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Sickle-cell disease 1

The intersection between asthma and acute chest syndrome 
in children with sickle-cell anaemia 
Michael R DeBaun, Robert C Strunk*

Acute chest syndrome is a frequent cause of acute lung disease in children with sickle-cell disease. Asthma is common 
in children with sickle-cell disease and is associated with increased incidence of vaso-occlusive pain events, acute chest 
syndrome episodes, and earlier death. Risk factors for asthma exacerbation and an acute chest syndrome episode are 
similar, and both can present with shortness of breath, chest pain, cough, and wheezing. Despite overlapping risk 
factors and symptoms, an acute exacerbation of asthma or an episode of acute chest syndrome are two distinct entities 
that need disease-specifi c management strategies. Although understanding has increased about asthma as a comorbidity 
in sickle-cell disease and its eff ects on morbidity, substantial gaps remain in knowledge about best management.

Introduction
In high-income countries, children with sickle-cell disease 
are now expected to live through young adulthood.1–3 As 
mortality has decreased in these children, the primary 
focus has shifted to improvements in quality of life and 
decreases in the major causes of morbidity, particularly 
vaso-occlusive pain and acute chest syndrome, a potential 
life-threatening pulmonary disorder specifi c to sickle-cell 
disease. Asthma also causes increased morbidity in 
children with sickle-cell disease. Acute exacerbations of 
asthma can be diffi  cult to distinguish from acute chest 
syndrome; although recognition of the importance of 
comorbid asthma in sickle-cell disease outcomes is 
increasing, asthma continues to be underdiagnosed, 
inadequately treated, and diffi  cult to distinguish from lung 
complications distinct to sickle-cell disease. In this Series 
paper, we focus on asthma and acute chest syndrome in 
sickle-cell disease. Given that most of the published work 
focuses on children with sickle-cell anaemia (referred to as 
haemo globin SS or S beta-thalassaemia zero due to the 
challenge in distinguishing the two phenotypes without 
genetic testing), we will focus on this phenotype. 

Acute chest syndrome in sickle-cell disease
Defi nitions
Many defi nitions of acute chest syndrome are used in 
clinical practice and research (table 1). Unfortunately, none 
of these defi nitions has included the rate of respiratory 
decline, a major component of the life-threatening nature 
of acute chest syndrome. The prototypical episode of acute 
chest syndrome is one in which the patient acutely 
develops fever, increased work of breathing, a new 
radiodensity on chest roentgenogram, and then a rapid 
decline in respiratory status, commonly within 24 h of 
symptom onset. A subacute course (which occurs in most 
patients) can mimic the clinical course of bacterial 
pneumonia, asthma exacerbation, or bronch iolitis. The 
poor specifi city in the defi nition of acute chest syndrome 
means that a 2 year old child with sickle-cell disease who is 
admitted to a hospital for an acute wheezing illness due to 

respiratory syncytial virus (RSV) and sub-segmental 
atelectasis on chest roentgenogram is referred to as having 
acute chest syndrome; as is a 15 year old who presents to 
the hospital with mild diffi  culty breathing, fever, and a 
haemoglobin oxygen saturation of greater than 95% on 
room air, who is admitted to an intensive care unit 12 h 
later with acute respiratory distress syndrome and 
endotracheal intubation. A more precise diagnosis of acute 
chest syndrome is needed to improve the clinical 
homogeneity of the syndrome and, most importantly, 
enhance the opportunity for eff ective translational 
research. To improve the diagnostic criteria for acute chest 
syndrome specifi c to sickle-cell disease, we recommend 
that a more formal study be done to address the rate of 
decline of respiratory status. Despite the clear importance 
of research into therapy for acute chest syndrome, no 
international consensus statement for defi nition and 
validation of acute chest syndrome has been made.
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Search strategy and selection criteria

We searched PubMed for papers published in English between 
1970 and 2015, and reviewed all of the abstracts. The search 
terms included (“anemia, sickle-cell”[MeSH Terms] OR 
(“anemia”[All Fields] AND “sickle”[All Fields] AND “cell”[All 
Fields]) OR “sickle-cell; “anemia, sickle-cell”[MeSH Terms] OR 
(“anemia”[All Fields] AND “sickle”[All Fields] AND “cell”[All 
Fields]) OR “sickle-cell anemia”[All Fields] OR (“sickle”[All Fields] 
AND “cell”[All Fields] AND “disease”[All Fields]) OR “sickle-cell 
disease”[All Fields]) AND (“asthma”[MeSH Terms] OR 
“asthma”[All Fields]). We subsequently selected articles that 
were focused on asthma and or asthma symptoms in children 
and adults with sickle-cell anaemia. We also reviewed the 
references of the selected papers. When possible, we chose data 
from large multicentre studies rather than studies from single 
centres to determine the prevalence of asthma in sickle-cell 
disease or to summarise the clinical fi ndings. When a series of 
studies identifi ed a similar pattern of results, we attempted to 
summarise the results. 

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(16)00145-8&domain=pdf
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The presentation, natural course, causal mechanisms, 
and mortality rate of acute chest syndrome diff ers 
considerably with age. Children are far more likely to 
present with a fever and cough with no distinct 
predilection for any of the lobes of the lungs on chest 
roentgenogram; whereas, adults are more likely to 
present with shortness of breath, chest pain, and chest 
roentgenogram fi ndings in multiple lobes.5 In children, 
high clinical suspicion is needed for diagnosis of acute 
chest syndrome because up to 40% will have a normal 
physical examination.6 Clinicians who depend on history 
and physical signs to exclude acute chest syndrome and 
do not obtain a chest roentgenogram will miss 61% of 
episodes of acute chest syndrome in children.8 The causal 
mechanisms of acute chest syndrome in children and 
adults are mostly unknown; however, for patients in 
whom a cause is known, infections are commonly 
identifi ed.4 Most importantly, acute chest syndrome in 
young children is rarely the proximal cause of death (<1% 
of episodes); whereas, in adults, about 9% of all episodes 
result in death.4

Risk factors
Several prospective and retrospective studies have shown 
that children with sickle-cell disease and asthma have a 
higher rate of acute chest syndrome events than do those 
with sickle-cell disease without asthma.9–13 Other clinical 
risk factors include baseline higher haemoglobin 
concentration and white blood cell count and lower 
haemoglobin F concentration.6 Genetic variation in 
multiple loci has been associated with the incidence of 
acute chest syndrome; they include the beta-globin gene 
cluster haplotype,14 a (GT)(n) dinucleotide repeat located 
in the promoter region of HMOX1 (protein HO-1),15 a 
single nucleotide roughly 8 kilobases upstream of 
COMMD7,16 and plasma concentrations of HO-1.17 
However, neither laboratory fi ndings nor genetic risk 
factors are suffi  cient to stratify children into groups of 
high or low risk for future acute chest syndrome episodes. 
Elucidation of an underlying genetic predisposition to 

acute chest syndrome could lead to identifi cation of 
potential pathways that could be targeted for therapy.

Prevention
Supportive measures are used to try to prevent acute chest 
syndrome in children presenting with vaso-occlusive pain 
and who are subsequently hospitalised. The most 
documented preventive strategy for acute chest syndrome 
is the use of incentive spirometry during hospital stays for 
vaso-occlusive pain events. In a study by Bellet and 
colleagues, 18 children and adolescents with sickle-cell 
disease that were hospitalised for vaso-occlusive pain were 
randomly allocated to receive either incentive spirometry 
with ten maximal inspirations every 2 h between 0800 h 
and 2200 h while awake (experimental group) or no 
spirometry (standard therapy). Children assigned to 
incentive spirometry had an 87% relative risk reduction of 
acute chest syndrome events. Another strategy to prevent 
acute chest syndrome includes standardising hospital 
medical care and educating physicians and nursing staff  
to ensure patients receive optimum doses of opioids to 
relieve pain (but not cause sedation leading to atelectasis) 
and adequate intravenous and oral fl uids.19 When an 
inpatient multimodal strategy was implemented to 
manage vaso-occlusive pain, rates of acute chest syndrome 
decreased from 25% to 12% (p=0·003).19

Treatment
After acute chest syndrome has been diagnosed, 
management typically includes supportive measures. 
Broad-spectrum antibiotics eff ective against Streptococcus 
pneumoniae and a macrolide should be started for possible 
treatment of Chlamydia pneumoniae or Mycoplasma 
pneumoniae.20 Commonly, the haemoglobin oxygen 
saturation is kept higher than 92%, which might need 
supplemental oxygen. When a patient has a constellation 
of clinical fi ndings that include at least one of the 
following: increasing respiratory rate with increasing 
work of breathing, increasing oxygen requirement to 
keep the oxygen saturation higher than 92%, and a 
decreasing haemoglobin concentration, a blood 
transfusion is given to raise the haemoglobin 
concentration up to approximately 100 g/L, if the patient 
has a baseline haemoglobin level that is lower than 
90 g/L. In patients with a haemoglobin concentration of 
90 g/L or lower with a deteriorating respiratory status, 
erythrocytapheresis is often done to raise the 
concentration to higher than 10·0 g/dL and bring the 
haemoglobin S concentration down to 30%. Individuals 
with acute chest syndrome initially managed at hospitals 
that do not have the capacity to quickly perform erythro-
cytapheresis should be transferred to a tertiary care 
medical centre because the patient’s respiratory status 
might decline rapidly. Erythrocytapheresis has associated 
risks in the setting of acute chest syndrome, including, 
but not limited to, posterior reversible encephalopathy 
syndrome, increased number of red blood cell unit 

Acute chest syndrome defi nition

Vichinsky et al4 A new pulmonary infi ltrate involving at least one 
complete lung segment that is consistent with the 
presence of alveolar consolidation, but excluding 
atelectasis
Chest pain, tachypnoea, wheezing, or cough
Temperature higher than 38·5°C

Vichinsky et al5; 
Castro et al6

A new pulmonary infi ltrate on chest radiograph

Charache et al7 Chest pain, increased leucocytosis
Fever
Pulmonary infi ltrate

Individuals with sickle-cell disease, pneumonia, or bronchiolitis will typically meet 
the defi nition of acute chest syndrome. 

Table 1: Various defi nitions of acute chest syndrome from highly 
cited studies



Series

www.thelancet.com   Vol 387   June 18, 2016 2547

exposures with associated red blood cell alloimmunisation, 
and iatrogenic complications associated with central line 
placement. Given the consensus that erythrocytapheresis 
is eff ective in attenuating the downward spiral of acute 
respiratory failure in individuals with severe acute chest 
syndrome, a randomised controlled trial is not likely to be 
done. Other respiratory support measures such as bi-level 
positive airway pressure devices might be started, but 
these do not replace the use of blood transfusion therapy.

Asthma and airway hyper-responsiveness in 
sickle-cell disease
Lung disorders in sickle-cell disease
Individuals with sickle-cell disease commonly have 
regular (even chronic) cough, shortness of breath, and 
wheeze in the absence of asthma. Airway hyper-
responsiveness is another feature of sickle-cell lung 
disease.21 Various studies have defi ned hyper-
responsiveness either as a decrease in lung function after 
exercise, cold air, or methacholine challenges or an 
increase after administration of a bronchodilator. Up to 
70% of children with sickle-cell disease have airway 
hyper-responsiveness.22 In a cross-sectional study, Field 
and colleagues23 showed an association between the 
degree of airway responsiveness to methacholine and 
levels of lactic dehydro genase concentrations in children 
with sickle-cell disease,23 suggesting an interaction 
between haemolysis in blood vessels of the lung and 
responsiveness of the airways. However, the basis for the 
association between hyper-responsiveness and the 
degree of haemolysis has not been extensively studied.

In adults, chronic lung disease is often listed as a cause 
of morbidity, but stages of sickle-cell chronic lung disease 
are based on a combination of clinical data (chest pain), 
laboratory evaluation (arterial blood gas), cardiac 
evaluation, and pulmonary function tests, mainly 
spirometry and lung volumes.24 Unfortunately, the 
originally proposed sickle-cell chronic lung disease 
classifi cation has not been validated or broadly applied as 
an approach to determine the severity of lung disease in 
sickle-cell anaemia or as a predictor for premature death.

Asthma in sickle-cell disease
Given the substantial overlap in symptoms of acute 
asthma exacerbation and acute lung disease associated 
with sickle-cell disease, making a diagnosis of asthma in 
a child with sickle-cell disease can be diffi  cult. The 
presence of sickle-cell disease alone could be suffi  cient to 
change the lung physiology and infl ammatory status to 
resemble an asthma phenotype. The best evidence 
supporting this premise is from two separate studies in 
mice with sickle-cell disease, which show altered 
immune and lung physiology that most resembles 
experimental asthma. Andemariam and colleagues25 
showed that lungs from sickle-cell disease mice have 
histological and cytochemical evidence of airway 
infl ammation. Nandedkar and colleagues26 showed that 

transgenic sickle-cell disease mice have higher eosinophil 
counts, immunoglobulin E concentrations, and 
interleukin 13 concentrations compared with transgenic 
haemoglobin A mice. Both eosinophils and interleukin 13 
concentrations are implicated in allergic infl ammation; 
however, the biological basis for these fi ndings is not 
known. In a large study of children with sickle-cell 
anaemia, approximately 50% (261 of 521) had total 
immunoglobulin E concentrations higher than the 90th 
percentile for age-matched healthy controls.27 Total 
immunoglobublin E level was associated with a diagnosis 
of asthma and with incidence of acute chest syndrome.27 
These data suggest that children with sickle-cell anaemia 
could be primed for increased allergic infl ammation.

Epidemiology and diagnosis of asthma in sickle-cell 
disease
Asthma is a common comorbidity in children with 
sickle-cell disease, occurring in 15–28% of participants in 
large multicentre cohort studies.9,27,28 In many of these 
studies, the asthma diagnosis is made based on a parental 
report of a physician diagnosis of asthma,29–31 a standard 
strategy for asthma epidemiology studies. Other 
defi nitions of asthma in children with sickle-cell disease 
include physician diagnosis of asthma and an episode of 
wheezing in the previous 12 months or receiving asthma 
medication, or both (table 2).32

In a rigorous, multicentre, prospective study of 
children with sickle-cell anaemia and asthma a 
multivariable logistic regression identifi ed three factors 
associated with asthma: parent with asthma (p=0·006), 
wheezing causing shortness of breath (p=0·001), and 
wheezing after exercise (p<0·001).28 The model had a 
sensitivity of 100% when two or more features were 
present. When none of the features were present, model 
sensitivity was 0% at diff erentiation from children 
without asthma.28

Diagnosis of asthma in sickle-cell disease
On the basis of published work on acute chest syndrome, 
a reasonable defi nition of asthma in children with sickle-
cell disease should include repetitive wheezing causing 
shortness of breath or wheezing with exercise, with 
confi dence in the diagnosis of asthma strengthened by the 
presence of parental history of asthma, at least two positive 
aeroallergen skin tests, or both, in children 4 years of age 
or older.28 A diagnosis of repetitive acute chest syndrome 
episodes with a negative chest roentgenogram should also 
raise the suspicion of inadequately treated asthma. 
However, the presence of wheezing alone is not suffi  cient 
to make a diagnosis of asthma. Even in children with 
sickle-cell anaemia without an asthma diagnosis, 48% had 
a history of some wheezing symptoms and 13% had 
wheezing causing shortness of breath.28 Taken together, 
these data highlight the clinical challenge of making a 
diagnosis of asthma, and even an asthma exacerbation, in 
children with sickle-cell disease.
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Asthma and acute chest syndrome in sickle-cell 
disease
A confi rmed asthma diagnosis is associated with 
increased incidence of acute chest syndrome and pain. 
The most rigorous study to show the relationship 
between asthma and acute chest syndrome was the 
Cooperative Study of Sickle-Cell Disease (CSSCD), a 
prospective cohort of 291 infants with sickle-cell anaemia 
observed for a mean of 14 years.9 Children with asthma 
had increased incidence of acute chest syndrome, pain, 
and an earlier onset of the fi rst episode of acute chest 

syndrome when compared with children in the cohort 
who did not have asthma (fi gure 1).9 Other single 
institution and multi-institutional studies have 
consistently confi rmed the association between asthma 
and increased incidence of acute chest syndrome and 
pain events in children with either sickle-cell 
anaemia10–12,27,32–35 or haemoglobin SC disease.36 Also three 
separate prospective studies in adults with sickle-cell 
disease have shown asthma or recurrent wheezing to be 
associated with an increased rate of pain or acute chest 
syndrome.32,37,38

Asthma defi nition Outcome associated with asthma

Boyd et al9 Older than 5 years; clinical diagnosis during any annual study 
visit or presentation with acute asthma during study or use of 
asthma medication reported on a clinic visit form

Asthma associated with more frequent and painful ACS episodes and 
earlier diagnosis of ACS

Knight-Madden et al10 Parent report of ever or current asthma diagnosis, 
substantiated by medical record review; atopy defi ned by at 
least one positive skin-prick test

Asthma diagnosis more common in individuals with sickle-cell 
disease than in controls; atopy and asthma were more common in 
children with sickle-cell disease who had recurrent episodes of ACS 
compared with those who had one or no ACS episodes

Bernaudin et al11 Doctor diagnosis of asthma in medical record Signifi cant increase in ACS episodes, but not pain

Sylvester et al21 Parent report of a doctor diagnosis of asthma and taking an 
anti-asthma medication

Those taking anti-asthma medication more often had ACS episodes; 
asthma was diagnosed 3·5 years before fi rst ACS episode

An et al27 Parent report of a doctor diagnosis of asthma; when no 
asthma medication was reported, diagnosis of asthma was 
confi rmed by chart audit fi nding of prescribed anti-asthma 
medication, hospitalisation, or urgent visit for asthma

Increased incidence of ACS and pain; elevations of serum 
immunoglobulin E and specifi c antibodies for Alternaria spp, 
cockroach, and dust mite

Strunk et al28 Parent report of a doctor diagnosis and report of daily anti-
asthma medication

Prospective ACS rate associated with having a parent with asthma, 
wheeze after exercise, wheeze causing shortness of breath

Knight-Madden et al32 Current asthma diagnosed by a doctor, wheezed in previous 
12 months or were receiving asthma medication; asthma in 
past if ever diagnosed but no wheeze or asthma medication; 
also analysed cigarette or marijuana smoking currently or in 
past

Increased risk of death with smoking or had current asthma

Boyd et al 33 Medical record review indicated history of physician-diagnosed 
asthma during any admission to hospital prior to index 
admission for pain

Associated with increased risk of and longer hospitalisation for ACS

Paul et al34 History of asthma Patients with a history of acute pulmonary events more likely to have 
as independent variables a history of asthma, older age, severe 
episodes of pain in preceding 12 months, higher white blood cell 
count and tricuspid regurgitation velocity

Intzes et al35 History of asthma History of ACS signifi cantly associated with either asthma or 
obstructive lung disease

Poulter et al36 For children with sickle-cell disease: parent-reported asthma or 
routine use of asthma medications on admission history; or 
parent-reported or child complaint of wheezing at 
presentation

Asthma and wheeze signifi cant risk factors for development of ACS

Cohen et al37 Either a doctor diagnosis of asthma or reported use of 
anti-infl ammatory asthma-controller medication in adults

Signifi cantly associated with serum immunoglobulin E, family 
history of asthma, history of eczema, and wheeze symptoms; wheeze 
symptoms but not asthma associated with rates of pain and ACS 
events

Glassberg et al38 Diagnosis of asthma documented in medical history or 
problem list with supporting evidence from medical record of 
prior health-care encounters; when asthma diagnosed but no 
asthma medication recorded, diagnosis confi rmed in medical 
records for any hospital admission, emergency department 
visit, clinic visit, or medication for asthma

Wheezing and asthma independently associated with increased 
emergency department visits for pain; wheezing but not asthma 
associated with increased emergency department use for ACS

Boyd et al 39 Clinical diagnosis during any annual study visit or
presentation with acute asthma during study or
use of asthma medication reported on a clinic visit form

After controlling for established risk factors, individuals with 
sickle-cell disease and asthma had increased risk of mortality

ACS=acute chest syndrome.

Table 2: Asthma defi nitions in individuals with sickle-cell disease and main fi ndings of the article
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As would be expected with the higher incidences of 
pain and acute chest syndrome events, which are both 
independent risk factors for mortality,40,41 a diagnosis of 
asthma in individuals with sickle-cell anaemia is 
associated with earlier death when compared with 
individuals without asthma. One prospective study in 
children and adults with sickle-cell anaemia and two 
prospective studies in adults with sickle-cell anaemia 
and sickle-celll disease have shown the link between 
asthma39 or recurrent wheezing and earlier death.32,37 
Two case series identifi ed asthma exacerbations to be a 
proximal cause of death in young adults with sickle-cell 
disease,23,42 further bolstering the strength of the 
relationship between asthma and death. Collectively, 
these data show that a diagnosis of asthma or recurrent 
wheezing should be screened for, detected, and treated, 
not only to prevent morbidity, but also perhaps 
mortality.

One of the biggest risk factors for future acute chest 
syndrome is history of a previous episode, particularly for 
children younger than 4 years. This risk factor was fi rst 
shown by Quinn and colleagues43 in the Dallas sickle-cell 
anaemia cohort, a large retrospective cohort of children 
with sickle-cell anaemia (n=264, with a mean follow-up of 
12 years).43 Early acute chest syndrome explained 12% of 
the variability in late acute chest syndrome and was 
associated with late acute chest syndrome with an odds 
ratio of 2·51 (95% CI 1·67–3·86; p <0·001) when 
compared to the reference category. Early pain, early 
dactylitis, sex, and sickle-cell disease genotype did not 
predict incidence of late acute chest syndrome. However, 
this study did not defi ne the timing of when the repeat 
event was likely to occur. More recently, in a multicentre 
cohort of children with sickle-cell anaemia observed in 
clinical centres since birth (n=125 children; median 
follow-up 15 years), Vance and colleagues44 reported that 
the interval with the highest incidence rate of recurrence 
of serious vaso-occlusive events (either pain or acute chest 
syndrome alone or both, requiring hospitalisation) was 
within 6 months of a child’s last event.44

Children younger than 4 years with sickle-cell anaemia 
who have been hospitalised for acute chest syndromes 

Figure 1: Relationship between asthma and increased rate of pain events 
(A) and acute chest syndrome (B) in children with sickle-cell anaemia
Overall incidence rate of painful events (A) is higher in children with asthma 
(1·39 events per patient-year) than in those without asthma (0·47 events per 
patient-year; p<0·001). Overall incidence rate of acute chest syndrome events 
(B) is higher in children with asthma (0·39 events per patient-year) than in 
children without asthma (0·20 events per patient-year, p<0·001). 
*Line segments are point-wise exact 95% CI. Reproduced with permission of 
the American Haematology Society.
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Figure 2: Proposed pathophysiology in children with sickle-cell anaemia with early-onset ACS
Postulated mechanism for why early-onset ACS in children with sickle-cell anaemia younger than 4 years is associated with both short-term and long-term acute lung 
morbidity (ACS, asthma, or both). The initial ACS event results in airway infl ammation and hyper-responsiveness, which predispose the airways to narrowing from a 
second hit, either a repeat viral infection (young children have about six viral infections a year), exposure to an environmental irritant (eg, cigarette smoke), or a 
history of atopy with exposure to an aeroallergen to which there is sensitivity. A second event then leads to a sequence of events that result in a repeat severe 
vaso-occlusive episode. ACS=acute chest syndrome. HbS=haemoglobin S.
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have a distinctly diff erent natural history of acute lung 
disease when compared with older children at the time 
of their fi rst episode. Three observations from 
multicentre studies strongly suggest that early onset of 
acute chest syndrome is a phenotype associated with an 
increased risk for future lung disease (acute chest 
syndrome events and perhaps asthma diagnosis). First, 
as mentioned, presence of an initial acute chest 
syndrome episode in children younger than 4 years is a 
very strong risk factor for future acute chest syndrome 
episodes (incidence rate ratio 2·84, 95% CI 1·84–4·37; 
p<0·001).13 Second, 80% of the children with a diagnosis 
of asthma that was made after age 5 years had at least 
one episode of acute chest syndrome when younger than 
4 years.9 Third, children who had their fi rst episode 
when younger than 4 years had a higher rate of severe 
vaso-occlusive disease requiring hospitalisation (pain or 
acute chest syndrome) 1 year after the event (62%) than 
did children older than 4 years at their fi rst episode 
(39%; p=0·009).44 Together these fi ndings provide 
compelling evidence that at the very least clinicians 
should identify children with sickle-cell anaemia who 
were younger than 4 years at their fi rst episode because 
this group will most likely have asthma,9 have a higher 
risk of hospitalisation for vaso-occlusive events within a 
year,44 and have a higher incidence rate of future acute 
chest syndrome episodes.13

We postulate that young children with sickle-cell disease 
have the same frequency of respiratory viral illnesses in 
early life as do similarly aged children in the general 
population, approximately six respiratory infections per 
year.45 In the general population, young children admitted 
to hospital with viral-associated wheezing are likely to 
have repeat hospitalisation for wheezing within a year46 
and have a predisposition to asthma.46,47 We posit that 
children with sickle-cell anaemia are susceptible to the 
same eff ects of early respiratory tract viral infections 

Panel 1: Case one—asthma exacerbations misinterpreted as episodes of acute chest 
syndrome

Multiple episodes of respiratory distress in a young child that were labelled acute 
chest syndrome events, but were asthma exacerbations
A 1-year-old boy with sickle-cell anaemia was seen during a hospitalisation for acute 
respiratory disease initially diagnosed as an acute chest syndrome event. He had severe 
eczema and persistent rhinorrhoea. Both parents had eczema and a sibling had asthma. 
On examination he was wheezing and had a prolonged expiratory phase. His blood 
pressure was 100/82 mm Hg, temperature 40·6°C, pulse 140 beats per min, respiratory 
rate 38 breaths per min, and haemoglobin oxygen saturation was 100% in ambient room 
air. On the basis of his wheezing without an upper respiratory illness and the strong family 
history of atopic disease, he was diagnosed as having asthma. His treatment in this 
hospitalisation at age 1 year was augmented with oral corticosteroids and regular use of 
albuterol. At discharge he was started on regular nebulised inhaled corticosteroid. 
Additional testing supported the diagnosis of asthma, with infant pulmonary function 
tests demonstrating airway obstruction and bronchodilator response (forced expiratory 
volume in 0·5 s was 57% predicted, with an increase by 34% after albuterol). With use of 
daily inhaled corticosteroids and oral corticosteroids initiated as the fi rst signs of an 
exacerbation (increased wheeze and cough in the context of an upper respiratory 
infection), he had no hospital admissions for respiratory disease over the next 3 years.

Summary
This boy had asthma given his typical symptoms of wheeze without a cold and his strong 
personal and family history of atopy.28 His clinical course changed with asthma therapy. 
He represents a situation where asthma exacerbations can be misinterpreted as episodes 
of acute chest syndrome. Recognition of his clinical course and his family history allowed 
re-interpretation of his disease as asthma and treatment altered his clinical course. 

Panel 2: Case two—sickle-cell-related lung disease that 
mimics asthma

Recurrent respiratory exacerbations in the context of 
upper respiratory infections each associated with wheeze
A 9-year-old girl with sickle-cell anaemia had frequent 
hospitalisations (average three to four times per year), for 
acute respiratory illnesses with wheezing. Evaluation at 
baseline showed no evidence of atopy, with negative skin 
testing to aeroallergens, normal total serum 
immunoglobulin E levels, and no family and personal history 
negative for asthma, eczema, or allergic rhinitis. Pulmonary 
function testing did not show obstructive lung disease. Due 
to her history of wheezing with colds, she was prescribed 
inhaled corticosteroid just at times when she had increased 
upper respiratory symptoms, for the possibility that she had 
infection-induced asthma. On a subsequent hospitalisation 
with onset of wheeze after increased upper respiratory 
symptoms, her blood pressure was 108/68 mm Hg, 
temperature 38·1°C, pulse 190 beats per min, respiratory rate 
60 breaths per min, and oxygen haemoglobin saturation 
94% on 0·5 L supplemental oxygen. She had new 
radiodensities in the right middle and right lower lobes of her 
chest roentgenogram. Her wheeze was responsive to 
albuterol therapy. She was treated with intravenous 
antibiotics and prednisolone 2 mg/kg per day with a planned 
course of 5 days. She had resolution of symptoms within 
24 h, but 2 days after discharge she had recurrence of 
respiratory symptoms now associated with severe pain. 
Overall her clinical course was not aided by use of inhaled 
corticosteroid upper respiratory symptoms developed and 
this therapy was stopped.

Summary
This case represents sickle-cell-related lung disease that 
mimics asthma. Even though her wheeze responded to 
bronchodilator therapy, there was no evidence of atopy, no 
family history of asthma, and no pulmonary obstruction on 
spirometry. Use of oral corticosteroids did not seem to be 
useful and in fact might have precipitated the pain episode 
that occurred after her hospitalisation for primarily respiratory 
symptoms. Other investigators have reported either 
vaso-occlusive pain, readmission to hospital, or both 
temporally associated with short use corticosteroids in 
children with sickle-cell anaemia.48–50
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requiring hospitalisation, including a predisposition to 
asthma and future (pulmonary) acute chest syndrome 
events (fi gure 2). No results from prospective cohort 
studies have been reported to validate our hypothesis that 
early onset respiratory viral disease requiring 
hospitalisation predisposes to future asthma in children 
with sickle-cell disease.

Two cases (panels 1 and 2) identifi ed in our joint 
paediatric sickle-cell disease and asthma clinic highlight 
the challenge of determination of whether presentation of 
a child in respiratory distress is due to sickle-cell disease-
associated acute chest syndrome or an asthma exacer-
bation. Three abnormal lung disease phenotypes in 
children with sickle-cell anaemia (early onset acute chest 
syndromes, asthma, and sickle-cell-related lung disease) 
all overlap with the common asthma feature of wheezing. 

Role of spirometry in evaluation of sickle-cell 
disease
In 2014, the National Institutes of Health, Heart, Lung and 
Blood Institute (NHLBI) convened an expert panel to 
review the published work and make evidence-based 
recommendations for primary care providers on the 
management of sickle-cell disease.51 The expert panel did 
not recommend routine use of spirometry in children or 
adults with sickle-cell disease. However, on the basis of 
evidence that asthma and recurrent wheezing are 
associated with increased morbidity and mortality in sickle-
cell disease, this non-endorsement is without strong merit. 
The case in panel 3 from our clinic shows how spirometry 
evaluation can alter acute care in sickle-cell disease. As in 
children with asthma and cystic fi brosis, obtaining 
spirometry evaluations improves the ability to assess the 
degree of airway obstruction, monitor treatment response, 
and assess acute obstructive airway disease during an acute 
illness. Furthermore, the added value of spirometry in a 
clinic with children with sickle-cell disease is expected 
when as many as 28% have asthma28 and at least 60% of 
the children without asthma have airway hyper-reactivity.22

The evidence to support routine use of spirometry in 
sickle-cell disease includes, but is not limited to, the high 
pre-test probability of asthma coupled with the challenge 
of making the diagnosis of asthma in sickle-cell disease; 
the associated morbidity and mortality associated with 
asthma in sickle-cell disease; the high risk of deaths 
associated with asthma,39 recurrent wheezing,32,37 or 
cardiopulmonary disease;53–55 and the fact that in adults 
with sickle-cell anaemia a forced expiratory volume in 1 s 
(FEV₁) lower than 70% predicted predicts earlier mortality.56 
These observations indicate that routine spirometry 
evaluation is an important adjunct to the clinical care of 
this population with a high prevalence of pulmonary 
disease. Although adding spirometry to the routine care of 
children with sickle-cell disease and using evidenced-
based asthma guidelines should improve asthma 
management, this might not be suffi  cient to decrease 
sickle-cell disease-related morbidity. McClain and 

colleagues57 showed that asthma care could be improved to 
qualities suggested by the NHLBI with a combined asthma 
and sickle-cell disease clinic. However, implementing the 
NHLBI guidelines did not decrease the rate of asthma 
exacerbation, pain, or acute chest syndromes.57 Research is 
needed to specifi cally address the best therapy for children 
and adults with sickle-cell disease who have asthma, 
recurrent wheezing, or both. Furthermore, more studies 
are needed from sub-Saharan Africa and India where most 
children with sickle-cell disease are born; so far only one 
cross-sectional study has been published describing 
respiratory symptoms in children with sickle-cell disease.58

Conclusion
Asthma is prevalent in children with sickle-cell disease and 
results in increased rates of severe vaso-occlusive pain and 
episodes of acute chest syndrome. Given the high rate of 
sickle-cell-associated lung disease, with high IgE 
concentrations, common clinical features mimicking 
asthma (eg, wheezing, airway hyper-responsiveness), and 
recent evidence that low FEV₁ % predicted is associated 
with earlier death in adults with sickle-cell anaemia, 
suffi  cient evidence now exists to include in each clinic visit 
a routine history to ascertain asthma risk factors and 
symptoms. With the high prevalence of asthma and airway 
hyper-responsive disease without asthma in children with 
sickle-cell disease, spirometry should be used to 
complement the respiratory history, identify and monitor 
lower airway obstruction, and monitor response to therapy.

Panel 3: Case three—overlapping asthma and sickle-cell pain

Pain and acute respiratory disease without the presence of wheezing, but with 
reversible lower airway obstruction
An 11-year-old boy with sickle-cell anaemia presented to the clinic with complaint of an 
acute body pain for 3 weeks with no relief after oxycodone at home. He had a diagnosis 
of asthma and was prescribed albuterol to use as needed. On presentation to clinic 
during his episode of pain, he was afebrile with haemoglobin oxygen saturation 94% in 
ambient room air, lower than his usual 97%. He was sent to have pulmonary function 
testing based on his previous history of asthma, even though examination 
demonstrated only tenderness to palpation of his back, chest, and extremities, with no 
wheeze. On spirometry, his forced expiratory volume in 1 s (FEV1) was 66% predicted 
and improved by 23% to 82% predicted after administration of albuterol via 
metered-dose-inhaler. His pain resolved after the administration of the albuterol. Based 
on the initial lower airway obstruction, reversibility of the obstruction with a 
short-acting bronchodilator, and the resolution of his pain during testing, he was 
instructed to take albuterol every 4 h for 48 h and also started on inhaled 
corticosteroids twice a day for chronic use. He was seen 1 week later and had normal 
lung function results and continued to be without vaso-occlusive pain.

Summary
These results indicate the patient was having an asthma exacerbation with clinically 
signifi cant reversible airway disease52 and a pain event. The observation of an acute 
increase in FEV1 after administering β₂ agonist has been repeated in other children with 
sickle-cell disease presenting with pain or mild upper respiratory disease symptoms that 
did not have wheezing.
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More research is needed to defi ne eff ective treatment 
for asthma in the context of sickle-cell disease. Federal 
funding agencies and international professional societies 
in haematology and pulmonology have suffi  cient data to 
initiate consensus statements to defi ne and manage 
acute lung disease (asthma and acute chest syndrome), 
identify key gaps in knowledge, and pledge research to 
improve evidence-based care for acute lung disease and 
their sequelae in children with sickle-cell disease.
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