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Educational Objectives: 
 
1. Recognize the defining characteristics and global burden of asthma. 
2. Identify asthma risk factors and the core concepts of asthma prevention. 
3. Describe how to diagnose and treat asthma. 
 

CASE ONE: 
Patricia is a 7-year-old girl who likes to play soccer with her friends but has noticed that she 
sometimes coughs so hard that she has difficulty breathing when running. Her cough improves after 
resting for a few minutes. She does not have as much energy as her older brother had at her age. 
When you ask her how she feels when playing soccer, she says that sometimes her chest “hurts.” Her 
lung exam is significant for a prolonged expiratory phase with faint wheezing after she runs around 
the clinic twice. Her cardiac exam is normal. Her respiratory rate is 22 breaths per minute and her 
oxygen saturation is 94% on ambient air.  

 
Questions:  
 
1. What is your differential diagnosis for Patricia’s wheezing? Which diagnoses are most likely given 
the provided history? 
 
Table 1. Possible Causes of Wheezing in a Child.  
 

ACUTE CHRONIC 

● Asthma 
● Aspiration of foreign body 
● Aspiration pneumonitis 
● Infection: Bronchiolitis, bronchitis, or 

pneumonia 

● Asthma 
● Recurrent aspiration 
● Vocal cord dysfunction 
● Obstructive pulmonary or mediastinal 

mass (e.g. tumor) 
● Heart failure 
● Structural abnormalities of the 

tracheobronchial tree 
● Retained foreign body 
● Bronchopulmonary dysplasia 
● Bronchomalacia 

 
Patricia’s symptoms of exercise-induced cough, dyspnea, and chest tightness and physical exam findings 
of wheezing and a prolonged expiratory phase are most consistent with asthma. Other common causes 
of wheezing important to consider in children are bronchiolitis and aspiration of a foreign body. 
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Patricia’s chronic recurrent presentation with an associated trigger in the absence of any infectious 
symptoms places asthma highest on the differential. 
 
2. What are the symptoms and pathophysiology of asthma? 
 
According to the Global Initiative for Asthma (GINA), asthma is a condition characterized by chronic 
airway inflammation and respiratory symptoms of wheeze, shortness of breath, chest tightness, and  
cough that vary over time and in intensity and are associated with variable expiratory airflow limitation 
leading to pulmonary obstruction.1 

 
Asthma is a hypersensitive inflammatory response involving the smooth muscle of the airways when 
exposed to certain stimuli, leading to bronchoconstriction. Airway inflammation can be provoked by 
direct and indirect stimuli including exercise, allergens, chemical irritants, changes in weather, or 
respiratory infections. Characteristically, asthma symptoms can be reversed spontaneously or with 
treatment. Individuals with asthma may have recurrent attacks of breathlessness, cough, and wheezing 
that vary greatly in severity and time course. For example, an individual with asthma may not have 
symptoms for weeks or months at a time and later have severe symptoms recurring several times within 
a day. For many, asthmatic symptoms are worse at night or early morning.  
 
Figure 1. Demonstration of Airway Changes during an Asthma Attack.²  
 

 
 

Credit: National Heart, Lung, and Blood Institute, National Institutes of Health. 
 
3. What are common triggers of asthma? 
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Numerous triggers can provoke acute asthma symptoms and vary from person to person. The 
following are common asthma triggers:³ 

● Allergens: molds, pollen, animal dander, cockroaches, and dust mites  
● Chemical irritants: air pollution, tobacco smoke, volatile chemicals, and smoke from fire stoves, 

trash burning, and land-clearing fires 
● Physical exercise, weather changes, and cold air 
● Extreme emotional arousal (e.g. anger and fear) 
● Medications: aspirin, nonsteroidal anti-inflammatory drugs (e.g. ibuprofen and naproxen), and beta-

blockers (e.g. propranolol) 

 
4. What are the characteristic physical exam findings of asthma? 
 
The most recognizable physical exam finding of active asthma is wheezing--a high-pitched, musical, 
whistling sound produced by airflow through an abnormally narrowed airway. Wheezing on auscultation 
is more commonly heard during the expiratory phase, though can also be heard during the inspiratory 
phase. Severe asthma can result in signs of respiratory distress including tachypnea, tachycardia, 
increased expiratory phase, and use of accessory respiratory muscles. In very severe asthma, you may 
not even hear any wheezing because air is no longer moving in and out of the airways. These exam 
findings can also be seen in other obstructive lung diseases, such as chronic obstructive pulmonary 
disease (COPD), however typically vary in severity to a greater extent in asthma and may not be present 
if the patient is not experiencing acute asthmatic symptoms. 
 
Asthma is associated with allergic rhinitis, nasal polyps, and atopic dermatitis, and findings of these 
conditions may coexist in the asthmatic patient. People with asthma may also have a strong family 
history of these atopic diseases. 
 
5. What is the global burden of asthma? 
 
The prevalence of asthma is on the rise worldwide. The Global Burden of Disease 2016 estimates 339 
million people worldwide live with asthma.4 Asthma particularly affects children and is the most 
common chronic disease in children. It is a significant contributor to disability and premature death 
worldwide. The World Health Organization (WHO) estimated that asthma was responsible for 417,918 
deaths in 2016 and that over 80% of asthma deaths occur in low- and middle-income countries (LMIC).5,6  
 
Asthma can moreover result in economic hardship and poor quality of life by burdening lives with 
restricted activity, sleeplessness, and work and school absenteeism. Urbanization has been associated 
with an increased prevalence of asthma. The global burden of asthma may increase as the majority of 
LMIC are predicted to increasingly urbanize. There have not been many studies on the specific 
prevalence of asthma in African countries, though it does appear to be increasing. In 2010, the 
prevalence of asthma in Africa was estimated to be 13.9% among children under 15 years old and 13.8% 
among people younger than 45 years old, with a total prevalence of 12.8%.7  
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CASE ONE CONTINUED: 
On further history taking, Patricia reports having respiratory symptoms most days of the week, 
primarily occurring when she runs with friends. These symptoms are particularly bad during the dry 
season when the air is more cold and dry. She started playing with friends less often because of her 
symptoms. She has never been hospitalized, and she does not have any symptoms at night. She has 
never taken any medications for her asthma.  

 

6. Do you think Patricia’s asthma is controlled or uncontrolled? 
 
Features of controlled asthma are the following:8,10 

● Daytime symptoms requiring use of a beta agonist two or fewer times per week  
● Nighttime symptoms two or fewer times per month  
● Minimal limitation of daily activities  
● No severe exacerbation requiring oral steroids or hospitalization within one month  
● Peak expiratory flow rate (PEFR) above 80% predicted (see question 7 below) 
 
If symptoms are more severe, then the patient is considered to have uncontrolled asthma. 
 
Patricia is considered to have uncontrolled asthma because her symptoms have limited her daily 
activities and she is experiencing symptoms more often than two days per week. 
 
7. What is a peak expiratory flow rate (PEFR), and how can it help confirm the diagnosis of asthma? 
What diagnostic methods can be used to differentiate asthma from COPD? 
 
The WHO provides criteria based on patient’s symptoms and PEFR values to help classify asthma as 
controlled or uncontrolled.8  
 
Asthma and COPD are both obstructive lung diseases resulting in airflow limitation. The severity of 
airflow limitation in asthma and other obstructive lung diseases can be estimated by measuring a 
patient’s PEFR. PEFR is a patient’s maximum speed of expiration and can be measured by a peak flow 
meter, a small, handheld device that a patient exhales into forcefully. The peak flow meter measures 
the airflow through the bronchi and, thus, estimates the degree of obstruction. Normal PEFR values vary 
by age, height, and sex as shown in Figure 2. 
 
When diagnosing a patient with asthma, it is important to establish a baseline, or a “personal best” PEFR 
value. This level can then be compared with readings on future visits to estimate the level of obstruction 
and assess if the disease has progressed or is responsive to treatment. Refer to the COPD module for 
further discussion on peak flow meter technique and the use of spirometry for diagnostic testing of 
asthma and COPD. 
 
 
 
 
 

 



 

5 
  

 Asthma. Pittsburgh’s Ambulatory Curriculum for Trainees in Low Resource Settings, First Edition, 2021. 

Figure 2. Normal Peak Expiratory Flow Rate (PEFR) Levels by Age, Height, and Sex.9 

 

 
 

Credit: Image by Mikael Häggström in Public Domain via Wikimedia Commons. 

 
8. You discuss the diagnosis with Patricia and her mother. How can Patricia’s asthma be treated?  
 
A variety of inhaler and oral medications have been developed to treat asthma. Inhaled short-acting 
beta-2 agonists (e.g. salbutamol) are used to treat acute symptoms and are commonly referred to as 
“rescue” inhalers. These work by dilating the bronchi allowing for more air flow. Inhaled salbutamol 
is typically prescribed two puffs as needed. The oral formulation of salbutamol can be used if the 
inhaled version is not available. However, it generally leads to more adverse effects including 
tremors and arrhythmias in patients with pre-existing cardiac disease. 
 
Other important medications for asthma management are inhaled corticosteroids. Ideally, all 
patients with uncontrolled asthma should have inhaled corticosteroids to use once or twice daily. 
Inhaled corticosteroids reduce inflammation in the airways and thus prevent acute asthma 
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exacerbations. These inhalers have been shown to reduce asthma-related hospitalizations. The 
lowest dose of inhaled corticosteroids that controls symptoms should be used. A common side effect 
of inhaled corticosteroids is oral candidiasis or “thrush,” which can be prevented by instructing 
patients to rinse out their mouth with clean water after each use and apply proper inhaler technique 
with the use of a spacer.  
 
For patients with persistently uncontrolled asthma, low-dose oral theophylline is often used. Like beta-2 
agonists, it acts by dilating the airways. Theophylline must be used with caution, particularly if unable to 
monitor theophylline blood levels. Theophylline toxicity can produce nausea, vomiting, abdominal pain, 
tremor, cardiac arrhythmias, hypotension, and seizures. 
 
Finally, patients with persistent, uncontrolled asthmatic symptoms despite the above measures can be 
treated with systemic oral corticosteroids (e.g. prednisolone) to decrease inflammation. Long-term use 
of systemic corticosteroids is generally reserved for severe asthma because it can lead to severe adverse 
drug effects, including osteoporosis, peptic ulcers, hyperglycemia, cataracts, and immunosuppression. 
 
Of note, some control medications, such as long-acting beta-2 agonists (e.g. salmeterol) and 
leukotriene antagonists (e.g. montelukast), are effective daily medications to prevent acute asthma 
symptoms, though have limited availability and greater expense. 
 
The WHO guidelines for primary health care in low-resource settings recommend treating asthma in 
the following stepwise approach.8,10 The intensity of treatment is stepped up until asthma symptoms 
are controlled.  
 
Step 1: Inhaled beta-2 agonist (e.g. salbutamol), as needed. If an inhaled form is not available, may 

use oral form.   

 

Step 2: Inhaled beta-2 agonist as needed plus low-dose inhaled corticosteroids (e.g. 

beclomethasone). For mild asthma, the recommended starting inhaled beclomethasone doses are 

100 ug twice daily for adults and 100 ug once or twice daily for children.  

 

Step 3: Increase the dose of inhaled steroid. For example, increase beclomethasone to 200 or 400 ug 

twice daily. 

 

Step 4: Add low-dose oral theophylline. If available, long-acting beta-2 agonists (e.g. salmeterol) and 

leukotriene antagonists (e.g. montelukast) have fewer severe side effects and should be used in 

place of theophylline. 

 

Step 5: Add oral prednisolone at the lowest dose possible (e.g. 5 mg daily) to control symptoms.  
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Table 2. WHO Stepwise Pharmacological Approach to Asthma Control.8,10 

 

Step 1 Salbutamol PRN 

Step 2 Salbutamol PRN 
Beclomethasone 100 ug BID 

Step 3 Salbutamol PRN 
Beclomethasone 200 or 400 ug BID 

Step 4 Salbutamol PRN 
Beclomethasone 400 ug BID 
Low-dose theophylline daily 

Step 5 Salbutamol PRN 
Beclomethasone 400 ug BID 
Low-dose theophylline daily 
Prednisolone 5-10 mg PO daily 

 

CASE ONE CONTINUED: 
Patricia was given a salbutamol inhaler to be used as needed.  Her mother reported only modest relief 
of symptoms with persistent wheezing with activity. 

 
9. What are your next steps for Patricia? What other strategies can you try? 
 
When treating an asthma patient, be sure to check adherence to treatment and observe inhaler 
technique. The following steps outline effective inhaler technique:11 

1. Remove the cap and hold the inhaler upright.  
2. Shake the inhaler. 
3. Tilt your head back slightly and breathe out.  
4. Place the mouthpiece of the inhaler or spacer in your mouth. 
5. Press down on the inhaler to release the medicine as you start to breathe in slowly. 
6. Breathe in slowly for 3 to 5 seconds.  
7. Hold your breath for 10 seconds to allow the medicine to reach deeply into your lungs.  
8. Repeat as directed, but wait at least 1 minute in between puffs. 
 
It is recommended that all asthmatic patients use a device called a “spacer,” which is used to 
increase drug deposition in the lungs. Spacers decrease the risk of infections such as oral candidiasis 
when used with inhaled corticosteroids. Unfortunately, commercial spacers are unavailable in many 
settings. Fortunately, an effective home-made spacer can be created using common materials. 
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Figure 3. Spacer Created Using a Plastic Bottle.12 
 

 
 

Credit: Asthma spacer by Steve McCrosky. 

 
If spacers are not readily available, we recommend providing the following instructions to patients 
on how to make a spacer themselves:13  
1. Obtain an empty 1 or 2 L plastic bottle. Clean it thoroughly and dry it well.  
2. Cut a small hole at the bottom of the bottle that corresponds to where the inhaler will enter (see 

Figure 3). 
3. Take cap off the inhaler and place it in the hole. 
4. Then remove the cap from the bottle and place the bottle opening in the mouth. 
 

CASE ONE CONCLUSION: 
You observe Patricia using her salbutamol inhaler in the clinic and are pleased to see her demonstrate 
correct inhaler technique. Following her clinic visit, she continues to have symptoms more than two 
days a week despite using the salbutamol inhaler. You proceed to step 2 and give Patricia a low-dose 
beclomethasone inhaler with stepwise instructions on how to make a spacer using a plastic bottle. 
You advise her to use her salbutamol inhaler just prior to participating in physical activity. One month 
later, Patricia returns to clinic with improvement in her symptoms, only requiring her rescue inhaler 2-
3 times per month.  

 

CASE TWO: 
Sibale is a 14-year-old boy with a history of asthma previously well-controlled on a beta-2 agonist who 
presents with two days of increasing shortness of breath and cough. He has been spending a lot of 
time cooking over a fire. He denies any fevers, chills, or leg swelling. He is afebrile with a heart rate of 
120 beats per minute, blood pressure of 110/80 mmHg, respiratory rate of 35 breaths per minute, and 
oxygen saturation of 92% on ambient air. He appears uncomfortable and cannot speak in complete 
sentences without stopping to catch his breath. His cardiac exam is normal, and his lung exam is 
significant for diffuse wheezing and decreased air movement. You correctly think to perform a peak 
expiratory flow rate (PEFR) which is 40% of his best value.  

 
10. What is your leading diagnosis for Sibale? How can you make your diagnosis? 
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Given his young age, history of asthma, clinical symptoms, and physical exam findings, Sibale is likely 
experiencing an asthma exacerbation. The most likely trigger for his exacerbation is his recent increased 
exposure to smoke when cooking over a fire. Asthma exacerbations are diagnosed clinically, but 
obtaining a PEFR is helpful for confirming acute airway obstruction. It is important to compare a 
patient’s PEFR to their baseline normal flow rate. Sibale’s PEFR is only 40% of his best baseline value and 
indicates a severe obstructive process consistent with an asthma exacerbation.  
 
Asthma exacerbations can be further classified based on the WHO Package of Essential 
Noncommunicable Disease Interventions protocol criteria as outlined in Table 3.8  
 
Table 3. WHO Classification of Severity of an Asthma Exacerbation.8   
 

Severe ● PEFR 33-50% best or predicted 
● Respiratory rate ≥25 breaths/minute (adult) 
● Heart rate ≥110 beats/minute (adult) 
● Inability to complete sentences in one breath 

Very Severe ● Altered conscious level, exhaustion, arrhythmia, hypotension, cyanosis, 
absent breath sounds on auscultation, and poor respiratory effort 

● SpO2 <92% 

 
Based on the WHO classification, Sibale is experiencing a severe asthma exacerbation. It should be 
noted that the absence of wheezing does not exclude asthma as a diagnosis. In fact, the absence of 
wheezing on exam in someone who otherwise seems to be having an exacerbation may indicate that the 
patient is no longer moving air in and out of their lungs and is nearing respiratory failure.  
 
11. What treatment should Sibale receive for his asthma exacerbation? How does this treatment 
compare to the treatment approach for Patricia in case one? 
 
Sibale is experiencing a severe asthma exacerbation and requires prompt treatment and hospitalization. 
In contrast, Patricia’s asthma represented a chronic process rather than an acute exacerbation. 
  
An acute asthma exacerbation can be treated with a variety of therapies. The treatment of an asthma 
exacerbation is similar to that of a COPD exacerbation. Inpatient care may or may not be required, 
depending on symptom severity. Unlike a COPD exacerbation, antibiotics are generally not 
recommended for treatment of an asthma exacerbation unless there is reason to suspect infection. 
There are additional second-line inhaled therapies that have been shown to be more effective for 
asthma than in COPD.  
 
The WHO guidelines for primary health care in low-resource settings for treating an acute asthma 
exacerbation are as follows:8,10 

 

1. Oral steroids: Oral prednisolone rapidly decreases airway inflammation in asthma. Adults should be 
given 30 to 40 mg daily for 5 days and children less than 16 years of age can be given 1 mg/kg per day 
(up to 30 mg daily) for 3 days. Patients can be treated for longer if they have not fully recovered. 
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2. Inhaled beta-2 agonists: Higher and more frequent doses than the home dose of inhaled beta-2 
agonists should be administered via nebulizer or metered dose inhaler with spacer. For example, 
patients should receive 4 puffs of inhaled salbutamol every 20 minutes for 1 hour. Oral salbutamol is an 
alternative option. 
 
3. Oxygen: For patients with an oxygen saturation below 90%.   
 
4. Second-line inhaled therapies: If patients do not respond to salbutamol and prednisolone, then 
increase the frequency of salbutamol treatments or consider adding inhaled or nebulized ipratropium 
bromide, if available.  
 
5. IV magnesium: Can be given as a 40 mg per kg of body weight up to a maximum dose of 2 g infused 
over 20 minutes. Magnesium inhibits the calcium influx into bronchial smooth muscle cells leading to 
bronchodilation. 
 
In severe cases, subcutaneous (SC) or intramuscular (IM) epinephrine may be considered. This may be 
helpful in refractory cases or if nebulized therapies are not available and the patient is unable to use an 
inhaler. IV salbutamol and IV aminophylline are not recommended by the WHO as the benefits do not 
outweigh the risks of toxicity, particularly in a setting where monitoring is not feasible.  
 
Patients should be reassessed at periodic intervals (e.g. 15 to 20 minute intervals) to ensure that they 
are responding to treatment. Failure to respond would require more intensive treatment. 
 

CASE TWO CONCLUSION: 
Sibale is admitted to the hospital and treated with oral prednisolone and IV magnesium. Nebulized 
salbutamol was not readily available, so he was given inhaled salbutamol through a spacer that he 
brought from home. His symptoms improved and he was discharged from the hospital two days after 
admission with instructions to complete a three-day course of prednisolone.  He was also discharged 
with a beclomethasone inhaler and instructed to use twice per day to control his asthma. Sibale 
followed up in the clinic two weeks after discharge and his symptoms continued to be controlled. He 
was counseled on the importance of limiting exposure to smoke and chemical irritants and instructed 
to wear a mask if exposed to excess smoke, dust, allergens, and chemical irritants.  

 
12. What advice can you give Sibale and Patricia to prevent exacerbations of their asthma? 
 
Minimizing exposure to the following can prevent severe asthma symptoms: 
● Cigarette smoke 
● Excess dust. Dust exposure can be reduced by using damp cloths to clean furniture, sprinkling the 

floor with water before sweeping, cleaning blades of fans regularly, and minimizing soft toys in the 
sleeping area.  

● Smoke filled rooms. Smoke from wood- or charcoal-burning stoves can be decreased by moving the 
stove to a well-ventilated area or outside the home. 

● Occupations that require contact with chemical irritants (e.g. volatile chemicals, dust, and smoke) 
● Allergens (e.g. cockroaches, dust mites, mold, and animal dander) in the home  
 
Patients should seek medical attention early in the course of an exacerbation to avoid risk of rapid 
respiratory compromise outside a medical setting. The following are reasons to seek medical attention: 
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● Change in breathing from baseline  
● Decrease in PEFR from baseline  
● Increased frequency of inhaler use 
● Productive cough or infectious symptoms  
● Symptoms that do not improve with the salbutamol inhaler  
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