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Abstract:

Asthma is a prevalent chronic disease of the respiratory system and acute asthma exacerbations are among
the most common causes of presentation to the emergency department (ED) and admission to hospital
particularly in children. Bronchial airways inflammation is the most prominent pathological feature of asthma.
Inhaled corticosteroids (ICS), through their anti-inflammatory effects have been the mainstay of treatment of
asthma for many years. Systemic and ICS are also used in the treatment of acute asthma exacerbations.
Several international asthma management guidelines recommend the use of systemic corticosteroids in the
management of moderate to severe acute asthma early upon presentation to the ED. On the other hand, ICS
use in the management acute asthma has been studied in different contexts with encouraging results in some
and negative in others. This review sheds some light on the role of systemic and ICS in the management
of acute asthma and discusses the current evidence behind their different ways of application particularly in

relation to new developments in the field.
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Pathophysiology of Acute Asthma:
Brief Overview

Asthma is a chronic respiratory disease that
is prevalent worldwide. It is considered as a
major cause of morbidity and a main contributor
to the high health care expenditure especially
in developed countries.!'! There are two major
pathological features in asthmatics” airways,
inflammation, and hyperresponsiveness.
These features are interrelated, but not totally
dependent on each other.” Airway inflammatory
changes include increased airway mucus
secretions, airway wall edema, inflammatory
cellular infiltrates, epithelial cell damage,
smooth muscle hypertrophy, and submucosal
fibrosis.®! The cellular infiltrates are mainly
composed of eosinophils, neutrophils, mast
cells, lymphocytes, basophils, and macrophages.
The ratio of these cells may widely vary between
patients indicating asthma heterogeneity.™
Asthma is classically divided into three main
immunopathological phenotypes: Eosinophilic,
neutrophilic, and paucigranulocytic. The
eosinophilic phenotype is characterized by
increased eosinophilic infiltration of the
airways. Patients tend to be atopic, have asthma
triggered by exposure to allergens and tend to
respond well to corticosteroids. The neutrophilic
phenotype is characterized by increased
neutrophilic infiltration of the airways. Patients
tend to have severe, more aggressive, and poorly
controlled asthma. They usually do not respond
to corticosteroids as well as the eosinophilic
type. In the paucigranulocytic phenotype,
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bronchial neutrophils, and eosinophils are
much lower.™

Asthmatic patients frequently experience acute
exacerbations. These exacerbations are usually
triggered by allergens; including pollens, animal
dander, dust mites, and mold; viral respiratory
tract infections; irritants such as smoke and dust;
cold air and exercise. The most common cause
of acute asthma exacerbation in both adults and
children, but more in children, is viral respiratory
tract infections. Viruses may be responsible for
up to 80% of wheezing episodes in children and
50-75% of episodes in adults.’! Many viruses
can cause exacerbation of asthma symptoms,
the most important and most common is
rhinovirus."! Respiratory syncycial virus and
influenza virus also cause significant proportion
of exacerbations. Airway epithelial cells play a
major role in the pathology of virally induced
asthma exacerbation. In response to infection
they secret chemokines like interleukin-8 and
CCL-5 that can attract inflammatory cells
including neutrophils and lymphocytes that
could exacerbate the already existing allergic
inflammation.” This finding is supported
by epidemiologic observations that allergen
sensitization and respiratory viral infections
can synergize to cause asthma exacerbation.®
Children who are atopic are more likely to have
virally induced wheezing and respiratory
distress than nonatopic children.”! Bacteria like
Hemophilus influenze and Moraxella catarrhalis,
have been recently shown to be associated with
acute wheezing episodes in children."” Their role

187


https://market.android.com/details?id=comm.app.medknow

[Downloaded free from http://www.thoracicmedicine.org on Sunday, March 22, 2015, IP: 41.36.247.20] || Click here to download free Android application for this jou

Alangari: Corticosteroids in the treatment of acute asthma

and the role of atypical bacteria as triggers of acute asthma are
still controversial.'"

Current Treatment of Acute Asthma

Acute asthma exacerbations are defined as “episodes of
progressive increase in shortness of breath, cough, wheezing, or
chest tightness, or some combination of these symptoms.”!1>13!
Most recently, an expert group formed by the National Institutes
of Health agreed to define acute asthma as “a worsening of
asthma requiring the use of systemic corticosteroids to prevent
a serious outcome.”"! Acute exacerbation of asthma symptoms
is a common complication of the disease. The frequency in
which exacerbations happen vary widely depending on the
severity of disease,™ the degree of control with prophylactic
medications,!®! and exposure to triggers. In a multicenter
study from the US,""! the admission rate of all comers to the
emergency department (ED) with acute asthma was 23%. On
the other hand, a European study showed that only about
7% of all patients with acute asthma exacerbation required
hospitalization."® We have a similar experience in Saudi Arabia
where about 8% of all asthmatics with acute exacerbation are
hospitalized, but if we look at only the severe group the rate
goes up to 40%.1 These epidemiological data underscores the
importance of effective treatment of asthma exacerbations and
their prevention.

Examination of patients with acute asthma may reveal
increased respiratory rate, retractions (accessory respiratory
muscle use), wheezing, oxygen desaturation on pulse oximetry
and in more severe cases, inability to speak, silent chest, with
reduced respiratory lung volumes, cyanosis, and change in
mental status. Asthma exacerbations can be classified as mild,
moderate, or severe based on the assessment of a group of signs
and symptoms as illustrated in Table 1.

In patients with mild asthma exacerbation, inhaled 2-agonists
like albuterol (salbutamol) are usually sufficient in resolving
symptoms. The dose can be repeated 3 times every 15-20 min.
Levalbuterol, the (R)-enantiomer of albuterol is the effective
form of the drug, but clinical trials did not show any advantage
of using it over albuterol in terms of efficacy or side-effects.!!
Most patients with mild asthma exacerbation will not require
systemic corticosteroids. However, it is recommended
that patients who take them regularly or patients who fail
initial treatment with albuterol should be given systemic
corticosteroids.

Current guidelines recommend that patients with moderate
exacerbation should receive three doses of inhaled or
nebulized B2-agonist every 15-20 min in the 1*'h.*? Additional
doses may be repeated in the next 2-3 h every 30-60 min. All

Table 1: General classification of asthma severity

Severity Mild Moderate  Severe
PEFR % >70 40-69 <40
Speech Sentences  Phrases Words
Mental status Anxious Agitated Distressed
Accessory muscle use  No Sometimes  Commonly
Oxygen saturation % =95 90-95 <90

PEFR = Peak expiratory flow rate
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those patients should be treated with systemic corticosteroids
at a dose of 2 mg/kg or a maximum dose of 80 mg early in
the course of management as it takes at least 4 h to start
working.”! Doses more than 80 mg will not confer any
additional benefit. Systemic corticosteroids were found to
speed resolution of symptoms, decrease the rate of admission
and decrease the rate of relapse if administered for 3-5 days
after the acute exacerbation. More detailed discussion about
the use of systemic corticosteroids in the treatment of acute
asthma can be found below.

Patients with severe asthma exacerbation should obviously be
treated more aggressively. High dose inhaled (8-12 puffs) or
nebulized 2-agonist should be given every 15-20 min at least
in the 1** h, which could be repeated for up to 4 h as required.
Data are conflicting whether continuous nebulization using 32-
agonist is superior to intermittent nebulization.**! Practically,
continuous high dose nebulization could be used for the 1
h and then intermittent nebulization thereafter as required.
Ipratropium bromide has been shown to decrease the rate of
hospitalization and shorten the stay in the ED in patients with
severe or moderate to severe asthma exacerbation in many
clinical trials.”>?”! Therefore, it is recommended to add it to
each treatment of f2-agonist at least in the 1% h of therapy. Its
use in patients after admission to the hospital was not shown
to make a difference. Systemic corticosteroids should be used
as mentioned in patients with moderate exacerbation. Other
treatment modalities may be considered like magnesium
sulfate and helium oxygen (heliox) therapy in the more severe
and nonresponsive patients. Subcutaneous or intravenous (IV)
2-agonists,” IV aminophylline,” IV montelukast,®*! or oral
montelukast added to standard therapy in the ED®? were not
shown to be helpful in the treatment of patients with severe
asthma exacerbation and therefore are not recommended.
Moreover, oral montelukast given to patients post discharge
for 5 days was also shown not to be helpful.F**!

2-agonists can be delivered through a nebulizer or by metered
dose inhaler (MDI) with a holding chamber. An MDI dose of
4-8 puffs depending on age is equivalent to a nebulized dose
of 2.5-5 mg of albuterol.®*! Nebulizer is preferable in cases of
severe symptoms when patients are unable to use the MDI
effectively or if other nebulized medications are needed to
be mixed with albuterol at the same time or if the patient is
requiring oxygen supplementation. Oxygen therapy should
be given to maintain saturation =90% in adults and =95% in
pregnant women or children.

Patients who maintain normal oxygen saturation, have no or
minimal wheezing on chest auscultation, and have no or mild
intercostal retractions can be discharged home after 1 h of
assessment on no additional medications in the ED. However,
these patients should have a step up in their maintenance
medications to prevent relapse. Patients who fail to achieve
improvement after 4 h of treatment should be admitted to the
hospital for further aggressive therapy.

Introduction and Evolution of Corticosteroids in the
Management of Asthma: Historical Background

Shortly after the discovery of the structure of adrenal steroid
hormones, Hench et al. examined using cortisone to treat
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arthritis in 1949. The effect was remarkable and that work won
the Nobel Prize the next year. It also started a series of trials
of corticosteroids in various inflammatory conditions. The
first use of corticosteroid to treat acute asthma exacerbation
was in 1956.%°! Development of corticosteroids that have less
mineralocorticoid activity, like prednisone, and later those
that have no mineralocorticoid activity, like dexamethasone,
made corticosteroids more attractive therapies to use in
asthma. In 1972, Clark showed for the 1%t time that inhaled
beclomethasone was effective in the management of asthma
with less adverse effects than systemic steroids.® Numerous
reports came afterwards describing the efficacy of oral
prednisone and prednisolone , IV methylprednisolone and
ICS such as triamcinolone, budesonide, and fluticasone
in the management of asthma. These effects are mediated
through various genomic and nongenomic mechanisms.®!
Table 2 shows some common systemic corticosteroids and
their relative potency.

Clinical Evidence of the Effect of Corticosteroids in
Acute Asthma

Systemic corticosteroids

Systemic corticosteroids given early in the course of treatment
of acute asthma exacerbations in the ED were overall shown
to be effective and are recommended by different asthma
guidelines like GINA and EPR3. Littenberg and Gluck initially
showed that they decrease hospital admission rate.*! Five
subsequent studies had, however, conflicting results. Rodrigo
and Rodrigo reviewed all these six studies and concluded that
there was no improvement in hospital admission rate or lung
function.® They, however, reported a trend of improvement
in lung function only with medium or high doses systemic
corticosteroids. Hence, data in terms of lung function are
more encouraging.l*#!l In terms of effect on exacerbation
relapse after discharge from the ED, most studies showed less
relapse with systemic corticosteroids®#? although others did
not.® One important issue with all these studies is the low
number of recruited patients. Almost all had subject number
<100 per study and all were performed in adults. On the
other hand, Krishnan et al. recently reviewed nine published
studies on the use of systemic corticosteroids in acute asthma
in adults and concluded “systemic corticosteroids provide
clinically meaningful benefits in patients presenting with acute
asthma.”* In children, more limited data showed benefit of
systemic steroids used early in the ED with decreased rate
of admission.[* A Cochrane database review by Rowe ef al.
showed decrease rate of admission in patients with acute
asthma with the use of systemic corticosteroids in adults and

Table 2: Common types of systemic corticosteroids
and their relative properties

Preparation Potency relative to  Relative Biological
hydrocortisone sodium half-life

retention (h)
potency

Hydrocortisone 1 1 8-12

Prednisone/ 4 0.8 12-36

prednisolone

Methylprednisolone 5 0.5 12-36

Dexamethasone 25 0 36-72
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children, especially those with severe asthma and those not
currently receiving steroids. !

There is no significant added benefit from systemic
corticosteroids when given at doses above 60-80 mg/day
or 2 mg/kg/day in regards to pulmonary function, rate of
admission, or length of stay in the hospital. For example,
Marquette ef al. compared 1 mg/kg/day to 6 mg/kg/day
methylprednisolone in 47 adults hospitalized with severe
acute asthma and found no benefit of the high dose over the
low dose." Manser et al. performed a systematic review of
randomized controlled studies of patients with acute severe
asthma comparing different doses of corticosteroids with
a minimum follow-up of 24 h. They divided the different
doses used in the included trials into three groups as an
equivalent dose of methylprednisolone over 24 h; low dose
(=80 mg), medium dose (>80 mg and <360 mg), and high
dose (>360 mg). Nine trials were included with a total patients’
number of 344 adults. They found no difference between the
different doses. !

Studies also showed no difference in the efficacy or onset of
action between oral and IV administration. Fifty-two adults with
severe acute asthma were treated with either IV hydrocortisone
or prednisolone. There was no difference in their peak flow
measurements 24 h after admission.*” Ratto et al. compared
four different doses of methylprednisolone; 160 or 320 mg
given orally, or 500 or 1000 mg given IV in four divided doses
in adults with acute asthma and found no difference in their
forced expiratory volume in 1st second (FEV,) measurements or
length of hospitalization.” In children also, oral prednisolone
was found equivalent to IV methylprednisolone in regards to
patients’ length of hospital stay.® In addition, oral treatment
was more cost-effective. GINA and the EPR3 guidelines prefer
oral administration because it is less invasive except in patients
with absorption problems or those who are not able to take
orally due to the severity of their respiratory distress or because
they are vomiting.

Prescribing a short course of oral corticosteroids following
the ED treatment of acute asthma exacerbations was found
to reduce the rate of relapse.”? However, courses longer than
5 days were not found to provide any additional benefit.*** In
children, a single dose of dexamethasone 0.6 mg/kg (maximum
18 mg) was found to be equivalent to prednisolone 2 mg/kg/d
in two divided doses for 5 days in terms of symptoms
resolution.®™ There is also no benefit from using a dose taper
over fixed-dose regimen.*! Due to poor compliance on oral
prednisone after discharge from the emergency, intramuscular
injection of methylprednisolone was studied as an alternative
but was not found superior, plus there was an evidence of
injection-site adverse reactions like pain and bruising.*!

Inhaled corticosteroids

The use of ICS in the treatment of acute asthma was studied

in four contexts:

e In comparison to placebo,

* In comparison to systemic corticosteroids,

® Asadd on therapy to systemic steroids with continuation
after discharge from the ED, or

* Asadd on therapy to systemic steroids within the ED stay
period only.
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In the first context, a systematic review that looked at eight
randomized and blinded studies comparing the efficacy of
ICS to placebo in acute asthma exacerbation suggested that
ICS are superior to placebo especially when given at high
doses (>1 mg of budesonide or fluticasone) and to patients
with severe exacerbations.’®! It is important to note that those
studies were quite heterogeneous in terms of the severity of
asthma in recruited patients, the dose and frequency of ICS
administered, and in their outcome measures that included
clinical symptoms, pulmonary function, oxygen saturation,
admission rate, or relapse rate. In addition, a recent study found
that preemptive use of high dose fluticasone (750 mcg BID) at
the onset of an upper respiratory tract infection in children with
recurrent virus induced wheezing and continuing it for 10 days,
reduced the use of rescue oral corticosteroids.®”!

When ICSs were compared with systemic corticosteroids
in randomized and blinded studies the conclusions were
conflicting. Some studies reported superiority of systemic
steroids in reducing admission rate,®® some reported equal
efficacy in relation to admission rate as well,**!l and some
reported superiority of ICS.[261 A major study compared
high dose fluticasone in the ED and for 5 days post discharge
to systemic corticosteroids in the same period in patients
with mild to moderate asthma found that oral prednisolone
lead to faster improvement in FEV, at 4 h in the ED and less
relapse rate at 48 h post discharge.! One recent study showed
that in patients who were given systemic corticosteroids
plus ICS post discharge from the ED, stopping the systemic
corticosteroids after 1 week resulted in rebound in the level of
patients” exhaled nitric oxide 2 weeks post discharge despite
continuing ICS with no effect on the use of rescue medications
or on FEV [l GINA guidelines state that “ICS are effective
as part of therapy for asthma exacerbations... and can be as
effective as oral corticosteroids at preventing relapses,”%
while the EPR3 guidelines state that “high doses of ICS may be
considered in the ED, although current evidence is insufficient
to permit conclusions about using ICS rather than oral systemic
corticosteroids in the ED.”1%

Inhaled corticosteroids were also used as add on therapy
to systemic corticosteroids in the ED and continued after
discharge. In this context, Rowe et al. found a decrease in
relapse rate when 1600 mcg/day budesonide for 21 days was
added to a 7-day course of 50 mg/day prednisone as compared
with placebo.! On the other hand, Brenner et al. found no
difference in the peak expiratory flow rate (PEFR) between
high dose flunisolide used for 24 days added to a 5-day course
of prednisone 40 mg/day as compared with placebo.l’”] A
systematic review of 12 trials concluded no benefit of adding
inhaled to systemic corticosteroids in reducing the relapse rate
of acute asthma.*®

There are few randomized and blinded studies examining
only the short-term effect of ICS in the ED as add on therapy
to systemic corticosteroids plus other standard acute asthma
therapy. One study looked at the addition of high dose
beclomethasone versus placebo to methylprednisolone in
60 adults and found no difference in FEV, or symptoms
between the two groups.[®! Another study looked at the
addition of budesonide nebulizations to methylprednisolone
in a population of 26 children with moderate asthma”! and

190

found no difference in the primary outcome of pulmonary
index score, but there was an improvement in the PEFR in the
budesonide group compared to placebo. However, the patient
number included was very small and PEFR is generally not
reliable in young children.”” The two other randomized and
blinded studies that were larger and more rigorous examined
the effect of adding 2 mg of budesonide nebulization to
prednisone in children with moderate to severe asthma.l>” In
the study by Sung et al., 44 children with moderate to severe
asthma were included. Both groups had no difference in the
pulmonary index score. In the other study by Upham et al.,
180 children with moderate to severe asthma were included.
There was no difference in the asthma score® at 2 h after
intervention or in the admission rate or time to discharge
from the ED between the two groups. Collectively, it was
hard to come up with a conclusion from these studies about
whether adding ICS to systemic steroids in standard acute
asthma therapy will add more benefit or not.*l In addition,
the number of subjects recruited by these studies was very
small and would not allow subgroup analysis. Therefore, we
recently performed a larger blinded and randomized study
to look at this question.”! We found that there was no added
benefit of budesonide nebulization (1500 mcg) in the treatment
of moderate to severe acute asthma in 2-12 year old children.
However, when we looked at only the subgroup with severe
acute asthma, budesonide was able to significantly decrease
the admission rate of those patients and to lower their asthma
score, suggesting an added value. More large trials specifically
targeting patients with severe acute asthma are clearly needed.

Conclusion

Corticosteroids play an important role in the treatment of
acute asthma exacerbations in the ED as well as post discharge
from the ED. Further research is greatly needed to shed more
light on the use of ICS in those patients, their optimal dose
and duration, as well as their concomitant use with systemic
corticosteroids. In addition, more research is needed on the
safety of dispensing oral corticosteroids for home use in case
of asthma exacerbation.
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