ỉn the treatmem of recurrent minor aphthoos 
uỉceratlon in a Chinese cohoru a randomỉxed. double-blỉnd. vehicỉe- 
conưoUed. unparallel multỉcenỉer dinical rriai. Oral Sury ồrai Med Oral 
Pathoi Oral Radiol Enđod 2006; 102: 475-81.

6. Meng w , tí a i A dinical evaluatíon oí amỉexanox oraỉ adhcsive pelticiĩs 
in the ưeatment of recurrent aphĩhous stomatitỉs and comparison W1 h 
amỉexanox oral tablets: ầ randomized. placebo controỉled, blindrt 
multícenter dinical trial. Trials 2009; 10: 30.

P rep ara tio n s

Preprietary Preparations (details are given in Volume B)

Singh  ậigredient Preparotioru. China: An He { S ^ y . Fu Rui li 
(IB^Mlr); Li Ke Bang Xiỉhumai (H )Ĩ2 ); Pin.: Aft -
solỷ; IrL: Aphtheal; Jpn: Solla; Neth.: Miraítil; Port.: Aítai 1; 
USA: Aphthâsolt-

A r ío r m o te r o l  T a r t r a t e  ỊUSAN, riNNMi ®  
Aríormdtérol, Tartrate d'; Arformoteroli Tartras; R,R 
pormoterol Tãrtrate; Tartrato de aríormoterol; Apt()opMOTep 
ona TapĩpaT.
(-)-AA[2-Hydroxy-5-((l /?H -hydroxy-2-{[(1 /?)-2-(4-methoxy 
phenyl)-l-methylethyl]amino)ethyl)phenyl]formamide 
hydrogen (2/?3ff)-23-dihydroxybưtanedioate. 
C . ^ N Ạ Q H A ^ Ì
CẢS — 67346-49-0 (ariòrmoterol); 200815-49-2 (aríormoterc' 
tamate).
um  — SP8VJ2I235.

Protìle
Aríormoterol is the RJ?-enantiomer of the beta2-adreno- 
ceptor agonist íormoteroi (p. 1209.2) and has similar 
properties. Ariormoterol is a long-acting selectìve beta2 
agonist that is used as a bronchodilator in the management 
oí 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 arỉormoterol tartrate is equỉvalent to 
about 15micrograms of arioimoterol. Given as a nebulised 
solutíon, a usual inhaled dose of arỉormoterol is 15miCT- 
ograms given every 12 hours.
References.

1. Lỗtvaỉỉ J. tí ai. The eỉĩea oí íonnoterol over 24 h in paáents with asthma: 
the roỉe of enantỉomers. Puỉm Pharmaal Ther 2005: 18: 109-13.

2. Anonymous. Aríonnoterol (Brovana) for COPD. Med Ltít Drugs Thtr 
2007;49:53-5.

3. Baumgarmer RA. tí aL Nebulized arỉonnoterol in patỉents with COPD: I 
12 -week. multícemer, randomixed. double-blỉnd. donble-dumm>. 
pỉacelm- and active-controUed trial. ơin Ther 2007; 29: 261-78.

4. Matera MG, Cazzola M. Uỉtra-ỉong-aaing 9 2>adrenoceptor agonists: a L 
emerging therapeutìc optíon íor asthma and COPD? Drugs 2007; 6T: 
503-15.

5. lũng p. Roỉe of aiíormoterol in the management oỉ COPD. Irtí J  ơ m r' 
QbữnuX Pỉibrum Dừ 2008; 3ỉ 385-91.

6. Donohne JF. tí ai. Aiíonnoterol and saỉmeteroỉ in the ưeatraent 
dưonỉc obĩtructíve puỉmonary dỉsease: a one year evaỉuation oỉ saíer 
and tolerance. Vưr Adv Rcpừ Dis 2008; 2: 37-48.

7. Madaan A. Aiíonnoteroỉ urvate in the treaunent oi bronchoconsnic 
tk »  ỉn patỉents with chronỉc obsmictíve pulmonaiy đỉsease. Drup Today 
2009. 45: 3-9.

8. Panettieri RA. tí a i Comparỉson oi the eBỉcacy and saíety of ariormoterot 
151» g mrice daỉly and aríonnoteroỉ 30 V g once daỉly in COPD: a single 
dose. muitícenter. randomỉzed. modỉfíed-blind. two-way crossover 
study. CZm Thtr 2009; 31:1716-23.

9. Hanania NA. tí ai. The saỉety and effleacy oỉ aríữrmơteroỉ and íarmoterol 
in COPD. COPD 2010: 7: 17-31.

10. Cartoỉa M. tí aL Arionnoterol taxtrate ỉn the treatment of COPD. Exper 
Rev RtspirMed 20X0; 4:155-62.

P rep ara tío n s

Proprietary Preparaiions (details are given in Volume B)

Singh inytdieiil Preparations. USA: Brovana.
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B a m b u t e r o l  H y d r o c h l o r í d e
(BANM. itNNMI <8>
Bambutétol, Chlorhydrate de; Bambuterol, hidrodõrurô de; 
Bambuterol-hidròklorid; Bambuterolhydrochlorid; 'Sambu- 
terd-hydrochlorid; Bambuterolhydróklorid; Bambuteroli 
hydrochloridum; Bambuterolihydroldoridi; 8ambuterolio 
hidrochlòridas; Hidrodoruro de bambuterol; KVVĐ-2T83; 
BaMSyrepana rnflpoxnopnfl.  ̂ T  -
(flS)-S-{2-terr-8utyfamin(>-1 -hydroxyethyO-m-pbenylene bis
Cdihnethylcarbamate) hỵdrochloride. - ..................
C1#HmNj05,HC1=403.9
CAS — 81732-65-2 (bambuterol); 81732-46-9 (bambưteral 
monohydrođìloride).
ATC — R03CCĨ2 ỵ i
ATC Vet —  QR03CC12 , ■ i
um  — 786ỌB4QZ3F. . ;

Pharmacopoeias. In Eur. (see p. vii).
Ph. Eur. 8: (Bambuterol Hydrochloride). A vvhite or almost 
white crystalline povvder. It exhibits polymorphism. Freely 
soluble in vvaten soluble in alcohol.

Uses and Administratíon
Bambuterọl is an inactive prodrug of terbutaline 
(p. 1228.l).adữect-acting sympathomiĩnetic with mainly 
beta-adrenergic activity and a selective acnon on beta2 
receptors (a beta2 agonist). It has similar actions to those of 
salbũtamol (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 bronchodilator for 
persistent reversible airways obstruction ÚI conditions ĨUch 
as asthma (p. 1195.2). The usual dose is 10 to 20mg orally 
once daily at bedtime. Doses may need to be reduced in 
renal impairment (See belovv).

Administrotìoíi in renol impoirment. Lìcensed product 
iníormatíon recommends that the ỉnỉtial dose of bambu- 
terol hydrochloride should be halved in patíents with 
renal impairment (glomeruỉar Đltration rate less than 
50mL/minute). Purther doses should be adjusted accord- 
ing to response.

Asthma. References.
1. Puglchoím AM. a  ai. Thenpeutíc equivalence betwien bambuteioL 

10 tng ooce cUily, and terbuuline controỉled reỉease, 5 mg twicc daily, in 
oúỉd to modente asthma. Eur R apirJ 1993; 6; 1474-8.

2. Gunn SD. tí  đi. Comptrison of the eữỉcacy, tolerability and patient 
acceptabUity oí once-daiỉy bambuieroỉ tabỉets against twice-daily 
comrolỉed rêlease salbutamoỉ ỉn nocturnaỉ asthma. Èur J ơin Pharmaeoi 
1995; 48: 23-8.

3. Tarkovỉc Jp, tí ai. The Bambuteroỉ Muỉcỉcentre Scudy Group. One-year 
saỉety study with bambuteroỉ once daỉỉy and teibutalỉne three tbnes 
daiỉy in 2-12-yeax-old chỉldrcn ivith asthnuu Peetíatr Pulmomỉ 2000; 29: 
424-9

Adverse Effeds and Precautions
As for Salbutamol, p. 1221.3. Bambuterol is not 
recommended for patients with severe hepađc impairment 
as its metabolism vvould be unpredictable. The dose of 
bambuterol should be reduced in renal impainnent (see 
above). It isunsuitable for the relieí of acute bronchospasm 
or in patients with unstable tespiratory disease.

Effeds on the heart. A prescripáon event monitoríng 
study ỉound an excess risk of non-fatal hean ỉailure in 
elderly patienrs receiving bambuteroL particularly in the 
first mõnth of ưeatment.1 See also under Salbutamol.
p. 1222.1.

1. Martin RM, tí ai. Rbk oí non-Uul cardiac ỉaiture and íschaemic hean 
disease with long actỉng 8 2 agonists. Thorax 1998; 53: 558-42.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegịan Porphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, classiEes bambuterol as 
probably not porphyrinogenic it may be used as a drug of 
first choice and no precautions are neeđeđ.1

I. The Drug Database íor Acute Porphyrỉa. Avaỉlabỉe aL http://www. 
dnjgs-porphyria.org (accessed 17/10/11)

Interactions
As for Salbutamol, p. 1223.1. Bambuterol inhibits plasma 
cholinesterases and can prolong the action oí drugs such as 
suxamethonium (see Sympathomimedcs, under Suxa- 
methonium, p. 2040.1) that are inactívated by these 
eraymes.

Pharmacokinetics
Neaiiy 20% oỉ a dose of bambuterol is absorbed from the 
gasttointestinal tract aíter oral doses. It is slowly metabolised 
in the body to its active metabolite, terbutaline; peak 
terbutaline concentratìons are reported to occur about 4 to 7 
houĩs after a dose oỉ bambuterol as tablets. The sIow rate at 
vrhich metabolism occurs detennines the prolonged

duratìon ot action oi bambuterol of at least 24 hours. 
Hydrolysis oí bambuterol is catalysed by plasma cholin- 
esterase; hovvever, bambuterol also ínhibits plasma cholin- 
esterase and thereỉore partỉy inhibits its own metabolism. 
For the metabolism and excretion of terbutaline, see 
p. 1229.1.
Reíerences.

1. Shar DS. CUnỉcal pharmacoldnetics of bambuterol. Clin Pharmacokinet 
1996; 31: 246-56.

2. Kyberg U tía i. Phamucoỉđnetỉcs of bambuterol In healthy subjects. Br J 
cản Pharmanỉ 1998; 45: 471-8.

3. Bang u. tí ai. Pharmacokỉnetỉcs oỉ bambuterol in $ubjects homogygous 
torthe atypical gene forplasma cholinesterase. SrJO in  Pharmacol 1998; 
45: 479-84.

4. Ahlstrốm H. tí al. Pharmacokinetics of bambuteroỉ during oral 
admỉnistration to asthmatíc children. Br J ơin Pharmứcoỉ 1999; 48:299- 
308.

5. Rosenborg J, tí ai. Phannacokinetics oí bambuterd during oni 
admỉnistntíon oỉ plain tabỉets and soiutỉon to heaỉthy adults. B rJ ơòĩ 
Pharmacol 2000; 49: 199-206.

Preparatíons
Proprietary PrBparotions (details are given in Volume B)

Single-ingredient Praporoliom. Austrúr. Bambeq Braz.: Bam- 
bain Bambec Ckina: Ao Duo Li (ỊR^ÍỊl); Baoạbec (## ); 
BangShun (%lg); Bei He Jlan (in-é-ạ); Hui Jle (ỈCỉS); ỊỊ Bte 
Fei Luo Xi (?M>); LuoLi (ỹf!l); Zhu Long ỢSJt);
Denm.: Bambec Oxeol; Fr.: Oxeol; áer.i Bambec Inđìa-. Abeb 
Astha&ee; Bambudil' Bemlo; Betaday; Norw.: Bambec NZ: 
Bambec Pkũipp.: Bambec Bambutec Pulmitac Singapore. 
Bambec Spain: Bambec Swed.: Bambec Thai.: Bambec UK. 
Bambec.

MubHngredient Preparations. India: Montair Plus; Monway 
Plus; Odimont Plus.

Bamifylline Hydrochloride
IBANM, USAN, riNNMỊ
AC-3810; BaÌTiitìiina, hidroclọruro de; :BamiỆ<IỊ[^ Chrpthy- 
drate đe; 8amifyỉnni.Hydr(xhlondufn; 8ÀX-Ị7392; 8102-C8; 
CB-8102;. Hidrocỉoruro-ị de bamiíilina; iíỆaMMtịỊMnnMiHa 
rnnpoxnopnn;
’8-8enzyl-7-[2-{M-ethy[-N-2-hydroxyethylamino)ethy0ứieo- 
phylline hydrochldrỉde.
C2oH27N503,Ha=421.9 -
CAS —  2016-63-9 ■ (bamifyHine); 20684-06-4 (bamifylline 
hydnxhloride): •
ATC — R03DA08 
ATC Vet — QR03DA08.
UNII— 66466ỌLM3S.

Pro/Ị/ẹ
Bamitylline hydrochlorìde is a theophylline derivative 
(p. 1229.3) that is used for its bronchodilator properties in 
reversible ainvays obstruction. It is not converted to 
theopbylline in the body. It is given in usual oral doses of 
600 or 900 mg daily in 2 or 3 divided doses. It ũ  also given 
rectally as suppositories, and by slow intravenous inhision.

Preparations
Propòatary Preparaiiocu (deta ilỉ a re given in  V olum e B)

Single-ingredient Preparatiom. B rax.: Bam íEx; P r.: T re n tad il 
1 /ta i:  BamiRx; Briodl.

Ị Bitolterol Mesilate IBANM, riNNMi ®
Bitoltérol, Mésilate de; Bitolterol, mesilato de; 8itolterol 
Mesylate (USẠN); Bítolteroli Mesilas; Mesilato de bitolterol; 
Win-32784; BnTO/iTepona Me3H7iaT.
4-{2-(fert,-Butyiamino)-l -hydroxyethyl]-o-phenylene di-p-tol- 
uate methanesulphonate. ■
2̂8̂ 31 NO5,CH40 jS=SS 7.7

CAS— 30392-4ữ6(bitolterol);.30392-41-7(bitolterol mesilateỳ. 
‘ÀTC — R03AC17 ’ '
ATC Vet —  QR03AC17.
um  — 4E53T3611 Ụ: '  ̂ : ;  ,,

ProỊiỊe
Bitolterol is an inactive prodrug that iỉ hydrolysed in the 
body to colterol, a dữea-acting sympathomimetic vvith 
mainỉy beta-adrenergic acdvity and a selecdve acdon on 
beta2 receptors (a beta2 agonist). It has similar properties to 
thosẽ of salbutàmol (p. 1220.2), and has beẽn ũsed as a 
bronchodilator in the management oỉ diseases with 
reveiáble airways obstrucdon such as asthma (p. 1195.2) 
or in some paóents with chronic obstructive pulmonary 
disease (p. 1199.1); inhalation results in the rapid onset of 
bronchodiỉatatíon (2 to 4 minutes) with a duratìon of action 
of 5 or more hours.

Preparcrtions
Proprietary PraparaHons (detaUs are given in Volume B) 
Singla ingr»<fian> Praporotions. USA: Tomalatet-

Bufyllỉne IBANI
‘ Ambuptỳllihe (USANlí BuAiiní/TTĨểophỹlíĩn^arTÌihọisobuta- 
'nòi; BytộvưtnvỊH. ■■■■■
2-Amino-2-methylpropan-1-ol theophylỉinate.
CiìH19NsOj=2693 ..............
CAS — 5634r34-4.
ATC — R03DA10. ■ ,
.ẬTC Vet —-QRQ3DA10. ■■ :
u m — VOỤ5VOB772.

Proỉile
Buíylline is a theophylllne derivative (p. 1229.3) -that has 
been used for its bronchodilator eâects as an ingredient oỉ 
preparations promoted for coughs and other respiratory- 
traa disorders. The ethiodide has also been used.

Preparations
Proprietary PreparaHons (details are given in Volume B)
MuhKngr«aent Praporations. Braz.:.EMS Expectorante; Revenil 
Dospan; Revenịl Expectorante; Revenil; Xpe Expeaorante; 5. 
Afr.: Nethaprin Dospant; Nethaprin Expectorant+.

C a f f e i n e  IBANI
Anhydrous Caffeine; Cạíeina; Cafeina anhidra; Caíéine; 
CoATein; Coữeỉnum; <ãuaraninã;..Guaranine; Kofeiini; Kofein; 
Kotieina; Kofeinas; Kofféin;Mểửiyitheobrorriine; Mẽtilteobro- 
mina; Tớnạ; Théine; KọệetỊR ị.
1-,3,7-Tfirnẹthylpurine-2;ố(3w H)-dione; . 1,3,7-Trimethyl- 
xanthine; >MethyltheQphylline.
CaH,oNÃ=T942 i  ,
GÃS — 58-08-1 
ATC —  N06BC01.
ATC Vet —  QN06BC0V.
UNII — 3G6A5W338E.
NOTE. Compounded preparations of caffeine may be 
represented by the following names:
• Co-bucafAPAP (PEN)—butalbital, paracetamol. and 

caữeine.
Pharmocopoeias. In Eur. (see p. vu), bư., Jpn, us, and Vứt. 
Some phatmacopoeias indude caữeine and caữeine hydrate 
under one monograph.
Ph. Eur. 8: (CaỄteine). A white or almost white, crystalline 
povvder or silky white or almost vvhite crystals. It sublimes 
readily. Sparingly soluble in water; ừeely soluble in boiling 
vvater; slightly soluble in dehydrated alcohol. It dlssolves in 
concenoated Solutions of alkali benzoates or salicylates. 
USP 36: (Caữeine). It is anhydrous or contains one 
molecule oỉ vvater oỉ hydration. An odourless vvhite powder 
or vvhite, glistening needỉes, usually matted together. The 
hydrate is eíĐorescẽnt in air. The hydrate is soluble 1 in 50 of 
vvater, I in 75 of alcohol 1 in 6 oỉ chỉoroíorm, and 1 in 600 
oi ether. The hydrate shouldbe stored in airtight containers.

Caffeine Citrxite ỊBANMI
Cafe(na, dơato de; Cítrated Cafféine; Colĩeinum Citricum; 
KoệevtMa UMTpaT.
QH|0N4Oj,C6HA=386.3 ■
CĂS — 69-22-7.
ATC — N06BC01.
ATC Vet — QN06BC01.
UNII — U26E04675Q. . : . . . . '

Caffẹine Hydrate ỊBANMI
Qfeiha"mohóhidratõ;.''òféÌnềl';ntonọhỷdratếe;! (jjĩeine  
Monohydrate; Coffẹin-Mprrahỵdrat; Coffẹihum. MQnp.hy.dri- 

. cum; KofeiinirnonohỵdraạtlÌ;v.KDfiaíp .i^qrióhycirấp Ko/ẹinas. 
rĩỊpnọhidrạtạs,':" ỊtoffeỊn:lh0 ^*t\itíráó ■ tóffệỉ^ón'õhydrat;. 
KoộẹMH ^H9rMflpa%.fl

- ^ l ọ N A ^ ã ĩ Ì Ì . y  . . . -
CAS — 5743-] 2-4. r -
ATỌýrr-.NOôBỢÌhư-.ụ-.- - 
'Aĩũ¥à-^W06BCĐh- -<-:V . . .  •
rum  ^'9 T 6 5 I0 ^2 & ^ -  ■ ■ • . .. - - ' •

pharmacopoeias. In ơuh., Eur. (see p. vii), Int: Jpn, us, and 
Vứt Some pharmacopoeias include ca&eine and caữeine 
hydrate under one mõnograph.
Ph. Eur. 8: (Caữeine Monohydrate; CaHeine Hydrate BP 
2014). A vvhite or almost white, crystaUine povvder or sỉlky 
vvhite or almost white crystals. It subỉimes readily. Sparingly

The Symbol ®  denotes a substance whose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively marketed
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soluble in waten íreely soluble in boiling waten slightly 
soluble in dehydrated alcohol. It dissolves in concentrated 
Solutions of alkali benzoates or salícylates.
USP 36: ■ (Catieine). It is anhydious or contains one 
molecule oí water oỉ hydration. An odourless white powder 
or wỉúte, glistening neecũes, usually maned together.The 
hydrate is eữlorescent in air. The hydrate is soluble 1 in 50 oỉ 
water, 1 in 75 of alcohoL 1 in 6 oỉ chloroỉorm, and 1 in 600 
of eđier. The hydiate should be stored in airtight containers.

StabdHy. Reíerences to the stability oỉ caSeine and caff- 
eine titrate.

1. Hisenberg MG, Kang N. Stabilỉty of dtrated caữòne Solutions for 
inịectable and enteral use. Am J Hosp Pharm 1984; 41:2405-6.

2. Nahata M C . tí ai. Stabiỉlty of caffeỉne tajection ta tatravenous 
ađmỉxtures and parenteral nutririon Solutions. DICP A m  Pkarmacotíưr 
1989; 23:466-7.

3. Hopkta Q rta i. Stabiỉỉty study of caỉĩeỉne dtrate. Br J Phanti Praữ 1990; 
12: 133.

4. DonneOy RF, Tlrona RG. Stabilỉty oí doated caữeine tajectable soỉution 
ta glass vỉâls. AmdHosp Pharm 1994; 51: 512-14.

5. Praser BD. Stabilỉty ol cafĩdne dtraie injectíon ta poỉypropyỉeoe 
syrỉnges at room tempcrature. Am J Heaỉth-Syư Pharm 1997; 54: 1106, 
1108.

Uses and Administration
Catieine is a methylxanthine that, like theophylline 
(p. 1229.3), inhỉbits the enzyme phosphodiesterase and 
has an antagonistic effea at Central adenosine receptors. It is 
a stimulant oí the CNS, particularly the higher centtes, and 
it can produce a condition of vvakeíulness and increased 
mental activity. It may also stimulate the respữatory cenơe. 
increasing the rate and depth of respiration. Its 
bronchodilating properties are vveaker than those oỉ 
theophylline. CaSeine fadlitates the períonnance of 
muscular work and increases the total work that can be 
perỉormed by a muscle. The diuretic action of catieine is 
vveaker than that of theophylline.

Caữeìne is used as a mild CNS stimulant in usual oral 
doses oỉ 50 to 100 mg, although doses oi up to 200 mg may 
be used. Doses should not be tãken more oiten than every 3 
hours. It is also írequently induded in oral analgesic 
preparations with aspirin, paracetamol, or codeine in unit 
doses of about 15 to 65 mg but its dinical benetit is debated 
(see Pain, p. 1205.1). CaSeine is sometimes given with 
ergotamine in preparations for the treatment of migraine, 
usually in unit doses oỉ lOOmg. Caữeine dtrate has been 
used similarly. For details oỉ doses in children, see 
Administration in children, below.

CaHeine and sodium benzoate and caỉleine and sodium 
salỉcylate axe readily soluble in water and have been used 
when catieine is to be given by ứỹection.

Beverages of co£fee, tea, and cola provide active doses of 
caHeme (see p. 2648.2).
General rẹferences.

1. Sawynok J. Phannacological raùonaỉe ĩor the dinicaỉ use oí catteỉne. 
Dmgg 1995; 49: 37-50.

2. Kdsỉer BD, Annsey TD. Caữetae as ao ergogeníc aid. Cun Sparts Med Rep 
2006; 5z 215-9.

3. Jones G. CaAetae and other syrapathomimetic stũnulantỉ: modes oi 
actíon and effecs GĐ sports períonnance. Essayĩ Bùehem 2008; 44:109- 
23.

4. Perré s. Ao update ao the medunísms of the psychostimuỉam effects of 
eaSetae. J Neurochem 2008; 105:1067-79.

Admbústration in children. Caííeine is used in the short- 
tenn treatment oỉ neonatal apnoea of prematurity 
(belơw).
• An initial loading dose oỉ catieine dtrate 20mg/kg 

(equivaỉent to lOmg/kg caíleine) is given orally or by 
intravenous inỉusion over 30 minutes. ư there is 
inadequate response to the first loadỉng dose, a second 
ỉoadỉng dose may be given. Licensed product inĩormation 
recommendations ỉor túning oỉ the second dose vary; re- 
dosing aỉter either 4 hours or 24 hours have been 
suggested. Ií there is continued inadequate response, 
serum-caffeine concentrations should be measured 
beíore hirther doses are given.

• Beginning 24 hours after the loading dose, a 
maintenance dose oỉ caổeine dtxate 5 to lOmg/kg (2.5 
to 5mg/kg catieine) daily is given either orally or by 
intravenous inhision over 10 minutes.

Serum concentrations oỉ caữeine should be measured 
béỉore starting treatment in iníants who have already been 
treated with theophylline (which is metabolised to caữeine 
in iníants) or whose mothers consumed caữáne beíore 
delỉvery. Inỉants with impaired renal or hepatic tunction 
shouỉd also have serum concenưations of caHeine 
monitored, and doses reduced ư necessary. Serious toxiđty 
has been assodated with serum concentrations greater than 
50 micrograms/mỉ.

optimal duration oi treatment has not been established, 
however therapy is usually conúnued until the neonate has 
reached 37 weeks oỉ gestational age vvhen apnoea of 
prematurity usually resolves spontaneously. It is recom- 
mended that catieine should be stopped vtrhen the patient 
has 5 to 7 days without a signiBcant apnoeic attack.

Asthma. Caffeine's bronchodỉlating activity ís about 40% 
that oỉ theophylline1 and oral doses of 5 or lOmg/kg have 
been shown to prođuce an eííect.13 Because of its weak 
action other xanthỉnes are generally recommended in 
asthma (p. 1195.2), but it may need to be avoided beíore 
tests of lung hinction.4

1. Gong H. ct aL BroncbodUator eSeas 0í  caOeine in coữee: a dose- 
response sĩudy 0í  asthmatỉc subịects. ơ u tí 1986; 89: 335-42.

2. Bedcer AB, ữ aL The bronchodìlator effects and pharmacokinetỉcs of 
caữdneta asthma. N BngUM tẩ 1984; 310: 743-6.

3. Bukovrskyỉ M. Hakatsu K. The broncbodỉlator effea oí caffetae ta aduh 
asthmadcs. Am Rtv Roịùt Đà 1987; 135: 173-5.

4. WehhEJ. rta/. Caíĩdneỉorasthma. AvaỉỉabỉetalheCachnneDatabase 
of Systematỉc Revicws; Issue 1. Chichesten iohn VVUey; 2010 (accessed 
13/07/10).

Dementía. A cohort study in 7017 patients aged 65 years 
and over examined the assodation betvveen caữeine 
intake, cognitive dedine, and inddent dementía.1 Caữeine 
consumption itseU was ỉound to be signilicantly assodated 
with many varíables also assotíated vvith cognitive dedine, 
such as age, gender, depressive symptoms, and cardiovas- 
cular disease. Although no relationship was found 
betvveen baseline catieine intake and inddent dementia in 
a 4-year follow-up period, catieine consumption appeared 
to reduce cognitive dedine in women \vithout dementia. 
The authors conduded that ỉurther studies are required to 
ascettain vvhether catteine may be oỉ value in prolonging 
the period of mỉld cognitive impairment in women beỉore 
a diagnosìs of dementia.

1. Rltchie K. tí aỉ. The neuroprotective effecu of caHetae: a prospectỉve 
population study (the Three City Scudy). Nmroiogy 2007; 69: 536-45.

Oiabeteỉ melilus. A single dose of catieine 250 mg proved 
benetidal in augmenting tvaming symptoms and physỉo- 
logical responses to experimentally-induced hypoglyc- 
aemia in diabetic patients,1 and was suggested as a poten- 
tially useíul adjunct ỉor diabetics who have diỉticulty in 
recognising the onset oỉ hypoglycaemia (see Diabetic 
Bmergendes, p. 465.3). In a subsequent placebo-con- 
trolled crossover study oral caííeine 200 mg tvvice daily 
appeared to enhance the intensity of hypoglycaemic wam- 
ing symptoms in patients with type 1 diabetes on a low- 
caSeine diet.1 A later study3 reported an assodation 
bettveen caỉỉeine and a reduction in the ỉrequency oí 
noctumal hypoglycaemia in patients with type 1 diabetes, 
which the authors suggested may explain the inaease in 
vvaming symptoms and hormonaỉ responses previously 
reported in daytime hypoglycaemia. CaHeine has also 
been seen to impaứ postprandial glucose metabolism in 
patients with type 2 diabetes,4 raising concem about the 
potential hazards oi catieine ìn these patients ỉor whom 
decreases in insulin sensitivity might increase average glu- 
cose levels and the risk oỉ diabetic complications.

1. Debrah K. a  ai. Effect oỉ caữetae on recogrùòon of and physỉoỉữgical 
responsesto hypoglycaemia ta tasuỉin-dependem dỉabetes. Lanat 1996; 
347: 19-24.

2. Watson JM  tí ai. ỉníỉuence oí caữeine on the ữequency and perception 
oi hypogỉycemia ta free-Uvtag parienis with type ỉ dỉabetes. Diabeta Can 
2000; 23: 455-9.

3. Richardson ĩ.tía L  taQuence oi caíỉetae on trequency oí hypogỉycaemia 
deteaed by cominuous taterstỉtiaỉ gỉucose monitoring System ta patients 
wỉth tang-standtag type 1 dabetes. Diabem Can 2005; 28:1316-20.

4. Lane JD, tí ai. Caííetae impaỉn glucose metaboỉlsm ta type 2 dỉabeies. 
Diabtía Can 2004; 27: 2047-8.

Diagnoỉis and tesling. Catieine excretion assessed by 
measuring its urinary metabolites or by the exhalation of 
labelled COj in breath after doses of ,}c- or 14C-labelled 
c a tie in e  bas been used to develop liver function tests and 
to determine the activity oí specific enzymes su ch as xan- 
thine oxidase, P450 cytochromes, and polymorphic N- 
acetyltransỉerase.1

Catieine given orally has been used to assess acetylator 
status by determining the metabolic ratio oỉ the metabolites
5-acetylarrúno-6-formylamino-1 -methyltưadl (AFMU) to 
1 -methylxanthinc in urine,2 but some have questioned its 
value.3

Catieine has also been investigated in the diagnosis oỉ 
susceptibility to malignant hyperthermia.4 Intramuscular 
injection induced a temporary hypennetabolic reaction in 
subjects susceptible to malignant hyperthennia. but not m 
non-susceptible subjects or healthy Controls. The authors 
suggested that monitoring of carbon dioxide, produced by 
hypennetabolism, might offer a minimally invasive test for 
such susceptibility.

1. Kalow w. Tầng B-K. The use ol caơeine lor enzyme assayc a aitìcal 
appnỉsaỉ. ơút PharmacolThtr 1993; 53: 503-14.

2. HUdebrand Me Seiíert w. Detenntaation dí acetylator phenotype ta 
caucasỉans wỉth cageỉne. Eur J Oiỉt Pharmaeol 1989; 37: 525-6.

3. Nourianniu , tía l CaKrtnrasa metabolicprobe: NAT2 phenotyptag. Br 
J ơừi Pharmaal 1996; 41: 169-73.

4. AnetsederM.đa/. Diagnosboísuscrptỉbỉỉỉty tomaỉỉgnanthyperthennii 
by use oí a metaboỉỉc ũesu Laactí 2002; 35^  1579-80.

ECT. In patients tvbose seizure duration is dedining despite 
Tnaximal ECT stimulation, pretreatment with high-dose 
intravenous caữeine increases seizure duration without 
aSecting seizure threshold. Theophylỉine has been used 
similarly, see p. 1233.2.

Reíerences.
1. Hỉnkle PE, ít đl. Use ơf caSeỉne n> lengthen seixurei in ECT. Am ! 

ĩtyd iù a y  1987; 144: 1)43-8.
2. CoSey CE. a  «/. CaSeine augmcDUdao oí ECT. Am J  Pỉydiúttry 199C: 

147:379-85.
3. Keỉsey MC. Grossberg GT. Salety and eScaqr of oaííeine-augmenteil 

BCT in elderty depresílves: a ictnspeahre study. J Gtrừar ẠyekũUT' 
Neưnl 1993; é  168-72.

Neonatol apnoea. Apnoea ol iníancy has been detined a:í 
cessation oỉ breathing either lasting 20 seconds or more or 
assotiated with bradycardia, cyanosis, pallor, and markecí 
hypotonia, for whidi no spedSc cause can be identitied. 
Premature iníants (less than 37 week5 of gestation) car 
exhibit periodỉc breathing with pathological apnoeí 
(apnoea of prematurity); this usually resolves as the ũiỉan' 
approaches term and the neurological Systems controllinị 
vẽntilation mature.1-2

The management of neonatal apnoea for which nc 
underlying disorder can be ỉound may involve supportive 
measures such as cardiorespiratory monitoting;1 cominuou' 
positive airvvays pressure and drug therapy may bf 
required.1

The methylxanthines, aminophyDine, theophylline, anc 
catieine, reduce the írequency of apnoea and the need foi 
mechanicaỉ ventilation in preterm iníants during the ỉìrst 
seven days of therapy.4 In preterm iníants giver 
intermittent positive airway pressure, prophylactic methyl- 
xanthine ưeatment increases the chances of successhii 
extubation vvithin One week.5 There is evidence to suggesi 
that this benetit might be more helpíul in inỉants O’ 
extremely low birth-vveight extubated in the Srst week 
High doses oỉ caííeinc, 20mg/kg daily, have been usetí 
around the time of extubation in neonates bom at less than 
30 weeks of gestation. short term beneũts were noted,6 and 
no evidence oi barm in the ũrst year of liíe. A review of the 
use of prophylactic methylxanthines lound no evỉdence tc 
show that catieine prevents apnoea in at-riỉk preterm 
inỉants, or that it reduces the severity oi apnoea or its 
symptoms; prophylactic methylxanthines might. however, 
reduce the duration of need ỉor positive pressure ventilation 
and the rate oỉ patent ductus arteriosus ligation.7 Catieine 
has also been reported to reduce the inddence of 
brondiopulmonary dysplasia in inỉants with very low 
birth-weight,J so that positive ainvays pressure could be 
stopped earỉier in iníants given catieine compared with 
those given placebo. A later evaluation oỉ these inỉants 
found that catieine therapy improved the rate of survival 
vvithout neurodevelopmental disability at 18 to 21 months.* 
The intídence oi cerebral palsy and cognitive deỉay were 
also reduced. Earlier stopping of poátive ainvay pressure in 
the inỉants assigned to caừeine explained almost halí oỉ the 
benehdal Iong-term eữed of caữeine. but hirther studies 
are required to ascertain other potential mechanisms oỉ 
action. When assessed at 5 years, neonatal caữeine therapy 
was no longer assodated with a signiũcantly improved rate 
of survival vtrithout disabilỉty in these children.9 Rates of 
cognitive impairment were much lower at 5 years than at 18 
months, and similar in the 2 groups, suggesting that 
cognitive delay may not be a lasting ouỊcome after preterm 
birth.

Catieine has a vvidertherapeutic index, fewer peripheral 
ađverse eổects than theophyDine, and a longer haU-lUe 
enabling once-daily dosage, and is thereíore preíerred.4,10 
Catieine is given as the dtrate salt, and is well absorbed 
vvhen given orally. For details oỉ doses, see Administration 
in Children, above. The BNFC considers appropriate serum 
concentrations in neonatal apnoea to be 10 to 20mg/Iiữe 
(50 to lOOmicromol/lỉtre). Higher concentrations of 25 to 
35mg/lỉtre (130 to 180miaomol/liữe) may sometimes be 
required. Previous treatment with theophylline, iníants 
bom to mothers who consumed caữeine beíore delivery, 
inỉants sbowing signs oỉ toxicity, or inỉants vvho requữe 
higher doses will require monitoiing oí plasma caữeine 
concentrations; however. routine monitoring oỉ plasma 
concentrations is not always considered necessary.11 During 
the tirst year oỉ lUe, the elỉmination halí-liíe oỉ both caííeine 
and theophyHine decreases sigmficantly as the inỉant 
matiưes; regular monitoring oỉ serum concenơations and 
constant dosage adjustments are thereíore required ư 
therapy is prolonged.1

For details of the adverse eHects on the cardiovascular 
System assodated with catteine during treatment oí 
neonatal apnoea, see Etiects on the Cardiovascular System, 
p. 1205.2.

Use oỉ doxapram has been tried ỉor apnoea that does not 
respond to xanthine therapy;1-2-12 its eữects were símilar to 
the methylxanthines.13-14 Doxapram is poorly absorbed 
orally and adverse etiects such as hypertension, CNS 
stimulation, and heart block have been reported.15

1. Kritcr KE. Blandurd J. Management ot apnea in inỉants. Cttn Pharm
1989; 8: 577-87.

2. Rnggint NK. Puhopbysiology of apnoea in pieieim iníants. Arth Dá
Otũầ 1991; 64:70-73.

3. Schmidt B .«  al. Caỉlcine therapy tor aptea of prematurity. N Engl J Med
2006; 354:2112-21.

4. Hendenon-Snuit tu. De PaoH AG. Methylxanthine ơeatment lor
apnoe* in pietenn intanu. Avaìlable in The Cochrane Database of

All cross-reíerences reíer to entries in Volume A
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Synematic Reviews; Issue 12. Chichcster John WUey: 2010 (accessed 
03/07/12)

3. Hendenon-Smart DJ, Davỉs PG. Prophylaaỉc methyỉxanthines ỉor 
endotracheal exỉubatỉon io pretcrm isỉants. Avaỉỉable ỉn The Codưane 
Database of Systematỉc Revievvs Issue 12. Chỉdiesten John Wỉley; 2010 
(accessed 03/07/12).

6. Steer p, tí  ai. High dosc cageine dtrate for octubadoa of pretcrm inknts: 
a candomỉsed aontrolled trỉai. Anh Dà Qứỉẳ ỉtía i Ntonatal Sd 2004; 89: 
F499-F503.

7. Henderson-Smart DJ. De Paoỉi AG. Prophyỉactíc methybcamhỉne for 
prevenửon QÍ a{moea ỉn preterm Inỉants. Avaỉỉable in The Cochrane 
Daubase oí Systenutic Reviews; Issue 12. Chicbester iohn WUey; 2010 
(accessed 03/07/12).

8. Schmỉdt B, tí ai. Long-term eữects of catteỉne therapy for apnea ữỉ 
prcmaturtty. N EttỆỈ J  iừ d  2007; 357:1893-1902.

9. Schmỉđt B. đ  ai. CaHeỉne tbr Apnea o i Prematuiỉty (GAP) Thai 
investẳgaton. Suivtval wỉthom dỉsabillty to age 5 yeais aíter neonataỉ 
caữeine therapy ỉor apoea of prematurỉty. JAMA 2012; 307:275-82.

10. Henderson-Smãn DJ, Steer PÃ Caữeỉne versus theophyũine for apnea 
in pretenn ỉnỉants. Avaỉỉable in The Cochrane Database oỉ Systemadc 
Revievvs; Issue I. Chỉchesten John WUey; 2010 (accessed 03/07/12).

11. Natarajan ữ. tí ai. Therapeutỉc drug monitoring for caữeine ỉn pretenn 
neonates: an unnecessary exerdse? Ptdiaừia 2007; 119:936-40.

12. Hascoet J-M. tí ai, Rỉsks and beneAts of therapies íor apnoea in 
premature inỉints. Drug Saptty 2000; 23:363-79.

13. Byal p, tí ai. Amỉnophyllỉne versus doxapram in idiopathic apnea of 
prematurỉty: a doubỉe-bUnd controỉled srudy. Ptdiatria 1985; 75: 709- 
13

14. Peỉỉowsìd A* Hner NN. A blinded. randomked. pUcebo-controỉled trial 
to compare theopbyỉỉine and doxapram for the treatment oi apnea of 
premanuỉty. J  Ptdiatr 1990; 116: 648-53.

15. Henderson-Smait DJ, Steer p. Doxapram venus methyỉxanthỉne for 
apnea ỉn prétcRn iníants. Avaỉlable ỉn The Cochrane Database of 
Sy3tematiC-Reviews: Issue 4. ChỉchesteR John WUey; 2000 (accessed 
19/03/08).

obesity. A 1999-review1 of non-prescripnon vveight loss 
supplements conduded that conưolled studies have not 
shown £at loss in overvreight individuals using caSeine 
vvithout an energy-restricted diet. A later study2 examined 
a herbal combinatíon product, containing amongỉt its 
actìve ingredients cabeine (bom kola nut) and ephedrine 
(bom ephedra), ĨỊ1  the ưeatment of ovenveight and 
obesity without other Uíestyle modi&cations. Some beneũ- 
cial eãects on body-weight were reported aher 12 weeks 
of treatment compared with placebo; however, although 
no serious adverse eữects were seen in the healthy sub- 
jects enrolled in thỉs study, the herbal product used con- 
tained relatively low amounts of active ingredients com- 
pared with preparations used in other similar studies. The 
FDA has since banned the sale oỉ đietary supplements 
containing ephedra as they present an unreasonable risk 
to heaỉth (see Ephedra, p. 1663.1), and concems have 
been raised about potendal additive stimulant eữects of 
preparations containing both caííeine and ephedríne, see 
Sympathomimetícs under Interactions, p. 1206.2.

1. Egger G, aaL  The eHecnveness 0i  populir. non-presaiption rráght lon 
supplements. Med J Aust 1999; 171:604-8.

2. côffey cs, đ a i. A randomỉxed double-blindpiacebỡ-controỉỉeddỉnỉcai 
trial of a product contalnỉng ephedrtne. caReine, and other ingredients 
from herbaỉ sources ỉor treatment of ovenveỉght and obesíty ỉn the 
absence of lỉĩestyie treaunenL Irtt J Oba Relat Metab Disorđ 2004; 28: 
1411-19.

Orthostotic hypotension. Calíeine has be en oi beneSt in 
the treatment oỉ orthostatic hypotension (p. 1634.3) due 
to autonomic íailure in some patients, espeáally for post- 
prandial hypotension.1'5 Hovvever, eữìcacy has only been 
shovvn in mild cases and it is usuaUy ineữectíve ìn severe 
cases.4

1. Onrot J, a  ai. Hemodynamỉc and humoraỉ eSects of cafidne in 
autonocnic taỉhire. A/ Engi J  Meẩ 1985; 313: 549-54.

2. Hoeldtke RD. et ai. Treatment oỉ orthostatíc hypotenslon with 
dỉhydroergotamìne and caSeine. Aĩtĩt Iníem Med 1986; 105: 168-73.

3. Tonkỉn AL Postura! hypotenáon. ỉẩtề J Aust 1995; 162: 436-8.
4. Mathias GJ. Orthostatỉc hypocensìon. Pnscribtn ' J 1995; 35: 124-32.

Pain. Catỉeine has been vvidely used in anaigesic prepara- 
tions to enhance the eỉíects o( both non-opioid and opioid 
analgesics but is oí debatable beneĩit (see under Choice of 
Analgesic p. 4.2). Some investigators have failed to show 
that caííeine offers any benefit1J but others have shown 
that the adjuvant use of caffeine can increase analgesic 
actlvity.1' '  A meta-analysis of 10 studies comparing para- 
cetamol plus caSeine with paracetamol alone in women 
vvith postpartum uterine cramp ỉound any benefit of the 
combination to be minímal.9 A liteiature review10 con- 
duded that there was some evidence that caHeine 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 dirâ- 
ness. Evidence for the eííects of caữeine in other types of 
paln, such as postpartum, postoperative, dental, rheu- 
tnatic, and cancer pain, was incondusive.

In the UK it is generally recommended that calíeine- 
containing analgesic preparadons should not be used not 
only because of doubts about caHeine enhandng the 
andgesic eữect but because it can add to gasơointestỉnal 
adverse eữects and in large doses can itseư cause headache.

Whether caữeine enhances the gasữointestinaỉ absorp- 
don of ergotamine in preparations for the relieỉ oí migraine 
is not dear.

1. Wlnter L. tt ứl. A double-biind. compacative evaluation oỉ 
aceumtnophen. caíEeỉne, and the comblnadõn oi acetaminophen and

caữeine in outpadena wỉth pon-operadve oral suigeiy pain. Cun Ther 
S a  1983; 33: 113-22.

2. Sawynok J. Phaimacological cmũooale for the dinical use of caHeine. 
Dntgi 1995; 49: 37-50.

3. r.<tfa em . a aL CaAdne as an analgesic adjuvanL JAMA 1984; 251: 
1711-18.

4. Hubỉn A, wlnter L  A double-bUnd nndomized study oí an aspỉrin/ 
e.HMne comblnadon veiaua acetuninophen/aapiiin combínatỉon vemư 
acetaminophen versus pbcebo in padents wiih modeiate to severe pon- 
{Mrttun paỉn. J ũ tí Mcd S a  1984; 12: 338-43.

5. Srharhĩet BP, et aL CaSehie as an analgeác adjuvant: a double-bllnd 
study comparing aspừìn wíth caBeine to aspỉrừt and placebo ln padents 
with sore throaL Anh bttem  M ti 1991: 131:733-7.

6. Mĩgllardl JR. tí aL Caữeỉne as an analgeaic adỊuvant in tension headache. 
a w  ekaimaal ĩhtr 1994; 5«; 576-8«.

7. Kiaetsdi HG, etal. Analgesíc eSects oí propyphenazone in comparỉson to 
hs combinatỉon with {~affeine. Eiơ J ơỉrt pharmacol 1996; 49: 377-82.

8. Diener HC tt tL  The Dxed onmhlnation of acetyỉsalicyỉic add. 
patacetamol and catleine ú  more eữecdve than single subsunca and 
dual combinadon ior the ưeannent of headache: 1  multlcemre. 
randnmtrrd. double-bUnd. single-doie. placebo-eonnolled parallel 
group study. CtphaialỊÌã 2005; 25:776-87.

9. zhang WY, u  Wan Po A. Analgesic eíRcacy oí pancetamoi and its 
combỉnation with codeine and catleỉne in nirgical pain—a meta- 
uulyds. J Om Pham Thtr 1996: 21; 261-82.

10. Zhang W-Y. A benefit-rlsk assesament oỉ caSeine as an analgesic 
ad)unnt. ữ niỊ SeỊttt 2001; 24:1127-42.

POST-DURAL PUNCTURE HEADACHE Intravenous caữeine sod- 
ium benzoate may relieve post-dưral puncture headache 
(p. 1983.1) that peisỉsts despite conservative therapy. 
However, the evidence ỉor such use has been questioned.1

1. Halker RB, a  aL Caỉĩcine íor the preventỉũn and treatment ot postdunl 
punctute headache; debunldng the myth. Neurobgát 2007; 13: 323-7.

Psorìasis. The eỉBcacy of a 10% formulatỉon of topical 
caííeine in the treatment of psoriasis has been investigated 
in a group oỉ 39 padents vvith stable plaque psoriasis.1 
Improvements werẽ seen at each 2-week foủow-up stage, 
but the diííerence only became signihcant aỉter 8 vveeks. 
The only adverse eữea noted during the srnđy was mild 
itching, reported by 2 of the caỉĩeine redpients.

1. Vaỉỉ Ketal. Evaiuatỉoa of ỉhe eữỉcacy of lopicaỉ caãeíne in the treatment 
oỉ psoriasỉỉ vtiỉgariỉ. J Dermatai Trtat 2005; 16: 234-7.

Ac/verse Effẹc^, Treaừnent, and Precautions
As fõr Tbeopiiymiit p. 1231.2, p. 1232.3, aiid ip. 1233.1.

Toletance OCC1US rapidly to the stimulating eỉtects oỉ 
caSeine; phyâcal ãgns of withdrawal indudỉng initability, 
restlessness, lethargy, and headache may occur iỉ intake is 
stopped abruptly.
General reíerences.

1. Wills s. Drugs and subsunce mìsuse: caAeỉne. Pharm J 1994; 252:822-4.
2. Frcdholin BB. et al. Acticms oỉ caữdne in the brain with spedaỉ reỉerence 

to íactors that contribute to its widespread use. Pharmaeoi Rtv Ỉ999; 51: 
83-133.

Breast íeeding. The American Academy of Pediatrics' 
States that caữeine is excreted slovvly by the iníant and 
may be assodated with ừritability and poor sleeping pat- 
tem when ingested by breast-ỉeeding mothers. However, 
no eữects occur with moderate intake of caííeinated bev- 
erages (2 or 3 cups daily) and caHeine is usually compati- 
ble with breast íeeding. Furthermore, a prospecdve cohort 
study of over 800 iníants sbowed no signiScant conse- 
quences of matemal caữeine consumption on sleep pat- 
tẽms at the age of 3 monthỉ, even in those whose mõthers 
consumed >300mg daily during pregnancy and while 
breast íeeding.2

Studies examining the ơansíer of caữeine into breast 
milk after oral doses of 35 to 336 mg of caHeine have 
recorded peak matemal plasma concentraúons of 2.4 to 
4.7 micrograms/mL, peak matemal saliva concenưations oỉ 
1.2 to 9.2 micrograms/mL, and peak breast-milk concentra- 
tíons of 1.4 to 7.2 micrograms/mL. At these concentrations 
in breast milk, the calculated daily calíeine ingestion by 
breast-íed iníants ranged bom 1.3 to 3.1 mg, which was not 
thought to present a hazard, although irrítabỉlity and a poor 
sleeping pattem were reported.*"*

1. American Academy of Pedỉatrìcs. The transỉer oí drugs and other 
chemỉcalỉ into human milk. Pedừurừs 2001; 108:776-89. {Retired May 
2010] Correctỉon. ibư.: 1029. Aỉso available at: http://aappoHcy. 
aappubỉỉcatỉons.org/cgỉ/comem/ỉuU/pedỉaưỉcs%3bỉ08/3/776 (accessed 
19/03/08)

2. Santos ts. tt ai. Matemai caữtíne consumption and inỉant nỉghttime 
vvaỉdng: prospectỉve cohort study. Ptdiatĩta 2012; 129: 860-8.

3. Tyrala HE. Dodson WB- Caữáne secreúon into brcasi míUc. Anh Dừ ơtild  
1979; 54: 787-800.

4. Hỉỉdebranđt R, rt a l Transíer oi aữ cinc  to breast mỉỉk. Br J d in  
Pharmaeol 1983; 15: 612P.

5. Sagraves R, a  a i PhâRnacokinetícs of caũeine in human breast miỉk 
aíter a sỉngỉe oraỉ dose oí caữdne. Drug Ịnteữ ơ àỉ Pharm 1984; 18: 507.

6. Beriin CMe et ai. Dỉsposỉdon of dỉeury caữeỉne ỉn nùlke saỉhra. and 
pỉasma oí ỉactadng women. Pediatria 1984; 73: 59-63.

Sỉeds on the cardiovoscular System. An increased caff- 
eine intake has be en assoóated with an increase in day- 
time blood pressure.1 The study, in 82 healthy, normoten- 
sive adolescents, suggested that caHeine use may be a 
íactor contributing to essential hypertension in young peo- 
ple.

High dose caữeine (25mg/kg) used as a loading dose in 
the prevention and treatment of neonatal apnoea (see 
p. 1204.3) resuited in a marked reductíon oỉ cerebral and

mtestìnal blood flow velodty in preterm iníants;2 no 
changes vvere noted in left ventrìcular output, blood 
pressure, or heait ra te. The authors attributed the eỉfect on 
blood flow velotíty to vasoconstriction, and suggested a 
smaller caheine loading dose, repeated severaỉ houis later. A 
later study, also in preterm iníants, which examined the 
eữea oí a divided loading dose oí caỉíeine (12.5 mg/kg 
repeated after 4 hours), fõund that cerebral blood Ỗow 
velodty was decreased aíter the second dose; intestlnal 
blood flow velodty and left ventricular output remained 
unchanged.3 The aúthots conduded that the 20% reduction 
in cerebral blood flow velodty seen was probably not 
meaninghil íor iníants with adequate cerebral oxygen 
supply; however, an iníànt's ability to respond to 
hypoxaemia by vasodilatadon may be compromised.

For a discusãon of the eỉíects oí caãeine-containing 
beverages on cardiovascular rlsk ỉactors, see p. 2648.3.

1. Savoca MR. tí aL Acodarion d  ambulatory blood pressure and dỉetary 
caRdne in adokscents. Am J Bypertaa 2005; 18:116-20.

2. Hoecker G a  aL Calĩrtne impàỉn cerebral and ỉntesdnai bỉood ũow 
vciodty ỉn preterm iníảnts. Pediaaia 2002; 109:784-7.

3. Hoecker c  et aL ESècts of a dỉvlded hỉgh ỉoađing dose oí caCeine on 
drculatory variabỉes in prexenh inỉants. Anh Dừ ơtũd Petaỉ Neonatal Eắ 
2006; 91: P61-P64.

ã ĩed s  on mentd íundion. The eữects oi eaổeine on 
sleep, induding its potential to cause sleep disturbances 
and excesãve daytime sleepiness, have been reviewed.1-2

1. James JE  Keahe MA. Caữeỉne. sỉeep and vvakeỉiỉỉness ỉmpỉỉcatíons of 
new understandlng aboux wỉthdrawaỉ reversaL Hum Psyẽhơpharmaeol 
2007; 22: 549-58.

2. Roehn T. Roth T. Caỉỉeúie: sỉeep and daytime deepiness. Sieep Med Rev 
2008; 12: 153-62.

Headache. The assodation oỉ caííeine with headache has 
been reviewed.1 Headache is a recognỉsed symptom of 
caữeine withdrawal and even subjects who drink moder- 
ate amounts of coSee can develop headaches lasting 1 to 6 
days when switched to a decaSeínated brand.2 It has also 
been suggested that postoperative headache could be 
attributed to caãeine withdrawal as fasdng patients are 
requữed to abstain bom drinking tea or coữee beỉore sur- 
gical procedures. Several studies1'5 have ỉound a poátỉve 
assodation between postoperadve headache and daily 
caHeine consumption. although there have also been 
negatìve Bndings.4 A prospective study suggested that a 
prophylactìc intravenous dose of caỉíeine on the day oi 
surgery reduced the likelihood of postoperatíve headache 
in patients at risk of cabeine withdrawaL7

In a case-control study,8 investigatmg the possible 
assodatìon of dietary and medidnal caííeine use with 
chronic daily headache (CDH), caữeine vvas íound to be a 
modest risk íactor for CDH onset, regardless oỉ headache 
type. Patíents suííering bom CDH were more likely overall 
to have been high caữeine consumers beíore the onset of 
CDH; no assodatíon was íound wlth current caífeine 
consumptíon.

ỉ . Shapiro RE. Caỉỉeine and headaches. Curr Pain Headacht p£p 2008; 12: 
311-5.

2. van Dussddorp M. Kaian MB. Headache catised by cađeỉne wíthdrawal 
among modèrate coffee drỉnkers nvitched írom ordỉnary to 
decaữeỉnated coQec: a 12 week double bỉind triaL BMJ 1990; 300: 
1558-9.

3. Gaiỉetỉy DC tí ai. Does caữdne wỉthdrawaỉ contribute to postanaesthetic 
morbídlty? Lanat 1989; Ỉỉ 1335.

4. Weber JG, tí ai. Perioperatíve ingestíon of caữeine and postoperatỉve 
headache. Mítỵo ơ iỉt Proc 1993; 68: 842-5.

5. Nĩkolajsen L.tía ỉ. Eflect of previous hequency of headache, duratìon of 
ỉistỉng and atỉeine abstỉnence on perioperadve headache. Br J Am ath 
1994; 72: 295-7.

6. Verhoctt FH. MỈUar JM. Does caỉĩdne oontribute to postoperatíve 
morbidity? Lanat 1990; 336:632.

7. Weber JG. tí ai. Prophylactic inưavenous administratỉon of caíĩeine and 
recovery aher ambulatory surgical procedures. Mavc Om Proe 1997; 72: 
621-6.

8. Scher Aỉ. tí ai. Caf(eine as a risk ỉaaor lor chronic dalỉy headache: a 
populacion-based study. Neurology 2004; 63: 2022-7.

Overdosage. Reports and reviews of caSeine toxidty.
1. 21mmerman PM, tí ai. Caỉíeioe ỉncoxỉcation: a near ỉaulity. A m  Bmerg 

Mtd 1985; 14: 1227-9.
2. Dalvỉ RR. Acute and chronic toxỉdty of atâeine: a review. Vet Hum 

Toxừoi 1986: 28: 144-50.
3. Rỉvenes SM. tí  aL Intentỉonal caíítine poỉsonỉng ỉn an ỉnbnL Pedừttrùs 

1997;99:736-8.
4. Anderson BJ, tí ai. Caíĩeine overdose in a premature inỉant: dỉnỉcaỉ 

course and pharmacokỉnetỉcs. Anaesth intem ivt Can 1999; 27: 307-11.
5. Ergenekon & tí  tứ. CaSeine intoxicadon in a premature neonate. 

Paedùưr Anatstk 2001; 11; 737-9
6. Hoỉsiege CP, tí a i Massỉve caữeine overdose requỉring vasopressin 

ỉnỉuỉion and hemòdỉaiysis. J Toxicoi Qin Taxứoi 2003; 41: 1003-7.
7. de WỊjkersỉooth LRH, tí  aỉ. Uỉe-threatenỉng hypokalaemia and lacute 

accurauladon after autoỉntoxỉatỉon wỉth sũcker X a 'powerful 
sUmming a ^ n t'. BrJƠÌH Ptỉarmacot 2008; 66: 728-31.

Porphyria. The Drug Database for Acute Porphyria.-com- 
piled by the Norvvegian Porphyiia Centte (NAPOS) and 
the Porphyria Centre Sweden, dassibes caííeine as prob- 
ably not porphyrinogenic it may be used as a drug oỉ first 
choice and no precautìons are needed.1

1. The Drug Database for Acute Porphyria. Available af htrp://www. 
drags-porphyrla.org (aaened 02/11/11)
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Pregnancy. Studies oỉ matemal caíleine intake on 
pregnancy outcomes have had mixed results. Although 
some. prospective studies have íound that matemal cafl- 
dne ỉntake was assodated with redưced fetal growth,IJ 
another study did not support this condusion,3 and a 
moderate reduction in caữeine intake in the second haU oỉ 
pregnancy was reported to have no eữect on birth-vvdght 
or length of gestation.4 Sinúlarly, coníllctlng rcsults have 
been reported ỉor the eỉlect of caổeine on miscarriage5'4 
and the lỉsk of sudden iníant death syndrome.’-10 A rèport 
evaluating the reproductỉve eữects oỉ caổdne ỉor the Food 
Standards Agency in the UK,11 conduded that matemal 
caổeine ỉntake during pregnancy is assodated with an 
increased risk oỉ fetal growth restriction. It seemed likely 
that the lisk was increased with a caffeine intake oỉ about 
200 mg daily, but a lower threshold below which theie 
was no increase in lisk was not identiãed. It was also not 
possible to ascertain causality, although it was considered 
prudent to assume this. Although the literature suggested 
a positive assodation between caỉleine intake and miscar- 
riage, limitations in study design did not aUow a finn con- 
duston to be dravvn and data on other adverse effects su ch 
as preterm birth ãnd congenital malỉormations were also 
incondusive.

1. Cook DG. tí ai. ReUtỉoo oí oíícine ìntake and blood caữeine 
concenưacionỉ during prcgnancy to íetal grovrth: prospective 
populatỉon based study" BMJ 1996; 313: I358-62~

2. CARE Study Group, Matemal caữeỉne ỉntake durỉng pregnancy and rỉsk 
of ỉetal grówth resữỉctỉon: » large prospecdve observatíonal siudy. 
Abridged versianỉ BMJ 2008; 337: 1334-8. PuH venion: http://www. 
bmj.com/cgi/reprint/337/nov03_2/a2332 (accessed 25/08/09)

3. Cỉausson B ,a  đL Eữect of CBÍỈdne exposure durlng pregnancy on birth 
wảght and gestatỉonaỉ age. Am J Epidemioi 2002; 155:429-36.

4. Bech BH. tí ai. Effect of redudng caffdne ìntake on binh vveight and 
ỉength of gestatíon: randomised conưoNed trial. Abridged veróon: BMJ 
2007; 334: 409. PuU veràon: hrtp://www.braj.cora/cgí/rcprinƯ334/ 
7590/409 (accessed 25/08/09)

5. Mills JL  tí ai. Moderate caíTeme use and the risk oỉ sponuncous 
abortỉon and intrautexỉne growth retardation. JAMA 1993; 269: 593-7.

6. Kỉebanoữ MA, tí ũL Matemai serura paraxanthine, a caữeine 
metaboỉỉte, and the TỈsk of spootaneous abórtỉon. N Engl J Med 1999; 
341: 1639-44.

7. Inỉante-Rỉvard c  tí ai. Fetaỉ loss assoáated with caỉỉeỉne intake beíore 
and đuiỉng pregnancy. JAMA 1993; 270: 2940-3.

8. Cnartínghis s, tí ai. CaHeine intake and the rỉsk of Qm-trimester 
spontaneous abortíon. N Engi JM ed 2000; 343: 1839-45.

9. pọrd RPK, tí aL Heavy caffeine intake ỉn pregnancy and sudden iníam 
death syndrome. Arch Dã ơìíld  1998; 78: 9-13.

10. Aỉm B, tí aỉ. Caổàne and aỉcohữỉ as risk faaors for sudden ỉnỉant death 
syndrome. Arch Dừ ƠÔU 1999; 8 1 :107-ỉ 1.

11. Committee on Toxỉdty ai Cbemicaỉs ỉn Pood, Consumer Products and 
.the Hnvỉronmcnt. Staiement (XI the rcproductive eữects of caQeine. 
Avaỉlabỉe at* http://cotJood.gov.uk/pdis/co tsuteraemcafĩeine200804. 
pdf (accessed 25/08/09)

Interactions
Like theophyllỉne (see p. 1233.3) caữeine 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 dearance.

3. Bamea G, etaL PhunucoUnetic dcterminatkMi oi rebtive potency of 
quinotone inhỉbỉtỉan oí caỉtánc disposhton. Bur J ơ itĩ toanucoi 1990; 
39: 63-9.

4. Healy DP, rt aỉ. Lack of ỉnteraction bctvveen loroeSaxKỉn and oỉíeine in 
noraMl Tohinuers. Antimkrob Agtnữ ơìcmothcT 1991; 35: 66(3-4.

Arrtidepressants. Fluvoxainine has been reported to sig- 
nihcantly reduce the dearance and prolong the elimlna- 
tion haU-ltfe oỉ caỡeine.1 The dinical impoitance oỉ this 
Lnteraction, attributed to inhibition oí cytodnome P4Ỉ0 
isoenzyme CYP1A2 by ũuvoxaxnine. is unlmnwn.

1. Culm-Mcrdek KE. a  aL Pluvaxuniae impain dngle^line caKdne 
deuance vrbhout altetlng caíĩcínc pharmacodynamics. Br J ơin  
pkarmaat 2005; 60: 486-93.

Antiepileplics. The mean dearance oí caheine was 
inaeased and its haư-liỉe decreased in epileptic patients 
taking phtnytoin compated with healthy Controls, resulting 
in lovver plasma-caffeine concentrations. Treatment vtnth 
carbamazepine or valproic aãd had no eữect on the pharma- 
cokinetics of caSeine.1

1. WJcthoỉtz H.t í  ai. Bíỉects of phenytoin. carbamaxeỊxne, and yaỉproic acid 
on caỉĩeỉne metabolỉsni. Eur J ơìn Pharmaai 1989; 36: 401-6.

Antífungals. In a single-dose study in healthy subịects, ter- 
bittứpne 500 mg by mouth decreased the dearance and 
increaseđ the elũnination haU-liíe of caữeine 3 mg/kg 
given intravenously. Ketoanuaoỉe 400 mg by mouth did not 
prolong the elimination oí caỉĩeine to a signiScant extern.1

I. WahU8nder A. Paumgartner G. Eííect of ketoconaxole and ierbinafìne 
on the pharmacoidnetỉcs of caữeỉne in heaỉthy voỉunteers. Eur J ơin  
Pharmaai 1989; 37: 279-83.

Antigout drugs. In a study in 2 healthy subịects, the 
piasma halí-lde of calỉeine was essentially unchanged by 7 
days of oral treatment tvith allopurinol 300 mg or 600 mg 
daily. However, aUopurinol caused a speđlìc, dose-depen- 
dent inhibỉtion of the conversion of 1-methylxanthine to 
1-methyluric add.1
1. Grant DM. t í  a i EHect oí aỉỉopurínol on caffeine dỉsposition ỉn man. Br J 

ơ in  Pharmaeoỉ 1986; 21: 454-8.

Gastrointestinal drugs. Oral àmetidini 1 g daily reduced 
the systemic dearance oỉ caheine and prolonged its elimi- 
nation halỉ-iưe in 5 bealthy subjects. Although the steady- 
state plasma-caỉfeine concenưatìon would ỉncrease by 
about 70%. it vvas thought unlikely that this would pro- 
duce adveise dinical eílects.’ However, in contrast a study 
in 11 children given dmetidine in doses of 11 to 36 mg/kg 
daily íor gastritis íound no evidence that it altered the 
metabolism of a dose oí ,}C-labeUed caỉỉeine.2

1. Broughton Lỉ. Rogers HJ. Decreased systemỉc deannce of caữeine due 
to dmetidine. B rJ Clirt Pharmacoí 1981; 12:155-9.

2. Parker AC tí ai. Lack oí inhibitory eữea oí ámetidỉne on caâeỉne 
metaboỉism in children using the caAeỉne breath itsL Br J ơ in  Pharmaeol 
1997;43:467-70.

lithhim. For mentíon of the effect of caữeìne on serum- 
lithitun concenưatíons. see Xanthines, p. 432.3.

Reviews.
1. CanỉDo JA, Benìtex J. CỉỉnicaBy sỉgnỉữcant phannacokinetỉc interactỉons 

bcmccD (hetary caSeine and medìcatỉons. Qin ĩharmacotóntí 2000; 39; 
127-53.

AlcohoL In a stuđy oỉ 8 healthy subjects given an oral 
dose of alcohol of 2.2mL/kg, caữeine 150mg by mouth 
đid úot antagonise the Central eỉỉects of alcohol and, 
instead, a synergistic interaction occuired vvhìch ỉurther 
increased reaction áme. The common practice of drinking 
coữee aíter drinkmg alcohol in order to sober up is not 
supported by these results.1 Another study2 ỉound that 
some antagonism oỉ the Central eílects of alcohol was pro- 
duced by caữeine, although there was no reversal oi sub- 
jective sensations of drunkenness; however the dose oi 
caỉfeine in this study (400 mg) vvas considerably higher.

1. Oboxne DJ, Rogers Y. Interactkms of alcohữi and caữeỉne on human 
reactkm tỉme. Aviứi Spaa Bttvừm Meắ 1983; 54: 528-34.

2. Azcona O' tí aL EraluatioĐ oỉ the Central eữects of aỉcohoỉ and caãeíne 
intenctían. Br ĩ  ơ ủi Pharmaal 1995; 40: 393-400.

Aniiorrhylhmics. In 7 healthy subjects and 5 patients vvith 
cardiac arrhythmias, maálttirư in a singỉe dose oỉ 200 mg 
and a dose of 600 mg daily respectively, reduced the elimi- 
natíon oi caữeme by 30 to 50%.1 Lidocaừư, Ịlecainide, and 
tocaimdi had no eữed on caãeine elimination in healthy 
subjects.‘

1. Joeres R, Rỉchter E. MexOetine and caEeine diminatỉon. N EitỊl 1 Mcà 
1987:317: 117.

Antibadarids. Caííeme elimination halỉ-Uỉe has been 
reported to be inaeased and dearance decreased when 
given with ãprvfhxaàn,l'ì e n o x a à n and ptpemúUc aád,XÌ 
whereas lomefloxaán,* norỊloxaán,iJ  and o/Ioraán2-3 had lit- 
tle or no eSect on these parameters. Enoxadn had the 
greatest inhibitory eBect on ca£feine dearance.2-3

ỉ .  Heaỉy DP, tí ai. InteractioĐ betiveen a n l dproíloxadn and cagHng ỉu 
normal voỉunieers. AMimiơob Agents ơưmoúưr 1989; 33: 474-8.

2. Harder s, tí aL Ciprofloxadn<aflcme: a drug ỉmeraccỉon establỉshed 
nõng iu vỉvo and in vitro invesdgations. Am J Med 1989; 87 (suppl 5A); 
89-91S

Melhoxsalen. Singỉe oral doses oỉ 1.2mg/kg methoxsalen 
have reduced the dearance oỉ caSeine in padents with 
psoriasis,1-2 consistent with a cytochrome P450 isoenzyme 
CYPlA2-dependent inhibinon oỉ caữeine demethylation.2

1. Mays DC, tí ai. Methoxsaỉen is a potent inhỉbỉtor oi the metabolism oí 
caíỉeỉne ỉn humans. ơirt Pharmacol Ther 1987; 42: 621-6.

2. Bendrỉss E3C, et ai. Inhibiỉion oỉ caỉỉeỉne metaboỉỉsm by 5* 
methoxypsoraỉen ỉn patỉents vvith psoriasù- Br J ơ ỉn  Pharmanl 1996; 
41: 421-4.

Sex hormones. The dearance oỉ caffeine has been 
repoTted to be teđuced and itỉ elimination halỉ-life 
increased in women taking oral amtractptìva.'*3 This inter- 
action was thought to be due to impainnent oí hepatic 
metabolism oí caữeine by sex hormones and could result 
in increased accumulation of caSeine. Similar results have 
been reporteđ4 in a study oi postmenopausal women 
given oestrogens for hormone replaamenl therapy and caff- 
óne.

1. Patwardhan RV. tí ai. Impaired eỉiminatíon oỉ faff«np by oral 
Cữntncepdve steroids. J Lab ơhĩ Med 1980; 95: 603-8.

2. Abemethy DR, Todd EL. ỉmpaỉrment oí caBeine deannce by chronic 
use oỉ low-dose oesưogen-coniaming onỉ connceptives. Eur J ơin  
pharmacoỉ 1985; 28: 425-8.

3. Baỉogh K  tí al. InBuence oi ethỉnyỉestrađỉoỉ-contamỉng combinatỉon 
o n ỉ contracepdves with gestodene or levonoĩgcsưei oo caữeíne 
eỉỉmỉoatíon. S u rJ Qin Pkarmaaỉ 1995; 48:161-6.

4. PoUodt BG, tí al. ỉnhỉbitíon oí crôeỉne metaboỉỉsm by estrogen 
replacement therapy in posunenopausaỉ women. J Qin Pharmaai 1999; 
39: 936-40.

SympaihomimeHcs. Use oi caữeine 400 mg with phenyl- 
propanolamme 75 mg. both gi ven orally as modihed-release 
preparations. produced greater plasma-caffeine concentra- 
tíons in heaỉthy subjects than caffdne alone. Greater 
increases in bỉood pressure and more reports of physical 
adverse eữects occurred after the combination than aíter 
either drug alone.1

Giving caHeine with ephedrine has been reported to 
produce signiBcant cardiovascular, metabolic, and hormo- 
nal responses, induding íncreased systolic blood pressure

and heart rate, and raỉsed íasting glucose and insulin.2 The se 
enhanced eữects appear to be the result oỉ a pharmacoo y- 
namic rather than a pharmacokinetic interaction, and led 10 
the issue of a waming by Health Canada in 2006 not to lỉ ;e 
weight loss Products containỉng both caỉỉeine and 
ephedrine, since the combination had caused report :d 
adverse eữects ranging from dizãness, ưemors, headadns, 
and ũregulanties in heart rate to seứures, psychosis, heỉrt 
attadcs, and stroke.3 Those particulariy at risk indu le 
individuals suữering from ischaemic heart dỉsease, hyper- 
tension, and diabetes.2-3

1. Lake CR, tí aL PhenylpropBnoUmlne ỉncreeses plasma caíĩdne levr ỉs. 
ơm  Pharmacoi Thtr 1990; 47: 675-85.

2. HaỉlerCA, er«/. Enhinced stỉmuUnt and metabolỉc eSeas of cornbỉi: eđ 
ephediỉne and caữeỉne. ơ in  Pharmaaỉ Ther 2004; 75: 259-73.

3. Health Canada. Health Canada advises consumers not to use weight l  <ss 
produco containỉng ephedrine and caHeỉne (issued 23rd May 200 »)- 
Avaũabỉe ac hnp://www.hc-scgcca/ahc-asc/mc(fia/ad>isones-avi /_ 
2006/2006.33-eng.php (accessed 09/07/08)

TheophyBine. For the efỉea oi caHeine on the metabolisTi 
and elũnination of theophylline, see p. 1235.3.

Pharmacokinetics
Caffeine is absorbed readily after oraỉ doses and is wide y 
distributed throughout the body. It is also absorbed throuị h 
the skin. Absorptíon vvhen given rectally by supposito y 
may be slow and erratic. Absorption after intramusCTil ir 
injection may be sIower than aíter oral doses. Caííeìr e 
passes readily into the CNS and into salìva; low 
concentrations are also present in breast milk. CaHeir e 
crosses the placenta.

In adults, caíleine is metabolised almost completely n 
the liver Via oxidation, demethylatíon. and acetylation. ar d 
is excreted in the urine as 1-methyluric acid, 
methylxanthine, 7-methylxanthine, 1,7-dimethylxanthữ e 
(paraxanthine), 5-acetylamino-6-formylamíno-3-methv- 
luracil (AFMU), and other metabolites vvith only about 
1% unchanged. Hepatic cytochrome P450 isoenzyn e 
CYP1A2 ìs involved in caỉỉeine enzymatic metabolisn. 
Neonates have a greatly reduced capadty to metabolise 
caữeine, due to theữ 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 halỉ-Iives are about 3 to 7 hours in adults 
but may be about 3 to 4 days in neonates.

Metabolism and excretion. The metabolism oí ca&eine 
has been shown to be dose dependent1-2 vvith dearance 
decreasing as the dose is increased suggesting saturable 
metabolism. Four- to Bveỉold diSeTences in plasma hal - 
lives of caữeine are common among healthy people. The 
plasma halỉ-liỉe oí caỉỉeme is dẹcreased by smoking3 and 
by exerdse,4 and is increased by liver disease su ch as drrb- 
osis and viral hepatitis,5-5 and in pregnancy.3 The plasma 
halí-Uíe of caffeine is not aữeded by old age6 or obesity.7 
Drug interactions also aỉlea the pharmacokinetics ol caff- 
eine (see above).

1. Cheng wsc tí aL Dose-dependent pharmaookinetio of caữeỉne in 
bumans: relevance as a test oỉ quanthatíve Irver hmction. ơ ỉn  Pharmacoỉ 
Ther 1990; 47: 516-24.

2. Denarữ CP.aaL Dose-dependency oỉ caữeine meiaboỉỉsm with repeatcd 
dosing. am  Pharmacoi Tĩưr 1990; 48: 277-85.

3. Kalow w. Varìabiỉity of c&Heine metaboiỉsm in humans. ArĩrKÌmìữe!- 
Ịbnckung 1985; 35: 319-24.

4. Collomp K, tí al. Eữects of moderate exerdse on the pharmacokínetics of 
caHeỉne. Eur J ơm  Pharmacol 1991; 40:279-82.

5. S c o tt N R , et ttl. T h e  p h a n n a c o k ỉn e t i c s  o í  c a ữ e in e  a n d  ỉts  
dimethylxamhine metabolỉtes in patíents wỉtb chronỉc Hver dỉsease. Br 
J  ơ ãĩ Pkarmaai 1989:27:205-13.

6. Bỉanchard J, Sawers SJA. Comparatỉve phaimacoklnetỉcs of caữeine in 
young and eỉderỉy men. J PhartTuưDkmet Biopharm 1983; 11: 109-26.

7. Abemethy DR, tí ai. CaHeỉne dỉsposỉtỉan ỉn obesity. Br J ơm  Pharmacol 
1985; 20: 61-6.

Preparations
Propmtary Preparations (details are given in Volume B)
Singểe ingredient Preparotions. Arg.: Guaranaỷ; Percutaỉeine; 
AuăraL: Caữiea; No Dos Austria: CoMekapton; CatuuL: Alert 
Aidt; Pep-Badc Wake Ups; Water Joef; Qtũe: Ịaquedryt Per- 
cutaíeine; Ckùut. Kang Yu Deng Tong Cz.: Kine-
dryl; Pcyona; Pin.-. Cofl-Tabsf; Fr.: Lipofeine; Percutaíeine; Gr.; 
Caítít; Peyona; Indon.: Panadol Extra; ỉrL: Peyona; Pro-Plust; 
Neth.-. Peyona; PoL: Kolext; Peyona; PorL: Peyona; Rus.: Vaso- 
bral (B*3o6pan); Spain: Durvitan; Peyona; UK: Peyona; Pro- 
Plus; Ukr.-. Ceíecon N (UeệexoB H); Glycodín (nnKOABH)-h USA: 
Caltít Caííedrine; Eneijets; Keep Alert; LuddeX' NoDos Stay 
Alert; Vỉvaĩin.
MubHngradient Preparotìons. Numerous preparatìons are listed 
in Volume B.
Pliunnocupoeiol Praporatiom
BP 2014: Aspirin and CaHeine Tablets; Caãeine Citrate Injection: 
Caffdne Citrate Oral Solution; Paracetamol and CaBeine Tablets; 
ParacttamoL Codeine Phosphate and CaSeine Capsules; Para- 
cetamol Codeine Phosphate and Caífdne Tablets; Soluble 
Paracetamol and CaSeine Tablets;
USP 36: Acetaminophen and CaSeine Tablets; Acetaminophen. 
Aspirin, and CaBeine Tablets; Butalbital. Acetaminophen. and

All CTOSs-reíerences reler to enữies in Volume A
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Caíkine Capsules; Butalbital. Acetaminopben, and CaHeine 
Tablets; Butalbital Aspirin, and CaStíne Capsules; ButalbitaL 
Aspirin, and Caữeine Tablets; Butalbital, Aspirin. Caiíeine, and 
Codeine Phosphate Capsules: CaSóne and Sodium Benaoate 
Injectíon; CaSeine Cittate Irýecáon; Caỉteine Citrate Oral 
Solutíon; Ergotamine Tartrate and Caãeine Suppositorìes; 
Ergotamine Tartrate and CaSeine Tablets; Oiphenadrine Citrate, 
Aspirio, and CaHeine Tablets; Propoxyphene Hydrochloride. 
Aspirin, and CaSeine Capsules.

Carmoterol IHNNI ®
Carmotérol; Carmoterofum; CHF-4226; Quinoterol; TA-2005; 
KapMÒTepon. ■
8-Hyđfoxy-5-((1 f?)-1-hydroxy-2-{I(1 /?)-2-{4-methoxyphenyD- 
í-m€thyleứiyi]amino(éthyf)quinolin-2(l H)-one. 
Cj,hì ;n a -368.4 ;;. -
ÕỊs — ỉ47568-66-9.
Um—981ỌNUL4D1.

Protilẹ
Carmotcrol ũ  a beta2 agonist under investigation in asthma 
and chronic obstructìve pulmonary disease.

choline TheophyHinate ỊBAN, riNNì
ớróline, Théophylllnate de; Choliní Thepphỹllinas; Koliini- 
tedyilinaatd; Itìintèd^ỊỊinat OxơiAlina; oirtnphylline; Teo- 
tínato đe colina; Teõfiỉinato de colina; Theophylline 
Choỉlnate; Xa/iMHa Teo<l>M/iflMHaT.
CI2H31NA=283.3 
CAS —  4499-40-5.
ATC — R03DA02.
A K  Vet —  QR03DAQ2.
UNII —  3K04SXR58X.

Phanmacopoeias. In Br„ Chín., and us.
BP 2014: (Choline Theophyũinate). A white crystalline 
powder, odouriess or with a ỉaint amine-like odour. It 
contains between 41.9% and 43.6% of choline and between 
61.7% and 6S.Ỉ% of theophylline, each calculated with 
reíerence to the dried substance. Very soluble in waten 
soluble in alcohol; very slightly soluble in chioroíonn and in 
ether. Store at a temperature not exceeding 25 degrees. 
Protect from Iight.
USP 36: (OxtriphyUine). A white crystalline povvder, having 
an anũne-like odour. It contains not Iess than 61.7% and 
not more than 65.5% of anhydrous theophylline. Soluble 1 
in 1 of waten ừeely soluble in alcohol; very slightly soluble 
in chloroíorm. A 1 % solution in water has a pH oí about 
10.3. Store in airtight containers.

PrọẠVe
Choline theophyllinate is a theophylline salt that liberates 
theophyQỉne (p. 1229.3) in the body; choline theophyllin- 
ate 1.57 mg is equivalent in theophylline content to about 
1 mg oỉ anhydrous theophylline. It is used as a 
bronchodilator íor reversible airvtrays obstruction. The 
usual initial oral dose for adults iỉ 800 mg daily, in 4 divided 
doses. The daily dose should be adjusted according to 
clinical response and serum-theophylỉine concentrations 
(see Uses and Administratíon oỉ Theophylline, p. 1229.3). 
For details of doses in children see Administration in 
children, below.

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

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenơe (NAPOS) and 
the Porphyria Centre Svveden, classiăes choline theo- 
phyllinate aỉ probably porphyrinogenic; it should be pre- 
scribed onỉy for compeìling reasons and precautions 
should be considered in all patíents.1

I. The Dmg Daubese im  Acute PmphyrU. Availibỉe au http://www. 
drugs-porphyria.org (accessed 17/10/11)

Preparations
Propõntary Preparations (detaỉls are given in Volume B)
Singlt  ingrtCant Preporations. AustraL: Brondecon Elũúrt; 
CatuuL: Choledyb Gr.: CholedyL' SwetL: Teovent.
Muhi ingradient Preporotiom. AustraL: Brondecon Expect- 
orantỷ; Canad.: Choledyl Expectorant; Indũr. Airomol; Alkar- 
ex-PD; Efelln-PD; NZ: Broncellxt; Brondeconf.
Phormacopoeid Preparations
BP 2014: Choline Theophyllinate Tablets;
USP 36: Oxtriphylline Delayed-rclease Tablets; Oxtriphylline

Extended-release Tablets; Oxtriphylllne Oral Soludon; Oxtri- 
phylllne Tablets.

clenbuterol Hydrochloride (BANM, riNNMi ®
ơenbutérol, Chlorhydrate de; ơenbutèrpi, hidrodomro de; 
ClenbuterolhydrocMò/íđ; Clenbútẹróli hydrochloridum; 
Hĩdrocloruro dẹ denbuterot; KỊèiịbutéroí hydrõchlòrid; 
Klenbuterol-hidroklorid; Klenbuterdlíiydroklorid; Klenbuter- 
olihydrokloridi; Klenbuterolio hidrochloridạs; NAB-365 
(denbuterol); KneHốyrepona rnflpoxnopnfl. ‘ h
1-{4-Amino-3,5-dichlorophenyl)-2-Krr-butylaminoethanol 
hydrochloride.
C,2H18CI2N20,HCI=313£ ^
CAS — 37148-27-9 (clenbuterol); 21898-19-1 (cỉenbuterol 
hydrochláride). . í  ■ -
ÁĩC — R03AC14; RD3CC13.
ẠĨC Vet — QR03ẠC14; QRQ3CCI3.
,UNH — GOFịs747GWU. - > V
Street rrames. The íollovving tenns have been used as 'sơeet 
names' (see p. vii) or slang names for various torms oỉ 
denbuterol:

Angel Dust; Clen.
Pharmocopoeias. In Chới, and Eur. (see p. vii).
In us for veterinary use only.
Ph. Eur. 8: (Clenbuterol Hydrochlorỉde). A white or almost 
white aystalline powder. Soluble in water and in aỉcohol; 
slightly soluble in acetone. A 5% solutíon in tvater has a pH 
of 5.0 to 7.0.
USP 36: (Clenbuterol Hydrochloride). A white or almost 
vvhite, crystalline powder. Soluble in vvater and in alcohol; 
slightly soluble in acetone. A 5% solutỉon in water has a pH 
of 5.0 to 7.0. Protect bom lỉght.

Proỉile
Clenbuterol hydrochloride is a direct-acting sympathomi- 
metic vvith mainly bcta-adreneigic activity and a selective 
action on beta2 receptors (a beta2 agonist). It has properties 
similar to those oí saỉbutamol (p. 1220.2). It is used as a 
bronchodílator in the management oi reversible airvrays 
obstrucdon. as in asthma (p. 1195.2) and in certain patíents 
with chronic obstructive pulmonary disease (p. 1199.1). A 
usual oral dose is 20micrograms twice daily. Clenbuterol 
hydrochloride has also been given by inhalation. In patients 
with asthma, as-required beta agonỉst therapy is preíerable 
to regular use. An increased need ỉor, or decreased duration 
of eữect of, denbuterol indicates deterioration of asthma 
control and the need for revievv of therapy.

Abuse. Clenbuterol has been used illiddy in anỉmal teeds 
in an attempt to promote weight gain and to increase 
musde to lipid mass. Adveise eữects typical of sympatho- 
mimetic activity have been attributed to such misuse both 
in (armers peipetrating such acts1 and in innocent persons 
consuming meat Products ỉrom affected animals.2'5 Clen- 
buterol has been abused by sportsmen ỉor its anabolic 
eSects,6 although it is doubtíul as to whether it enhances 
petỉormance.7 Myocardial iníarctíon was described in an 
othenvise healthy 17-year-old bodybuilder after abuse of 
denbuterol.* Coronarỹ artery spasm and/or temporary 
thrombosis were suggested as possible explanations íor 
this adverse eKect. A case of overdosage in a bodybuilder 
who took 108.75 mg of denbuterol hydrochloride has 
been reported.’ He presented after about 30 minutes with 
anxiety, palpitations, and shortness of breath. His supra- 
ventrìcular tachycardia was eventually controlled with 
esmolol alter adenosine and then diltiazem had proved 
ineííective, but subsequent atrial Bbrillatíon required 
cardioversion. Contamination oi illidt heroin with denbu- 
terol has also been reponed.10"1’

1. Davvson J. i  Agonists put meac in the limellght again. BMJ 1990; 301; 
1238-9.

2. Martinez-Navarro JF. Food poisoning related to consumptỉon of illỉdt 
8 -agoníst in ttvei. ỉatMXI 1990; 33«; 1311.

3. Maistro s. a  ai. Beu blodters to prevent denbuteral poỉionỉng. Lancet 
1993; 346: 180.

4. Bnmbilla G. tt al. Food poisonịng (ollomng consumpùon ol 
denbuterol*treated veal in Italỹ. JAMA 1997; 278: 633.

3. Ramos F, eĩ al. Proposed guideỉỉnn for denbuterol íood poisoning. Am J 
Mtấ 2004; 117: 362.

6. Anonymotu. Musding in o a  denbuteroỉ. Itm a t 1992:340:403.
7. Spann c  Wỉnter ME. Eílea af denbuterol on athletic períơrmance. Aim  

Pham uathtr 1993; 29:73-7.
8. KIerĩkowskaB.«o/.Myocardlaliníarctioninal7-year-ol<ibođybuilder 

using denbutetoL OEtr 22003:69:1144-6.
9. Daubert GP, ít  al. Acute denbuterol overdose rau ltin g  in 

supraventricular tachycudU and atrial Qbrỉiỉaữon. ]  Med Taxicoi 2007; 
3:56-60.

10. CDC. Atypical reactions assodated with heroin um: Bve stata, Januaiy- 
April 2005. MMWR 2005; 54: 793-6. Cortectíon. ikùL: 852.

11. BoSman RS, tt  aL A desaipdre study oí an outbreak o£ denbuteiol- 
contalning heroin. A m  B m tn IM  2008; 32: 348-33.

12. Manini K. tt ãl. K norel netuomuscuUr syndiome assodated with 
denbuterol-tainted heroín. ơ i*  Taàal 2008; 46:1088-92.

13. Dimaano JQ, a  tl. Street diugs possibly taỉnted nrtth denbuteroL 1 Em trì 
Nun 2008; 34: 582-3.

Urinary incontinence. A systematỉc review oỉ the use oỉ 
adrenergic . agonists, induding denbuterol, in urinary 
inconánence, ỉound that there was vyeak evidence to sug- 
gest that their use was better than placebo.1 Although 
only minor adverse eílects were reported, the authors 
noted that there was still potential ĩor tare but sexious 
adveise eSects reported elsevbhere in the literature.
1. Alhasso A. a *L Adrenerglc dtugs for utlnary Incondnenoe in adults. 

AvailaUe in the Coduane Database of Systẽtnatlc Revtews; Issue 3. 
Chichestec Jòhn W0ey; 2005 (aocessed 13/01/08).

Preparatìons
Propneíory Prnporolion] (details are given in Volume B)
SngU-ingradNnt PrBporotions. Arg.: Bronq-C Clembumar; Oxi- 
bron; Austrũr. Sphopenc ƠÕU: Aỉrum; Asmeren; Cz.\ Spiro- 
pent' Ger.: Spiropenc Gr.: Spiropenc Hung.: Spiropent Indon.: 
Spiropenc Hat: Monores; Jpn: Spừopent; Ualaysia: Mavilex; 
ũex.: Novegam; OxyOux; Splropenc PMUpp.: Spiropenc Pơrt: 
Broncoterolt: Cesbront; Spaht: Vemolaset; Venez.: Brodllan; 
Brodilin; Buden; clenbunal' Risopent
Muằi-ingradiant Prsparatíons. Arg.: Mucosolvon Compositum; 
Oxibron NF; Austrùr. Mucospas; ơrína: Ambrocol (Afi&); 
Ger.: Spasmo-Mucosolvan; hỉẽx.: Ambodil-C Balsibron-C; Bro- 
gal Compoỉitum; Bronolban-M; Brosolan Cf; Broxolar Com- 
puesto; Broxol PIus; Broxollm-C; Ebromin P; Hudexol-CL; Lox- 
orob Mucosolvan Compositum; Mucovibtol C; Sekretovit Ex; 
Septadn Ex; Seraxob Serbob PorL: Clembroxob Mucospas; 
Ventoliber; Verux.: Ambromuco Composittun; Arbixib Clen- 
buxol; Litusix Composittun; Mucolin; Mucosolvan Composi- 
tum.

Diprophyiline IBAN, HNNI
Oitìlĩna, Ẹ)(hydtóxypro)ẶfữiMph^tnutn; Điproíĩhna, Diproíĩ- 

'Itnas; ĐiproÂllin; Đtpro^HhỉĩẺíprb^íRíni; Điproíyllin;- Đipro- 
phyllln^Điprophylirnum; Đyprtýlliné;'GIVTDhyliỉnúm; Hyphyl- 
iine; AnnpoộvưuiMH - .  í  ̂ v “
7-{23"Dihydroxyprq^^\3-dimethylxạnjthine;. 7-(23-Dihy- 

:droxypropyOtheophynìòe. u /, -
CiòHtaN40ị=2542-3  p' <• ^  J
£ĂS — 479~18S.~^ ' 3 '
ATC— R03DAŨÍ \  ’ ■1 '  . ‘ ~
ÀĨC Vữ —  QR03DAQL" . . .
UNII — 263T0E9R89. , , r : . . "  , .........................
Pharmacopoeias. In Chin., Eur. (see p. vii), and us.
Ph. Eur. 8: (Diprophylline). A vvhìte or almost white, 
crystalline powder. Freely soluble in watei; slighdy soluble 
in alcohoL Protea bom lỉght.
USP 36: (Dyphyllỉne). A white, odourless, amorphous or 
crystalline solid. Preely soluble in vvater sparingly soluble in 
alcohol and in chlorolorm; practically insoluble in ether. A 
1 % solution in water has a pH of 5.0 to 7.5. Store in airtight 
containers.

Uses and Administration
Diprophylline ís a theophylline derìvative vvhich is used 
similarly to theophylline (p. 1229.3) as a bronchodilator in 
reversible aimays obstructíon.

The usuaỉ orãl dose oí dỉprophylline is up to 15mg/kg 
every 6 hours. It has aỉso been given intramuscuỉarly. 
Diprophyllỉne is also an ingredient of preparatíons that have 
been promoted ỉor coughs.

Adion. Improvements in measurements of lung hinction 
alter diprophylline in oral doses of 15 and 20mg/kg were 
only one-third to one-half those obtained after oral theo- 
phylline 6mg/kg.‘

1. Furukawa CT, tt ai. DtphyUỉne versus theophylỉỉae: a doubie-bỉind 
comparatíve evaluacỉon. J ơirt Pham aaỉ 1983; 23:414-18.

Adverse Effects, Treahnent, and Precautìons
As for Theophylline, p. 1231.2, p. 1232.3, and p. 1233.1. 
Diprophylline is mainly excreted unchanged in the urine 
and should thereíore be used with caution in patients with 
renal impainnent; dose adjustments may be required. 
However, unlike theophylline, plasma concentrations of 
diprophylline aie not greatly aífeaed by changes in liver 
funcdon or hepatìc erưyme actỉvity sudi as those produced 
by smoking or age.

Breast feetfing. In a study of 20 women gỉven diprophyl- 
line by intramuscular inịection,1 diprophyUine was íound 
to concentrate ỉn breast milk, vvíth a tnilk to serum con- 
centration ratio of about 2. However, it was considered 
that the quantity oỉ diprophylline a breast-ỉed ipỉant 
would ingest was unlikely to produce any pharmacological 
action unless the child was very sensỉtive. The 'American 
Academy of Pedỉatrics2 also considers that the use oỉ 
diprophylline is usually compatible with breast íeeeding.

1. Jaiboe CH. et aL DyphyỉBne ehmỉiutíon Idneda in Uctatìng women: 
blood to miỉk trans^r. J  ơ in  Pharmacoi 1981; 21:405-10.

The Symbol ®  denotes a substance whose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparatìon no longer actively marketed



1208 Bronchodilators and Anti-asthma Drugs

2. Amerian A ad an y  of Pediitrics. The o u u ter of diugi ind  other 
chemlcill Into hunun Ptdùttriữ 2001; 108:776-89. [Retỉred May
2010] Correaion. M í: 1029. Also avelUble an http://aappollcy. 
Mppubttc»tlonl.org/cgl/content/full/p«U»tria% 3b108/3/776 (accesed 
19/03/08)

Interactions
Since diprophylline does not undergo metabolism by 
hepatíc microsomal cytochrome P450 it does not exhibit the 
many interactions seen with theophylline (p. 1233.3). 
However, the posãbility of synergistic eữects should be 
bome in mind ií it is used with other xanthines.

Probeneõd. Probeneđd has been reported to decrease the 
dearance of diprophylline thus prolonging its halí-llíe.1"3

1. May DC Jarboe CH. Inhiblòon of dearance o( đyphylline by probeneód. 
N E ttỊU M ư  1981: 304:791.

2. May DC, iarboe CH. EHect o( probenedd on dyphyillne ethiúnatìon. ơứi 
Pharmatữl Ther 1983: 33: 822-5.

3. Arara M. a  al. Probenedd inhibition oí the renal excredon ol dypbyUine 
ỉn chidcen. rat and man. J Pharm Pharmacoỉ 1987; 39: 526-30.

Pharmacokinetics
Diprophylline is rapỉdly absorbcd from thc gastrointesũnaỉ 
tract and from the site of intramuscular injcctions. 
Diprophylline is not convcrtcd to theophyllinc in the 
body. It is largely excreted unchanged in the urine with an 
eỉỉmlnatỉon half-life of about 2 hours. Diprophyỉlỉne ỉs 
disưibuted into breast milk.

Preparatíons
Propriekry Praparalions (details are given in Volume B)

Singie-ingractenl Prepararionỉ. china-. A shen Nuo Qi (Wẵìể 
Sf); Ruo Chang (^ è ) ;  Tian Quan Xi Ning A í) ;  Gr.: Sil- 
bephyllỉne; Bong Kong: Diprolinet; SyneophyIline+; Uni- 
Dyphine+I ltaL: Katasma; PorL: Neufib Turk.: Astmadin; Difi- 
lin; USA: Dylix; Lutyllin.

MuK-ingradienl Preparations. Fr.: Cteothine a la Dipropbylline; 
Bong Kong: Broncholaxt; Israel: Philinalt; Philinett; ItaL: 
Cort-InaL' Spain: Alergicai Bxpectorante; Bronsal; Turk.: Brok- 
ãn; w t  Noradran; USA: Diál-G; Dữex-G; Dy-Gt; Dyflex-G; 
DyphylIine-GGt; Jay-Phyl; Lufyllin-GG; Panfil G.

Phormocopoeiai Preporotionĩ
USP 36: Dyphylline and Guaưenesin Elixin Dyphylline and 
Guaitenesin Tablets; Dyphylline Elbđn Dyphylline Injection; 
Dypbylline Tablets.

Doxofylline IUSAN, HNNỊ
ABC í 2/3; ộpxoÂtinã; Doxaíyílinum; /ỈOKCOỘIVUIHH.
7ỊÌ/3-Dloxolan-2-y)methyi)theophylline.
Q Ỉ H j 4 N A i=2 6 6 Ì . ,; v. V \ >- ■

045 -  69975-86-6'.
ATQ— R03DA11.
ATC Vec — QR03DA1 ì. - s 
UNỊÌ — MPM23CMỌ7L

Pro/Ị7e
Doxoíyũỉne is a theophylline derivative {p. 1229.3) which is 
used as a bronchodỉlator in reversible airvvays obstruction. It 
is gỉven ỉn oral doses of up to 1.2 g daily. It may also be given 
by slow intravenous úijectíon.
Reíerences.

1. Dinl PL. Cogo R. Doxoíylllnc: * new generadoD xanthme bronchođiIatOT
devoid oí mạịor adversc eSectỉ. CuTT Med Ro Opù1 2001;
16:258-68.

2. J, et aL TỵwtwfyiBng? the next genentíon metbybcaothỉne. Indinn 
2 Pediatr 2008; 75:251-4.

3. SbukU D. et a l DoxoíyMne ẵ promứing methylxanthine derivaúve íor 
the treatment of asthsu and rhronig obstmctíve pulmonary đỉseăse. 
Expơl opin Pharmácơthcr 2009; 10:2343-56.

4. Page CP. Doxotyllỉneỉ a asovofyfline*. Puím PhđrmacDÌ Ther 2010; 23: 
231-4.

Preparcrtions
Proprioầary Preparalions (detaiỉs are gỉven ỉn Volume B)

Sin^6"mgredÌ0nt Piopurohom. Ckàuc An Li Nuo Br (ÍỎÍỊl^^); 
An Sai Ma ($ # S ) ;  Chuan Ning ); Fei Te Ai Si ( # # £  
JS); Jian Pang Neng (ílírlẼ); Lang Ming ịữ ữ ); Lv Meng (S  
lĩ); Na De I^ữ (« * * ) ;  shu zhi (ữ £ ); shuai An (»£ ); shu- 
weúõn (&ÌẾMr); Suo Di (lỉiẺ); Suo Ji Í& Ị); Suo Li An (3<í!l 
$); a  Si Nuo (¥ £ * ) ;  Xin Qiạn Ping (*fạT); Xin Xi1 Ping 
(*rffi¥); Y1 Suo ị£3R); YiLi India: Bestoíyline; Coxy-
late; D-Xanthin; DoxỄL’ Dox&ee; Doxiba; Doxma; Doxobid; 
Doxobron; Doxosaíe; Doxovenc Efin-CR; Everdox; Hlodox; 
Pyline; Pyly; Lunair MonoỄn; Mucosma; Oxovyin; Oxypur; 
ItaL: Ansúnar; Mac.: Axoữnt; Phũipp.: Ansiman Dilatain 
Maxlvent; Puroxan; Thai.: Puroxan; ưkr.: AeroGUin
(AspoịtuuinH).

MuằhOQMÌMl Preparabon*. Indỉa: Mucosma-T.

Etamiphyiline Camsilate IBANM. HNNMI
Camsilato de-dietamifỉlina; Camsilato. de etamiíilina; 
Camsilato de parafìlina; Diátamiphylline Camphosulíonate; 
Etaraifilinar’ camsilato-*de;T Étamiphylline; Camsltaterd"; 
ẸtamiphyllineCamsylate; EtamiphyilinlCamsilas; Etạmphyllin 
cámsylate; STáMMệvuvmHa KaM3iviaT. : . .

’ 7-(2-Điẽthylaminoeự)yO-13 -dimethyỉxanthine camptìor-10- 
sulphònate; 7-(2-Oĩethylaminoethyl)theophylline camphor- 
10-sulphonate. :
C23H37N505S=5n£ .
CAS — 314-35-2' (etamiphylline); /9326-29-5 (etamiphylline 
camsilate)'.
AĨC — R03DA06:
ATC Vet — QR03DA06.
Pharmacopoeias. In BP(Vet).
BP(Vet) 2014: (Etamiphylline Camsilate). A vvhite or almost 
white povvder. Very soluble in vvaten soluble in alcohol and 
in chloroíorm; very slightly soluble in ether. A 10% solution 
in water has a pH of 3.9 to 5.4.

Protìle
Etamiphylline camsilate is a derivative of theophylline 
(p. 1229.3) and has been used as a bronchodilator in 
reversible airvvays obstruaion. Etamiphylline does not 
liberate theophylline in the body. Etamiphylline camsilate is 
used in veterinary medicine.

The hydrochloride salt has also been used.

Etofylline ỊBAN, riNNị
Aethophyllinurri; Etoíìlina; Etoíìlinas; Etoíìllin; Etoíylin; 
Etofylliini; Etoíyllin; Étoíylline; Etofyllinum; Hydro- 
xyaethyltheophyllinum; Hydroxyéthylthéophylline; Oxyeto- 
phyiỉĩne; 3toộwuimh.
7-(2-Hydroxyethyl)-1,3-dimethylxanthine; 3,7-Dihyđro-7-(2- 

. hydroxyethyl)-l,3-dimethyl-1H-purine-2,6-dione; 7-(2-Hydro- 
xýethyótheóphyiline. - 
Q H ,2N403=2242 
CÁS —519-37-9.
ATC — C04AD04.
ATC Vet — QGMAD04.
UNII — L164909TBI.

Proỉile
Etoíylline is a derivative of theophylline (p. 1229.3) that is 
an ingredient oi preparations promoted ỉor respứatory and 
cardiovascular disorders. It is not converted to theophylline 
in the body.

Etoíylline nicotinate has also been uscd.

Preparotions
Proprietory Preporatíoru (detaỉls are given in Volume B) 
Sngle-ingredienl Preporotions. Cz.: Oxyphyllin.
MuhHngredìeiit Preporalions. Cz.: Ersiian; Oxandl; Bong Kong: 
Instenon; India: Agrophyllln; Albutamol: Asthos; Bronchilet; 
Delin; Deridp; Deriphyllia' Deripil; Eíelin; Eto-Salbetol; Glo- 
phyllin; Terphylin; Rta.: Instenon (HHCTeHOH); S.Afr.: Actoph- 
lem; Alcophyllex; Dilinct; SolphyUex; Solphyllin; Theophen 
Corap; Ulãr.: Instenon (ỈỈHCTeHOH).

F en o tero l ỊBAN, USAN, rlNNI ®
Fénotérpl; Fénoteroli; Fenoterolum; (DeHOTepon.
1-(3^-DiHydroxyphenyl)-2-(4-hydroxy-a-methylphenethyla- 
mino)ethánol. ■ .
C,7Hj,NO4=303.4
CAS— 13392-18-2
ATC — G02CA03; R03AC04; R03CC04.
ATCVet— Q6D2CA03; QR03AC04; QR03CC04.
UNII — 22M9P700Q9.

Fenoterọl Hydrobromide IBANM, riNNMi ®
Fénotérol. Bromhydrate de Fenoterol, hidrobrornuro de; 
Fenoteral-hidrobramid; Fenoterothydrobronríid; Fenoterol- 
hydrobromid; Fenoterpli Hydrobromidum; PenoteroOhỳdro- 
bromidl;>Fenoterolio.hidrobromidas; Fenoterolu bromõwo- 
dorek; Hidrobromuro.de íenoterol; TH-1165a; OeHOTepona 
fnflpo6poMMfl.
.1 -(3^-Dihydroxyphenyl)-2-(4-hydroxy-a-nnethylphenethyla- 
mino)ethanol hydrobrómide.
Ci7H21NO*HBr=3843 
CAS —  1944-12-3. Lí - . :
ATC— G02CA03; R03AC04; R03CC04.
ATC Vet — QG02CA03; QR03AC04; QR03CC04.
UNII — RÙ45Z99RB.

Pharmacopoeias. In Eur. (see p. vii). 1

Ph. Eur. 8: (Fenoterol Hydrobromide). A white or almost 
white, crystalline povyder. Soluble in water and in alcohcl. 
A 4% solutíon in water has a pH of 4.2 to 5.2. Protect ừoin 
lighL

Uses and Administratỉon
Fenoterol is a dữect-acting sympathomimetic with beta- 
adrenoceptor stũnulant activity largely selective for betí;2 
receptors (a beta2 agonist). It has actions and uses sũnilar to 
those of salbutainol (p. 1220.2) and is used as a 
bronchodilator in the management of reverãble airwa\-s 
obstruction, as occurs in asthma (p. 1195.2) and in sonóe 
patìents with chronic obstructive pulmonary disease 
(p. 1199.1). On inhalation, íenoterol acts within a íe-v 
minutes and has a duration oỉ action oí about 3 to 5 hour ;.

In the management of reversible alrways obstruc- 
tion , fenoterol hydrobromide may be given bom a meterec- 
dose aerosol in a dose of 1 or 2 inhalations of 100 microgran: s 
up to 4 tũnes daily, with at least 3 hours betvveen doses; ỉ 
maximum daily dose of 800 micrograms is recommendei 
Current asthma guidelines recommend that inhaled short - 
actỉng beta2 agonists such as fenoteroI be used on an ‘aí- 
required’, not regular, basis. In those patìents requirinị 
more than occasional use oi íenoterol, antí-inflammator/ 
therapy is also needed. An increased requirement for. or 
decreased duration of effea of. lenoterol indicates 
deterioration of asthma conơol and the need for increase 1 
anti-inflanưnatory therapy.

Fenoterol hydrobromide is available as a dty powdc- 
inhaler in some countries; 1 inhalation of 200micrograiní, 
repeated once after 10 minutes if necessary, is glven 3 or 1 
times daily.

Fenoterol may be inhaled as a nebuliscd solution for acuti: 
attacks of bronchospasm; it may be given vyith the 
antìmuscarinic ipraưopium, in a dose of íenoterol hydro- 
bromide 1.25 mg, up to a maximum oỉ 4 túnes daily 
Fenoterol hydrobromide is also given alone in a dose of 0.5 
to 1.25 mg depending on severity, increased to a total dailv 
dose of 2 mg in severe cases.

Fenoterol hydrobromide may also be given orally for thr 
relieí of bronchospasm at a dose of 2.5 to 5 mg three time . 
daily.

For doses in children, see Adminisơatìon in Children 
below.

Fenoterol hydrobromide has also been used similarly to 
salbutamol. in the management of prem ature labour (set 
p. 2131.1). A suggested dose, by intravenous iníusion, ha: 
been 0.5 to 3 micrograms/minute. up to a maximum o: 
4miCTOgrams/minute. Therapy ỉhould be limited to a 
maxũnum oỉ 48 hours, because prolonged treatment iỉ 
assodated with risks of serious cardiovascular eííects in both 
the mother and fetus (see Precautions under Salbutamol, 
p. 1222.3).

Orat or rtữaì beta2 agonist therapy is no longer 
recomraended in premature labour, because oỉ a lack ol 
evidence of beneht from treatment given by these routes of 
administration. Formeriy, íenoterol hydrobromide could be 
given orally in a dose of 5mg every -3 to 6 hours, for 
maintenance therapy after uteiine cóntractions were 
conưoUed by parenteral ưeatment.

Adminiỉtratíon in children. In some countries ỉenoterol 
has been given vía a metered-dose inhaler to children 
OVCT 6  years of age, at the same doses used in adults (see 
Uses and Adminisưation. above).

Adverse Effects and Precautions
As for SalbutamoL p. 1221.3.

Increased mortalhy. Since the inơoducúon oí metered- 
dose aerosolỉ of beta agonìstỉ tbere have been tvvo 
repoited epidemics of increased morbidity and monalỉty in 
asthmatic patients assoáated vvith theữ use. The ârst 
occurred in the 1960S and was linked with the use oí 
high-dose isoprenallne inhalers.' The use oỉ isoprenaline 
was subsequently laigely stopped ỉn íavouỉ oi more selec- 
tìve beta2 agonists.

The second epidemic occurred in New Zealand in the la te 
1970$ and 1980s and was assodated vvith the use oỉ 
fenoterol.‘‘5 When use of ỉenoterol íell in New Zealand. so 
too dld the asthma mortality rate.5 Heavy or reguỉar use of 
íenoterol vyas únplicated.6-7 Fenoterol was aỉso implicated in 
increased asthma morbidity and mortality in a study in 
Canada,7 as was salbutamõl, and results bom Japan also 
suggested a relation betvyeen asthma deaths and excessive 
use oi beta agonists, particularìy fenoterol.‘ However, an 
analysis of the New Zealand deaths could not identiỉy su ch a 
riskwith beta agonists other than íenoteroL5

There is still debate about this second epidenũc. The 
individual case conơol studies, induding the one bom 
Canada,7 shovved an increased raorbidity and mortality in 
patients taldng lenoterol. but a meta-analysis oi the 
accumulated data to 1992 suggested that the ŨKxease in 
mortality in the patients taking beta2 agonists was slight and

All cross-reíerences refer to enữies in Volume A
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only signiBcant when they were given by nebulisatìon.’ 
Also a working party oi the UK CSM considered10 that a 
causal lỉnk benveen asthma mortaỉity and beta-agonist me 
could neither be conhrmed nor reỉuted.

Not surprisingly there are diữerent vievvs on the cause of 
the increased asthma mortaỉity. The cardiotoxidty of the 
beta agonist might have to be considered, although 
evidence for such an e£fect is considered by some to be 
slight.11 The severity of the asthma might have been a íactor 
in two diữerent ways. One hypothesis is that patients used 
more ỉenoterol becãuse they had severe asthma and were 
already at increased risk of dying.13 Another proposes that 
heavy beta-agonist use led to an increase ÚI asthma 
severity13 vvhich could be explained by a down regulation oỉ 
beta receptors.14

This may appear to be only of historical intetest sínce 
mortality rates have fallen and current reconưnendadons 
for the use of short-acting beta2 agonists, which are 
generaUy more selective than ỉenoterol are ỉor them to be 
taken as required rather than on a regular basis; ìndeed 
increasing use of such drugs is ỉeen as an indication to 
amend the treatment schedule. Moreover, the dose of 
ỉenoterol has been reduced in recent years. Hovvever, 
controveisy over regular use of short-acting beta2 agonists 
continues to be fed by conũicting studies oỉ their beneãL 
More recẹntly 2 íurther obseivational studies have reported 
an assodaúqn betvveen use o£ short-acting beta2 agonists 
and adverse' eữects on mortality.15-14 A cohort study,15 
designed to evaluate the eữect of respiratocy medications on 
asthìna deáth, tòund an assodatíon benveen the excessivc 
use of short-acting beta2 agonists and an increased risk oí 
asthma death; no additional risk was tound with íenoterol 
beyond the risk assoáated with beta2 agonists as a dass. It 
was unknown whether excessive use was a symptom or a 
cause oỉ vrorsening asthma. A case-conơol study14 similarỉy 
found a modestly increased risk oí mortality assodated vvith 
use of short-acting beta2 agonists in the previous 1 to 5 
yeais. However, the study had insuỉ&dent povver to come to 
any conduáons regarding the eHects oí ỉenoterol which 
was rarely prescribed alone, and conduded that evidence 
for a dứect adverse effect of beta2 agonists was incondusive; 
other explanations might indude lack of more approptiate 
asthma ca re, more severe disease or increasing severity of 
disease, or a tendency for patíents vvhose disease was not 
responding to receive a vvtder range of ưeatments.

For discussion oỉ similar concems about the use oỉ long- 
acting beta2 agonists in asthma, see Salmeterol, p. 1224.3.

1. Petrce N, tí aỉ. Beu agonỉsts and asthma raortaìỉty: déjà vu. Qin Bxp 
AiUrsy 1991; 21:401-10.

2. Crane J. tí aL Prescrỉbed fenoterol and death ỉrom asthma ỉn New 
ZeaUnd, 1981-83: case-cootrol study. Lanegt 1989; I: 917-22.
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aschma in New ZeaUnd, 1977-81. Thơrox 1990; 45: 170-5.

4. Grainger J. €t ữL Prescrỉbed ỉenoterol and death from asthma in New 
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http://www.bmj.com/qd/reprint/330/7483/117 (accessed 15/01/08)

Porphyria. The Drug Database for Acute Poiphyria, com- 
piled by the Norvvegian Porphyria Cenơe (NAPOS) and 
the Poiphyria Cenưe Svveden, dassihes tenoterol as prob- 
ably not porphyrinogenic it may be used as a drug of Srst 
choice and no precautions are needed.1

1. The Drug Daubese íor Acute Porphyria. Available a t  hapjlvrw w . 
dnigs-porphyrU.org (accessed 17/10/11)

Pubnonary oedema. Pulmonary oedema has occuired in 
women given beta agonists, induding ỉenoterol1 for pre- 
mature labour. The risk íactors, the mon important of 
vvhich is fluid overload, are discussed under Precautions 
for SalbutamoL on p. 1222.3.

1. Hawker F. Pulmonary oedenụt assodated wìth 0 2-sympathominietlc 
ỉreaunent of premature ỉabour. Anaesth ùtíauive Cart 1984; 12:143-51.

Interactions
As for Salbutamol, p. 1223.1.

Pharmacokinetics
Fenoterol is incompletely absoibed from the gastrointestinal 
tract and is also subject to extensive first-pass metabolism by 
sulỉate conjugation. It is excreted in the uiine and bile 
almost entírely as the inactive sulỉate conjugate. Fenoterol is 
distributed mto breast mìlk.
Reíerences.

1. Wamke K. a  aL The pharmacoltínetícs oí the beta 2-adrenoceptor 
agonist ỉenoterol ỉn heaỉthy women. BurJQ in Pharmaaỉ 1992; 43:663-
5"

2. Sochhaus G. M&Umann H. Pharmacoldnetỉc/phannacodYnaaiic 
charaaeristỉcs of the beta-2-agonỉsts terbuulỉnẽ, saỉbuumoỉ and 
íenoterol ỉĩtí J  ơ in  Pharmacoi Ther Taxicoi 1992; 30: 342-62.

3. Hỉỉdebrandt R. et al. Phannacolõnetỉcs of lenoterol ỉn pregnant and 
nonpregnant women. BurJ ơôt Pharmaal 1993; 45: 275-7.

Preparations
Proprietary Preparotions (details are gi ven in Volume B)
Singte-tngradient Pteparcdiora. Arg.: Alveoỉem Asmopul; 
Berotec Austna: Berotec Belg.: Berotect; Braz.: Beiotec Bro- 
nùfen; Bromotec Fenatec Fenozanf; Cz.: Berotec Denm.: 
Berotect; Ger.: Berotec Partusinen; Gr.: Berotec Ftagirol; 
Hung.: Berotect; ỉndon.: Berotec; Irl: Berotect; ItaL: Dosbero- 
teq Jpn: Berotec Malaysia: Berotec Feno; Mex.: Partusinen; 
Netíu: Berotect; Partusisten; phũipp.: Berotect; PoL: Berotec 
Port: Berotect; Rus.: Berotec (Bepanex); Partuásten
(ĩlaprycHCTeH); S.Afr.: Berotec Singapore: Berotec Sw itz: 
Berotec Thai.: Berotect: Iperol; Ukr.: Berotec (Beporex); 
Venez.: Segamol.
AAubi-ingredienl Preparations. Arg.: Berodual; Ipradual; Austrùu 
Berodual; Berodualin; Belg.: Duovenc Braz.: Duovent; CanatL: 
Duovent’ Chile: Beroduãi; Cz.: Berodual; Denm.: Berodual; 
Duovent; Fừt.: Aưovent Comp; Fr.: Bronchodual' Ger.: Bero- 
duab Gr.: Berodual; Hung.: Beroduab India: Fenovenc ĩndon.: 
Berođual; /ri: Duoventt; ItaL: Duovenc Maíaysia: Berodual' 
Duovent: Mex.: Berodual; Berosolvon; Netk.: Berodual; Phi- 
Upp.: Berodual; PoL: Berodual; PorL: Berodual; Rus.: Berodual 
(Eepo/tyaa); Ditec CSKrex)t; S.Afr.: Atrovent Beta; Berodualỷ; 
Duovent: Sabax Nebraỉen; singapore. Berodual; Ouovent; 
Switz.: Beroduai: Thai.: Aeroduol; BeroduaL* Inhalex; Ipraterak 
Punol; UK: Duoventt; ukr.: Berodual (Eepoayaji); Venez.: Bero- 
dual; Duovenc Respidual.
Pharmacopoeial Preparations
BP 2014: Fenoterol Pressurised Inhalation.

Fenspiride Hydrochloríde ÍUSAN, liNNMi
Decaspiride^ Feri.spirjặẽrr̂ rịhỊdrP!CÍQrtjrọ' dẻ; Penspir.idế, 
Chlorhydrate de; Ịẹóspịrtdĩ Hydrochlpridụm; Hidrociọruro 

■ de íenspiridă; JP 4̂28; NẬT-333;. .NDR-5998A; (DeHcnMpMAa 
rnflpọxnopnfl. . . .
8-Phenethyl-T-oxa-3,8-diazaspiro[45]decan-2-one hydro- 
chloride. ;
C15Hỉ0NA2Ha=2968
CAS -  5053-06-5 (íenspirìde); 5Ó53-08-7 (tenspiride hydro-
chíoride}. . „ ',  ’ J
ATC — R038X0Ì; RỌ3DX03.
ATC Vẹt — QR03BXOĨ; QR03DX03. V '  -
UNII —  832NBX878V.

ProỊile
Fenspiride is reported to have bronchodiỉator and 
anti-inílainmatory properties. It is given as the hydro- 
chloríde in anhma (p. 1195.2) and other respiratory 
disorders in usual oral doses of 160 to 240 mg daily in 
divided doses beỉore meals. It has also been given rectally 
and by intramuscular or intravenous injection.

Preparatíons
Proprietary Preparalions (details are given in Volume B)
Single-ingrectient Preparations. Pr.: PneumoreL' Hong Kongr. 
Pnẽumorelt; ItaL: Pneumorel; PoL: Eloten; Burespal; Penspõ- 
gal; Pulneo; Port: Pneumorel; Rus.: Eurespal (3pẽcnaa); ukr.: 
Erespal (3pecnaji); Inspừon (HHcnHpoH).

Formoterol Fumarate
ỊBANM. USAN, HNNMI ®
BĐ-40A” cặp-25827^’';ặffT^roliFu^rầtụ '.Ẹfw òote'rol 
Fumaràte; FoirnotẼróí Púrnẩàt.í FoiỊnotẻrol, FỪnréraịè--dệ 

;Fomdterol,'’fumãiãfố^8èr?ìb V í^ ĩi^ m âràc‘ịFònnọtẾfol-" 
"dữmarâtr"Formote'rófi: íùmaras; 'Formdtêròlífumaraat&; ■ For- 
-mbtềróliô ‘iumàrâtẩs; Formòterol'u' iumarah,-■ Fúrraràtở‘ đe' 
)efdrrnõterol; Fumarato • de fbrrrrateróíf ^ỹM-083lẽ;J (Dóp̂  
'MOTepo/ia (OyMapat.-'!'‘ . " v '
'|±)r2'-Hydróxy-5'-[(flS)-1-hydroxy-2-{[(/ỈS)-p-methoxy-a- 
‘ĩÕ'ettìỹlphenethyQamìno}ethyGformanilide íumarate.

(C,^ ^ 2 0 ^ ,^ 0 4 = 8 0 4 .9
C4S — .73573^7-2 ■ Ợbrmoteroữ; 43229-30-7 ((ormoterol 
ỉumarate). ~ -
ATC —  RQ3ẠỊCĨ3.
ẠĨC Vẹt —  &ỊÕ3AC ĩ 3.
UNII -— P3Ĩ5QẠ5J9N (hrmoteroi fumáráte); W34SHF8J2K 
(formotemt~fotTÍarcite dihydrate). ■' ' ■■■■'■

Pharmacopoeias. Eur. (see p. vii); Jpn, and us indude the 
dlhydrate, (Ci9H24N20 4 )2/C4H404 ,2 H20  = 840.9.
Ph. Eur. 8: (Pormoterol Pumarate Dihydrate; Formoteroli 
Fumaras Dihydricus). A white or almon white or slightly 
yellow powder. Slightly soluble in vvater and in isopropyl 
alcohol; practically insoluble in acetoniữile; soluble in 
methyl alcohol. A 0.1% solution in water has á pH of 5.5 to 
6.5.Protea from light.
USP 36: (Formọterol Fumarate). A white or almost white or 
slightly yellow powder. Slightly solubĩe m wătẽr and m 
isopropyl alcohol; soluble in methyl alcohol; freely soluble 
in acetic aãd and in dimethyl suUoxide; practically insoluble 
in acetonitrile and in ether. A 0.1% solution in water has a 
pH of 5.5 to 6.5. Protect bom light.

StobiGty. Nebuliser solutìon containing ỉormoterol tumar- 
ate lOmicrograms/mL was found to be physically and che- 
mically stable when mixed with the foUowmg soíutíons:1
• budesonide inhalation suspenãon 250 micrograms/mL
• acetylcysteine solution lOOmg/mL
• ipraơopium bromide inbalation solution 200micro- 

grams/mL
• sodium cromoglicate inhalatìon solutíon lOmg/mL 
The authots oi this study noted that when these Solutions 
were mixed and nebulised, or given sequentially, the 
amount of drug delivered in vừro was increased compared 
with single-drug nebulisation. Additionally, sequential 
nebulisation led to hígher delivery of the first drug given. 
The dinical implications oi these results vvere undear.

I. Akapo s, ti ữt. Compatìbllity and acrosol chaiacterìstỉcs ol ỉònnoterol 
(unuraK mixed with other nebulUng sdudons. A m  Pharmaailhrr 
2008:42: 1416-24.

Uses and Administration
Formoterol is a direct-acting sympathomimetic with mainly 
beta-adrenoceptor stìmulant ãcdvity spedfic to beta2 
receptors (a beta2 agonist). It has properties similar to 
thosẽ of salbutamol (p. 1220.2), bút Uke salmeterol 
(p. 1224.1) it has a prolonged duration of action of up to 12 
hours; it is thereíore not considered suitable for the 
symptomatic relieí of acute attacks of bronchospasm. It is 
used with regular inhalẹd cortìcosteroid when a regular 
long-acting beta2 agonist is needed for management of 
chronic asthma (p. 1195.2), or lor preventìon of exerdse- 
induced asthma. It is also used in chronic obstructive 
pulmonary disease (p. 1199.1).

Formoterol is given by inhalatíon as the fumarate but 
how the dose is expressed may depend on the ỉormulation.
• A usual dose fõr asthma is 1 inhalatìonal capsule of 

íormoterol hunarate 12micrograms twice daiỉy. In the 
UK, this may be increased to 2 inhalational capsules 
(24micrograms) tvvice daily if necessary for severe 
disease. In the USA, 1 inhalatìonal capsuíe oi 12micr- 
ograms may be taken when required, at least 15 minutes 
beíore exerdse, to prevent exerdse-induced broncho- 
constriction in those patients not taking regular doses; 
additional doses should not be taken within 12 hours.

• Metered doses (rom a dty powder inhaler may be 
expressed as the amount delivered into the mouthpiece 
(multiples ol 6 micrograms per inhalation) or the amount 
delivered ỊỶotn the mouthpiece (corresponding to 
multiples of 4.5 micrograms per inhalation). ũsual 
doses, expressed as the amoũnt delivered into the 
mouthpiece, are 6 or 12micrograms once or tvvice daily, 
inaeased ư necessary in severe disease to 24 micrograms 
tvvice daily. (In the UK, a dose of 12 micrograms may be 
taken beíore exerdse to prevent exerdse-induced 
bronchoconstriction.) No more than 36micrograms 
should be inhaled as a single dose, with a maxunum 
daily dose oỉ 72 microgiams.

• Metered doses {rom an aerosol inhaler may also be 
expressed as the amount delivered into the mouthpiece 
(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 teassessed ư this proves inadequate; in 
the UK, some preparatìons are licensed for additional short- 
term symptọm reliet but such use is contrary to current 
asthma guidelineỉ (see p. 1195.2).

In chronỉc obstructive pulmonary disease, a usual 
dose (rom inhalation capsules is (ormoterol ỉumarate 
12 miaograms tvvice daily.

Metered doses írom a dry powder inhaler, expressed as 
the amount delivered into the mouthpiece, are 12micr- 
ograms once or tvvice daily while those ừom an aerosol

The Symbol ®  denotes a substance whose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer activdy marketed
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inhaler are 12 micrograms twice daỉly; ii requlred, 
additìonal doses may be used for relieí oí symptoms. A 
maYimnm oỉ 24 micrograms may be inhaỉed as a single dose, 
with a totạl maximum daily dose oỉ 48micrograms.

Pormoterol ỉumarate may also be inhaled Via a nebuliser 
in a đose oỉ 20micrograms tvvice daily.

An oial íonnulatíon of ỉonnoterol íumaiate is available 
in some countries for reversible airvvays obstructỉon; doses 
of 80mỉcrograms have been given twice daily.

For doses oỉ ỉonnoteroỉ bunarate used in children, see 
Administratíon in Children, belovv.
Reviews.

ỉ. Fauỉds D, a  aL Formocerol: a revỉew oỉ iỉs pbarmacologicd properties 
and therapeutic potemỉâỉ ỉn revexsỉbỉe obstructỉve airoays dỉsease. ữrugs 
1991;42: 115-37.

2. Bartow RA. Brogden RN. Pormocerol: an update of ta  phannacologicaỉ 
propertksand therapeutỉc cfflcacy in the management òf asthma. Drup 
1998; 55: 303-22.

3. Sovanỉ MP. tí  ai. K beneữt-risk assessment of ỉnhaled long-actỉng 0 1- 
agonỉsts ỉn the management of obstruciive puỉmonary dỉsease. Dtuị 
SaỊèty 2004; 27: 689-715.

Administration ỉn children. Doses oi ỉormoterol fumarate 
inhaled from inhalational capsules in children aged 5 
years or older are the same as those (or adults, see Uses 
and Adminỉstration. p. 1209.ỉ.

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

In some countries. such as lapan. íormoterol fumarate 
has been given orally to chiỉdren bom the age oỉ 6 months at 
a dose oỉ 4 micrograms/kg daily, in 2 or 3 divided doses.

Asthma. Formoterol is a long-acting beta2 agonist (dura- 
tion oỉ action about 12 hours). Guidelines on the manage- 
ment of asthma, see p. 1195.2, generally recommend that 
the use of long-acứng beta2 agonists be reserved for 
patíents with chronic asthma who have already progressed 
to inhaled corticosteroids; they are not a substìtute for cor- 
ticosteroids. Combinations of formoterol with an inhaled 
corticosteroid, used as both maintenance and leliever 
therapy, have been studỉed. Restilts are seemingly 
encouraging, although what role su ch combinations 
should play in theiapy is not yet dearly defined. Formo- 
terol may also be useíul in conưolling perástent noctumal 
asthma or preventing exertíse-induced attacks. There is 
some evidence that aỉter prolonged use. protection against 
bronchoconstriction is reduced (see Tolerance, belovv), 
and high-dose theiapy may be assodated with an 
increased rate oi severe exacerbatíons (see Asthma under 
Adverse Effects and Precautions. below). Although long- 
acting bronchodilators shoulđ not be used íor acute relief 
oỉ asthma, íormoterol has reportedỉy been used success- 
fully as part oỉ the management of acute severe asthma in 
hospital.
Reíerences.

I. vanderMoỉenT, etai. EíĩecB oí the long actíng 8 agonist íonnoterol on 
asthma controỉ ỉn asthmatíc patìents osing inhaỉed cortỉcosteroỉds. 
Thorax 1996; 52: 535-9.

2  Pauvreb SA. tí. ai. Bffect oi ỉnhaỉed lorrnoterol and budesonide on 
exacerhatkms (dasthma. N Sn$ỈJ Mtd 1997; 337:1405-11. Coireaion. 
ữùLỉ 1998; 338:139.

3. OUyine PM. tí aL Low dose inhaled budesonide and íonnoterol in mild 
persistent asthma: the OPTIMA randomỉzed triaL Am J Rapir Crừ Can 
MOÌ2Q01; 164:1392-7.

4 . G o ỉd sm h h  D R. K e a tỉa g  GM . B u d e so n id e /ỉo ra u x e ro l : a  r rv ie w  o í its u se  
ỉn asthnu. D ntp 2004; 64: 1597-1618.5. Pedersen s. Budesonide plus ỉormoterol íor reỉỉever therapy in asthma. 
Lanct12006; 368:707-8.

6. Pohunek p, a  aL Budesonỉde/ĩonnoietoỉ improves lung hinction 
compared wỉtb budesonide alone ỉn chỉỉdren wỉth asthnu. Pediătr AUergy 
bmmmoỉ 2006; 17: 458-65. Correction. ibùL: 551.

7. Berger WB. th e  use oí ỉnhaỉed íoxmoterol ỉn the treaanent of asthma. 
A m  Alkrgy Asthma bmmaoi 2006; 97: 24-33. Correcikm- íKdj 562 
[dosage error ỉn textỊ

8. Hennansen MN, ạ  aL Acnte reỉief oí exerdse-induced bronchoconstric- 
don by hihalgri íonnotexoỉ ỉn chỉỉđren wỉth persỉstent asthnu. Chat 
2006; 129:1203-9.

9. Bateman ED. á  aL Budesonide/íormoteroỉ and íormotero! provide 
rirrriiar rapỉd reỉỉeí ỉn patỉenB with acute asthma sbowỉng rctractoiíness 
to ndbntamoL Rajrir Ra 2006; 7:13.

10. 0*Byme PM. Paramesnraran K. Pharmacoỉogỉcal managemeni of mỉỉd or 
modente petsỉstem astỉuna. Larưxí 2006; 368:794-803.

II . Cates Cỉ. Lassetson TJ. Combination lormoterd and budesmỉde ềs 
nudntenanoe and rdierer thexapy veisus ỉnhaỉed steroỉd mcỉntenance 
ỉor dnooỉc asthma ỉn aduta and chiỉdren. Avaỉỉabỉe ỉn The Codưane 
Database oi Systematíc Revỉews; ỉssue 2. ChichesteR John Wỉley; 2009 
(accessed 11/08/09).

12. Cates Cỉ. lasserstm TJ. Combinatìon ỉormoteTol and ỉnhaled steroỉd 
venus beta^agonist as reỉieí medỉcadon for dưonỉc asthma ỉn adults 
and chũdren. Avaỉỉabỉe ỉn th e  Cochrane Daubase d  Systematíc 
Review5  Issue 1. Chlchester John Wỉỉey; 2009 (accessed 11/08/09).

13. Rodrỉgo Gì, et aL Ponnoterol ỉor acute asthma in the emcigcncy 
depaitroent: a systemadc revỉew wỉtb meta-analysts. A m  AữergyAsthma 
Immunoỉ 2010; 104; 247-52

StuHering. Inhaled ỉormoterol 12micrograms daily was 
reported to improve stuttering (p. 1078.1) in 3 children 
between 14 and 20 years old. In 2 males, the onset oỉ 
eổect was about 6 weeks. but long-term follow-up was 
not posáble. In the íemale patìent there was early !

improvement that persisted during 45 weeks oỉ treat- 
m ẽnt1

1. PdUk J. PreBminíry otperience wtdi tonnoterol for the nenm ent of 
stuttering. A m  Pharmacother 2004; 38: 1323.

Adverse Effects and Precautìons
As ỉor Salbutamol, p. 1221.3. Inhalation of ỉoimoterol may 
be assotíated with paradoxical bronchospasm, and high 
doses ha ve been assodated with an ỉncrease in severe 
exaceibatíons of asthma. It should not be used in patients 
who are not also receiving an inhaled corticosteroid.

Long-acting beta2 agoniỉts such as ỉormoterol are not 
appropriate for the ữeatment of acute bronchospasm.

Conjunctival irritatìon and eyelid oedema have been 
reported in isolated cases.
Reíerences.

1. W11ton LV, Shakir SA. A post-marlceting sutveilluice study of toimoierol 
(ForadỉI): its use in general practỉce Ù1 England. ữ ntf Safety 2002; 25: 
213-23.

2. Pauweỉs RA. tt ai. Formoterol as relieí medỉcadon in asihma: a 
woridwide saỉety and effeaivene$s rrial. Eur Rapir J 2003; 22: 787-94.

Asthma. A revievv of 3 conưolled studies comparing 
inhaled íormoterol vvith placebo, conduded that regular 
use of high-dose íormoterol (48 micrograms daily) may be 
assodated with more ỉrequent serious asthma exacerba- 
tions.1 The concomitant use of inhaled corticosteroids was 
allovved but not mandatory, and was not reponed in the 
revievv, vvhich Ied to debate on vvhether the results of the 
study would be applicable vvhen cunrent prescribing guide- 
lines for asthma vvere followed.2-J

In contrast to this, a subsequent study,4 designed to test 
the hypothesis oí a dose-related incrcase in setious asthma 
exacerbations with ỉormoterol theiapy, did not shovv any 
increase in serious asthma exacerbations betvveen diỉíerent 
ỉormoterol doses and placebo. Again, inhaled corticosteroid 
use was allovved but not mandatory, with 62.4% oí patients 
reported as receiving regular ann-inũammatory therapy.

A systematic ^eview, ãrmly conduded that the addition 
oỉ a long-acting beta2 agonist (such as ỉormoterol) to lovv or 
high doses oí inhaled corticosteroids reduced the risk of 
asthma exacerbations compared with ongoing ưeatment 
with similar doses of inhaled corticosteroids alone. The 
addition oỉ a long-acting beta2 agonist reduced by 23% the 
relative risk of patients requiring systemic corticosteroids for 
an asthma exacerbaúon, over 4 to 54 vveeks. There is no 
evidence oi a diííerence in saíety between ưeatment vvith 
(ormoterol plus a corticosteroíd (typically budesonide) and 
salmeterol plus a corticosteroid (Đuticasone).4 Hovvever, for 
concems about serious adverse eííects assodated with long- 
acting beta2 agonists Ũ1 asthma, induding systematic 
revievvs of largely asthma-related events with lonnoterol, 
see Increased Mortaliry, under Salmeterol p. 1224.3.

1. Mann M, et aỉ. Serious asihma exaceibadons in asthmancs treated wiih 
high*dose íormoterol. ơ u a  2003; 124: 70-4.

2. Rissmỉỉler RW, ữ  aL Asthma exacerbaúom and ỉormoteroỉ. Qtest 2004; 
125: 1590-1.

3. van der Moỉen T. Pormoterol and asthma exacerbatíons. Chat2004; 125: 
1591.

4. WoUe J, tí ai. Pormoterol 24 p g bid. and seiious asthma exacerbations: 
sủnỉlar rates compared wỉth ỉonnoteroỉ, 12 u g bkt vrith and without 
exna doses taken on demand. and pỉacebo. Chat 2006; 129: 27-38.

5. Duchanne FM tí aL Addióon oí long-actíng beta2‘agonỉsts to inhaỉed 
cortìcosteroids venus same dose iohaled conicosteroidỉ for dưonỉc 
asthma ỉn aduỉts and chỉỉdren. Avaiỉabk in The Cochrane Database oỉ 
Systenutỉc Revievrs; Issue 5. Chichester John WHey; 2010 (accessed 
03/08/10).

6. Cđtes o .  Lasserson TJ. Reguỉar ữeatmem wỉth íonnoteroỉ and ao 
inhaled cortỉconeToid venus reguỉar ưeatmeni wiih saimeterol and an 
inhaỉed cortìcoỉteroid íor chronỉc asthma: seiious adverse evems. 
Avaỉlable ỉn th e  Cochrane Dacabase of Systematíc Revỉews; ỉssue 1. 
Chkbester John wney; 2010 (accessed 13/07/10).

Effectĩ on skdehd musde. Myalgia and musde weakness 
assodated with devated creatine kinase has been reponed 
during ỉormoterol therapy.1 Subsequent musde biopsy 
suggested mitochondiial dyshinctíon. No inilammatory 
changes were seen and symptoms resolved on withdrawal 
oỉ íormoterol.

1. Kienun MC tí ai. Miiochondríaỉ dysíunction and rod-Uke lesions 
assodated wỉth adminỉstratỉon of 8 2 adrenoceptor agonist íormoteroỉ. 
Neuromuxui Diserd 2004; 14: 375-7.

Porphyría. The Drug Database íor Acute Porphyria, com- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, dassibes íormoterol as 
probably not porphyrinogenic it may be used as a drug of 
first choice and no precautions are needed.1

1. The Drug Database tor Acute Porphyrú. Available JC http://www. 
dmgs-poìphyĩla.org (accesed 17/10/11)

toieronce. Regular use of ỉotmoterol produced bronchodi- 
lator desenátisation,1'3 and tachyphylaxis to bronchopro- 
tection against methacholine, ehects that have be en noted 
vvith other long-acting beta2 agonists (see SalmeteroL 
p. 1225.2) and short-acting beta2 agonists (see Salbutamol 
p. 1222.3).

1. van der Wouđe HJ, rt a i Decrrased bronchcxlilatiiig eữea of salbutamol 
in relieving methacholine induced moderate to severe bronchoconstric-

tion duiing high dose ơeatment wíth long actlng 9 2 agoniss. ĩhora. 
2001; 50: 529-35.

2. Jones SI, ữ  al. Reveràng acute bronchoconsưictỉon ỉn aslhma: the eíĩec 
of bronchodỉlatoí tolerance aíter treatment wỉth íormoterol. Eur Rtspir 
2001; 17:36S-7Ỉ.

3. Haney s, Hancox RJ. Tolennce to broncbodilation durlng oeatmen 
with loĐg-acdng beta-agonistx, a randomỉsed oontroUed tiial. Dapà Xi 
2005; te  107. Abo avaỉlabỉe It: http://resplratory-ieaearch.coin/content 
pdf/1465-9921-6-107.pdf (accessed 15/01/08)

Interactions
As for SalbutamoL p. 1223.1.

Pharmacokinetìcs
Inhaled íormoterol 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 tenninal elimination halMiỉe afte; 
inhalation is estimated to be 10 hours.

Stereoselectívity. Pormoterol occurs as a racemic mỉxture 
in vvhich ariormoterol (p. 1202.3), the /?,/?-enantìomer, L‘ 
the active íorm.1'2 It has been suggested thát stereoselec 
tive metabolism and excretion may account íor the indivi 
dual varíation in duratìon of effect seen with fonnoterol 
although the exact mechanism remains undear.'-3

1. Zbang M, tí ai. Stereoseỉectỉve gỉucuromdarỉon of íormoteroỉ by humai 
ỉỉver microsỡmes. Br J ũ in  Pharmacoỉ 2000; 49: 152-7.

2. Lỗtvalỉ J, tí ai. th e  eỉỉect ữí íormoteroỉ over 24 h ỉn paỉìems wiih asthma 
the roỉe oỉ enantíomen. Puim Pturmaai Ther 2005; 18:109-13.

3. Zhang M. tí ai. Stereoselectỉve urinary excretion of íormoteroi and it 
glucuranỉde conjugate ỉn human. BrJ ơ iĩt Phanrtaal 2002; 54:246-50

Preparations
Proprietary Preporahons (detailỉ are given in Volume B)

Sngla ingredMinl Preparolions. A r g Fordilen; Oxis; Xanob Aus- 
trai: Foradile; Oxis; Auỉtrũr. Foradil; Oxis; Belg.: ForadiI; For- 
magal; Pormoaii; Oxis; Bros.: Fluin Foradil: Formare; Formo- 
caps; Oxis; Canad.: Foradit Oxeze; ơtùur. Atock ($ iS^); Oxis 
(íỉSCKt); Pan De Xin (ffi)ffft); Cz.: Atimos; ForadiL' Forairb 
Pormano; Foimovent; Oxiỉt; Denm.: Debúl; Hlonnaxt; Poradil; 
Formo; Postair; Oxer Oxis; Fùl: Cydoterob Pomeda; Foradil, 
Formaxa; Oxis; Fr.: Asmelon Atimos; Poradil; Fonnoair; Ger. : 
Poradib Forair; Ponnatrís; FormoLich; Fonnotop; Oxis; Gr.: 
Broncoterib Bdufil; Foradil; Forair; Forcap; Formaxa; Formo- 
pcn; Formotil; Imotec Kinitron; Oxez; Hong Kong: Oxis; 
Hung.: Atimos; Diffumaxf; Foradil; Fortofanf; Oxis; Indúr. 
Derilorm; Poratec IrL: Foradil; Oxis: Israel: Foradil; Oxis: ItaL: 
Aliterol; Atimos; Eolus; Evervenc Peronal; ForadiI; Forotan; 
Fonasùit' Kurovent; Levovent; Uíerob Oxis; Jpn: Atodc,- Oxis; 
Malaysùc Oxis; Mex.: Foradil; Oxis; Neth.: Atúnos; Poradib For- 
mocapst; Oxis; Norw.: Foradilt; Oxis; NZ: Poradil; Oxis; phi- 
lipp.: Atodc Poradib Oxisf. FoL: Atúnos; Diỉtumax; Poradib 
Forastmin; Oxis; OxodiL' Zafiron; Zomexil; Port.: Asmatec; Ad- 
mos; Eỉormaxt; Foradib Forair Pormaxat; Oxis; Rtis.: Atúnos 
(Athmoc); Foradiỉ (tbopanati); Oxis (Okchc); S.Afr.: Foradib For- 
atec Oxis; Singapore: Foradib Oxist; Spaãt: Broncorab Poradil; 
Formatris; Neblik; Oxis; Swed.: Foradib Formatris; Oxis; Switz.: 
Foradik Oxis; Thai.: Oxis; Turk.: Atimos; Poradib Porast' For- 
yxa; Oxis; Ventoíon UK: Atimos Modubte) poradib Oxis; Ukr.: 
Fortix (dXqnBKc); Zafiron (3att>npoH); USA: Foradib Perỉoromist; 
Veneĩ.: Huir; Foradib Fonnotec

Mu ki ngradânt Ppapomlìoiiị, Arg.: Previa; Neumoterol; Symbi- 
corc AustráL: Symbicort; Austrũc. Pormoduab Fosten Symbi- 
cort; Beỉg.: Flutìform; Inuvain Symbícort; Bros.: Alenia; Fora- 
seq; Postain Symbicort; Vannain Canađ.: Symbicort; Zẹnhale; 
Chile: Symbicort; Vannaữ; chimr. Symbicort Cz.:
Budíon Combain EdoOo; Forniodualt; Symbicoct; Denm.: Assi- 
eme; Innovain Rilast; Sinestic Symbicort; Fin.: Fluttfonn; 
Innovair Symbicort* Fr.: Formodual; Innovair Symbicort; 
Ger.: Fo«en Inuvair; Symbicort; Gr.: Fosten Inuvaứr Symbi- 
cort' Hong Kong: Symbicorc Hung.: Fosten Symbicorc Indừr. 
Avessa; Budamate; Combihale-FF; Duova; Fomtide; Foracort; 
Formonide; Indon.: Symbicoit' IrL: Budlon EdoOo; Symbicort; 
Israel: Symbicoit; ItaL: Assieme; Asỉiememite; Formoduab Fos- 
tei; Inuven Sinestìc Sinestianitet; Symbicort; Jpn: Symbicort; 
Malaysia: Poracort' Symbicoit; Mex.: Symbicort; Neth.: Assi- 
eme; Budíon Edoũot; Pluníonn; Pormoduab Fosten Iỉfeza: 
Sinestic Symbicort; Norw.: Flutìiorm; Inuxain Symbicort; NZ: 
Symbicort; Vannain Philipp.: Symbicort' PoL: Postex; Symbi- 
corc Port: Assieme; Formoduab Fosten Symbicort; Rus.: Fora- 
dil Combl (OopaaHn Kom6h); Foster (tbocrep); Simbicort 
(CBMâatopr)-); Symbicort (CnMỗHEopr); SẠ/r.; Symbicord; Sin­
gapore. Symbicort; Spairr. Formoduab Fosten Rilasc Symbicort; 
SwetL: Innovair; Symbicort; Switz.: Symbicort; Vannain Thai.: 
Symbicoit; Turk.: Combipack; Foradil Combi; Foster; Innovair; 
Symbicort: Ventolor-Combb UK: ũutưorm; Fostair Symbicort 
Ukr.: Simbicoit (CnxCHXopr); USA: Dulera; Symbicort; Veneỉ.: 
Foraseq; Symbicort.

Heptaminol Acefyilinate iriNNMi
Acefìliriato' de heptàminpỊ;1 Ảcéíỵllinate d Heptaminol;' 
Acefyllinum ; Hej^mirỉolùm; Heptáminol, acefìlinato de; 
Heptaminol Acéiylllne; Heptaminol Acephyilinate; Heptami- 
hol Theophylliné Ethanoàte; Heptaminoi Theophyillne7-

All cross-reíerences refer to enữies in Volume A
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acetate; Heptaminoli Aceíyl.linas; reriTaMMHcma 
ẲMèộvuuiviHaT.. ' ■.ĩ. ...
th e  6-amỊno-2-methylheptaa-2-ol salt of theophyllin-7- 
ytàceticacid.
QH19NO,e^oẬW4=383.4 

: C4S —  51524.ĩ j ;  Ĩ0075-18-0. - 
ATC —  C01DX08. u -•
A KV et— QCữỉBXOS.- ‘ 
um  — WL6JN1780B

PrọtìỊẹ
Heptaminol aceíýllinate is a derivatíve of theophylline 
(p. 1229.3) that has been used ỉor its bronchodilator and 
cardiovascular effects.

Preparations
Propriatary Praparatiora (details aie given in Volume B)

Singk ingradiant Praparahons. índoru: Cariamyl.

Muỉhmgredient PpBporohoni< Braz.: Sureptil; Spain: Dtdami- 
naf.

Hexoprenaline Hydrochlorỉde
IBANM, riNNMỊ ®
Hexoprenalina; hidrođoruro de: Hexoprénaline, Chlorhy- 
drate <j'i Hexoprenảlini Hydrochloriduni; Hidrodoruro de 
hexoprenalina; ST-151 ỉ  reKConpeHa/inHa rnflpoxnopMfl. 
N,A/-Hexameửiytenebis[4-(2-amíno-l -hydroxyethyOpyroca- 
techọO đihỵdrodiỊqrldẹ; N^-HéamethylenebisC-amino-l - 
(3,4-dihydroxyphenyl)ethanondihydrochloride 
C ^í^A ^H a==493.4
CAS — 3215-70-1 (hẽxòprenallne); 4323-43-7 (hexapienaline 
dihydrochloridè}. ■ :J—~;
ATC — R03ACÓ6; R03CC05:-
ẠTCVet:— QRỌ3ẠC06; QRO3CC05. ;

Hexoprenaline Suifate IBANM, USAN, rìNNMỊ ®
Hexoprehálinà. ’ajíft!0 l>de; Hẻxoprénẩliné, Sulíate d'; 
Hexoprenaline Sulphate; Hexoprenallnr Sultas; Sulíato de 
hexoprenalina; PéKcónpèHanvỊHa Cy/Ib<ị»r. 
(±)-aay-[Hexamethylenebis(lmínomethyỉene)]-bis[3,4-dihy- 
droxybenzyf alcohoQ sulfate (Irl).

:GaH32N20ÍHjS04=5ia6 . 
ổŨ  — 32266-Kh7. vú.„
ATC — R03ACÒ6; R03CC05. ;■. •... . V
AĩCVet — QR03AC06; QR03CC05.
UNII — U851S9102C ■ í: .

P roỉile

Hexoprenaline is a direct-actmg sympathomimetic with 
mainly beta-adrenergic actívity selectìve to beta2 receptors 
(a beta2 agonist). It has properties similar to those of 
salbutamoĩ (p. 1220.2) and has been used as a 
bronchodilator in the ưeatment oỉ reversible airvvays 
obstruction as occurs with asthma (p. 1195.2) and in some 
patients with chronic obstructive pulmonary disease 
(p. 1199.1). It has sometứnes been used similarly to 
salbutamol in the management of premature labour 
(p. 2131.1).

Hexoprenalinc is usually given as che hydrochloríde or 
sulíate.

For the reliel oí bronchoconstrictíon, a typical adult 
oral dose oí the salts has been o.ỉ to 1 mg three times daily. 
The salts were also íormerly given by inhalation. In patients 
with asthma, as-required beta agonist therapy is prelerable 
to regular use. An increased need for, or decreased duration 
of eííect of, hexoprenaline indicates deterioratíon of asthma 
comrol and the need íor review of therapy.

In the management of prem ature labour an intra- 
venous iníusion of hexoprenaline sulfate, diluted in glucose 
5% or sodium chloride 0.9%. can be given at an initial rate 
oí about 300 nanogramỉ/minute. Inlusion may be pieceded 
by slow intravenous injection of lOmicrograins as a loading 
dose over 5 to 10 minutes. Beta2 agonist therapy should be 
limited to a maximum of 48 hours, because prolonged 
treatment ís assodated with risks oỉ serious cardiovascular 
ehects in both the mother and ỉetus (see Precautíons under 
SalbutamoL p. 1222.3). Oral or rectal therapy iỉ no longer 
recommendeđ in premature labour because oí a lack of 
evidence oi beneht from treatment given by these routes of 
adminisơation. A lovver dose prolonged inhision oỉ 
75 nanograms/minute has been used íor suppon during 
cervical cerdage.

Preparatíons
Proprietary Prspurolions (details are given in Volume B)
SngU-inydiant Prcparatiocn. Arg.: Argodan; Austrúr  Gyni- 
pral; Cc.: Gynipral; Hang Rong-. Ipradob Rus.: Gynipral 
(THHHnpan); S~Afr.: Ipradobh Swừz.: Gynipial; ukr,: Gynipral 
(rHHHnpan).

Ibudiiast (rlNNỊ
Ẩv^l lrlbudỉíastum; KC-404; MN-I66; Mâyflwiacr 

l'1-(2-lsopropyĩpýrazolo[1',5-a]pyriđin-3-yO-2-nnethyM-propa- 
.none. .
!.Ị,4H,^IjO=23Q3 
Ũ Ù —  5084741$ „ ’
V Ệ :— ầữ 3ixọf~"- : .? * £  ‘
ẢĩCVet —  QR03ĐC04 
:ỤNII — MOTMỈXCS. J ...,

Pharmacopoeias. In Jpn.

ProỉịỊe

Ibudilast is an orally active leukotriene antagonist 
(p. 1195.2), phosphodiesterase inhibitor, and plateỉet- 
activating ỉactor antagonist. ỉt is given otally in the 
management oỉ asthma (p. 1195.2) in adoseoí 10mgtwice 
daily.

Ibudilast is also promoted fbr the management o£ 
dlzziness secondary to impaứed cerebral drculation 
following cerebral iníarction, in doses of lOmg three times 
dady.

Ibudilast is also under investígation for the tteatment of 
multipỉe sclerosis and íor chronic neuropathic pain. 
Reỉerences.

1. Kỉshỉ Y, a  ai, IbutŨUst: t  aon-sdeaỉve PDE inhibitor wỉtfa muỉtipỉe 
actỉoas on bỉood cdỉs and thẹ vascuUr waũ. Cardiơvtac Drug R tv200ỉ ; 19ĩ 
215-25.

2. Ledeboer K e ta l. QmdỉUst (AY*41 ỉ ):» ncw dass thenpeutic candidate 
for oeuropathỉc paỉn aDd opioid wíchdrawaỉ syndromes. Sxpert opin 
Invea D rtỳt 2007; 1& 935-50.

3. RoUđ p, ữ  ai. IbudỉlaA ỉn healthy voỉunteexs: saíecy. toỉerabỉlỉtỴ and 
phannacQtincttci wiứi dngle and multỉpie doses. 5r J ơ in  PharmtKOỈ
2008; 66: 792-801.

4. RoUn p, et aL IbudíUsc ầ review of its pharmacology, eíBcacy and safety 
in respỉratory and neurologtcaỉ dlsease. Sxpert Opàt Pharmaeotíttr 2009; 
10:2897-2904.

Preparatìons
Propratary PnpunitaoM (details are given in Volume B)
Single ingredient Praporatioro. Ckitur. Si Y1 Ke (^ a ã l); Wei 
Giang ($ tỉ); Jptr. Ketas.

Indacaterol IBAN, USAN, riNNi <8>
ỊndaatéroỊỊ', Indẳaterolum,- QAB-149; HHflaKaTepo/i. 
5-ỉ(1íỊ)r2-[(5,ố-Dieữvyt-23-dlhydro-W-inden-2-yl)amino]-1- 
hỵdra>ộyệềiylt8-tíydroxyqúínolin-2(1 rt^one. •

.CA5 — 312753j&3: 'Vr- .
ATC — R03ACI8. < ■
;!ẬT£ Vet QR0ĨẠCĨ8. - * ‘ý $
ŨNII -— 8OR09251MQ

Indacaterol Maleaỉe IBANM, USAN, riNNMi ® 
rndacatérảl; Maléate d'; Indacateroll Maieàs; Maleàtd de 
■ indacatẹibl; QAB-T49-AFA; IdHAaKaTeịxna Manear. 
5"í(1fi)-2-I(5.6-Diethỵf-23-dihydro-TH-inden-2-y0amino]-l - 
hydrọ>ặẽlhy^8-hydroxyquínóỉin-2(TH^onẹ hydrọgen (22)- 
2-butenedioate (sált).
C24H2BN2Ó3.C4HA=50a6 
CÃS —  753498-25$. .
A7C —  RÓ3ACT8. . . . '
ẠỴC Vạ — QR03ẢC1&
UNỊt-ĩHECmm. . :

U ses a n d  A dm in is tra tion
Indacaterol is a long-acting beta2 agonist used as a 
bronchodilator in the maintenance treatment oí chronic 
obstructìve pulmonary disease; it ìs not indicated for the 
relieỉ of acute bronchospasm. It is given as the maleate but 
doses are expressed as the base; indacaterol maỉeate 1.3 mg 
is equivalent to about 1 mg oi indacaterol. ĩnhalarinn results 
in a rapid onset (within 5 minutes) of bronchodilatation, 
which iasts for up to 24 hovưs.

In the UK indacaterol maleate is given as inhalatìon 
povvder in capsules containing the equivalent of indacaterol 
150 micrograms or 300 microgranis, and supplying indaca- 
terol 120micrograms or 240 núcrograms, respectively, from 
the mouthpiecẽ of the device. The contents of One capsule 
are inhaled daily, at the same time each day. In the USA a 
lower dose of one 75-tnicrogram capsule daily, supplying 
indacaterol 57 micrograms bom the mouthpiece, is Ucensed.

Indacaterol has also been investigated in the treatment of 
asthxna.
References.

1. Roig J. ttãL  Indacateroĩ. a povel onee daily Inhaled 9 2-adrenorecepnoc 
•tóã ta . Optn Kapir H td J 3009; ì:  27-ÌO.

2. Beeh KM. Bder j. Indaaterol i  novel lnbaled. aace-daily. long-aciing 
betar^goíÚK ior tbe tRUmem of obstroctíve iin n y s dbeues. A ét 
V u n tff 2009; 24: «91-9. Comcdon. ìtii.: 812. [doie]

ì .  Dital S,<íatlNVOLVBStudy&ivescigaion.BSicacyof aanrance-dall]r 
loog-aoing inhaled f2-*pDDi5t liũlacacecol vernu nvkx-dally tor- 
m aũn l in COPD. ĩhorax 2010; «5:473-9.

4. Moen MD. Indacuerol: in chronic ohsnuctlvt pulmonary dbease. Druji 
2010; 70:2269-80.

Adverse Effects and Precautions
As for SalbutamoL p. 1221.3 and p. 1222.3. Nasophar- 
yngitis, cough. and upper resplratory-tract iníections are 
common.

Interadions
As for Sattmtamol p. 1223.1.

Indacaterol is metabolised by the cytodưome P450 
isoenzyme CYP3A4 and P-glycoprotein and inhibitors oi 
these substances may increase systemic exposuie to 
indacaterol, aithough thú did not aữect saỉety in dinical 
studies.

Pharmacokinetics
Peak concentrationỉ oỉ indacaterol occur about 15 mhiutes 
aheT inhaiation, and absolute bioavaiỉabiỉity was on average 
43%. Indacaterol is metabolỉsed by cytochrome P450 
isoenzymes, particularỉy CYP3A4. Uridine diphosphate 
glucurônosyltransỉeiase 1A1 (UGT 1A1) also contributes to 
metabolism and indacaterol is a low-affinity substrate forP- 
glycoprotein. When indacaterol was givẽn orally, about 
90% was excreted in the ỉaeces; renãi clearance plaýs a 
minor role in excretion Via the urine. The average teiminal 
hah-Uỉe was 45.5 to 126 hours, but a haU-Uíe oỉ 40 to 52 
hours was calculated after repeated dosing.

Preparations
Prapriatory Praporalioiis (detailỉ are given in Volume B)
Sh gh inyctant Prapanaiom. Arg.: Onbrize; AustraL: Onbrex; 
Austrùr. Onbres Belg.: Onbrec Canad.: Onbrez; Cz.: Hirobris 
Onbren Oslit Denm.: Onbtes Fr.: Onbres Oslít Ger.: Onbrez; 
Gr.: Onbiex; Hung.: Onbres ỉrLi BQrobm; Onbrec Osiil; Israet 
Onbreo Jpn: Onbres Neth.: Hữobiix; Ònbrez; OslU; Norw.: 
Onbres Pkũipp.: Onbrec PoL: Hirobiiz; Onbrec Oslit PorL: 
Hirobrix; Onbres Oslih Sbtgaporr. Onbrez; Spahr. Hlrobils 
Onbres Oslih Swed.: Onbreĩ; Swừz.: Onbrez; ThaL: Onbrez. 
Turk.: Onbrei; UK: Onbrez; Ukr.: Onbrez (OaSpeạ); USA: 
Arcapta.

I p r a t r o p i u m  B r o m i d e  IBAN, USAN, riNNỊ
Brómụrò? đe!' rpratroKo;?ílpraéèrpiir-:Brornidủrn; rpratropii 
BromỊdtim Monohydricum; rpratrtìpio bromidas; Ipratropio, 

-bromụĩọ der Ipraớopiovvy bromélc^lpraữopìurn bromid 
monõbydrát; Ipratropium, Bromure d’;  Iprảtropiumbromỉd; 
Ipratrppiọnvbromid; lịOTtỊQpiụmbrỔmiai; Ipratrọpýùm 8rp- 
mũn 'Sch-l 000-8r-nx)hofýdìáté? ;Sch-1000; HnpaTponMA

3pOMỊỊỊA.‘ v ' ’  , 7  ‘ •
Cl/í,3Í55,8f)-8-lsoprôpyi-Ị-’tC±)>'tfòpo’yloxy]tropãnium. 
bromide monohydrate. ■'
C2oH3oBrtvlOi>l2C>430.4 . , , .. 1  
CAS - .̂22254-24-6 (anbydrous ipmơopìum ,bromide); 66985- 
17-9 (ipratropium bromide (honohydrate). ■ "
ATC —■ R01AX03; R03B801. .
ATC Vet — QR01AX03; QRO3BB01:
UNII — J697UZ2A9J. ■ •

Pharmacopoeias. In Eur. (see p. VÌÍ), ]pn, and us.
Ph. Eur. 8: (Ipratropium Bromide). White or almost vvhite 
crystalline povvder. Soluble in water, slightly soluble in 
alcohol; ửeely soluble in methyl alcohol. The pH oí a 1% 
solution in vvater is 5.0 to 7.5.
USP 36; (Ipratropium Bromide). A vvhite to off-white, 
crystalluie povvder. Soluble in vvaten slightly solublé in 
alcohol; ửeely soluble in methyl alcohol. A 10% solution 
has a pH of 5 to 7. Store in airtight containen.

StabdHy. In a study1 of the stabillty oí admixtures of ipra- 
tropium and salbutamol nebuliser Solutions equal ratio 
mixtures were found to retain more than 90% of theừ 
iniúal concentrations aỉter storage £or 5 days at 4 degrees 
or 22 degrees in the dark or at 22 degrees under condnu- 
ous Duorescent lighting.

I. lacobsoa GA. Peterson GM. subilỉty of Ipraưopium .bromide and 
ndbulamol nebubaer admixtuies. ba  1 Pharm Pract 1995; 3: 169-73.

U ses a n d  A d m in is tra tio n

Ipraưopium bromide is a quaternary ammonium 
antimuscarinic (p. 1195.1). It is used by inhalatíon as a 
bronchodilator in the treatment oí reversible airvvays

The Symbol ®  denotes.a substancé vvhose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively maiketed
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obstruction, as in asthma and chronic obstructíve pulm- 
onary disease (see bclow).

In the UK the dose of ipratropium bronúde hom the 
metered-dose aerosol iỉ expressed in tenns of the amount of 
drug reíeased from the valve into the mouthpiece 
(20 micrograms) whereas in the USA it is expressed in 
tenns oỉ the dose emitted from the mouthpiece (17 micr- 
ograms. equivalent to 21 micrograms released from the 
valve); recommended doses may thereíore appear lower in 
the USA. For reversible aỉrways obstruction, the usual 
UK dose from a metered-dose aerosol is 1 or 2 inhalatíons 
(20 or 40 micrograms) three or íour tímes daily; single doses 
of up to 4 inhalatíons may be requứed. Comparable doses 
are used in the USA. but it is recommended that the daily 
dose should not exceed 12 inhalatíons. Ipratropium 
bromide may also be given by inhalation as a nebulised 
solution in doses oỉ 250 to 500 micrograms up to 4 times 
daily. Dry povvder inhalation capsules have been used.

Ipratropium bromide, given Lnưanasally, is also used in 
the management of rhinorrhoea assodated with rhlnltls. 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 tìmes 
daily, ỉor up to 4 days when rhinorrhoea is assodated with 
the common cold; doses of 84 micrograms may be given into 
each nostril 4 times daily, for up to 3 vveeks when 
rhinorrhoea is associated with seasonal allergic rhinitis.

For details oỉ doses ỉn children, see Administrarion in 
Children, below.

Administration in dũldren. Children may be given ipra- 
tropium bromide vỉa a metered dose aerosol ìn the treat- 
ment of reverslble airways obstruction. UK licensed 
product iníormatìon recommenđs doses by age as íollovvs:
• under 6 years: 1 ínhalation of 20 núcrograms three times 

daily
• 6 to 12 years: 1 or 2 inhalatìons oỉ 20micrograms three 

tirnes daily
• 12 years and over: adult doses, see p. 1211.3 
Ipraưopium bromide may also be given by inhaỉation as a 
nebulised solution. UK licensed produa inỉormation 
recommends the followứig doses:
• under 6 years, ỉor the treatment oỉ acute asthma only: 

125 to 250 micrograms, given no more often than every 6 
hours up to a total daily dose of 1 mg

• 6 to 12 years, for the ơeatment oí acute or chronic 
asthma: 250 micrograms, repeated ư necessary up to a 
totaỉ daily dose of 1 mg

• 12 years and over adult doses, see p. 1211.3. 
Ipraữopium bromide is used in the management oí 
rhinorrhoea assodated with rhinitis. A dose oỉ 42micr- 
ograins may be given into both nostrils two or three times 
daily. In the UK this dose may be given to children ừom 12 
years oỉ age, but in the USA this dose is licensed in children 
ĩrom 6 years oỉ age.

us licensing also permits higher doses for up to 4 days 
when rhinorrhoea is assodated with the common cold:
• 5 to 11 years: 84 micrograms in to each nostril three times 

daily
• 12 ỹears and over adult doses, see p. 1211.3
Higher doses are also peimitted in the USA ỉor up to 3 vveeks 
when rhinorrhoea is assodated with seasonal allergic 
rhìnỉtis. ChQdren 5 years oỉ age and over may be given the 
same dose as adults, see p. 1211.3.

Asriima. Ipraơopium bromide is currently recommended 
as an adjunct to beta2 agonists in the management of 
acute seveie asthma, $ee p. 1195.2. Anómuscarinic drugs, 
mainly ipratropium but also induding oritropium 
(p. 1218.1), glycopyrronium and atropine. have been 
reviewed in the treatment oỉ both acute and chronic 
asthma. A systematic revievv and meta-analysis1 of the 
eíGcacy oí antimuscarinics in the treatment of acute 
asthma in dũldren and aduỉts, ỉound they produced ãgniỉ- 
icant reductions in hospital admissions. Combined tĩeat- 
ment with an inhaled beta2 agonist also produced a ãgnih- 
cant increase in respừatory hinction.

Systemadc reviews of antứnuscarinic drugs have 
conduded that there is cutrently insuíũdent evidence to 
justiỉy theữ routìne use in adults2 or children3 with chronic 
asthma.

1. Rodrigo GJ, Castro-Rodrigucĩ JA. Antỉcholinrrgícs in the neatmem of 
chilđrra and adults with acuie astbma: a systemaúc review wtth meta- 
analysi. Thorttx 200$; 60; 760-6.

2. Westby M. a  al. AntichoUnergic agenu for chionic aslhma in adults. 
AvaQabie in The Coduane Daiabase of Synemanc Reviews Issue 3. 
Chỉchcster John Wiler; 3006 (accessed 18/02/08).

3. McDonald NJ, tt  al. Aaticbollneigic thenpy for chronic anhma in 
chỉlđren a m  2 yean oí a(e. Avaílable in The Cochnne Daobase oì 
Systemadc Reviews Issue 1. Chìdiester John Wiley; 2003 (accesed 
07/05/10).

ơironic obstrudive pdm onary disease. Inhaled 
antimuscarinics, such as ipratropium bromide, aie cur- 
rendy lecommendeđ aỉ bronchodilators in chronic 
obstructive pulmonary disease (COPD) guidelines, see Ị 
p. 1199.1. A systematìc review compared regular treat- !

m e n t  w ith  ip ra ư o p iu m  (g iv e n  fo r  a t  le a s t  4  w e ek s) w ith  
ơ e a tm e n t  u s in g  r e g u la r  s h o t t- a c tin g  b e ta 2 ago n is ts  in  
s ta b le  C O P D ;' i t  fo u n d  sm a ll b e n e h ts  o n  lu n g  tu n c tío n  
o u tc o m e s  a n d  q u a l i ty  o f  Uỉe w ith  ip ra t r o p iu m  c o m p a re d  
w ith  a  s h o r t-a c tin g  b e ta 2 a g o n is t: a  r e d u c t io n  in  th e  
te q u i r e m e n ts  fo r  o ra l  c o r tic o s te ro id s  w a s  a lso  se e n . C om - 
b in a t io n  th e ra p y  w i th  ip ra t r o p iu m  a n d  a  sh o rt-a c tin g  
b e ta 2 a g o n is t  w a s  a s s o d a te d  v rith  so m e  d in icaU y  m e a n in g -  
tu l  lu n g  fu n c tio n  o u tc o m e s  c o m p a re d  w i th  th e  b e ta 2 ago- 
n is t  a lo n e , b u t  th e s e  w e re  n o t  r e íle c te d  in  su b jec tiv e  
im p ro v e m e n ts  o r  s y m p to m  scores.

A  s y s te m a d c  re v ie sv  c o m p a r in g  ip ra t r o p iu m  w ith  a  lo n g - 
a c tin g  b e ta 2 a g o n is t  in  s ta b le  C O PD ,2 ío u n d  th a t  sa lm e te ro l 
h a d  m o re  e ữ e c t t h a n  ip ra t r o p iu m  o n  lu n g  íu n c tio n , b u t  n o  
m a jo r  d il íe re n c e s  w e re  s e e n  b e tw e e n  s y m p to m  re sp o n ses  to  
ip ra t r o p iu m  a n d  s a lm e te ro l . C o m b in a tỉo n  ư e a tm e n t  w ith  
th e s e  tw o  d ru g ỉ  w a s  b e n e r  t h a n  s a lm e te ro )  a lo n e  in  te rm s  o í  
q u a li ty  o f liỉe .

1. Appỉeton s, tí ai. Ipraưoplum bromide versus short actíng beta*2 
agonỉsts for stable chronic obsiniciive pulmonary disease. Avaỉlable ỉn 
The Cochrane Database of Systematỉc Revievvs; Issue 2. Chichener John 
Wíley; 2006 (accessed 18/02/08).

2. Appieiun s. tí ai. Ipratropium bromide versus long-aciing beia-2 
agonists for siable chronic obsưucúve pulmonary dlsease. Avaiỉable in 
The Cochrane Daiabase oí Sysiematic Reviews; Issuc 3. Chichesier: John 
VVHey; 2006 (accessed 18/02/08).

H y p e rs a liv a lío n . Ip r a t ro p iu m  h a s  b e e n  tríed  ío r  its 
a n t im u s c a r in ic  p ro p e r t ie s  in  th e  m a n a g e m e n t  o f  sialor- 
rh o e a  a n d  h y p e rs a liv a tio n  o f  v a r io u s  c a u s e s ,1"* b u t  s tu d ies  
h a v e  su g g ested  t h a t  it  is o f  l ì ttle  v a lu e  in  r e d u d n g  saliva 
p r o d u c tio n  in  p a t i e n t ỉ  vvith p a r k in s o n is m 3 o r  h y p ersa liv a - 
ú o n  in d u c e d  b y  d o z a p in e .4

1. Kunwar AR. tí a i Iprairopium bromide for ireatmem oí bethanechol- 
induced sỉalorrhea. Arm Pharmaeother 2003; 37: 1343.

2. Freudenreích Oa tí ai. Cỉozapíne-ínđuced síaỉorrhea treated vrith 
sublỉnguaỉ ipraưopỉum spray: a case serỉes. J ũ in  Psydìopharmamt 2004; 
24: 98-100.

3. Thomsen TR. tí ai. lpraưopium bromide spray as ưeatroem ỉor dalorrhea 
ỉn Parìdnson*s dỉsease. Mov Disord 2007; 22: 2268-73.

4. Sockalingam s, tí ai. Treatmeni of dozapine'ỉnduced hypersaiivaúon 
vvith ipraưoplum bromỉde: a randomized. double-blỉnda pỉacebO’ 
conưoAed crossover study. J Qirt Psychiatry 2009; 70: ỉ ỉ 14-19.

R hữũtis. Ip r a ữ o p iu m  b ro m id e  is u s e d  in ư a n a s a lly  fo r th e  
ư e a tm e n t  o f r h in o ư h o e a  in  a lle rg ic  a n d  n o n -a lle rg ic  rh in -  
ỉtăs (p. 6 1 2 .1 ) . I t  h a s  a ls o  re lie v e d  r h in o r r h o e a  a n d  sn ee z- 
in g  a s s o d a te d  w i th  t h e  c o m m o n  cold . a lo n e  o r  w ith  in  t r a - 
n asa l c o r tic o s te ro id s  o r  x y lo m e ta z o lin e .

R e íe re n c e s .
1. Georgícis JW, tí al. ỉpratropium bromide nasal spray in non-alỉergỉc 

rhiniús: eíDcacy. nasal cytologỉcaỉ response and parieni evahiaiỉon on 
qualiry oí lưe. Clirt Exp Allergy 1994; 24: 1049-55.

2. Hayden FG, tí ai. Eữectìveness and safety of inoanasaỉ ịpratropium 
bromide in axnmon colds: a raadomỉzed. double*bUnde pỉacebỡ- 
controlỉed ưial. Aim ỉntem Mtd 1996; 125: 89-97.

3. Dockhom R. tí a i Ipraưopium bromide nasal spray 0.03% and 
bedamethasone nasai spray alone and in combỉnaóon ỉor the rreatmem 
of rhinonhea in perennỉaỉ rhỉnỉtỉs. Ann Ailergy Astkma Immvnol 1999; 82: 
349-59.

4. Bonadonna ?, tí al. Coỉd-induced rhinitỉỉ in skỉers—dỉnicaỉ aspects and 
treatmenĩ wỉth ỉpratropỉum bromide nasaỉ spray: a randomỉxed 
ConưoOed oiaL Am J Rkinoỉ 2001; 15: 297-301.

5. Kim KT, tí aL Pedỉaưỉc Aơovent Nasal Spray Stuđy Group. Use oí 0.06% 
ipratrophun bromỉde nasaJ spray io chiidren aged 2 to 5 years with 
rhinorrhea due to a common cold or aỉỉergỉes. Aiin Aĩicrgy Asthma 
Unmunoi 2005; 94: 73-9.

6. Scdes R. tí ai. Eũeas oí ỉntranasal xylomeỉazolỉnc alone or in 
combínatỉon m th ỉpratropium. in padems wỉth common cokL CurrMtd 
Ra Opin 2010; 26: 889-99.

Adverse Effed5 and Precautions
Ip r a t ro p iu m  a n d  o th e r  in h a le d  a n t im u s c a r in ic  b ro n c h o - 
d ila to rs  c o m m o n ly  c a u s e  d ry  m o u th  a n d  c o n s tip a tio n . a n d  
ra re ly , u r in a r y  r e te n t io n .  T h e y  sh o u ld  b e  u s e d  w ith  c a re  in  
p ro s ta tic  h y p e rp la s ia . A c u te  a n g le - d o s u r e  g la u c o m a  h a s  
b e e n  re p o r te d ;  t h e  m is t  o r  s o lu tio n  s h o u ỉd  n o t  b e  a llo w e d  to  
e n te r  t h e  ey e s , p a r tic u la r ly  in  p a t ỉe n ts  su sce p tib le  to  
g la u c o m a . A s w i th  o th e r  b ro n c h o d ila to r s , p a rad o x ica l 
b ro n c h o sp a sm  h a s  o c c u rre d . T a c h y ca rd ia , p a lp ita t ío n ỉ, a n d  
a r rh y th m ìa ỉ  h a v e  b e e n  re p o r te d  vvith ip ra tro p iu m . H y p e r- 
s e n s itiv ity  re a c tio n s . in d u d in g  u r t ìc a r ia , a n g io e d e m a , ra sh , 
a n d  a n a p h y la x is  h a v e  o c c u r re d  r a re ly .  N a u s e a  a n d  
v o m iđ n g , d y sp ep s ia , h e a d a c h e s ,  a n d  d izz in e ss  h a v e  also 
b e e n  re p o r tẽ d .

In tra n a s a l  ip ra t r o p iu m  h a s  b e e n  a s s o d a te d  w ith  n asa l 
d ry n e ss , ir r i ta t io n , a n d  e p is ta x iỉ .

F o r  d e ta ils  o ỉ  t h e  a d v e rs e  e ỉỉe c ts  of, a n d  p re c a u tío n s  for, 
a n tim u sc a r in ic s  in  g e n e ra l ,  se e  A tro p in e , p . 1312.1  a n d  
p . 1 3 12 .2 .

B uccol u k e r a t i o n .  A  r e p o n 1 o f  in i la m m a tio n  a n d  u lce r- 
a t io n  o ỉ  t h e  b u c c a l m u c o s a  a s s o d a te d  w ith  th e  u s e  o f an  
ip ra t r o p iu m  b ro m id e  in h a le r .

1. Spencer PA Buccal ukeratíon wiUi iprattopium bromide. BMJ 1986; 
292: 380.

E ffects o n  th e  c o r d ia v a s c u la r  S y ste m . A  la rg e  sy stem atic  
re v ie tv 1 lo u n d  t h a t  u s e  o f  t h e  in h a le d  a n tim u sc a r in ic s  
ip ra t r o p iu m  a n d  t ío tr o p iu m  ỉo r  m o re  th a n  3 0  days 
in c re a s e d  th e  r isk  o f  m y o c a rd ia l  in ía rc tio n  a n d  ca rd io v as- I 
c u la r  d e a th  in  p a t ie n ts  w i th  c h r o n ic  o b s tru c tiv e  p u lm -  ỉ

onary dỉsease (COPD) compared with placebo or an acth e 
control (an inhaled beta2 agonist with or without an 
inhaled cortìcosteroid). The magnitude oỉ the ĩisk was di !- 
Ecult to dỉscem as many oỉ the studies included we e 
small and short-tetm, resultỉng in few events. A n 
increased risk oỉ cardiovascular death with the use of ipra- 
tropium has also been reported in a case-control study2 Q 
COPD patients, and a cohort study involving 82717 t s  
veterans with COPD also ỉound that exposure to ipni- 
ơopium within the last 6 months was assoõated with an 
incxeaseđ risk of cardiovascuỉar events (heart íailure, acure 
coronary syndrome, or arrhythmias).5 However, the:< 
Endings are contrary to results from other studies. A 
cohort study4 comparing the salety of tioưopium to long- 
acting beta2 agonists suggested users had a similar riỉk oỉ 
cardiovascular events and a 4-year placebo-controlled 
study5 oỉ dotropium in about 6000 patients with COPD 
reported a reduction in cardiac morbidity. although ữ e  
study was not designed to assess cardiovascular events. 
Other analyses4-7 of pooled data from studies in paúencs 
vvith obstructive lung đỉsease suggested serious cardiova;- 
cular events did not occur more olten in patients takỉrg 
tiotropium than in those taking placebo or salmetercl. 
Further studies are considered necessary in order 10 cori- 
firm the cardiovascular saíety of inhaled antimuscarinics.'

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

For further inỉormation on the risk to the cardiovascular 
System associated vvith tioưopium. see Sỉlects on tbe 
Cerebrovascular System, p. 1238.2.

1. Sỉngb s. tí aL ỉnhaled anúcholincrgics and rísk crf major adverỉe 
cardiovascuỉar events ỉn paiỉems wiứi chronic obsimctive puỉmona 7  
dỉsease: a systematic review and meta-analysii. JAMA 2008; 300: I434*- 
50. Correctíon. ibid. 2009; 301: 1227-30.

2. Lee TA. tí  ai. Risk for death assodated with medicanons receni y 
dỉagnosed chronic obsauctíve puỉmonary disease. A m  Irtíem itỉgd 2003; 
149: 380-90.

3. Ogale ss, fí aỉ. Carđiovascular events assodaied wỉih Ipraưopỉu Tì 
brómide in COPD. Chat 2010: 137: 13-19.

4. Jara M. tí al. Comparative saíety of long-actmg inhaied broncbodỉỉatoiỉ: 
a cohon study usỉng ihe UK THIN prímary ca re daubase. Drvg SaỊtiy 
2007; 30: 1151-60.

5. Tashldn DP. tí ai. UPUFT Study Investỉgaiors. A 4-year ưỉal >í 
Uoưopium In dironỉc obsưuaỉ ve pulmonary dỉsease. N En$l J Med 200 3; 
359: 1543-54.

6. Kesten s. tí ai. Pooỉed dinical ưỉal anaỉysỉs oí tíotropium saỉety. Chttí 
2006: 130: Ỉ695-Ỉ703. Also avaiỉable aL' http://www.điestịo*iTTUi.OTự 
conient/130/6/1695.fulI.pdf+hưnl (accessed 07/08/09)

7. Rodrigo GJ. tí ai. Tioưopiuro and rísk for ỉatal and noníataỉ 
carđiovascular events ỉn patíems with chronic obstnictíve pulmonary 
dỉsease: systematic rrvievv wỉth meta-anaỉysis. Rapir Med 2009; 101: 
1421-9.

8. Salpeter SR. Do inhaỉed amíchoỉỉnergics increase or decrease the risk }ỉ 
major carđiovascular eveniỉ? A synthesis oỉ the avaílable evidence. 
Drúgs 2009; 69: 2025-33.

Effeds on the eyes. Ocular complicaúons have been 
reported with the use of aerosolised ípraưopium. A patient 
vvith a history of glaucoma developed angle-dosure glauc- 
oma aỉter use oỉ ipratropium ừom a metered dose inhaler 
(MUI) with nebulised salbutamol.1 Pupillary dilatatỉon2 
and blurxed Vision3 have been reported in assodation with 
ipraưopium given through a spacer déyice in patients also 
given salbutamol therapy, and a 4-year-oId child who 
attempted to seU-administer an ipraưopium MDI devel- 
oped anisocoria (unequal dilatation of the pupQs) and 
ataxia.4 Angle-dosure glaucoma,5"7 pupillaiy dilaution,7' 10 
and anisocoria11-12 have been rcported in patients given 
nebulised ipratropium, usually with salbutamoL through a 
poorly Đtting face mask. The antimuscarinic eílects of ipra- 
ơopium can lead to impaired drainage oỉ aqueous humour 
in the eyes oỉ patients predisposed to angle-dosure glauc- 
oma; use with salbutamol may intensiíy this problem by 
increasing the production of aqueous humour.6 Stu- 
dies11-14 suggest that patients with a history of angle-dc- 
sure glaucoma might be at an mcreased risk oí developin ỉ  
glaucoma when nebulised ipratropium and salbutamol ar : 
used together.

1. Haỉl SK. Acute angle-dosure glaucoma as a compỉication ai cotnỉnneỉ 
0 -agonỉst And ỉpraưopium bromide thenpy in the emergency 
depàrtmenL A m  EmerỊ Med 1994; 23: 884-7.

2. Weír REP, tí ai. Pupa Mown by a puííer. Lanetí 2004; 363:1853.
3. IGzer KM. tí ai. Blurred Vision from ỉpratropium brouũde inhalaõon. Ai*I 

J Heaỉth-Syst Pharm 2000; 57: 996-7.
4. Đond DW, tí aL Mydiiasis due to seli-administered inhaỉed ipraưopiur i 

bromide. Eur J  Rtdiatr 200Z' 161:178.
5. Packe GE tí  aL Nebulỉsed ỉpxatropỉum bromide and saỉbtnamol causỉng 

dosed-angỉe gỉaucoma. Lanat 19134; ỈU 691.
6. shah p, đaL Acute angle doĩure gỉaucoma assodated wtth nebuUseđ 

ipraaopíum bromỉde and salbutamoL BMJ 1992; 304: 40-1.
7. Muỉpeĩer KM. tí ai. Ocuỉar hazards oỉ nebuỉized broodxxfiỉau>rs. 

Poagrad Med J  1992; 68: 132-3.
8. RobértsTB, Pearson DJ. Wlde eyed and breathỉess. BM J1989; 299:1348.
9. Woeỉfle J. tí aL Uniỉateraỉ fixed dilated pupil Ũ1 an iníant aher inhalatloa 

oí nebuỉỉxed ipratropium bromide. J Pediatr 2000; 136: 423-4.
10. OpenshAW H. Uniỉateral mydiỉasú ỉrom ỉpnưopium in Danspỉam 
• patients. Naơology 2006; 67: 914-15.

11. Lost K, LMngstone L Nebuhzer-induced anỉsocoria. Aim Intem Med 
1998; 128: 327.

12. Iosson N. Nebuỉỉxer-assocỉated anisocoriA. N Engl J Med 2006; 354: e8.
13. VVatsun WTA. tí  ai. Eỉỉect oí nebulized ỉpraơopium bratnide on 

Intraocuỉar pressures ín chỉldren. Chat 1994; 105:1439-41.
14. Kalra L  Bone MF. The effect oí nebuỉized bronchodũator tberapy on 

intraocuUr pressures ỉn patíents with glaucoma. Chat ì 988; 93:739-4ỉ .

AU cross-reíerences reíer to entries in Volume A
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Effeds on the gastroirrtestinal tract. Paralytic ileus devel- 
oped shortly after starting ipratropium therapy in 2 
paúents, apparently due to the inadvertent swaiiowing of 
the drug during inhalatíon.1-2 Both patíents also had other 
predisposỉng factors íor paralytíc ileus (cystic ũbrosis,1 
spasdc diplegia2).

1. Muỉherỉn D, PỉtzGeraỉd MX. Meconỉum ileus equỉvaient in assodation 
wỉth nebuUsed ipraooỊMum bromide ỉn cystỉc Sbrosỉs. Lanctt 1990; 355: 
552.

2. Markus HS. Paralytíc ìleus assodated with ipraoopium. Lanett 1990; 
355: 1224.

Interadions
For interactions assodated vmh antứnuscarìnics in generaỉ, 
see Atropine, p. 1312.3. Hovvever, these interactions are not 
usually seen vvith antứnuscarinics, such as ipratropium, 
given by inhalaáon.

Salbutamoi. For reỉerence to nebulised salbutamol exacer- 
bating the adverse eổects oỉ nebulised ipraơopium in 
patients predisposed to angle-closure glaucoma, see under 
Effects on the Èyes, p. 1212.3.

Isoetaríne Hydrochloride IBANM, ® 
Etyp/enalirie Hydròchteridl;. Hidỉọdorụro ihoetarina;

. Isoetarina, hidroeíonùpo de; ' Isoétáríõế  ̂'CKlqthỷcỊraịé íd'ỉ 
Isoetarini Hydtochtondumi isoétharinelit^í&ẫohỊgrtéeriilír 
Isopropỵíèthytnorãdrenaline 
rnflpoxnopnfl;J' - r  
C,3Hj1N03,HCfe=27S.8 
0 6  — 5&96A;.2576-92-3. ‘
ATC — R03AC07; R03CC06. " :.i ' ĩ -  T-'r
ATC Vet — QM3AC07; QRQ3CCQ6 - '
UNII — SIV8U784H3. , /■■■; • . i i ’ .

Pharmacopoeias. In us.
USP 36: (Isoetharine Hydrochloride). A white to off-white, 
odourless, crystalline solid. Soluble in waten 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.

Isoetaríne Mesilate IBANM, riNNMi®
Isoetarina, mesilato de, Isoétanne/Mésilate d \ Isoetanni. 
Mesilas; Isoetharine Mesylạte; fsoètffinẹ..M^ânẹsurÌDho- 
nate; N-ísopropyletiiỹlnoradnenalinẹ' M esỵlat£'feilàtạ de 
ìsoetarina; H303TapnHa Me3nnaT"
C13Hj,N03,CHAS=335-4 - -  • - -~
0 6  — 7279-75̂ 6. * • .  - ’ r  .
Am — R03AC07; RQ3CC06. - -  V  ■ -.
ATCVet — QR03ACữ7,QR03CCQ6. 2 - - ■
UNli — DV74WJ5PJB -*“ • >
Pharmacopoeias. In us.
USP 36: (Isoetharine Mesylate). White or pracdcaHy white, 
odourless, crystals. Preely soluble in waten soluble in 
alcohol; practícally insoluble in acetone and in ether. A 1% 
soluóon in water has a pH of 4.5 to 5.5. Store in airtight 
containers.

Profi7e
Isoetarine is a sympathomimetic with mainly beta- 
adrenergic activity. ỉt has actions siưiilar to those of 
salbutamol (p. 1220.2) but ũ  less selectíve íor beta2 
adrenoceptors. Isoetarine has been used by inhalatỉon as a 
bronchodilator in the management of reversible airvvays 
obstruction.

Preparcrtions 

Phofmacopoaial PrepGPQlions
USP 36: Isoethaiine Inhalation Solution; Isoetharine Mesylate 
Inhalation Aerosol.

L e v o s a l b u t a m o l  iríNNi ®
Levalbuterol; Lévosalbutamol; Levosalbutamolum; íleao- 
ca/ibổyraMOA “ r
(fl)-a,'-[(fé/t-Butylamino)methyl]-4'hydroxy-m-xylene-a,a/-
diol.
C13H2iN03=2393 '
0 5  —  3439Ỉ-04-3.
UNII — EDN2N8HSSS. ■ •

Levosalbutamol Hydrochloride iriNNMi <8>
Hidrodoruro de le^salbutaraQlíLeralbuterorHydroGhĩọnde. 
(USAN); Lévosalbutamol, Chlorhydrate de; Levosalbutamolí 
hidrodoruro de; Levosalbutamoli Hydrochloridum; /leẹo- 
caobãyraMO/ia rViflpox/iopMfl-
W -al-{(tert-8utylaraino)methyl]-4-hydrdxy-m-xylene-a,a'-- 
dlol hydrochloride: ■■'■■■■ '
C,3H21NC>3,Ha=27S.8
CAS -  50293-90 .̂ : -
UNIJ'— WỌQi526ỌIM. ;/■ > ''  ;  ”

Pharmacopoeidỉ. 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 betvveen 15 degrees and 
30 degrees. Protect from light.

Levosalbutamol Sulfate iriNNMi 0  
■ t^lbtìterór^SũỊtầre^tU^^EétosàlẼra^ÌTKÌilĩ^Súlíạte^ de;. 
Ịl^òsạibuatôỐÍ Xuậaható^IwÒsá[bC^)iíí)|i Su(S.s; Suliato. de 
.ìevosaìhutạóiôk' neâocanbố^MÒÕa Cy/iW*t»áT...rt tr

-Jíí^/ĩ-Butylamino)methyl]-4-bydfOxy-n7-xy^enẽ-aa, - 
dràfstilfate (2 tj.  ̂ i - - r

■(C,3Hi,NG3)2lH2S04=5767 : ' ■
645-—f ĩ48563-16-0
UNÌf— 71TH4202CQ. '

ã ỉed s  on the respiratory tract. Antũnuscarinics typicalỉy 
inhibit mucocdliary dearance and inhibit secretions of the 
nose, mouth, pharynx, and bronchi. However, inhaled 
iprattopium bromide has vúTually no eữect on sputum 
viscosity or volume and, in contrast to aưopìne, it does 
not aíỉect mucodliary hinction in the respiratory ữactư

1. Gross NJ. Ipratropỉura bromide. N ỉn g l J  Med 1985: 319: 466-94.
2. Mann KV, aaL  Use o( ìpraưopium bromide in obstructta lungdisease. 

ƠỈH Murm 1988: 7: 670-80.

BRONCHOSPASM. Paradoxical bronchoconstriction occurring 
aitcr the use of ipraưopium was reported in 3 patients.1 A 
turther report2 oí paradoãcal bronchoconstriction after 
nebulỉsed saỉbutamol and Ipratropium suggested that this 
ađverse eSect mighỉ have bcen caused by benzalkonium 
chloride presẹnt in the nebuliser Solutions. Nebuliser solu- 
tìons oí ipraứopium in some countries contain benzalkon- 
ium chỉoride as a preservative. Solutions available in the 
UK are preservative-free but licensed produa inỉonnatìon 
still recommends that the flrst doses of ipratropìum nebuli- 
ser sotutíon should be inhaled under medical supervision.

ỉ . Connoỉỉy CK. Adverse reaaỉon to ipratropium bromide. BMJ1982; 285: 
934-5.

2. Boucher M, et aL Posâbic assoôatỉons of benzalkonium chloridc in 
oebulỉxer soỉutíons wỉth respỉratory arrcst. Amt Pharmaaứưr 1992; 26: 
772-4. N

ơfects on the urinary Iract. Treatment with nebuỉised 
ipratropium bromide has resulted in urinary retention in 
elderiy men espeóally those with prostatic hyperplasia.1-2 
Micturition diíEcultìes assodated with use oí ipraưopium 
and salbutamol in a child have also been reported.3

1. Lozewỉcz s. Bladdtr 0UỈ&0W ỡbỉtrucdon ỉnduced by iprarropíum 
bromỉde. Postgroắ ìáed J 1989; 65: 260-1.

2. Pras E  et aL Urinary retemion assodated with ipratropium bromide. 
DÍCP A m  Htítrmaeoứter 1991; 25: 939-40.

3. Hooimrfjer HL. et ai. Bemoeilijkte mictíe bỉj ecn kind toegeschreven aan 
bet gebrulk van ỉpratropìum en saỉbutamol. Sed Tợdschr Geneakấ 2007; 
191: 2726-8.

Increased mortolhy. A case-control study found an unéx- 
pected assodation bemeen death to m  asửuna and treat- 
ment with ipratropium, which was not explained by 
comorbidity due to chronic obstructive pulmonary disease 
(COPD).1 A retrospective cohort study2 of elderly paúents 
aỉso ỉound a sligbt increase in the risk of death in asthma 
patìents using ipraơopium, although this may have been 
due to the coníounding effea of disease severity. No 
increase in all-cause mortality was seen in patients with 
COPD using ipraơopium. In contrast another case-control 
study reponed an inaeased risk oí death associated with 
use of ipratropium íor COPD.5 A longitudinal cohort study 
of 1100 patients with obstrucúve lung disease tound an 
increased risk of premature death associated vvith ipra- 
tropium in both asthma and COPD patients.4 Aíter adjust- 
ing for coníounding {actors such as forced expiratory 
volume, smoking status, BMI, and presence of cor pulm- 
onale, ipratropìum was assodated vvith a mortality risk 
ratio (RR) of 2.4 in asthmatic patients and 1.6 in COPD 
patients. Again, residual coníounding by disease severity 
could not bẽ ruled out.

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

ỉ. Guite HF. et ai. Rỉsk íactors (or death from asthma. chronỉc obsưuctive 
pulmonary dỉsease, and cardỉovascuỉar dỉsease aỉter a hospỉtal admỉssỉon 
for asthmá. Thơrax 1999; 54: 301-7.

2. Sin DD. TU JV. Lack of assocỉatỉon betvveen ipratropium bromide and 
mortaỉity in dderiy patỉents wíth chronỉc obstruccỉve aứway disease. 
Thorax 2000; 55: 194-7.

3. Lee TA. a  ai. Rỉsk ỉor death assodated with medỉcations for recently 
dtagnosed chronic obsưuCTive pulmonary disease. Am  bitem Med 2008; 
149? 380-90.

4. Rỉngbsek T. Vbkum K. Is there any assodation between inbaỉed 
Ipratropium and mortalỉtY in patients wỉth COPD and asthma? Rttpir 
Meấ 2003; 97: 264-72.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Nomegian Porphyria Centre (NAPOS) and 
the Porphyria Cenưe Sweden, dassihes ipratropium 
bromide as probably not potphyrinogenic when used by 
inhalation; it may be used as a drug of first choice and no 
precautions are needed. ỉt is classiũed as not porphyrino- 
genic when used intranasally.1

1. The Drug Database (or Acute Porphyria. Avallable ad http://www. 
drugs-porphycỉa.org (accessed 02/11/11)

Pharmacokinetics
Aửei inhalation, around 10 to 30% of a dose is deposited in 
the lungs vvhere it exerts its therapeutic effect. Oiily a smaỉỉ 
amount of ipraơopium reaches the systemic drculation. 
The majority oí a dose is swaũowed but is poorly absorbed 
bom the gastrointestmal ưact. Ipraưopium and its 
metabolites are eliminated in the urine and ỉaeces. 
Reíerences.

1. Ensing K  et al. Phannacokỉnetics oỉ ipraưopium bromỉde aíter singỉe 
dose inhalatíon and oraỉ and inoavenous admỉnỉsưatỉon. Eur J ơ in  
Pharmaal 1989; 36:189-94.

Preparatìons
Proprietary PreparaSora (details are given in Volume B)

Sũigle-ingre(fient Prgporations. Arg.\ Aerotrop; Akiưopỉo; 
Anõvent; Iprabron; ÀustraL: Aeron; Apovent; Ãtrovent; Ipra- 
trin; Ipravent; Austrúr. Atrovent; Itrop; Beỉg.: Atronase; 
Atroveũt: Nebu-Trop; Braz.: Alvent; Ares; Atrovenc Bromo- 
venc Iprabonỷ; Ipraneo; CaruuL: Apo-Ipravenc Atrovenc 
Novo-Ipraưiide: Chũe. Aeroưop; Atrovent; china: Aơovent (X 

Cz.: Atrovenc Denm.: Aưovent; Fitt.: Aơovent; Ipraxa; 
Fr.: Atrovenc Ipratrogen; G e rAtrovenc Itrop; Gr.: Atrovent; 
Zyrolen; Hong Kơng-. Atrovenc Cydoventt; Steri-Neb+; Hung.: 
Atrovent; India: Ipneb; Ipramist; Ipranasc; Ipratop; Ipravent: 
ỉndon.: Auovent; / í t :  Atrovent; Ipravent; Rinatec Israel: Aero- 
vent; Apoventt: Atrovent; ItaL: Atem; Rinovagos; Jpn: 
Atrovent; Malaysia: Attovenc Mex.: Auovent; Neth.: Auovenc 
tpraxa; Norw.: Atrovent; Ipraxa; NZ: Apo-Ipravent; Atrovenc 
Univenc Phữipp.: Atrovenc Broncho-vent; PoL: Attovent; 
PorL: Atrovenẽ Ipraxa; Rus.: Atrovent (ATPOBCHT); Ipravent 
(HnpaBCHT); S.Afr.: Atrovent' Ipvenc Singapore: Atrovent; 
Steri-Neb Ipratropium; Spaừt: Aưoaldo; Atrovent; SwecL: 
Atrovent; Ipraxa; Suria.: Atropair Aưovent; Rhinovent; Thai.: 
Atroventt; Iperol: Turk.: Ãaovent: UAE: Attopulm: UK: 
Atrovent; Respondn; Rinatec USA: Atrovenc Venez.: Alovent.

A4ulli-ingre(fient Preporotíoos. Arg.: Berodual; Combivent; Ipra- 
dual: Iprasalb; Salbutral AC; AustraL: Combivent; Austrúx: 
Berodual; Berodualin; Combivenc Belg.: Combivent: Duovent; 
Nebu-Iprasal: Otrivine Duo; Braz.: Combivent Duovenc 
Canad.: Combivent; Duovent; Gen-Combot: Mylan-Combo; 
ratio-Ipra Sal; chúe: Beroduab Combivenp Salbutral AC; 
Otừia: Combivent (ÕT^#); Ren Shu (C ff); Cz.: Berodual; 
Denrn.: Berodual: Combipramolt; Combivent; Duovent' Ipra- 
mol; Sapimol' Zymelin Plus; Pin.: Aưodual; Atrovent Comp; 
Ipramol; Otrivin Comp; Sallpraf; Pr.: Bronchodual; Ger.: Bero- 
dual; Gr.: Berodual; Berovenp Demoren; Ipramol; Otrivin 
Advance; Hong Kong: Combivenp Ipramol; Hung.: Berodual: 
Otrivin Duo; ĩndia: Aeromist; Combimisp Duolin; Fenovenc 
Indon.: Beroduab Combivenf IrL: Combineb; Combivenc 
Duoventt; Ipramol; Israel: Otiivin Complete; /ta/.: Almeida: 
Bivvind: Breva; Duovenp Naos; Malaysũr. Beroduab Combi- 
venc Duolin; Duovenc Ipramol; Mex.: Berodual; Combivenc 
N eth .: Berodual; Combipramolt; Combivent; Ipramol; Otrivin 
Dao; Norw.: Otrivin Comp; Zycomb; NZ: Combivenc Duolin; 
Phữipp.: Adsal PIus; Beroduab Combipul; Combivent Duavent' 
Pulmodual: Pol.: Berodual; Otrivúi Duo; Port: Berodual; Com- 
bivent: Ipramol: Otriían Rus.: Berodual (Bepoayan); Ipramol 
(HnpaMon); Xymelin Exưa (KcHMenHH 3nrrpa|; S.Afr.: Adeo- 
Combineb: Atrovent Beta; Berodualt: Combivent: Duolin; 
Duovent; Sabax Nebrafen; singapore: Berodual; Combivent; 
D uovent; Spa in : Combiprasal: O triduo; S w eđ .: C om bivent; 
Ipramol; Otrivin Comp: Sapimol; ZyCombf: Switz.: Berodual; 
Dospir; ípramol; Thai.: Aeroduol; Berodual; Combivent; ỉnha- 
lex; Iprateral; Punol; Turk.: Combivenp UK: Combivent; 
Duovẽntt; Ipramol; Ukr.: Berodual (Eepoayan); Xymelin Extra 
(Kchmoihh Bxcipa); Zycomb (3hicom6)+; USA: Combivenc Duo- 
Neb; Veneĩ.: Beroduab Combivent; Duolin; Duovenc Ipralin; 
Respidual.
Pharmacopoeial Preparations
BP 2014: Ipratropium Inhalation Povvder, hard capsule: 
Ipratropium Nebuliser Solution; Ipraưopium Pressurised Inhala- 
tion.

Isoetarine /BAN, rtNNi <s>
"IsỖểỉầrỊìn^tsoếtậVirirìsoêtắriná; rsoẻtằRnẻF Isoetarinum; 
Hsoetharine (OSAN); VVin-3406; Pl3ỏ3jrapiik 
.l-(3,4-Oihydroxyphenyì)-2-ỉsopro'pyrarnịnbb’utah-ÌAÓI'.': * ’■ 
-tíjHj,N0Í»2393 ^
ỈA S  —  53(768-6 r  . , r'* v ’ "  ■'*
'ATC — R03AC07, R03CC06
W CVet — QR03AC07; QR03CC06 1 • -
' ựm  — YV0SN3276Q. ! ' ' ,

The Symbol t  denotes a preparation no longer acdvely marketed The Symbol ®  denotes a substance vvhose use may be restricted in certain sports (see p. viii)
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Levosalbutamol Tartrate ỊriNNM) 0
4eỹalbuterót^ãftìt^J^NK:l.évọsalbuófĩỵ3lTartTate:dẽ^
y ^oỊăy^^ ^ ^ ^ ^ T^^ ĩỊl^atc^de^lẽvosảlbuGmọl;,

W ^ | ^ ^ ^ ^ ^ i^ftt^roÌnọírnẽthylH-lTỹclròiytĩi3ĩĩ
benzenMfmei^^^r^3^2>3'jclihỳdtoxỷbùtanédíoãté

,  , : ' r í

f '  ■; * -  -■> L -  •
UNH —  AỂ&ÌI3Ẻ22M. * v , -  .. -

Uses anc/ Administration
Levosalbutamol, the R (-)-enantiomer oỉ salbutamol 
(p. 1220.2), may be used as an altematìve to racemic 
salbutamol ỉor the management oí asthma (p. 1195.2). It is 
given as the hydrochloride, sulíate. or tartrate but doses are 
usuaỉly expressed in tenns oỉ the base; 1.15 mg of 
levosalbutamol hydrochloríde, 2.4 mg of levosalbutamol 
sulíate, and 2.63 mg oỉ levosalbutamol tarưate are 
equivalent to about 1 mg of levosalbutamol. For the relief 
of acute bronchospasm, 1 or 2 inhalations of the equivalent 
of 45 microgranis oí levosalbutamol can be given ừom a 
metered-dose aerosol repeated every 4 to 6 hours as 
requữed.

Levosalbutamol may also be inhaled Via a nebulisen 
usual doses equivalent to levosalbutamol 630 micrograins 
are inhaled three times daily, increased if necessary to 
1.25 mg three times daily. For children's doses, see 
Administration in Children belovv. In patientỉ with asthma, 
as-cequired beta agonist therapy ũ preíerable to regular use. 
An increased need for, or decreased duration oí effect of, 
levosaỉbutamol indicates deterioration of asthma conơol 
and the need for revievv of therapy.

Levosalbutamoỉ is also under invesúgaáon in a topical 
íonnuladon ỉor the treatment of cutanẽous lupus erỹthe- 
matosus.
General reviews.

1. Jenne JW. The debete OD S-aunúom cn oi 8 -agonisB: tempest in < 
teapot or gathertng sumn? J AiUrgy Oin tmmunol 1998: 101: 893-3.

2. N bm k K. Single-isotner levaỉbuicrol: a review ol  ihe acute dau. Cun 
AũtTgy Aỉthmđ U p  2003; 1:172-8.

3. B ager WE- Levalbulcroẵ: pharnucologic propertie and ttie In the 
trtatm ent 0í  petttatxic and adult asthma. Ă m  AUíTỊỵ Alt)ma Immmol 
2003; 90: 383-91.

4. Dana D, a  a i  An evaluaiion oí nebulixed levalbuterol in nable COPD. 
O tat 2003; 124: 844-9.

3. Kelly HW. Levalbuterol for asthma: a bener oeatment? Cun Atleryy 
A ltiã u  Rep 2007; 7; 310-14.

Adion. In vitro, levosalbutamol had slightly higher affinity 
than racemic salbutamol for beta( and beta2 adrenocep- 
tors.1 The S(+)-enantiomer had low aữmity for these 
receptors. AD 3 vvere mildly selective for beta2 adrenocep- 
tors.

1. Penn KB. a  aL Comparison oí R-, S-, and Rỉ-albuierol imeiaction with 
tniman í  1- and 8 ]-adreneigic recepton. ơin XevAlừrỊy tmmiaul 1996; 
14: 37-43.

Adminisiration in dùUren. Children aged 4 years and 
older may be given levosalbutamol Via a metered-dose 
aerosol at the same dose as that used ỈOT adults, see Uses 
and Adminlstratíon. above.

Chỉỉdren aged hom 6 to 11 years of age may be given 
levosalbutamol vỉa a nebuliser in doses hom 310 to 
630micrograms three times daily.

Asthma. Controlled studies comparing levosalbutamol 
vvith racemic salbutamol ỉor the treatment of asthma have 
produced variable resuhs. Levosalbutamol provided great- 
er bronchodỉlatation than the equivalent amount of the 
racrmate in some studies.u  A decrease in hospital admis- 
sions and an increase in panent-discharge rates have also 
béen reported.5'5 Conttolled stuđies comparing levosalbu- 
tamol with racemic salbutamol in chũdren with acute 
astbma have generaUy ỉaỉled to shovv any dinical benebt 
over the racemate.*'* A revievv conduded that, although 
current studies did not provide evidence of a substantial 
advantage ỉor levosalbũtamol over racemic salbutamol 
the da ta vvere insuffident to determine vvhether subsets of 
the patient population might benefit hom single isomer 
therãpy.9

1. Pleslar* w w , a  aL Pairmse axnpaiison of levalbmerol venus raccmic 
albutetol in tbe neannent of modẽiMe-to-SCTCTt MlinM AUcrgy Asthmt 
Proc 2004; 23:429-36.

2. NowaJc R. ơ  fli. A compailson of levalbuterol m th ncemic albuterol In 
the treatment o i acute severe asthnia exacerbationỉ in adults. Am J 
BmtTỊ tắtd 2006; 24:239-67.

3. Cad J C < ra t  Cnanpatlauu of racemic albuterol and levalbnterol lor the 
tnatm ent a ỉ acute aathnu 1  Ptẳiaữ 2003; 143:731-6.

4. sd u ed t DM. Babin s. OanpariOTi of racemic almterol and levalbuteral 
in the neatment of acnte astbma ỉn the ED. Am J Em trỊM tề 2003: 23: 
842-7.

3. Truitt T. tt  a i  Levalbuterol compared to racemic albuterob eSlcacy and 
outcomes in patienB hotpltalhed Kith COPD or asthma, Chen 2003; 123: 
128-33.

6. Q iunU  F, aaL  Q ĩnlCil efficacy of racemỉc aỉbuterol versus levalbuterol 
(br the tnatment oi acute pedatric aithma. A m  Bma$ Mtd 2003; 46:29- 
36.

7. Hardasmalani MD, n  al. Levalbutetnl venus racemic aUmterol In the 
treatment cdacute exaceibadon of asthnM in diildien. fuUmrBmirỊ Can 
2005;21:415-19.

8. Andrem T. ă  ắL Kgh-dose ctmtlnuouí nebullied levalbuterol lor 
pedlank status asthmaticiis: a landomhed maL J  ĩtd ũ tr2009; 13Í: 205-
10.

9. Kelly HW. Levalbuteral for asthma: a bener treaonent? Cun Alliryy 
Asđmu ltep 2007; T. 310-14.

Adverse Effects and Precautions
As ÍOI Salbutamol p. 1221.3.

incidenca of advBrse effeds. Some studies have reported 
that beta-adrenetgic adverse eữects (e.g. nervousness and 
increased heart rate) are lesỉ hequent with inhaled levo- 
salbutamol than with racemic ỉalbutamol.1*4 In general. 
hovvever, little dUference has been seen in dinical prac- 
tíce.5 Despite preliminary evidence that the increased aứ- 
way hyperresponsiveness occasionally seen with long- 
term racemic salbutamol (see Tolerance, p. 1222.3) may 
be due to the S(+)-enantiomer, and thereỉore might not 
occur vvith levosalbutamol.6 a small study was unable to 
And any íavourable protective eữect.7

1. Nelson HS. et aL Improved bronchodllation with ỉevalbuterol compared 
writh racemìc albuieroi ìn patients wiih asihma. J AIIerỊy ơ ùt ỉmmunoỉ 
1998; 102: 943-52.

2. Mỉlgrom H. et a i Low-dose ỉevalbuterol in childrcn vvith asthma: saíeiy 
and eíBcacy in compaiison vvith pỉacebo and racemỉc albuterol. J Allergy 
Cỉirt ỉmmuMỈ 2001; 108: 938-45.

3. Handỉey DA. et ai. Dose-response evaỉuation oí levaỉbuieroỉ versus 
ncemic aỉbutrrol ỉn patíents wỉth isthma. J Asthma 2000; 37: 319-27.

4. Tripp JC đ  tí. A OI mu la tí ve dose study of levalbucerol and racemk: 
albuteroỉ administered by hydroOuoroalkane-ỉ Ỉ4a mecered-dose 
inhaler ỉn asthmaúc subjects. J AikrỊy ƠÙI ỉmmimoề 2008; 122: 544-9.

s. Ameredes BT. Caỉhoun WJ. Levaỉbũĩeroỉ vecỉus aỉbuieroL cnrr AUergy 
ÁsŨmtđRep 2009;9:401-9.

6. Perrin-Payolk M. Salbutamoỉ in the ưeatraent oỉ asthma. Lanat 1995; 
344:1101.

7. Sjỗ$wỉỉd KN. a  ềk Single-ísomer R-saỉbutamo! is not superỉor to 
racemate reta rdừig proteciion ỉor bronchiaỉ hyperresponstveness. Rapir 
Mtd 2004; 98: 990-9.

Interactions
A3 íor Salbutamol. p. 1223.1.

Pharmacokinetics
There is some systemỉc absoiption of ínhaled levosalbuta- 
mol. Aíter a ãngle dose levosalbutamol has a haư-life of 3.3 
hours. For details of the metabolism and excretion of 
salbutamol enantiomers, see Stereoselectivity, under 
Salbutamol p. 1223.2.

MetaboGsm. There is evidence that levosaỉbutamol is 
metabolised íaster than 5(+)-salbutamol.
References.
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volunleen. J ơm  PhãrmMCol 1998; 38: 1096-1106.

4. Bouỉton DW. Fawcett JP. The pharmacokỉnetics oi levosalbutamol: whai 
are the dỉnical impỉkatỉons? Qin Pharmaaiàrưt 2001; 40: 23-40.

Preparatìons
Propríotary PpBpQRdions (details are given in Volume B)
Sâigế>-ingredwn> Preporotioni. Arg.: Albulain Ventoplus; Indùr. 
Levolin; USA: Xopenex.
PharmoeopoMal Pnpnroliom
USP 36: Levalbuterol Inbaỉatìon Solutìon.

MepoHxumab ỊUSAN, riNNì
Mépolizumab;.Mẻpolizumabum; SB-24Ó563; MenomuyMaèl. 

.imnuinoglobulin ÍSỊ, antì-(human interleukìn 5) (tiúmaiv- 
mouse monockxial SB-240563 yl-chain), disulfide with 
human-mouse tnonoctonal SB-240563 K-chain, dỉmer;' - i: 
CAS — 196078-29-2. :t„- -
ATC — LỎ4AC06. 1
ATCVẹt — QL04AC06 • •-

Proft/ẹ
Mepolizumab is a humanised anti-interleukin-5 mono- 
donal antibody. It ú under ínvestigation in the manage- 
ment of asthma. as well as the treatment oí hypereosino- 
philic syndrome (chronic eosinophilic leukaemia), and 
eosinophilic oesopbagitis (p. 1810.1).
Reíerences.

1. Leckỉe Mỉ, a  ãL EAects oỉ an interleukỉn-5 bloddng monodonaỉ 
amỉbody 00 eosinophỉỉs. aừway hyper-responsiveness. and the late 
asthmadc retponse. Lđrtat 2000; 356: 2144-8.

2. Ptôtt S-G, d  đi. Use of an anú-imerleulôn-5 antỉbody ỉn the 
hypereoánophỉUc syndrome wỉtb eosínophỉlic dennatỉtỉỉ. N Brt$l J  Mai 
2003; 349: 2334-9.

3. BrauĐ‘Fako M. t í  aL Angỉoỉyinpboỉd hypeiplasia wỉth eodnopuila 
ưeated vvỉth aotỉ-lnterleukin-5 andbody (mepolỉxnnub). B rJ Dtmđtoỉ 
2004; U l ĩ  1103-4.

4. Garrett JK  €t ai. And-ỉnierietikiĐ-5 (mepolỉzumab} đỉerapy ỉor 
hypereosỉnophỉBc syndromes. J  Aliergy ơin ỉĩmmmoi 2004; 113:115-19.

5. Rothenberg ME, đ  aL Mepotixumab HBS Study Group. Treaanent oỉ 
padents che hypereosỉnophilỉc syndrome wỉth mepoỉỉxumab. N  
Engĩ J  Mad 2008; 358: 1215-28. CorreÂkm. ìbừLỉ 2530.

6. Haỉdar p, tí  đt. Mepoỉirumab and exaonbations oi reínctory 
eosinophmcaíthma. N  Snsl J M tề 2009; 360: 973-84.

7. Nair p, tí  úL McpoHxuniab for prednlscme-dependent ạqhtna vrtth 
sputum eosỉnophma. N E n^Jầátắ  2009; 360: 985-93.

8. Straumann K  d a i. Antỉ-interleukỉn-5 antíbody treatroent (mepoUzu- 
mab) in acdve eosỉnophỉỉỉc oesophagitís'. a Tandomỉsed. placebo- 
conứoOed. double-blind triaL Gui 2010; 59: 21-30.

Montelukast Sodium
IBANM, USAN, rlNNMI
L-706631; MK-476; Montelukast siódico; Montélukast 
Sodique; Natrii Montelukastum; HaTpMÌi MoHTe/iyKacT. 
Sodium l-[({(/?)-m-[(£)-2-<7<hloro-2-quinolyl)-vinyỉ]-a-[o-(l- 
hydroxy-1 -methylethyl)phenethyl]-benzyl}thio)methyl] 
cỹdopropaneacetate.
C3SH 3 sa N N a0 3S = 6 0 8 2
CAS — 158966-92-8 (montelukast); 151767-02-1 (montelukast 
sodium).
ATC —R03DC03.
ATC Vet — QR03DC03.
UNII —  UỈ03JỈ8SFL

Pharmacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8: (Montelukast Sodium). A vvhite or almost vvhìte, 
hygroscopic powder. Freely soluble in water and in 
dichloromethane; ỉreely soluble to very soluble in alcohol. 
Store in airtight containen. Protect hom light.
USP 36: (Montelukast Sodium). A vvhite or almost vvhite, 
hygroscopic povvder. Freely soluble in water and in 
dichloromethane; heely soluble to very soluble in alcohol. 
Store in airtight containers. Protect hom light.

Uses and Administration
Montelukast is a selectìve leukotriene receptor antagonist 
with actions and uses similar to those of zaũrlukast 
(p. 1240.1) aithough 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 
10.38mg is equivalent to about lOmg of montelukast.

Montelukast sodium iỉ used in the management of 
asthma (see p. 1215.1) andallergicrhinitiỉ (seep. 1215.3). It 
is given orally in doses equivalent to lOmg of montelukast 
once daily. In chronic asthma, the dose is given in the 
evening. For acute prevention of exercise-induced 
bronchoconstĩiction. the dose should be given at least 2 
hours before exercise and not repeated vvithin 24 hours. 
Patients already taking montelukast daily lor another 
indication. ỉndudỉng chronic asthma, should not take 
additional doses for exerdse-induced bronchoconstriction. 
Montelukast ứ not used to ưeat an acute asthma attack. In 
the treatment o ỉ  seasonal OT perennial allergdc rhinitis 
(vvithout asthma), the dose may be taken in either the 
moming or evening.

For details oỉ doses in children, see below.

Adminútration in children. Montdukast sodỉum has been 
vvidely used in children.1 for whom ỉt is available as oral 
granules and chevvable tablets. Chevvable tablets are suita- 
ble for those aged 2 years and older oral granules are sul- 
table for inỉants hom 6 months oí age as they may be 
given directly into the mouth or mixed with a small 
amount of soft ỉood. Oral daily doses, expressed as monte- 
lukast, are based on age:
• 6 months up to 2 yeais: 4mg (as granules)
• 2 to 5 years: 4mg (as granules or chevvable tablets)
• 6 to 14 years: 5 mg (as chevvable tablets)
• 15 years and over. use the adult dose, see above
In the UK. the above doses are licenseđ for the management 
oỉ chronic asthma and hom 2 years of age ỉor the 
prophylaxis oí exerdse-induced asthma; in asthmatic 
children with concomitant seasonal allergic rhinitis. it is 
only licensed hom age 15. Doses should be taken in the 
evening.

In the USA these doses are licemed hom 1 year of age in 
chronic asthma. to be given as a single daily dose in the 
evening. In the prevention oí exerdse-induced broncho- 
constriction in children aged 6 years and older, a dosc may 
be given at least 2 hours beíore exerdse, and not repeated 
within 24 hours. Patients aheady being ưeated with daily 
therapy ỉor another indication. induding chronic asthma, 
should not be given additional doses for exerdse-induced 
bronchoconstriction. Montelukast is also licensed íor use in 
allergic rhinitis (vvithout asthma) in the USA. The above 
daữy doses can be given either in the moming or the

All cross-references reíer to entries in Volume A
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evening from 2 years of age in seasonal allergic rhinitís and 
from 6 tnonths oỉ age in perennial alleigic riúnitis.

1. Btsgaard H o a / .  Salecy and toleiability of mouetukast in placebo- 
oonnolled pediatric studỉcs and dteir open-labd aaensions. tu tia tr 
Puĩmorul 2009: 44: 568-79.

Àslhma. Use oỉ montelukast in asthma (p. 1195.2) has 
been reviewed,1-* (íurther general reíerences for leuko- 
niene antagonists can be ỉound under Zafirlukast, 
p. 1240.1). Montelukast produced modest improvements 
compared with placebo in chronic asthma and exerdse- 
induced asthma in both adults5'6 and children.7'’ In a sys- 
tematìc reviewla of studies in adults and đũldren compar- 
ing leukooiene receptor antagonists with inhaled cortìcos- 
teroids ỉor monotherapy in mild to moderate persistent 
asthma, in vvhich more than half o í the studies used mon- 
telukast, leukotriene antagonists were ỉound to be less 
eữective in tnaintaining asthma control. The difference 
was particulariy marked in patíents with moderate disease. 
Addition of montelukast to an inhaỉed cortìcosteroid has 
signiAcantly improved asthma comrol in adults and ado- 
lescents,11 and in children,13,13 with mild to moderate 
asthma. However, in adults and adolescents the additìon 
of an inhaled long-acóng beta2 agonist, such as salmeterol, 
is more effective;ll,u comparative studies in children are 
Umited.14

Montelukast may be used for prophylaxis in patients 
with chronic exerãse-inđuced asthma.15,14 Hovvever, it may 
only be effecdve in 50 to 80% of patients.14 There is some 
evidence that montelukast may be more eSective than 
inhaled salmeterol for the chronic treatment of exerdse- 
induced asthma,17,14 and aỉthough a later study1’ found 
similar effects on lung íuncnon vvith the two drugs, a more 
íavourable effect was seen on gas exchange during 
moderate exeróse vvith the use of montelukast.

Montelukast has also been studied in adults and children 
for the ữeatment of"ầcute asthma. using either oial therapy 
or an investìgational ữýectable íonn. However. despite 
some evidence of improvement in lung hmction, the 
addition of montelukast to Standard therapy did not 
signiBcantly affea rates of hospital admission.70

1. Jarvử 8, Markham A. Montelukast: a revỉew of its ibcrapeutíc potenúal 
ĩit persỉstent asthma. ữrugs 2000; 59:891-923.

2. Nayak A. A review of monteỉukast ỉn the treatment oí asthma and 
aỉlergic rhinitỉỉ. Bxpert opin Pharmaathcr 2004; 5: 679-86.

3. Storms w . Update oa monteỉukast and ỉts role in the treatment oỉ 
asthma. aỉỉergỉc rhỉnỉtỉs and exeráse-ỉnduced bronchoconstríctỉon. 
Expert Opin ĩharmacDther 2007; 8: 2173-87.

4. Amỉanỉ s. et ai. Montelukast ỉor the treatment of asthma in the aduỉt 
populatíon. Experi Opừt Pharmacother 2011; 12: 2119-28.

5. Leff JA. et aỉ. Montelukast. a leukotriene-receptor amagonisL ỉor the 
treatment of miỉd asthma and exerđse-induced bronchoconsữiaỉon. N 
EngUM tấ 1998; 339: 147-52. •

6. Reiss TF. ít a i Montehikast. a once-daiiy leukoniene receptor 
anugonisr. in the txeatment oỉ chroaỉc asthma: a muỉticemer. 
randoraixed. double-bUnd trial. Arch Ịníem Med 1998; 158: 1213-20.

7. KnorT B. tt ai. Montehỉkast íor chronic aschnu in 6* to 14-year-oid 
children: a randomỉxed, doubte-blỉnd trial. JAMA 1998; 279: 1181-6.

8. Kemp JP, 0  ai. Monteỉukast ọnce da Uy inhibỉts exerdse-induced 
bronchoconsmcúon in 6- to 14-year-old chiỉdren with asthma. J PtảỈAtT 
1998; 133: 424-8.

9. Knorr 8. ti ai. Montelukast, a leukotriene reccptor antagonist, for the
treatmem ot persỉstent asthma ỉn chỉldren aged 2 to 5 yeais. Abstract: 
Pediatria 2001; 108: 754-5. Puỉỉ veisỉon: httpư/pedỉatxỉcs.
aappublicatíons.org/cgi/contenƯíuU/ I08/3/C48 (accesscd 14/04/08)

10. Chauhan BF. Ducharrae FM- And-ỉeukotriene agents compared to 
ỉnhaled cortỉcosteroids ỉn the management of recurrent and/or chronỉc 
asthnu in adults and children. Avaỉỉable in The Cochnne Database of 
Systemadc Review$; Issue 5. Chichester John Wiley; 2012 ỉaccessed 
17/06/13).

ỉ 1. Joos s, tt a i Montelukast as add-on therapy to inhaled cortỉcosteroids in 
the treatment of mild to moderate asthma: a systematk review. Thorax 
2008; 63: 453-62.

12. Phipatanakuỉ w, et ai. Montcỉukasc improves aschma con troi in 
asthmatic children maintaỉned on inhaỉed conicosteroids. Ann Allergy 
Asthma ỉmmunợi 2003; 91:49-54.

13. iohnston NW. ti ai. Anenuation oi the Sepiember epidemỉc oí asthma 
exacerbatíons in chiỉdren: a randomized. controỉỉed tríal oí monteỉukast 
addcd lo usual therapy. Pedừitria 2007; 120: C702-C712.

14. Oucharme FM. et ai. Addition to ỉnhaled coràcosteroids oí long-acting 
beta2-agonỉsts versus anri-Ieukotrienes for chronic asthma. Availabỉe ỉn 
The Cochrane Database of Systematic Reviews: Issue 5. Chichesten John 
Wilcy; 2011 (accessed 17/06/13).

15. GrzcJewskỉ T. Stelmach L Exercise-induced bronchoconstricnon in 
asthmatỉc cbildren: a comparatỉve syscematỉc review of the avaỉtable 
treatment opdons. ữntgt 2009: 69: 1533-53.

16. Cairer TW. Exerdse*induced asthma: aỉtỉcaỉ analysữ of the protecdve 
role of monteỉukast. J Asthma AUersy 2009; 2: 93-103.

17. VỉUaran c  tt ai. Momeỉukast versus saỉmeterol in padents with aỉthma 
and exertíse*induced bronchoconstrictìon. J  AUersy ƠÌH ĩmmttnol 1999; 
104: 547-53.

18. Edeỉman JM, et ai. Oral monteỉukast compared wỉth ỉnhaỉed salmeteroỉ 
to prevent exerdse-ỉnduced bronchoconstrỉctíon: a nndomized. 
doubỉe-blỉnd triai Ann Intem Maẩ 2000; 132: 97-104.

19. Steinshamn s, et aỉ. Eỉĩects of monteỉukast and saỉmeteroỉ on physicaỉ 
petíormance and exerdse economy in aduh asthmatícs with exerdse- 
ỉnduced bronchoconstrỉctỉon. ơ ư st 2004; 126:1154-60.

20. Watu ỈC Chavasse RJFG. Leukocrỉene receptor antagonists in additiữEi to 
usuaỉ care for acutt asthma in adultỉ and children. Avaiỉable in The 
Cochrane Database of Systeroatỉc Revỉews; Issue 5. Chkhesten John 
Wfley; 2012 (accessed 17/06/13).

BronchioliHs. Bronchỉolỉtis due to RSV inỉecđon is often 
followed by post-bronchiolìtic reactivc airways disease, 
characterỉsed by asthma-ỉỉke wheeze and other symptoms. 
Results from a placebo-controUed pilot study ỉn ỉnỉants 
with acutc bronchioỉitis suggcsted a reduction in symp-

toms aíter the Srst 2 weeks oỉ montelukast ưeatment1 
generating some interest UI whether montelukast could 
prevent or modưy more persistent asthma that has been 
assodated with RSV.2 However, a further similar study 
found no benefìt wỉth montelukast treatment compared 
with placebo,5 and did not suppon the use oỉ monteiukast 
ỉn inỉants with acute bronchiolỉtis.

1. Bisgaard H. Study Group on Monteỉukast and Respiratory Syncytial 
Vỉrus. A nndomỉxed triaỉ of montdukast in respintory syncydaỉ vỉrus 
postbronchloỉỉtís. Am J ỊUspir Crit Can Med 2003; 167: 379-83.

2. $zefler SJ. Slmoes EAF. Monteiukast ỉor respintory syncytỉaỉ vỉrus 
bronchỉoỉỉds: dgnihcam eflea or provocatíve Sndings? Am J Rapir Crừ 
Can Meẩ 2003; 167: 290-1.

3. Amỉrav le ta l. A doubk-bỉỉnd. placebo-controlled. randomỉzed trỉai oỉ 
monteỉukast ỉor acute brondiỉoỉỉtỉs. Absưacc Pediatria 2008; 122:1361. 
FuQ versỉon: http://pedlatrics.aappubUcations.org/cgi/reprinƯ122/6/ 
el249 (accessed 17/08/09)

Cystíc Rbrosis. A small study in children VVỈÚ1 cystìc fibro- 
sis (p. 177.2) found that monteỉukast reduced eosinophilic 
inílamxnatíon.1 A later study,J reported improved lung 
hincúon and a reductíon in coughỉng and wheezing, and 
concluded that montelukast may have measurable 
and-inílammatory actíviry in patíents with cystíc Sbrosis. 
In a small group oỉ adult patíents widi cysúc Sbrosis’ 
montelukast improved symptoms, in partìcular exerdse 
tolerance and peak expiratory flow rates. The patìents 
who benehted the most had positive Aspergữhis serology, 
and the authors suggested that colonisatìon oi the aimays 
in cystic Sbrosis by Ãspergiỉĩus stimulates T helper cell 
inũammation and leukooiene synthesis. A review of leu- 
kotriene receptor antagonists in cystic ăbrosis4 conduded 
that dinical benefit seemed likely in a subset of patìents 
vvith bronchial hyperresponsiveness similar to that seen in 
asthma.

A study in to the pharmacokinetics oí montelukast in 
cystic Bbrosis5 found that the dose of montelukast and the 
dosing interval do not need to be modỉhed iỉ the goal of 
theiapy is to achieve súnilar serum concentrations as for 
asthma ưeatment; hovvever the eỉíicacy of these 
concentraúons for the ũưiammatory lung disease o í  patients 
with cystic Sbrosis was unknown.

1. Sduniỉt-Grohé S .ttaL  And-lnflammatory eữects oỉ montdukast in mỉỉd 
cystíc Sbrosis. A m  Aỉkrgy Asthma ĩmmumi 2002; 89: 599-605.

2. Steỉmach l  đ  aL Eữects oC tnontelukast treatmem on dỉnỉcaỉ and 
ỉnflammatory varỉabỉes ỉn patíents with cystỉc Sbrosỉs. A m  Alỉtrgy 
Asthma Immiữtữi 2005; 95: 372-80.

3. Morice AH. tt ai. Montelukast sodỉum ỉn cystic ãbrosỉs. Thorax 2001; 56: 
244-5

4. Schraia-Grohé s. Zỉelen s. Leukotrìene receptor antagonỉsts in diildren 
vrith cystỉc Abrosỉs lung dĩsease: and-inílammatory and cBnỉcal eữects. 
Patiatr Drugs 2005; Tỉ 353-63.

5. Gnff GR. tí ai. Montdukast pharmacokinetks in cystíc Sbrosỉs. J Ptdiaơ 
2003; 142: 53-6.

Eczema. Despite earìy indications bom some small dinical 
studies and case reports1*5 that montelukast might be oỉ 
benefit in eczema (p. 1684.1) larger, more recent studies 
have tailed to show any improvement compared with pla- 
cebo.4,5

1. Capeỉỉa GL. et ai. A randonúzcd trlal of leukotrỉene receptor antagonỉst 
momeiukast in moderate-to-scvere atopỉc dennatitỉs of aduỉts. Bur J 
Dermatoỉ 2001; 11: 209-13.

2. Hem RLE. đ  aL Brieỉ casc series: montehikasỉ, at doscỉ recoaunended íor 
asthma treatmenỉ, reduces dỉsease severity and inaeases soỉuble CD14 
in diỉỉdren vrith atopic dermadỉis. J Dermatoỉoỹ Treaí 2005; 16: 15-18.

3. Angeỉova-nscher L Tsankov N. SuccesshU treatment of severe atopic 
dennatỉtís with cysteinyl leukotrỉene receptor antagonist monteỉukast. 
Aơa Dermatoveneroi Aỉp Panonừa Aảriat 2005; 14: 115-19.

4. Veien NK, tí aí. Monteỉukast ưeatment oỉ moderate to severe atopic 
dermatỉtỉs in adults: a randomixed. double-bỉinđ. placebo-comrolled 
triaỉ. J Am Acad Dermatoi 2005; 53: 147-9.

5. Priednunn PS. et aỉ. A doubỉe-blind. pỉacebo*comroỉled triaỉ of 
taomelukast ỉn adult atopic ecxema. Cĩùt Exp Alltrgy 2007; 37: 1536-40.

Gastrointestinal disorders. Beneíìt has been reponed' 
with the use of montelukast in patients with eosỉnophilic 
oesophagitis (see p. 1810.1). A systematic review with 
recommendatíons for the dìagnosis and treatment of eosi- 
nophilic oesophagitis2 conduded that although leuko- 
triene receptor antagonists had been shovvn to induce 
symptomatic reliet at high doses, no signihcant improve- 
ments in histology were noted and theứ use ỉor the treat- 
ment of eosinophilic oesophagitis is not supported by the 
current lỉterature.

ỉ. Amvood SEA, et cứ. Eosinophiiic oesophagỉtís: a novd treaunent Uỉing 
montelukast. Gui 2003; 52: 181-5.

2. Furuta GT, tí ai. American Gastroenteroỉogỉcal Assodatỉon; North 
American Socỉety (rf Pedỉatrìc Gastrocnterology, Hepatology. and 
Nutritỉon. EosìnophUỉc esophagỉtis in diỉldren and aduỉts: a systexnatỉc 
review and consẽnsus reconunendatỉoas for đỉagnosis and treatment 
Gastrotrtíeniosy 2007; 133: 1342-63. Also avaỉlabỉe at: httpư/download. 
jo u rn a ls .e ls e v ie rh e a l th .c o m /p d f s /jo u rn a ls /0 0 i6 -5 0 8  5/ 
Pns00t6508507014746.pdf (accessed 14/04/08)

Grafhversus*host disease. A pilot study in reíractory, 
chronic graft-versus-host disease (GVHD) aíter allogeneic 
haematopoietlc stem cell transplantation (p. 1937.1),1 saw 
an improvement in 15 oi 19 patíents aher montelukast 
was added to their Standard immimosuppressive regimens; 
in 4 patients signs of chronic GVHD were resolved, 2

shovved signihcant improvement, and 9 showed moderate 
improvement.

1. Or R,ữ a L  Sparỉng eữect by montelukast treatment for dưonỉc graỉt 
VCTSUS host dỉsease: a piỉot study. Tnoisplantatìởn 2007; 83: 577-81.

Mastocytosis. Montelukast has been tried, with some suc- 
cess, in the treatment of systemic mastocytosis (p. 1226.3) 
in an iníanL1

1. Tolar ĩ, tt aL Leukotriene-receptor inhỉbition ỉor the treatment of 
systemỉc masmcytosis. N Engi J  ủed 2004; 350: 735-6.

Rhinitis. Monteỉukast is used in allergic rhinitis (p. 612.1), 
where large placebo-controlled studies have shown it to 
relieve symptoms in both seasonal allergic rhinitis,u  and 
perennial alỉergic rhinitis.3 Hovvever, a meta-anaỉysis4 oỉ 
leukotriene antagonists (mainly montelukast) ỉor manage- 
ment oi aUergic rhinitis conduded that while leukotriene 
antagonists were modestly more eổective than placebo 
and of similar efficacy to antihistamines, in redudng nasal 
symptoms and improving rhinoconj unctivitis, thêy were 
less eữective than cordcosteroids even when used with 
antíhistamines. A later systemaòc review5 commentẹd 
that some studies in alỉergic rhinitis usỉng a combination 
of montelukast and an antihistamine had produced results 
comparable with intranasal corticosteroids. Aỉso, in 
patients with both allergic rhìnitis and asthma, montelu- 
kast had resulted in signiScant improvements in both 
when compared with placebo.

1. Philip G. tt aL Montehikast ỉỏr treating yasnnal aỉỉergic T-hiniriy a 
randomỉxed. doubk-blind. pỉacebỡ-controũed trỉaỉ pexíormed in the 
spring. ơin Exp Aikrgy 2002; 32: 1020-8.

2. van Adelsberg J. ètaL Randomixed controỉled trỉaỉ evaỉuadng the dỉnỉcaỉ 
beneăt of moatelukast for treatỉng spring seasonaỉ allergic rhỉnitỉs. Ann 
Alltrgy Asthma ĩmmunol 2003; 90:214-22.

3. Pateỉ p. a  aL Randomixed, doubỉe-bỉlnd placebo-conơolled study oỉ 
momeỉukast for treatíng perennỉal aũergic rhinitis. A m  Aũaỳy Asứma 
ímmmoi 2005; 95: 551-7.

4. WUson AM. et a i Leukotriene receptor antagonỉsts ỉor aHergỉc ihỉnitỉs: a 
systemadc review and meta-analysú. Am J Med 2004; 116: 338-44.

5. Nayak A. Langdon RB. Montelukast in the ưeaoncm oỉ allergỉc rhỉnitỉs: 
an evidence-based revỉew. Drugt 2007; 67: 887-901.

Sleep-disordered breaihing. Montelukast with an intra- 
nasal corticosteroid has been reported to be beneBdal in a 
smalỉ study in children with residual sleep-dỉsordered 
breathing after tonsiQectomy and adenoidectomy.1

1. Khdrandỉsh tí al. Intranasaỉ stnoids and oral leukotriene modỉSer 
therapy in residual sleep-disoidered breathing aỉter '.onsiĩlcaomy and 
adenoideaomy in chỉldren. M iãO ia 2006; 117; CÓ1-CÓ6.

Urtkaría. Montelukast has been investigated in the treat- 
ment oi urticarỉa (p. 1689.2) with variable results.1 How- 
ever, urticaiỉa has also been desaibed as a suspected 
adverse eữect oỉ montelukast theiapy.

Montelukast has been reported to be more eữective than 
placebo vvhen used with the antihistamme desloratadine in 
the treatment of delayed pressure umcaria.2

1. McBayne TO, Slddall OM. Monteỉukast treatment of urticaria. Am  
Phamacother 2006; 40:939-42.

2. Nettis B. tt aL ữesỉoratadỉne ỉn comblnatíon with monteỉukasi 
suppresses the dennagrapbometer chaũenge test papuie, and is eổective 
ỉn the treatment of deỉayed pressure urtỉcaria: a rand<ttnỉzed, double- 
bUnd, pỉacebo-controUed scudy. B rJ Dtrmatoi 2006; 155: 1279-82.

A d v e n ịe Ẹ Ị Ị& ẹ te o p d fỊ ^ o u Ị ịc f ìs
As for Zafìrlukast. p. 1240.1.

Additionally, palpitations and seizures have been 
reported with montelukast use. In children. eczema and 
iníections su ch as varicella, gastroenterítis, and upper 
respiratory-traa iníections have occuưed.

Churg-Strauss syndrome. For discussion of the possible 
role of leukotriene antagonists in Churg-Sưauss syndrome 
see under Zafirlukast. p. 1240.2.

Effectí on ihe CNS. For iníormatìon on the CNS adverse 
eííects assodated with use of anti-leukotrienes, see under 
Zafirlukast, p. 1240.2.

Hepatic impairment. Although there is evidence of eãects 
on the liver in patients receiving montelukast, and 
although it is largely eliminated by hepatíc metabolism. 
montelukast (unlike zafirlukast) is not considered by 
lỉcensed product inỉormatỉon to be contra-indicated in 
hepatic impairment, and no dose adjustment is conãdered 
necessary in mild to moderate hepatic impairment

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Nomegian Porphyria Cenơe (NAPOS) and 
the Porphyria Centre Sweden, dassiữes montelukast as 
possibly porphyrinogenic it shouỉd be used only when no 
saíer aỉtemative is available and precautions should be 
considered in vuỉnerable patients.1

1. The Drug Database for Acute Porphyria. Available ac hctp://www. 
drugs-porphyria.org (accessed 17/10/11)

The Symbol <S) denotes a substance whose use may be restricted in certain sports (see p. viil)The Symbol t  denotes a preparation no longer actively marketed
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Interactions
Licensed product iníormatíon recommends caution when 
potent iạđuceis oỉ cytochrome P450 isocnzymcs. su ch as 
phenytoin, phenobaibitai or riỉampitín are given with 
moưtelukast.

Corticostereids. For a report of peripheral oedema in a 
patíent given montelukast and prcdnừone, see Leukoữiene 
Antagonists, p. 1620.2.

PhenobarbitaL Peak serum concenơatìons aỉter a ángle 
dosc of montelukast 10 mg were rcduced by 20% ìn 14 
healthy subjects who took phenobaibital lOOmg daily for 
14 đays, and area under the serum concenơation-time 
curve was reduced by 38%. Hovvever, it was not thought 
that montelukast doses vvould need adjustment ư given 
wỉth phenobarbital.1

1. Holland s, tí  ai. Metabolism o! monteỉukast (M) 'a ìncreased by muỉtìple 
doses of phenobarbital (P). CUn Pharmaal Thtr 1998; 63: 231.

Pharmacokìnetics
Peak plasma concenưations oí montelukast occur 2 to 4 
hours after oral doses. The mean oral bioavaUability is about 
64 to 73%. Montelukast is more than 99% bound to plasma 
proteins. It is extensively metabolised in the liver by 
cytochiome P450 isoenrymes, mainly by CYP2C8 and to a 
lesser extern by CYP3A4 and CYP2C9. The plasma haư-life 
ranges írom 2.7 to 5.5 hours. Montelukast and its 
metabolites are excreted principally in the ỉaeces Via the 
bile.

Reíerences.
1- Kdott B. t í  a l. Monteỉukast dose sdectíon ỉn 6- 10 14-year-oldĩ: 

comparlson oỉ sỉngle-dose pharmacokinetia in chiỉdren and adults. J 
Om Pkarmúcoi 1999; 39: 786-93

2. Knoir B, tí ai. Montdukast dose seỉection in chiỉdren ages 2 to ỉ  years: 
cotnparison of populatíon phannacokỉnetia benveen children and 
aduỉts. J  ũừ i pharmđcoi 1999; 4Ỉ: 612-19.

3. Mỉgoya 'B .tía i. Phinnacoldnetícs oỉ momelukasx in asthmatìc patients 6 
to 24 months old. J ơm  Pharmacol 2004; 44: 447-94.

4. Knonr B, tí aL Phannacokỉnetỉcs and saíety of montelukast in childrcn 
aged 3 to 6 months. J Chn Pharmanỉ 2006; 46: 620-7.

5. Kearns GL, a  aL Phannacoldnedcs and saíety of raontdukasi m ỉ  
gnsules ỉn- chikÌTen ỉ to ỉ  months oí age wiih broncỉũoUns. J Qin 
Pharmaeoi 2008; 48: 502-1 ỉ .

Preparotions
Proprietary Proporations (detailỉ are given in Volume B)

Sngle-ingrednnt Preporotions. Arg.: Inspứol; Montrate; Rolast; 
Singulair: AustraL: Síngulain Austrũr. Sỉngulaữ; Belg.: Rhino- 
ángulair; Singulair; Braz.: Montelain Singulair; CaruuL: Singu- 
laii; Chile: AsvẹntoL' Brondilat; Montecross; Singulain Chũm: 
Singulair Cz.: Brogalas; Castìspír Elukan; Bonic Mir-
alust; Monkasta; Monlucare; Montecon; Monteb Montđac 
Monteratio; Momexal; Montulind; Singulain Telumantes; 
Denm.: Asthmontt; Elukan; Kemtelo; Kestilumai; Lukain Med- 
prego; Miralusc Monspest; Montegen; Montetrinas Monthan; 
Montísartas; Montulind; Olekastt; Otelusỷ; Singulair; Pin.: 
Airathon; Astecon; Singulair; pr.: Singulair. Ger.: Montelu- 
bronch; Singulair; Gr.: Montast; Pneumo-Kast; Singulaii; Telu- 
kast; Hong Kong-. Singulair; Hung.: Singulain India: Airvvay; 
Aỉtham: Breathẽzy; Emlucast; Kast MK; Molly; Montair Mon- 
tal; Montasma; Montelc Montelast; Momũ Odimont; /ri: 
Molac Montelair SingulaŨT israel: Singulair Take Air ItaL: 
Asthmont; Kemtelo; Lukasm; Mintalos; Monstonol; Montegen; 
Monthan; Moolpas; Otelus; Singulain Xĩgenast; Jpn: Kipres; 
Malaysùt: Singulair; Mex.: Singulaỉi; Heth.: Airathon: Kastlute- 
mon; Lukastang; Montehanc Monthan; Singulaii; Spirokast; 
Norw.: Singulair; NZ: Singulaũ; phũipp.: Brecare; Kastair Kas- 
torion; Leukast; Montair; Montecad; Montekast: Montemax; 
Mondgec Singiilair PoL: Aìrathon: AsmenoL- Astmứex; Dii- 
mon; Bonic Hardic Milukante; Monkasta; Montelak; Monte- 
nonn: Montessan: Montest' Promonta; Singulain Symlukast; 
Vizendo; PorL: Deprivet; DUocea; Lukaú; Singulaú; Singulergy; 
Synglarint: Rus.: Monkasta (MoBKacn); Singulair (CHHTynep); 
S-Afr.: Lumont: Singulair: Sintrine; Topras Singapore: Singu- 
lair, spaũc Monkasta; Pluralais; Singulair Swe<L: Singulair. 
Switz.: Lukain Singulaú; Thai.: Montek; Singulain Turk.: Aữ- 
lasc Clast; Luxat; Monax; N-Fess; Notta; Onceain Respair Sin- 
gulaic ĩtsỊÍia; VK: Singulair: Ukr.: Lucast (Hyncr); Milukant 
(MHayDHT); Montel (MoHien); Singlon (CHHrnoN); Singulair 
(CHHiymp); USA: Singulair; Venet.: Airon; Inuvic Monukast 
Singulair.

MubHngradMnt PreporaHons. btdia: Ainvay-L; Alnacet-M; Aro- 
kast; Breathezy-L; Dilevocet-M; Folcet-MT; EQskast: Kurecet-M; 
L-Montus Laigy-M; Lazine-M: LCRal Plus; Le-Zyncet-M; Lem- 
ont-LC Lepit-MK; Leverest-MK; Levocet-M; Levodic-M; 
Levoriz-MK; Levotìn Plus; Levotra-M; Levotrin-M; Levoi-M; 
Levxed-MK: Luka; Luzei-M; Luier-M; Lydt-M; M-Kast-L; 
MoDy-Plus: Moncet; Mondeo-LC; Mondeslon Montalr Phis; 
Montaữ-LC Montasma Plus; Montbre; Montegen-L,- Montek- 
LC; MontìUíe: Montlu-L: MontraU Monty; Monway Plus; 
Mosha-L' Mucopen; Nislevo-MK' Noai-LM; Nukasc Odimcmt 
PIus; Okasma; Ontelio-L; Phữipp.: Co-Altria; ZykasL

N e d o c r o m i l  S o d ỉ u m  IBANM, USAN, HNNMÌ
‘PPtSSĐOĨ' (nẽdocromll); FPL-59002KC (nedocromiỉcaldum)r. 
>FPL-S90Ò2KP (rtedocromi): sodium); Naìrií Neđoaomilumị1 
rNédọãòrn(ỉ Sodique; .Neclóérornilo sổdicõí Nedoơomirủm- 
NatrèiSiíir Nẻdóiừomltllnàtrium,''' Nedokromìl ;Sodyùm( 
Nedokromilnatnum; Haípnii HeAOKpÔMHh”  -  ■'
Dĩsódiũftt; 9-éthyl-6,9-dỉhydro-4í&-dĩox<>1(>;propy(-4W-pyra- 
no[3^]qúìnolinẹ-2^-diC3rboxylate,' ‘ ,
C,9H,sl5Na20^4ĩ53 • -
Ờ s ,‘'69049-73-6 (nedocromìO; 691X9-74-7 (nedoớomil 
Ị0dium); Wl626Ì8-Q (nedoợomịl cakium)... ■ , .
ATC —MIAC07; R03BC03; S01GX04.
ATC Vet — QR0ÍAC07; QR03BC03; QS01GX04.
UNII —  ETBIF4KS1T. i 

NOTE. Nedocromil Caltíutn ũ  also USAN.

Uses and Administration
Nedocromil sodium has a stabilising action on mast cells 
resembling that oí sodium cromoglicate (p. 1226.1) and is 
used similarly in the management oí chronic asthma. It 
should not bẽ used to ưeat an acute attack oí asthma.

Foi asthma, nedocromil sodium is inhaled from a 
metered-dose aerosol. The usual dose for adults and 
children from 6 yeats of age is 4mg inhaled (our times daily 
which may be decreased to 4mg twice daily after conưol o{ 
symptoms is achieved. Clinical ũnprovement may not be 
obtained for 1 week or longer after beginning therapy.

Nedocromỉl sodium is also used topically in the ữeatment 
oí allergic conjunctivitis and allergic rhinitis. For 
seasonal and perennial allergic conjunctívitis it iỉ given as a 
2% soluúon. instilled in to each eye twice daily. This may be 
inaeased to 4 times daily if necessary, vvhich is the usual 
dose in vemal keratoconjunctivitis. In seasonal allergic 
conjunctivitis, treatment is usually given for no more than 
12 weekỉ. In alỉeigic rhinitis nedocromil sodium iỉ used as a 
1% nasal spray: one spray is given into each nostril 2 to 4 
times daily for up to 8 weeks. For detailỉ of doses in children. 
see Administration in Children, below.
General reíerences.

1. Brogden XN. Sorkỉn EM. NedocromU sođỉutn: an updated rcview of iu 
phannacoỉogỉcal properdes and tberapcutk: eỉGcacy in asthma. Drugs 
1993; 45; 693-715

2. Parỉsh RC MỈUer u .  Nedocromil sodỉum. Ann Pharmaeother ] 993: 27: 
599-606.

Adminũtration in children. Nedocromil sodỉum Ỉ5 given 
by metered-dose aerosol inhalation in the management of 
asthma in children from 6 years of age at the adult dose, 
see above. Aỉthough unlicensed in the UK for younger 
children. the BNFC recommends the same dose from 5 
years of age.

Similarly, íor the topical neatment oỉ seasonal alỉergic 
conjunctívitis and vemal keratoconjunctívitis, the adult 
dose may be given to children from 6 years of age, see above. 
Treatment of perennial allergic conịunctivitis vvith nedo- 
cromil sodium is not licensed in children Ũ1 the UK. but the 
BNFC recommends adult doses ừom 6 years of age.

Asthma. Nedocromil sodỉum is generaUy considered to be 
an altematìve to sodium cromoglicate in the management 
of asthma (p. 1195.2). Nedocromil has been shovvn to 
improve symptoms and reduce bronchodilator intake in 
adults1 and chiỉdren2 with chronic asthma. However. a 
systematic revievv3 oí nedocromil for chronỉc asthma in 
children subsequently íound that although a number oỉ 
small studies have shown that nedocromil improves aứ- 
flow limitation, reduces symptoms, and reduces bronchial 
hyperresponsiveness, this has not been conhrmed in a lar- 
ger long-term study of children with milder asthma. Its 
place in relation to other asthma therapies ỉor children is 
also undear. It may be used belore exertíse to reduce 
exertíse-induced bronchoconstriction,4 and appears to be 
as eữective as sodium aomoglicate ỉor thiỉ indication.5

ỉ. £dwards AM, Stevcns MT. The dinỉcal eũỉcacy oí ỉnhaled nedocromỉi 
sodỉum (Tĩỉade) ỉn the ưeatmem ai ãỉthma. Zut Rapir J 1993; 6ỉ 35-41.

2. Annenỉo L tí ai. Double blỉnd. pỉacebo controQed study ai nedocnxnũ 
sodlum in asthma. Ardi Dừ ơàĩá  1993; 68: 193-7.

3. Siidhar AV, McKeao M. Nedoaomil sodiom íor chronỉc asduna ỉn 
dilỉdren. Avaiỉable in The Cochrane Daubase ol Synematỉc Reviews; 
Issue 3. Chỉchesten John WUey; 2006 (accessed 14/04/08).

4. spoooer CH. tí  ai. Nedocroniỉỉ sodlum ỉor prevemỉng exeráse-induced 
broncboconsaictỉon. Avaũable in The Cođưane Database oỉ Systemaõc 
Revỉem; Issue 1. Chichester John Wỉley; 2002 (accessed 14/04/08).

5. Kelly KD, tí aL Nedocromỉl sodlum vẽrsuỉ sodỉum oomoglycate for 
preventỉng exerdse-ỉnduced bronchỡconstríaíon. Avaỉlable in The 
Codưane Database oỉ Systemaủc Reviews; ỉssue 3. Chichener John 
WUey; 2000 (accessed 14/04/08).

Cough. For reỉerences indicating a positive response to 
sodium cromoglicate but not to nedocromil sodium in the 
management oỉ cough induced by ACE inhibitor therapy, 
see Cough, p. 1226.3.

RhinHb and conịundivitis. Nedocromil has been used in 
the management of allergic rhinitis (p. 612.1) and con- 
junctivitis (p. 611.1). In the management oí seasonal aller-

gic rhinitis, there is some evidence that prophylacti 
mometasone íuroate (p. 1644.1) reduces symptoms mort 
eSectively than nedocromiL1 In vemtd keratoconjunctivi 
tis nedocromil may be more eữective than cromoglicatt 
(see p. 1227.1), bút is less eSective than Auorometho 
ione.2

1. Pỉtsỉos c , tía i  Eữicacy and saỉety oi mơmetaỉone hiroate vs nedocromi 
sodium as prophyỉactic treatroent for mođerate/severe seasonal allergii 
rhtntdi. A m  Aỉỉâyy Aữkma Immunoỉ 2006; 96: 673-8.

2. Tabbara KF, Al-Khaiasbl SA. Efficaqr oI nedocromiỉ 2% versu.- 
fluon»netholone 0.1%: a randomỉsed, dơubỉe masked trỉal oomparint 
the effects oo severe remaĩ keratocon)unctỉvỉtỈ5. Br J  Opkihaỉmoi 1999 
83: 180-4.

Adverse Effects and Precautìons
Inhaled nedocromil sodỉum may cause headache. gastro- 
intestinal disturbances (nausea, vomiting, dyspepãa, and 
abdominal discomíon). An unusual or unpleasant taste ũ 
reponed rarely. Paradoxical bronchospasm may occur. Eye 
drops may cause transient buming and stinging.

It shoũld not be used for the ưeatment of acute asthma 
attacks. The general cautions described under sodium 
cromoglicate (see p. 1227.2) also apply.

Inddence oi adverse effeds. A review‘ oi nedocromil 
sodium noted that adverse effects were inírequent. mild, 
and short-lived. The most common effea appeared to be 
an unpleasant or bitter taste. vvhich occurred in 12 to 13% 
of patients, although less than 1% of patients stopped 
ưeatment because of it. Other adverse eííeas induded 
cough {in 7%), headache (6%), sore throat (5.7%), 
nausea (4%), and vomiting (1.7%).

1. Brogden RN, Sorkỉn EM. Nedocromil sodỉum: an updated review oỉ its 
pharmaGoỉogỉcaỉ propertíes and therapeutỉc effícacy in asthma. Drugs 
1993; 45: 693-713.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenơe (NAPOS) and 
the Porphyiia Centre Svveden, dasãhes nedocromil as not 
poiphyrinogenic when used ophthalmically; it may be 
used as a drug oỉ 8r$t choice and no piecautions are 
needed.1

1. The Orug Daubase for Acute Porphyria. Avaỉlable at: bop://www. 
drugs-poiphyna.org (accessed 17/10/11) NC for intranasai ưse and for 
obsũuctỉve aỉm ay dỉseases.

Pre^ancy. For discussioa of the saỉety of nedocromỉl 
when used durỉng pregnancy, see Sodium Cromoglicate, 
p. 1227.2.

Pharmacokinetics
Nedocromil sodium is pooiiy absorbed from the gastro- 
intestinaỉ tract; about 10% oỉ the ínhaled dose is absorbed 
bom the lungs. Absorption is also poor aỉter topical 
ophthalmic use, and occurs mainly through the nasal 
mucosa. Nedocromil sodỉum is excreted unchanged in the 
uiine and íaeces. The half-Uíe is stated to range from about 1 
to 3.3 hours.

The extent of absoipdon or bioavailability of nedoaromil 
sodium after inhalatìon in healthy subjects was 7 to 9% of 
the dose, induding 2 to 3% oral absorptìon and 5 to 6% 
absorption bom the respiratory ưacL1 Aiter inhalation oi 
nedocromil sodium 4mg the mean peak plasma concentra- 
tion vras 3.3 nanograms/mL in healthy subjects and 
2.8 nanograms/mL in asthmatic patíents, aíter about 20 
and 40 minutes respectively. The mean total uiinary 
excretíon 24 houis alter a single dose was 5.4% of the dose 
in heaỉthy subjects and 2.3% in asthmatics.

1. Neale MG, tí ai. The pharmacokinetics oỉ nedooomỉl sodhim. a new 
drug for the ưeatment o i ieversữde obstructỉve aừways (Btrase. ỉn 
human voỉunteers and patỉents with reversỉbỉe obstrucnve aỉrways 
dlsease. B rJ ơm  Pharmacol 1987; 24: 493-501.

Preparations
Prepnetary Preparations (detailỉ are given in Volume B)
Singls-tngrB(£enỉ Prepcrolioos. AustraL: Tỉlade; Austrừc. Tilade: 
Tilarint; Tỉlavist; Braz.: ‘niade; Canad.: Alocril; Ct.: Ulade; 
Dertm.: TlladeỶ; Tllavisc Fùl: tUade; Fr.: Tilavist; Ger.: Irtan; 
Gr.: Tỉlade; IrL: Tilade; Israet Tỉlavist; ItaL: Kovilen; Kovmai; 
Tilade; Tỉlaxin; TUaviíC Mex.: Irtan; Neth.: Tỉlade; Tỉlavisc 
Norw.: Tílavist; NZ: Tilade; PorU: Tilavìỉt; Rus.: nlade (TaSnea); 
Singapore: Tilade; Spahr. Tilad; Tllavist; Swed.: Tilavist; Swừz.: 
Tỉlavistt; Turk.: Hladet; UK: Rapitil; Tỉlade; USA: Alocril.

Omalizumab (BAN, USAN, HNNI 
GGP-Ĩisdũ. E-25;: IGE-025; Olizumạb; 0malizumabum; 
rhuMAl>E25; OMann3yMa6.
Imrnunoglobulin G, anti-(human ìmmunoglobulin E Fc 
regianìíhuman-mouse monodonal E25 done PSVIE26 y- 
chain), disutfide with human-mouse monodonal E25 done 
pSVlE26 K-chain, dimer.
& s.— 242138-07-4..
ATT.— 8030X05..

All cross-reíerences reíer to entries ÚI Volume A
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ATC Vet:—  QRQ3DXỌ5. . . . . .  :
UNII — 2P471XlZri. - '

Uses and Administratìon
Omalizumab is a recombinant humanised monodonal 
antíbody that selectìvely binds to IgE. It inhibits the binding 
oi IgE to mast cells and basophils, thus redudng the release 
oí mediators of the aQergic rẽsponse. Omalizumab is used in 
the prophylactic management of moderate to severe, 
persistent allergic asthma (p. 1195.2). The dose depends on 
the patient'ỉ vveight and pre-treatment serum-IgE con- 
centrations; in the UK. dosage regũnens range tom  225 to 
600 mg given every 2 weeks or 75 to 600 mg every 4 weeks, 
whereas in the USA regimens range hom 225 to 375 mg 
every 2w eeksorl50to 300 mg every 4 weeks. Omaltaimab 
is gìven by subcutaneous injection, and not more than 
150mg should be given at one injectìon áte. Total IgE 
concentrations rise during treatment (see Pharmacoki- 
netìcs. below), remaining elevated for up to 1 year aíter 
withdrawal, and cannot be used to detennìne contínued 
dosage. Dose determination aỉter ơeatment interrưptions 
lasting up to 1 year should be based on pre-treatment 
serum-IgE concentratíons.

Omalizumab is under investigation in the prophyỉactic 
tnanagement o{ seasonal allergic rhinitis.

Reíerences.
1. Ãdelroth Ẻ, tí ai. Recorabỉnaat huinâQỈzed mAb~E25, an antMgE mAb, 

ỉn birch poHen-induced seasonal iUergic íhinicii. J Aỉỉergy ơin ỉmmưnoi 
2000; 106:253-9.

2. Easthope s, Jarvis B. Omaltsumab. Drugs 2001: 61: 253-60.
3. Casaỉe TB, tí ai. Eíĩeci ot omaỉizumab on ĩyroptoim oi seasonal aỉỉeigic 

rhiniôs: 4 nndo(nỉzed controlỉed Dlal. JAMA 2001; 286: 2956-67.
4. Chervinslcy p, tí ai. Omaỉimmab. an antí'Ig£ antibody. ỉn treatment oỉ 

adults and adolescents with perennỉaỉ aỉlergic rhinitis. Am Aỉừrgy 
Asthma ĩmmunoi 2003; 91:160-7.

5. Hanỉ G, tí aỉ. Omaỉỉzumab ỉnhibỉts allergen dullenge-induced nasal 
response. Bưr Rapir } 2004; 23: 414-1S.

6. Vỉgnoỉa AM. tí ai EỈRcacy and toỉerability oí antí-immuooglobuỉin E 
thcrapy with omaỉỉzumab ỉn patíents with concomỉtant allergỉc asthraa 
and percistent altergic rhinitiÊ SOLAR. Alỉergy 2004; 59: 709-17.

7. Ben-Shoshan M. Omalỉzumab: not onỉy íor asihma. Ịteeatí Pat InỊìamm 
Aiũrgy Drus Dừarv 2008; 2:191-201.

8. Morjaria JB. Poỉosa R. Off-label usc oỉ otnaitaimab in ncn-asthma 
conditíons: new opportunỉtíes. Expert Rev Rapừ Med 2009; 3:299-308.

Administralion in chiMren. Omalizumab ỉs used ỉor the 
prophylactic management of severe pereistent allergic 
asthma in children tom  6 years oỉ age. The dose depeads 
on the child's weight and pre-treatment serum-IgE con- 
centrations; dose ranges are the same as those in adults, 
see above.

AspergiHosis. Successhil treatment of allergic bronchopul- 
monary aspergillosis vvith omalizumab has be en teponed 
in children with cystìc Bbrosis.1-2 In one such report,1 
repeated improvement Ú1 symptoms and nonnalisation ỉn 
lung hmction vvithin 2 to 4 houis of giving omalizumab 
leđ to complete vvithdravval oỉ corticosteroid treatment in 
a 12 year old girl. Others2 have reported similar beneBts.

1. van der Em CK, et ai. Succcsshỉl ưearment of ailcrgỉc bronđiopulmonary 
aspcrgiUosứ mth rccombin.nt anii-IgE antibody. Thom 2007; <2:276- 
7.

2. ztrbes JM. Mllla CE. Steroid-sparing eflect o( onuliaunub lor allergic 
bronchopulmonary aspcTgílloỉis and cyròc Sbrosis. PtdiotT Pulmonol 
2008; 43: 607-10.

Aỉthma. Omalizumab may be used for the treatment of 
severe persistent allergic (IgE mediated) asthma as an add- 
on therapy to opúmised Standard therapy in adults (see 
Asthma. p. 1195-2). It has been shovvn to reduce exacer- 
bations and cortlcosteroid requirement compared with pla- 
cebo in adults with moderate-to-severe allergic asthma.1 It 
also reduced exacerbation rates in patients vvith inade- 
quateiy controỉled, severe persistent asthma,2 and is con- 
sidered to be an eííective therapy in difficult-to-ưeat, 
high-risk adult patients.5,4

A systematic review5 of omalizumab therapy for chronic 
asthma íound that omalữumab was more eữective than 
placebo at redudng exacerbations and improving quality of 
lUe. Although omalizumab had an mAo/ed-corticosteroid- 
sparíng eííect, the dinical signiBcance oỉ the magnitude of 
reduction remains open to interpretation, and other {actors 
su ch as cost-effectiveness and comparative eííicacy 
compared with other add-on therapy should be conádered. 
In patients on ơral corticosteroids, no signiflcant impact was 
seen on either exacerbations or oral corticosteroid dose.

Omalizumab has been investigated in the treatment o£ 
childhood asthma with encouraging results.4-7
1. Solèr M. tt al. The and-lgB antlbody omalt7iiniab reduco oncobationa 

and steroid requirement in aỉỉergỉc aschmadcs. Bur Rapừ J 2001; 18: 
254-61.

2. Humbert M.tí ai. Bene&ts oỉ 0Rulỉzumab as add-on therapy in padents 
with severe persistent asthma who axe ỉnadeqtiateỉy controUed despite 
best avaílabỉe therapy (GDỈA 2002 step 4 treatment): INNOVAIE. Aũergy
2005; 60: 309-16.

3. Hendeles L Sorkness CA. AntMmmunogỉobulỉn E therapy wlth 
omaỉizumab for asthma. Ám Pharmaather 2007; 41: 1397-1410.

4. Prỉce D. The use of omaỉỉmmab in asthma. Prim Can Rapir J 2008; 17: 
62-72.

5. Waỉker s, tí al. Amỉ-ỉgẼ ỉor chronỉc in adults and ehỉỉdren.
Avaỉỉabỉe in The Cochìane Dattbase of Systemadc Revỉews; Issue 2. 
Chỉchesten John Wtìey; 2006 (accessed 14/04/08).

6. Berger w .tía L  Evaỉuation oỉ long«term saỉety oi the antí-lgE antibody, 
omaỉỉxumab, ỉn diỉỉdren wíth ãlỉergic astỉũna. A m  Alkrgy Asửtma 
ímmunoi 2003; 91:182-8.

7. Milgrom H, €t a i. Treatm em  oỉ childhood asthma w ith 
antỉ-inununogỉobulỉn B antỉbody (omaỉỉzumab). Ptdktữia 2001; 108: 
E36. Puỉỉ venỉai: http://pedlatiỉcs^appubỉỉaitỉons.ocg/cgưreprint/108/ 
2/e36.pdf (accessed 14/04/08)

Churg-Strauss syndrome. A response to omalizumab has 
been reported1 in 2 rehactory cases o i Churg-Strauss 
syndrome (p. 1603.1) which had previously be en masked 
by corticosteroid therapy. However, Churg-Strauss 
sỹndrome has also been reported as an adverse eSect oí 
omalizumab (see below).

1. Pabst S .tíaL  Apparent response to antỉ-IgE ứienpy In two patients with 
reỉractoTy *forme ỉmste* õỉ Churg-Sưaũss syndrcHĐC. Piơntx 2008; 63: 
747-8

Adverse Eữeds and Precautions
Injection site reactíons are c o m m o n  w ith  the use o i 
omalizumab. Other adverse eííects that have been reported 
indude generalised pain, íatigue, arthralgia, myalgia, 
dỉzziness, earache, gasưointestinal disturbances, headache, 
ừactures, pruritus, deimatítis, and alopeda. An increased 
ỉnddence oỉ parasitỉc inỉectíon has been reponed in patíents 
at high risk for heỉminthic iníections. Vưal iníections, upper 
respiratory-tract inỉections, sinusitis, pharyngitis, and flu- 
like illness. can also occur. Systemic eosinophilia such as 
Churg-Strauss syndrome has also been reported.

Potendally lUe-threatening anaphylaxis presenting as 
bronchospasm, hypotension, syncope, urticaria, angio- 
edema of the throat or tongue, cough, or chest tíghtness has 
been seen after omaIizumab treatment. Anaphytactìc 
reactions may occur up to 4 days aỉter a dose. and as early 
as the flrst dose or more than 1 year after begmning regular 
ưeatment. Serum sickness reactions have also been 
reported rarely with omaỉizumab use; symptoms usually 
appear 1 to 5 days aỉter an injection and indude arthiitis or 
arthralgia, rash, urtìcaria, ỉever, and lymphadenopathy.

Severe thrombocytopenia has been reported with use of 
omalizumab.

Licensed product inỉormation notes an increased 
inddence oỉ malignandes in patients given omalimmab.

In chiỉdren, pyrexia and upper abdotninal pain are 
commonly repotted after omalizumab neatment.

Omalizumab should not be used for the treatment oỉ 
acute asthma attacks. and inhaỉed corticosteroids should not 
be abruptly withdrawn on starting omalizumab therapy. 
Seíerences.

1. Dezú2  YM, Gupta N. Saíety and toỉenbilỉty omaltaimab (Xolair), a 
recombỉnant humanỉxed monodonal anti-IgE antibođy. ơòt Rev Aliergy 
ỉmmunol 2005; 29: 31-48.

2. Umb SU tí ai. Deỉayed onset and protraaed progregton oỉ anaphyỉaxis 
aíter omaUzumab admỉnistratíon in patíents wỉth aschnia. J AUergy ơôt 
ỉmmunol 2007; 120: 1378-81. Correokm. ũrid. 2008; 121:178.

3. Cox u  tí ai. American Academy oỉ AUergy, Asihma and Immunoỉogy/ 
American Coỉlege QỈ Aỉỉergy, Aathma and ĩmmunology Joint Task Force 
Report on oraalỉzumab-assodated aruphyỉaxiỉ. J ẢlkrỊỷ Qin Immunol 
2007; 120: 1373-7.

4. Corren J, tí ai. Saíety and tữỉerabilỉty of omalỉxumab. ơât Exp AỈIergy 
2009; 39: 788-97.

Effects on the cardíovtucular System. Interim Bndings 
tom  a study to assess the long-teim saíety of omalÌTumab 
have suggested a disproportionate increase in cardiovascu- 
lar and cerebrovascular problems among patients treated 
vvith omalizumab compared with an untreated conưol 
group. Reported problems induded cardiomyopathy, myo- 
cardial iníarction. arrhythmias. heart íailure, syncope, 
transient ischaemic attacks, pulmonary hypertension, and 
thrombosiỉ. Further data are requữed before a causal rela- 
tionship can be ascertained; regulatory bodies in both 
Canada and the USA are carrying out reviews.1J

1. Health Canada. Health Canada reviewỉng possible assodation of asthma 
drug Xolair (omalỉxumab) with increased risk oí cardỉovascuỉar 
problems (issued 13th August 2009). Availablc an httpỉ//wvm.hc*5C 
gc.ca/ahc-asc/m edla/advisories-avis/_2009/2009_129-cng.php 
(accessed 16/03/10)

2. FDA. Oraalixumab (marketed as Xolair) - early communicatỉon about an 
ongoing saíety review (issued 16th Juỉy 2009). Avaỉlabỉe an http:// 
www.fda.gov/Safety/MedWatdì/SaỉetyInfonnaiíc»i/SaíetyAỉertsỉorHu> 
manMedỉcaỉProducts/ucm I72406.htm (accessed 16/03/10)

Effects on the cerebrovascular System. For a possible 
assodation between omalizumab ưeatment and an 
increase in cerebrovascular adverse efiects, see above.

Pharmacokinetics
Omalizumab is absorbed aíter subcutaneous injectìon with a 
bioavailability of about 62%, reaching peak sertim 
concentratíons after 7 to 8  days. It is removed by IgG and 
IgE dearance processes in the liver, with a serum 
elimination half-Uỉe o t about 26 days. During treatment 
with omalizumab, the serum concentratíon of free IgE 
decreases but that o í  total IgE increases because the 
omalizumab-IgE complex has a slower elỉmination rate 
than free IgE.

Reíerences.
1. Hayashi H. aaL  A mechanhm-based bấnding model fof the populatton 

phãnnaa^cinetícs and phaimacodỴnamks oí omaUzomab. Br J CSn 
Pharmúal 2007; 63: 54Ì - 6I.

Preparations
Propriotary Proparatnns (details are given in Volume B)
Singla inyadhnt Prạporatiọm. Arg. : Xolaix; AustraL: Xolair; 
Austria: Xolain Belg.-. Xolair; Bros.: Xolair; CamuL: Xolaũ; 
Chile: Xolain Cỉ.: Xolair Denm.: Xolair; Fr.: Xolain Ger.: 
Xolair; Gr.: Xolair Hong Kong-. Xolair Hung.: Xolair; IrL: 
Xolair; Israel: Xolair; ItaL: Xolain Jpn: Xolain Mataysia: Xolain 
Netk.: Xolain Nơrw.: Xolaừr NZ: Xotain Phữipp.: Xolain PoL: 
Xolaic Port: Xolair; Rus.: Xolaữ (Kconap); Singapore. Xolair 
Spaỉn: Xolair; Swed.: Xolain Switz.: Xolain Thai.: Xolaỉr; Turk.: 
Xolain UK: Xolair; Vkr.: Xolair (Kcoaap); USA: Xolair; Venez.: 
Xolaứ.

O r c ip r e n a l in e  S u l f a t e  IBANM, dNNMỊ ®  
Metaproterenoỉ Suỉíate. (U5AN)ỉ. MMpr^cè/Ịp!^cjfplĩateK 
Orciprènalin suH6c Oraprenalina, sufetọ:^e?^rcipi^n|Ịrn^ 
,SuHate <T; Ordprenaline Sulphate;..:& ^ O TãỊw tẸạ lfe^  
OrcipỂénallnó. sultãtas; Ordprenalĩn^^ ^ t^ re Ạ a lỉy  
szultat; Orcyprénaliny siaraan;. Orèipến^nistiraa^&p“Qlraị'| 
‘prẻnalin SuKãt; Sulíato de meạpi^ẽnci^ặắuílkér^ae; 
ordprenalinarTh-152; OpMMnpeHâriMHa^
1-(33-Oihyclrõxyphenyl)-2-isopropylătninTCthạnọÈ'sutphàté;, 
ẠHsopropýi-A/ ((33^-tnhydro^henêthỳÔamínónIum' suf- 
phate. ' " * r 'ỉ5rã“^-íí'f-%~|
(GnH17NO3)j,H2SO*=5206 .V 7 - '  T '  '
CAS — 586-06-1 (oraprenaltne); 5874-97-5 (orcĩprếbãlĩne
sulíơte). , . ' r
ÁTC r-r R03A803; R03CB03. . :
A7C Vet — QR03A803, QR03CB03. ^
UNỊl —  GJ20HS0YF0

Pharmacopoeias. In Eur. Csee p. vU), Jpn, and us.
Ph. Eur. 8: (Ordprenaline Sulỉate). A white, slightly 
hygroscopic. crystalline povvder. Freely soluble in water; 
slightly soluble in alcohol; practically insoluble in 
dichloromethane. A 10% solution in water has a pE oỉ 4.0 
to 5.5. Store in airtight containers. Protect ỉrom light 
USP 36: (Metaproterenol Sulíate). A white to ofl-white 
crystalline powder. Freely soluble in water. A 10% solution 
in water has a pH of 4.0 to 5.5. Store ÚI aiitight containers. 
Protea from light.

Uses and Administration
Ordprenaline sulíate Ỉỉ a direct-acting sympathomimetic 
with mainly beta-adrenoceptor stimnlant activity. It has 
actions and uses similar to those of salbutamol (p. 1220.2) 
but is less selectìve for beta2 receptors.

Ordprenaline sulỉate is used as a bronchodilator in the 
management of reversible airways obstruction, as in asthma 
(p. 1195.2) and ìn some patients with chronic obstructive 
pulmonary disease (p. 1199.1). Hovvever, more selective 
beta2 agonists such as salbutamol or teibutaline are novr 
preíerred. On inhalation, the onset of action is usually 
vvithin 30 minutes and can last to m  1 to 5 hours.

Ordprenaline sulíate may be inhaled as a 0.4 or 0.6% 
nebulừed salution (rom unit-dose vials containing 10 or 
15 mg. respectively. For relieí of acute bronchospasm. One 
viai is inhaled up to every 4 hours; in the management of 
chronic disease, one vial has been given 3 or 4 times daily. In 
patients with asthma, 'as-required' beta agonist therapy is 
preỉerable to regular use. An increased need for, or 
decreased duration of effea of, ordprenaline indicates 
deterioration of asthma control and the need for review of 
therapy.

In the chronic management of reversible airvvays 
obstruction, ordprenaline sulíate has been given oralìy in 
a usual adult dose of 20 mg three or ỉour times daily.

In acute bronchospasm ordprenaline sulỉate bas been 
given parenterally. A dose of 250 to 500 micrograms has been 
given by slow inữavenous inĩectìon, or 5 to lOmiCTo- 
grams/minute by inưavenous iiứusion. Altematively, an 
intramuscular or subcutaneous injection oỉ 0.5 to 1 mg has 
been used.

Ordprenaline sulỉate has also been used súnilarly to 
isoprenaline (see p. 1412.1) ỉor its cardiovascular eỉíects in 
the ữeatment of bradycardỉa of various types, notably in 
AV heart block and sinus bradycardia. In such cases oral 
doses oỉ up to 240 mg daily in divided doses, have been 
used. For doses of ordprenalỉne used in chỉldren. see 
Administratíon in Children, below.

Administration in children. In patients with asthma, 'as- 
requiređ' beta agonist therapy is preỉerable to regular use, 
and chronic treatment with ordprenalỉne would generally 
be regarded as ỉnappropriate in children. Nonetheless, an 
oral preparation is licensed for such use in some countries; 
in the USA, children aged to m  6 to 9 years may be given

The Symbol ®  denotes a substance vvhose use may be restricted in certain sports (see p. vui)The Symbol t  denotes a preparation no longer actively marketed
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ordprenaline sulỉate 10mg three or four times daily for 
reversible bronchospasm. Chilđren aged over 9 years, or 
over about 25 kg, may be given adult doses, see p. 1217.3.

Aslhma. òrdprenaline sulíate is considered less suỉtable 
for the relieí of reversỉble ainvays obstruction than the 
selective beta2 agonists. The UK MHRA considers that 
study data show substantíal therapeutic advantages for sal- 
butaĩnol over ordprenaline with respect to improvements 
in puhnonary hinction. dosing írequency, and adverse 
effects.ư

1. MHRA. MHRA pubỉỉc assessment repon. Ortíprenaỉỉne sulphaie 
(Ahipeni): planned wỉthdrawaJ from thê UK nurket íoflowtng a rìsk- 
bendBt anaiysb (istued November 2009). Avaũable ai: http://www. 
m hra.gov.uk/hom  e/groupỉ/p]*p/docum ents/w ebsỉiereỉources/ 
con062S31.pd (accessed 17/03/10)

2. MHRA/CHM. OrdprenaUne sulphate (Aỉupent): withdrawaỉ due to 
uniavourable benèflt-risk proíỉlè. Drug Sajetf Updaít 2009; 3 (4): 6. 
Avaỉỉabỉe au http://www.mhra.gov.uk/home/idcplg?IdcService^GET_ 
FTLE8*dDocName=CON062549ỄrRevísionSe]eciionMethod»LaiesiRe- 
leased (accessed 03/09/10)

Ạdverse Eíỉects andPrỊẹcaụtions
As for Salbutamol, p. 1221.3 and p. 1222.3. Adverse eílects 
are more common because of the non-selective beta agonist 
effed oi ordprenaline, and in particular. tachycardia and 
palpitatỉons can occur beỉore maximum bronchodilatation. 
For the adverse eííects and precautions penaining to 
non-selective beta agonists see under Syrnpathomimerics, 
p. 1508.2 and p. 1508.3.

Interactions
As ỉor Salbutamol, p. 1223.1.

Pharmacokinetícs
Atter oral doses ordprenaline is absorbed ửom the 
gastrointestinal tract and undergoes extensive first-pass 
metaboỉỉsm in the liver; about 40% oi an oral dose is 
reported to reach the drculation unchanged. It is excreted 
in the uiine mainly as metabolites.

Preparations
Propriatary Praparatons (details are given in Volume B)
Singla ingrxtent Prsparations. Austrìa. Alupentt; Ger.: 
Alupent; Gr.: Alupent: India. Alupenc Indon.: Alupcnc Irl: 
Alupentt; ItaL: Alupentt; Jpn: AJotecf; Mec: Alupent; Pol.: 
Astmopentt; Rui.: Astmopent (AcTJioneHT)t; VK: Alupentt; 
USA: Alupentt-
Mufci-ingradMnt Preparalions. Chile. Broncodual Compuesto; 
Cloval Compuesto; Pulbronc Solvanol; Tusabront; Vapoũu; 
Gr.: Silomat Compoátuin; Indon.: Silomat Compositumt; /rí.: 
Alupent Expectorantt; Mex.: Bisolpcnt Ex; Phũipp.: Bisolpenc 
S-A/r.: Adco-Linctopent' Benylin chesty; Bisolvon Unctus DA; 
Bronkese Compound; Flemeze; UAE: Ordnolt.
Phomiocopoool PrBporohons
BP 2014: Ortíprenaline Tablets;
ƠSP 36: Metaproterenol Sulỉate Inhalation Aerosol; Metaproter- 
enol Sulỉate Inhalatíon Solution; Metaproterenol Sullate Syrup; 
Metaproterenol Suiíate Tablets.

O x h r o p iu m  B r o m id e  (BAN, riNNi
Ba-2S3;Brornuro de oxitropio; Oksitropiumbromidi; Oxitropii 
BròmỊdun^Oxitropìó, ;bromuro de; Oxitropium, Bromure d’;. 
Oxitropajrnbrõtn[dĩ QKÒiTponkifl BpoMHíi; 
ộ,-ị-Ẹpõxy^8tétbÌỊ-3;[tỊ)-'trapọỵÌoxyltropanium bromide; 
r05,6Á,7S#íjh8ÍEthỳ^ỉ-{CSHmpĐyloxyJ-6,7-epoxytropanium 
iãromiđêr
C,^jsBrNCfc=4l2r- r -  
ứ s  3 0 2 8 6 -7 ỉk i. :
:A7ũ—m B B à ỉ  '
A T C V ẻ i ^ Q R 0 3 B B Ơ Í'
U N H '

Pharmacopoeias. In Eur. (see p. vii).
Ph. Bur. 8: (Oxáưopium Bromide). A vvhite or almost vvhite, 
crystalline powder. It exhibits polymorphism. Very soluble 
in water spaiỉngly soluble in alcohol; freely soluble in 
methyl alcohoh pracdcally insoluble in dichloromethane.

ProRỊe
Oxitropium bromide is a quaternary ammonium 
antimuscarinic vrith actìons ámilar to those oỉ ipraưopium 
bromide (p. 1211.3), to vvhich it iỉ structurally related. It iỉ 
used as a bronchodỉlator in the treatment oỉ reversible 
airways obstructíon, as in asthma (p. 1195.2) and chronic 
obstrucdve puhnonaiy disease (p. 1199.1). Doses oí 100 or 
200micrograms by inhalation bom a metered-dose aerosol 
have been given 2 or 3 dmes daily. Oxitropium bromide 
may also be given as a nebulised solution in doses of 1.5 mg 
inhaled 2 or 3 times daily. Animal studies have shovvn 
reproductive toád ty  with high doses of oxitropium, hence

the recommendation that it should not be used đurìng 
pregnancy.

Preparations
Prepnatary Preporahons (details are given in Volume B)

Single-ingrecSent Prepomliom. Gr.: Oxivent; Ital.: Oxivent; Jpn: 
Terágan.

P e m ir o la s t  P o t a s s iu m  IUSAN, riNNMi 
3L-56Í7; 8MY-26517; Kalii Pemirólastum; Pemirolást 
potảsico; Pémiroìast Potassiqué; KahnnTleMnpo/iaa. 
Potassỉum 9-methyl-3-(l bAtetra23l-5-ylH/ í̂)ỵrịdo[1,2-d]pyr- 
imidin-4-one. ‘ '
C10H7KN6O=2663
CAS —  69372-19-6 (pemirolast); .100299-08-9 (pemừolast 
potassium).
UNII — 497A170UUE

Profìle
Pemirolast potassium has mast cell stabilising properties like 
sodium CTomoglicate (p. 1225.3) and may also be a 
leukoưiene inhỉbitor. It has been used in the ưeatment oỉ 
chronic asthma (p. 1195.2) and in the prophylaxis of allergic 
rhinitis (p. 612.1) and conjunctivitis (p. 611.1). Pemirolast 
potassium has no bronchodilator properties and should not 
be used íor the treatment of acutẽ asthma attacks.

For asthma, the usual dose is lOmg orally twice daily 
after food. For allergic ihinitis the dose is halved. Pemirolast 
potassium 0.1% eye drops are instílled 4 tímes daíly in the 
prophylactic management of allergic conjunctivitis. For 
detaỉls of doses in children. see beIow.

Pemirolast has also been investigated for the prevention 
of restenoãs after coronary artery stent placement.

References.
1. Hasega wa T, et al. Kỉnetic ừiteraaion bctween theophylUne and a newly 

dcvelopcd and-alỉergic drug, pemirolasi poussỉum. EurJ Cỉin Pharmacoỉ 
1994; 46: 35-«.

2. Anonyraous. New drugs for alỉcrgỉc conjunctiviỉis. Med Urt Drugs Ther 
2000; 42: 39-40.

ỉ. Abclaon MB, et ai. Pemỉroỉasi poiassium 0. ỉ % ophihaỉmic soỉutíon is an 
eữective ưeaunent for aỉlergic conjunctivitừ: a pooled analysis oí two 
prospeciỉve, randomixed. doubie-maỉked. piacebo-conưolled. phasc ni 
átudỉet. J Ocuỉ Pharmaat Ther 2002; 18:475-88.

4. Shuỉman DG. Two man ctU stabilỉzers. petniroỉast potassìum 0. ỉ % and 
nedocromỉl sodium 2%. in the uvatmem oí seasonaỉ alỉergỉc 
conjunaiviòs: a comparaúve study. AÂV Therapỵ 2003; 20: 31-40.

5. Ohsawa H. et ai. Prrventive effea of an antiaỉlergỉc đrug, pemỉrolast 
potassỉum. on restenosis aíter nem pỉacement: quantỉtadve coronary 
angiography and inmvascular uiirasound studies. J Cardiol 2003; 42: 
13-22.

6. Gous p, Ropo A. A comparaùve ưỉai oỉ the saíery and eữĩcaqr oỉ 0.1 
percent pemỉrolan pocassium ophthalmíc soỉutỉon dosed twỉce or íour 
tỉmes a day ỉn patíenu wỉth seasonaỉ alỉergic conjunctìvhlj. J Oatl 
Pharmacoỉ Ther 2004; 20: 139-50.

7. Yabau H. tí ai. Prophyỉactic eữ ea oí pcmirolast, an antíaỉỉergỉc agem, 
against hypersensitỉvity reactions 10 pacUtaxel in patientỉ with ovarían 
căncer. Int J Caneer 2006; 118: 2636-8.

Adminisiration in children. Pemirolast potassium may be 
used ìn the management of asthma in children in the fol- 
lowing orai doses:
• 1 to 4 years: 2.5 mg twice daily after food
* 5 to 10 years: 5 mg nvice daily after ỉood
.  11 years and above: use adult doses, see above 
For allergic rhinitìs, the above doses are halved.

Pemirolast potassium 0.1% eye drops can be used four 
túnes daily in children over 3 years with allergic 
conjunctívitjs.

Preparatìons
Propõetarỵ Preparalions (details are given in Volume B)

Sngb-ingradiant Preporoliom. China: Ai Xin Yi Le 0ĨM ỈÍ& ‘); 
Alegysal (1RÌL7X); Min Si Tong (SUSil); NI Er Ping (^/KT); 
PuLiMin #Ị)tt); Ze Er Sheng (jaM±); Hong Kong: Pemirox; 
Indon.: AlegysaL' Jpn: Alegysab Philipp.: Alegysal; Thai.: 
Pemirox; USA: AlamasL

P ir b u t e r o l  IBAN, rtNNi <8>
Plrbutérol;. Pirbuteroll;-Pirbuterolum; Pyrbuterol; ílnf> 
(ỹrepon. ■ ■ ' ■ ■ ■ ■ ■ '  í ■

’ 2-te/t-Butylamiho-l -(5-hydroxy-6-hydroxymethyl-2-pyridy0i 
ethanol. ' ■•:■■■ ■ ' ■ =
C,jH2ONA=2403
C «  —  38677-81-5.. ■ ■ ■ ■■
ATC —  R03AC08-R03CC07.
ATC Vet — QR03AC08; QR03CC07.
UNỈI —  OG64SJ8RVW.

Pirbuterol Acetate ỊBANM, USAN, riNNMi ®
Aceteto de pỉrbúĩẽroì; CP-24314-14,- Pirbutérol, Ảcétate de; 
Pirbtiterol, acetato dé; PirbuteroliAcetas; Pyrbuterol Acetate; 
nnpâyrepoiia AueraT. ‘ > “ i'1. '
f«ÌHỉ^ACiHr;Ojp300.4
CÃS — 6 X 5 Ĩ 4 4 Ặ 1 

''AK — R03ACỌ8;. 'RỌ3CC07. ^
ATC ỵẻt — QRÒ3AC08; QR03CC07. ;
UMl —'1ẺH73XKR9N.-. '

Pirbuterol Hydrochloríde
ỊBANM, USAN, rlNNM) 0
CP-24314-1; Hĩdrocloruro de pirbuterol; Pirbutérol, Chlorhy- 
drate dè; Pirbuterol, hidrodoruro de; Pirbuteroli; Hydrcn 
chloridum; Pyrbuterol Hydrochloride; nnpốýTepoiia' 
rMflpO)U10pMfl;
CiỉH»NjA2HCI=3132 ■
óữ -38029-10-6. '
ATC — R03AC08; R03CC07.
ATC Vet — QR03AC08; QR03CC07.
UNII —  J6793T658K.

Proỉile
Pirbuterol is a direct-acting sympathomimetic vvith mainly 
beta-adrenoceptor stimulant activity and a selective action 
on beta2 receptors (a beta2 agonist). It has properties símilar 
to those o{ salbutamol (p. 1220.2).

Pữbuterol is used for itỉ bronchodilating properties. It is 
given as the acetate in the management of reversible 
airvvays obstruction, as in asthma (p. 1195.2) and in some 
patients with chronic obstructive pulmonary disease 
(p. 1199.1). On inhalation, pirbuterol exerts an effea 
within 10 minutes, which is reported to last at least 5 hours.

Piibuterol is given by inhalation as the acetate but doses 
are expressed in tenns oỉ the base: pirbuterol acetate 
250miaograms 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 400microgranis (1 to 2 
inhalations) as required but not more often than every íour 
hours. A total daily dose oỉ 2.4 mg (12 inhalations) should 
not be exceeded. In patiems with asthma, 'as-required' beta 
agonist therapy iỉ preíerable to regular use. An inưeased 
need for, or decreased duration of eữea of. pirbuterol 
indìcates deteiioration of asthma con troi and the need for 
review oí therapy.

Pirbuterol has also been given orally as the hydro- 
chloride.

Preparatíons
Proprietory Preparations (details are given in Volume B)
Single-ingredient Preparolions. Fr.: Maxairt; USA: Maxair.

P H r a k i n r a  MNNI s
AER-001; 8ay-1&9996ị Pitrakinrum; riMTpaKHHpa. 
i-Methionyl-{121 -aspartic acjd,)24-aspartic acid]interỊeukin-
4. ■ ■■

NOTE. The name Aerovant has been used as a trade mark for 
pitraldnra.

P ro /ỉ/e
Piơakinra is a dual interleukin-4 and -13 receptor 
antagoniỉt that is tindei investigation in the ưeatment of 
asthma.
Reíerences.

1. Wenzeỉ s. tí ai. Eữea af an imerỉeukíD-4 vaxiant on late phase asthmatíc 
response to alỉergen chaỉỉenge in asthmaiic patíentu resuỉts of two pha te 
2a studies. Lancet 2007; 370:1422-31

2. Burmeister Getz E. etal. Human pharmacokỉnetícs/phannacodynamics 
of an imerieuỉdn-4 and ỉmeiỉeuldn-13 duaỉ antagonisc ỉn asthma. J ơm  
Pharmaeoỉ 2009; 49: 1023-36.

P r a n l u k a s t  (BAN, rlNNI
ONO-1078; Praníủkastum; npaHnyKacr. .
N-ị4-Oxo-2-(l H-tetrazób5-yl)-4H-1 -benzopyran-8-yd:p-(4- 
phenylbutoxy)benzamide.

CÃS —  103177-37-3.
AJC —  RD3DC02 ........
ATCVet— QR03DCÕZ ■ - :
UNIl:— TB8Z891092

Profile
Pranlukasi is a selective antagonist oi the leukotriene C4, D4, 
and E4 receptors with similar properties to zafirlukast 
(p. 1239.3). It ìỉ used in the management oỉ asthma

Alỉ cross-reỉerences reíer to entries in Volume A
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(p . 1195.2) a n d  a lle rg ic  rh in i t is  (p . 6 1 2 .1 ), a t  a  u su a l  o ra l 
d o se  o ỉ  p ra n lu k a s t  h y d ra te  2 2 5  m g  rvvỉce daily.

F o r d e ta ils  o f  d o ses  in  c h ild re n , s e e  b elo w .

R e íe re n c e s .
ỉ . Tamaolđ J, ứ  ai. Lcukotriene antagonỉst prevents exacerbatỉon of asthma 

đuring ređuctỉon of hỉgh-dose inhaled corticosteroỉd. Am J Rapir Crit 
CareMeẩ19*7; 155: 1235-40.

2. Bames NC tí aL Pranỉukast. a oovel leukotriene receptor antagonist: 
resulcs oỉ the fim European. placebo-controUed, muỉticemre dỉnịcaỉ 
study in asthma. Tharax 1997; 52: 523-7.

3. Grossman J, tí  aL Resuỉts of the ỉirst u s  double-blind, placebo- 
oontroỉỉed. multicenter dinỉcaỉ study ỉn asthma wỉtb pnnỉukast, a noveỉ 
ỉeukotriene receptor anugonisL J Asthma 1997; 34ỉ 321-8.

4. Keatn SJ, tí al. Pranlukasn a revỉew oỉ ỉts use in the management oỉ 
asthma. Drugt 2003; 63: 991-1019.

5. Nỉỉtsuma T. tí ai. Cỉỉnỉcal evaluatíon of response to Iong-rerra treatment 
with Pranỉukast ỉn paãents wỉth bronđúal asthma. J btm tíg AUerỊoỉ ơùt 
ỉmmunoỉ 2004; 14ỉ 284-91.

6. Horiguchỉ T, tí  ai. Comparatíve evaỉuatỉon oỉ the leukotxỉene receptor 
antagonỉst pranlukast versus the steroỉd ỉnhalant Qudcasone in the 
therapy of aged patỉems vvỉth mỉỉd bronchial asthma. Arzneàmttei- 
Ịorsdtuns 2007: 57: 87-91.

7. Asano K  tí ai. ỉmpact oỉ pỉurmacoỉánetics and pharmacogenetics on the 
eíGcacy of pranlukast ỉn Japanese asthmatics. Rapùvlogy 2009; Ỉ4ỉ 822- 
7.

A d m in ì ỉ t r a t io n  in  c h ild re n . C h iíd re n  w ith  a s th m a  m a y  b e  
g iv e n  3 .5 m g /k g  o f p r a n lu k a s t  h y d ra te  ora lly  tw ice  daily . 
T h e  m a x ứ n u m  d a ily  d o se  is 1 0 m g /k g , n o t  to  ex c ee d  th e  
u s u a l  a d u l t  d a ily  d o se  o í  4 5 0  m g  (see p .  1218.3).

C h u rg * S ira u ss  s y n d ro m e . F o r d iscu ss io n  o í  t h e  p o te n tia l  
c a u sa d v e  ro le  o f  le u k o tr ìe n e  a n ta g o n is ts  in  C h u rg -S trau ss  
s y n d ro m e , s e e  u n d e r  Z afirlu k as t, p . 1240 .2 .

P r e p a r a t i o n s

Proprietary P reparatìon ỉ (details a re  given  in  Volum e B)

Singie-tngredient Préparotions. Jp n : O non; M ex.: Azlaire; Venez.: 
Azlaire.

Procaterol Hydrochloride
IBANM, USAN, riNNMI <8>
■03588; Hidrodòruro de prc^át’ẽrol;: OPC-200^/Procaterol, 
^ỉòrtiyđrate de; Procaterol! hiđrodorurơ- dẽr‘:Procateroti 
Hydrochloridum; Prokaterolhydroklorid; Prokaterolihydrok- 
Ịondi; ripoKaTepoíia rnfl'poxoopnfl.' ’ '

'tt)-ạýrhro-8rHydrọxy^5-(T*hxdroxy72-isộpFopy[arTụnabutyl) 
;qúịnqlin-2(1 H)-ónẽ hýdrochloride; C±)-8-Hydróxy-5rB1 ff',25 )- 
T-hydroxy-2-isopropyỉaminobutyll-2-ciuino[onq hydro- 
chloride. - V- -
Ci6H2jNA,HCI=326.& .
CAS — 72332-33-3 (ptocaterol); 59828-07-8 (procaterol 
hydrochlonde).
ÁK — R03AC16; R03CC08.
ATC v& — QR03AC16; QR03CC08. • -
UNII —4VD1BRT7TB.

NOTE. Commerdal procaterol hydrochloride ìs the hemi- 
hydrate (CiíH ^ oVhCIVM^O^ 335.8).
Pticirmacopoeias. ơtin. and Jpn include the hemihydrate.

ProẠVe
Procaterol hydrochloride is a direa-acting sympathomi- 
metic with mainly beta-adrenoceptor sómulant activity 
selective to beta2 receptors (a beta2 agonist). It has properties 
similar to those of salbutamol (p. 1220.2) and it is used as a 
bronchodiỉator in the management of reversible airvvays 
obstruction, as in asthma (p. 1195.2) or in some patients 
with chronic obstruaive pulmonary disease (p. 1199.1). On 
inhalation it produces an eíĩect within 5 minutes and the 
eííect 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 metered-dose aerosol or dry powder 
ínhaler up to 4 times daily. In patients with asthma, 'as- 
requừed' beta agonist therapy is preíerable to regular use. 
An increased need for, or decreased duratíon of effect of, 
procaterol indicates deterioration of asthma control and the 
need for review of therapy. An inhalation solution 
containing lOOmicrograms/mL has been given Via a 
nebuiíser in usual doses o£ 30 to 50 micrograms. Procaterol 
hydrochloride can also be given orallỵ in doses oỉ 
50 micrograms once or tvvice daily.

Preparotions
Prepriatary Preparations (details are given in Voỉume B)

StngJe’ingrecíient Preparahocis. china: Baỉ Da Tu (í&ìẳẼB); 
Chuan Di (jl|ìâ); Meptin (Hgílt); Xi Sl Nlng (#&■?); Cz.\ 
Lontẹrmỉn; Hong Kong: Meptin; Inđon.: Ataroc Meptin; Vac- 
tiv; Jpn: Meptin; Malaysia: Meptin; p h ữ ip p Meptln; Port.: 
Onsudil; singapore: Meptin; Thai: Caterol; Meptin.

P ro x y p h y il in e  IBAN, riNNi
PrôteÉinđí^l^lci^ỉíỉhìíi ■P[qxif!lína; ProxiAllin;' Proxilỹllin; 
Próxyíỳttn; Proxyphyilinr prồ^ahyllinum; (npQKơKịỊKnnMĤ
: 7-(2-Hydroxypropyi)-lÌ3-diméthyIxanihine;- ;ìflS)-l ,3- 
Đimethyb7-(2-hydroxypropyl)purine-2,6(3H,lH)-dione; 7-{2- 
HydroxypropyOtheophylline.
C,oH,4̂ 03=2382
CAS — 603-00-9. ' V"
ATC — R03ỒA03. ■' '
ATC Vet — QR03DA03.

. um — 13GỈDMN4P0. - - .
Pharmacopoeias. In Eur. (see p. vii).
Ph. Eur. 8: (Proxyphylline). A white or almost white, 
crystalline powder. Very soluble in vvater; soluble in alcohol. 
Protect hom light.

Prọtìle
Proxyphylline is a derivative of theophylline (p. 1229.3) 
vvhich iỉ used as a bronchodilator and for its cardiovascular 
properties. Proxyphylline is readily absorbed hom the 
gastrointestinal tract and it is not converted to theophylline 
in the body.

Preparations
Proprietary Preparatíoni (details are given ỉn Volume B)
MubKngredient Pmporotíons. Braz.: Santussab Ger.: Anúhyper- 
tonicum S; Mac.: Gadital.

Repirínast ỊUSAN, riNNỊ
MY-5116, Repirinast; Reprrmastum; PennpMHacr. 

Tsopentyl516-dihydro-7,8-dimeữiyM,5-dioxo4H-pyrano[3,2- 
clquinoline-2<arboxylate.
C2oH21Nồ5=355.4 ; .... ...;V . ,
CAS — 73080-51-0. '■'.--'I'
UNII — 4K8KA8B6IG. ■;

ProẼỊe
Repirinast is an orally active antí-allergic with a stabilising 
acdon on mast cells resembling that of sodium cromoglicate 
(p. 1225.3). It has been given orally in the management of 
aithma (p. 1195.2).

Preparotions
Proprietary Preparotions (details are given in Volume B) 
Single^ngrađent Preporations. Jpn: Romet.

Reproterol Hydrochloríde
ỊBANM, USAN, riNNM) ®
0*1959 (reproteroO; Hidrodoruro de reproterol; Réprotérol; 
Chlorhỵdrate de; Reprotérol; hiđrodoruro de; Reproteroli 
HydrocHlorldurri; VV-2946M; PenppTẻpọịiạ rnflpoxBopnfl. 
7-t3-[(33,3-TnHỵdroxỳphen’ethyDarTiỉnôrpropy1}theophylline 
hydrochlòridé.'
C,8H23N50 5,Ha=?125.9. . . , .
CAS — 54065-54-6 (repcoterbỌ; ì3055-82-8 (reproterol 
hỵdrọớtloàdeì. "  / ị  . . .  _ . V
ATC —.R03ACI5; R03CC14. .
ATC Vet — QR03AÓ5; QR03CQ4.
UNII— Y4I1C0J8W8.

ProỊịle
Reproterol is a direct-acting sympathomimetic with mainly 
beta-adrenergic activúy and a selective action on beta2 
receptors (a beta2 agonist). ỉt has properties similar to those 
oí salbutamol (p. 1220.2).

Reproterol hydrochloride is used as a bronchodilator in 
the management of reversible airvvays obstmctíon. as in 
asthma (p. 1195.2) and ỉn some pãtients with chronic 
obstructive pulmonary disease (p. 1199.1).

For the relieí of bronchospasm, reproterol is given with 
sodium cromoglicate vía a metered-dose aerosol, in a usual 
dose of 2 inhalations of reproterol hydrochloride 500 micT- 
ograms íour times daily. In patients vvith asthma, ‘as- 
requữed' beta agonist therapy is preỉerable to regular use. 
An increased need for, or decreased duration of effea o t 
reproterol indicates deterìoratíon oí asthma control and the 
need íor review of therapy. A slow intravenous injectỉon of 
reproterol hydrochloride 90micrograms, repeated aher 10 
minutes ư necessary, has been used in the treatment of 
status asthmaticus. Reproterol has also been given orally.

Administrcrtion ỉn children. For the relieỉ oi bronchospasm 
in children, reproterol hydrochloríde is given with sodium

cromoglicate vía a metered-dose aerosol at the same dose 
used in adults (see above).

Preparations
Praprietory Pivporahont (details are glven in Voỉume B)
Sỉngle-tngradìent Praparolions. Ger.: Bronchospasmin; Gr.: 
Bronchospasmin.
Mulh-ingredient Preparahons. Ger.: Aarane N; Allergospasmin.

R o A u m i l a s t  IUSAN, HNNI
:APfẠ-221«7; &-93Ò2>f1 m  IỸ-217;. 8YKt2(3869; .RoAumitastum;: 
Poệ^Mkuiacr. ■ V-"-
S-íCyclÒprapytmethoxy^M-OiS-dichroro^-pyrldỳlM- 
(difluoromethòxy)benzanude,i ’ ■ ‘ ~ ■’’**

;GƯH,4ữjF2Nj03=403 2 ■ *: '  '  ■
C45 — 162401-32-3. ■
ATT — M3OX07 '  *•
‘ẤTC va  — QR03DX07. ' ■’ **' • •' -
UNỊI — OP6C6ZOP5U. • ■

Uses and Administation
Roũumilast is a phosphodiesterase type-4 inhibitor that is 
used for maintenance ưeatmént of severe chronic 
obstructíve pulmonary disease as an adjunct to broncho- 
dilaton. An orai dose oí 500 micrograms is taken once daiỉy. 
It should not be used to treat acute bronchospasm.

Roũumilast is also under investigadon in the ưeatment 
of asthma.
Reíerences.

1. Batemao ED, tí al. Efficacy and saíety oí roũumilast ỉn the treatment of 
asỉhma. Am  Alỉergy Asthma Immunoi 2006; 96: 679-86.

2. Calverìey PMf tí al. Eữecr oí 1 -year treatment with roAumilast in severe 
đưonỉc obsưucùve puỉmonary đhease. Am J Rapừ Crit Can Med 2007; 
L76ỉ 154-61.

3. Hdd SK. RoAumilast: an orai ance-daily seỉectỉve PDE-4 inhibitor for 
che management oỉ COPD and asthnu. Expert opm ừrvest Drup 2008; 17: 
811-18.

4. Caiveriey PMA. tí  ai. M2-124 and M2-125 study gcoups. Roũumilast ỉn 
sympcomatic chronic obsưuctỉve puỉmooary dlsease: two andomised 
dinỉcal uials. Lanctí 2009; 374:685-94.

5. Pabbri LM. tí ai. M2-127 and M2-128 study groups. RòAumỉỉast ỉn 
moderace- to-severe đưonic obstructíve puỉznỡnary dỉsease oeaced wỉth 
ỉongactỉng bronchữdUators: two randomỉsed dinicaỉ Diaỉs. Lanctí 2009; 
374: 695-703.

6. Cazzoỉa M. tí aL Roũumiỉast ỉn dironic obstructỉve puỉmonaiy dỉsease: 
evidence from ỉarge trỉiỉs. Expert opin Pharmacother 2010; 11:441-9.

7. Gross NJ. tí ai. Treatment of chronỉc obstructỉve puhnonary dỉsease with 
roAumỉlast. a new phosphodiesterase 4 inhỉbitor. COPD 2010; 7:141-53.

8. Santord M. Roỉỉumilast: in chronic obsơuctive puỉmonary dỉsease. Drugs 
2010; 70: 1615-27.

Adverse and P^Qutions
The most commonly reported adverse eííects with 
roílumilast are gastrointestinal disturbances such as diarr- 
hoea and nausea, abdominal pain, headache, and a decrease 
ỉn appetite and body-weight. These adverse eSects mostly 
occur within the flrst weeks of therapy and resolve on 
conúnued ưeatment. Weight shouỉd be checked regulariy, 
particularly in those who are undenveight, and treatment 
stopped u a signiBcant vveight decrease occurs. Other less 
common adverse eữects indude hypeisensitivity, rash, 
palpitations, ơemor, dizziness, gastritis, musde spasms and 
weakness, myalgia, back pain, and ỉatigue. Gynaecomastia, 
dysgeusia, urticaria, respiratory-tract míections, haemato- 
cheáa (blood in the stools), and increases in liver enzymes 
and creatine phosphokinase have been reported rarely.

An increased risk of psychiatric disordeis such as 
insomnia, anxiety, and depression have been reported vvith 
roAumilast, and suicidal ideation and behaviour, induding 
successíul suidde attempts. have occurred rarely. RoHumi- 
last is not recommended in patients with a historý of 
depression and suiddal ideation or behaviour, and caution 
ứ advised in patientỉ who report previous or exiíting 
psychiatric symptoms or those on other drugs likely to cause 
psychiatric events.

RoAumilast is extensively metabolised in the liver and 
should be used vvith caution in patients with mild hepatic 
impairment (dehned as Child-Pugh dass A); it is not 
recommended in those vvith moderate or severe impainnent 
(Child-Pugh dass B or C). Due to a lack oí da ta, roQumilast is 
not recommended in patients takíng immunosuppressive 
drugs, or those vvith severe immunological disease, severe 
iníectious disease, cancer, or severe hean íailure (NYHA 
grades 3 or 4).

RoĐumilast should not be used for the treatment oi acute 
asthma attacks.

Intemctions
The active N-oxide metabolite of roĐumilast has similar 
potency to roũumilast and is the main contributor to overall 
phosphodiesterase type-4 inhibition. Roũumilast 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. vui)The Symbol t  denotes a preparation no longer actively marketed
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CYP1A2, and inhibitors or inducers of these enzymes may 
affect exposure to roũumilast and its N-oxide metabolite.

Use of roAumilast with theophylline or with an oral 
contraceptive containing gestodene and ethinylestradiol has 
resulted in increased inhibitíon oỉ phosphodicsterase type-
4. ■

Roũumilast has not been shovvn to inhibit or inđuce any 
cytođưome P450 isoenzymes, aside &om a weak induction 
of CYP2B6.

Ffuvaxanúne> Repeated doses oỉ Auvoxamine (an inhibitor 
oỉ the cytochrome P4S0 isoenzymes CYP1A2 and 
CYP2C19) increased exposure to roũumilast in a pharma- 
coltínedc study.1 Although the late oi fonnation of the 
actìve N-oxide metabolite was decreased, dearance was 
also decreased, resulting in increased exposure to the 
metabolỉte. The authon oỉ the study suggested that this 
increase could have been due to CYP2C19 inhibition oỉ N- 
oxide metabolism by íluvoxamine, as CYP1A2 was not 
involved in the metabolism oỉ roflumilast N-oxide. Toul 
phosphodiesteiase-4 inhibitìon was increased by about 
60%!

1* von Mchter 0, et ai. Eữeci ol ĩỉuvoxanùne on the pharmacokìnetìcs of 
roSumỉlasi and roỉlumilast N-oxidc. ơirt Pharmacokinet 2007; 46: 613- 
22.

Ketoconcnoie. Exposure to roũumilast was incieased aỉter 
single and repeateđ doses of ketoconazole, a potent inhibi- 
tor of the cytodưome P450 isoenzyme CYP3A4. Forma- 
tìon oỉ the active N-oxide metabolite was delayed and 
exposure was slightly deaeased aher a single ketoconazole 
dose, but unchanged aher repeated dosing. The authors 
stated that both roũumilast and its N-oxide are metabo- 
lised by CYP3A4 but to diữerent degrees. Overall phospho- 
diesterase type-4 inhibióon was unaữected and it was con- 
sidered unnecessary to adjust the roHumilast dose vvhen 
givứig with ketoconazole.1

I. Lthu G. el aỉ. Effea of ángle and rcpeated doses o( ketoconaxole on the 
pharmarokinetio oí reOumilast and roflutnilast N-oxide. 3 ơ in  
Thtrmacoi 2008: 48:1339-49.

Rifompicin. Exposure to roHumilast deaeased when ỉt was 
given with rựampidn, a potent inducer of the cytochrome 
P450 isoenzyme CYP3A4. Exposure to the active N-oxide 
metabolite was also reduced despite inaeased tormatìon, 
and the authors oỉ the study suggested that rifampidn 
could mediate these eữects by induction of CYP3A4 and 
CYP2C19 as both are involved in metabolism of the N- 
oxide. Overall phosphodiesterase type-4 inhibitíon was 
reduced by about 60%.1

1. Natsr N, et iL  Effeas oí hỉampiãn on tfae pharmacokinetics of 
roữuinilasi and roữumilast N-oxide ỉn healthy sub|ects. Br J Cỉin 
Pkarmđcoi 2009; 68: 580-7.

Pharmacokinetics
FoDowing an oral dose on an empty stomach, peak plasma 
concentrations oỉ roAumilast occur after about 0.5 to 2 
hours, and aỉter about 4 to 13 hours for the active 
metabolite roflumilast 1V-OXide. Food delays the tíme taken 
to reach maximum concentration but does not affect total 
exposure to the active compounđs. The absolute bioavail- 
ability is about 80%. Plasma-protein binding of roHumilast 
and roQinhilast N-02dde is about 99% and 97%. 
respectively. Stuđies in arũmals indicate that roũutnilast is 
readily đỉstributed to organs and tissues vvithout evidence of 
accumulatian; penetratìon oỉ the blood-brain barrier is low. 
Steady-state plasma concentrations are reached aíter about 
4 days lor rõSumilast, and 6 days ỉor the N-oxide. Total 
exposure to both compounds iỉ increased in íemales, elderly 
patients, and in non-Caucaãans, and slightly decreased in 
smokers.

Roũumilast is extensively metabolised in the livei both 
Via conjugation and Via cytochrome P450 isoenzymes. The 
main metabolite is roSumiỉast N-oxide the ỉoimation of 
which is mediated by CYP3A4 and CYP1A2. RoAumilast and 
its N-oxi de ha ve similar potency; hovvever, exposure to the 
metaboUte is about tenỉold greater and it iỉ the main 
contributor to overall activity. The N-oxide iỉ íurther 
metabolìsed Via CYP3A4, CYP2C19, and extra-hepatíc 
CYP1A1.

Aỉter an oial dose, the median plasma eữective halĩ-lives 
of roĐumilast and roOumilast N-oxide are about 17 and 30 
hours, respectively. About 20% of an oral or intravenous 
dose is recovered in the ỉaeces, and 70% in the urine as 
inactive metabolites.

ReTerences.
1. Hennann R, đ  al. Steady-iute pbumacokiiietícs o( roAumibsi and 

ro&omilas N-ooóde in patíeno nith  mild and modeme liver dnhosis. 
ơ ò t PhtrmamHĩrt 2007: 4fc 40^-16.

2. Bethke TD, etđL Dose-proportionai inữaỉndỉviduai single- and repeaied- 
dose phannacoUnetks of roOumilast. an oral, once-daily phosphodỉ- 
esterase 4  inUbitor. 3 Om M urmool 2007; 47: 26-36.

3. Neville KA. a  ai. Stngle-do»e phannacokứietics of roflum(la« in children 
and adnlr tctnB. 3 Oin Phãnnaal 2008; 48: 97B-9Ĩ.

Preparations
Propríetary PiBpondioni (details are gtven in Volume B)
Singl« ingrediant Preparotiuni. CatuuL: Daxas; Cz.: Daliresp; 
Daĩaỉ; ũbertelc Denm.: Daxas; Fr.: Daxas; Ger.: Daxas; Gr : 
Daxas IrL: Daũresp; Libertek; Isn u t Dallresp; Neth.: Daliiesp; 
Daxas; ubeitek; NÕrw.: Daxas; PoL: Daxas; Port: Daxas spain: 
Daxas; Libertelc SwùL: Daxas; Switz.: Daxas; UK: Daxas ukr.: 
Daxas (ỈỊaxcac); USA: Dallresp.

Salbutamol (BAN, riNNì ®
AH-3365, Ấlbiiterol (ỬSAN); Salbutamoli; - Salbutamdis; 
Salbutarholum; Sch-13949W; Szalbutamol; CadbóyTaMÓít.
2-té/T-Buty(amino-1-(4-hydroxỵ-3-hydroxỵmethylphenyl) 
ethanol.' ;  ' ■
G,3H2,N03=2393 
CAS — 18559-94-9.
ATC —  R03AC02 R03CC02.
ATC Vet —  QR03AC02; QR03CC02.
UNII — QF8SVZ843E

Pharmacopoeias. In Ch in., Eur. (see p. vii), Int., us, and Viet. 
Ph. Eur. 8: (Saibutamol). A vvhúe or almost whiie, 
crystalline powder. Sparíngly soluble in vvater; soluble in 
alcohol. Proten írom light.
USP 36: (Albuterol). A white CTystalline povvder. Sparingly 
soluble in waten soluble in alcohol. Protect írom light.

Salbutamol Sulfate (BANM, riNNMi <S)
Albutẽról Sulíate (USAN); Salbutamol Hemisulphate; Salbut- 
amol, sulíate de; Salbutamol, sulíato de; Salbutamol 
ỉulphate; Salbutamoli Sulías; Salbutamolio sulfatas; Salbu- 
tamolisulíaatti; Salbutamolsutfat; Salbutamol-sulíầt; Salbuta- 
molu siarczan; Suifato dẹ albuterd; Sullato de salbutamol; 
Szalbutamol-szulfét; CanbốyraMona CynbtịaT. 
(C,3H2)N03)j>l2S0a=5767 
CÁS —  51022-70-9.
ATC — R03AC02; R03CC01 
ATC Vet — QR03AC02; QR03CC02.
UNII — 02ÌSEF3731.

Phamnacopoeiaỉ. In Ch in., Eur. (see p. vii), irtL. Jpn, and us. 
Ph. Eur. 8: (Salbutamol SuUate). A vvhitc or almost white 
aystalline powder. It shovvs Polymorphism. Preely soluble 
in waten pracúcally insoluble or very slỉghtly soluble in 
alcohol and in dichloromethane. Protea hom light.
USP 36: (Albuterol Sulỉảte). A white or practícally vvhite 
povvder. Freely soluble in waten slightly soluble in alcohol. 
in chloroíorm, and in ether. Protect from light.

StabilHy. For mentíon 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 dứea-acting sympathomimetíc with mainly 
beta-adrenergic actìvity and a selective action on beta2 
receptors (a beta2 agonist—p. 1195.1). This results in its 
bronchodilatứig action being more prominent than its effect 
on the heait.

Salbutamol and saỉbutamol sullate are used as broncho- 
dilators in the management of reversible aữvvays 
obstrucrion. as in asthma and ỉn some patients with chronic 
obstructive pulmonary disease. Salbutamol also decreases 
uterine contracúlity and may be given as the suUate to anest 
prematuie labour (p. 2131.1).

Inhaỉation results in the rapid onset (vvúhin 5 minutes) 
of bronchodilatation, vvhich lasts íor about 3 to 6 hours. 
Aíter oral doses, the onset oí action is vvithin 30 minutes, 
with a peak ehea betvveen 2 to 3 hours aiter the dose, and a 
duration oỉ actíon oỉ up to 6 hours; modưied-release 
preparations that have a longer duration of action are 
available.

Salbutamol is used as the base OI sulỉate in aerosol 
inhalen and as the sulíate in other preparations. The dosage 
is expressed in terms oỉ saỉbutamol base; salbutamol sulíate 
1.2 mg is equivalent to about 1 mg of salbutamol

For the relieỉ oỉ acute bronchospastn, 1 or 2 
inhalations oỉ salbutamol lOOmicrograms may be gi ven 
hom a conventional metered-dosc aerosol as requứeđ. up to 4 
túnes daily. Two inhalations may also be given just beỉore 
exertìon ỉor the prophylaxis of exerdse-induced broncho- 
spasm. (In the USA these inhalatìons may be expressed as 
supplying lOOmiaograms, the amount delivered into the 
mouthpiece, or 90micrograins, the amount delivered from 
themouthpiece.) Current asthma guidelines (seep. 1195.2) 
recommend that inhaled short-acting beta2 agonists su ch as 
salbutamol be used on an as-requiied, not regular. basis. In 
those patients requữing more than occasional use oi 
saỉbutamol, antí-inflammatory therapy is also needed. An 
increased requirement for, or decreased duration of effect

o t saỉbutamol inđicates deterioration of asthma control anc 
the need ỉor increased anti-inflammatory theiapy. Salbut- 
amol suUate is now available in chloroAuorocarbon (CFC)- 
free aerosols. Doses ỉor these aerosols (expressed in tenns oi 
salbutamol) are the same as ỉor conventíonal aerosols.

Saỉbutamol may also be inhaled as the sulíate hom dry 
povvder ìtứtaim  o i dừa, partìcularly by patìents who havê 
diỉSculty using aerosol ỉormuỉations. Doses are similar to 
those given b ỹ  metered-dose aerosols, although not all dry 
powdẽr {ormũlatíons are bioequivalent.

When inhalation is ineữective, oraỉ saỉbutamol may be 
given in a dose of 2 to 4mg tbree or four times daily as the 
sulíate; some padents may require doses oỉ up to 8 mg three 
or ÍO U I  times daiỉy, but such increased doses are unlỉkely to 
be tolerated 0 T to provide much extra benehu Elderly 
patients should be given the lovver doses initially. ModiSed- 
release preparatỉons aie also available; a usual adtứt dose is 
8 mg twice daiỉy.

In more severe or unresponsive bronchospasm salbut- 
amol sullate may be gỉven intermittently Via a nebulừer in 
adults and children. Licensed doses are 2.5 to 5mg of 
salbutamol repeated ụp to 4 times daily; continuous use is 
also possìble. usually at a rate oỉ 1 to 2 mg/hour. Hovvever, 
guidelines allow for more hequent use or continuous use at 
a higher ra te in acute severe asthma (see under Aỉthma, 
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 a 0.005 to 0.01% 
solution in sodium chloride 0.9%. Patients vvith acute 
severe asthma may require supplemental oxygen.

Altematively, salbutamol can be given Via a spacer 
device íor acute severe asthma. Fotư inhalations of 
lOOmicrograms hom a metered-dose inhaler are given 
initially, then a hirther 2 inhaỉations are given every 2 
minutes according to response, up to a maximum oỉ 10 
inhalations.

In the management oí a severe attack of bronchospasm a 
slow intravenous injeaion 0ỉ  salbutamol 250micrograms as a 
solution contaỉning 50 micrograms/mL as the suỉỉate may be 
requứed; altemaúvely salbutamol may be given by 
íntravenous iníusìon of a solution containing 5mg in 
500mL (lOmicrograms/mL) at a usual rate oí 3 to 
20 micrograms/minute according to the patient's need; 
higher dosages have been used ỉn patientỉ tvỉth respiratory 
íailure.

Salbutamol sulỉate can also be given for bronchospasm 
by subcutaneous or ừitramuscuỉar ứýecáon in doses oỉ 
salbutamol 500 micrograms every 4 hours as requiied.

For the arrest oỉ uncomplicated prem ature  labour 
betvveen 22 and 37 vveeks oỉ gestatíon saỉbutamol sulíate is 
given by intravenoui irựusùm, preíerably with the aid oỉ a 
syringe pump at a concenơation oỉ 200 microgranis/mL of 
salbutamol in glucose 5%. If no syringe pump is available 
then the infusion should be vvith a more dilute solution oỉ 
20miaograms/mL in glucose 5%. The same dose is used as 
with the syringe pump. The recommended initial rate oí 
inhision is lOmicrogiams/minute increased at intervals oí 
10 minutes until there is a response; the rate is then 
increased slovvly until contractions vcease. The usual 
eỉlective dose is 10 to 45 micrograms/minute. The iníuãon 
should be maintained at the rate at vvhich contractions cease 
ỉor 1 hour, then reduced by decrements oi 50% at intervals 
of 6 hours. Therapy should be lỉmited to a maximum oí 48 
hours, because prolonged ơeatment is assodated with risks 
o£ serious cardiovascular eíỉects in both the tnother and 
íetus (see Precautions, p. 1222.3).

The matemal pulse should be monitored throughout the 
iníusion and the inỉusion ra te adjusted to avoid a matemal 
heart rate of more than 120 beats/minute. A dose watch 
should also be kept on the patient's State of hydration since 
Huid overload is considered to be a key risk factor for 
pulmonary oedema.

Oral OT reữal beta2 agonist therapy is no longer 
recommended in premature labour, because oỉ a lack oỉ 
evidence of bene&t hom treatment given by these routes of 
administration. Formerly, salbutamol could be given orally 
in doses oi 4mg three or lour tứnes daily, for maintenance 
theiapy alter uterine contractions were conttoUed by 
parentẽral treatment.

For doses oi salbutamol used in children, see 
Adminisơation in Children p. 1221.1.

Administration. Beta2 agonists are used extensively in the 
management of reversible airvvays obstruction. A com- 
mon, ehective, and convenient method oỉ dosage is by a 
pressurised aerosol inhaler. With this route relieỉ is pro- 
vided rapidly and fewer systemic adverse eổects are Iikely 
to OCCUT than vvith oral use. It ìs important that padents 
usỉng conventíonal inhalers employ the correa technique, 
vvhich involves coordinating actuation oỉ the aerosol with 
inhaladon; jf patíents have diHiculty with this, altematives 
are available. Spacer devices may be used with inhalers. 
These are added on to the inhaler and reduce the velodty 
of the aerosol; also more propellant may evaporate beỉorẽ 
inhalation allovvìng a greater proportion oỉ the diug to

All cross-reỉerences reíer to entries in Vohime A
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reach the lungs, and coordination oỉ actuation oỉ the aero- 
sol and inhalatíon is less impoitant. Breath-actuated aero- 
sol inhalers and dry povvder inhalers are also available and 
are actuated by the patient's inspiration and thus avoid 
entirely the need for coordinatíon of actuatíon and inhala- 
tion; however, inhalation of the dry powder has occasion- 
ally caused irritation ot the throat or coughing.

The oral ronte can be used although generally a ỉoim of 
inhaled therapy as desaibed above is preíerable. Pormula' 
dons intended for oral use are commerdally available, 
induding modiẼed- release tormulatìons. Nebulisatíon is an 
altematíve method oí delivery and this may be used in the 
management of severe acutè attacks as may parenteral 
therapy.

Chloroũuorocarbon (CFC) propeỉlants in pressurised 
aerosoi inhaleis are being repỉaced by hydroữuoroaikane 
(HFA) propellants. Conventìonal and breath-actuated HFA 
preparations are available. HFA aerosols may feel and taste 
different to CFC aerosols.

Administrotion in chiUrén. For the ơeatment of reversíble 
airvvays obstruction. induding nocturnal asthma, and pre- 
veaúoa oí aliergen- OI exerdse-induced bronchospasm 
in children, the BNFC suggests the following usual doses 
oỉ saỉbutamol: 
by aerosol inhalatúm
• 1 month to 18 years of agé, 100 or 200 miciograms (1 or 

2 inhalations) ũp to íourTỉmes daily, ỉor occăsional use 
only

by ừthaUttìon oỊ iry  powd.tr Ịrom inhalcn or dũa doses vary 
between preparations, althoủgh they are used in chìldren 
frpm about ỉ  years of age in doses simiỉar to thosé given by 
metered-dose aerosols

ỉnhaỉed therapy is generally considered ãrst-lme 
treatment. but oral therapy may be necessary iỉ an inhaler 
device cannot be \used. In the UK salbutamol syrup is 
licensed ỉor children from 2 years of age and modiBed- 
release oral preparatíons from 3 years of age: 
orally 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 íour times daily
• 2 to 6 years of age, 1 to 2 mg three or ỉour times daily
• 6 to 12 years oỉ age, 2 mg three or four times đaily
• over 12 years oỉ age, doses as for aduỉts, see Uses and 

Administratỉon. p. 1220.2
oralíy usitiỊỊ a modiỊừd-rtỉtase preparation
• 3 to 12 yẹars of age, 4mg mice daily
• over 12 years of ãge, as for adults, sẽe p. 1220.2
In the management oí acute miỉd to moderate exacerba- 
tlons of asthma, salbutamol may be given usứig a metered- 
dose aerosol inhaler Via a spacer device. Por diildren of all 
ages, 1 inhalatíon (lOOmicrograms) may be given every 15 
to 30 seconds up to a maximum of lOinhalatíons. The dose 
may be repeated aỉter 10 to 20 minutes if required. In more 
severe exacerbations, salbutamol can be given intermit- 
tendy vía a nebuliser. A dose oi 2.5 mg, vvhich can be 
increased to 5 mg in children over 5 years oỉ age, can be 
repeated evety 20 to 30 minutes or as necessary. Immediate 
transler to hospital and inhalation of oxygen is also 
reqiũred. children under 18 months of age oỉten respond 
poorly to bronchodilators; nebulised beta2 agonists have 
been assodated with mild paradoxical bronchospasm and 
ưansient vvorsening 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 liíe- 
threatening acute asthma: 
by intravtnous injectúm ovtr 5 minutes
• 1 month to 2 years of age, 5 micrograms/kg as a single 

dose
• 2 to 18 years oỉ age, 15 micrograms/kg (to a maximum of 

250micrograms) as a single dose
by ccntirtuous intravenous irtỷusion
• 1 month to 18 years oỉ age, 1 to 2 micrograms/kg per 

minute, adjusted according to response and heait ra te up 
to 5 micrograms/kg per minute. Doses above 2micro- 
grams/kg per minute require dose monitoring

Saỉbutamol can be used to treat severe hyperkalaemia in 
children (see Hyperkalaemia belovv). The BNFC recom- 
mends:
by intravenous injeđion ovtr 5 minutes
• children oỉ alỉ ages, 4micrograms/kg as a síngle dose; 

repeated ư necessary
by inhalatùm of nebuỉised solutúm (although intravenous 
injection is preíerred)
• children of all ages, 2.5 or 5 mg as a single dose; repeated 

ư necessary

Asthma. Short-acting beta2 agonists such as saỉbutamol 
are used for short-term relieí in all patients with sympto- 
matic asthma (p. 1195.2). High doses are used in acute 
asthma, but cuirent recommendations for chronic asthma 
are for low doses to be inhaled as requữed rather than 
regularly. vvhen padents with mild asthma find that 
symptomatìc relieí is needed more than 3 times a week.

then that should be a sign for addỉtìonal treatment with 
antí-inflammatory drugs. Increasmg need for, or decreased 
eSect of, shoct-acdng beta2 agonists indicates deteriorating 
asthma and the requirement for stepping up therapy. In 
one placebo-controlled study,1 patíents with stabỉe asthma 
receiving regular high doses of a short-acting inhaled beta2 
agonist were able to reduce the dose considerably with no 
change in asthma conơol, lending hirther support to the 
recommendatíon for ‘as-required' rather than regular use 
oỉ these drugs. The discussion under Fenoterol on 
p. 1208.3 on the increased mortality that has been seen in 
asthma patìents and the connection with asthma therapy 
indudes a view that regular use might have contributed to 
the increased mortality. However, a systematìc revievv2 of 
studies oỉ short-acdng beta2 agonists, most oỉ which used 
saỉbutamoỉ. lound no dear dinical advantage or detriment 
from regular use compared with taking them as requữed.

1. Ksitỉson TW, et ai. Randomỉsed pUcebo controỉled ưial of 0 agonist 
dose rcduction in asthma. Thorax 1999; 54: 95-102.

2. Waỉters HH. et ai. Inhaỉeđ short acting beui-agonỉst use in chronic 
asthma: regular versus as needed ưeatmenL Avaiỉable in The Cochrane 
Database oi Systematíc Revievvs; Issue 1. Chỉchester John Wlley; 2003 
(accessed 15/01/08}.

Bronchioihis. Acute bronchiolitìs (inHammadon oi the 
bronchioles assodated with vũal respiratory-tract ìníec- 
tìon, usually due to RSV—see p. 961.3) is a poorly deSned 
rẹspiratory conditíon seen in inlants and young ciúỉdren. 
The diagnostic criteria, and the usual management. vary 
considerably bom country to country. Beta2 agonists su ch 
as salbutamol are widely prescribed in the USA, but not in 
the UK, and attempts to establish thd r beneũts have pro- 
duced conỉlicdng results.1 Modest benedt (but no differ- 
ence in hospital admission ra te) has been reponed hom a 
meta-anaiysis of bronchodilator therapy in general,2 but a 
meta-analysis of beta2-agonist therapy in bronchiolỉtís did 
not show it to be eổectíve.’ Some comparatìve studies 
have suggested that nebulised adrenalỉne is more eữectìve 
than salbutamoỉ.4-5 Hovvever, one study m hospítalised 
children lound no beneSt hom nebulised salbutamol in 
terms of improved oxygenatíon or length of hospital stay,4 
and another7 lound no di£ference in efflcacy betvveen neb- 
ulised adrenaline, salbutamol and sodium chloride 0.9%.

The use of oral salbutamol in iníants with acute viral 
bronchìolỉtís has been ĩound to be no more eỉíectìve than 
placebo and so is not recommended.'

1. Everard ML. Acute bronchiolitis-—« perenoial problem. Lancet 1996; 
348: 279-60.

2. Gadomsỉd AM Bhasile AL. Bronchodỉlaton ỉor brondúolỉtỉs. Avaỉlable 
ỉn The Cochnne Daubase of Systemaúc Reviews; Issue 3. Chỉchesten 
John Wiley; 2006 (accessed 25/01/08).

3. Hores G. Horwỉa RL Bfficacy of 8 2-agonists ỉn bronchỉolỉtỉs: a 
reappraỉsal and meta-anaỉysis. Ptdiatrics 1997; 100: 233-9.

4. Reijonen T. rt al. The dỉnỉcaỉ efficaqr of nebuỉỉzed ncemỉc epinephrine 
and aỉbuteroỉ in acute bronchioỉítis. A nh Ptdiatr Adoiac Meấ Ỉ99S; 149: 
686-92.

5. Menon YLetaLh randomized ưiaỉ compaiing the eÊBcacy of epinephrine 
with salbutamoỉ in the treatment of acute bronchiolỉtis. J Pediatr 1995; 
126: 1004-7.

6. Dobson JV, et ai. The use oí albuterol ỉn hospitaỉized inỉants wich 
bronchiolkis. Ptảìatria 1998; 101: 361-8.

7. Patel H, et ai. A randomôed. contĩolled triai of the effectỉvenes$ oỉ 
nebulized therapy with epỉnephiine compared vvith aỉbuterol and saỉine 
ỉn iníants hospỉtaỉlxed íor acute viral bronchiolỉtís. J Patiatr 2002; 141: 
818-24.

8. Pateỉ H, etai. Randomữed. doubie-bỉỉncL placebo-controlled trial oỉ oraỉ 
att>uterol ỉn inỉants wỉth mỉld-to-moderate acute viral bronchỉolỉtỉs. J  
Ptdiatr 2003; 142: Ỉ09-Ỉ4.

Chronic obstructive pulmonory disease. Salbutamol and 
other beta2 agonist bronchodilators form part of the first- 
ỉine treatment oi chronic obstructíve pulmonary disease 
(p. 1199.1).

Cough. For studies oi inhaled salbutamol in the ưeatment 
of cõugh, see under Bedometasone. p. 1622.1.

Hyperkalaemia. Salbutamol can lovver plasma-potassium 
concentratíons by promotíng intracellular uptake,1-2 and 
this eữect has been used in ơeating mild hyperkalaemia 
(p. 1779.1) associated with chronic disorders such as renal 
failure3-4 and hyperkalaemic períodic paralysis.5 Hovvever, 
su ch use is controversial: the eổects oí salbutamol may be 
inconsistent4 and some dinidans preíer to avoid the use of 
beta2 agonists because of íears that large doses may induce 
cardiac arrhythmias.7

Salbutamol has been used to Iower plasma-potassium 
concentrations in children' and premature neonates’ with 
some success. For doses of salbutamol used to treat severe 
hyperkalaemia in children, see Administraúon in Children 
above.

1. Bmhe c  Salbuumol tor hypqtalanni«. Lanat 1983; U: 797.
2. Anonymoui. HyperitalaeinU—sũent and deadly. L ata t 1989; i; 1240.
3. Allon M. rt al. NcbuLizcd albulcroỉ íor acute hypcrkalcmỉa in patients on 

bemodialysls. Am  Inlem M ei 1989; 110: 426-9.
4. McClure RI, tt al. Tteatment oí hypcrkalaemia uaing innavenous and 

nebulteed lalbutamoL A nh Dà Chái 1994; 70:126-87
5. Wang p, Clausen T. Treaunent oi attacks In hyperkalaemlc ỉamiUal 

pcriodỉc paralysls bỵ inbalatíon oi salbucamol. Lcoua 1976; ỉ; 221-3.
6. Wong S-L. MalQ HC, Albuteroi for the treatment oi byperlcalemla. AmI 

PharrnãcoĩhrT 1999; 33: 103-6.
7. Halperin ML. Kamel KS. Potassium. Lancrt 1998; 352: 135-40.

8. HelírichR (ta/. Salbutamoliorbyperkalaemia inchildren. AaaPaediatT 
2001; 90: 1213-16.

9. Singh BS, (t aL Efflcacy oí albuterol inbalaúon in treatment ot 
hyperltalemia in prematuie neonates. J Ptdíaĩr 2002; 141: 16-20.

LymphangioleioKiyQiiKitosis. Inhaỉed beta2 agonists are 
ohen helpíul in treating the reversible component oỉ aỉr- 
way obstruction in women with pulmonary lymphangio- 
leiomyomatosis, and a trial oỉ treatment is warranted.u  
For mention oỉ the use of medroxyprogesterone in this 
rare disease, see Respiratory Disorders, p. 2288.3.
1. Johnson s. LymphangỉoLeiomyocnatosis: dỉnỉcaỉ ỉeatures, management 

and basỉc mechânỉsaũ. Thorax 1999; 54:254-64.
2. Johnson SRa Tatten^eld AE. Cỉỉnical experience oí lYmphangioldo- 

myomatons ỉn the UK. Umax 2000; 55: 1052-7.

Muscular dysirophiei. There is some evidence that beta2 
agonists aSect musde strength and have an anabolic 
eSect, although vvhether this applies when given by inha- 
lation has been queried—see Abuse, under Precautíons, 
p. 1223.1. Salbutamol has thereíore been investigated in a 
small number of patients in the management oỉ muscuỉar 
dystrophies (p. 1608.1). Oral doses of modỉhed-release sal- 
butamol up to 12 mg daily have been used in boys aged 
between 5 and 1 ỉ years with Duchenne or Becker muscu- 
lar dystrophies,1-2 and doses of 8 or 16 mg twice daily have 
been given to adults with íadoscapulohumeral đystrO' 
phy.3-4 Aỉthough some ìmprovements in musde strength 
and musde mass have been reported, not all musde 
groups respond and the long-term eổects oỉ ưeatment are 
not knovrâ.

1. Powler SO. tĩ ai. Pílot trial oi albuterol ín Duchenne and Becker 
muscular dysrophy. N tunbỊy 2004; 62:1006-8.

2. Skura CL aoL Albuterol inaeases lean body m aa in ambulatoiy boys 
witb Ducbenne or Becker muscular dystrophy. Neurology 2008; 70:137- 
43.

3. Klssel JT, a  aL Ranđomúed. double-bUnd. placebo-controũed trial Qí 
aỉbuterol in ỉadoscapulobuinetal dystrophy. Neuĩotogy 2001; Ỉ7: 1434- 
40.

4. van der Kooi EL. n  al. Strcngth naining and albuterol in 
iadoscapulobumeral muscular dyítrophy. NmrobỊy 2004; 63:702-8.

Premahire Idbour. Beta2 agonists such as salbutamol have 
been used as tocolytics in the management of premature 
labour (p. 2131.1), and can postpone labour lor a few 
days, but the riỉk of adverse cardiovascular and metabolic 
events induding pnlmonary oedema (see p. 1222.3) 
means that great care and appropriate monitoring oí the 
patient's heart rate and State oí hydration are needed.

Prodolgia fugax. Inhalatíon of salbutamol hom a 
metered-dose inhaler at the beginning o£ an attack has 
been shown to reduce the duration of pain in patients 
with proctalgia ỉugax.1

1. Bdcaidt VF, ít al. Tteatment ol proctalgia lugax tvith salbutamol 
inhalatian. Am J  GaỊtm atiml 1996; 91: 686-9.

Adverse Effects
As ỉor Sympathomimetía, p. 1508.2. Saibutamol has 
mainly beta-agonist ehects and, like other beta agonists, 
may cause finẽ tremor oỉ skeletal musde (particularly the 
hands), palpitations, tachycardia, nervous tension, head- 
aches, peripheral vasodilatatíon, and rarely musde cramps. 
Inhalation causes fèwer adverse ehects than systemic 
dosage, and the more selectíve beta2 agonists cause fewer 
adverse eSects than less selective beta agonists. Potentỉally 
serious hypokaỉaemia has been reported aher large doses. 
Myocardial ischaemia has also been reported. Hypersensi- 
tivity reaaions have occurred, indudỉng paradoxical 
bronchospasm, angioedema, urticaria, hypotension, and 
collapse.

The high doses of saỉbutamol used intravenously to delay 
premature labour have additionally been assodated with 
nausea and vomiting, and vvith severe adverse cardiac and 
metabolic eíĩects and pulmonary oedema.

Effeds on the CNS. Visual halludnations lasting for an 
hour have been reported1 after use of nebulised salbut- 
amol in an elderly patíent. At the tứne of the report the 
manufaaurers vvere avvare of 3 cases oí halluánations in 
children given oral salbutamol but no such reaction had 
been previously reported in adults given recommended 
doses.

Hyperactivity and restlessness have been reported vvith 
the ũse oí salbutamoh hotvever, a small pỉacebõ-conưoỉỉed 
study of 19 children,2 lailed to show a statistically signihcant 
diỉỉerence in activity levels aíter a nebulised dose of 
salbutamol.

1. Khanna PB, Devíes R. HaUudnadom assodated with the adminiỉtradon 
oi salbutamol Via » nebulỉser. BAU 1986; 292: 1430.

2. Had)ikoumi ỉ, et aL Broochodỉlator therapy and hyperactỉvỉty ỉn 
preschool children. Arek Dit ơ tíld  2002; 86: 202-4. Also avaỉlabỉe at: 
http*.//adcbmJ.com/cgi/repdní/86/r3/202 (accessed 15/01/08)

Effects on eiedrolytes and metaboỉisni. Salbutamol, in 
common with other beta2-agonists, may cause hypokal- 
aenáa and hyperglycatmía. These eữects are related to the 
dose and route of salbutamol used; hypokalaemia is more 
common aher parenteral and nebulised use. Hypokal-

The Symbol <s> denotes a substance whose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively marketed
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aemia may be potentiated by therapy with corticosteroids, 
diuretics, or xanthines, and by hypoxia; potassium con- 
cenưations should thereỉore be monitored in severe 
asthma. .

Effeds on the eyes. It has been suggested that salbutamol 
and to a greater extern ritodrine may contribute to redno- 
pathy in the premature iníant when used for premature 
ĩaboũr.1

A ca se oỉ acute angle-dosure glaucoma was attributed to 
dỉlatation oỉ the pupil by stimulation oỉ the sympathetic 
nervous System secondary to local absorption of nebulised 
salbutamol in the eye; the padent also had other dsk ỉactors 
for developing glaucoma.2 For reportỉ of glaucoma 
predpỉtated by the combined use oỉ ipratropium bromide 
and salbutamol Via a nebuliser, see Ipraơopium Bromide, 
p. 1212.3.

1. Midi le CA. tí aL Do matemal 8 -sympathominKiics inhuencc the 
dcvriopmcnt cđ rctinopathy in the prcmatuie inbnt? Anh Dà OứU 
1 «  71: P149.

2. Rho DS. Acute angle-ciosure gUucoma aher albuterol nebulỉxer 
treatment. Am J  Ophĩhalmoỉ 2000; 130: 123-4.

Effeds on the heart. The main adverse cardiac eiíect of 
salbutamol is tachycardia due to increased sympathetic 
eữects on the cardiovascular System. Such tachycardia is 
dose dependent and is more conunon aíter systemic than 
inhaled therapy. A meta-analysis1 of randomised, placebo- 
controlled studỉes in patỉents with asthma or chronic 
obstructive pulmonaty disease (COPD) confitmed that sin- 
gle doses oí beta2 agonists can cause an inaease in heart 
rate and a reduction in potassium concentrations (see also 
ESects on Electrolytes and Metabolism, p. 1221.3). The 
longer-term  effects of beta2 agonists on the cardiovascu- 
lar System were also assessed and an increased risk of 
adveise carđiovascular events due to sinus tachycardia 
was ỉound. There was also a ưend tovvards an increase in 
major adveise events induding ventricular tacbycardia, 
atríaỉ Đbrillation. syncope, heart failure, myocardial iníarc- 
tion, cardiac arrest, and sudden death. Myocardial 
Ischaemia has been reported with salbutamol when used 
to delay premature labour.2 Eleven of 17 reports were 
considered seiious. induding one iatality. Most of these 
reports involved the use oỉ parenteral ỉonnulations; none 
involved the use of inhaled sálbutamol íormulatíons for 
the relieí of bronchospasm. Hovvever, there is some evi- 
dence that high doses oí inhaled salbutamol can decrease 
coronary flow reserve, and might exacerbate ischaemìa in 
patíents with coronary anery disease.1 Observational stu- 
dies into the assoõation benveen beta2 agonist use and the 
risk oí m yocardlal iníarctỉon have produced conQicting 
resultỉ. Some have reported an increased risk.4-5 vvhereas 
others have reported that this risk is increased only in 
patients with asthma4 but not in those with COPD.6-7 In 
padents with asthma and long QT syndrome. ưeatment 
with beta2 agonists (saỉbutamol. salmeterol, and ord- 
prenaline) increased the risk of cardiac events su ch as syn- 
cope, myocardial inỉarctíon, and sudden cardiac deãth. 
The risk was higher in the first year of beta2 agonist ơeat- 
ment but was reduced in patíents also receivũig beta 
blockers.' Similaiiy, a case-control study’ in hypertensive 
patíents reported that the lisk ol myocardial inlarction was 
onỉy increased in patíents with ischaemic heart disease 
who had recently started treatment with beta2 agonists. 
The authors oỉ this study felt that thú ìncreased risk was 
likely to ha ve been due to la ten t cardiovascular disease 
rather than a đirect eãect oí the beta2 agonists. Case-con- 
trol and cohort stuđies have also suggested that patìents 
with pre-existìng heart ỉailure may be at increased risk 
oí hospitalisatíon from anhythmias10 or exaceibadon oí 
heart íailure11'12 with the use oỉ beta2 agonists.

However, a causal relatíonship cannot necessarily be 
established bom  these case-control and cohort studies, 
because oỉ coníounding íactois such as comorbidity, and 
because the extént of beta2 agonist use could only be 
estímated bom  prescriptíon record Systems.

See also Pregnancy, belovv.
1. Saỉpeter SR. tía L  Cardiorucuỉar eSects ot p -agonỉsis ln padents with 

asthnu and COPD: i  mea-analysis. Chat 2004; 123: 2309-21.
2. GUxoSmithJCline. Canada. Health Canada endoned important satety 

inionnarton OQ Ventolln LM. ÚỊiection and Ventolln LV. inỉusion 
solotioa: for pregnant women ĩr labour and deliverỴ (Issued 12ih June 
2007). Anilable ac http://www.bc-sc.gc.CT/dhp-mps/alt_tormits/hpib- 
dgpsa/pdf/medefl/vemõlin_hpc-cps-eng.p<lf (actessed 09/07/03)

3. lCochiadalds GE, tí  aL EOect oi inhaled salbutamol on coronary 
drculatkm tn humans. bự J CantM 2007; 117:403-10.

4. An DH. tí aỉ. The lislt of myocardlal iníarction assodated with inhaled 
3 -idRnoceptor agonísts. Am J Rapìr Cril C trl M ít 2000; 141: 327-30.

5. An DH. tí a ĩ  Aoodarion between Inhaled 3 -agonlsts and the risk of 
nnatable angina and myocanUal Iníarction. Chat 2002; 121: 844-51.

4. Lenudtre RN. a  *L ỉnhaled beta-2 adrenergic leceptor agonists and 
prímary CTldiar arresL Am J  Mtd 2002; 113: 711-14.

7. SưissaS, rta/. Inhaledshortictini 3 agonist use tn COPD and the risk oí 
acute myocanSal tníarcticm. Thorax 2003; 53; 43-4.

8. ThottathHP. a a / . mtemadonal Long QTSyndromeliivestigative Group. 
Risk of curtBac evems in patícms wtth asthma and long-QT syndrome 
treated wtth betij agonlsts. Am J Cardiaì 2008; 102: 871-4.

9. de Viies ĩ ,  a  aL Ose oí B j agonỉsu and risk o( acute myocardial 
intarcdon in padents with hypertension. Br J Om pharmaal 2008; 43; 
580-4.

10. Bouvy ML. tí  al. Use o í syinpaihoniỉmetic drugs ỉcads to ỉncreased risk ữf 
hospitiliiation tor anhythmias in padents wlth congesdve hean laũure. 
A nh b o m  M  2000; 140:2477-80.

11. Au n a  tí tí. Msk of monaBty and beait ỉilhire exacerbattou assodated 
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vmtrtniUr systoHc đysỉunctlon. Chat 2003; 123:1944-9.
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2-adienocẽpcar agonỉsts. Am H an  1 2004; 148: 913-20.

Effeds on the respiratory System. Paradoxical broncho- 
constrictíon has occasionaíly be en reported aber broncho- 
dilating therapy. Wỉth nebuliser soludons, it has been sug- 
gested that the pieservadves present could be responsihĩe 
(see also under Ipratropium, p. 1213.1), or that the pH 
may contribute ư non-neutral. In additíon. regular use oí 
beta2 agonists su ch as saỉbutamol (as opposed to use on an 
as-needed basis) has been shovvn to ìncrease airway 
hyperresponsiveness to various stímuli and to lead to the 
possible development oí tolerance to the bronchoprotec- 
tìve eỉíect (see below).

The increased risk oỉ pubnonary oedema assodated vvith 
salbutamol is mentíoned under Pulmonary Oedema. below.

Increased mortalhy. The inaeased inddence of morbidity 
and mortality that occurred in asthmatíc patíents mainly 
involved íenoterol. but salbutamol has been implicated. 
The debate on the relevance of beta agonist therapy to this 
inơeased morbidity and mortality is discussed under 
Fenoterol on p. 1208.3.

Overdosoge. Reports of overdosage with salbutamol1'4 
have generally onỉy described the ỉeatures that may be 
expeaed with beta2 agonists su ch as tachycardia, CNS stí- 
mularion, tremor, hypokalaemia, and hyperglycaemia. 
The plasma-potassium concentratíon and pulse rate have 
been tound to correlate vvith the plasma concentiaúon oỉ 
saỉbutamol.7 Symptomatic ưeatment of the adverse effects 
has proved successbil although it is unlikely to be required 
aber repeated inhalation. In the UK, the National Poừorts 
lnformation Servia notes that activated charcoal may be 
considered aíter oral overdose in patients vvho have taken 
a potentially toxic amount and present vvithin 1 hour. 
Purther management is mainly supportive. Tachycardia 
vvith adequate cardiac output is best leb unưeated, but in 
extreme cases beta blockers su ch as metoprolol or esmolol 
may be used (caution is required in patients vvith a history 
of bronchospasm, see p. 1320.3). Persistent hypeitension 
may respond to an intravenous iníusion of glyceiyl tri- 
□itrate or another nitrate; caldum-channel blockers are an 
aitemative. Beta blockers should be avoided because oi 
the risk of paradoxical hypenension and coronary vaso- 
consưictíon bom unopposed alpha ebects.

1. Mormon GW. Farebrother MJB. Overdose of salbutamoL Lancet 1973; 
'11:651.

2. O^Bricn ỈAD, tí al. HypokaỉicmU duc to saỉbuumol ovodosage. BMJ 
1981;252: 1515-16.

3. Prior JG, etaL SeU-poúonmg with oral saibuumoL BAƯ 1981:252:1932.
4. Conneỉl JMC tt  ai. Metabolỉc consequences oí salbutamol poisoning 

reversed by propnnoỉol. 3MJ 195Z* 255: 779.
5. SpỉDer HA. ứaL  A nvo-year retrospectíve stuđy of acádental pedỉatric 

aibuterol ỉngestíons. Pediaơ Emtrs Can 1993; 9: 335-40.
6. Leiỉdn JB, et aỉ. Hypokaỉemia after pedỉaưỉc albuteroỉ overdose: a case 

serìes. Am J Bmerg Mtd 1994; 12: 64-6.
7. Lrwũ ID , et a i A oudy of selí poisoning with oral saibuumoi— 

Uboratory and dinỉcal ỉearures. Hum Exp Toxiaỉ 1993; 12: 397-401. 
Correction. M d. 1994; 13: 371.

Pregnancy. Most adverse eữects assodated with salbut- 
amol in pregnancy relate to the cardiovascular and metab- 
olic e&eòts oi the very high doses given by intravenous 
inhision in attempts to delay premature labour (see also 
under Pulmonaiỹ Oedema. belovv). Matemal eỉfects 
indude myocardiai ischaemia,1-2 uniíocal ventrícuỉar ecto- 
pics assodated with the hypokalaemic response to intra- 
venous salbutamol,3 and heart lailure in a hypertensive 
woman.4 Similarly, serious ỉetal and neonatal cardiovascu* 
lai complicaáons have also been assodated with tocolytic 
salbutamol.5

Metabolic addosis aiter salbutamol iníuàons in diabedc 
women has also be en reported.6'7

For reports of retìnopathy in the prematuie inlant see 
EHects on the Eyes above.

1. Whltebe*d MI. «  ai. MyoctrdUl isduemU aỉter wiihdnwal ot 
salbuoniol tor pre-ienn ỉ.bo UI. Lim ai 1979; ii: 904.

2. GluoSmithKlỉnc, Cânida. Health Canada endorsed impoitant satety 
inlonnatlon on Ventolìn LM. lnjecdon and Ventolta LV. iníusion 
soludon; for pregnant women fr Ubour and delivay (issued 12th Jưne, 
2007). Availăbleac http://www.hc.se gc ca/dhp-mps/all_fonnao/hpfb- 
dgpsa/pdỉ/medefi/ventalin_hpc<ps^ng.pdỉ (accesãed Ơ9/Ơ7/08)

3. Chew w c  Lew LC. Ventricular ectoplõ ahér salbutamol inhúion for 
pretenn labour. Lanctí 1979; 1L‘ 1383—4.

4. vvhitehead ML t í t l .  Acute ccmgesttve cardlac íallnre in a hypertemive 
wotnan tecdving saHmtamol lor piematuie labour. BMJ 1980; 280: 
1221- 2. _

3. Katz VL Seeds JW. Fetal and neonatal caidiovascular complícadons 
í rom 3 -sympathomimetic therapy lor [ocolysỉs. Am J Obtítí Gynnoỉ 
1989:141:1-4.

6. Chapman MG. Sattraiamol-tnduced addosis In ptegnant diabetics. BMJ 
1977; 1: 639-40.

7. Thomas DJB. tía l. Salbutatnol-induced dlabedc ketoaddosis. BMJ 1977;
2: 438.

Puimonary oadema. Pulmonary oedema has occuired in 
women given bcta2 agonists, induding salbutamol,1-* foi 
premature labour. The risk ỉactors, the most impoitant oí 
ỹyhỉch is ũuid oveiioad, are dlscussed under Prẽcautions, 
bdow.

1. Hawker F. Puhnonary oedema assodated with 3 3-sympathomimetic 
neatment oí premanữe labour. Anaath b u m n t C trl 1984; 12:143-51.

2. Plsani RJ, Rosenow EC. Puhnonaiy edema assodated with tocolytic 
theiapy. A m  b tm  Med 1989; 110:714-18.

3. Hamd ỈL tí  ãl. CEdème puỉmonaỉre et tocolyse par b^ta.mimétiques. Rrv 
m  ttapir 2002; 19:241-4.

4. Chaputs C .títL  (Edỉme aỉgn du poumon au dtorurs d'une tocotyse par 
nteanhpine et saSmtamol lors đ‘une menace d'accouchement prématuré 
sux grossesse gémeilaire. J  Gyrtnoỉ ob ĩltí Bioi Rrprod (Paũíị 2005; 34:493-
6.

Ibierance. Some studies suggest that regular inhalation oỉ 
a short-actíng beta2 agonist although it contínues to pro- 
duce bronchodỉlatation, increases alrvvay hypenesponsive- 
ness and may reduce the protectỉve ebea against broncho- 
constriction provoked by stimuli su ch as bradykinin. 
mcthacboline, or alleigen.1'4 Such tolerance is considered 
another argument against regular use oỉ shon-acting 
drugs.1 Reduced bronchoprotectíve eííects have also been 
lound with long-acting beta2 agonists (see Salmeterol, 
p. 1225.2).

It has been suggested that reduced beneĩit vvith 
salbutamol may be due to the 5(+)-enantiomer,7-* vvhich 
unlike the R (-)-enantiomer (levosalbutamol. p. 1213.3) 
does not possess bronchodilating activity. Stereoselective 
metabolism (see under Pharmacokinetics, p. 1223.2) means 
that regular use oỉ the racemate could lead to accumulation 
oỉ the 5-enantíomer, tvhich provides a possible mechanism 
for the eííect. Genetic polymorphism of the beta2- 
adrenoceptor has also been proposed as another possible 
mechanism.’-10

ỉ. Cockcroỉt DW. tt  úL ReguUr intuỉed salbuumoi and airway 
rcsponsỉveness to aỉlergen. Lanat 1993; 342: 833-7.

2. 0'Connor BJ, et ai. Toỉerance to (he nonbronchodỉlator effectỉ of inhaled 
5 1-ềgữnísts ỉn asthma. N EĩiịU  Mtd 1992; 327:1204-5.

3. Cockỡoít DW, 0  ai. Reguỉar use of ỉnhaled aỉbuteroỉ and the aỉlergen- 
induced laie asthmatic response. J Aikrgy ơ ỉn Immunoi 1995; 96: 44-9.
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153: 65-9.
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strictíon. Eur Rapir J  1999; 14: 283-7.

7. Perrin-Payoỉle M. Saibutamol in the treamiem of asthma. Lanat 1995; 
346:1101.

8. Handỉey D. The asthma-Uke pharmacology and toxicology oí (S)* 
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9. Israel E,ứ a L  ũse oí reguỉariy schcduled aỉbmerol ưeaonẽnt in asthma: 
genotypc-stratlđed, randomiseđ. placebo-conưoned ODSS-OVCT trìal. 
ĩ m r  2004; 364: 1505-12.

10. Broadley KJ. 6 'Adrenoceptor respomes oí the aimays: íor beoer or 
worse? Eur J  Pharmaeot 2006; 533: ỉ 5-27.

Precautìons
Salbutamol and other beta agonists should be given with 
cautíon in hyperthyroidism, myocardial insuíBdency, 
arrhythmias, susceptíbility to QT-intCỊval prolongation, 
hypenension, and diabetes mellitus (espedally on intra- 
venous use—blood glucose should be monitored since 
ketoaddosis has been reported).

In sevrre astkma particular caurion is also required to 
avoid indudng hypokalaemia as this eỉfect may be 
potentiated by hypoxia or by the eííect of other 
anti-asthma drugs on potassium (see Interactions, 
p. 1223.1); plasma-potassium concentratíons should be 
monitored.

Beta2 agonists such as salbutamol are not appropriate ỉor 
use alone in the treatment oí more than mild asthma (see 
Asthma, p. 1195.2). Increasing need ỉor, or decreased 
duration oỉ effea of. inhaled salbutamol and other short- 
actíng beta2 agonists indicates deteiioration of asthma 
control and the likely requirement íor increased 
anti-inílammatory therapy.

In 1vomen bâng treated for premature labour the risk of 
pulmonary oedema means that the paúent's State of 
hydratíon and cardiac and respiratory function should be 
monitored very carehilly; the volume oí iníusion ũuid 
should be kept to the minimum (normaOy using glucose 5% 
as the diluent), and beta2-agonist therapy should be stopped 
immediately and diuretic therapy started ií signs oỉ 
pulmonary oedema develop. Other risk ĩactois for pulm- 
onary oedema indude multiple pregnancy and heart 
disease. Ischaemic heart dỉsease or signibcant risk íaaors ỉor 
ischaemic heait disease are spedfic contra-indications; 
where heart disease is suspected assessment by a physidan 
experienced in cardiology is needed. Edampsia and severe 
pre-edampsia are also contra-indications, with spedal care 
needed in mild to moderate pre-eclampsia. Other 
contra-indications indude intra-uterine iníection, intra- 
uterine fetal death, antepartum haemoưhage (vvhich 
requứes immediate delivery), placenta praevia, and cord 
compression; beta2 agonists should not be used for 
threatened miscarriage. See also Uses and Administration,
p. 1220.2.

All cross-reíerences reíer to entries in Volume A



Salbutamol 1223

For details oỉ the precautìons to be observed with 
sympathomimeúcs in general, see p. 1508.3.

Abuse. Salbutamoi inhalers have been subject to abuse, 
partìcularly by children and young adults.1*7 This has 
occuned ÚI both asthmatic and non-asthmatic individuals 
and has been tbought to be ỉor the eổect oí sympathetìc 
stúnulaúon and foc the eííect oỉ the ũuorocarbon propel- 
lants. The introduction oí fhiorocarbon-free inhalers 
should reduce the latter motivation, although not the for- 
mer.

The WorldAnti-Dopmg Ageruy prohibits the use of all beta2 
agonists in athỉetes, in and out of competítion,® on the basis 
of theữ supposed ergogenic eữect. Although a therapeutic 
use exemption may be granted for the use oỉ inhaled 
salbutamol or salmeterol, e.g. in. the management of 
asthma, the presence of salbutamol in urine at concentra- 
tions above 1 miarogram/mL is considered an adverse 
analytical tading, unless pharmacokinetic studies show 
that such concenơations are being produced aíter 
inhalation of the drug at therapeutic doses up to a 
maxúnum of 1.6 mg daily; this has be en shown to be a 
possibility .* The idea that abuse of inhaled beta2 agonists can 
ỉmprove períonnance in non-asthmatic individuals has 
been questioned.10

1. Brennan PO. Inhaỉed saỉbutamoỉ: a ncw ỉonn a i drug abuse? Lanctí 
1983; ỉfc 1030-1.
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63: 70.
6. Rakhmaniha NY. tí aL Hypokalemỉa in an asthmatic child from abuse oỉ 

aỉbuterol metered dose inhaler. Pèắiatr Bmay Can 1998; 14:145-7.
7. Boland B. et aL Saỉbutamol inhaler mỉsuse: a pendsting problem? 

Addkáon 2008; 103:1907.
8. World Antí-Dopíng, Agency. The worìd and-doping code: the 2010 

prohỉbited ỉỉst intemaãonaỉ Standard. Avaiỉable at: http://www.wada- 
ama.org/rt econtenưdocumenư2010_Prohibited_List_FÌnaLEN_Web. 
pd/ (accéssed Ỉ4/Ỉ0/O9)

9. Schweizer C .tíaL  Doping test reveaỉs high concentraứoos of salbutamoỉ 
ỉn a Sveiss tradc and ảeỉd athỉete. ơ iĩt J  Sport Meắ 2004; Ỉ4ỉ 312-5.

10. lũndeimann w, Meyer T. Inhaled 0 2 agonỉsts and perfonnance in 
competítỉve athỉetes. Br J Spons ÌÁ£ẩ 2006; 40 (suppỉ 1): Ỉ43447.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenơe (NAPOS) and 
the Porphyrìa Cenơe Svveden, classiEes saỉbutamol as not 
porphyrinogenic it may be used as a drug oi first choice 
and no precautions are needed.1

I. The Drug Database íor Acute Porphyria. Avaỉỉabỉe ac hop://www. 
drugs-porphyria.org (accessed 17/10/11)

Interactions
Use oí salbutamol and other beta2 agonists with 
corticosteroids. diuretics, or xanthines increases the risk of 
hypokalaemia, and monitoríng oỉ potassium concentrations 
i$ recommended in severe asthma, where such combinatìon 
therapy is common (see also Eííects on Electrolytes and 
Metabolisni, p. 1221.3). For an outline of interactions 
assodated with sympathomimetics in general, see p. 1508.3.

BeiOa agonisls. Patients receiving salmeterol may require 
salbutamol to control an acute attack of bronchospasm. 
One stuđy indicated that the eỉỉects might be additive.1 
but another showed that patients receiving salmeterol had 
reduced sensitivity to salbutamoi and mỉght need higher 
doses of the latter for acute relieí.2 However, a study in 
asthmaúcs admitted to a hospital emergency department 
with acute exacerbatíons oi their illness, ỉound that pre- 
vious salmeterol therapy did not reduce the eíBcacy of 
Standard doses of salbutamol.3 Others have also nõted 
attenuation of the bronchoprotective eữects of a beta2 ago- 
nist (in this case, Ịènoítrot) by salmeterol.4

1. Smyth ET, tí ai. Imeracrỉon and dose equỉvalence o{ saỉbutamol and 
saỉmeteroỉ in patỉents with asthma. BMJ 1993; 306: 543-5.

2. Grove A, Lipworth BJ. Bronchodỉlator subsensirivity to salbutamol after 
twỉce daily sabneteroỉ In asthmatic patients. Lancet 1995; 346:201-6.

3. Korosec ỈA. et ai. Saỉmeterol does not compromỉse the broachodỉỉator 
response to aỉbuterol during acute episodes of asthma. Am J Mai 1999; 
107:209-13.

4. van Veen K  tí ai. Regular use of long-actmg 8 2-ađrenoceptor agonỉsts 
actenuates the bronchoprotectỉve elScacy oỉ short-acting 0 2-âdreno- 
ceptor agonists in asthma. B rJ Cỉin Pharmacol 2000; 50: 499P.

Beta blockers. Non-cardioselective beta blockers oppose 
the bronchodilator eổects of beta-agonist bronchodilators 
and are contra-indicated in asthmatic patíents as they may 
cause serious bronchoconstriction, even if given as eye 
drops. No adverse interactỉon normally occurs betvreen 
betã-agonist bronchodllators and cardioselective beta 
blockers; however, bronchospasm can sometúnes occur in 
asthmatic paúents, particularly ư high doses are used. In a 
case-control study in postopeiative coronary arteiy bypass 
graft patỉents, use of sotalol with salbutamoỉ led to an 
increased risk íor postoperative atrial Bbrillation.1

1. Vader c đ  aL Interactíon between sotalol and albuteroỉ aítcr CABG: 
ỉnOuence OD postoperatỉve arrhythmỉas and ỉeogth of stay at an 
intensỉve care unit B rJ ơ in  Phamacol 2002; 53: 555P-556P.

Cordiac giycosides. Hypokalaemia produced by beta2 ago- 
nists may result in an increased susceptìbility to digitalis- 
induced arrhythmias although salbutamol intravenously 
and orally can also decrease serum concentrations oỉ 
digoxm (see Beta2 Agonists. p. 1357.1).

Corticosteroids. Corticosteroids and beta2 agonists may 
both produce ỉaỉls in plasma potassium concentrations; 
there is evidence that sũch íalls can be exacerbated by use 
together.1 The possibility oỉ enhanced hyperglycaemic 
eữects hom su ch a combination should also be bome in 
mind.

ỉt has been suggested that in acute severe asthma, 
corticosteroids may modiỉy beta receptors, reversing the 
beta receptor desensitisation and downregulatíon caused by 
beta2 agonists and enhandng the bionchodilator response.2 
In chronic asthma there is little evidence to support this 
theory; however, combmation therapy with corticosteroids 
and beta2 agonists has been lound to have benehdal eSects 
on asthma control; the exaa mechanisnx for this remains 
undear.

1. Tayior DR. tt al. Interacdon benreai cortlcosteroid and beta-agonist 
drugs: biochemicaỉ and cardỉovascular eãects in nonnaỉ suỉ^ects. ơ ttst 
1992; 102: 519-24.

2. Taylor DR, Hancox RJ. ĩnteractions between corticosteroỉds and 8 
agonỉsts. Thorox 2000; 55: 595-602.

Diurelics. Hypokalaemia is known to be a possible adverse 
effea during treatment vvith beta2 agonists such as salbut' 
amol or terbutaline, and this may be enhanced if dỉuretics 
are also gỉven:1-2 in addition the arrhythmogenic potential 
oỉ this interaction may be dinỉcally important in patients 
with ischaemic heart disease.1

1. Lipworth BJ, et di. Prior treatment wỉth diuretíc augments the 
bypokalemic and electrocarđỉographic eữects oỉ ỉnhaỉed albuteroL Am J 
ầíid 1989;86:653-7.

2. Ncwnham DM. ứ oi. The eSecĩs of ữusemỉde and trỉamterene on the 
hypokaỉaemỉc and dectrocardỉographic responses to inhaỉed terbut- 
aiine. B rJơ ỉn  Phormacot 1991; 32: 630-2.

Neuromuscuiar blockerỉ. Saỉbutamol given intravenously 
has been reported to enhance the neuromuscular blockade 
produced by pancurơnium and by vecuranium (see 
Sympathomỉmetics, p. 2033.2).

Xanthines. An enhanced hypokalaemic eííect may occur 
vvhen salbutamol is given with theaphylỉừư.1-2 See also 
under Terbutaline, p. 1229.1 and Sympathomimetics, 
under TheophyUine, p. 1236.3 íor the potentiation of 
other eííects.

1. Whyte KF, ct ai. Saỉbutamoỉ inđuced hypokaỉaemỉa: the eữcct oỉ 
theophyỉỉỉne aỉone and in combinadon wỉth adrenaỉine. Br J ơin 
Pharmâcoỉ 1988; 25: 571-8.

2. Kỡỉsld GB. ct ai. Hypokaieraia and respiratory arrest in an infant vvỉth 
sutus asthmatícus. J  Ptdiaư 1988; 112: 304-7.

Pharmacokinetìcs
Salbutamol ìs readily absorbed hom the gasưointestinal 
tract. When given by inhalaóon, 10 to 20% of the dose 
reaches the lower airvvays. The remainder is retained in the 
delivery System or is swa!lowed and absorbed hom the gut.

Salbutamol is subjea to first-pass metabolỉsm in the liver 
and possibly in the gut wall but does not appear to be 
metabolised in the lung; the main metabolite is the inactive 
sulỉate conjugate.

Salbutamol is rapidly excreted, mainly in the urine, as 
metabolites and unchanged drug; a smaller proportion is 
excreted in the íaeces.

The plasma halí-lUe of salbutamol has been esthnated to 
range from 4 to 6 hours.
General reíerences.

1. Waỉker SR. eí ai. The dỉnical pharmacology of oraỉ and inhaled 
satbutamol. Qin Pharmatoi Ther 1972; 13: 861-7.

2. Heuel MR, Clark TJH. Comparỉson oi iiuravcnous and aerosoỉ 
salbutacnoỉ. BMJ 1976; 2: 919.

3. Lin c. rt ai. ỉsolatỉon and identỉflcatí0Q of the major metabolỉte of 
albuterd in human urỉne. Drug Metab ữispos 1977; 5: 234-8.

4. Morgan DJ. et a i Pharmacokinetỉcs oí inỏravenous and oral saỉbutamol 
and ĩts sulphate conjugate. Br J CUn Pharmaeol 1986; 22: 587-93.

5. Lipworth BJ. et ai. Singỉe dose and steady-State phannacokinetỉcs oí 4 mg 
and 8 mg oral saỉbutamol controUed-reíease ỉn patỉents wỉth bronchỉaỉ 
asthma. Bur J Cữn Pharmacol ỉ 989; 37:49-52.

6. Rey E. a  ai. Pharmacokỉnetỉcs oí intravenouỉ saỉbutamol ỉn renal 
insutBdency and its biologỉcal effects. Eur J CIùi Pharmacol 1989; 37: 
387-9.

7. Hỉndỉe M. Chrystyn H. Determinatỉon oí the relative bioavaỉỉabỉỉỉty oí 
saỉbutamol to ủie lung ỉoũowỉng ỉnhaỉadon. Br J ơừ t Pharmacol 1992; 
34: 311-15.

8. MỈHỈex JM. et ai. Pharmacoldnetỉcs oỉ salbutamd ỉn the pregnant 
woman aher subcutaneous admỉniscration with a portable pump. Obsta 
Gyneal 1992; 80: 182-5.

9. Narasỉmha Minthy s, BSremath SR. CUnỉcal phannaa>kinetỉc and 
phannacodynamỉc èvaiuatíon of transdennaỉ dnig deỉỉvery Systems oí 
saỉbutamol suỉỉate. ồ ứ J Pharm 2004; 287:47-53.

10. BonneỈYkke K, it a i Age depéndent systemỉc exposure to Inhaled 
salbutamoL Br J ơ ht PhàrmacoỊ 2007; 64:241-4.

Stereoseledivily. The R (-)-enantiomer oỉ salbutamol 
(levosalbutamol—p. 1213.3) is preíerentially metabolised 
and is thereíore deared hom the body more rapidly than 
the S(-t-)-enantiomer, which lacks bronchodilator activity 
but may be implicated in some of the adverse eữects of

salbutamol (see Tolerance, under Adverse ESects, 
p. 1222.3).
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Preparatíons
Proprìetary Prepcmhons (details are given in Vọlume B)
Sngie-ingradnnt Praparatiom. Arg.\ Aircosalm; Aúsalbu; Amo- 
casin; Asmatol; Butamol; Cerdnit; Duopadc Microterol; Nebu- 
trax; Nĩblec Respiret; Salbuden; Salbulin; Salbutòk Saỉbutral + 
Aeromed; Salbutral; Ventídl; Ventimol' Ventolih; Yontal; 
Zoom; AustraL: Airomir; Asmol; Butamob Epaqt; Respaxt; 
Ventolin; Austrùc Buventolt; SultanoL' BetgT: Aỉromh; Docsal- 
butaỷ; Ventolin; Braz.: Aerodinb Aẹrogold; Aerogreen; Ạerójet; 
Aerolin; Aerotrat- Asmakilt; Asmaliv; Broncoíedrln; Bronconal; 
Butovenc Dilamol; Neutoss; Prodotamolt; Pulmoũux; Salbu- 
tam; SalbutamaxỶ; Tussiliv; Ctmad.: Airomir; Apo-Salvent; 
Ventolin; Chữe. Aeiolin; Agrilin; Airomirt; Asmávenc Bropit 
ButotaL' Fesema; Respolint; Salbutral; Slnasmal; Otàuc. Da Ten 
Ke Chuang Etmoline (S ^3 Ỉ); Hui Bai Shi ( X f
# ) ;  Kang Er Shu Nlng ( íu ^ f f  ■?); Lv Ke (# £ ) ;  Pln chuan (íỉ 
ĨH); Sai Bi Shu (* ttiff); Sha Bo Te (^WỊỹ); VentoBn Ợ l%  
# ) ;  Xỉ Bei Ta Cz.: Buventol; EcosaỊ; Ventílastin;
Ventolin; Deitm.: Airomir; Buventol; Salamol; Salbuvent; 
Ventolln; Ventoline; Volmaxt; Fin.: Airomir; Buventol; Ventí- 
lastìn; Ventoline; Fr.: Airomir; Asmasal; Buventolt; Salbumok 
Ventexxaứt; Ventìlastin; Ventoline; Gèr.i Apsomoỉt; Broncho 
Fertiginhalatt; Broncho Inhalac Bronchospray; Epaqt; Padia- 
mol+; Pentamol; Salbu; Salbubronch; Salbuhexal-b Salbulaũ; 
SalbuSandorb Sultanob Ventilastin; Gr.: Aerolin; Asthmotrat; 
Broco&in; Buventol; Comer; Notmobron; Novahalen Salbuĩnol; 
Salbunova; Salomol- Hortg Kong-. Asmalivt; Ạsmoịt; Asthalln: 
Cybutol; Etinoline; Respolin-b Salamol; Salmpb Syntalint; Uni- 
Butamolt; Vantín-b Ventamolt: Ventodiskst; VentóBn; Ventỏ- 
molf; Volmaxt; ZenmoIin; Hung.: Buventok Ecosab Ventolin; 
Indùr. Aerotar Asmanil; Asthalin; Bronko; Bronkonat' Brosok 
Derihaler; Durasal; Salbetol; Salmaplon; Salsol; Indon.: Asma- 
care; Azmacoo; Bronchosal; Brondiỉak Buventol-ts FartolỉnỊ Gli- 
sendỷ; Hivent; Lasal; Librentínt; Prítasma; Salbron; Saibuven; 
Suprasma; Ventolin; Volmaxt; IrL: Aerolint; Airomirt; Asma- 
sal; Gerivent; Salamol Steri-Neb; Salamol; Saibuvent; Venta- 
mol; Ventolin: Israel: Salbutrim; Ventolin; ItaL: Broncovaleas; 
Venunax; Ventolin; Volmaxt; Malaysùc Airomirt; Asthalin; 
Beatolin; Bonair; Butavent; Buventol; Salamol; Salmax; 
Ventolin; Volmax; Mex.: Apo-Salvent; Assal; Avedox-FC; Azyr- 
olf; Biorenyn; Bonaiit; Capaát; Cobamob Dlcoterolt; Exafll; 
Earmarest; Oladint; Quiníaval; Salamolỷ; Salbutalan; Sal- 
comed; Tunxin; Unibron; Ventolin; Volmaxt; Zibil' Neth.: Airo- 
mứ; Salamol; Ventolin; Norw.: Airomir; Buventol; Ventoline; 
NZ: Airomin Apo-Salventt; Asmigent; Asthalỉn; BuventoL' 
Respigen; Respolln; Salamol; Salapin; Ventolin; Voỉmax' pfti- 
Upp.: Activent; Adsal; Aero-Venc Airomlr; Amoltex; Asbunyl; 
Ashenom Asmacaire; Asmalin; Aỉtagen; Asvimol; Axmaxolv; 
Bioneb; Brytolin; cletalt; Eỉamed; Emplusal; Hlvent; Libren- 
tínf; Meventil’ Provexel NS; Prox-S; Resdil; Rhinob SAL; Sal- 
buQo; Salbumed; Salvex; Sedalỉn; Venaỉax XPT; Venalax; Ven- 
tai; Vento-Broncho; Ventolin; Ventosalỷ; Vĩmonzil; PoL: 
Buventol; Steri-Neb Salamolt; Velaspũ; Ventodiskt; Ventolin; 
Port: Airomir; Salbulain Ventìlan; Rus.: Asthalin (AcrasHH); 
Salamol (CanaMCUi); Salben ịCamJãm); Salgũn (CanunM); Saỉtos 
(Caaktoc); Ventolin (Banomn); S.Afr.: Airomirt; Asthavent; 
Cybutol; Ventexe; Ventolin; Volmax; Singapore: Apo-Salvent; 
Asmol; Asthma FormuIa; Azmasol; Brẽthmol; Butahale; 
Buventol; Medolin; Salbuain Salmol Venderol; Ventamol; 
Ventolin: Volmax; Zenmolin; Spain: Aldobronquial; Buto 
Asma+; Buto-Ain Respiromat; Salbuain Vendlastin+: Ventoal- 
do; Ventolín; SwetL: Airomin Buventol; Sabuíárm; Ventiỉastín; 
Ventoline; Switz.: Ecovent; Salamol; Ventolin; Thoi: Aeromob 
Antomol; Asmasal; Asmob Asthalin; Asthamol; Asthmolin; 
Bronchosol; Butamolỷ; Buto Asma; Butoventf; Buventob Dur- 
asal; Naso; Sabumol; Salbusian; Salbutac Saldaỷ; Saldol; Sal- 
mol; Salvent Solia; Sulbuta-N; Venterol; Ventolin; Vỉolin; 
Zalbu; Zebuf; Turk.: Asthavent' Butovent; Salbulin; Salbutam,- 
Salbutol; Vent-o-sab Ventodisk; Ventolin; Volmax; UAE: Buta- 
lin; UK: Alromin Aỉmasal; Pulvinal Salbutamol; Salamol; Sala- 
pin; Salbulin: Ventmax; Ventolin; ukr.: Salamol-Eko (Canaitoa* 
3*0); Ventolin (BeimuiHH); USA: Accuneb; ProAin Proventíb 
Ventolin; VoSpire; Veneỉ.: Asthalin; Butoas; Saibubs; Sal- 
bumed; Salburol; Salbutan.
MuhHngredient Prepomtiona. Arg.: Bedasma; Butocort; Buto- 
solt; Combivent; Iprasalb; Salbutol Bedo; Salbutral AC; 
Ventide; AustraL: Combivent; Austrùr. Combivent; Belg.: Com- 
bivent; Nebu-Iprasab Braz.: Aerocort S; AeroOux; Aerotìde; 
Broncodlin; Clenil Compositum; Combivent; CanatL: Combi- 
venc Gen-Combot; Mylãn-Combo; ratío-Ipra Sak ơũte. Aero- 
Plus; Aerosomat; Asmavent-B; Belomec Butocort; Butotal B; 
Combivent' Herolan Aerosol; Salbutral AC; Venứdẹ; China: 
Combivent (RT^#); Ren Shu ({2®); Shun Qi (d íĩ); Yi Xi 
Qing (ỉbẼM); Denm.: Combipramol+; Combivent; Ipramol; 
Sapimol; Fin.: Atroduab Ipramol; Redol Comp; Saliprat; Gr.: 
Berovenc Demoren; Ipramol; Hong Kong: Combivent; Ipramob

The Symbol t  denotes a preparation no longer actívely marketed
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Uni-Butâmol Expectorantt; Ventidet: Ventolin Expectorantt; 
ImHa: Aerocorc Aeromist; Aerotide; Aerovene Airomol; Albu- 
tamoL' Alemyl-B; Alkarex-PD; Amborex-GS; Ambrex; Ambril- 
S; Ambril-SG; Ambro 7D; Ambro S; Ambro TS; Ambrodfl-S; 
Ambrogen-S; Ambrolax-PD; Ambrolite-S; Ambrolite-ST; 
Ambros-GM; Ambrosol; Amcare; Amcot Amrolite 2S; Asma- 
dde-BR; Ast-Ex; Asthacrontt; Aỉthalin AX Asthalin Expect- 
orant; Asthavent-BR; Asthos Axalỉn-AXt; Axalin; Axol Plus; 
Benylin B; Brex-S; Brodil; Bronchilet; Broncopbyl Pìus; Bron- 
cotdil P; Bronko Plus; Bronkosyrup-EX' Bromnix; Brox; Bude- 
sab C-Cold; Carbasma; Combtmist; Coiiminic X' Derisone; Duo- 
lin; Duiabcc Duiasalyn; Eascoí; Efelln-PD; Bleiin: Ellcot Elkut 
Elsol-S; Eto-SalbetoL' Exituss; Exok ExpẽctuK Instaryl-P; Iimar- 
y l Koíaresc LCP; Mastiỉen-S; Mexol-G; Mituss-AX Mituss-BR; 
Muco Asthalin; Mucobar-S; Mucolinc; Mucoresp; Neorex; 
okaril; Pulmo-Rest Expectorantt; Pulmo-Rest Theo-Aỉthalin; 
Ventorlỉn Exp; IndorL: Combivent; Partolin Expeaoranc Lasal 
Expectorant; Pioventol Expectorant; Saibron Expectorant; Sal- 
buven Expectoranc Teosãl; Venddet; Ventolúi Expectorant; 
IrL: Combineb; Combivent; IpramoL’ ItaL: Almeida; Bivvind; 
Breva; Clenil Compositum; Naos; Plenaen Malaysũr. Aerocort; 
Combivenc Duolin; Ipramol; Saỉbuumol Expectorant; Ventolin 
Expectorantf; Mac.: Aeroũux; Apomuxol; Broxol Air; Combi- 
vem; Dinolan; Hamebin; Fluvidl; pluxol; Fultac Mucodux; 
Musaldox; Neumyn-AS; Removib Salamilux; Sibilex; Solbotex; 
Ulax-C; Ventide; Neth.: Combipramolt; Combivent; Ipramol; 
NZ: Corobivent; Duolin; Phĩĩìpp.: Adsal Plus; Aỉbunyl P!us; 
Asírenon GF; Asmalií) Broncho; Broncaire Expectorant; 
Bronchospec Brytolin; Clarituss Plus; Combipul; Combivent; 
Duavent; Elamed Plus; Hicaryl; Hisiaril; Neoventt; Pecoí; 
Peđiavent; Pulmodual; Pulmovent; Rhinol Plus; Salbumed Plus; 
Salvex XP; SGX Solmux-Broncho (Reỉormulated); Ventar EXP; 
Vento-Broncbo G; Ventolin Expectorant; Veruadril; Port.: 
Combivent Ipramol; Propavente; Rui.: Ascoril Expcctorant 
(AcxopHS 3xcnerropagT); Biasten (Emcrea); Ipiamol (Hnpamoa); 
Jocet ựbrocCT); Kasnol (KaniHoa); S .A fr Adco-Combineb; 
Combivent Duolỉn; Duro-Tusst; Singapore: Combivent; Spain: 
ButosoL' Combiprasal; SwedL: Combivent; Ipramob Sapứnol; 
Switz.: Dospin Ipramol; Thai.: Almasal; Asmol Expectoram; 
Bedosal; Bioventt; clenil Compositumt; Combivent; Royalin: 
Sabumol Ex; Salmol Expeccorant; Ventolin Expeaoranct; 
Turk.: Clenil Kompoze; Combivent Ventíde; UK: Combivem; 
IpramoL' Ukr.: Asõoril Expeaorant (Acxoptu 3xcnerrop*KT)t: 
Joset yỊacoccr); Salbroxol (CamdpoKCOin); USA: Combivent; 
DuoNeb; Venez.: Aerocort; Aerodux' Bedosai- Broxodin; Buto- 
sol; Cơmbivent; Duolin; Ipralin; Ventìcorc Ventìde.

Phonnacopoaial Prvporolions
BP 2014: Prolongéd-release Salbutamol Capsules; Prolongcd- 
reỉease Salbutamol Tabletỉ; Salbutamol Inhalatíon Powder. pre- 
dispensed; Salbutamol Inhalarion Powdtr: Salbutamol Injection; 
Salbutamol Nebuliser Soludon; Salbuiamol Oral Solution; 
Salbutamol Preisurised Inhalatíon; Salbutamol Tablets;
USP 36: Aỉbuterol Tablets.

Salmeterol Xỉnafoate
(BANM, USAN, rlNNMI ®
GR-33343G; ̂ almaterol Xinafoate; Salmeterol 1-Hydroxy-2- 
háphthpate; Salmeterol Ksĩnaíoat; Salmétérol, XinaVoate de; 
Salméterol; xinafoato de; Salmeteroli Xinaíoas; Salmeter- 
'oliksìnàfoaattũ! Salmeterolio ksinaíbatas; Salmeterolxinaíoat: 
Salmetẹròí-xiiĩaíoáí Sameterolxinafbat; Xinatbato de Sal- 
metẽrôl; CaÓMéTẽpo/ã KckiHaij)oaT. 

•</?5)*5-tl^Hydroxy-2-[6-(4-phenylbutoxy)hexylamino]ethyl}. 
salicy] atohot Vhydroxy-2-naphthoate. 
C2sH37NO*C11fi8Ơ3=603:8
'CAS‘ —- 89365-50-4 (solmeterol); 94749-08-3 (salmeterol 
xinaíbate): "" • .
'A ĩC — m Ạ Ó l^ T ' , ,
Ạ ĩtv d .— :QRỎ3ACÌ2. l., '
UNÌÍ—  6EW8Q962ẢS. ~ "

Pharmacopoeias. In Eưr. (see p. vii) and us.
Ph. Eur. 8: (Salmetcrol Xinaíoate). A vvhite or almost white 
powder. PracticalỊy insoluble in water; slightly soluble in 
dehydrated alcohol; soluble in methyl alcohoL Protect ừom 
light
USP 36: (Salmeterol Xĩnaíoate). A white or off-white 
povvder. Practícaỉly insoluble in water (pH 8.0) and ìn saline 
solutíon (0.9% w/w); slightly soluble in alcohol in 
isopropyl alcohoL and in chloioỉorm; soluble in methyl 
aỉcohoL Store in aiitìght containers at a temperature not 
exceeding 30 degrees.

Uses and Administration
Salmeterol is a direa-acting sympathomimetic wiứi beta- 
adrenoceptor stimulam actívity and a selectíve actíon on 
beta2 receptors (a beta2 agonist). When given by inhalation, 
salmeterol acts as a bronchodilator. The onset of actíon is 
about 10 to 20 minutes but the fuil effect may not be 
apparent until after several doses. Unlike short-acóng beta2 
agonists (see SalbutamoL p. 1220.2), salmeterol is thereỉore 
nơt suitable ỉor the symptomatic relieỉ oí an acute attack oí 
bronchospasm. However, it is long-acting with a duiatíon oỉ 
acnon of about 12 hours and is indicated where the regular

use oỉ a long-acting beta2 agoniỉt is required for persistent 
reveráble ainvays obstruction, as in dironic asthma or in 
some patients with chronlc obstructive pulmonary disease. 
It may be useíul in protecting against noctumal and 
exerdse-induced asthma attacks. Short-acting beta2 ago- 
n ists (on an a s-requ ired  basis) and regu ĩar 
anti-inflammatr>ry therapỹ should condnue to be used.

Salmeterol is used in the form of the xinaỉoate; doses aie 
expressed in teims of the equivalent amount of salmeterol; 
salmeterol xinaíoate 1.45 micrograms is equivalent to about 
1 microgram of salmeterol.

The usual dose is 50 micrograms oỉ salmeterol nvice daily 
bom a metered-dose aerosol or dry powder inhaler iỉ 
necessary, up to lOOmiaograms may be inhaled twice 
daily. For doses oỉ salmeterol used in children. see 
Administration in Children, below.
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Administrotíon in children. For persistent reversible air- 
vvays obstmction that requires regular bronchodilataúon, 
induding nocturnal asthma and prevention of exerdse- 
induced asthma, children aged 4 to 12 yean may be given 
SOmicrograms of salmeterol rvvice daily by inhalation.

Aỉlhma. Salmeterol is a long-acting beta2 agonist (dura- 
tion of actíon about 12 hours). Guidelines on the manage- 
ment of asthma, see p. 1195.2, generally recommend that 
salmeterol should be reserved for use in patients with 
chronỉc asthma who bave aừeady progressed to inhaled 
corácosteroids; it is not a ỉubstitute for corticosteroids. 
Most evidence suggests that, apart bom in severe exacer- 
bations. adding a long-acting beta2 agonist to Standard 
dose inhaled corticosteroid therapy may be more eílecrive 
than increasing the dose of corticosteroíd. or than combứi- 
ing a corticosteroid and an and-leukotriene drug. Sal- 
meterol may also be useíul in controllỉng persistent 
noctumal asthma or prevenring exercìse-induced attacks. 
There is some evidence that after prolonged use, duration 
of protection against exerdse-induced bronchoconstricrion 
is reduced (see Tolerance, p. 1225.2).
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chronk obsiruciive pubnonary disease. Guidelines indi- 
cate that long-acting beta2 agooists such as salmeterol may

be used ỉor maintenance therapy in moderate and severe 
chronic obstructive pulmonary disease (see p. 1199.1). 
Improvement in lung hmction and symptoms has been 
seen in  su ch patìents aỉter regular treatment with inhaled 
salmeterob1̂  a reduction in exacerbatíons has also been 
se en.4 Additíonal benefit has been reported bom the use 
of salmeterol with inhaled cortìcosteroids.5-7
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Adverse Effects and Precautions
As for Salbutamol, p. 1221.3. Inhalation of salmeterol may 
be associated witb paradoxical bronchospasm. and it should 
not be used in patients who are not also receiving an inhaled 
cortìcosteroid. Very rarely. anhralgia has been reported 
with salmeterol use.

Salmeterol is not appropriate for the ưeatment of acute 
bronchospasm or (orpatients whose asthma is deterioraúng.

Effects on the cordiovascular System. A pooled analysis1 
ot saíety data from 7 studies of salmeterol in chronic 
obstruciive pulmonary disease íound no evỉdence oi an 
increased risk of cardiovascular adverse eítects. The dura- 
tion oí these studies had ranged from 12 vveeks to 1 year. 
For lurther discussion o( beta2 agonist use (induding sal- 
meterol) and the risk of cardiac events such as myocardial 
iníaraion, see Ettects on the Heart, under Salbutamol,
p. 1222.1

I. Perguson GT. tí ai. Cardỉovascular salety of salmeieroỉ in COPD. Chesi 
2003; 123: 1817-24.

Effects on the respiratory System. Transient paradoxical 
bronchoconstriction with breathlessness, wheeze, or 
cough has been reponed in 6 asthmatìc patìents aíter 
inhalation of salmeterol bom a metered-dose aerosol but 
not after inhalaúon of the dry powder íormulation by dis- 
khaler.1 The íluorocarbon propelỉants 'm the metered-dose 
aerosol were suspeaed as the irritants causing broncho- 
constriction.

1. VVilkinson JRW. tt aL Pandoxical bronchoconsưictiơD in asihmaúc 
padems atier salmeicrol by melered dosc inhaler. BMJ 1992; 305:931-2.

Effects on the ỉidn. Urticarial rash assodated vvith inhaled 
salmeterol, of vvhich the propellant was not the cause. has 
been reported. Although many urticarỉhl reactìons and a 
variety of rashes had been attributed to beta-agonist ther- 
apy theứ reprodudbỉlity had not alvvays been documen- 
têd.1

1. Hatton MQF, It al. Salmmerot rash. Larưxt 1991; 337: 1169-70.

Increosed mortality. Interim results bom a large con- 
trolled study (SMART)1 designed to evaluate the saíety of 
salmeterol in patients vvith aithma, íound a small but sta- 
tìsúcally signìlicant increase in respiratory-related and 
asthma-related deaths or Uíe-threatening episodes in the 
total population receivúig salmeterol compared with place- 
bo. This imbalance occurred mainly in the Aírican-Ameri- 
can subpopulation. and combined with dUSculties in 
enrolment. led to early termination ol the study. Various 
íactors may have inSuenced the dưterences in outcomes 
seen vvith salmeterob greater disease severity was noted at 
baseline in the Aỉrican-American subgroup compared with 
Caucasian subjects, and nearly halỉ of all partidpants were 
not receiving inhaled corticosteroids.

A subsequent meta-analysis2 of 19 placebo-controlỉed 
studies of patìents with asthma vvho were taking the long- 
acting beta2 agonists salmeterol or loimoterol (see 
p. 1209.2), reponed an increased risk oỉ hospitalisation íor 
an asthma exacerbaúon, Uíe-threatening asthma attacks, 
and asthma-related deaths compared with placebo. A sub- 
group analysis that examined studies in vvhich more than 
75% of patíents were also receiving inhaỉed cortìcosteroids 
also ỉound an increased risk oí hospital admisáon. The 
applicability of this review to therapy as recommended by 
current guidelines has be en questíoned,1 as many of the 
studies induded in the piũnary analysis did not require 
inhaled corticosteroids to be used, and studies which 
compared diỉíerent asthma maintenance regứnens were 
exduded because they were not placebo-conưolled.

Systematic reviews oí regular ơeatment with salmeterol4 
or ỉormoterol5 for chronic asthma found an increased risk of
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Saỉmeterol Xinaíoate/Sodỉum Cromoglicate 1225

serious non-latal adverse eííects compared with piacebo. In 
contrast, subsequent revievvs of regular treatment with 
salmeterol4 or íormoterol7 plus inhaled cortìcosteroids 
ỉound no dưterence in serìous adverse effects when 
compared with inhaled corticosteroids although results 
were not suíBdent to condude that there was no increased 
risk. Additionally, the number of deaths was too small to 
allow a ũim condusion to be reached on the eSect of long- 
acting beta2 agonists on mortality. A direct toxic eữect of 
beta2 agonists,7 concomitant asthma treatments and 
adherence to ưeatment,8'9 differences in baseline disease 
severity,1-8 radal or genetic íaaors,1 polymorphism,10 
tolerance,10'"  and maskỉng of underlying airway inũamma- 
tion by long-actíng beta2 agonists10 have all been proposed 
as possible explanations for the increased risk of adverse 
outcomes reported with long-acting beta2 agonists.

In contrast to the above studies, a meta-analysis13 of 66 
manuíacturer-sponsored studies involving 20 966 patients 
with persistent asthma, suggested that the addition of 
salmeterol to inhaled corticosteroids did not alter the risk for 
asthma-related hospitalisation compared with inhaled 
corticosteroids alone, aithough asthma-related ừitubation 
or death was too inírequent to draw condusions. In 
addition, a case-conưol study13 that induded 332 patients 
underage 63 who had died ỉromasthma, matched with 332 
Controls with a hospital admission ỉor asthma, found no 
evidence of adverse eSects õn mortality with medium to 
long-term use of inhaled lqng-acting beta2 agonists. An 
earlier observatlohal cohort stùdy also ỉound no evidence 
that salmeterol contributed to deaths reported bom 
asthma.14

Current asthma guidelinésadvocate use of a long-acting 
beta2 agonist in addition to inhaled cortícosteroidỉ. and not 
as monotherapy, see Management of Asthma, p. 1195.2.
A revievv13 by the UK MHRA conduded that:
• epidemiologicak data indicated that since the inữoduc- 

tion 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.

• da ta bom controlled dinical study did not reũect the 
saíety concem hom postmarketing studies, possibly due 
to more consistent use oỉ corticosteroids in conưolled 
settings

• the data supponed the use of long-actíng beta agonists 
vvith inhaled corticosteroids consistent with the UK 
guidelines on the management oỉ asthma and that to aid 
compliance in the concomitant use oỉ a conicosteroid, a 
combination inhaler should be used vvhen appropriate

A systematic review in patients with stable, moderate-to- 
severe chronic obstructive pulmonary dùeast tound that the use 
of long-acting beta2 agonists was not assodated with a 
higher rate of respữatory-related mortality compared with 
plăcebo.14
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Porphyria. The Drug Data ba se for Acute Potphyría, com- 
piỉed by the Norwegian Porphyria Cenưe (NAPOS) and 
the Porphyria Cenơe Sweden, dassihes salmeterol ỈS 
probably not porphyrinogenic it may be used as a drug of 
first choice and no precaunons are needed.1

1. The Drug Database for Acute Porphyria. Avaỉỉabỉe au http://www. 
drugs-poiphyria.org (accessed 02/11/11)

lolerance. As with short-acting beta2 agonists (see Salbut- 
amol, p. 1222.3), there is evidence that regular use of 
long-acting beta2 agonists such as salmeterol produces 
tachyphylaxis to their protective eỉíeCT against broncho- 
constriction, as provoked by stímuli such as allergen, 
methacholine, O I exerdse.1"4 The authors of a study o i the 
long-term eỉfect oỉ salmeterol on exertíse-induced asthma 
conduded that the decreased bronchoprotecdve etíect 
over time was due to a decrease in duration of action (to 
less than 9 hours) rather than tachyphylaxis,s but this 
interpretatíon was critidsed.4-7

There is aiso some evidence to suggest that symptomatic 
relieí by short-acting beta2 agonists is signihcandy reduced 
by regũlar use of long-acting beta2 agonists.4,9 Receptor 
dovvnreguỉation, induced by regular use of a ỉong-acting 
beta2 agonist, has been suggested as the mechanism for this 
reduction in response and may lead to patientỉ requỉring 
higher doses of beta2 agonists to attain reiieí bom an acute 
asthma attack.9-10 One study suggested that the greater 
tachyphylaxis to shon-acting beta2 agonists seen vvith 
salmeterol compared with íormoterol might represent the 
expression oí partiai antagonism by salmeterol at beta2 
receptors.* Whatever the mechanism, the reduced 
bronchoprotective eữect is perhaps more of a concem 
with long-acting beta2 agonists, since, unlike the short- 
aaing beta2 agonists, their use on a regular basis is 
recommended.11 See also Beta2 Agonists, under Interactions 
of Saỉbutamol, p. 1223.1.
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Interađions
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 vvith the potential to increase adverse effects; 
sứnilar interactions could occur with other potent inhibitors 
of CYP3A4. Licensed produa iníormation suggests that 
salmeterol and ketoconazole should not be used together. 
Use of salmeterol with erythromycin, a moderate inhibitor 
of CYP3A4, did not have a signihcant effea on exposure to 
salmeterol.

For a study suggesting a decreased effea of salbutamol in 
patients receiving salmeterol, as vvell as a report of addiúve 
effects, see Beta2 Agonists under Interactions of Salbutamol, 
p. 1223.1.

Pharmacokinetics
After inhalation of therapeutic doses of salmeterol, only lovv 
concentrations occur in the plasma. Salmeterol is 
metabolised in the Iiverby the cytochrome P450 isoenzyme 
CYP3A4 to a-hydroxy-salmeterol, which is eliminated 
mainly in the íaeces.
Reviews.

1. Cazzola M, tí aL CUnỉcal pharmacokỉnetícs oi saimeteroỉ. Cỉỉn 
Pharmaeotínet 2002; 41:19-30.

Preparations
Propríetary Preparatíons (details are given in Volume B)
Single-ingredient Preparolions. A rg .: Serevent; A ustraL :
Serevent; A u stría : Serevent; Beíg.: Serevent B rta.-. Serevent; 
Canad.-. Serevent; Otũe: Serevenc Xemos; ơtinOL Ping Te (T 
# ); Qitai (« # ); Serevent (KẼM ); Si Duo Mi Cí:
Serevent; Derrnu: Serevent; Pin.: Serevent; Fr.: Serevenc Ger.\

Aeromaxt; Serevent; Gr.: Salment; Serevenc Hang Kong: 
Serevent: Hung.: Serevenc lndúr. Azrol; Salmetei; Serobid; 
Indon.: Sereventt; /ri: Serevenc Israel Serevent; ItaL: Arial; 
Salmetedur; Serevenc Jpn: Serevent; MaiaysUc. Sereventt; 
Mex.: Serevent; Neth.: Serevenc Narw.: Serevent; NZ: 
Serevenự Phữìpp.: Serevent+s PoL: Pulmoterol; Serevent; PorL: 
Dilamax; Serevent; ultrabeta; Rus.: Serevent (Cepesear); SJi.fr.: 
Serevenc Singapore: Serevent; Spaùr. Beglan; Betamican; Inas- 
pin Serevent; Swcd.: Serevent; Switz.: Seievenc Thai.: 
Serevent; Turk.: Aỉtmerole; Serevenc UK: Neovenc Serevent; 
USA: Serevenc Venei: Salspray; SerevenL

Mubi-ingredient Preparations. Arg.: Crỉvanỉl Plus; Pludvent; Lir- 
todac Plus; Neumodde; Proair Bronqulab Seretide; AustraL: 
Seretide; Austria: Seredde; Vlani; Belg.: Seretide; Vĩanit; Braz.: 
Seredde; Canad.: Advair; Chile: Aerometrol Plus; Auiituss; 
Brexotide; FIunacross-S; Fluxamol; Seretíde; Ckũut: Seretide 
(ỉĩíiiầ); Cz.: Duaspirt; Seretide; Denm.: AMusỶ; Seretaide; 
Seretide: Pin.: Seretide: Via ni; Pr.: Seretíde; Ger.: Atmadisc 
Viani; Gr.: Byany; Rolenium; Seretíde; Vlanì; Hang Kong-. Sere- 
tide; Hung.: Seretide; Thoreus; ỉndừr. Combitide; Hsiflo; Porain 
Sereride: SeroQo; Indon.: Seretíde; Irl: Seretide; Vlani; Israei: 
Seretìde: ItaL: Aliũus; Seretíde; Maíaysia. Sẹretide; Mex.: Plixo- 
vent; Seretide; Neth.: AIiũus; Brisairt; Serétide; Norw.: Sere- 
tide: NZ: Seretíde; Phũipp.: SalmeSo; Seietide; PoL: Seretide; 
Port: Brisomax; Maizan Seretalde; Veraspữ; Bus.: Seretide 
(Cqxrnu); Tevacomb (TeBaKOii6); S~Afr.: Poxair; Sereũo; Sere- 
tíde; Singapore. Seretide; Spain: Anasma; Brisair; Inaladuo; 
Plusvenc Seretide; Swed.: Seretìde; Switz: Seretide; Thai: 
Seretide; SeroQo; Turk.: Respiro; Seretìde; UK: Seretíde; Ukr.: 
Seretide (Ceperna); USA: Advair; Ven«z.: Seietlde.

S e r a t r o d a s t  IUSAN, riNNỊ
A-73001;.. AA-2414; Abbótt-7300t; ABT-001; Sératrodast;
Seratrodastum; CepaTponacr. ..............
(±)-2,43cTcimethy|T3,&<iioxơ<-phenyM14-íyciọhèxadiene- 
)-heptanoic acid. .  -  ̂  ̂ -
C22H2A=3S4.4
C4S —  ĩ ĩ2665-43-7; Ĩ03Ĩ86-19-2 . L ' . —
ATC —  R03DX06. - . ■
ATC Vet —.QR03DX06 -
UNII —  4LỊ58JM42ÌN. . .

Pmfile
Seratrodast is a thromboxane A2 antagonist that is reponed 
to reduce airvvay hyperresponsiveness. It is given orally in 
the prophylactic management of asthma (p. 1195.2), in 
singỉe doses of 80 mg in the evening after food.

Adverse eííects include gastrointestinal disturbances, 
drovvsiness, headache, palpitadons, and hepatitis. Hepatic 
íunaion should be monitored and the drug should be 
vvithdravvn u hypeisensitivity reactions such as rashes and 
pruritus occur. or if there is elevadon of liver enzyme 
values. Seraơodast should be used with care in patients with 
pre-exisnng hepatíc impairment. It is not suitable for the 
treatment of an acute asthmatic attack.
Reíerences.

1. Tamaokỉ J, tí ai. Hííert of a thromboxane Ai antagonỉst on sputum 
productỉon and its physỉcodìemỉcal propertìes in patíents wỉth miỉd to 
moderate asthma. Chat 2000; 118:73-9.

Preparatíons
Proprietary Preparations (details are given in Volume B)

Singte-ingredịent Preparatíoní. China: Changnuo Quan
Kang Nuo (31919?); Jpn: Bronica.

Sodium Cromoglicate IBANM. 4NNMI
Cromoglicate de Sodium; Cromoglicato de sodio; 
Cromoglicato disódico; Cromólyn Sólium (USẠN); PỊnaữiị 
Cromoglicas; OinaứiunrKhrọmqglykát; Dĩsgdịurrị ^Ctpmó-; 
glycate. FPL-67Ọ: Natrìi Oomoglkặs; NặỊrio ìmmọglìỊàtas; 
Natriumchromoglicat; NatriumớòmQglịeat;' tìatriumkíomo- 
glikaatti; Naứiumkromoglikat; Nátnuttíkromqghkat; Sodium, 
cromoglicate de; Sodium.CromQglycàíỷiị^ọầíyrn.Kromogli- 
kac HaTpnii KpoMornnunaT. 'r *
Disodium : 4,4'-dioxo-5,S'-(2-hydroxytrimethylenedioxy)di 
(4/-/-chromene-2-carboxylate). . *
C23HuNa20 1l=S123'
CAS — Ĩ61Ĩ0-5I-3 (ơomọglìac aad); í5826-37-6. (sodium 
aomogiicate).
Ảĩc — ÃÒ7EB01; DI 1AX17; fíOíACOr; ýa3ẩCữỊ; SOíGXOÌ.
ATC. Vet — QA07EBữỉ;: QD1 lAHỌ3;-QR0lACữk QR03BC01, 
05010(01 ■ V.

,ỤNII — ~Q2WXR 110PK. ■ ■ ‘ ỵ .' 7  ‘ - ' "
Pharmacopoeias. In Oiin., Eur. (see p. vii), ĩn t, Jpn, and us. 
Ph. Eur. 8: (Sodium Cromoglicate). A white or almost 
whlte, hygroscopic crystaUine powder. Soluble in waten 
practically insoluble in alcohoL Store ỉn airtight containers. 
Protea from llght.

The Symbol ®  denotes a substance whose use may be restricted in certain sports (see p. vui)The Symbol t  denotes a preparation no longer actively marketed
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USP 36: (Cromolyn Sodium). A white, odourless, 
hygroscopic crystalllne powder. Soluble in vvater; ỉnsoluble 
in alcohol and in chloroỉorm. Store in airtíght contaỉners.

Uses and Admỉnistration
Sodium cromoglicate is used for the prevention oỉ allergic 
reactìons. Although its predse mode of action remains 
uncertaỉn, it is believed to act mainly by preventing release 
of mediators of inAammation hom senătised mast cells 
through stabilisation ol mast-ceH membranes. It has no 
direct antihistamine or anti-inflammatory action.

Sodium cromoglicate can prevent the asthmatic response 
to a variety oi allergic and non-allergic stũnuli. It is used in 
the management oỉ chronic asthma that cannot be managed 
with inhaled beta2 agonists alone; it is not used for acute 
attacks of asthma.

Sodium aomoglicate ũ  also used in the prophylaxis and 
treatment of seasonal and perennỉal aUeigic rhinitis and 
alleigic conditions ot the eye induding acute and dưonic 
allergỉc conjunctivitis and vemal keratoconjuncứvitỉs. It has 
be en given orally, with dietary restriction, for the 
prevention oỉ food ahergies, and is also used in the 
treatment of mastocytoás.

It is important that the regular use oỉ sodium 
cromoglicate is maintained. both in the prophylactic control 
of asthma and in the management of other alleigic 
conditions. BeneAdal eííects may take several weeks to 
become established.

In the prophylaxis of asthma, sodium cromoglicate is 
given by inhalation as a nebulised solution or hom a 
metered-dose aerosol. The usual dose as nebulised solution 
is 20 mg by inhalation 4 tímes daily increased. ư necessary, 
to 6 or 8 times daily. Once the asthma has been stabilised it 
may be possible to reduce the dosage. In some countries. 
sodium cromoglicate is available in diỉỉerent sưengthỉ of 
metered-dose aerosol. Using a metered-dose aerosol 
providing 5mg per inhalatìon, the usual dose is 10 mg 
four tímes daily. increased to 6 to 8 times daily ư necessary; 
it may be posãble to reduce the dosage to 5 mg íour times 
daỉly once the asthma has been stabilised. Additional doses 
may be taken beỉore exerdse. Metered-dose aerosols 
providing 1 mg per inhaladon are aỉso available. The usual 
dose is 2mg íour tixnes daily, which can be doubled ư 
necessary. The adequacy of the lower dosage has be en 
questioned (see under Administration, below).

Inhalatìon oỉ sodium cromoglicate may cause broncho- 
spasm; separate inhalation oỉ a bcttj agonist such as 
salbutamol a few minutes beíorehand should prevent this. 
Use oỉ a combination product containing a beta2 agonist is 
not recommended as this is liable to be used inappropiiately 
for relieí of bronchospasm rather than for its prophylactic 
eSect.

For the prophylaxis oỉ allergic rhlnitis. sodium 
cromoglicate solution can be given as a nasal spray. A 4% 
spray that delivers about 5 mg per actuatìon may be given as 
one spray into each nostríl 2 to 4 times daily. Prophylactic 
treatment ỉor seasonal aũergic rhinitis should begin 2 to 3 
weeks beíore exposure to the oữending allergen and should 
continue throughout the season. In aỉlergỉc conjunctiv- 
itỉs and vernal keratoconjunctivitis, sodium cromogli- 
cate is used as drops of 2 or 4%, applỉed 4 to 6 times daily.

In food  allergy and in m astocytosis, sodium 
cTomoglỉcate may be given in oral doses oí 200 mg ỉour 
times daily beíore mealỉ. ư  satìsíactory controt ũ  not 
achieved wỉthin 2 to 3 vveeks the dosage may be doubled, 
but should not exceed 40 mg/kg daily; a reductíon in dosage 
may be posãble once symptoms ha ve been controlled.

Ẽor details of doses in children, see Administration in 
Chilđren belơvv.

Action. Sodium cromoghcate has a range of actions at cel- 
Inlar level that may be important ỉor its protective effect 
in asthma. ỉt is known as a mast cell stabiliser that inhibits 
the release oỉ histámỉne and other inílammatory mediators 
hom sensĩtised mast cells. Other reported actions include a 
dhect eữect an airway nerves1-2 and antagonism* oí sub- 
stance p, vvhicb ties up with its inhibition of the eãects oỉ 
platelet activatmg íactor (PAF).°

There have been a few reports6-4 of sodium cromoglicate 
prođudng bronchodilatation. However, in practice other 
drugs with accepted bronchodilating activity are used íor 
this effect in asthma treatment schedules, see p. 1195.2.

1. BamesPJ.AidunaaianuonieOex.tmtt 1986;k 242-J.
2. Dtxon M. et úL The eSecu aí 90dhun cromogiycare on lung iriitim 

recepton and left ventriculer cudlac recepton in the anaesthetbed do*.

ỉ. Page c  SocBum aomoglycKe. • acbyldnin anugonls? Utnca 1994; 
343: 70.

4. Madey J,a t L  The pbtelet in asthma. Ltotat 1984; ib 1142-4.
3. Modey J. PAF and ainny hypeneealvity: prospects (or novel 

prophỹlaak: and-asthina đnigs. in: PAF. puãiltá. and Asthma, Bud. 
Birtcbẩuser Verlag. 1987: 87-93.

6. Bom CR, đ  aL BtoncbodOator eãea of disodium. cromoglycaie 
administrred as a đry powder in exercúc induced asthma. Br J ơin  
Phamutal 1984; 18:798-801.

7. Weiner p. e ttl. Bronchodilating edect of tromoiyn sodium in anhmailc 
padents at rest and followỉng èxernse. Am  Aỉỉrrgy 1984; 33: 186-8.

8. Yuksel B. Greenough A. Bronchodilator eSeo ot nebullaed lodium 
cromoglycite ỉn chUdien bom piemanirely. Bur Rapir J 1993; 6: 387- 
90.

Adminislnition. The eĩhcacy of sodium cromoglicate 2mg 
ÍOUI tìmes daily by metered-dose aerosol inhaler has been 
shown by controlled studies in adults and đúldren with 
asthma.1'5 However, although sodium cromoglicate 2mg 
by inhaỉation hom a metered-dose aerosol was reported6 
tô be as eãective as 20 mg inhaled as powder, the tenỉold 
dưíerence in dosage has been questỉoned,7 and others 
have reported contrary results.*-’ It has been suggested 
that an aerosol supplying 5 mg per metered dose (see Uses 
and Ađministration. above) would be preỉerable.10 In a 
comparison oỉ single-dose pretreatment hom metered- 
dose ìnhalers. sodlum cromoglỉcate lOmg (2 X 5 mg puffs) 
was as eSective as bedometasone dipropionate 200mỉcr- 
ograms in inhibitỉng bronchial responsiveness to hist- 
amine.11

Care is requừed if inhaled sodium CTomoglicate is given 
Via a spacer devỉce; evidence suggests that these may greatly 
ứiũuence the amount of drug delivered, reducing it to one- 
thừd of the dose delivered by inhaler aauation in some 
cases.12
1. GeUer-Bcmsiein c. Levỉn s. Sodium crornoglycitc pressurúcd aerosoi in 

dủỉdhood asthma. Curr Ther Ra 1983; M: 345-9.
2. Wheaticy D. Sodỉum cromoglycaie in aerosoi form in reguiar usen oi 

bronchodỉỉator drugs. Curr Med Ra Opitt 1983; 8: 333-7.
3. Rubin AE. tí ứl, The treatmem of ầỉthma ìn adulu using sodium 

cromogỉycaie pressurized aerosoi: a double-bỉỉnd controlled trial. Cun 
Mtắ Ra Opin 1983; 8: 353-8.

4. Blumen thai MN. tí «/. A muitỉcenter evalua lion oí the dlnical beneũts oi 
cromoỉys sodhưn aerosol by metexed^dose ỉnhaler in the treaanent oí 
asthma. J AlUiyy ơirt Immunoỉ 1988; 81: 681-7.

5. Seỉctm tí ai. CUnicaỉ beneỉỉts of aomolyn sodỉum aerosol (MDI) in 
the ưeatmem of asthma in children. Attn Ailergy 1989; 62: 195-9.

6. Ladmer KM, tí oL Ichibinon by sodỉum cromogiycate oí bronchocon* 
strictỉon stỉmulated by respiratõry heat loss: comparison of pressurỉsed 
aerosol and poivder. Thoràx 1984; 39: 277-81.

7. Anonymous. Sodỉum cromoglycate aerosol. Dtuị Ther Bui! 1982; 2<h 27.
8. Roteon RA. tí đl. Sodiuro aromoglycate: spincaps or metered dose 

aerosoL Ệ rJơ ù I Pharmocoi 1981; U : 383-4.
9. Bar-Yỉshay E. tí at. Duratỉon of actỉon of sodium aomogiycate on 

exerdse induced asthmar comparison of 2 íormulations. Areh Dừ Qtiié 
1983; 58: 624-7.

10. Tuỉlen WM. «  *L Dose-response effea oC sodium cromogỉycate 
pressurised aerosol ỉn exerdse induced asthma. Thorox 1985; 40: 41-4.

11. ẽockcroh DW, Murdodc XY. Comparative eỉteas of ỉnhaỉed salbuumoL 
sodỉum cromogỉyaite. and bedomethasone dỉpropionate on aUergen- 
induced earty asthmatỉc respooses. late asthmatíc responses. and 
ỉncreased brondiiaỉ responsiveness to hisumine. J AĩíerỊy Cỉin ĩmmvnoỉ 
1987; 79: 734-40.

12. Bany FW, 0 ’Callaghan c  Inbaỉatíooal drug deỉivery Irom scven 
dUĩerem spacer devices. Thorax 1996; 51:835-40.

Administration in chiUren. Children may be given sodium 
ơomoglicate for prophylactic management oi asthma and 
alleigic rhinitis, and in the prophylaxis and ưeatment of 
acute and chronic allergic conjunctivitis and vemal kera- 
toconjuncdvitii, using adult doses, see Uses and Adminis- 
tratìon, above. DiHerent countrìes may have diỉlerent 
licensed lower age lừnits and some inhalation dosage 
íorms are unsuitable in very young children.

In (ood allergy and ỉn mastocytosis. sodium cromoglicate 
may be given orally to children hom 2 years oí age. A dose 
of ỈOOmg is given four times daily beíore meals. Ií 
satíđactory conơol iỉ not achieved vvithin 2 to 3 vveeks the 
dosage mây be doubled but should not exceed 40mg/kg 
daily; a reduction in dosage may be possible once symptoms 
have been controUed. For ỉood allergy, adult doscs may be 
given to children hom 14 years oỉ age, and hom 13 years for 
mastocytosis, see above.

Asriuna. Sodỉum cromoglicate is used as a prophylactic 
agent ỉn the management of chronic asthma (p. 1195.2), 
but in pracrice inhaled corticosteroids are preíerred iỉ regu- 
lar prophylactic treatment is indicated, i.e. ư the condition 
cannot be managed vvith occasional use oi an inhaled 
shoit-acting beta} agonist alone. Hven in children, in 
whom cromoglicate has tended to be more vvidely used. 
inhaỉed corticosteroids are considered fưst-line preventeis. 
A systematic revievv1 comparing sodium cromoglicate with 
inhaled corticosteroids found that inhaled corticosteroids 
were superior in tenns oi asthma conưol and lung func- 
tion ỉor both children and adults with chronic asthma. 
However, guidelines stỉll spedíy the use of cromoglicate or 
nedocromỉl as a valid altemative to inhaled coiticosteroidỉ 
in some drcumstances. Another systematic revievv2 ỉound 
insuí&dent evidence to condude that sodium cromoglicate 
was more ehective than placebo for maintenance treat- 
ment oí chronic asthma in children, although the results 
íavoured treatment ỉor some outcomes such as symptom 
scores and bronchodilator use.

Response to treatment with nebulised sodium cromogli- 
cate was ỉound to be age-related in a study of children under 
2 years oỉ age with recurrent or persistent wheezy bronchitis 
and a history oi alleigíc symptoms.3 It was ehective in 
children of 12 to 24 months oỉ age but not in those belovv 12 
months. Sỉmilarly, nebulised sodium cromoglicate was no

more eỉỉective than placebo in the ữeatment of a group oỉ 
31 inỉants with perâstent wheezing aged under 1 year.4

1. Guevua JP, n  al. Inhaled conkosurokls vemas sodium cramoglyate in 
childien and idults nith  esdmu. Availeble in The Codinne Daubase oi 
Systematic Reviem; Issue 2. Chichesten John Wỉlcy; 2006 {accessed 
14/04/08).

2. van der Wouden JC.t t tL  Inhaled saBum cromoglycau tor aathma in 
children. Available In The Cochnne Daubase of Syatematk Reviews 
Iisue 4. Chicheater; John WBey, 2008 (accessed 14/08/09).

3. Gtller-Bemstein c  Levin s. Nebulised sodium aomoglycaie in the 
treatment ot wheezy bronchitb In inlants and yoũng chBdren. 
Ropỉrữtìữn 1982; 43: 294-8.

4. PuriaraS.aa/.Efflc»cyoícromoglycatelnpenlatentlywheezin|tntana. 
Anh DáOúỉẩ 1994; 71: 331-4.

Cogan's syndrome. Sodium cromoglicate eye drops 
improved blurređ Vision in a patient vvho had had Cogan's 
syndrome (p. 1603.2) for 18 years.1 Sodium cromoglicate 
cãpsules [orally] also reducẽd the hequency of íever 
attacks in this patienL

1. Caner F. Nabarro J. Cromoglyate (or Cogan s syndrome. Lm ai 1987; L' 
858

Cough. Sodium cromoglicate has been used with modest 
success by aerosol inhalation to suppress the cough asso- 
dated with ACE inhibitor therapy (p. 1285.3) in some 
patients.1'2 Hovvever, inhalation of nedocromil sodium was 
not helpỉul in the treatment of ACE inhibitor induced 
cough in 6 diabetic patìents.1 A systematic revievv4 consid- 
ered that theTe was no good evidence to suppon the use 
of inhaled cromoglicate or nedocromil in the ưeatment of 
non-spedSc cough in children.

1. Keogh A. Sodium crontoglycate prophylaxis for angiotensin-convening 
enzynie inhibitor cough. Lanat 1993; 341: 560.

2. Hargreaves MR. Bensoo MK. Inhaled sodium cromogiycate in 
•ngioiensin-convening enzyme inhíbiior eough. Lancci 1995; 345: 13- 
16.

3. Puoỉỉjokỉ H. Relđaro M. Lack oỉ eưec oí nedocromU sodlum in ACE* 
inhibitor-induced cough. Lanetí 1995; 345: 394.

4. Chang A. a  ai. ỉnbaled aomones íor prolonged non-speảỉỉc cough ín 
chỉldren. Available in The Cochrane Database oí Systematìc Revỉews; 
ỉssue 1. Chichester John VVUey; 2004 (accessed 14/04/08).

Eaema. A 4% sodium cromoglicate lotion was lound to 
be of beneũt in improvúig symptoms and redudng topical 
corticosteroid use in a study1 in children vvith moderately 
severe atopic dermatitis (p. 1684.1).

1. Stainer R. a  aỉ. Efficacy and accepubỉUty of a new topical skin lotion of 
sodỉuin cromogỉỉaiie (Altodenn) in atopic dermaiiiis in diíỉdren aged 2- 
12 yean: a double-blind. randomóed, ptacebo-controlled ưial. Br J 
Dtrmatol 2005; 152: 334-41.

Food allergy. Oral sodium cromoglicate has been usetì in 
the prophylaxis oi food allergy reactions (p. 611.2). How- 
ever, efficacy has not been unequivocally established.

Mostocytosis. Mastocytosis is a rare condition charac- 
teiised by abnormal proiưeration oí mast cells and iheh 
accumulation in body tissues.1'3 Signs and symptoms of 
the disease result hom the spontaneous or induced release 
oỉ mast cell mediators. Mastocytoás occurs in cutaneous 
or systemic ỉorms, vvhich are lurther subdivided based on 
clinical presentation and prognosis. Clinical algorithms 
and recommendations ỉor diagnosis,s treatment, and 
response criteria have been developed.4-6
• Cutaneous maỉtocytoỉừ most oíten maniỉests as urticaria 

pigmentosa (disseminated red-brown macules, papules, 
or plaques); othei symptoms indude Đushing, pruritus, 
urticaiia. blisteiing, and deimatograpbism. Mastocyto- 
mas may OCCUT as brovmish solitary or muldple nodular 
accumulaũons ol mast celis. In children with cutaneous 
mastocytosis, symptoms vvill resolve in about half by 
adolescẽnce.

• Systemic mastacyloiừ can involve diverse organs and 
tissues induding the bones. liver, spleen, lymph nodes, 
haematopoietic System, gasưointestinal tract and also 
the skin. General symptoms indude (atigue. vveight loss, 
íever, and svveats. Gasơointestinai complaints such as 
abdominal pain and diarrhoea are common, and some 
panents have malabsorption, steatorrhoea, or peptic 
ulcer disease. Bone marrovv involvement may result in 
bone pain. osteoporosis. hactures. bone marrovv hbrosis, 
and myeloproUíerative and myelodysplastic diseases. 
Other systemic eííects indude lymphadenopathy, 
hepatospienomegaly. headache and óther neuropsych- 
iatric symptoms, syncope, and anaphylactoid reactions.

Avoidance of trigger laaors is an ũnportant measure in the 
management of mastocytosis. Such tactors indude exposure 
to exưemes of cold or heat (hot bath or sunbathing), 
emotíonal stress, mechanical irdtation (vigorous tovvel 
rubbing, massage), inlections, alcohol, some drugs (e.g. 
aspiiin, NSAXDs, opioid analgesics, sympathomimetics, 
polymyxin B, dextran, radiographic dyes), and animal 
venoms.1'2-5-7

Treatment is aimed at relieving symptoms and does not 
alter the course ơf the dttsease.1-2-0 '7-' Hi-antagonist 
antìhistamines su ch as hydroxyzine and cyproheptadine 
are used to provide relieí of Đushing, pruritus, urticaria, 
blistering, and abdominal pain. Patients at risk oỉ 
anaphylactoid reaaions should carry adrenaline for self-
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