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Preface

umerous evidence based guidelines for diagnosis and management

N of bronchia asthmaareavailablethroughout theworld. But thereisa
need for separate guidelines meant for the primary and secondary

levels of health carein India. Thisis because of the differencesin the overall
health-careinfrastructure, risk factors, disease prevalence and pattern. Also, a
large prevalence of tuberculosis, whichisanimportant cause of cough, addsto

thedifficultiesof diagnosisand managementinindia.

These guidelines have been devel oped at the initiative of WHO (India) under
the WHO-Government of India Collaborative programme (2004-2005). A
workshop was held in February 2005 with representative participation from
several national professional bodies, medical colleges, general health sector,
and other institutes. The recommendations were subsequently compiled and
reviewed by the participants and other experts. The document, based on the
evidence available in literature, represents the consensus reached at the
Workshop. The primary care physician looks after patients of both paediatric
and adult age groups. This statement therefore applies also to children at the
primary health care level. Detailed guidelines of the Indian Academy of
Paediatrics for management of asthma in children are aready available.
Definitions used for different levels of evidence have been listed as an
appendix to this document. A summary handout is also available for routine
clinical use.



Introduction

sthma is a common disease worldwide with significant ethnic and regional

variations. An increasing morbidity and mortality, as well as health care burden
from asthma has been recognized |ately." There has been a change in the epidemiology
and clinical spectrum of asthma with an apparent increase in the overal prevalence
along with arise in the incidence of 'difficult to treat' cases. Atopy, the production of
abnormal amountsof IgE antibodiesin responseto common environmental allergens, is
the strongest identifiable predisposing factor for developing asthma. Associations of
asthma with infections, air pollution, tobacco smoke and other agents have been
proposed but some of the risk factors are a subject of debate about their causal
rel ationship with asthma.

Definition
sthmais a chronic inflammatory disorder of the airwaysin which many cells and
cellular elements play a role. The chronic inflammation causes an associated
increase in airway hyper-responsiveness that leads to recurrent episodes of wheezing,
breathlessness, chest tightness and coughing, particularly at night or in the early

morning. These episodes are usually associated with widespread but variable airflow
obstruction that isoften reversibleeither spontaneously or with treatment.*

However for use in clinica practice, asthma may be defined as a chronic
inflammatory disorder of the airways characterized by recurrent episodes of
wheezing, breathlessness, chest tightness and cough that is often reversible either
spontaneously or with treatment.

Epidemiologically, however asthmamay need to be defined differently. Termslike
‘current asthma' (prevalence of asthma symptoms in the last 12 months) and 'ever
asthma (prevalence of asthmasymptomsanytimein the past or present) may need to be
clarified during such a deliberation. The use of ambiguous terms like 'alergic
bronchitis, ‘asthmatic bronchitis, 'wheezing bronchitis' (etc.) should be avoided. For
clinical purposes, classifying asthma as 'atopic and non-atopic', ‘allergic and non-
allergic' or 'intrinsic and extrinsic' doesnot alter the management in most patients.

Epidemiology

ethodol ogy used in determining the prevalence of asthmaplaysavery important

role since differences in design of different studies can be associated with large
differencesin observed prevalencerates. Theprevalence of asthmaworldwideisaround
200 million with amortality of around 0.2 million per year.” Though the prevalence is
morein the devel oped countries, the devel oping countries have ahigher total burden of
the disease dueto differencesin population. In India, the estimated burden of asthmais
believed to be more than 15 million.” There has been a constant increase in asthma
prevalenceworldwideinthelast 2 decades and the sameisbeing observedin India. The
population prevalence of asthmareportedin different field studiesisreported to be quite
variable (Table 1)*". Similarly, different prevalence rates have been reported in many
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other specific population groups .
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M or bidity and SocioeconomicAspects

Pyorly controlled asthma is associated with significant morbidity and socio-
economic problems such as the absenteeism from school/work, loss of
productivity/wages, poor quality of lifeand economic burden. Poorly controlled asthma
isalsopotentially fatal.

Poor control of asthma is the result of not just an increase in the severity of the
diseaseitself but also because of the modifiable factors such as the inadequate usage of
anti-inflammatory therapy (in particular inhaled corticosteroids) both in terms of the
timing of initiation and the dosage of therapy. Effective treatment of asthma not only
enables the affected person to lead a near normal lifestyle but also benefits the family
economically since:

Primary careislessexpensivethanthehospital care
Emergency treatment ismore expensi vethan planned treatment

Natural History of Asthma

Onset of asthma can occur at any age but children and young adults are the
commonly affected age groups. Both sexes are affected almost equally though
dlight differencesin preval ence between males and femal es have been reported. Unlike
what iscommonly believed, children do not necessarily 'grow out of asthma' and almost
two-third may continue to have symptoms in puberty and adulthood. Even in the
remaining one-third who appear to have aclinical remission, thereispersistence of lung
function abnormalities. In fact, 5-10% of children with 'mild" asthma go on to develop
severe asthma later in life." Although asthma cannot be 'cured’, clinical episodes can
largely be prevented and controlled by proper management. Allergic rhinitis and skin
allergy may coexist with or precedethe onset of asthma.

Risk Factors

he exact cause of asthma is not known. It could be partly genetic and partly
environmental in origin." Some of thefactorswhich areimportant either to cause or
toproduceitsclinical manifestations(or both) arelisted asunder:
Host Factors:

3,6,7,11,18

1. Family history of asthma or atopy
2. Atopy™™
3. Airway hyper-responsiveness

Environmental Factors:
Indoor allergens:
House dust mites’

Insect allergens
Fungi, molds, yeasts




Pet animal alergens
2. Outdoor allergens:

Pollens

Fungi, molds, yeasts

5,6,7,11,19-21

3. Tobacco smoke (active and passive):
Exposures to tobacco smoke lead to increase in severity of asthma, decreased
responseto treatment and accel erated declineinlung functions.*

Thedifferent waysinwhichtobacco smokeaffectsasthmaaredetailedin Table2

4.  Air pollution (outdoor/indoor) Smoke and fumes especially use of biomass fuels
for cooking are risk factors for asthma.™ Poor ventilation in kitchens may worsen
adverseeffectsof thelatter.””

5. Occupational exposures

Table 2. Role of tobacco smoke in asthma'®

Active Smoking Passive Smoking (environmental
tobacco smoke exposure)

Increased bronchial responsiveness Aggravation and occurrence of increased
preval enceof respiratory symptoms

Frequent bronchial irritation symptoms| Bronchial hyper-responsivenessin adults

Increased sensitizationto occupational | Aggravation of asthmasymptoms

agents
Aggravation of acute episodes Precipitation
of acuteepisodes

Associationwith asthmaseverity Risk factor for development of asthma (both
childrenand adults)

Risk factor for asthma? Exaggerated decline in lung functions
Role in development of fixed airway
obstruction and chronic obstructive
pulmonary disease?

Triggers'

A trigger isdefined asafactor or an exposurewhich precipitatesan exacerbationina
stable or previously asymptomatic patient of asthma. Common triggers of asthma
are:

Respiratory infections(usually viral)

Allergens(indoor/outdoor)

Air pollution (indoor/outdoor) including smokeand fumes (biomassfuel)
Tobacco smoke (activeand passive)

Drugs Beta-blockersand NSAIDs(paracetamol and nimesulideare safe)
Additivesand preservatives

Cold exposureexercise, psychological or other unaccustomed stress.
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Foods are not common triggers of asthma but may occasionally be responsiblein
some patients. There is also some concern on indoor vapours from different incenses,
anti-mosquito coilsand repellents acting astriggersin someindividuals. But thereisno
definitely documented evidence onthisassociation.

Pathogenesisand Pathophysiology ™

Asthma is a chronic inflammatory disorder of the airways with recurrent
exacerbations. Chronic airway inflammation is associated in most cases with
injury and repair of the bronchial epithelium, which resultsin structural and functional
changesknown asremodeling. Inflammation, remodeling, and altered neural control of
the airways are responsible for both recurrent exacerbations of asthma and more
permanent airflow obstruction. The major functional abnormality in asthma is the
potential to devel op excessiveairway narrowing. Thelatter iscaused by:

1. Altered smooth musclebehavior
2. Airwaywall swelling

3. Parenchymal retractileforces

4. Intraluminal secretions.

Exacerbations are associated with an increase in airway inflammation. Unlike in
COPD, respiratory failurein asthmaisrare and resultsfrom severe airway obstruction,
ventilation-perfusion mismatch and respiratory muscleexhaustion.

Diagnosis

D iagnosis of bronchial asthmais essentially a clinical exercise, supplemented by
results of supportive investigations and physiological tests, wherever available.
Due to the myriad presentations of the disease, there is no single clinical rule of the
thumb to make a positive diagnosis in a patient suspected to have this disease. A
combination of information collected from clinical and laboratory parameters is
important to make a diagnosis. Due to an overlap of respiratory symptoms between
various common pulmonary disorders, it may not aways be possible to clearly
distinguish asthma from other diseases. Nevertheless, a detailed history and careful
physical examination should enable the clinician to arrive at the correct diagnosis in
most instances.

Diagnosisof bronchial asthmain any patient can beviewed asatwo-step approach.
In the first step, a clinician suspects the diagnosis and attempts to exclude common
asthmamimics. In the next step, diagnosisis confirmed in equivocal cases based onthe
laboratory investigations. It isproposed that cliniciansat al levelsof health care should
try to diagnose asthma based on information obtained at the first step (Fig 1). Facilities
for laboratory investigations are generally available only at the secondary levels of
health care or beyond. Therefore patients, in whom there is a difficulty in making a
confident diagnosis, should bereferred to those centersfor further work-up.

History

areful history taking isthe most important step in diagnosing asthma. A thorough
enquiry should be madeinto four basic respiratory symptoms generally associated
with asthmai.e. breathl essness, wheezing, cough, and chest tightness. Children usually
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do not give a history of wheezing and instead a history of 'noisy breathing' should be
elicited. Clinicians should remain aware that asthmatics can sometimes present with
symptomsother than thesefour classical symptoms, and that none of these symptomsis
specific for diagnosing asthma. A given patient may be entirely asymptomatic at the
time of initial evaluation, or may present with avariable combination of one or more of
these symptoms. When present, these symptoms typically tend to be variable,
intermittent and recurrent. Presence of these symptoms in particular during night or
early morning generally indicates the presence of asthma. These symptomsalso tend to
worsen after exposure to nonspecific triggers such as seasonal or temperature changes,
exposureto noxioussmells, smokeor other irritants, exercise, drugsor infections, (etc.).
Additionally, symptoms suggestive of atopic conditions (such as sneezing, rhinorrhea,
blocked nosg, itchy eyes, or skinlesions) will support adiagnosisof asthma. Presence of
asthmainthefirst-degreerelativesal sofavorsthediagnosisof asthma.

Specific enquiries should also be made regarding the presence of other symptoms
that are helpful in ruling out disorders that can mimic asthma. In adults, presence of
fever, weight | oss, hemoptysis, or chest pain should alert theclinicianto an alternative or
a coexisting disease such as bronchiectasis, chronic obstructive pulmonary disease
(COPD), tuberculosis, ischemic heart disease, |eft ventricular failure, lung cancer, etc.
In children, the failure to thrive, presence of diarrhea, or the onset of symptoms since
birth, may beimportant in identifying coexisting or alternative disease such asparasitic
infestation, congenital cardiopulmonary disease or foreign body aspiration. At all levels
of health care, patients presenting first time with symptoms of cough and expectoration
for more than three weeks, should be evaluated for possible pulmonary tuberculosis
through three sputum smear examination for the acid fast bacilli (as per
recommendation under the Revised National Tubercul osisControl Programme).

Physical examination

Il patients suspected to have asthma should undergo a careful physica

examination at the initial visit to the health care provider. Apart from a detailed
respiratory evaluation, attention should also be paid to the skin and upper respiratory
tract, as these can provide useful information on the atopic status of the individual.
Examination of the chest may be entirely normal if patient presents during an
asymptomatic phase of his illness. The commonest abnormal finding on chest
examination of an asthmatic patient is the presence of rhonchi, which tend to be
bilateral, diffuse and polyphonic, and are predominantly heard during expiration.
Patientswithlong standing disease, especially children, may haveahyperinflated chest.
Apart from these two findings, respiratory system examination is generally
unrewarding in patients with stable disease. During exacerbations, however, one can
elicit additional signs, especially if the exacerbation is severe. These patients may have
tachypnea, tachycardia, use of accessory musclesof respiration, and cyanosis. Although
diffuserhonchi arewell heard in most instances, patients with severe exacerbation may
havea'silent chest' related to severeairflow limitation and air trapping withinthelungs.

I nvestigations

he presence of characteristic symptoms and their pattern, along with findings on
physical examination, should be sufficient to suspect aclinical diagnosisof asthma




inmostinstancesat al levelsof health care. Investigationsare generally required only if
the diagnosis of asthma is in doubt or other conditions are suspected to complicate
asthma. This generally implies a referral to a secondary health care level. At the
secondary health care level, symptoms and signs should be reassessed and further
workupinitiatedin patientsinwhomit isdeemed necessary and clearly indicated.

A battery of simple and widely available investigations should be sufficient to
provide important cluesto presence of cardiopulmonary diseases other than asthma, as
well as comorbid conditionsin patients highly suspected to have asthma. A hemogram
should be obtained to look for anemia as a cause for respiratory symptoms. A baseline
chest radiograph should be obtained. Although transient radiographic abnormalities
may sometimes be seen in asthmatics, thisinvestigation is very helpful in diagnosing
disorders such as tuberculosis, bronchiectasis, lung cancer, interstitial parenchymal or
other pulmonary diseases. An eectrocardiogram is useful in diagnosing a cardiac
disorder. Sputum should al so be examined for acid-fast bacilli, wherever indicated.

Pulmonaryfunction testing

irometry helpsto provide an objective measurement of the presence and severity

f airflow limitation. Additionally, demonstration of bronchodilator reversibility
on spirometry may be helpful in making a more confident diagnosis of asthma and
excluding COPD asacause of symptoms. Neverthel ess, spirometry isnot mandatory in
the diagnostic workup but should be performed in situations where the clinical datais
otherwiseequivocal .

During spirometry, forced vital capacity (FVC) and forced expiratory volumein
first second (FEV1) should be measured using standard guidelines.” Because the
procedure is effort dependent, performance of the test should be supervised by an
experienced technician or a clinician to enable correct interpretation of results. An
obstructive defect on spirometry is generally interpreted if the FEV /FVC ratio is
reduced (typically to less than 70%).” However, the test may yield normal results if
performed during asymptomatic periods. Regression equations for FEV,, FVC and
FEV./FVCratioareavailablefor usein Indian patientsin several geographical settings,
and can be used to determine if these val ues are reduced.** Patients with more severe
diseasehave agreater reductionin observed valuesof these parameters.

Additionally, one can aso quantify bronchodilator reversibility on spirometry.
Thisinvolves performance of a baseline spirometry maneuver, followed by inhalation
of 200-400 g of salbutamol, and repetition of spirometry after 15-30 minutes. A greater
than 12% rel ative, plusagreater than 200 mL absol ute, incrementineither FVCor FEV,
over thebaselinevalueisconsidered asbeing suggestive of bronchodilator reversibility,
and strongly favorsthediagnosisof bronchial asthma.”

Peak expiratory flow (PEF) meters are more widely available and ssimpler to use
than the spirometers. In the absence of spirometry, a reduced PEF can be used as a
surrogate to diagnose airflow limitation. But a high degree of variability and lack of
reproducibility of PEF make it aweaker instrument than spirometry in this regard™*.
Overdl, PEF measurements do not correlate well with FEV, values, and are not
necessarily interchangeable in either diagnosing or staging airflow limitation.” A
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reduction in PEF should therefore be considered as being highly suggestive, but not
diagnostic, of airway obstruction. Similarly, an increase in PEF of 20% or more after
bronchodilator administration with at least 60 L/min absolute increment, can be
considered as being only a supportive evidence towards presence of bronchodilator
reversibility.”

Saging of disease

Oncethe diagnosis of asthmaismade, it isimportant to categorize the disease based
on its severity at time of initial evaluation. This not only helps in optimizing
treatment for individual patients, but also helps in a more uniform explanation and
understanding of the disease stage. All schemesto classify asthmaseverity are based on
description of arbitrary compartments of symptoms, signs and physiologic parameters
derived by consensus. It isdesirable that the choi ce and reporting of various parameters
included in any scheme of categorization should be simple, easily obtained, and
indicative of common patient perception and activities in a given socia and cultural
setup. Extrapolation of a complicated system of disease categorization may not be
feasible at the primary and secondary levels of health care in India. For successful
incorporation into the basic health infrastructure in India, staging of asthma severity
shouldrely onsimpleclinical criteriaeasily understood by both patientsand clinicians.

Although it isgenerally advocated that pulmonary function testing should be used
to categorize asthma severity, the same may not be feasible at primary and secondary
levels of hedlth care due to the limited availability of facilities for spirometry.
Measurement of visual analog scale has been employed in afew studies but the results
arenot alwaysreproducible™. Neverthel ess, wherever available, resultsof lung function
testing shoul d be used to supplement clinical datain deciding the severity of asthma.

Asthmashould be categorized aseither mild, moderate and severe based on patient
characteristics (Table 3). Clinicians should enquire about the frequency of (a) sleep
disturbance associated with asthma-related symptoms, (b) symptoms during the
daytime and (c) limitation of activitiesto which the patient is accustomed. In addition,
patient should be asked about the dose and frequency of use of rescue medications. A
rescue medication is defined as any oral or inhaled drug used by the patient for short-
term relief of asthma-related symptoms. For uniformity and simplicity, requirement of
rescue medications should be described intermsof nearly equivalent dose unitse.g. 200
Mg inhaled salbutamol, 250 ug inhal ed terbutaline, 2 mg oral salbutamal, or 2.5 mg oral
terbutaline provide similar bronchodilation and may be considered as equivalent dose
units. Self-use of oral aminophylline, which is a weak bronchodilator, is not
recommended as reliever medication, and should not be considered while calculating
dose units of rescue medications required. For children, doses of rescue medications
defining each unit are half those for adults. Presence of any of the features should be
sufficient to place a patient in that category. When different features are placed in
different grades of severity, the patient should be assigned to the most severe gradein
which any feature occurs. Wherever facilities for spirometry or PEF estimation are
available, their results should supplement the clinical information in deciding severity
of asthma(Table3).




Table 3: Categorization of severity of asthma

Mild M oderate Severe
Symptoms disturbing sleep  |[< Once per week (> Once per week Daily
Daytime symptoms < Daily Daily Daily
Limitation of accustomed Nil <1 per week >1 per week
activities
Use of rescue medication * <1 dose per 1-2 doses per >2 doses per

day day day

FEV1 Normal 60-80% <60%
Peak expiratory flow Normal 60-80% <60%

A patient should be placed in the highest category of severity based on any one of
the clinical features or lung function test.

FEV 1 Forced expiratory flow infirst second

* Each rescue medication dose = 200 g inhal ed salbutamol = 500 ng terbutaline = 2
mg oral salbutamol =2.5mgoral terbutaline.

Management of Asthma

Ithough there is no permanent cure for asthma, the disorder can be adequately

controlled with drugs. With treatment, it is quite compatible with a normal life
style and span. Underdiagnosi s and/or inappropriate therapy remain the major cause of
asthmamorhidity and mortality. The aims of pharmacological management of asthma
are: the control of day and night symptoms (including exercise-related symptoms),
prevention of exacerbations, and achievement of normal (or near normal) lung function
with minimal side effects. Rather than defining afixed goal for al patients, it would be
better to define the best possible goal for an individual patient sinceindividual patients
may havedifferent goalsand would liketo balancethese goal sagainst the side-effects of
drugs. In general, the goals as defined by the Global Initiative for Asthma (GINA)
wouldinclude:

=

Minimal (ideally none) symptomsduring day and night.
Minimal (ideally none) symptomsduring exercise.

Minimal needfor reliever medications.

No exacerbations.

Nolimitation of physical activity.

Maintai ning pulmonary function ascloseto normal aspossible.
Minimal sideeffectsof asthmamedications.

Prevent development of irreversibleairflow obstruction.
Prevent asthma-related mortality.

© ©® N U MWD

Asthmais an inflammatory disorder, and the main aim of asthma treatment is to
decrease inflammation by administration of anti-inflammatory agents and by
decreasing exposure to triggers. Drugs used in asthma can be divided into two broad
groupsi.e. controllersandrelievers.
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Controllersarethe drugstaken on along-term basis to keep asthma under control
and generally include drugs with anti-inflammatory properties. At present, inhaled
glucocorticoids are the best available controller medications in terms of both efficacy
and safety. The controller drugs include (in order of preference): inhaled
corticosteroids, long-acting inhaled beta-2 agonists, sustained-release theophyllines,
leukotriene modifiers, cromones, long-acting oral beta-2 agonists and oral
glucocorticoids.

Relievers are the short and rapid acting bronchodilators, which relieve acute
symptoms of asthma (like cough, dyspnea and wheeze). These include (in order of
preference): short-acting inhal ed beta-2 agonists, inhal ed anticholinergics, short-acting
oral beta-2 agonistsand short-acting theophylline.

Routeof drugadministration

D rugs for asthma can be administered either by the inhaled or the systemic route.
The systemic route can be either ora or parenteral (subcutaneous, intravenous).
Theinhaled route isthe preferred route of administration since large concentrations of
the drugs can be rapidly delivered with minimal systemic side-effects.** Inhaled
medi cations used for the treatment of asthma are available as pressurized metered dose
inhalers (pMDI), dry powder inha ers(DPI) or asnebulizing solutions. Devicesused for
thedelivery of inhaled drugsin asthmaareequally efficacious(Level 1).*

When selecting an aerosol delivery device, the following points need to be
considered: device/drug availahility; clinical setting; patient'sability to usethe selected
device correctly; device use with multiple medications; conveniencein both outpatient
and inpatient settings; and physician and patient preference. Patients should be
explained the usage of the inhaler device, and the technique should be reassessed
regularly.

The major disadvantage of pMDI is the need for ‘hand-mouth’ coordination;
considerable training and skill is required to master the technique. The use of a spacer
chamber circumvents the need for this coordination and in fact improves the drug
delivery fromapMDI (Level 1).” Spacersallow particlesto remain suspended for 10-30
seconds after which they can be easily inhal ed.” Moreover, they decrease oropharyngeal
impaction of drug, and thusmay decreasetheincidence of cough (cold Freon effect) and
oropharyngeal candidiasis (Level 1). Similarly, they also decrease the systemic
absorption of drug and therisk of systemic side-effects.” In fact studies have shown that
pMDI with spacers are as effective as nebulizers for the delivery of bronchodilatorsin
the management of acute asthma in adults (Level 1), and are more advantageous in
children (Level 2).” pMDIs employ chlorofluorocarbon (CFC) propellants which are
responsiblefor depl etion of the protective atmospheric ozonelayer when releasedinthe
environment.

Ontheother hand, DPI doesnot utilize CFC propellants, and are more environment
friendly. Also, they do not require hand-mouth coordination and are thus easy to use.
However, aminimal flow rateis required to inhale from a DPI device, and thus many
DPIscannot be used during an exacerbation. It may also bedifficult to store DPIsduring
humid conditions. Some DPIs deliver pure drug and some mixed with filler (e.g.

10




lactose). Thisfact must be remembered while prescribing DPIsand while shifting from
pMDlsto DPIs.” DPIsarealso costlier than pMDIsinthelong run.

A common practice is to double the dose of medication while switching from
pMDI to DPI. The CFCsin pMDIs are being replaced by hydrofluoroalkanes (HFAS),
and the medication insert should be carefully reviewed while prescribing HFA inhalers
or shifting from HFAsto CFCs. For bronchodilators, the dose of HFA and CFC inhalers
appear to beequal, whereasthe dose needsto be halved while shifting from CFC to HFA
for someglucocorticoids.*

Controller medications

1. Inhaledglucocorticoids

Inhaled corticosteroids (ICS) are currently the best available controller medication
for use in persistent asthma. They have strong anti-inflammatory properties and their
continued use also decreases bronchial hyperresponsiveness, improves lung function,
improves the quality of life and decreases the frequency and severity of asthma
exacerbations.”™ Inhal ed corticosteroids differ intheir potency and bioavailability, and
comparisons are difficult because of the plateau effect of their dose-response
characteristics. Table 4 shows the equipotent doses of different ICS administered via
different inhalation devices for adults and children. It should be remembered that a
flattening of dose-response curves for different outcomes (symptoms, lung function,
hyperresponsiveness) is seen with a dose of 500 microgram of beclomethasone or its
equivalent, and administration of higher dosesincreasestherisk of side-effectswithout
actually increasing the benefits of | CS.* However clear evidence doesexist between the
doseof ICS (quadrupling the dose of 1CS) and prevention of severe acute exacerbations
of asthma.* Addition of long-acting beta-2 agonists, rather than doubling the dose of
ICS, therefore increases the efficacy.™*’ A recent study also showed that acombination
of formoterol and budesonide taken as controller therapy and on as-needed basis
decreased therisk of asthma exacerbations. Thereis compelling evidence that addition
of along-acting inhaled b2-agonist (LABA) to ICS gives better control in terms of
reduced symptoms, improved lung function, and reduced exacerbationsin patientswith
mild to moderate persistent asthma.** In a recent study, a combination of budesonide
and formoterol was used both as a controller and a reliever medication.” Moreover,
commencing with amoderate dose ICS is equivalent to commencing with a high dose
ICSand down-titrating. The small benefits of commencing withahigh ICS dose are not
sufficient to warrant its use when compared to moderate or low dose ICS. However,
initial moderate | CS dose appears to be more effective than initial low |CS dose.” Also
ICS are somewhat more effective when taken twice rather than once daily with little
evidence of benefit for dosage frequency morethan twicedaily. Oncethe asthmaiswell
controlled, patient may beshifted to once-daily ICS.

Theadverseeffectsof ICSincludelocal oropharyngeal candidiasisand dysphonia.
These effectsmay be prevented by the use of spacer devices,” and gargling (and spitting
out) with water. All currently available ICS are absorbed from the lung with resultant
systemic absorption and systemic side-effects which include easy bruising,
osteoporosis, growth retardation in children, hypothalamo-pituitary adrenal axis
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suppression, cataracts and glaucoma if taken for long-term in high doses. The adverse
reactions also depend on the dose and the potency of the ICS and its systemic
bioavailability, which in turn depends on the absorption from the gut, first-pass
metabolism in the liver, and the half-life of its systemically absorbed fraction.” The
systemic effects differ among the various | CS with budesonide and fluticasone having
less systemic effectsthan beclomethasone.™® Therisk of systemic effectsalso depends
on the delivery system. With spacers, the systemic bioavailability and the risk of
systemic side effectsarereduced for most ICS.* Moreover, in adults, systemic effects of
ICS are not a problem at doses of 800 pg or less (400ug or less, in children) of
beclomethasone or equivalent daily, although some patients may be susceptible to
systemic effectsat lower doses.

Inhaled steroids are the most effective available controller drugs for asthma, and
their usein the treatment of persistent asthma should be balanced against the possible
risk of systemic effects. Therisksof uncontrolled asthmaprobably outweighstherisk of
low incidenceof systemic sideeffects.

2. Systemicglucocorticoids

Inhaled corticosteroids form the first choice for preventive treatment of asthma.
Since they are expensive, and may not be affordable by a large number of patientsin
resource poor countries, oral prednisolone, which is much cheaper, continuesto bein
use. Thispracticehowever needsto bediscouraged. Onlongtermbasis, ICSarenot only
safer but in fact more cost effective than oral corticosteroids. The mechanism of action
of systemic glucocorticoidsissameasthat of | CS, except that they affect morecell types
than ICS, and are obviously associated with far moreside effectsthan ICS. Inareview, it
was found that, in the management of adults with chronic asthma, a daily dose of
prednisolone 7.5 mg/day appearsto be equivalent to amoderate to high dose of inhaled
steroids (300-2000 pg/day).” However ICS at all doses were more effective than
aternateday oral steroids.”

As side effects are common even with low doses of prednisolone, the lowest
effective dose should be prescribed if there is no aternative to ora steroids. In the
management or severe acute exacerbations, they prevent progression of the
exacerbation, decrease the need for emergency department visits or hospitalizations,
prevent early relapse after emergency treatment, and reduce the morbidity of the
illness.” Oral therapy is preferred and is as effective as intravenous hydrocortisone
(Level 2).** Prednisolone 40-60 mg is given daily for 7 to 10 days depending on the
severity of exacerbation. When the symptoms have subsided and the lung function has
approached the personal best value, the oral steroids can be stopped or tapered, and
treatment with 1CScontinued.

The systemic side effects of long-term systemic glucocorticoids include
osteoporosis, hypertension, diabetes mellitus, hypothalamic-pituitary-adrenal axis
suppression, cataracts, glaucoma, obesity, cutaneous striae, easy bruisability and
muscle weakness. Patients with asthmawho are on long-term systemic glucocorticoids
in any form should receive preventive treatment for osteoporosis. Adrenal failure may
occur when a patient is withdrawn from long-term suppressive doses of oral steroids;
therefore, caution and close medical supervision are recommended. One should be

| 12




careful when considering the use of systemic glucocorticoids in patients with asthma
who also have tuberculosis, parasitic infections, osteoporosis, glaucoma, diabetes,
severe depression, or peptic ulcers, and such patients should bereferred to ahigher level
of care.

Table 4. Equivalent doses of inhaled corticosteroids (in micrograms/day)

Drug Low-doseICS Medium-dose ICS  High-doseICS
Adults [Children | Adults [Children | Adults | Children
Beclomethasone | 200-400 | 100-200 | 400-1000 | 200-400 | >1000 >400
Budesonide 200-400 | 100-200 | 400-800 | 200-400 >800 >400
Fluticasone 125-250 | 50-125 | 250-500 | 125-250 >500 >250

Medication inserts for hydrofluoroalkane (HFA) preparations should be carefully
reviewed for the correct dosage level. In general, the dose of dry powder inhalerswith
filler (such aslactose) isdoublethan that of pressurized metered doseinhalers.

3 Inhaledlong-actingb2 agonists

Inhaled long-acting b2 agonists (LABA), which include formoterol and
salmeterol, by definition, have duration of action of at least 12 hours (in contrast to short
acting b2 agonists which act for 4-6 hours). They cause smooth muscle relaxation,
decrease mucosal permeability, enhancemucociliary clearance and decreasetherelease
of inflammatory mediatorsfrom mast cellsand eosinophils.” Their long term useisalso
associated with some anti-inflammatory effects.®*® Experimental, but not clinical,
studies have shown that the duration of the bronchoprotective effect, provided by long-
acting inhaled b2 agonists, decreases when these medications are used on a regular
baS S.70,71

Salmeterol achieves a prolonged duration of action because of the long aliphatic
side chain that increases the lipophilicity of the molecule. The molecule diffuses
laterally through the cell membrane to approach the auxiliary binding site (exo-site), a
group of highly hydrophobic amino acids within the b2 adrenoceptors. Binding to the
exo-site prevents dissociation of salmeterol from the adrenoceptors and allows the
active saligenin head to repeatedly engage the active site of the receptor. This
mechanism accounts for the long duration, but slow onset of action of salmeterol.”
Formoterol is moderately lipophilic and isretained in the plasmalemma, and from this
depot the molecule diffuses slowly to activate the b2 adrenoceptor over a prolonged
period. Also, sufficient drug remains available in the aqueous biophase to allow
immediateinteractionwith the activesite of thereceptor.”

Inhaled LABA should be considered when standard introductory doses of | CSfall
to achieve control of asthma before raising the dose of ICS (Level 1). However, long-
term treatment with inhaled LABA does not appear to influence the persistent
inflammatory changes in asthma, and hence this therapy should always be combined
with ICS (Level 1)."" Addition of innaled LABA to adaily regimen of ICSimproves
symptom scores, decreases nocturnal asthma, improves|ung function, decreasestheuse
of SABA,”" and reduces the number of exacerbations.”” As earlier stated, a
combination of budesonide and formoterol was used both as controller and reliever
medication in a recent study.” Moreover, it has been clearly shown in two landmark
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studies that adding inhaled LABA to ICS, rather than doubling the dose of ICS is
superior intermsof asthmacontrol .** The efficacy of acombination of inhaled LABA
with ICS has prompted the development of fixed dose combination inhalers of LABA
and ICS. They are more convenient for patients, increase the patient compliance and
also ensurethat LABA isalwaysaccompanied by ICS. Giving thetwo drugstogether is
alsousually lessexpensivethan giving them separately.

4. Oral theophyllines

Theophylline has been used to treat asthma for many years, but its mechanism of
action haslong been debated. The precise molecular mechanism by which theophylline
exerts its pharmacological activity is not known, although aterations in intracellular
calcium mobilization,” stimulation of endogenous catecholamine release,”
prostaglandin antagonism,* adenosine receptor antagonism,” phosphodiesterase 4
inhibition,*® increasing histone deacetylase activity,”” and inhibiting
phosphatidylinositol 3-kinase activity” have all been proposed. The bronchodilator
actionisusually seen at higher concentrations(>10mg/mL ). At lower concentrations (5-
10 ng/mL), theophylline is an immune system modul ator, which prevents messengers
of inflammation from triggering a cascade | eading to bronchospasm. Theophyllinealso
has a range of other pharmacological effects of potentia therapeutic value in the
treatment of patients with respiratory diseases that occur independently of its
bronchodilator actions, including anti-inflammatory and immunomodulatory
actions™ and increased respiratory drive.” The clinica efficacy of theophylline is
equivalent tothat of inhaled LABA, although therisk of sideeffectsismuch higher with
theophyllines.”

There is a considerable body of evidence documenting the anti-inflammatory
actions of theophylline particularly at doses lower than those considered therapeutic,
which may explain the beneficial effects observed with this orally active drug in the
treatment of respiratory diseases like asthma. Recent studies have suggested a new
mechanism to explain the pharmacol ogical activity of thisdrug. Now that theophylline
at low doses has been shown to be effective in asthma control in both adults and
children, it may be used in patientswith milder disease and as an add-on therapy to low
or high doses of ICSwhen further asthmacontrol isneeded (Level 2).** Moreover, itis
cheaper than the newer agents making it attractive for use in resource poor countries,
and continuesto beused asan ancillary treatment to steroi dsand betaagonists.

When given as asustained-rel ease preparation, it hasalong duration of action and
is thus useful in the control of nocturnal symptoms that persist despite the regular
treatment with anti-inflammatory therapy. However sustained rel ease preparations are
far more expensive than ordinary preparations of theophylline, and thus one may use
multiple doses of theophyllinein control of asthmaas no study has shown superiority of
sustai ned rel ease preparationsover theordinary ones.

Side effects are usually seen with doses exceeding 10 mg/kg body weight, and
include gastrointestinal symptoms (nauseaand vomiting). Higher dosesin children and
adults can result in seizures and even death, and these events may or may not be
preceded by evidence of central nervous system stimulation. Cardiopulmonary effects
includetachycardiaand arrhythmias.
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5. Leukotriene-receptor antagonists(LTRA)

The LTRA include drugs like montelukast, pranlukast, and zafirlukast, and block
the cysteinyl LT1 receptors and thus the biological action of leukotrienes C4, D4, and
E4. Theroleof LTRA isgenerally restricted to mild asthmaas a substituteto ICS, or in
severe asthmaasan add-on therapy. The efficacy however variesfrom patient to patient.
In mild to moderate asthma, | CS have been proven to be superior to LTRA (Level 1).%
The addition of inhaled LABA is superior to LTRA in asthmatic adults inadequately
controlled on low doses of ICS for preventing exacerbations requiring systemic
steroids, for improving lung function, symptoms, and use of rescue short acting b2
agonists (Level 1).* Also, addition of LTRAS as add-on therapy to ICS, brings about
only modest improvement inlung function. Although addition of LTRAsto |CSappears
comparableto increasing the dose of inhaled steroids, itisagain inferior to the addition
of inhaled LABA as add-on agent. Addition of LTRAS is associated with modest
glucocorticoid-sparing effect with superior asthma control after glucocorticoid
tapering.*** Thus, at present therole of LTRAsin the routine management of asthmais
limited.

6 Cromones

Cromones (sodium cromoglycate and nedocromil) act by inhibiting IgE mediated
mast cell release of mediators, and probably also act on other inflammatory cells to
prevent mediator rel ease. Although they are effectivein mild asthma, they areinferior to
ICS in asthma control. Hence like LTRAS, their role in asthma is also limited (Level
2).102

7. Oral long-actingb2agonists

Ora LABA include slow release forms of salbutamol and terbutaline, and
bambuterol (a prodrug of terbutaline). They are bronchodilators and act by relaxing
bronchial smooth muscle, decreasing vascular permeability, enhancing mucociliary
clearance and probably also by modulating release of mediators from mast cells and
basophils. They haveminimal, if any, anti-inflammatory action, and arethusadjunctsto
ICS. Their role in asthmatherapy issimilar to inhaled LABA except that they may be
associated with significantly more side effects. Intwo studies, bambuterol wasfound to
be as effective as salmeterol in controlling asthma in patients not controlled on low
dosesof ICSalone, althoughit was associ ated with morefrequent sideeffects.™**

Reliever medications

1. Rapid-actinginhaledb2agonists

Rapid acting inhaled b2 agonists provide rapid relief of symptoms and include
salbutamol and terbutaline. They arethe best available medi cationsfor therapid control
of asthma. Formoterol isanew inhaled LABA, which also has arapid onset of action.
The mechanism of actionissimilar to that of inhaled LABA. Also they are comparable
in efficacy to oral b2 agonists except that they are associated with lesser side effects.
There have been fears that the regular use of inhaled b2 agonists could have a
detrimental effect on airway diameter and asthma control***”". Such concerns were
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alleviated by placebo-controlled trials which showed no worsening of expiratory
airflow or asthmacontrol .**** However, regular treatment with rapid acting inhaled b2-
agonistshaslargely been superseded by theuseof inhaled LABA.

Retrospective studies have suggested that polymorphism at the 16th amino acid
residue of the b2-adrenergic receptor isassociated with adverse effects of b agonist use
in asthmatic patients."*"" I n one prospective study, patientswere stratified by genotype,
anditwasfound that those withthe Arg/Arg genotypeimproved when b agonist therapy
was withdrawn and replaced with ipratropium bromide, whereas in those with the
Gly/Gly genotype, they were better with regular b agonist therapy than when it was
withdrawn. These improvements were seen in morning PEFR, other physiological
indices, symptoms, and rescue medi cation use. "> Thereisat | east some evidencethat the
levo isomer of salbutamol is better in efficacy, and has a better side effect profile than
theracemic mixture."**’

The use of rapid acting inhaled b2- agonists as required for symptom control is
recommended and provides a good indication of the need for further therapy. An
increasing requirement for rapid-acting inhaled b2-agonists is a warning of
deteriorating asthmacontrol, andindicatesthe need to institute or intensify regul ar anti-
inflammatory therapy. Similarly, failure to achieve aquick and sustained responseto b
2-agonist treatment during an exacerbation indicates the need for short-term treatment
withoral glucocorticoids.

Formoterol hasawell-documented role as controller therapy in asthma, and some
studies have identified its role as a reliever therapy. But, it is more expensive than
salbutamol, and itssuperiority over sal butamol hasnot been demonstrated.

2 Oral glucocorticoids
See section on controller therapy
3. InhaledAnticholinergics

Inhaled anticholinergics (ipratropium) competitively inhibit the muscarinic
receptors, and thus bl ock the effect of acetylcholine, whichisreleased from cholinergic
nerve endings. When compared to inhaled bronchodil ators, they have aslower onset of
action (30-60 minutes), and are less effective than inhaled b2 agonists. The benefit of
ipratropiumin chronic asthmaisnot clear (Level 2),"’athoughitisoccasionally usedin
some patients who develop significant side effects, such as tachycardia, tremors or
arrhythmia, withthe use of inhaled b2 agonists, or asrecently suggestedin somegenetic
polymorphisms of asthma.* On the contrary, thereisaclear role of anticholinergicsin
acute asthma. There is considerable evidence that anticholinergic agents are not
effective for the treatment of mild and moderate exacerbations. However,the use of
multiple doses of anticholinergics in addition to b2 agonists is safe, improves lung
function and decreases hospital admissions by 30 to 60%. The use of single-dose
protocols of inhaled ipratropium with b2-agonist treatment causes a modest
improvement in pulmonary function without reduction in hospital admissions; in
adults, the datashowed asimilar increasein pulmonary function with an approximately
35% reductioninthehospital admissionrate (Level 2)."***
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4. Oral shortactingb2agonists

They are bronchodilators and act by relaxing bronchial smooth muscle. They are
used in patients who cannot use inhaled medications. Although they are as efficacious
as inhaled rapid acting b2 agonists, they have a high propensity for side effects like
tremors, tachycardia, irritability etc.

There are quite a few short reports from India on use of different drugs for
asthma.”** Most of them represent useful experience of a particular centre with a
known anti-asthmadrug.

Sage-wisecontrol of asthma

he presence of one of the features of severity is sufficient to place apatient in that

category. A patient should be assigned to the most severe grade in which any
feature occurs (Table 3). The characteristics noted in the table are general and may
overlap. Furthermore, an individua's classification may change over time. Moreover,
patientsat any level of severity can havemild, moderate, or severe exacerbations. Some
patients with intermittent asthma experience severe and life-threatening exacerbations
separated by long periods of normal lung function and no symptoms. Also, progression
to the next step is indicated when adequate control is not achieved with the current
treatment. Importantly, compliance of medications should be assured before moving to
the next step. The medications at each step of asthmaareindicated in Table 5. Dosages
of some commonly used drugs are separately listed (Table 6). Some important points
for managing patientswith asthmaare:

1. If the patient has day-time symptoms < L/week and night-time symptoms
2/month, then the patient can be managed with reliever medications alone. Use of
reliever medications more than L/week indicatesthe need for long-term controller
medications.

2. In addition to daily controller therapy, reliever medications should be taken as
needed to prevent symptoms but not morethan 3/day. If required morethan 3/day,
visitto health-carefacility isneeded.

3. Requirement of reliever medications more than 2/week indicates poor control and
reassessment of treatment at health-carefacility.

4. Once the goals for asthma have been achieved and maintained for at least three
months, agradual reduction of maintenancetherapy isrequiredi.e. 25% reduction
indoseof controller medicationsevery three months.

5. Oncethe patient is off al asthma medications, the patient should be followed up
every six months and a lung function test (spirometry with bronchodilator
reversibility) performed every onetotwoyears.

6. Thedoseof DPI hastobedoubledincaseof DPI having lactoseascarrier, whereas
itisthesamein caseof 'pure' DPI.

7. A pediatrician or aphysician with particular interest in treating asthmain children
shouldideally be consulted beforestarting treatment in children.
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Mildasthma

The preferred medication for treatment of mild asthmaislow dose ICS (Tables 4-
6). Low dosel CStreatment issuperior to all other medi cationsincluding theophyllines,
cromones and LTRASs (Level 1). Patients with daytime symptoms quantified as less
than 1 episode/week and night-time symptoms less than three per month can be
managed with reliever medications alone. However, the use of reliever medications
more than once a week indicates the need for long-term controller medications. The
aternatedrugsfor mild asthmaarelistedin Tableb.

Table 5. Management of asthmain different stages

Sage Daily controller medications Other treatment options
Mild Low-dose ICS* Sustained-rel ease theophylline
or Cromones
Moderate| Moderate dose ICS + inhaled LABA** | -Moderate dose ICS + either
and/or LTRA sustai ned-rel ease theophylline
or LTRA or oral LABA
- High-dose ICS

Severe High dose ICS + inhaled LABA plus
one or more of thefollowing if needed:
sustained-release theophylline,
leukotriene modifiers, oral LABA,
oral glucocorticoid.

* Inhaled LABA optional; ** Optional in children
ICS Inhaled corticosteroids, LABA Long-acting beta-2 agonist; LTRA Leukotriene
receptor antagonists

Moderateasthma

The treatment of choice for moderate asthma is a combination of moderate dose
ICSplusinhaled LABA (Level 1). Alternative choicesinclude moderate dose |ICS with
either sustained-release theophylline or leukotriene modifier or oral LABA or high-
doselCS.

Severeasthma:

Theaimin severe asthmaisto achieve the best possible resultswith minimal side
effects. The treatment approach is multifaceted (Table 4). Primary therapy includes
high dosel CSplusinhaled LABA taken atleast twiceaday. Inthisregard, adoseof ICS
taken four timesaday isbetter than adosetaken twiceaday.'"

Reduction of maintenancetherapy

Once the control of asthmais achieved and maintained for atleast 3 months, one
can start the process of reduction of maintenancetherapy. Thisshould beindividualized
from patient to patient. In general, areduction in the maintenance dose of atleast 25%
should be done once asthmais well controlled for atleast 3 months. Importantly, one
should always perform lung function tests prior to reduction of maintenancetherapy, as
there is awide miscorrelation between the symptoms reported by the patient and lung
function tests. During this period, patient should be closely monitored for any
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Table 6. Dosages of different anti-asthma drugs

Adult Children

L ong-acting beta-2 agonists

pMDI/DPI

Salmeterol 50-100 ng/day 50-100 ny/day (>5 years)

Formoterol 12-24 ny/day 12-24 ny/day (>5 years)
Ordl

Bambuterol 10-20 mg/day -
Systemic steroids
Prednisolone

For acute exacerbations

For long-term control

Intravenous Hydrocortisone
For acute exacerbations

Theophyllines

40-60 mg/day for 7-10 days
in single or divided doses
Administer lowest dose
required to control symptoms
Preferably single am. dosg;
aternate day if possible

100 mg stat and 50 mg g6
hourly

Starting dose 10mg/kg/day
(max. 300 mg/day); usua
maximum 600-800 mg/day

1-2 mg/kg/day for 3-10 days
in single or divided doses
Administer lowest dose
required to control
symptoms Preferably single
am. dose; adternate day if
possible

4-8 mg/kg/day

Starting dose 10mg/kg/day;
usual maximum dose age 1
year- 16 mg/kg/day

age< lyear- [0.2 (agein
weeks) + 5] ma/kg/day

L eukotriene modifiers

Montelukast 10 mg/day 2-5years 4 mg/day
6-14years 5 ma/day

Short-acting beta-2 agonists

Salbutamol

pMDI/DPI 100-200 ng/dose 100 ng/dose

Nebulized 2.5t0 5 mg q 4-6 hourly 0.05 mg/kg/dose, (min. 1.25
mg, max. 2.5 mg) q 4-6
hourly

Oral 2-8 mg q 6-8 hourly 1-4 mg q 6-8 hourly

Intravenous 3-20 ng/minute adjusted to 0.1-0.2 ng/kg/minute

bronchospasm and heart rate | adjusted to bronchospasm

and heart rate

Subcutaneous 8 ny/kg Not recommended

Terbutaline

pMDI/DPI 250 ny/dose 250 ny/dose

Nebulized 10 mg g 4-6 hourly 0.3 mg/kg/dose, (max. 10
mg/dose) q 4-6 hourly

Ord 2.5 mg q 6-8 hourly 0.25ng/kg/dose q 6-8 hourly
(Not recommended below
2y of age)

Intravenous/Subcutaneous/ |0.25-0.5 mg q 4-6 hourly 10mg/kg/dose (max. 300ng)

Intramuscul ar

Anticholinergic drugs

I pratropium
pMDI/DPI 20 ng/dose 20 ng/dose
Nebulized 0.25 mg q 4-6 hourly 0.25 mg q 4-6 hourly
Tiotropium (pMDI/DPI) 12 ny/day

DPI Dry powder inhaler; pMDI Pressurized metered dose inhaler
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worsening of symptoms or lung function tests. Reduction of therapy should follow the
reverseorder of initiation of therapy, i .e. thedrugsadded | ast should bewithdrawnfirst.

In patients who have symptoms during a particular season only, treatment may be
started just before the expected onset of the season or upon the first symptoms, and can
be stopped at the end of the season when symptoms or lung function abnormalities are
nolonger present.

Exacer bationsof asthma

Exacerbations of asthma are characterized by the worsening of symptoms with
increase in dyspnea, cough and wheeze. These can range from mild to life
threatening exacerbations. There is aso a decline in lung function, which can be
guantitated with measurements of PEF or FEV,. The exacerbations are categorized as
Severeor non-severe.

Severeexacer bation of asthma are characterized by
e Increase in dyspnea, with patient unable to complete one sentence in one
breath (In children: interrupted feeding, agitation)
e Respiratory rate>30/minute
e Heartrate>120/minute
e Useof accessory musclesof respiration
e Pulsusparadoxus>25mmHg
e PEF<60% personal best or < 100L/minute (inadults)

In caseof children, the normal respiratory and pulseratesare different from adults
(Table7), and val uesexceeding these normal limitsshould be considered abnormal.

Table 7. Normal respiratory and pulse rates in awake children

Age Normal respiratory rate
< 2 months < 60/min

2-12 months < 50/min

1-5 years < 40/min

6-8 years < 30/min

Age Normal pulse rate

2-12 months < 160/min

1-2 years < 120/min

2-8 years < 110/min

These guidelines are meant only to guide the physician, and not to replace the
clinical judgment, whichisan art of medicine. If aphysicianfeelsthat the patient issick
and needs admission, he can manage the episode as severe. Patient with severe
exacerbations should be managed at the health carefacility, and if the episode does not
remit within two hours, should be referred to atertiary health care centre. Patient not
meeting the criteriafor severe exacerbations are categorized as non-severe, and can be
managed, in most instances, on an outpatient basis.

20




M anagement of non-sever eexacer bations

ptients with non-severe exacerbations can be usually managed on an outpatient
basis, with repeated administration of rapid-acting inhaled b2-agonists (2 puffs
every 20 minutesfor thefirst hour), whichisthe best and most cost-effective method to
achieve rapid reversa of airflow limitation. In this regard, pMDI with holding
chambers have outcomes that are ailmost equivalent to nebulizer delivery.” Oral
glucocorticoids (1 mg/kg prednisolonedaily for 7-10 days) should beusedin al but the
mildest exacerbationsasthey significantly reducethe number of relapsesand decreases
beta-agonist use without an apparent increase in side effects.* A rough guideisto use
oral steroids if response to the rapid acting inhaled b2-agonist alone is not prompt or
sustained (PEF > 80 % personal best) after 1 hour. However, no additional medicationis
necessary if the rapid acting inhaled b2-agonist produces a complete response (PEF
returnsto greater than 80 percent of personal best), and theresponselastsfor at least 3to
4hours.

M anagement of severeexacer bations

ere exacerbations of asthma can be life-threatening, and should be managed on
emergency basis. Certain points which are important in management of acute
severeasthma, are summarized bel ow:

1.  Ahand-held chamber isas effective asanebulizer for thedelivery of drugsusedin
acuteasthma.”

2. The use of intravenous aminophylline does not result in any additional
bronchodilation compared to inhal ed beta-agonists. But, the frequency of adverse
effectsis higher with aminophylline. Thusit should be used only if patient is not
able to cooperate for any form of inhaled therapy, or if inhaled therapy is
ineffective.'”

3. A combination of ipratropium plus salbutamol is better than salbutamol aonein
the management of severe exacerbations.”*"*

4. Theuse of continuous beta-agonists (defined astruly continuous aerosol delivery
of beta-agonist medication using alarge-volume nebulizer or sufficiently frequent
nebulisations that medication delivery was effectively continuous i.e. 1
nebulisation every 15 minutes or 4 / hour) in patients with severe acute asthma
improves their pulmonary functions and reduces hospitalization in patients who
present to theemergency department.'®

5. Glucocorticoids are the mainstay of therapy. The use of corticosteroids within 1
hour of presentation to an emergency department significantly reduces the need
for hospital admission in patients with acute asthma." There is no advantage of
parenteral over oral glucocorticoids except in some exceptional circumstances.
Thereis aso no advantage of a particular preparation of glucocorticoidsin acute
asthma, and amaxmum dose of 40-60 mg/day of prednisoloneiseffectivein most
cases. “* Prednisolone (40-60 mg daily) is given and continued for atleast 7-10
daysor until recovery.

6. Inhaled corticosteroids have no added benefit when used in addition to oral
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steroids. ™

Slow intravenous aminophylline infusion is helpful, but toxicity is common,
especially in patientswho arealready on maintenance oral theophyllinetherapy. It
shouldthereforebeused with caution.

There is no evidence to support the use of intravenous beta2-agonists in patients
with acute severe asthma. Where and when possible, these drugs should be given
by inhalation.*

In patients with acute severe asthma who have not had a good initial response,
administration of a single dose of intravenous magnesium sulfate (2 gm over 20
minutes) improves pulmonary function when used as an adjunct to standard
therapy.* The treatment should however be used with great caution under proper
monitoring.

There is no role of routine use of antibiotics except if patient has fever,
leucocytosis, purulent sputum or radiographic infiltrates suggestive of an
infection.

A proper written discharge should be given, specifically mentioning the drugs,
their dosages, frequency and requirement for follow-up visits. Patient must be
clearly informed and explained theimportance of continuation of therapy.

Thestepwisemanagement of acute sever easthmaisdescribed bel ow.

Hour 1- (i) Oxygen administration, (ii) hydration (intravenous fluids), (iii)
upto four doses of inhaled salbutamol with ipratropium, (iv)
intravenous hydrocortisone (100 mg) or oral prednisolone (40-60
mg).

Hour 2- (i) Four more doses of inhaled salbutamol with ipratropium, (ii)
intravenous aminophylline, (iii) intravenous magnesium sulfate 2
gm, (iv) subcutaneous terbutaline/ adrenaline 0.3-0.5 mg (0.01
mg/kg- child) g3 doses,

Patient not responding within 2 hr of treatment or deteriorating- REFER

IMMEDIATELY

Pat
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ientreferral

eneral indicationsfor referral of apatient with suspected/established asthmato an
advanced center include:

Diagnosisunclear or in doubt.

Atypical signsor symptoms (significant expectoration > 60 mL/day, hemoptysis,
monophonic wheeze).

Failuretorespondtotreatment for over 1 month.

Other conditions complicating asthma or its diagnosis necessitating additional
work-up.

Severepersistent asthma.

Lifethreatening asthma(cyanosis, mental obtundation).

Acute severe asthmanot responding within two hoursof intensivetherapy.




Prevention of Asthma

Ithough pharmacological intervention to treat established asthma is highly

effective in controlling symptoms and improving quality of life, every attention
should be paid to the measuresto prevent this chronic disease. Asfor all other diseases,
threelevelsof prevention have been described for asthma.*

Primary prevention

Thisisintroduced before the occurrence of exposure to risk factors known to be
associated with a disease. The goal is to prevent the onset of disease in susceptible
individuals. This is not yet possible in asthma. Increasing evidence indicates that
alergic sensitization is the most common precursor to the development of asthma.
Since sensitization can occur antenatally*****. Primary prevention islikely to focus on
perinatal interventionsinfuture.

Prescription of a food-allergen-avoidance diet to a high-risk woman during
pregnancy is unlikely to reduce the risk of an atopic infant and may have an adverse
effect on maternal and/or fetal nutrition.” Breast-feeding does not appear to have any
protective action in reducing asthma symptoms.” There are no measures applied
prenatal ly, that can berecommended for primary prevention.*

Allergen avoidance during infancy has focused on feeding practices and
avoidance of cow's milk protein, eggs, fish, and nuts. There is evidence that early
dietary manipulation may create a risk of impaired growth and hence are not
recommended in resource poor countries. In the future primary prevention to strategies
applied postnatally will include immunomodulation using immunoadjuvants, DNA
vaccines, antigens, cytokines (I1L-12 or IFN gamma) and oral administration of relevant
gut microorganisms. Currently, all thesestrategiesremaininvestigational .!

Aeroallergen avoidance has been promoted in order to avoid sensitization, and a
correlation between the level of allergen exposure in infants and sensitization to
allergens has been shown in some studies.™ Recent studies show that an early contact
with cats and dogs may in fact prevent allergy more effectively than avoidance of these
pets.154,155

These controversial results have led to the suggestion that, in the future, primary
prevention strategieswill bedesigned toredirect the newborninfant'simmuneresponse
toward a T-helper 1(Th1), nonallergic response. Efforts to establish a proper Th1/Th2
balance might be achieved by high-dose exposure to relevant allergens and cytokines
Interleukin 1L-12." These approaches have gained considerable credibility in relation
to the "hygiene hypothesis," which hasidentified associations between early microbial
experience and subsequent reduced allergic disease.” Repeated viral infections other
than lower respiratory tract infections early in life may reduce the risk of developing
asthmaup to school age.”

Studies of lung function immediately after birth have shown that smoking during
pregnancy has an influence on lung development,”® and such infants are four times

more likely to develop wheezing illnesses in the first year of life.™ Smoking during
pregnancy has an impact on lung development, which increases the frequency of
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nonallergic wheezingillnessesininfancy. Environmental tobacco smoke exposureboth
prenatally and postnatally has an adverseinfluence on lung devel opment and wheezing
illnessesininfantsand should be strongly discouraged.

Secondary prevention

Thisisemployed after primary sensitization to allergen hasoccurred. Theaimisto
prevent the establishment of chronic disease in people who are susceptible and who
have early signsof the disease. Thisapproachiscurrently being investigated in asthma.
Secondary prevention of asthmaislikely tofocusonthefirst year or two of life.

Occupational asthma studies have shown that early cessation of exposure to an
offending allergen, is more likely to lead to atotal resolution of symptoms than if the
exposure continues.

Thegreatest benefit of Allergen Specific lmmunotherapy (SIT) hasoccurred when
administered to patients with alergic rhinitis that has been unresponsive to
conventional pharmacotherapy or specific environmental control or in circumstancesin
which patients do not wish to use medications for prolonged periods of time. Severa
studies have demonstrated that SIT using extracts of common aeroallergens may have
some benefit in patientswith allergic asthma. Limited experience onimmunotherapy is
aso available from India®'®. A Cochrane review that examined 54 randomized
controlledtrialsof SIT inasthmaconfirmed the efficacy of thistherapy in asthma.** The
clinically useful outcomes which were used included: decreased symptom scores and
medi cation requirements, aswell asimproved all ergen-specific and nonspecific airway
hyperresponsiveness. Despite this evidence, a number of questions remain to be
addressed regarding the role of SIT in asthmatherapy. The relatively modest effect of
SIT in asthma especially compared to the use of inhaled glucocorticoids, the risk of
adverse effects and theinconvenience of the prolonged course of injection therapy, SIT
should be considered only after strict environmental-avoidance and pharmacologic
intervention, including inhaled glucocorticoids, have failed to control a patient's
asthma.'® There are no studies that compare SIT with pharmacologica therapy for
asthma. SIT is not recommended at primary and secondary levels and wherever
indicated should becarried out only at tertiary carecenters.

Tertiary prevention

This involves avoidance of alergens and nonspecific triggers when asthma is
established. Thegoal isto prevent exacerbationsor illnessesthat woul d otherwi se occur
on exposuretoidentified allergensor irritants. Tertiary prevention should beintroduced
whenthefirst signsof asthmahaveoccurred.

The occurrence and severity of asthma symptoms are related to environmental
allergens.” The indoor allergens are domestic mites, animal allergens, cockroach
allergens, and fungi. Some of the measuresto control the growth of dust mitesare: i. use
impermeable covers for mattresses; ii. Washing of all bedding in the hot water (55-60°
C) weekly; iii. replace carpetswith linoleum or wood flooring; iv. minimize uphol stered
furniture and replace with leather furniture; v. replace curtains with blinds or easily

washablecurtains.'
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Removal of pet animals from the home is not always possible but even after
permanent removal of theanimal it can be many monthsbeforeallergenlevel sdecrease.
In patients who are allergic to cats or dogs and persist in keeping their pet, exposure-
reduction measures may be considered." However, the clinical effectiveness of these
measuresremainsunproven and there aremany conflicting dataon thissubject.

To minimize fungal allergen indoors, maintaining a low humidity (less than 50
percent) is important. Air conditioners and dehumidifiers reduce humidity and filter
largefungal spores, lowering themold and yeast count indoors, although their benefitin
reducing asthmasymptomsis controversial. Intropical and subtropical climates, fungi
may grow on the walls of the house due to water seepage and humidity and can be
prevented by regular cleaning. Outdoor allergens such as pollens and molds are almost
impossible to completely avoid. Closing windows and doors, remaining indoors when
pollen and mold counts are high, and using air conditioners, may reduce exposure
during peak seasons.*

Another important measure is to avoid exposure to passive and active smoking.
Passive smoking increases the risk of allergic sensitization in children.” It also
increases the frequency and severity of symptoms in asthmatic subjects. Active
cigarette smoking reduces treatment efficacy of inhaled and systemic
glucocorticoids.'® Smoking cessation needs to be vigorously encouraged in all
asthmatics.

The major air pollutants are respirable particles, nitric oxide, nitrogen oxides,
carbon monoxide, carbon dioxide, and sulfur dioxide, produced by combustion of
cooking fuel, vehicular emission and industrial exhausts. Studies have shown that
exposure to combustion of al types of fuels have detrimental effects on lung function,
liquid petroleum gas, fossil fuels and biomass fuel produce similar effects. Preventing
exposuretoair pollution and preservation of lung function isbest achieved by effective
ventilation of thekitchen.”

A large number of substances have been identified as occupational allergens that
can cause asthma. Once apatient has been sensitized, thelevel of exposure necessary to
induce symptoms may be extremely low, and resulting exacerbations may become
increasingly severe. |deally, the patient should be advised a change of occupation if
feasible. Those cases where this is not feasible, measures to reduce occupational
exposure (occupational hygiene) have been successful in reducing asthma symptoms.*
These measures may be used along with conventional pharmacotherapy to obtain relief
from symptomatic episodes.

Food allergy, as an exacerbating factor for asthma, is uncommon and occurs
primarily in young children. Sulfites found in processed foods, acoholic beverages
such as beer and wines have often been implicated in causing severe asthma
exacerbations and occasional deaths. Proof for the involvement of other dietary
substances, tartrazine, benzoate, and monosodium glutamate is lacking. Confirmation
of food allergy requires double blind challenge before making specific dietary
restrictions.

Some medications can exacerbate asthma. Aspirin and other nonsteroida anti-
inflammatory agents can cause severe exacerbations and should be avoided in patients
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with ahistory of hypersensitivity to these agents. Beta-blocker drugsincluding cardio-
selective beta-blockers may exacerbate bronchospasm and should not be used by
patients with asthma. Other drugs such as the opiates, iodinated contrast agents and
nitrofurantoin have been found to preci pitate asthmaand should be avoided.

There are two other components for asthma control, i.e. patient (and family)
education, and lifestyle modification. The two together constitute the crucial arm of all
plansto both mange and prevent asthma.

Patient Education

he aim of patient and family education isto develop an ongoing partnership with

the patient, and to provide suitable information and training so that the patient can
keep well and adjust treatment according to a medication plan developed in advance
with the physician. Health education should include simpleinformation about thetypes
of treatment available, therationale for theinhaled drugs, different inhaler devicesand
techniques. Patients should be advised about preventive measuresincluding avoidance
of allergen exposureand air pollution. Patients should be given adequate opportunity to
express their expectations. The patient and his family should be encouraged to make
note of any questions that may arise and should be clarified on subsequent visits on a

169

continual basisto gain their confidence and improve compliance . Efficacy of patient
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education and parental awareness hasbeen al so showninreportsfrom India

During the patient education sessions, the concept of peak expiratory flow (PEF)
monitoring should be considered as appropriate to the patient's age, education, and
socioeconomic status. Patients with moderate to severe disease should receivetraining
to measure and record PEF." Patient should record and interpret their PEF. Thishelpsto
monitor the effectiveness of therapy and givesearly warning of deterioration of asthma,
so self-management plan can be promptly implemented. A recent systematic review by
the Cochrane Airways group compared self-management plan with usual care and
showed significant benefits in the intervention groups in terms of reduced morbidity
and reduced use of health services. The effects were greatest where the intervention
involved theissuing of written self-management action plans.™

Significant improvement in knowledge, symptom score and emotion score was
found at 1 year with the use of aself care manual (SCM) irrespective of demographics
and disease severity'™®. Subjects with better education, higher income, urban residence
and longer disease duration had better knowledge of thedisease. Therewasasignificant
reduction in number of severe attacks, emergency visits, need for injections in both

groups, whichwasmoremarkedin SCM group. '

Awareness of the disease is an important aspect of asthma management. It is not
only the patient and their family members but also the general practitioners at the
peripheral care levels who need to continuously keep themselves updated on
asthmaﬂ@l?S.

LifestyleModifications

[I' asthmatic individuals should adopt a healthy life style and should receive
adequate guidance by their physician in this regard. This should include regular
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balanced diet and avoidance of obesity. The restriction of physical exercise is not
advisable. Rather asthmatics should be encouraged to participate in exercises. Short
acting beta-2 agonists should be used prior to anticipated exercise in a patient with
exercise-induced asthmato alleviate symptoms.

Asthmain special situations
Pregnancy

Asthma control is essential for the well being of both the mother and the fetus.
Most drugs used to control asthma are safe in pregnancy. LTRAS are better avoided.
Similarly, systemic glucocorticoids should be avoided, especially during the first and
secod trimesters. But severe exacerbations should be managed aggressively with
systemic steroids, wherever indicated. Caution should be exercised during the use of
PGF2 aphaduringlabor, asit may precipitateasthma.

Surgery

Minor surgery (without general anesthesia) can be performed without any
modification of asthmatreatment. For major surgery, asthmacontrol and lung function
should be optimized prior to surgery to minimize the postoperative morbidity and
mortality. If preoperative FEV ,< 80% predicted, short course of oral steroid isadvised
to improve airflow obstruction prior to surgery. Systemic steroids should be used in
patientswho have history of steroid useor acute severe asthmain the previous 6 months
and thosewith moderate and severe persistent asthma. Therecommended scheduleisto
administer Hydrocortisone 100mg IV 8 hourly and tapered after 24 hours of surgery, as
per clinical status.

Allergicrhinitis, Nasal polypsand Sinusitis

Allergic rhinitis, nasal polyps and sinusitis must be treated as per standard
treatment guidelines as the ongoing upper airway inflammation may worsen asthma.
The traditional practices of using indigenous nasal drops containing petroleum
products, oilsand ghee must be discouraged for thefear of lipoid pneumonia.

Gastroesophageal reflux disease(GERD)

Prevalence of GERD is three times more in asthma patients than the general
population*®. This should be suspected in difficult to control asthma cases especially
with nocturnal symptoms. Diagnosis is based on simultaneous measurements of
esophageal pH and lung function tests and is not widely available. Symptomatic
patients should be adequately treated and asubgroup of asthma patientsdo benefit from
anti reflux treatment.

Cardiovascular diseases

Short acting beta 2 agonists (SABA) and theophylline use in patients with
coronary artery disease can be associated with arrhythmias and must be carefully used.
Beta-blockers (even topical preparations) and aspirin can precipitate acute attack and
must beused with great carein asthmatic subjects. One must bevery careful whileusing
theophylline along with macrolide and fluoroquinolone antibiotics (cytochrome
enzymeinhibitors) sincetheir interactionsmay lead tofatal cardiac arrhythmias.
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Alternative Systemsof Medicine

Ithough alternative and complimentary medicinesare popular with some patients,

they have not yet been compared with standard therapy, and their effectivenessis
unproven. In some countries, traditional methods of healing are a primary way of
treatment. These traditional therapies are not validated by conventional standards, and
itisdifficult to evaluate traditional healing methodsin randomized controlled trials. At
present thereisno evidenceto show any beneficial effectsof any other alternate system
of Medicine on asthmacontrol ascompared to standard pharmacotherapy.

Ayurvedic medicine, an ancient Indian science includes herbal medications,
meditation and Yoga. A yogic breathing exercise technique, Pranayama, was studied in
adouble-blind controlled trial. There was small but significant reduction in histamine
reactivity inthe Pranayamagroup after two weeks'™. Many of theseremediesespecially
the use of foods such as the fresh green vegetables and fruits, yogic and relaxation
exercises improve the quality of life and can be incorporated as healthy life style
measures. Further studies are required before these can be incorporated as routine
management of asthma.
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Cough, Noisy breathing, Breathlessness, and/or Chest tightness
e Symptoms are recurrent / variable Onset before 6 months of age
e Nocturnal excarbations Persistent, recent symptoms
e Associated common cold First life-threatening episode
e Asthma in parents or siblings Unusual symptoms
[ Suspect bronchial asthma ] [ Suspect alternate diagnos's]
'g A 4 v
T \ 4 \ 4
Wheezing / rhonchi (diffuse, bilateral, Normal chest, or focal signs (coarse crepitations,
polyphonic, expiratory), hyperinflation bronchial breathing, impaired percussion note)
{ Manage as bronchial asthma (as per Table 3) ] [ Symptomatic treatment (e.g. antibiotics) ]
Good response Poor response Poor response Good response
[ Continue as per Table 3 } [ Refer to Secondary care level ] [ Continue appropriate therapy ]
I
Chest 13y
T
g v v
E‘ Augment inhaled corticosteroids Poor response Reassess for complications or aternative
§ and/or inhaled bronchodilators €spo diagnosis, or refer to tertiary health centre
Continue treatment, and refer back to primary health care level ]

Figure 2 : Algorithm for diagnosis and management of bronchial asthmain children at primary and

secondary levelsof health care.

30




REFERENCES

1

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Global Initiativefor Asthma Global Strategy for AsthmaM anagement and Prevention. National
Institute of Health National Heart, Lung and Blood Institute Publication No 02-3659 Updated
2004 document.

Factsheet: Asthma-aworl dwide problem. Document accessed on February 8, 2005 at website of
International UnionAgainst Tuberculosisand Lung Diseases (IUATL D) www.iuatld.org
Chowgule RV, Shetye VM, Parmar JR, Bhosale AM, Khandagale MR, Phalnitkar SV, et al.
Prevalence of respiratory symptoms, bronchia hyperreactivity, and asthma in a megacity.
Results of the European Community Respiratory Health Survey in Mumbai (Bombay). Am J
Respir Crit CareMed 1998; 158: 547-554.

Jindal SK, Gupta D, Aggarwa AN, Jindal RC, Singh V. Study of the prevalence of asthmain
adultsinnorth Indiausing astandardized field questionnaire. JAsthma2000; 37: 345-351.

Gupta D, Aggarwa AN, Kumar R, Jindal SK. Prevaence of bronchial asthma and association
with environmental tobacco smoke exposurein adolescent school childrenin Chandigarh, North
India. JAsthma2001; 38: 501-507.

ChhabraSK, GuptaCK, ChhabraP, Rajpal S. Prevalence of bronchial asthmain school children
inDelhi. JAsthma1998; 35:291-296.

Singh D, Sobti PC, AroraV, Soni RK. Epidemiological study of asthmainrural children. Indian J
Community Med 2002; 27:167-170.

Awasthi S, Kalra E, Roy S, Awasthi S. Prevalence and risk factors of asthma and wheeze in
school-going childrenin Lucknow, North India. Indian Pediatrics2004; 41: 1205-1210.

The International Study of Asthma and Allergies in Childhood (ISAAC) Steering Committee.
Worldwide variationsin the prevalence of asthmasymptoms: the International Study of Asthma
andAllergiesin Childhood (ISAAC). Eur Respir J1998; 12: 315-335.

The International Study of Asthma and Allergies in Childhood (ISAAC) Steering Committee.
Worldwide variations in the prevalence of symptoms of asthma, alergic rhinoconjuctivits and
atopiceczema: ISAAC. Lancet 1998; 351: 1225-1232.

Jindal SK, Vijayan VK, Chhabra SK, D'Souza GA, Katiyar SK, Kumar R, Gupta D, Aggarwal
AN. Multicentric study on prevalence of asthma in adults. Fina Report. Indian Council of
Medical Research, New Delhi. 2004 (In print).

Gaur SN, Kumar R, SinhaR. Prevalence of bronchial asthmain petrol pump workers of Delhi.
Indian JOccup Environ Med 2003; 7:13-16.

MishraV. Effect of indoor air pollution from biomass combustion on prevalence of asthmainthe
elderly. Environ Health Perspect 2003; 111:71-78.

Khan S, Roy A, Christopher DJ, Cherian AM. Prevalence of bronchial asthma among bank
employees of Vellore using questionnaire based data. J Indian Med Assoc 2002;100:643-644,
655.

Paramesh H. Epidemiology of asthmain India. Indian JPediatr 2002; 69:309-312.

Chakravarthy S, Singh RB, Swaminathan S, venkatesan P. Prevalence of asthmain urban and
rural childreninTamil Nadu. Natl Med JIndia2002;15:260-263.

Pande JN, Bhatta N, Biswas D, Pandey RM, Ahluwalia G, Sidharamaiah NH, et al. Outdoor air
pollution and emergency room visits at a hospital in Delhi. Indian J Chest DisAllied Sci 2002;
44:13-19.

Chhabra SK, GuptaCK, Chhabra P, Rajpal S. Risk factorsfor development of bronchial asthma
inchildrenin Delhi. AnnAllergy Asthmalmmunol 1999; 83:385-390.

Jindal SK, Gupta D. The relationship between tobacco smoke and bronchial asthma. Indian J
Med Res120: 2004: 443-453.

Jindal SK, GuptaD, Singh A. Indices of morbidity and control of asthmain patients exposed to
environmental tobacco smoke. Chest 1994; 106:746-749.

Jindal SK, Gupta D, Chattopadhyay S, Kumar L. Environmental tobacco smoke exposure
precipitatesacute exacerbati onsin nonsmoker asthmatics. Lung India1997; 15:168-172.

Reddy TS, GuleriaR, SinhaS, Sharma SK, Pande JN. Domestic cooking fuel and lung functions
in healthy non-smoking women. Indian JChest DisAllied Sci 2004; 46: 85-90.

Pokharel PK, KabraSK, Kapoor SK, Pandey RM. Risk factors associated with bronchial asthma
inschool going childrenof rural Haryana Indian JPediatr 2001; 68:103-106.

31 m




24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

35.

36.

37.

38.

39.

46.

47.

32

Behera D, Chakrabarti T, Khanduja KL. Effect of exposure to domestic cooking fuels in
bronchial asthma. Indian JChest DisAllied Sci 2001; 43:27-31.

GuptaD, Aggarwal AN, Chaudhary J, Jindal SK. Domestic fuel combustion and morbidity from
asthmaamongst nonsmoking women. Lung India1999; 17:10-14.

Jindal SK, JhaLK, GuptaD. Bronchial hyper-responsiveness of women with asthmaexposed to
environmental tobacco smoke. Indian JChest DisAllied Sci 1999; 41:75-82.

Singh H, Soni RK, Gill PJS. Epidemiological and risk factors in childhood bronchial asthma.
Indian JCommunity Med 1998; 23:42-44.

American Thoracic Society. Standardization of spirometry: 1994 update. Am J Respir Crit Care
Med 1995; 152: 1107-1136.

American Thoracic Society. Lung function testing: selection of reference values and
interpretativestrategies. Am Rev Respir Dis1991; 144: 1202-1218.

Jain SK, Ramiah TJ. Spirometric studiesin healthy women 15-40 years age. Indian J Chest Dis
1967;9: 1-12.

Jain SK, Ramiah TJ. Normal standards of pulmonary function testsfor healthy men 15-40 years
old: comparison of different prediction equations (prediction formulag). Indian JMed Res 1969;
57:1453-1466.

Jindal SK, Wahi PL. Pulmonary function laboratory in the tropics: needs, problems and
solutions. In: Lung Diseases in the Tropics (1990), Ed. O.P. Sharma, Marcel Dekker Inc., New
York, pp. 523-542.

UdwadiaFE, Sunawala JD, Sheyte VM. Lung function studies healthy Indian subjects. JAssoc
PhysiciansIndial1987; 36: 491-496.

Vijayan VK, Kuppurao KV, Venkatesan P, Sankaran K, Prabhakar R. Pulmonary functionsin
healthy young adult Indiansin Madras. Thorax 1990; 45: 611-615.

Aggarwal AN, Gupta D, Jindal SK. Development of a simple computer programme for
spirometry interpretation. JAssoc Physicians|ndia2002; 50: 567-570.

Aggarwal AN, Gupta D, Kumar V, Jinda SK. Assessment of diurnal variability of peak
expiratory flow in stableasthmatics. JAsthma2002; 39:487-91.

Aggarwal AN, Gupta D, Chaganti S, Jindal SK. Diurnal variation in peak expiratory flow in
healthy young adults. Indian JChest DisAllied Sci 2002; 42:15-19.

Jackson H, Hubbard R. Detecting chronic obstructive pulmonary disease using peak flow rate:
crosssectional survey. BMJ2003; 327:653-54.

Sawyer G, MilesJ, Lewis S, FitzharrisP, Pearce N, Beasley R. Classification of asthmaseverity:
shouldtheinternational guidelinesbechanged?Clin ExpAllergy 1998; 28: 1565-1570.
ThiadensHA, DeBock GH, Van Houwelingen JC, Dekker FW, DeWaa MW, Springer MP, et al.
Can peak expiratory flow measurementsreliably identify the presence of airway obstruction and
bronchodilator response as assessed by FEV1 in primary care patients presenting with a
persistent cough?Thorax 1999; 54: 1055-1060.

GuptaD, Aggarwa AN, Subalaxmi MV S, Jindal SK. Assessing severity of asthma: Spirometric
correlateswith visual analoguescale(VAS). Indian JChest DisAllied Sci 2000; 42:95-100.

NewhouseMT, DolovichMB. Control of asthmaby aerosols. N Engl JMed 1986; 315: 870-874.

Shaw RJ, Waller JF, Hetzel MR, Clark TJ. Do oral and inhaled terbutaline have different effects
onthelung?Br JDisChest 1982; 76: 171-176.

DolovichMB, AhrensRC, Hess DR, Anderson P, Dhand R, Rau JL, Smaldone GC, et & . Device
Selection and Outcomes of Aerosol Therapy: Evidence-Based Guidelines. American College of
Chest Physicians/ American College of Asthma, Allergy, and Immunology. Chest 2005; 127:
335-371.

Cates CJ, BaraA, Crilly JA, Rowe BH. Holding chambers versus nebulisers for beta-agonist
treatment of acute asthma. Cochrane Database Syst Rev 2003;(3):CD000052.

Bisgaard H. A metal aerosol holding chamber devised for young children with asthma. Eur
Respir J1995; 8: 856-860.

Brown PH, Greening AP, Crompton GK. Large volume spacer devices and the influence of high
dose beclomethasone dipropionate on hypothalamo-pituitary-adrenal axis function. Thorax
1993; 48: 233-238.

Newman SP. A comparison of lung deposition patterns between different asthma inhalers. J
Aerosol Med 1995; 8(Suppl 3): S21-S26.




49.
50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

DolovichM. New delivery systemsand propellants. Can Respir J1999; 6: 290-295.

Leach CL, Davidson PJ, Boudreau RJ. Improved airway targeting with the CFC-free HFA
beclomethasone metered-dose inhaler compared with CFC-beclomethasone. Eur Respir J1998;
12:1346-1353.

Haahtela T, Jarvinen M, KavaT, KivirantaK, Koskinen S, Lehtonen K, et al. Comparison of a
beta2-agonist, terbutaline, with aninhaled corticosteroid, budesonide, in newly detected asthma.
N Engl IMed 1991; 325: 388-392.

Barnes PJ, Pedersen S, Busse WW. Efficacy and safety of inhaled corticosteroids. New
developments. Am JRespir Crit CareMed 1998; 157: S1-S53.

Suissa S, Ernst P, Benayoun S, Baltzan M, Cai B. Low-dose inhaled corticosteroids and the
prevention of death fromasthma. N Engl JMed 2000; 343: 332-336.

Szefler SJ, Martin RJ, King TS, Boushey HA, Cherniack RM, Chinchilli VM, et a. Significant
variability in response to inhaled corticosteroids for persistent asthma. JAllergy Clin Immunol
2002; 109: 410-418.

Pauwels RA, Lofdahl CG, Postma DS, Tattersfield AE, O'Byrne P, Barnes PJ, et al. Effect of
inhaled formoterol and budesonide on exacerbations of asthma. Formoterol and Corticosteroids
Establishing Therapy (FACET) International Study Group. N Engl JIMed 1997; 337:1405-1411.
O'Byrne PM, Barnes PJ, Rodriguez-Roisin R, Runnerstrom E, Sandstrom T, Svensson K, et al.
Low dose inhaled budesonide and formoterol in mild persistent asthma: the OPTIMA
randomizedtrial. Am JRespir Crit CareMed 2001; 164: 1392-1397.

Harrison TW, Oborne J, Newton S, Tattersfield AE. Doubling the dose of inhaled corticosteroid
to prevent asthmaexacerbations. randomised controlledtrial . Lancet 2004; 363: 271-275.
OByrne PM, Bisgaard H, Godard PP, Pistoless M, Palmqvist M, Zhu Y, et a.
Budesonide/formoterol combination therapy as both maintenance and reliever medication in
asthma. Am JRespir Crit CareMed 2005; 171:129-136.

Powell H, Gibson PG. High doseversuslow doseinhal ed corticosteroid asinitial starting dosefor
asthmain adultsand children. Cochrane Database Syst Rev 2003;(4):CD004109.

Williamson 1J, Matusiewicz SP, Brown PH, Greening AP, Crompton GK. Freguency of voice
problems and cough in patients using pressurized aerosol inhaled steroid preparations. Eur
Respir J1995; 8: 590-592.

Lipworth BJ. Systemic adverse effects of inhaled corticosteroid therapy: A systematic review
and meta-analysis. ArchIntern Med 1999; 159: 941-955.

Selroos O, Halme M. Effect of avolumatic spacer and mouth rinsing on systemic absorption of
inhaled corticosteroids from a metered dose inhaler and dry powder inhaler. Thorax 1991; 46:
891-894.

Mash B, Bheekie A, Jones PW. Inhaled versus ora steroids for adults with chronic asthma.
Cochrane Database Syst Rev 2001;(1):CD002160.

Manser R, Reid D, Abramson M. Corticosteroids for acute severe asthma in hospitalized
patients. Cochrane Database Syst Review 2001;(1):CD001740.

Harrison BD, Stokes TC, Hart GJ, Vaughan DA, Ali NJ, Robinson AA. Need for intravenous
hydrocortisone in addition to oral prednisolone in patients admitted to hospital with severe
asthmawithout ventilatory failure. Lancet 1986; 1:181-184.

O'Driscoll BR, KalraS, Wilson M, Pickering CA, Carroll KB, Woodcock AA. Double-blind trial
of steroid tapering in acuteasthma. Lancet 1993; 341: 324-327.

KipsJC, Pauwels RA. Long-acting inhal ed beta(2)-agonist therapy in asthma. Am J Respir Crit
CareMed 2001; 164: 923-932.

WallinA, Sandstrom T, Soderberg M, Howarth P, Lundback B, Della-CioppaG, et al. The effects
of regular inhaled formoterol, budesonide, and placebo on mucosal inflammation and clinical
indicesinmild asthma. Am JRespir Crit CareMed 1999; 159: 79-86.

Li X,WardC, ThienF, BishR,Bamford T, Bao X, et al. Anantiinflammatory effect of salmeterol,
along acting beta (2) agonist, assessed in airway biopsiesand bronchoal veolar lavagein asthma.
AmJRespir Crit CareMed 1999; 160: 1493-1499.

Nelson JA, Strauss L, Skowronski M, Ciufo R, Novak R, McFadden ER Jr. Effect of long-term
salmeterol treatment on exercise-induced asthma. N Engl JMed 1998; 339: 141-146.

Bleecker ER, Welch MJ, Weinstein SF, Kalberg C, Johnson M, Edwards L, et al. Low-dose
inhaled fluticasone propionate versus oral zafirlukast in the treatment of persistent asthma. J

33 W




72.
73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

34

Allergy ClinImmunol 2000; 105: 1123-1129.
Johnson M. Thebeta-adrenoceptor. Am JRespir Crit CareMed 1998; 158: S146-S153.

Anderson GP, Linden A, Rabe KF. Why arelong-acting beta-adrenoceptor agonistslong-acting?
Eur Respir J1994; 7: 569-578.

Lemanske RF Jr, Sorkness CA, Mauger EA, Lazarus SC, Boushey HA, Fahy JV, et d. Inhaled
corticosteroid reduction and elimination in patients with persistent asthmareceiving salmeterol :
arandomized controlledtrial. JAMA 2001; 285: 2594-2603.

Lazarus SC, Boushey HA, Fahy JV, Chinchilli VM, Lemanske RF Jr, Sorkness CA, et a. Long-
acting beta2-agonist monotherapy vs continued therapy with inhaled corticosteroidsin patients
with persistent asthma: arandomized controlled trial. JAM A 2001; 285: 2583-2593.

Kesten S, Chapman KR, Broder |, Cartier A, Hyland RH, Knight A, et a. A three-month
comparison of twice daily inhaled formoterol versus four times daily inhaled albuterol in the
management of stableasthma. Am Rev Respir Dis1991; 144: 622-625.

Wenzel SE, Lumry W, Manning M, Kalberg C, Cox F, Emmett A, et al. Efficacy, safety, and
effects on quality of life of salmeterol versus abuterol in patients with mild to moderate
persistent asthma. AnnAllergy Asthmalmmunol 1998; 80: 463-470.

Shrewsbury S, Pyke S, Britton M. Meta-analysis of increased dose of inhaled steroid or addition
of salmeterol in symptomatic asthma(MIASMA). BMJ2000; 320: 1368-1373.

Walters EH, Walters JAE, Gibson MDP. Inhaled long acting beta agonists for stable chronic
asthma. Cochrane Database Syst Rev 2003; (3): CD001385.

Greening AP, Ind PW, Northfield M, Shaw G Added sameterol versus higher-dose
corticosteroid in asthma pati entswith symptomson existing inhal ed corticosteroid. Lancet 1994,
344:219-224.

Woolcock A, Lundback B, Ringdal N, Jacques LA. Comparison of addition of salmeterol to
inhaled steroids with doubling of the dose of inhaled steroids. Am J Respir Crit Care Med 1996;
153: 1481-1488.

Kolbeck RC, Speir WA Jr, Carrier GO, Bransome ED Jr. Apparent irrelevance of cyclic
nucleotides to the relaxation of tracheal smooth muscle induced by theophylline. Lung 1979;
156:173-183.

Higbee MD, Kumar M, Galant SP. Stimulation of endogenous catecholamine release by
theophylline: aproposed additional mechanism of action for theophylline effects. JAllergy Clin
Immunol 1982; 70:377-382.

Horrobin DF, Manku MS, Franks DJ, Hamet P. Methyl xanthine phosphodiesterase inhibitors

behave as prostaglandin antagonists in a perfused rat mesenteric artery preparation.
Prostaglandins 1977; 13:33-40.

Feoktistov |, Biaggioni |. AdenosineA2b receptors evoke interl eukin-8 secretion in human mast
cells. An enprofylline-sensitive mechanism with implications for asthma. J Clin Invest 1995;
96:1979-1986.

Nicholson CD, Shahid M. Inhibitors of cyclic nucleotide phosphodiesterase isoenzymes - their
potential utility inthetherapy of asthma. Pulm Pharmacol 1994; 7:1-17.

Ito K, Lim S, Caramori G, Cosio B, Chung KF, Adcock IM, et a. A molecular mechanism of
action of theophylline: Induction of histone deacetylase activity to decrease inflammatory gene
expression. Proc Natl Acad Sci USA 2002; 99: 8921-8926.

FoukasLC, DanieleN, Ktori C, Anderson KE, Jensen J, Shepherd PR. Direct effects of caffeine
and theophylline on the p110d and other phosphoinositiode 3-kinases; Differential effects on
lipidkinaseand protein kinaseactivities. JBiol Chem 2002; 277: 37124-37130.

Ward AJ, McKenniff M, EvansJM, Page CP, Costello JF. Theophylline - animmunomodulatory
roleinasthma?Am Rev Respir Dis1993; 147: 518-523.

Kidney J, Dominguez M, Taylor PM, Rose M, Chung KF, Barnes PJ. Immunomodulation by
theophylline in asthma. Demonstration by withdrawal of therapy. Am J Respir Crit Care Med
1995; 151:1907-1914.

Ashutosh K, Sedat M, Fragale-Jackson J. Effects of theophylline on respiratory drivein patients
with chronic obstructive pulmonary disease. JClin Pharmacol 1997; 37:1100-1107.

Shah L, Wilson AJ, Gibson PG, Coughlan J. Long acting beta-agonists versus theophylline for
maintenancetreatment of asthma. Cochrane Database Syst Review 2003; (3): CD001281.

Tinkelman DG, Reed CE, Nelson HS, Offord KP. Aerosol beclomethasone dipropionate




95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

compared with theophylline as primary treatment of chronic, mild to moderately severe asthma
inchildren. Pediatrics1993; 92: 64-77.

Reed CE, Offord KPR, Nelson HS, Li JT, Tinkleman DG. Aerosol beclomethasone dipropionate
spray compared with theophylline as primary treatment for chronic mild-to-moderate asthma.
The American Academy of Allergy, Asthma and Immunology Beclomethasone Dipropionate-
Theophylline Study Group. JAllergy ClinImmunol 1998; 101:14-23.

EvansDJ, Taylor DA, Zetterstrom O, Chung KF, O'Connor BJ, Barnes PJ. A comparison of low-
dose inhaled budesonide plus theophylline and high-dose inhaled budesonide for moderate
asthma. N Engl JIMed 1997;337:1412-1418.

UkenaD, Harnest U, SakalauskasR, Magyar P, Vetter N, Steffen H, et al. Comparison of addition
of theophylline to inhaled steroid with doubling of the dose of inhaled steroid in asthma. Eur
Respir J1997; 10: 2754-2760.

Lim S, Jatakanon A, Gordon D, Macdonald C, Chung KF, Barnes PJ. Comparison of high dose
inhaled steroids, low dose inhaled steroids plus low dose theophylline, and low dose inhaled
steroidsalonein chronic asthmain general practice. Thorax 2000; 55: 837-841.

Ducharme FM. Inhaled glucocorticoids versus leukotriene receptor antagonists as single agent
asthmatreatment: systematic review of current evidence. BMJ2003; 326: 621-625.

Ng D, Salvio F, Hicks G. Anti-leukotriene agents compared to inhaled corticosteroids in the
management of recurrent and/or chronic asthmain adults and children. Cochrane Database Syst
Review 2004;(2):CD002314.

Ram FS, Cates CJ, Ducharme FM. Long-acting beta2-agonists versus anti-leukotrienes as add-
on therapy to inhaled corticosteroidsfor chronic asthma. Cochrane Database Syst Review 2005;
(1): CD003137.

Ducharme F, Schwartz Z, Hicks G, Kakuma R. Addition of anti-leukotriene agents to inhaled
corticosteroidsfor chronic asthma. Cochrane Database Syst Review 2004; (2): CD003133.

Szefler SJ, Nelson HS. Alternative agents for antiinflammatory treatment of asthma. JAllergy
ClinImmunol 1998; 102: S23-S35.

Wallaert B, Brun P, Ostinelli J, Murciano D, Champel F, Blaive B, et al. A comparison of two
long-acting beta-agonists, oral bambuterol and inhaled salmeteral, in the treatment of moderate
to severe asthmatic patients with nocturnal symptoms. The French Bambuterol Study Group.
Respir Med 1999; 93: 33-38.

Crompton GK, Ayres JG, Basran G, Schiraldi G, Brusasco V, Eivindson A, et al. Comparison of
oral bambuterol and inhaled salmeterol in patients with symptomatic asthma and using inhaled
corticosteroids. Am JRespir Crit CareMed 1999; 159: 824-828.

Sears MR, Taylor DR, Print CG, Lake DC, Li QQ, Flannery EM, et al. Regular inhaled beta
agonist treatment in bronchial asthma. Lancet 1990; 336: 1391-1396.

Taylor DR, SearsMR, Herbison GP, Flannery EM, Print CG, LakeDC, et a . Regular inhaled beta
agonistinasthma: effectson exacerbationsand lung function. Thorax 1993; 48: 134-138.

Wahedna I, Wong CS, Wisniewski AF, Pavord ID, Tattersfield AE. Asthma control during and
after cessation of regular beta2-agonist treatment. Am Rev Respir Dis1993; 148: 707-712.

Drazen JM, lsrael E, Boushey HA, Chinchilli VM, Fahy JV, Fish JE, et al. Comparison of
regularly scheduled with as-needed use of albuterol in mild asthma. N Engl J Med 1996; 335:
841-847.

Dennis SM, Sharp SJ, Vickers MR, Frost CD, Crompton GK, Barnes PJ, et al. Regular inhaled
salbutamol and asthma control: the TRUST randomised trial. Therapy Working Group of the
National AsthmaTask Force and the MRC General Practice Research Framework. Lancet 2000;
355: 1675-1679.

Israel E, Drazen M, Liggett SB, Boushey HA, Cherniack RM, Chinchilli VM, et a. Theeffect of
polymorphisms of the beta (2)-adrenergic receptor on the response to regular use of abuterol in
asthma. Am JRespir Crit Care M ed 2000; 162: 75-80.

Taylor DR, Drazen JM, Herbison GP, YandavaCN, Hancox RJ, Town Gl. Asthmaexacerbations
during long term beta agonist use: influence of beta (2) adrenoceptor polymorphism. Thorax
2000; 55: 762-767.

Israel E, Chinchilli VM, Ford JG, Boushey HA, Cherniack R, Craig TJ, et a. Use of regularly
scheduled albuterol treatment in asthma: genotype-stratified, randomised, placebo-controlled
cross-over trial. Lancet 2004; 364: 1505-1512.

Milgrom H, Skoner DP, Bensch G, Kim KT, Claus R, Baumgartner RA, et al. Low-dose

35 W




114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

36

levalbuterol in children with asthma: Safety and efficacy in comparison with placebo and
racemicalbuterol. JAllergy ClinImmunol 2001; 108: 938-945.

Nelson HS, Bensch G, Pleskow WW, DiSantostefano R, DeGraw S, Reasner DS, et al. Improved
bronchodilation with levalbuterol compared with racemic abuterol in patients with asthma. J
Allergy ClinImmunol 1998; 102: 943-952.

Berger WE. Levalbuterol: pharmacologic properties and use in the treatment of pediatric and
adult asthma. AnnAllergy Asthmalmmunol 2003; 90: 583-592.

Nowak RM, Emerman CL, Schaefer K, Disantostefano RL, VaickusL, Roach JM. Levalbuterol
compared with racemic albuterol in the treatment of acute asthma: results of apilot study. Am J
Emerg Med 2004, 22: 29-36.

Truitt T, Witko J, Halpern M. Levabuterol Compared to Racemic Albuterol. Efficacy and
Outcomesin PatientsHospitalized With COPD or Asthma. Chest 2003; 123: 128-135.

Westby M, Benson M, Gibson P. Anticholinergic agents for chronic asthmain adults. Cochrane
Database Syst Review 2004; (3): CD003269.

Rodrigo GJ, Rodrigo C. The role of anticholinergics in acute asthma treatment. An evidence-
based evaluation. Chest 2002; 121:1977-1987.

Plotnick LH, Ducharme FM. Combined inhaled anticholinergics and beta2-agonists for initial
treatment of acute asthmain children. Cochrane Database Syst Review 2000; (4): CD000060.

ChandraP, Paliwal L, LodhaR, Kabra SK. Comparison of terbutaline and salbutamol inhal ation
in children with mild or moderate acute exacerbation of asthma. Indian J Pediatr 2004; 71:961-
963.

Kumar R, Gaur SN, Vatsa HK. The role of inhaled frusemide in management of bronchial
asthma. Indian JAllergy Asthmalmmunol 2003;17:5-8.

Panigrahi L, Ghosak SK. Formulation and evaluation of pseudolatex transdermal drug delivery
systemof terbutaline sulphate. Indian JPharmaceutical Sciences2002; 64:79-82.

Aggarwal P, Singh O, Wali JP, Handa R, Dwivedi SN, BiswasA, Wig N. Efficacy of nebulized
ipratropiumin acute bronchial asthma. JIndianAcad Clin Med 2002; 3:353-359.

Gupta PR, Verma SK. Study on management practices of medica practitioners in bronchial
asthma. Indian JAllergy Asthmalmmunol 2002; 16:89-92.

Talib SH, Arshad M, Talib S. Efficacy of salbutamol and ipratropium bromide over salbutamol
aone as inhalation drug therapy in acute bronchial asthma. Indian JAllergy Asthma lmmunol
2002; 16:15-21.

Kumar R, VatsaHK, Prasad G. Therapeutic response of cumulative and non-cumul ative doses of
inhal ed salbutamol in bronchia asthma. Indian JAllergy Asthmalmmunol 2001; 15:103-105.
Mahakakar SM, Tibdewal S, Khobragade BP. Effect of single dose of prednisolone on
hospitalizationin patientsof acutebronchial asthma. Indian JMed Sci 2000; 54:384-387.

Chhabra SK, Khanduja A, Jain D. Decreased sodium-potassum and calcium adenosine
triphosphatase activity of asthma: modulation by inhaled and oral corticosteroids. Indian JChest
DisAllied Sci 1999; 41:15-26.

Kumar R, Vatsa HK, Gaur SN. Comparative study of nebulized salbutamol and ipratropium
bromidein acute exacerbation of bronchial asthma. Indian JAllergy Appl Immunol 1998; 12:93-
95.

Kumar R, Vatsa HK, Gaur SN. Serial measurements of lung volumes after inhaled salbutamol
and salmeterol inbronchial asthma. Indian JAllergy Appl Immunol 1998; 12:97-100.

Raj NS, Misra A, Guleria R, Pande JN. Theophylline clearance in undernourished asthma
patients. Indian JChest DisAllied Sci 1998; 40:175-178.

Gaur SN, Agarwal G, GuptaSK. Useof L PC antagonist, choline, inthe management of bronchial
asthma. Indian JChest DisAllied Sci 1997; 39:107-113.

Raj NS, Guleria R, Misra A, Pande JN. Intersubject variability of serum theophylline
concentration after single dose of uncoated controlled rel ease theophylline tabl et administration
inasthmatic patients. Indian JChest DisAllied Sci 1997; 39:143-147.

Gupta SK, Gaur SN. A placebo controlled trial of two dosages of L PC antagonist-cholinein the
management of bronchial asthma. Indian JChest DisAllied Sci 1997; 39:149-156.

ThomasK, Peter JV, Cherian AM, Guyatt G. Cost effectiveness of inhaled beta-agonists vs oral
salbutamol in asthma: arandomized doubleblind crossover study. Natl Med JIndia1996; 9:159-
162.




137.

138.

139.

140.

141

142.

143.

144.

145.

146.

147.

148.

149.

150.

151

152.

153.

154.

155.

156.

157.

158.

150.

Chhabra SK. Beclomethasone dipropionateiseffectivein the control of nocturnal asthma. Lung
Indial995; 13:127-131.

Chhabra SK. Comparison of ashort course of prednisolone with sustained rel ease theophylline
inthecontrol of nocturnal asthma. Indian JChest DisAllied Sci 1995; 37:7-14.

Gupta S, Chauhan DK, VermaA, MisraNP, Trivedi HH, Irani P, et al. Study of montelukast: a
once daily leukotriene receptor antagonist in the management of chronic persistent asthma.
Indian Practitioner 2003; 56:99-105.

Manvi FV, Dandagi PM, Gadad AP, Mastiholimath VS, Jagadeesh T. Formulation of a
transdermal drug delivery system of ketotifen fumarate. Indian J Pharmaceutical Sci 2003;
65:239-243.

Malo JL, Cartier A, Merland N, Ghezzo H, Burek A, Morris J, et a. Four-times-a-day dosing
frequency is better than atwice-a-day regimen in subjects requiring a high-dose inhaled steroid,
budesonide, to control moderateto severeasthma. Am Rev Respir Dis1989; 140: 624-628.

Rowe BH, Spooner CH, Ducharme FM, Bretzlaff JA, Bota GW. Corticosteroids for preventing
relapse following acute exacerbations of asthma. Cochrane Database Syst Review 2001; (1):
CD000195.

Camargo Jr CA, Spooner CH, Rowe BH. Continuous versusintermittent beta-agonistsfor acute
asthma. Cochrane Database Syst Review 2003, (4): CD001115.

Rowe BH, Spooner C, Ducharme FM, Bretzlaff JA, Bota GW. Early emergency department
treatment of acute asthmawith systemic corticosteroids. Cochrane Database Syst Review 2001;
(1): CD002178.

Manser R, Reid D, Abramson M. Corticosteroidsfor acute severeasthmain hospitalised patients.
CochraneDatabase Syst Review 2001; (1): CD001740.

Edmonds ML, Camargo Jr CA, Pollack Jr CV, Rowe BH. Early use of inhaled corticosteroidsin
the emergency department treatment of acute asthma. Cochrane Database Syst Review 2003;
(3): CD002308.

TraversA, JonesAP,Kelly K, Barker SJ, Camargo CA, RoweBH. Intravenous beta2-agonistsfor
acute asthma in the emergency department. Cochrane Database Syst Review 2001; (2):
CD002988.

Silverman RA, Osborn H, Runge J. Intravenous magnesium sulfate in the management of acute
severeasthma. A multicenter randomized controlled trial. Chest 2002; 122: 489-497.

JonesCA, Holloway JA, Warner JO. Does atopic disease start in foetal life?Allergy 2000; 55: 2-
10.

Bousquet J, Yssel H, VignolaAM. Isallergic asthmaassociated with delayed fetal maturation or
thepersistence of conserved fetal genes?Allergy 2000; 55: 1194-1197.

Kramer MS. Maternal antigen avoidance during pregnancy for preventing atopic disease in
infantsof women at highrisk. Cochrane Database Syst Rev 2000; (4): CD000133.

Kaur S, Chingale SA, Kundra M. Role of breast feeding in childhood asthma. Indian JAllergy
Appl Immunol 1999; 13: 17-21.

Sporik R, Holgate ST, Platts-MillsTA, Cogswell JJ. Exposureto house-dust miteallergen (Der p
1) and the development of asthmain childhood. A prospective study. N Engl JMed 1990; 323:
502-507.

Hesselmar B, Aberg N, Aberg B, Eriksson B, Bjorksten B. Does early exposure to cat or dog
protect against later allergy development?Clin ExpAllergy 1999; 29: 611-617.

Platts-Mills TA, Vaughan JW, Blumenthal K, Pollart Squillace S, Sporik RB. Serum 1gG and
1gG4 antibodiesto Fel d 1 among children exposed to 20 microg Fel d 1 at home: relevance of a
nonallergic modified Th2 response. Int ArchAllergy Immunol 2001; 124: 126-129.

Holt PG Macaubas C. Development of long-term tolerance versus sensitisation to
environmental alergensduring the perinatal period. Curr Opinlmmunol 1997; 9: 782-787.
Warner JO. Worldwide variations in the prevalence of atopic symptoms: what doesit all mean?
Thorax 1999; 54 Suppl 2: $46-S51.

I1li S, von Mutius E, Lau S, Bergmann R, Niggemann B, Sommerfeld C, et a. Early childhood
infectious diseases and the development of asthma up to school age: a birth cohort study. BMJ
2001; 322:390-395.

Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M, Morgan WJ. Asthma and
wheezing inthefirst six yearsof life. The Group Health Medical Associates. N Engl JMed 1995;
332:133-138.

37 m




160.

161.

162.

163.

164.

165.

166.

167.

168.

1609.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

38

Dezateux C, Stocks J, Dundas |, Fletcher ME. Impaired airway function and wheezing in
infancy: the influence of maternal smoking and a genetic predisposition to asthma. Am JRespir
Crit CareMed 1999; 159: 403-410.

Prasad R, Kumar R, Verma SK, Pandey US. Study of skin sensitivity to various alergens by
intradermal test in patients of bronchial asthma. Indian JAllergy Asthmalmmunol 2001; 15:17-
21

Sharma DK, Bhargava R, Ahmed Z, Pandey DK. Role of immunotherapy in nasobronchial
dlergies. Indian JAllergy Asthmal mmunol 2003; 17:25-28.

Pawar SS. Sensitivity to sorghum vulgare (Jowar) pollensin allergic bronchial asthmaand effect
of allergen specificimmunotherapy. Indian JAllergy Asthmalmmunol 2002; 16:41-45.

Abramson M, Puy R, Weiner J. Immunotherapy in asthma: an updated systematic review.
Allergy 1999; 54:1022-1041.

Bousquet J, Lockey R, Malling HJ. Allergen immunotherapy: therapeutic vaccines for alergic
diseases. AWHO position paper. JAllergy ClinImmunol 1998; 102: 558-562.

CustovicA, Simpson A, Woodcock A. Importance of indoor alergensin theinduction of allergy
and elicitation of allergic disease. Allergy 1998; 53: 115-20.

Strachan DP, Cook DG. Hedlth effects of passive smoking and parental smoking and allergic
sensitizationin children. Thorax 1998; 53:117-123.

Chalmers GW, Macleod KJ, Little SA, Thomson LJ, McSharry CP, Thomson NC. Influence of
cigarette smoking on inhaled corticosteroid treatment in mild asthma. Thorax 2002 Mar; 57:
226-230.

Clinical practice guidelines on bronchial asthmain adults. JAssoc Physicians India 2002; 50:
461-501.

Singh V, Khandelwal R, Bohra S, Gupta R, Gupta BS. Evaluation of communication skills of
physiciansabout asthma. JAssoc Physiciansindia2002; 50:1266-1269.

Gupta SK, Mazumdar KS, Gupta S, Mazumdar AS, Gupta S. Patient education programme in
bronchial asthmain India: why, how, what and where to communicate? Indian JChest DisAllied
Sci 1998; 40:117-124.

Ghosh CS, Ravindran P, Joshi M, Stearns SC. Reductionsin hospital use from self management
training for chronic asthmatics. Soc Sci Med 1998; 46:1087-1093.

Lal A, Kumar L, MalhotraS. Knowledge of asthmaamong parents of asthmatic children. Indian
Pediatr 1995; 32:649-55.

Gibson PG, Powell H, Coughlan J, Wilson AJ, Abramson M, Haywood P. Self management
education and regular practitioner review for adults with asthma. Cochrane Database Syst Rev
2003; (1): CD001117.

Kaur S, BeheraD, Awasthi K. Development and eval uation of self care manual for asthma. PhD
Thesis. 2002 (unpublished data).

Bedi RS, Singh HJ. Socio-economic factors affecting inhaler therapy compliance in asthma.
LungIndial994; 12:25-26.

Hegde SC, Shah PB, Mahashur AA. Awareness regarding occupational asthmaamongst general
practitioners acritical evaluation. Indian JOccup Environ Med 2002; 6:16-20.

Gupta PP, Gupta KB. Awareness about the diseases in asthma patients receiving treatment from
physiciansat differentlevels. Indian JChest DisAllied Sci 2001; 43: 91-95.

Singh K, Nain CK, Sharma BC, Jindal SK. Silent gastroesophageal reflux in patients with
bronchial asthma. JAssoc PhysiciansIndial998; 46:179-181.

Talib SH, Sane SD, Gopanpallikar AM, Kumbhakarna NR. Effect of helicobacter pylori
eradication therapy in patients of bronchial asthma with gastroesophageal reflex disease
(GERD). JIndianAcad Clin Med 2003; 4:39-49.

SinghV, Wisniewski A, Britton J, Tattersfield A. Effect of yoga breathing exercises (Pranayama)
onairway reactivity in subjectswith asthma. Lancet 1990; 335: 1381-1383.




Appendix: Levelsof evidenceused for classificationinthisdocument

Description

Level 1

Randomized controlled trials with statistically significant
results

Level 2

Randomized controlled trial swith substantial threatsto validity
(small numbers, inadequate blinding, weak methodol ogy)

Level 3

Observational study withaconcurrent control group

Level 4

Observational study with a historical control group; consensus
opinion

Level 5

Bench study, animal study, case series
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Errata

1 Pleasereadthesigna asb2onpagesi1, 13,15-17 and 21.

2. Read the dosages of inhaled salmeterol, formoterol, salbutamol, terbutaline,
i pratropiumand tiotropiumin ng/day (and not g/day) in Table6.
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