
Abstract :

Asthma is a chronic airway inflammatory disease and Inhalation Corticosteroids (ICS) forms the main stay of 
management. Many inhalational corticosteroids are available for use, but research continues for an ideal 
steroid. Phamaco kinetics of the drug and efficacy of steroids determine their choice for use in children, while 
the systemic bioavailability determines the side effects. The studies comparing the individual steroid are 
largely influenced by the other factors affecting the outcome such as compliance and delivery techniques. 
Thus all steroids appear to be clinically similar in terms of efficacy. It is also important to remember that in 
clinical practice that right choice of inhaled medication and delivery device for the age, and proper 
demonstration of correct technique, combined with close monitoring should be our first concerns rather than 
choice of individual ICS.
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Asthma and Inhaled Corticosteroids: Revisited.

Asthma is a disease of airway inflammation and 
therefore Inhaled Corticosteroids (ICS) form the 
cornerstone of Asthma management. With increased 
awareness of their benefits and better acceptance by 
patients, parents and physicians, we are increasingly 
using ICS for proper control of Asthma. With rising 
demand there is pressure on the scientific community as 
well as the Pharmaceutical industry to develop better and 
safer drugs, devices and accessories.

Corticosteroids are potent anti-inflammatory agents and 
have widespread actions at several points in the 
inflammatory cascade (unlike drugs like the Leukotriene 
modifiers, which act on only one limb of the 
inflammatory process). ICS have lesser systemic effects 
than oral/ parenteral corticosteroids as they are inhaled in 
much smaller doses and exert their effect locally at the 
airway level. However there are several other factors that 
affect the efficacy and adverse effect profile of the drugs 
in clinical usage.

The ideal ICS should:

1. Have high Pulmonary Deposition in the peripheral 
airway, and minimal deposition in the oropharynx, 
proximal airway and alveoli.

2. Remain in the lung for a long time to exert its effect 
completely (Pulmonary Residence Time)

3. Get deactivated completely on systemic absorption 
from the lungs

4. Have low Oral Bioavailability. Drug that gets 
deposited in the oropharynx and gets swallowed 
should have minimal or no systemic absorption.

5. Be easy to administer, both in the normal airway as 

well as the inflamed airway.

The various ICS available today have some or nearly all 
of these feature. Some of these characteristics are also 
dependent on the mode of delivery used. 

Commonly used ICS which will figure in our discussion 
are:

1. Beclomethasone Dipropionate (BDP)

2. Budesonide (BUD)

3. Fluticasone propionate (FP)

4. Ciclosenide (CIC)

5. Mometasone Furoate (MF)

There are several factors affecting the efficacy and 
systemic adverse effects of ICS. These factors should be 
considered in choosing the right drug and mode of 
delivery in a given clinical situation. These factors can be 
divided into:

A) Drug Characteristics

B) Device & Delivery Characteristics

C) Patient Characteristics

 A. Drug Characteristics

1 .Potency: Newer ICS are more potent in suppressing 
inflammation, which means that we can use lesser doses 
for similar clinical efficacy. This factor is used to decide 
the dose at which a particular ICS is used. Since there are 
other factors involved in the clinical efficacy v/s adverse 
effect profile of a particular ICS, potency alone should 
not be a major consideration in choosing a steroid. Also 
many reports of relative potency of the steroid are based 
on in Vitro studies and may not translate directly into 
clinical potency.
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Based on in Vitro potency studies Fluticasone (FP) and 
Mometasone (MF) are the most potent, being more than 
1000 times stronger than cortisol. Budesonide (BUD), 
Beclomethasone (BDP) and Ciclosenide (CIC) have 
lower ranges of potency.

2. Lung retention: Because of structural and chemical 
differences, different ICS remain in the lung for different 
durations. Ideally a drug which resides in the lung 
(airway) longer to exert its effects would be more 
effective at lower doses. This also means lesser 
absorption into the systemic circulation, hence lesser 
side effects. 2 factors seem to affect lung retention

a. Lipophilicity: Fluticasone (FP) which is highly 
lipophilic tends to remain in the cell longer. Ciclosenide 
(CIC) and its active metabolite des-CIC also are highly 
lipophilic.

b. Ester formation: This is an important characteristic of 
BUD and CIC. By forming esters these drugs tend to 
remain stuck in the lung much longer than other steroids 
and hence have one of the longest lung retention times. 
This is why only these drugs are approved as once daily 
formulations in the maintenance therapy of controlled 
asthma.

3. Oral bioavailability: It is estimated that even with 
good inhaler technique, 60-90% of inhaled drug is 
deposited in the oropharynx. This is swallowed and can 
be swallowed to exert systemic effects. Even though the 
concentration of the drugs used is very small, this can be 
significant over long periods of usage. Use of better 
delivery devices are the major factor affecting oral 
bioavailability. However individual ICS vary in their 
systemic absorption profile and hence their side effects.
Oral steroids like prednisolone have over 90% 
bioavailability. About 40% of swallowed BDP is 
absorbed. BUD was the first drug which was minimally 
absorbed and has an oral bioavailability of around 11%. 
Newer drugs like FP, CIC and MF have very low 
absorption of the order of < 1%. With such low rates of 
oral bioavailability, it follows that all side effects of the 
newer ICS occur due to systemic absorption from the 
lung.

4. Soft drugs: Most available ICS have lung specific 
action. Any drug that gets absorbed either orally or from 
the lung should get metabolized quickly. Factors like 
plasma half-life, clearance and volume of distribution 
affect the amount and duration of the drug available for 
causation of systemic adverse effects like growth 
suppression and HP axis suppression. CIC/des-CIC, FP, 
BUD and MF all have excellent profile with minimal 
plasma survival.

5. Plasma Protein Binding: Even the little amount of 
drug absorbed would be safer if it was bound to plasma 
proteins, as only the free drug causes adverse effects. 
Drugs in common usage like BDP, BUD and FP have 
around 90% protein binding. Modern drugs like CIC and 
MF have much higher protein binding of 99% leaving 
only 1% free drug. This theoretically translates into 
higher safety. In routine clinical practice however, these 
factors do not individually appear to exert great 
influences.

6. Pro-drugs: BDP and CIC are the 2 drugs which use 
this approach. These drugs are metabolically inactive in 
their administered form and are metabolized on-site (in 
the lung tissue) into the active drug (BMP- 
beclomethasone monopropionate and des-CIC 
respectively). These features would reduce oral adverse 
effects like thrush and dysphonia. This is not true in 
clinical practice with BDP but studies have shown that 
CIC causes lesser candidiasis and dysphonia compared 
to FP. 

B. Device and delivery characteristics: 

Drug deposition in the respiratory tract is very much 
dependent on the type of delivery device used. 
Commonly used devices like Metered Dose Inhalers 
(MDI) with Spacers/Valved Holding Chambers (VHC), 
Dry Powder inhalers (DPI) – single or multi dose and 
Nebulizers have different absorption characteristics with 
different rates of delivery. Newer developments in the 
mechanism of delivery can help improve pulmonary 
deposition and reduce oral deposition.

1. MDI: These are the most commonly used devices in 
combination with spacers especially in children. When 
used directly by adults with good technique would result 
in less than 10% absorption. Use with spacers/VHC can 
improve delivery to 15-25% of the ex-inhaler dose. Use 
of face mask in addition may reduce drug deposition to 
some extent probably due to more wastage and leakage.
2. Nebulizers: With better MDI and the fact that 
MDI+Spacer/VHC is as good as nebulization, the use of 
this technique has been low in long term control. It is 
mostly used for delivering Short acting Beta2 agonists in 
Acute Asthma. However, since nebulization is effort 
independent and uses no propellant, it may still find its 
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place in long term control. To this end better machines 
which are more portable and produce more uniform 
particle size will be developed. This may find a place in 
the delivery of ICS in very young infants less than 2 
years. The delivery efficiency of Nebulizers is between 
1% and 5%.

3. DPI: Single dose DPI are small devices that use a 
capsule of drug in dry powder form with an excipient like 
lactose. Since the drug enters the lung during forced 
inhalation, there is no problem of co-ordination. The 
deposition rates are of the order of 10-15%. These DPI 
are not useful in young infants and also in acute asthma 
because it may not be possible to generate sufficient 
inspiratory flow to inhale the drug effectively.
Improvements in DPI have occurred in the form of 
multiple dose devices like Disk haler and Accuhaler 
which use a series of blister packs each containing 1 dose 
of the powder, packaged in portable sleek devices. 
During use each blister is punctured and the powder 
inhaled. These are in general easier to carry around and 
inhale. Lung deposition rates are up to 30-40% in some 
devices. Other DPI like Turbo haler use dispensing 
methods to deliver a single dose from a reservoir of 
powder. All these multiple dose DPIs have individual 
delivery characteristics and need to be evaluated 
critically before prescribing. Wide variations in delivery 
dose may occur due to erratic powder expulsion and 
inadequate inspiratory force.

C. Patient Characteristics: Despite great advances in 
Pharmacology and design of devices leading to better 
and easier formulations, the ultimate determinant of 
efficacy is the Patient. Lack of compliance, inability to 
understand the correct use of the devices, inappropriate 
choice of device based on age and ability are some of the 
factors responsible for most of the failures of inhaled 
therapy. In routine “Real Life” clinical practice, patient 
factors overshadow minor difference between individual 
ICS and their delivery devices. This may explain why, 
despite major differences between various ICS, studies 
have failed to demonstrate that one drug is better than the 
other. Therefore the physician is better advised to spend 
time explaining the need for treatment and patiently 
demonstrate the exact way of using the inhalation device 
to every single patient/Parent. Frequent rechecking of 
the technique is also needed. These factors (The Ten 
Commandments – Asthma by Consensus, IAP) are more 
important in actual clinical practice than the choice of 
drug or formulation.

Dose Ranges of ICS: 

Asthma treatment with ICS has been recommended at 
three different dose ranges: Low dose, Medium Dose and 

High Dose. It is important to note that the dose -response 
relationship for an ICS is not linear but tends to plateau 
after a certain dose. This means that initially, increasing 
the dosage results in increasing efficacy. As the dose 
further increases, it does not cause significant 
improvement in efficacy. Adverse effects however 
continue to rise with increasing dose of steroids. Where 
exactly this flattening of the dose response curve occurs 
varies with the ICS used, the patient response, the grade 
of asthma and several unknown factors. There is also 
well recognized variability in the response to ICS among 
populations. Not all children respond in the same way to 
an administered dose of ICS. For the purposes of clinical 
practice in India, we should follow the recommendations 
of the ABC guidelines of the IAP. The latest 
recommendations give the following dose ranges, 
irrespective of drug or formulation for the common 
drugs (BDP, FP and BUD). CIC and MF have not been 
considered as they are still not available or widely used.

Low Dose - < 200 microgram/day

Medium Dose - 200 – 400 microgram/day
High Dose - >400 microgram/day

It is important to note that these guidelines provide us 
with a reasonable Starting point to initiate ICS therapy. 
Further modifications (Step up or Step down) have to be 
decided based on clinical response or the lack of it. This 
has also to be considered along with other factors like 
patient compliance, technique, allergen avoidance etc.

Now we will discuss the common ICS used and some 
evidence regarding their efficacy and recommended 
dosage.

Beclomethasone (BDP): 

One of the earliest ICS, BDP is a pro-drug which gets 
metabolized into the active BMP and Beclomethasone. 
This activation occurs all through the respiratory tract 
and is not limited to the lung. High Oral bioavailability is 
a problem compared to other ICS. As mentioned earlier 
clinical studies have shown that HFA-BDP is effective at 
½ the CFC-BDP dose and is recommended to be used in 
the same way. DPI are used at full dose.

Budesonide: 

The important difference from BDP is the markedly 
decreased oral bioavailability and high pulmonary 
residence time due to esterification in the lung. This can 
be used as a once daily dosage in persons with well 
controlled asthma for maintenance. The dosage 
recommended is the same as for CFC-BDP.

Fluticasone: 

Markedly low oral bioavailability of <1% is an important 
improvement in FP. Pulmonary residence time is also 
high due to its high lipophilicity, but not to the extent of 
BUD. The great improvement was in its high potency, 
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allowing it to be used at lesser doses. Many worldwide 
guidelines till recently recommended FP at ½ the dose of 
BUD or BDP. This recommendation was based on 
several meta-analyses and RCTs demonstrating its 
efficacy at ½ the dose. 

Ciclosenide: 

This drug has been treated as being the near perfect (or 
ideal) ICS. It has all the desirable qualities expected of an 
ICS. It is a pro-drug with on-site activation to 
desisobutaryl Ciclosenide (des-CIC) in the lung, and not 
at other sites like the oropharynx leading to decreased 
upper airway adverse effects. High pulmonary 
deposition and retention are due both to esterification 
and high lipophilicity, allowing it to be used in once daily 
doses. The active des-CIC is highly potent. Oral 
bioavailability is extremely low at <1%. High protein 
binding ensures that there is very little free drug for 
systemic side effects. Rapid clearance from plasma and a 
short T½ are also helpful in reducing systemic effects.

Many of these beneficial effects have been demonstrated 
in individual RCTs but large meta-analyses have at best 
shown CIC to be as effective as other drugs like FP, but 
not superior. There are also several studies in children 
which have demonstrated the efficacy and safety of the 
drug in children over 4 years. Reduced oral pharyngeal 
adverse effects compared to FP and BDP have been 
demonstrated in some studies.

Dose ranges: 

Low –   80 – 160 microgram/day

Medium – 160 – 320 microgram/day

High –  >320 microgram/day  

Mometasone: 

Presently approved for use in allergic rhinitis, it is also a 
potent drug in asthma. High potency, low oral 
bioavailability and high plasma protein binding make it a 
good candidate for use as an ICS. However studies in 
children are limited and at present it is not yet available in 
India as an inhaled drug for asthma.

'Low dose' inhaled corticosteroids (mcg/day) for 

children ≤5 years

Inhaled corticosteroid Low daily dose

(mcg)

Beclometasone dipropionate (HFA) 100

Budesonide (pMDI + spacer) 200

Budesonide (nebulizer) 500

Fluticasone propionate (HFA) 100

Ciclosenide 160

Mometasone furoate Not studied below
 age 4 years

Triamcinolone acetonide Not studied in 
this age group

Low, medium and high dose inhaled corticosteroids 
Children 6–11 years.

Inhaled Corticosteroids in Acute asthma:

Present evidence suggests that doubling the dose during 
acute attacks has no effect on the attack. Several studies 
have shown that high doses of ICS used by nebulization 
or repeated MDI – spacer may be as effective as 
oral/systemic steroids. No study has demonstrated that 
ICS are superior to Oral/systemic steroids. Since the 
adverse effects of short courses of oral/systemic steroids 
used at recommended doses during acute attacks are 
proven to be safe and effective, there is no need to use 
ICS in the Acute Care setting.

Adverse Effects of ICS:

Use of ICS is generally devoid of any serious adverse 
reactions. Minor adverse effects are more than offset by 
the clinical benefit they provide to the child. However 
since ICS are used in the long term, fears are bound to 
exist in the minds of the patient/parent as well as the 
caregivers.

A list of possible side effects and possible measures to 
anticipate/manage them is given below:

 

Inhaled corticosteroid Total daily dose (mcg) 

Low Medium High

Beclometasone dipropionate (CFC) 100–200 >200–400 >400 

Beclometasone dipropionate (HFA) 50–100 >100–200 >200 

Budesonide (DPI) 100–200 >200–400 >400 

Budesonide (nebules) 250–500 >500–1000 >1000 

Ciclosenide (HFA) 80 >80–160 >160 

Fluticasone propionate (DPI) 100–200 >200–400 >400 

Fluticasone propionate (HFA)

 

100–200 >200–500 >500 

Mometasone furoate 110

 

≥220–<440 ≥440 

Triamcinolone acetonide

 

400–800 >800–1200 >1200 

Journal of Paediatric Pulmonology & Critical Care 9 2015;1(1):6-11



Adverse Effects Remarks Action 

Local 

Oral Thrush  Not very common in children 
 less with low to medium dose 

 Use spacer/VHC 
 Rinse mouth after inhalation 

 Use less frequent dosing 

Dysphonia Less common in children  Use spacer/VHC 
 Temporarily decrease dose 
 Voice Rest 

Reflex cough and 
bronchospasm 

Due to rapid inhalation  Slow inhalation 
 Use spacer/VHC 

Systemic 

Linear growth retardation  Of most concern in children 
 More due to uncontrolled disease 

process than drugs 
 less common in low to medium 

dose 
 Minor deceleration is temporary 

and reversible 

• Use combinations to reach 
minimum effective dose 
where possible 

 Monitor growth 

Decreased Bone Mineral 
Density 

 Not seen in children < 18 yrs. of 
age 

 Not significant in children 

HPA axis suppression 
Deranged glucose tolerance 

 Not found to be clinically 
significant even with high doses 

 Not significant in children 

Ocular effects  Not found in young children 
 High dose, long term exposure 

may cause glaucoma in 
susceptible adults 

 Sub capsular lens cataracts are 
not common in children 

 Not significant in children 

Conclusions:

Innovative pharmacological approaches and better 
design and engineering have resulted in the development 
of better ICS and delivery systems. Safer and more 
effective ICS mean better control of Asthma without 
significant side effects even when used in the long term. 
With more targeted delivery and localized action, 
concerns about adverse events like growth failure will be 
addressed, allowing children with asthma to lead more 
active, symptom free and “Normal” lives. Some basic 
knowledge of the applied pharmacology of these 
commonly used drugs is very important in making 
decisions of which ICS to use in a given situation. 

However, at the present time no large studies have been 
able to demonstrate actual clinical benefit from the 
“Newer” ICS compared to the traditionally used ones. 
With more usage and larger studies, this difference may 
start becoming obvious. The studies comparing the 
individual steroid are largely influenced by the other 
factors affecting the outcome such as compliance and 

delivery techniques. Thus all steroids appear to be 
clinically similar in terms of efficacy. It is also important 
to remember that in clinical practice that right choice of 
inhaled medication and delivery device for the age, and 
proper demonstration of correct technique, combined 
with close monitoring should be our first concerns. Only 
when these basic issues are dealt with, will we be able to 
separate the better drugs from the others.
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