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Asthma exacerbations are episodes of worsening asthma symptoms, 
namely shortness of breath, cough, wheeze and/or tight chest that 
require an increase in asthma treatment.[1] Exacerbations usually 
occur in children who are known to have asthma, but occasionally 
they may herald the onset of asthma.[1] The term ‘flare-up’ is useful in 
discussions with patients.

Triggers of asthma exacerbations
Common triggers of asthma exacerbations are viral upper respiratory 
tract infections (commonly rhinovirus infections), allergen exposure 
(including aero-allergens and foods), pollution or poor adherence 
to controller medication, but exacerbations may occur without 
any obvious precipitating factors. It is also recognised that severe 
asthma exacerbations may occur in patients with mild asthma or 
well-controlled asthma symptoms. In fact, the recent changes in 
the strategy for managing ‘mild’ asthma have occurred as a result 
of evidence that patients with mild asthma are at risk of severe 
exacerbations and increased mortality.[1-3]

Prevention of asthma exacerbations
The four pillars of asthma management are: patient and caregiver 
education; symptom monitoring; avoidance of triggers and control 
of comorbidities; and pharmacological therapy. Attention to all of 
these factors are integral to the prevention of asthma exacerbations.[4]

Diagnosis of asthma exacerbations
Although exacerbations present with worsening asthma symptoms, 
this is not a reliable indication of the severity of the exacerbation. 
It is important to remember that some asthmatics may have a 
poor perception of worsening airflow obstruction,[5] therefore lung 
function tests (peak expiratory flow (PEF) or forced expiratory 
volume in 1 second (FEV1)) provide an objective indication of the 
degree of airflow limitation. Lung function tests can be performed in 
children >5 years of age, although they may struggle in the context 
of an acute asthma exacerbation if they are not used to performing 
them.

Changes in strategy for the 
management of mild asthma
Until 2019, asthma guidelines recommended as-needed short-acting 
beta-2-agonists (SABA) at step 1, i.e. for mild intermittent asthma. 
Safety concerns around the increased risk of mortality associated 
with overuse of SABA, as well as evidence that patients with mild 
asthma are at risk of severe exacerbations and increased mortality, 
prompted a revision of the recommendations.[2,3]

According to the current strategy recommended by the Global 
Initiative for Asthma (GINA), the preferred option for step 1 
treatment for mild asthma exacerbations in adults and adolescents is 
an inhaled corticosteroid (ICS) combined with formoterol, a rapid-
onset long-acting beta-2-agonist (LABA) (budesonide-formoterol), 
used as needed. If this is not available, an ICS can be used together 
with a SABA as needed.[2] This recommendation was based on two 
studies, SYGMA 1 and SYGMA 2, which found that regular twice-
daily ICS (budesonide) was superior to the budesonide-formoterol 
combination with which it was compared, but the latter resulted 
in lower corticosteroid exposure.[6,7] The GINA committee did 
not recommend regular ICS at step 1 because ‘it was considered 
extremely unlikely that patients with such infrequent symptoms 
would be prepared to take a daily treatment.’[8] 

In children aged 6 - 11 years, the recommendation from GINA 
is for as-needed ICS together with a SABA, or regular ICS with 
as-needed SABA.[2] 

A recently published report from the Expert Panel Working Group 
of the US National Heart, Lung, and Blood Institute (NHLBI)-
administered and co-ordinated National Asthma Education and 
Prevention Program Coordinating Committee (NAEPPCC) 
addressed aspects of the asthma management guidelines.[9] The 
expert panel conditionally recommended either daily low-dose ICS 
and as-needed SABA for quick-relief treatment, or as-needed ICS 
and SABA used together in individuals aged ≥12 years, and daily 
low-dose ICS and as-needed SABA in children aged 5 - 11 years who 
have mild persistent asthma. In children with moderate to severe 
persistent asthma, the NAEPPCC 2020 update recommends daily 

This open-access article is distributed under 
Creative Commons licence CC-BY-NC 4.0.

Management of asthma exacerbations in children
S Kling,1 FCPaed (SA), MMed (Paed), MPhil (Applied Ethics); 									      
D A White,2 MB BCh, FCPaed (SA), MMed (Paed), Dip Allerg (SA), Cert Pulmonology (SA) Paed

1 Department of Paediatrics and Child Health, Faculty of Medicine and Health Sciences, Stellenbosch University, Cape Town, South Africa
2 �Charlotte Maxeke Johannesburg Academic Hospital and Department of Paediatrics and Child Health, Faculty of Health Sciences,  

University of the Witwatersrand, Johannesburg, South Africa

Corresponding author S Kling (sk@sun.ac.za)

Asthma exacerbations are episodes of worsening asthma symptoms with shortness of breath, cough, wheeze and/or tight chest that require 
an increase in asthma treatment. A major change in the recommendations for managing mild asthma exacerbations is the move away from 
using inhaled short-acting beta-2 agonists (SABAs) as the sole reliever, toward a combination of a rapid-onset, long-acting beta-2 agonist, 
formoterol, in combination with an inhaled corticosteroid (ICS), or a SABA used together with an ICS in separate inhalers, in older children 
and adolescents. In children <11 years of age who are adherent to daily ICS treatment, the ICS dose should not be increased short term. A 
written asthma plan should include instructions on how to self-manage asthma exacerbations, and when to present to a medical facility. 
Oxygen is an essential component of the management of asthma exacerbations at both primary care and emergency department facilities, 
together with inhaled SABAs via metered-dose inhaler and spacer, and oral corticosteroids.

S Afr Med J 2021;111(8):710-713. https://doi.org/10.7196/SAMJ.2021.v111i5.15853

mailto:sk@sun.ac.za
https://doi.org/10.7196/SAMJ.2021.v111i5.15853


711       August 2021, Vol. 111, No. 8

CME

and as-needed ICS-formoterol in a single inhaler as a step 3 option in 
all children aged >5 years. The panel recommended against a short-
term increase in the ICS dose for worsening symptoms in children 
<11 years of age, if the child is adherent to daily ICS treatment, with 
the concern being steroid side-effects.[9] 

The expert panel addressed the definition of intermittent ICS 
dosing as follows: ‘“Intermittent” ICS dosing in this section includes 
courses of ICS treatment used for brief periods, usually in response 
to symptoms or as an add-on with or without a LABA. “Intermittent 
ICS dosing” does not refer to a single regimen … Intermittent ICS 
dosing allows providers to prescribe specific doses, frequencies, and 
durations of ICS use. When to use intermittent ICS dosing could 
depend on an individual’s decision (based on need, which is also 
known as “as-needed” or “pro re nata” dosing), a predefined index 
showing worsening asthma, or some other predefined criterion.’[9] 
The expert panel also recommended that the ICS-formoterol should 
preferably be in a single inhaler.[9]

The strategy of the as-needed ICS-formoterol combination for 
South Africa raises the following concerns: the only formoterol-
containing combination inhaler available is budesonide-formoterol; 
the combination inhaler has limited availability in the public health 
sector; the inhaler is costly; and using it as intermittent or as-needed 
treatment constitutes off-label use. As-needed ICS and SABA in 
separate inhalers also constitutes off-label use, but it is readily 
available and more affordable. Another concern regarding as-needed 
use of any therapy is the poor perception that many asthmatics have 
regarding their own worsening airway obstruction.[10]

Management of asthma exacerbations
Self-management
Self-management of asthma exacerbations requires a written asthma 
action plan. This should include the following:
•	 monitoring of symptoms and/or lung function
•	 details of the personalised changes in reliever and controller 

medication
•	 when and how to use oral corticosteroids (OCS)
•	 when and how to present to a healthcare facility, including 

emergency contact numbers.

The current recommendations are to use an ICS whenever inhaled 
reliever medication is taken.[1,8]

Patients on as-needed low-dose budesonide-formoterol should 
increase their dose of medication by 1 - 2 puffs as-needed budesonide-
formoterol up to a maximum total daily maintenance and rescue 
dose of 72 mcg in adolescents and adults[1] and 36 mcg in children 
aged 5 - 11 years.[9] This strategy should not be advised for patients 
taking other combined ICS-LABA controller therapies with slow 
onset LABAs (such as fluticasone-salmeterol). For patients on 
maintenance ICS alone, studies in adolescents and adults have shown 
that a short-term increase in the dose of ICS might help to prevent the 
progression of asthma to a more severe exacerbation, but this effect 
may be greater in patients with suboptimal adherence.[11] However, 
this is not recommended for children <11 years old.[9] Patients who 
use a SABA as their reliever medication should be instructed to use 
this at increased doses until symptomatic relief is achieved, or until 
an increase in their controller treatment works. The SABA dose is 2 - 
10 puffs via a pressurised metered-dose inhaler (pMDI) and spacer 
taken 30 minutes apart. Lack of response is an indication to present 
to a primary care clinic or practitioner, as oxygen therapy may be 
required.[1]

The written asthma action plan should include instructions regarding 
when to use OCS and what dose to use. The dose of prednisone for 

children and adolescents aged >11 years is 40 - 50 mg daily for 5 - 7 days, 
and for children aged 6 - 11 years, 1 - 2 mg/kg/day to a maximum of 
40  mg/day for 3  - 5  days. Indications for OCS are: failure to respond 
to increased controller and reliever medication for 2  - 3  days; rapid 
deterioration; and history of severe asthma exacerbations.[1]

Patients who manage their exacerbations at home should have a 
follow-up review by their primary care health professional within 
1 - 2 weeks.[1]

Management of asthma exacerbations in primary care
A brief history and appropriately focused physical examination 
should be done at the same time as commencement of treatment. 
Mild exacerbations can be treated at primary care level, but for severe 
or life-threatening exacerbations the patient must be transferred to 
an acute care hospital after commencing SABA, oxygen and systemic 
corticosteroids. Pulse oximetry should be available in all primary care 
facilities. Oxygen saturation levels <92% are an indication of a severe 
asthma exacerbation.[12-14]

The main initial therapy for an asthma exacerbation is repeated 
doses of inhaled SABA, OCS and oxygen via nasal cannulae. Mild to 
moderate exacerbations can be treated with repeated doses of SABA 
via pMDI and spacer combination (4 - 10 puffs every 20 minutes for 
the first hour). Subsequent treatment varies from 6 - 10 puffs every 
1 - 2 hours to 4 - 10 puffs every 3 - 4 hours if there is an improvement. 
If the response to the initial SABA treatment is good, no additional 
SABA treatment is required.[1]

Oxygen should be administered to keep oxygen saturation between 
93 and 95% for adolescents and older children, and 94  - 98% for 
children aged 6 - 11 years.[14] OCS at 1 - 2 mg/kg/day up to 40 mg/day 
of prednisolone or prednisone should be given for 3 - 5 days.[15]

Regular review of the response to therapy should be undertaken. 
Deterioration or failure to respond necessitates referral to an acute 
care hospital. Follow-up at primary care level should occur between 
1 and 2 weeks after discharge.[1]

Management of asthma exacerbations in the emergency 
department (ED)
A brief history and appropriately focused physical examination 
should be done at the same time as treatment is commenced. An 
assessment of severity should be performed urgently, and features 
suggesting a life-threatening exacerbation (Table 1)[16,17] necessitate 
referral to a facility with a paediatric intensive care unit after initial 
stabilisation. Objective measurements include oxygen saturation 
by pulse oximetry. Saturation <92% correlates with the likelihood 
of hospitalisation. If possible, PEF measurement should be done. 
Routine chest X-rays are not recommended. Arterial blood gas 
measurements should be considered in patients with a poor response 
to initial therapy, those who are deteriorating or those whose 
PEF is <50% expected. PaO2 <60  mmHg (8  kPa) and increased 
PaCO2 >45 mmHg (6 kPa) indicate respiratory failure.

Treatment consists of oxygen via nasal cannula or mask to 
achieve saturations of 93  - 95% in older and 94  - 98% in younger 
children.[1] Oxygen therapy should be titrated according to the 
patient’s response. [18-21] Repeated doses of inhaled SABA should be 
administered, preferably via pMDI with a spacer (as above), except 
in life-threatening acute asthma, when an oxygen-driven nebuliser 
should be used. Delivery of inhaled bronchodilators by pMDI with 
valved chamber and mask together with oxygen by nasal cannula 
separately has been shown to be more effective than by a nebuliser 
in severe acute asthma exacerbations.[22] An additional concern 
regarding nebuliser use is its potential to disseminate aerosols and 
therefore, potentially, viral infections.[23] This is of particular concern 
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during the COVID-19 pandemic.[16] Routine use of intravenous beta-
2-agonists is not recommended.[1]

Systemic corticosteroids should be administered early in asthma 
exacerbations managed in the ED, except in the very mildest 
cases. This should preferably be done within the first hour after 
presentation, as OCS take approximately 4 hours to take effect. Oral 
administration is as effective as intravenous corticosteroids. The dose 
is 1  - 2 mg/kg/day up to 40 mg/day of prednisolone or prednisone 
for 3 - 5 days.[15]

Ipratropium bromide added to SABA in the treatment of moderate-
severe asthma exacerbations in the ED has been shown to reduce the 
need for hospitalisation and to improve lung function.[24-27] Intravenous 
magnesium sulphate (a single dose of 50 mg/kg magnesium sulphate 
up to a maximum dose of 2 g over 20 minutes) may be used in children 
who do not respond to the initial management and who have persistent 
hypoxaemia.[27-29] There is no evidence to support the use of nebulised 
magnesium sulphate in the treatment of asthma exacerbations.[27,30] 
Limited evidence exists for the use of leukotriene receptor antagonists 
in acute asthma.[27,31] Intravenous aminophylline should not be used in 
the ED. Antibiotics should not be used routinely.[1]

Regular reassessment and review of the response to treatment is 
essential, with the treatment adjusted according to the response. Poor 
response to therapy is an indication for admission, and deterioration 
is an indication for referral to the intensive care unit.

The patient can be assessed for discharge once the symptoms have 
improved, the patient no longer needs SABA, oxygen saturation is 
>94% in room air, PEF is >60  - 80% expected, the child can eat or 
drink normally and resources at home are adequate. Management at 
discharge is summarised in Table 2.

A follow-up appointment with the patient’s primary care health 
professional should be scheduled 1  - 2  weeks after discharge from 
the ED.

Conclusion
Notwithstanding attention to avoidance of triggers and regular 
pharmacotherapy, asthma exacerbations occur, with more frequent 
exacerbations occurring in patients who have severe disease.[4] It is 
important to recognise worsening asthma control and intervene early, 
with inhaled SABA bronchodilators and systemic corticosteroids 
providing the mainstay of therapy for exacerbations.

Table 1. Assessment of severity of asthma exacerbations (adapted from Levin et al.[16] and Kling et al.[17])
Life-threatening asthma Silent chest; poor respiratory effort

Cyanosis; SpO2 <90%
Bradycardia, dysrhythmia or hypotension
Exhaustion, confusion or drowsiness
PEFR <33% predicted 

Severe asthma exacerbation SpO2 <90%
Unable to complete sentences in one breath; too breathless to talk or feed
Agitation
Accessory muscle use during expiration
Tachycardia*
Tachypnoea†

PEFR <50% predicted or unable to perform PEFR measurements owing to fatigue
Previous ICU admission

Moderate asthma exacerbation Able to talk in sentences
Pulse rate within normal limits
Respiratory rate within normal limits
SpO2 ≥92%
PEFR ≥50% predicted

PEFR = peak expiratory flow rate; ICU = intensive care unit.
*Tachycardia: pulse rate >140/min in children aged 2 - 5 years old; >125/min in children >5 years old.
†Tachypnoea: respiratory rate >40 breaths/min in children aged 2 - 5 years old; >30 breaths/min in children >5 years old.

Table 2. Management at discharge
Inhalers Check technique

Stress adherence
Add spacer device

Reliever Continue as needed 
SABA-only treatment of asthma not recommended

Controller Start regular ICS (occurrence of a severe exacerbation is a risk factor for future 
exacerbations)
OR step up current treatment

OCS 3 - 5 days
Modifiable risk factors Avoid allergen exposure, pollution, smoking
Comorbidities Manage allergic rhinitis, food allergy
Written action plan Is it understood? Does it need adjustment?
Follow-up Within 1 - 2 weeks

SABA = short-acting beta-2 agonist; ICS = inhaled corticosteroids; OCS = oral corticosteroids.
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