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In Saudi Arabia, the prevalence of pediatric asthma
ranges between 8% and 25%. However, there are no
sufficient data regarding severe asthma in childhood in
Saudi Arabia. Therefore, a task force has been formed
by the Saudi Pediatric Pulmonology Association which
is a subsidiary group of the Saudi Thoracic Society
and consists of Saudi experts with well-respected
academic and clinical backgrounds in the fields of
pediatric asthma as well as other respiratory diseases
to write a consensus on definitions, phenotypes, and
pathophysiology, evaluation, and management. To
achieve this, the subject was divided into various
sections, each of which was assigned to at least 2
experts. Withouta central literature review, the authors
searched the literature using their own strategies. To
reach an agreement, the entire panel reviewed and
voted on proposed findings and recommendations.
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1. Introduction. Asthma is the most common
chronic lower respiratory disease that commonly begins
in childhood and has a wide range of symptoms and
phenotypes that can progress or subside over time.'
Only 2 to 5% of children have severe asthma; however,
its burden on the economy and resource usage is
significant.’ Even though most asthmatic children
can be effectively treated with currently available
drugs, many asthmatic children remain difficult-to-
treat (DTA).* Much remains unknown on the optimal
techniques for treating these patients. Unlike adults,
children with severe asthma have higher total serum
immunoglobulin E (IgE), increased blood eosinophils,
and multiple aeroallergen sensitization. The main
comorbidities detected in pediatrics were bronchial
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hyperresponsiveness (BHR) and decreased
function.*®

The Saudi Pediatric Pulmonology Association
(SPPA)-Pediatric Severe Asthma Task Force includes
clinicians with expertise in severe asthma, representing
most Saudi health authorities. The task force decided
to write a consensus on definitions, phenotypes,
pathophysiology, evaluation, and management of severe
asthma with a specific recommendation for practice.
The methods employed in this document to develop
clinical recommendations follow local and worldwide
guidelines. The task force provides the basis for rational
decisions in managing severe asthma according to

international standards.

lung

2. Methods. The task force consisted of 14 invited
pediatric asthma experts. The subject was initially
subdivided into many topics. At least, 2 specialists were
selected for each topic. Topic writers carried out their
own literature searches and created their own databases
based on the results of those searches. There was no
attempt to assess the evidence or the recommendations.
Experts were provided opportunities to have their ideas
heard and considered by their peers through the use of
the nominal group technique (NGT), an organized face-
to-face group interaction.® As of July 2021, the literature
search was completed and the findings were presented.
There were 2 virtual sessions held in April and July
2021 in which the experts provided draft reports and
received feedback from the rest of the panel. The whole
panel examined and discussed the recommendations
and supporting evidence during these meetings. A
consensus was necessary for the recommendations to be
approved, and that was defined as a majority approval.
The recommendations were updated several times until
everyone agreed with them. Although the guidelines,
medications, and technologies on the market varied, the
panel made an effort to produce a consensus statement

that would be applicable worldwide.

3. Definition. The severity assessment of asthmatic
children in the clinical setting is essential as it guides the
management plan and determines the need for referral to

Disclosure. The committee is fully sponsored by the
Saudi Thoracic Society. Dr. Adel Alharbi is a member of
the Editorial Team, and was therefore excluded from any
final editorial decisions regarding this paper.
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a specialist.” The asthma severity assessment is dictated
by the treatment step needed to control the patient’s
symptoms.' Even though severe asthma has multple
definitions, the differences between them are subtle.'
The recent guidelines by European Respiratory Society/
American Thoracic Society and Global Initiative for
Asthma define it as “asthma that requires step 4 or 5
therapy (high-dose inhaled corticosteroids [ICS]) plusa
second controller)- to be controlled or uncontrolled”.!!
A study discovered that 4.5% of children diagnosed
with asthma had “severe asthma,” with an estimated
prevalence of 0.5%.'* Difhicult-to-treat asthma is
defined as uncontrolled asthma related to a poor
inhaler technique, suboptimal adherence to therapy,
untreated modifiable factors, or an incorrect diagnosis
of asthma.”® Labels such as “refractory asthma” and
“treatment-resistant asthma” are no longer appropriate
with the emergence of biological therapies.'

4. Burden and epidemiology of severe
asthma. Asthma remains a prevalent global health
and socio-economic problem, despite several decades
of progress in asthma management. Severe asthma
risk factors have been identified on the basis of several
epidemiological studies. Though severe asthma in
children occasionally presents during school age;
however, it tends to start earlier (in the first 3 years of
life) in those with severe asthma compared to those
with mild-to-moderate asthma who tend to have
their symptoms onset relatively later (5 years of age
or later).”>'® Babies born with lower lung function,
assessed by maximal expiratory flows at functional
residual capacity (Vmax [FRC]), shortly after birth
have a higher risk of severe childhood asthma.''®
Atopic  dermatitis, bronchial hyperresponsiveness,
airway obstruction, high fractional exhaled nitric oxide
(FeNO), and African American race are all risk factors
for severe childhood asthma.'®!-

There are no sufficient data on severe asthma in
childhood in Saudi Arabia. Recent investigations in
Saudi Arabia demonstrated that between 1986 and
2017, the prevalence of childhood asthma varied across
the country, from 9% in the Southern region to 33.7%
in the Eastern region.*® According to the Saudi Initiative
for Asthma, children in Saudi Arabia have an asthma
prevalence rate of 8 to 25%.* This discrepancy could
be explained by the different surveying methods that
were used during the assessment of prevalence or the
different age groups that were assessed. Approximately
30% of Saudi Arabian citizens are under the age of 15,
and 68% fall somewhere between 15 and 64.” As a
result, childhood asthma is likely to remain a serious
public health concern in Saudi Arabia.
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Chronic symptoms, acute exacerbations, and drug
side effects are common in patients with severe asthma.
Patients with severe asthma may experience disruptions
in their ordinary activities, sleep, physical activity,
social life, and mental health.?® Severe asthma has a
significant financial impact on society.” The total cost
of asthma in the United States in 2013, based on the
pooled sample, was $81.9 billion, including expenses
associated with absenteeism and mortality.?® The most
significant cost drivers of direct costs were discovered
to be hospitalization and drugs.”” Controlling asthma
has the ability to enhance not just one’s health but also
save money on hospital costs and increase productivity.
More research is needed to determine the prevalence
of severe childhood asthma and its burden on the
healthcare system in Saudi Arabia.

5. Pathogenesis of severe asthma.
Asthma has been known to be an eosinophilic airway
inflammatory disease linked to BHR.***?* Indeed,
the quantity of eosinophils in the lungs is correlated
with the severity of the disease and has been used to
classify clinical phenotypes and guide treatment in
severe asthma.*> The immunopathogenesis of severe
asthma is different from mild to moderate asthma as
there are significant differences in the immune response
and the extent and type of subsequent inflammatory
cytokine production.® Another subset of severe asthma
is glucocorticoid-resistant asthma, which occurs due to
multiple pathophysiological mechanisms.**

The inflammatory cascade in severe asthma is
mainly caused by T-helper 2 cells (Th-2) activation and
the release of Th-2 related cytokines, predominantly
Interleukin-4 (IL-4), IL-5, and IL-13.*% The extent
of expression of these cytokines correlates with asthma
severity. Moreover, severe asthma is associated with
inflammatory responses by other T-helper cells, which
are Th-17 and Th-1. The Th-17 response is initiated by
IL-6 and maintained by IL-23, which releases I1L-17,
enhancing the neutrophilic production.” Interferon-
gamma (IFN-g) is another cytokine that has been
implicated in severe asthma, and it is released through
the activation of Th-1 cells. Finally, innate immunity,
precisely, innate lymphoid cell type 2, has a major
role in severe asthma pathogenesis. lymphoid cell type
2 mediators include thymic stromal lymphopoietin
(TSLP), IL-25, and IL-33. IL-33, in particular, is linked
to severe asthma and changes in the airways (Figure 1).>*

Glucocorticoids (GC) act by binding to the
glucocorticoid receptors (GR) in the cytoplasm,
forming a complex that binds to the DNA, causing
an anti-inflammatory effect. There are 2 subtypes of

glucocorticoid receptors, GR-o. and GR-a.. Normally
GC binds to GR-a to elicit the anti-inflammatory
reaction. Unlike GR-a,, GR-a does not bind to GC
and acts as a weak dominant inhibitor of GR-a.?*%
Reduced GR-binding affinity, GR-overexpression,
decreased histone deacetylase (HDAC) activity, and
genetic predisposition all contribute to GC resistance
asthma.””?” The reduction in GR binding affinity has
been linked to the expression of IL-4 and IL-2.3*

Meanwhile, the evidence is inconclusive regarding
the relationship between GR-00  overexpression
and severe asthma.” Alternatively, the reduction of
HDAC activity is linked to phosphorylation by a
phosphoinositide 3-kinase that is activated by oxidative
stress.*”*! GC-resistant asthma might have a genetic
predisposition, and there is speculation that it’s linked
to certain genetic variants, in particular, glucocorticoid-
induced transcript 1 gene (GLCCI1).**%

Type 2-low asthma. In the pediatric population,
T2-low asthma is less common than T2-high asthma
and has not been fully understood yet.*! In moderate to
severe asthma patients, the activation of Th-1 and Th-17
cells by T2-low asthma is detected.”? These patients are
usually older, less prone to allergies, and less responsive
to corticosteroids.”® There has been little progress in the
research of therapeutic medications for T2-low asthma.
The promising efficacy of azithromycin and bronchial
thermoplasty has been reported.*

Type 2-high asthma. Both allergic and non-allergic
eosinophilic asthma are classified as T2-high asthma. In
allergic asthma, IgE-dependent mechanisms are crucial,
while non-allergic asthma may be dominated by T2
cytokine inflammation.” In addition, IL-33, IL-25,
and thymine stromal lymphopoietin are activated by
the interaction between the airway epithelium and
the pollutants, inhaled allergens, and microorganisms
in T2-high asthma, leading to further activation of
IL-4 and IL-5, enhancing the upregulation of vascular
endothelium attachment receptors and participate in
the maturity and survival of eosinophils, respectively.*
The stimulation of the prostaglandin dopamine
receptor causes eosinophils to be attracted to the lung
mucous membrane.” Inflammation of the bronchial
epithelium causes bronchial obstruction and leukotriene
generation.* Immunoglobulin E is produced in B cells
by IL-4, and IgE unites with mast cells to induce cell
death, which guarantees cytokines and eicosanoids,
promoting airway inflammation. Airway smooth
muscle hypersensitivity and mucus hypersecretion are
also linked to IL-13.* The response to biologics can be
predicted by the count of sputum and blood eosinophil,
serum periostin, and IgE.
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Figure 1 - Pathogenesis of severe asthma. IL: interleukin, TSLP: thymic stromal lymphopoietin, ILC-2: innate lymphoid
cell type 2; RORA: related orphan receptor A, Th2: T-helper cell-2, IgE: immunoglobulin E, HLC: histamine-

leukotrienes-cytokines.

6. Evaluation of severe asthma in
children. The evaluation of a patient with severe
asthma can be challenging. Severe asthma is a
heterogeneous and dynamic disease, and a careful
approach with temporal observation and follow-up is
paramount. With that being said, the main objective of
the evaluation is to tease out other causes of problematic
asthma,as seen in Figure 2, so we can define outpatients
with “true” severe asthma, as most patients who present
with what is labeled as “severe” asthma end up not
having it.>>*>?

The evaluation is usually carried out in specialized
centers with a dedicated multidisciplinary team.
Each member will have a clear role with usually pre-
determined forms and checklists. This guarantees a
uniform evaluation and decreases any interpersonal
variations. Some centers will also add a home visit to
the evaluation.®”>* The evaluation approach for severe
asthma can be simplified into 3 steps:

Confirm diagnosis of asthma. Full clinical
evaluation: 'This is the best and most affordable
technique to diagnose asthma. As many asthma
mimickers are classified as “severe asthma,” a thorough
history is required. The clinical history should be
documented. Chronic obstructive pulmonary disease
is a common cause of difficulty breathing (DOB).’
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Difficult Asthma
(High dose ICS + second
controller or OCS >50%
during the last 12 months) )

; ,

‘ Systematic Assessment ‘
Difficult-to-treat asthma Severe Asthma
Poor control related to: Poor control despite:
* Poor adherence/inhalation * Good adherence/inhalation
technique technique
* Exposure to allergens * Management of exposures
* Co-morbidities * Managementof co-

morbidities

Figure 1 - Definition and classification of difficult asthma ICS: inhaled
corticosteroids; OCS: oral corticosteroids

Similarly, not all wheezes are expiratory noises or
indicate airway obstruction. Many people use the
phrase “wheeze” to describe any noisy breathing or
even DOB. Furthermore, it is imperative to say a direct
translation may affect the accuracy of history taking."
For example, many patients have variable bedtimes
during holidays. So a “night” cough might arise
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throughout the day. Try to identify symptoms or events
that offer alternate diagnoses. A child “wheezing” since
birth, having a year-round wet cough, not responding
to bronchodilator, and coughing exclusively during
wakefulness is most likely not asthmatics.”® A detailed
physical examination should follow this, with a focus
on the symptoms and signs of other illnesses, like aches
and pain. A child with failure to thrive, stridor, and
crackles (of course, among others) is most likely not
asthmatic. As a result of the detailed history and physical
examinations, a personalized action plan will be put in
place. This plan will tell you which tests, investigations,
and interventions need to be carriedout.”

Pulmonary function tests: These are used to assess
the patient’s degree of airflow limitations, response
to bronchodilators, lung volumes, and air trapping,
among others. Spirometry should always be carried
out to determine severe pediatric asthma with elevated
bronchodilator response, which may be linked with
impaired lung function.”*> A prolonged bronchodilator
reversibility (BDR) may be linked to poor medication
compliance or incorrect inhaler technique and
may be indicative of a favorable response to ICSs.*
Bronchoprovocation tests (such as the methacholine
challenge test) can be used if an asthma diagnosis is in
question.

Other investigations: The European respiratory
society suggested that children between the ages of 5
and 16 who are suspected of having asthma should be
tested for FeNO.>® Table 1 shows a wide range of tests
for severe asthma diagnosis.

Table 1 - Common tests when assessing severe asthma.

Diagnostic study ~ Test
.

Chest x-ray

®  Chest CT

b Gastrointestinal assessment (PH/
impedance probe, barium studies, or
scoping)

Bronchoscopy (flexible versus rigid) with
Bronchoalveolar lavage

CBC with differential looking for
eosinophilia

®  Total IgE

Skin prick testing or specific IgE
measurement

Immunoglobulin level

Radiology

Blood and °
serological test

Others ®  Sweat chloride test

Spirometry (including post
bronchodilatation, lung volumes)
Sleep studies

Genetic testing

IgE: immunoglobulin E, CBC: complete blood count, CT: computed
tomography

Check barriers for asthma control. Adberence:
Poor adherence to severe asthma medications is
common; it may be difficult to identify non-adherent
patients. Therefore, it is crucial to question the patient
every time he attends the clinic regarding his compliance
and double-check that with his prescription refills,
medication counters, and caregiver feedback.””

Techniques: A very important factor causing the
poor response to medication is the inappropriate
technique used in administering the medications.
Children should never receive metered dose inhaler
inhaled directly through the mouth. Proper use of
valved holding chambers (spacers) is necessary, and it
should be reviewed every visit.”®

Environment: Both home and school environments
should be checked for possible indoor allergens
triggering asthma, such as house dust mites, pets, mold,
smoking, etc. Outdoor allergens such as air pollutants,
sandstorms, and plants contribute to the poor control
of severe asthma.”

Exclude comorbidities. Comorbidities are often
linked to asthma severity and may contribute to poor
control. In the Severe Asthma Research Program III
cohort of children, body mass index, gastroesophageal
reflux disease (GERD), and sinusitis were significantly
linked with exacerbation frequency, hence identifying
and controlling GERD I is critical.® Allergic
rhinitis, adenoid hypertrophy, and obesity should
be also controlled.®’ Table 2 shows a list of common
comorbidities that need to be looked for.

7. Biological treatment of severe
asthma in children. There are now 5 biological
drugs, including Omalizumab, which binds to the high-
affinity IgE receptor, Mepolizumab and Reslizumab
that bind IL5, Benralizumab which binds to the IL5
receptor subunit, and Dupilumab which attaches to
the IL4 receptor subunit and so blocks both IL4 and
IL13,%2 Table 3. Tezepilumab, a TSLP-binding antibody,
is now in phase 2B studies. Only 2 (Mepolizumab and

Table 2 - Comorbidities associated with severe asthma.

Allergic rhinitis
Sleep-disordered breathing
EILO/VCD
GERD
Obesity
Eosinophilic esophagitis
ABPA
VCD: vocal cord dysfunction, EILO: exercise-induced laryngeal
obstruction, GERD: gastroesophageal reflux disease, ABPA: allergic
bronchopulmonary aspergillosis

heeps://smj.org.sa  Saudi Med ] 2022; Vol. 43 (4) 333



Severe asthma in children ... Albarbi et al

Table 3 - Summary of biologics currently approved for severe asthma

Drug Dose and route Indication Mechanism of action
%lp il.um:g) 4? (l)l_ 600 dnllg ig()l oad3ir(;% dose 212 yr old; AEC 2150 cells/uL or FeNO Anti-IL-4R; binds to IL-4 receptor o; blocks

upixen e eyvery o B 225 ppb with OCS-dependent signaling of TL-4 and IL-13
Benralizumab 30 mg S?fevery 4wk for N ) . i asth Anti-IL-5; binds to IL-5 receptor o; causes apoptosis
(Fasenra) three doses; followed by every >18 yr old; severe eosinophilic asthma £ cosinophils and basophil

8 wk subsequently of eosinophils and basophils

Reslizumab Weight-based dosing of . Anti-IL-5; binds to IL-5 ligand; prevents IL-5 from
(Cingair) 3 mg/kg IV every 4 wk 218 yr old; AEC 2400 cells/L binding to its receptor
Mepolizumab 100 Ne 4 K 26 yr old; AEC =150 cells/pL or 2300 Anti-IL-5; binds to IL-5 ligand; prevents IL-5 from
(Nucala) g ot every & wee cells/pL at least once a year binding to its receptor
Omalizumab Based on weight and total 26 yr old; positive allergy testing (allergic ~ Anti-IgE; prevents IgE from binding to its receptor on
(Xolair) IgE, SC every 2-4 wk asthma); IgE, 30-1500 IU/mL mast cells and basophils

IV: Intravenous, SC: subcutaneous, IgE: immunoglobulin E, wk: week, yr: year, IL: interleukin, ACE: absolute eosinophil count, FeNO: fractional
nitric oxide

Omalizumab) have been approved for use in children
with asthma, while dupilumab has been approved for
use in children with atopic dermatitis.®*

Patients should be prescribed carefully: are they
asthmatics who could be controlled with low-dose ICS
if used effectively, in which case the TH2 endotype
is likely to be critical, or are they true severe therapy-
resistant asthma (STRA), in which case numerous
endotypes are likely to be important? The first priority
is to establish who should be given Omalizumab and
who should be given Mepolizumab, as these are the 2
biologicals approved for use in children.®5%

Omalizumab. It is used to treat severe allergic
asthma that does not respond to high doses of
corticosteroids, and its also used to treat persistent
spontaneous urticaria in some cases.” Omalizumab
was approved for use in pediatrics with severe asthma,
which acts by interaction with the peripheral blood
IgE and preventing their binding with the IgE receptor
(FCeR1) on the surface of the basophil and mast cells,
leading to pro-inflammatory mediators inhibition.®
Furthermore, Omalizumab indirectly inhibits the
upregulation of FCR1.“ It does not bind to IgE that
has already been bound by the FCeR1 on the surface of
mast cells, basophils, and antigen-presenting dendritic
cells, unlike typical anti-IgE antibodies.*

For children with allergic asthmaand increased serum
IgE, omalizumab can be prescribed as an additional
therapy.”” It has been reported that Omalizumab has
favorable outcomes in asthmatic children with high
peripheral eosinophil counts, elevated serum periostin,
FeNO >20 ppb, and multiple-allergic comorbidities.”
However, there are no sufficient data on the prediction
of Omalizumab therapy response by validated
biomarkers in children; therefore, further investigations
are necessary.”"’2
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The effectiveness and safety of Omalizumab in
pediatrics have been demonstrated by many randomized
controlled trials.””* Pediatric trials have notably shown
that the frequency of asthma attacks, hospitalization,
and the necessity for oral corticosteroids (OCS) has
been lowered with Omalizumab.””’® In addition,
Omalizumab  greatly enhanced patients’ asthma
management and quality of life (QOL).”” Finally, the
number of seasonal exacerbations in patients who
received Omalizumab was lower than that of the
control.” Many studies have shown that Omalizumab in
children and adolescents is generally well-tolerated.”®*°
In 10 studies with 3261 patients, Omalizumab was
associated with a significant reduction in asthma attacks
(OR [odds ratio]=0.55, 95% confidence interval [CI]:
0.42-0.60), with an absolute reduction rate of 16% to
26%. Moreover, hospital admission was observed to be
reduced in 4 studies with 1824 (OR=0.16, 95% CI:
0.06-0.42), with an absolute reduction rate of 0.5% to
3%.7

Serious or life-threatening conditions related to the
medication, such as anaphylaxis, have been observed
in 0.2% of adolescents who received Omalizumab;
however, there is no evidence of being exciting in
children.”®#! The most common side events described
in the literature are skin reactions and pain at the site of
injection, which usually resolve quickly.®” In addition,
there is no evidence that Omalizumab is associated with
an elevated risk of cancer. Nevertheless, longitudinal
studies on children are still needed to endorse favorable
safety records.

Mepolizumab. Mepolizumab was licensed as
a supplemental maintenance medication for many
conditions, including serious eosinophilic asthma,
an eosinophilic phenotype, and asthma exacerbation
history.®* Adults and children over 12 should take
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100 mg, while children aged 6-11 should take 40 mg.
Despite the lack of standardized response criteria,
clinical and laboratory indicators have been proposed
as prediction tools.® The reduction in FEV1 value
and the blood eosinophil count of 300 cells/L are
now considered to be measures of responsiveness to
Mepolizumab therapy. Furthermore, clinical predictors
of response to therapy include improvements in QoL,
exacerbations, and physical fitness.*

Mepolizumab was studied in patients with
eosinophilic asthma who did not respond to medication
in 2 trials that demonstrated a significant reduction in
asthma exacerbations.* Mepolizumab demonstrated
a considerable decline in OCS use and a notable
enhancement in the symptoms and lung function of
patients.®*¢ Further studies are needed to assess the
role of Mepolizumab in children less than 12 years.
Mepolizumab had a good safety profile and was shown
to be well-tolerated in placebo-controlled trials.*” %
Respiratory infections, reactions at the injection site,
fatigue, headaches, and asthma exacerbation were the
most frequently described side events.*’

Dupilumab. It targets the IL-4 receptors that is
released by CD4+ Th2 cells and enhance the generation
of IgE and the recruitment of inflammartory cells.””!
Moreover, the levels of T2 inflammation markers such
as FeNO, eotaxin-3, and IgE demonstrated a significant
reduction.®>%2 In cases of moderate-to-severe asthma,
it also enhances lung function. Eosinophils and FeNO
in peripheral blood are efficient indicators of therapy
response.”

Dupilumab is now licensed for adolescents and
adults who have moderate to severe asthma with oral
corticosteroid-dependent asthma or an eosinophilic
phenotype.”*> Dupilumab hasa good safety record, with
injection site reactions and transient blood eosinophilia
being the most prevalent side effects, and it is now being
assessed by Food and Drug Administration.”

Selection of biologics for severe asthma. The best
biological drug cannot be detected because there are no
direct comparisons between them. In selecting certain
biologics, it is essential to measure the mechanism of
action of medication, comorbidities and drug cost,
atopic state, serum levels of IgE and FeNO, and
blood levels of eosinophil.”> Omalizumab may be
first prescribed for allergic asthma patients. Anti-IL-5
therapy may be considered as a first-line treatment
for eosinophilic asthma patients with a history of
exacerbations.”® Dupilumab may be first used in severe
asthmatic individuals with atopic dermartitis.”

It was suggested to use some factors, including
inflammatory biomarkers, exacerbations, symptom

onset, and associated-allergic tendencies, to establish a
strategy for finding appropriate biologics.”® Furthermore,
the algorithm must be updated regularly, taking into
account recent research findings on outcome predictors
and drug development. Additionally, using adult data
and applying it to pediatric populations with asthma
should be avoided, and more pediatric clinical studies
are needed to accurately define the usage of biological
therapy in severely asthmatic children.®

8. Other medications used for severe
asthma. Systemic corticosteroids. Several studies
have shown that short-term OCS therapy (3 or 5 days)
can reduce the intensity and duration of an asthma
exacerbation in children.” Oral corticosteroids therapy
can be given to some children and adolescents for longer
than a month daily or alternate daily. Despite being
recommended in asthma guidelines, “maintenance”
OCS haslittle evidence of effectiveness.”® Using OCS for
short periods is known to cause side effects in children
(sleep disturbance, vomiting, and behavior change)”
and for intervals longer than 14 days (susceptibility to
infection, cushingoid features, growth retardation, and
weight gain).”1%

Intramuscular  triamcinolone.  Intramuscular
triamcinolone therapy may help identify steroid-
responsive asthma and treat severe asthma.'’’ The
evidence is limited to case series using various dosages of
triamcinolone.'”'* A study showed that triamcinolone
therapy reduced blood eosinophil count and FeNO. The
relative failure of triamcinolone in non-severe asthmatic
children is likely owing to adequate baseline FEV1, mild
symptoms, and limited sample size.’* Another study
evaluated symptoms and physiological responses one
month following triamcinolone administration. The
Asthma Control Test showed better symptom scores
and spirometry in children who received triamcinolone.
Treatment decreased sputum eosinophilia, FeNO, and
intensive care unit hospitalizations, but only in white
children. Triamcinolone, like other asthma medications,
has a variable response.'” For children and adolescents,
it is appropriate to start a brief trial of triamcinolone
therapy to see if symptoms respond to steroid treatment.
If after 2 months of treatment there is no improvement
or adverse effects arise, treatment may be terminated.

9. Impact of severe asthma on children’s
quality of life. Severe asthma control and quality
of life were also shown to be linked, according to the
many studies. Research carried out in the United
States found that patients with severe asthma who
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had insufficient management of their condition had
clinically significant levels of behavioral problems.'®
Another study found that the prevalence of emotional
and behavioral problems among asthmatic adolescents
was 20.6%, compared to 9% for nonasthmatic
adolescents.'” In addition, anxiety, depression, and
behavioral changes are more prevalent in uncontrolled
asthma.'”!% Banjari et al,'” showed that among 106
Saudi children with severe asthma, 84% had poor
asthma control. Children with uncontrolled asthma
had a significantly worse quality of life (»<0.001). The
psychological well-being of children with and without
asthma control was comparable (p=0.58); however,
both groups were negatively impacted. Therefore,
they concluded that psychosocial well-being should be
measured during clinic visits, in order to take a more
holistic approach and enhance outcomes.

10. Requirements. Severe pediatric asthma
service goals. Proper assessment, enhancing self-
management, controlling the triggers, reducing
the comorbidities, and providing opportunities for
high-quality research and training are essential."® The
assessment of severe asthma might be complicated by
misdiagnosis and symptom misattribution. Therefore,
objective confirmation of an asthma diagnosis by
showing the defining characteristic of asthma is
required.""’ Many tests can be used to achieve this,
including airway hyperresponsiveness, ~assessments
of bronchodilator responsiveness, and variability of
airflow over time."'>!'* The airway hyperresponsiveness
can be measured using hypertonic saline, mannitol,
or methacholine, while bronchodilator responsiveness
can be assessed using pre-and post-bronchodilator
spirometry.'*!% In terms of airflow variability, peak
expiratory flow readings or serial spirometry can be
used. After confirming an asthma diagnosis, it is crucial
to look for potential aggravating or coexisting variables
that could make asthma management more difficult.'”®
Another important goal is to enhance self-management
skills, which can directly improve asthma control.!'¢!"”
Self-monitoring, inhaler technique, written action plan,
and medication adherence are critical skills for asthma
management that should be targeted in a severe asthma
service.'?”1% Studies showed that early optimization of
these skills is essential to achieve adequate control. In
addition, it is critical to identify and assess potential
trigger factors."®  Allergens, industrial pollutants,
cigarettes, and recurrent infections are all triggers.
Asthma control can be improved by removing
these triggers.” A severe asthma clinic’s structured
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multidisciplinary —approach  provides
training for various healthcare providers.''’

The role of the multidisciplinary team. The
minimum required team to run the severe asthma
service includes a pediatric pulmonologist, pediatric
nurse, and respiratory therapist. Further team members
necessary for multidisciplinary care include speech
pathologist, dietitian, physiotherapist, psychologist,
gastroenterologist, pharmacist, and administrative
support."” Many specialties are required to confirm the
diagnosis, including respiratory physician, pulmonary
function scientist, and radiographer. Optimize self-
management needs respiratory physicians and nurse
specialists.’® Regarding the treatment of asthma
triggers and comorbidities, pharmacists, respiratory
physicians, advanced trainees, nurse specialists,
dietitians, psychologists, ~gastroenterologists, sleep
physicians, and physiotherapy are required.’”® Each
clinic should conduct a multidisciplinary case review
meeting to evaluate patient progress. These meetings
will improve the team-based approach and increase the
skills of the clinicians, which in turn will enhance the
patients’ outcomes.

Facilities. A proper location to give drugs such as
Omalizumab is also required.’”" Adrenaline and other
vital life-saving supplies need to be readily available
at this place in the event of a medical emergency.
Pharmacies should be close to doctors or an emergency
response team. Telephone support should be available
at all times in order to provide timely management
of acute exacerbations or treatment-related adverse
effects.’”  Senior nursing professionals, advanced
trainees, or registrars can provide this support in
consultation with the respiratory physician. The use of a
conference room with access to healthcare information
for a multidisciplinary case review is highly suggested.'
To confirm the diagnosis, clinics, pulmonary function
laboratories, and medical imaging are needed. Regarding
the treatment of asthma triggers, a sleep laboratory,
rapid access clinic, drug administration clinic, facilities
for aspirin-sensitive asthma desensitization, sputum
clearance devices, and thoracic radiology are required.'*

high-quality

10. Conclusion. The severity assessment of
asthmatic children is dictated by the treatment
step needed to control the patient’s symptoms. The
evaluation approach to severe asthma can be simplified
into 3 steps: i) Confirm diagnosis of asthma, using
full clinical evaluation, pulmonary function tests,
psychosocial assessment, and other investigations;
ii) Check barriers for good control as poor adherence,
poor techniques skills, and improper environment; and
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iif) Exclude comorbidities that significantly associated
with exacerbation frequency. The best biological
drug cannot be detected because there are no direct
comparisons between them, as well as there are no
efficient biomarkers for predicting or monitoring the
treatment response. Regarding the service requirements,
multifactorial services, including proper assessment,
enhancing self-management, controlling the triggers,
reducing the comorbidities, and providing opportunities
for high-quality research and training are essential. The
minimum required multidisciplinary team to run the
severe asthma service includes a pediatric pulmonologist,
pediatric nurse, and respiratory therapist. Further
team members necessary for multidisciplinary care
include speech pathologist, dietitian, physiotherapist,
psychologist, gastroenterologist, ~pharmacist, and
administrative support.

Finally, further epidemiological studies are required
to assess the prevalence of severe asthma in Saudi
children and identify the regular clinical practice used
in primary healthcare centers in Saudi Arabia.

Acknowledgment. The authors would like to express their
gratitude to the Saudi Thoracic Society for funding this manuscript. We
would like to thank SevoClin (www.sevoclin.com) for English language
editing and Figure 1 development.

References

1. Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk
PJ, et al. International ERS/ATS guidelines on definition,
evaluation and treatment of severe asthma. Eur Respir | 2014;
43: 343-373.

2. Lodrup Carlsen KC, Hedlin G, Bush A, Wennergren G, de
Benedictis FM, De Jongste JC, et al. Assessment of problematic
severe asthma in children. Eur Respir ] 2011; 37: 432-440.

3. Zeiger RS, Schatz M, Dalal AA, Qian L, Chen W, Ngor EW;,
et al. Utilization and costs of severe uncontrolled asthma in a
managed-care Setting. J allergy Clin Immunol Pract 2016; 4:
120-129.

4. Mirra V, Montella S, Santamaria F. Pediatric severe asthma: a
case series report and perspectives on anti-IgE treatment. BMC
Pediatr 2018; 18: 73.

5. Froidure A, Mouthuy J, Durham SR, Chanez P, Sibille Y, Pilette
C. Asthma phenotypes and IgE responses. Eur Respir J 2016;
47:304-319.

6. Fitzpatrick AM. Severe asthma in children: lessons learned and
future directions. J Allergy Clin Immunol Pract 2016; 4: 11-19.

7. Fleming L, Murray C, Bansal AT, Hashimoto S, Bisgaard H,
Bush A, et al. The burden of severe asthma in childhood and
adolescence: results from the paediatric U-BIOPRED cohorts.
Eur Respir ] 2015; 46: 1322-1333.

8. McMillan SS, King M, Tully MP. How to use the nominal
group and Delphi techniques. Inz | Clin Pharm 2016; 38:
655-662.

9. Haktanir Abul M, Phipatanakul W. Severe asthma in children:
Evaluation and management. Allergol Int 2019; 68: 150-157.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Alharbi et al

. Ahmed H, Turner S. Severe asthma in children—a review of
definitions, epidemiology, and treatment options in 2019.
Pediatr Pulmonol 2019; 54: 778-787.

Kian Fan Chung, Sally E. Wenzel, Jan L. Brozek, Andrew
Bush, Mario Castro, et al. International ERS/ATS guidelines
on definition, evaluation and treatment of severe asthma. Eur
Respir ] 2018; 52: 1352020.

Lang A, Carlsen KH, Haaland G, Devulapalli CS,
Munthe-Kaas M, Mowinckel P, et al. Severe asthma in
childhood: Assessed in 10 year olds in a birth cohort study.
Allergy 2008; 63: 1054-1060.

Hedlin G, Bush A, Lodrup Carlsen K, Wennergren G, De
Benedictis FM, Melen E, et al. Problematic severe asthma in
children, not one problem but many: a GA2LEN initiative.
Eur Respir ] 20105 36: 196-201.

Fitzpatrick AM, Gaston BM, Erzurum SC, Teague WG,
National Institutes of Health/National Heart, Lung, and
Blood Institute Severe Asthma Research Program. Features
of severe asthma in school-age children: Atopy and increased
exhaled nitric oxide. J Allergy Clin Immunol 2006; 118:
1218-1225.

Stern DA, Morgan WJ, Halonen M, Wright AL, Martinez
FD. Wheezing and bronchial hyper-responsiveness in early
childhood as predictors of newly diagnosed asthma in early
adulthood: a longitudinal birth-cohort study. Lancer 2008;
372: 1058-1064.

Hiland G, Carlsen KCL, Sandvik L, Devulapalli CS,
Munthe-Kaas MC, Pettersen M, et al. Reduced lung function
at birth and the risk of asthma at 10 years of age. IV Engl ] Med
2006; 355: 1682-1689.

Stern DA, Morgan WJ, Wright AL, Guerra S, Martinez FD.
Poor airway function in early infancy and lung function by
age 22 years: a non-selective longitudinal cohort study. Lancer
2007; 370: 758-764.

Smith DH, Malone DC, Lawson KA, Okamoto L], Battista
C, Saunders WB. A national estimate of the economic costs of
asthma. Am J Respir Crit Care Med 1997; 156: 787-793.
Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen
M, Morgan WJ. Asthma and wheezing in the first six years
of life. The Group Health Medical Associates. N Engl ] Med
1995; 332: 133-138.

Rasmussen E Taylor DR, Flannery EM, Cowan JO, Greene
JM, Herbison GP, et al. Risk factors for airway remodeling
in asthma manifested by a low postbronchodilator FEV1/
vital capacity ratio: a longitudinal population study from
childhood to adulthood. Am J Respir Crit Care Med 2002;
165: 1480-1488.

Covar RA, Strunk R, Zeiger RS, Wilson LA, Liu AH, Weiss S,
etal. Predictors of remitting, periodic, and persistent childhood
asthma. J Allergy Clin Immunol 2010; 125: 359-366.¢6.
Spycher BD, Silverman M, Brooke AM, Minder CE, Kuehni
CE. Distinguishing phenotypes of childhood wheeze and
cough using latent class analysis. Eur Respir | 2008; 31:
974-981.

Alahmadi TS, Banjari MA, Alharbi AS. The prevalence of
childhood asthma in Saudi Arabia. Int J Pediatr Adolesc Med
2019; 6: 74-77.

Al-Moamary MS, Alhaider SA, Alangari AA, Idrees MM,
Zeitouni MO, Al Ghobain MO, et al. The Saudi Initiative
for Asthma - 2021 Update: Guidelines for the diagnosis and
management of asthma in adults and children. Ann Thorac

Med 2021; 16: 4-56.

hteps://smj.org.sa  Saudi Med ] 2022; Vol. 43 (4) 337


http://erj.ersjournals.com/cgi/doi/10.1183/09031936.00202013
http://erj.ersjournals.com/cgi/doi/10.1183/09031936.00202013
http://erj.ersjournals.com/cgi/doi/10.1183/09031936.00202013
http://erj.ersjournals.com/cgi/doi/10.1183/09031936.00202013
https://pubmed.ncbi.nlm.nih.gov/21030450/
https://pubmed.ncbi.nlm.nih.gov/21030450/
https://pubmed.ncbi.nlm.nih.gov/21030450/
https://pubmed.ncbi.nlm.nih.gov/26439182/
https://pubmed.ncbi.nlm.nih.gov/26439182/
https://pubmed.ncbi.nlm.nih.gov/26439182/
https://pubmed.ncbi.nlm.nih.gov/26439182/
https://doi.org/10.1186/s12887-018-1019-9
https://doi.org/10.1186/s12887-018-1019-9
https://doi.org/10.1186/s12887-018-1019-9
http://dx.doi.org/10.1183/13993003.01824-2014
http://dx.doi.org/10.1183/13993003.01824-2014
http://dx.doi.org/10.1183/13993003.01824-2014
https://linkinghub.elsevier.com/retrieve/pii/S2213219815005723
https://linkinghub.elsevier.com/retrieve/pii/S2213219815005723
https://pubmed.ncbi.nlm.nih.gov/26405287/
https://pubmed.ncbi.nlm.nih.gov/26405287/
https://pubmed.ncbi.nlm.nih.gov/26405287/
https://pubmed.ncbi.nlm.nih.gov/26405287/
https://link.springer.com/article/10.1007/s11096-016-0257-x
https://link.springer.com/article/10.1007/s11096-016-0257-x
https://link.springer.com/article/10.1007/s11096-016-0257-x
https://linkinghub.elsevier.com/retrieve/pii/S1323893018301795
https://linkinghub.elsevier.com/retrieve/pii/S1323893018301795
https://onlinelibrary.wiley.com/doi/abs/10.1002/ppul.24317
https://onlinelibrary.wiley.com/doi/abs/10.1002/ppul.24317
https://onlinelibrary.wiley.com/doi/abs/10.1002/ppul.24317
https://erj.ersjournals.com/content/52/1/1352020
https://erj.ersjournals.com/content/52/1/1352020
https://erj.ersjournals.com/content/52/1/1352020
https://erj.ersjournals.com/content/52/1/1352020
https://pubmed.ncbi.nlm.nih.gov/18691307/
https://pubmed.ncbi.nlm.nih.gov/18691307/
https://pubmed.ncbi.nlm.nih.gov/18691307/
https://pubmed.ncbi.nlm.nih.gov/18691307/
http://erj.ersjournals.com/cgi/doi/10.1183/09031936.00104809
http://erj.ersjournals.com/cgi/doi/10.1183/09031936.00104809
http://erj.ersjournals.com/cgi/doi/10.1183/09031936.00104809
http://erj.ersjournals.com/cgi/doi/10.1183/09031936.00104809
https://pubmed.ncbi.nlm.nih.gov/17157650/
https://pubmed.ncbi.nlm.nih.gov/17157650/
https://pubmed.ncbi.nlm.nih.gov/17157650/
https://pubmed.ncbi.nlm.nih.gov/17157650/
https://pubmed.ncbi.nlm.nih.gov/17157650/
https://pubmed.ncbi.nlm.nih.gov/17157650/
https://pubmed.ncbi.nlm.nih.gov/18805334/
https://pubmed.ncbi.nlm.nih.gov/18805334/
https://pubmed.ncbi.nlm.nih.gov/18805334/
https://pubmed.ncbi.nlm.nih.gov/18805334/
https://pubmed.ncbi.nlm.nih.gov/18805334/
https://pubmed.ncbi.nlm.nih.gov/17050892/c
https://pubmed.ncbi.nlm.nih.gov/17050892/c
https://pubmed.ncbi.nlm.nih.gov/17050892/c
https://pubmed.ncbi.nlm.nih.gov/17050892/c
https://pubmed.ncbi.nlm.nih.gov/17765525/
https://pubmed.ncbi.nlm.nih.gov/17765525/
https://pubmed.ncbi.nlm.nih.gov/17765525/
https://pubmed.ncbi.nlm.nih.gov/17765525/
https://pubmed.ncbi.nlm.nih.gov/9309994/
https://pubmed.ncbi.nlm.nih.gov/9309994/
https://pubmed.ncbi.nlm.nih.gov/9309994/
https://pubmed.ncbi.nlm.nih.gov/7800004/
https://pubmed.ncbi.nlm.nih.gov/7800004/
https://pubmed.ncbi.nlm.nih.gov/7800004/
https://pubmed.ncbi.nlm.nih.gov/7800004/
https://pubmed.ncbi.nlm.nih.gov/12045120/
https://pubmed.ncbi.nlm.nih.gov/12045120/
https://pubmed.ncbi.nlm.nih.gov/12045120/
https://pubmed.ncbi.nlm.nih.gov/12045120/
https://pubmed.ncbi.nlm.nih.gov/12045120/
https://pubmed.ncbi.nlm.nih.gov/12045120/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7061344/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7061344/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7061344/
https://pubmed.ncbi.nlm.nih.gov/18216047/
https://pubmed.ncbi.nlm.nih.gov/18216047/
https://pubmed.ncbi.nlm.nih.gov/18216047/
https://pubmed.ncbi.nlm.nih.gov/18216047/
https://pubmed.ncbi.nlm.nih.gov/31388551/
https://pubmed.ncbi.nlm.nih.gov/31388551/
https://pubmed.ncbi.nlm.nih.gov/31388551/
https://pubmed.ncbi.nlm.nih.gov/33680125
https://pubmed.ncbi.nlm.nih.gov/33680125
https://pubmed.ncbi.nlm.nih.gov/33680125
https://pubmed.ncbi.nlm.nih.gov/33680125
https://pubmed.ncbi.nlm.nih.gov/33680125

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

338

Severe asthma in children

BinSaced AA, Torchyan AA, Alsadhan AA, Almidani GM,
Alsubaie AA, Aldakhail AA, et al. Determinants of asthma
control among children in Saudi Arabia. J Asthma 2014; 51:
435-439.

Foster JM, McDonald VM, Guo M, Reddel HK. “T have lost
in every facet of my life”: the hidden burden of severe asthma.
Eur Respir ] 2017; 50: 1700765.

Nurmagambetov T, Kuwahara R, Garbe P The economic
burden of asthma in the United States, 2008-2013. Ann Am
Thorac Soc 2018; 15: 348-356.

Bahadori K, Doyle-Waters MM, Marra C, Lynd L, Alasaly
K, Swiston J, et al. Economic burden of asthma: a systematic
review. BMC Pulm Med 2009; 9: 24.

Finkelstein EA, Lau E, Doble B, Ong B, Koh MS. Economic
burden of asthma in Singapore. BMJ Open Respir Res 2021; 8:
€000654.

Barnes PJ. Corticosteroid resistance in airway disease. Proc Am
Thorac Soc 2004; 1: 264-268.

Wadhwa R, Dua K, Adcock IM, Horvat JC, Kim RY, Hansbro
PM. Cellular mechanisms underlying steroid-resistant asthma.
Eur Respir Rev 2019; 28: 190096.

Al-Ramli W, Préfontaine D, Chouiali E Martin JG, Olivenstein
R, Lemiére C, et al. T(H)17-associated cytokines (IL-17A and
IL-17F) in severe asthma. J Allergy Clin Immunol 2009; 123:
1185-1187.

Poon AH, Eidelman DH, Martin JG, Laprise C, Hamid
Q. Pathogenesis of severe asthma. Clin Exp Allergy 2012;
625-637.

Nagakumar P, Puttur E Gregory LG, Denney L, Fleming
L, Bush A, et al. Pulmonary type-2 innate lymphoid cells in
paediatric severe asthma: phenotype and response to steroids.
Eur Respir ] 2019; 54: 1801809.

Bhavsar P, Ahmad T, Adcock IM. The role of histone
deacetylases in asthma and allergic diseases. J Allergy Clin
Tmmunol 2008; 121: 580-584.

Ito K, Caramori G, Lim S, Oates T, Chung KF, Barnes PJ, et
al. Expression and activity of histone deacetylases in human
asthmatic airways. Am J Respir Crit Care Med 2002; 166:
392-396.

Tantisira KG, Lasky-Su J, Harada M, Murphy A, Litonjua AA,
Himes BE, et al. Genomewide association between GLCCI1
and response to glucocorticoid therapy in asthma. N Engl |
Med 20115 365: 1173-1183.

Barnes PJ. Glucocorticosteroids: current and future directions.
Br ] Pharmacol 2011; 163: 29-43.

Gagliardo R, Chanez B, Vignola AM, Bousquet J, Vachier I,
Godard B, et al. Glucocorticoid receptor alpha and beta in
glucocorticoid dependent asthma. Am J Respir Crit Care Med
2000; 162: 7-13.

Hakonarson H, Bjornsdottir US, Halapi E, Bradfield J, Zink
E Mouy M, et al. Profiling of genes expressed in peripheral
blood mononuclear cells predicts glucocorticoid sensitivity in
asthma patients. Proc Natl Acad Sci U S A 2005; 102: 14789-
14794.

Green RH, Brightling CE, Woltmann G, Parker D, Wardlaw
AJ, Pavord ID. Analysis of induced sputum in adults with
asthma: identification of subgroup with isolated sputum
neutrophilia and poor response to inhaled corticosteroids.
Thorax 2002; 57: 875-879.

Choy DF, Hart KM, Borthwick LA, Shikotra A, Nagarkar
DR, Siddiqui S, et al. TH2 and TH17 inflammatory pathways
are reciprocally regulated in asthma. Sci Trans/ Med 2015; 7:
301ral29.

Saudi Med ] 2022; Vol. 43 (4) hetps://smj.org.sa

43.

44.

45.

46.

47.
48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60

61

. Alharbi et al

Godar M, Blanchetot C, de Haard H, Lambrecht BN,

Brusselle G. Personalized medicine with biologics for severe

type 2 asthma: current status and future prospects. MAbs

2018; 10: 34-45.

Gibson PG, Yang IA, Upham JW, Reynolds PN, Hodge S,

James AL, et al. Effect of azithromycin on asthma exacerbations

and quality of life in adults with persistent uncontrolled

asthma (AMAZES): a randomised, double-blind, placebo-

controlled trial. Lancet 2017; 390: 659-668.

Pearce N, Pekkanen J, Beasley R. How much asthma is really

attributable to atopy? 7horax 1999; 54: 268-272.

Yao XJ, Liu XE Wang XD. Potential role of interleukin-25/

interleukin-33/thymic stromal lymphopoietin-fibrocyte axis

in the pathogenesis of allergic airway diseases. Chin Med ]

(Engl) 2018; 131: 1983-1989.

Russell RJ, Brightling C. Pathogenesis of asthma: implications

for precision medicine. Clin Sci (Lond) 20175 131: 1723-1735.

McGregor MC, Krings JG, Nair B, Castro M. Role of biologics

in asthma. Am J Respir Crit Care Med 20195 199: 433-445.

Pavord ID, Afzalnia S, Menzies-Gow A, Heaney LG. The

current and future role of biomarkers in type 2 cytokine-

mediated asthma management. Clin Exp Allergy 2017; 47:
148-160.

Bush A, Saglani S. Management of severe asthma in children.

Lancer 20105 376: 814-825.

Ramratnam SK, Bacharier LB, Guilbert TW. Severe asthma in

children. J Allergy Clin Immunol Pract 2017; 5: 889-898.

Montella S, Baraldi E, Cazzato S, Aralla R, Berardi M, Brunetti

LM, et al. Severe asthma features in children: a case-control

online survey. [tal | Pediatr 2016; 42: 9.

Barsky EE, Giancola LM, Baxi SN, Gaffin JM. A practical

approach to severe asthma in children. Ann Am Thorac Soc

2018; 15: 399-408.

Teague WG, Phillips BR, Fahy J V, Wenzel SE, Fitzpatrick

AM, Moore WC, et al. Baseline Features of the Severe Asthma

Research Program (SARP III) Cohort: differences with Age. /

allergy Clin Immunol Pract 2018; 6: 545-554.¢4.

Liu AH. Biomarkers and childhood asthma: improving control

today and tomorrow. In: Allergy & Asthma Proceedings.

Rhode Island: OceanSide Publications, Inc; 2005. p. 249-254.

Gaillard EA, Kuehni CE, Turner S, Goutaki M, Holden KA,

de Jong CCM, et al. European respiratory society clinical

practice guidelines for the diagnosis of asthma in children

aged. Eur Respir ] 20215 58: 2004173.

Lindsay JT, Heaney LG. Nonadherence in difficult asthma -

facts, myths, and a time to act. Patient Prefer Adherence 2013;

7:329-336.

Vincken W, Levy ML, Scullion J, Usmani OS, Dekhuijzen

PNR, Corrigan CJ. Spacer devices for inhaled therapy: why

use them, and how? ER] Open Res 2018; 4: 00065-2018.
Gautier C, Charpin D. Environmental triggers and avoidance

in the management of asthma. J Asthma Allergy 2017; 10:

47-56.

.Denlinger LC, Phillips BR, Ramratnam S, Ross K, Bhakta
NR, Cardet JC, et al. Inflammatory and comorbid features of
patients with severe asthma and frequent exacerbations. Am J
Respir Crit Care Med 2017; 195: 302-313.

.Ramphul M, Lo DKH, Gaillard EA. Precision medicine for
paediatric severe asthma: current status and future direction. J

Asthma Allergy 20215 14: 525-538.


http://www.smj.org.sa/index.php/smj/index
https://pubmed.ncbi.nlm.nih.gov/24344812/
https://pubmed.ncbi.nlm.nih.gov/24344812/
https://pubmed.ncbi.nlm.nih.gov/24344812/
https://pubmed.ncbi.nlm.nih.gov/24344812/
https://pubmed.ncbi.nlm.nih.gov/28931662/
https://pubmed.ncbi.nlm.nih.gov/28931662/
https://pubmed.ncbi.nlm.nih.gov/28931662/
https://pubmed.ncbi.nlm.nih.gov/29323930/
https://pubmed.ncbi.nlm.nih.gov/29323930/
https://pubmed.ncbi.nlm.nih.gov/29323930/
https://bmcpulmmed.biomedcentral.com/articles/10.1186/1471-2466-9-24
https://bmcpulmmed.biomedcentral.com/articles/10.1186/1471-2466-9-24
https://bmcpulmmed.biomedcentral.com/articles/10.1186/1471-2466-9-24
https://pubmed.ncbi.nlm.nih.gov/33737309/
https://pubmed.ncbi.nlm.nih.gov/33737309/
https://pubmed.ncbi.nlm.nih.gov/33737309/
https://pubmed.ncbi.nlm.nih.gov/16113444/
https://pubmed.ncbi.nlm.nih.gov/16113444/
https://err.ersjournals.com/content/28/153/190096
https://err.ersjournals.com/content/28/153/190096
https://err.ersjournals.com/content/28/153/190096
https://pubmed.ncbi.nlm.nih.gov/19361847/
https://pubmed.ncbi.nlm.nih.gov/19361847/
https://pubmed.ncbi.nlm.nih.gov/19361847/
https://pubmed.ncbi.nlm.nih.gov/19361847/
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2222.2012.03983.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2222.2012.03983.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2222.2012.03983.x
https://pubmed.ncbi.nlm.nih.gov/31164437/
https://pubmed.ncbi.nlm.nih.gov/31164437/
https://pubmed.ncbi.nlm.nih.gov/31164437/
https://pubmed.ncbi.nlm.nih.gov/31164437/
https://pubmed.ncbi.nlm.nih.gov/18234319/
https://pubmed.ncbi.nlm.nih.gov/18234319/
https://pubmed.ncbi.nlm.nih.gov/18234319/
https://pubmed.ncbi.nlm.nih.gov/12153977/
https://pubmed.ncbi.nlm.nih.gov/12153977/
https://pubmed.ncbi.nlm.nih.gov/12153977/
https://pubmed.ncbi.nlm.nih.gov/12153977/
https://pubmed.ncbi.nlm.nih.gov/21991891/
https://pubmed.ncbi.nlm.nih.gov/21991891/
https://pubmed.ncbi.nlm.nih.gov/21991891/
https://pubmed.ncbi.nlm.nih.gov/21991891/
https://pubmed.ncbi.nlm.nih.gov/21198556
https://pubmed.ncbi.nlm.nih.gov/21198556
https://pubmed.ncbi.nlm.nih.gov/10903212/
https://pubmed.ncbi.nlm.nih.gov/10903212/
https://pubmed.ncbi.nlm.nih.gov/10903212/
https://pubmed.ncbi.nlm.nih.gov/10903212/
https://pubmed.ncbi.nlm.nih.gov/16203992/
https://pubmed.ncbi.nlm.nih.gov/16203992/
https://pubmed.ncbi.nlm.nih.gov/16203992/
https://pubmed.ncbi.nlm.nih.gov/16203992/
https://pubmed.ncbi.nlm.nih.gov/16203992/
https://pubmed.ncbi.nlm.nih.gov/12324674/
https://pubmed.ncbi.nlm.nih.gov/12324674/
https://pubmed.ncbi.nlm.nih.gov/12324674/
https://pubmed.ncbi.nlm.nih.gov/12324674/
https://pubmed.ncbi.nlm.nih.gov/12324674/
https://pubmed.ncbi.nlm.nih.gov/26290411/
https://pubmed.ncbi.nlm.nih.gov/26290411/
https://pubmed.ncbi.nlm.nih.gov/26290411/
https://pubmed.ncbi.nlm.nih.gov/26290411/
https://pubmed.ncbi.nlm.nih.gov/29035619/
https://pubmed.ncbi.nlm.nih.gov/29035619/
https://pubmed.ncbi.nlm.nih.gov/29035619/
https://pubmed.ncbi.nlm.nih.gov/29035619/
https://pubmed.ncbi.nlm.nih.gov/28687413/
https://pubmed.ncbi.nlm.nih.gov/28687413/
https://pubmed.ncbi.nlm.nih.gov/28687413/
https://pubmed.ncbi.nlm.nih.gov/28687413/
https://pubmed.ncbi.nlm.nih.gov/28687413/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1745435/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1745435/
https://pubmed.ncbi.nlm.nih.gov/30082531/
https://pubmed.ncbi.nlm.nih.gov/30082531/
https://pubmed.ncbi.nlm.nih.gov/30082531/
https://pubmed.ncbi.nlm.nih.gov/30082531/
https://pubmed.ncbi.nlm.nih.gov/28667070/
https://pubmed.ncbi.nlm.nih.gov/28667070/
https://pubmed.ncbi.nlm.nih.gov/30525902/
https://pubmed.ncbi.nlm.nih.gov/30525902/
https://pubmed.ncbi.nlm.nih.gov/28134501/
https://pubmed.ncbi.nlm.nih.gov/28134501/
https://pubmed.ncbi.nlm.nih.gov/28134501/
https://pubmed.ncbi.nlm.nih.gov/28134501/
https://pubmed.ncbi.nlm.nih.gov/20816548
https://pubmed.ncbi.nlm.nih.gov/20816548
https://linkinghub.elsevier.com/retrieve/pii/S2213219817303471
https://linkinghub.elsevier.com/retrieve/pii/S2213219817303471
https://pubmed.ncbi.nlm.nih.gov/26796331/
https://pubmed.ncbi.nlm.nih.gov/26796331/
https://pubmed.ncbi.nlm.nih.gov/26796331/
https://pubmed.ncbi.nlm.nih.gov/29220200/
https://pubmed.ncbi.nlm.nih.gov/29220200/
https://pubmed.ncbi.nlm.nih.gov/29220200/
https://www.ingentaconnect.com/content/ocean;jsessionid=1elico8h4e9p7.x-ic-live-03
https://www.ingentaconnect.com/content/ocean;jsessionid=1elico8h4e9p7.x-ic-live-03
https://www.ingentaconnect.com/content/ocean;jsessionid=1elico8h4e9p7.x-ic-live-03
https://pubmed.ncbi.nlm.nih.gov/33863747/
https://pubmed.ncbi.nlm.nih.gov/33863747/
https://pubmed.ncbi.nlm.nih.gov/33863747/
https://pubmed.ncbi.nlm.nih.gov/33863747/
https://pubmed.ncbi.nlm.nih.gov/23723690
https://pubmed.ncbi.nlm.nih.gov/23723690
https://pubmed.ncbi.nlm.nih.gov/23723690
https://pubmed.ncbi.nlm.nih.gov/29928649
https://pubmed.ncbi.nlm.nih.gov/29928649
https://pubmed.ncbi.nlm.nih.gov/29928649
https://pubmed.ncbi.nlm.nih.gov/27556234/
https://pubmed.ncbi.nlm.nih.gov/27556234/
https://pubmed.ncbi.nlm.nih.gov/27556234/
https://pubmed.ncbi.nlm.nih.gov/27556234/
https://pubmed.ncbi.nlm.nih.gov/34045872/
https://pubmed.ncbi.nlm.nih.gov/34045872/
https://pubmed.ncbi.nlm.nih.gov/34045872/

Severe asthma in children ... Albarbi et al

62.Ridolo E, Pucciarini F Nizi MC, Makri E, Kihlgren T,
Panella L, et al. Mabs for treating asthma: omalizumab,
mepolizumab, reslizumab, benralizumab, dupilumab. Hum
Vaccin Immunother 2020; 16: 2349-2356.

63. Bush A. Which child with asthma is a candidate for biological
therapies? J Clin Med 2020; 9: 1237.

64.Fahy J V. Type 2 inflammation in asthma--present in most,
absent in many. Naz Rev Immunol 2015; 15: 57-65.

65. Belliveau PP. Omalizumab: a monoclonal anti-IgE antibody.
MedGenMed 2005; 7: 27.

66. Miller CW, Krishnaswamy N, Johnston C, Krishnaswamy G.
Severe asthma and the Omalizumab option. Clin Mol Allergy
2008; 6: 4.

67.Hu J, Chen J, Ye L, Cai Z, Sun ], Ji K. Anti-IgE therapy
for IgE-mediated allergic diseases: from neutralizing IgE
antibodies to eliminating IgE(+) B cells. Clin Transl Allergy
2018; 8: 27.

68. Kawakami T, Blank U. From IgE to Omalizumab. J Immunol
2016; 197: 4187-4192.

69. Deschildre A, Marguet C, Salleron J, Pin I, Rittié J-L, Derelle
J, et al. Add-on omalizumab in children with severe allergic
asthma: a 1-year real life survey. Eur Respir | 2013; 42:
1224-1233.

70. Thomson NC, Chaudhuri R. Omalizumab: clinical use for the
management of asthma. Clin Med Insights Circ Respir Pulm
Med 2012; 6: 27-40.

71.Odajima H, Ebisawa M, Nagakura T, Fujisawa T, Akasawa
A, Tro K, et al. Omalizumab in Japanese children with severe
allergic asthma uncontrolled with standard therapy. Allergol
Int 2015; 64: 364-370.

72.Brodlie M, McKean MC, Moss S, Spencer DA. The oral
corticosteroid-sparing effect of omalizumab in children with
severe asthma. Arch Dis Child 2012; 97: 604-609.

73. Tesse R, Borrelli G, Mongelli G, Mastrorilli V, Cardinale E
Treating pediatric asthma according guidelines. Front Pediatr
2018; 6: 234.

74.Gupta A, Bhat G, Pianosi P What is new in the management
of childhood asthma? Indian | Pediatr 2018; 85: 773-781.

75. Lin CH, Cheng SL. A review of omalizumab for the
management of severe asthma. Drug Des Devel Ther 2016; 10:
2369-2378.

76. Berger W, Gupta N, McAlary M, Fowler-Taylor A. Evaluation
of long-term safety of the anti-IgE antibody, omalizumab, in
children with allergic asthma. Ann Allergy Asthma Immunol
2003; 91: 182-188.

77.Milgrom H, Fowler-Taylor A, Vidaurre CF Jayawardene S.
Safety and tolerability of omalizumab in children with allergic
(IgE-mediated) asthma. Curr Med Res Opin 2011; 27:
163-169.

78.Busse W, Buhl R, Fernandez Vidaurre C, Blogg M, Zhu J,
Eisner MD, et al. Omalizumab and the risk of malignancy:
results from a pooled analysis. J Allergy Clin Immunol 2012;
129: 983-989.¢6.

79.Rodrigo G, Neffen H. Systematic review on the use of
omalizumab for the treatment of asthmatic children and
adolescents. Pediatr Allergy Immunol 2015; 26: 551-556.

80. Finn A, Gross G, van Bavel ], Lee T, Windom H, Everhard E
et al. Omalizumab improves asthma-related quality of life in
patients with severe allergic asthma. J Allergy Clin Immunol
2003; 111: 278-284.

81. Votto M, De Filippo M, Licari A, Marseglia A, De Amici M,
Marseglia GL. Biological therapies in children and adolescents
with severe uncontrolled asthma: a practical review. Biologics
2021; 15: 133-142.

82.Menzella E Lusuardi M, Galeone C, Taddei S, Facciolongo
N, Zucchi L. Mepolizumab for severe refractory eosinophilic
asthma: evidence to date and clinical potential. Zher Adv
Chronic Dis 2016; 7: 260-277.

83.Emma R, Morjaria JB, Fuochi V, Polosa R, Caruso M.
Mepolizumab in the management of severe eosinophilic
asthma in adults: current evidence and practical experience.
Ther Adv Respir Dis 2018; 12: 1753466618808490.

84.Liu MC, Chipps B, Munoz X, Devouassoux G, Bergna M,
Smith SG, et al. Benefit of switching to mepolizumab from
omalizumab in severe eosinophilic asthma based on patient
characteristics. Respir Res 2021; 22: 144.

85. Agache I, Song Y, Posso M, Alonso-Coello P, Rocha C, Sola
I, et al. Efficacy and safety of dupilumab for moderate-to-
severe atopic dermatitis: A systematic review for the EAACI
biologicals guidelines. Allergy 2021; 76: 45-58.

86.Li Z, Radin A, Li M, Hamilton JD, Kajiwara M, Davis JD,
et al. Pharmacokinetics, Pharmacodynamics, safety, and
tolerability of dupilumab in healthy adult subjects. Clin
Pharmacol Drug Dev 20205 9: 742-755.

87. Gibson PG, Prazma CM, Chupp GL, Bradford ES, Forshag
M, Mallett SA, et al. Mepolizumab improves clinical outcomes
in patients with severe asthma and comorbid conditions.
Respir Res 2021; 22: 171.

88.Bel EH, Wenzel SE, Thompson PJ, Prazma CM, Keene ON,
Yancey SW, et al. Oral Glucocorticoid-Sparing Effect of
Mepolizumab in Eosinophilic Asthma. N Engl ] Med 2014;
371:1189-1197.

89. Khatri S, Moore W, Gibson PG, Leigh R, Bourdin A, Maspero
J, et al. Assessment of the long-term safety of mepolizumab
and durability of clinical response in patients with severe
eosinophilic asthma. J Allergy Clin Immunol 2019; 143:
1742-1751.¢7.

90. Sastre ], Ddvila I. Dupilumab: A new paradigm for the
treatment of allergic diseases. J Investig Allergol Clin Immunol
2018; 28: 139-150.

91. Rathinam KK, Abraham JJ, Vijayakumar TM. Dupilumab in
the Treatment of Moderate to Severe Asthma: An Evidence-
Based Review. Curr Ther Res Clin Exp 20195 91: 45-51.

92.Brooks GD. Updated evaluation of dupilumab in the
treatment of asthma: patient selection and reported outcomes.
Ther Clin Risk Manag 2020; 16: 181-187.

93. Numata T, Araya J, Miyagawa H, Okuda K, Fujita Y, Utsumi
H, et al. Effectiveness of switching biologics for severe asthma
patients in Japan: A single-center retrospective study. / Asthma
Allergy 20215 14: 609-618.

94. Menzella F, Ruggiero P, Ghidoni G, Fontana M, Bagnasco
D, Livrieri E et al. Anti-IL5 Therapies for severe eosinophilic
asthma: literature review and practical insights. J Asthma
Allergy 20205 13: 301-313.

95. Thibodeaux Q, Smith MP, Ly K, Beck K, Liao W, Bhutani T. A
review of dupilumab in the treatment of atopic diseases. Hum
Vaccin Immunother 2019; 15: 2129-2139.

96.Kim BK, Park SY, Ban GY, Kim MA, Lee JH, An ], et al.
Evaluation and Management of Difficult-to-Treat and Severe
Asthma: An Expert Opinion From the Korean Academy of
Asthma, Allergy and Clinical Immunology, the Working
Group on Severe Asthma. Allergy Asthma Immunol Res 2020;
12: 910-933.

heeps://smj.org.sa  Saudi Med ] 2022; Vol. 43 (4) 339


https://pubmed.ncbi.nlm.nih.gov/32401603
https://pubmed.ncbi.nlm.nih.gov/32401603
https://pubmed.ncbi.nlm.nih.gov/32401603
https://pubmed.ncbi.nlm.nih.gov/32401603
https://pubmed.ncbi.nlm.nih.gov/32344781
https://pubmed.ncbi.nlm.nih.gov/32344781
https://pubmed.ncbi.nlm.nih.gov/25534623
https://pubmed.ncbi.nlm.nih.gov/25534623
https://pubmed.ncbi.nlm.nih.gov/16369332
https://pubmed.ncbi.nlm.nih.gov/16369332
https://pubmed.ncbi.nlm.nih.gov/30026908
https://pubmed.ncbi.nlm.nih.gov/30026908
https://pubmed.ncbi.nlm.nih.gov/30026908
https://pubmed.ncbi.nlm.nih.gov/30026908
https://pubmed.ncbi.nlm.nih.gov/27864548
https://pubmed.ncbi.nlm.nih.gov/27864548
https://pubmed.ncbi.nlm.nih.gov/23520319/
https://pubmed.ncbi.nlm.nih.gov/23520319/
https://pubmed.ncbi.nlm.nih.gov/23520319/
https://pubmed.ncbi.nlm.nih.gov/23520319/
https://pubmed.ncbi.nlm.nih.gov/22745565/
https://pubmed.ncbi.nlm.nih.gov/22745565/
https://pubmed.ncbi.nlm.nih.gov/22745565/
https://pubmed.ncbi.nlm.nih.gov/26433533/
https://pubmed.ncbi.nlm.nih.gov/26433533/
https://pubmed.ncbi.nlm.nih.gov/26433533/
https://pubmed.ncbi.nlm.nih.gov/26433533/
https://pubmed.ncbi.nlm.nih.gov/22685051/
https://pubmed.ncbi.nlm.nih.gov/22685051/
https://pubmed.ncbi.nlm.nih.gov/22685051/
https://pubmed.ncbi.nlm.nih.gov/30191146
https://pubmed.ncbi.nlm.nih.gov/30191146
https://pubmed.ncbi.nlm.nih.gov/30191146
https://pubmed.ncbi.nlm.nih.gov/29948729
https://pubmed.ncbi.nlm.nih.gov/29948729
https://pubmed.ncbi.nlm.nih.gov/27528798
https://pubmed.ncbi.nlm.nih.gov/27528798
https://pubmed.ncbi.nlm.nih.gov/27528798
https://pubmed.ncbi.nlm.nih.gov/12952113/
https://pubmed.ncbi.nlm.nih.gov/12952113/
https://pubmed.ncbi.nlm.nih.gov/12952113/
https://pubmed.ncbi.nlm.nih.gov/12952113/
https://pubmed.ncbi.nlm.nih.gov/21121874/
https://pubmed.ncbi.nlm.nih.gov/21121874/
https://pubmed.ncbi.nlm.nih.gov/21121874/
https://pubmed.ncbi.nlm.nih.gov/21121874/
https://pubmed.ncbi.nlm.nih.gov/22365654/
https://pubmed.ncbi.nlm.nih.gov/22365654/
https://pubmed.ncbi.nlm.nih.gov/22365654/
https://pubmed.ncbi.nlm.nih.gov/22365654/
https://pubmed.ncbi.nlm.nih.gov/25963882/
https://pubmed.ncbi.nlm.nih.gov/25963882/
https://pubmed.ncbi.nlm.nih.gov/25963882/
https://pubmed.ncbi.nlm.nih.gov/12589345/
https://pubmed.ncbi.nlm.nih.gov/12589345/
https://pubmed.ncbi.nlm.nih.gov/12589345/
https://pubmed.ncbi.nlm.nih.gov/12589345/
https://pubmed.ncbi.nlm.nih.gov/33981139
https://pubmed.ncbi.nlm.nih.gov/33981139
https://pubmed.ncbi.nlm.nih.gov/33981139
https://pubmed.ncbi.nlm.nih.gov/33981139
https://pubmed.ncbi.nlm.nih.gov/27803792
https://pubmed.ncbi.nlm.nih.gov/27803792
https://pubmed.ncbi.nlm.nih.gov/27803792
https://pubmed.ncbi.nlm.nih.gov/27803792
https://pubmed.ncbi.nlm.nih.gov/30354852/
https://pubmed.ncbi.nlm.nih.gov/30354852/
https://pubmed.ncbi.nlm.nih.gov/30354852/
https://pubmed.ncbi.nlm.nih.gov/30354852/
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-021-01733-9
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-021-01733-9
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-021-01733-9
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-021-01733-9
https://pubmed.ncbi.nlm.nih.gov/32691892/
https://pubmed.ncbi.nlm.nih.gov/32691892/
https://pubmed.ncbi.nlm.nih.gov/32691892/
https://pubmed.ncbi.nlm.nih.gov/32691892/
https://pubmed.ncbi.nlm.nih.gov/32348036/
https://pubmed.ncbi.nlm.nih.gov/32348036/
https://pubmed.ncbi.nlm.nih.gov/32348036/
https://pubmed.ncbi.nlm.nih.gov/32348036/
https://doi.org/10.1186/s12931-021-01746-4
https://doi.org/10.1186/s12931-021-01746-4
https://doi.org/10.1186/s12931-021-01746-4
https://doi.org/10.1186/s12931-021-01746-4
https://doi.org/10.1056/NEJMoa1403291
https://doi.org/10.1056/NEJMoa1403291
https://doi.org/10.1056/NEJMoa1403291
https://doi.org/10.1056/NEJMoa1403291
https://pubmed.ncbi.nlm.nih.gov/30359681/
https://pubmed.ncbi.nlm.nih.gov/30359681/
https://pubmed.ncbi.nlm.nih.gov/30359681/
https://pubmed.ncbi.nlm.nih.gov/30359681/
https://pubmed.ncbi.nlm.nih.gov/30359681/
https://pubmed.ncbi.nlm.nih.gov/29939132/
https://pubmed.ncbi.nlm.nih.gov/29939132/
https://pubmed.ncbi.nlm.nih.gov/29939132/
https://pubmed.ncbi.nlm.nih.gov/31871508/
https://pubmed.ncbi.nlm.nih.gov/31871508/
https://pubmed.ncbi.nlm.nih.gov/31871508/
https://www.dovepress.com/updated-evaluation-of-dupilumab-in-the-treatment-of-asthma-patient-sel-peer-reviewed-fulltext-article-TCRM
https://www.dovepress.com/updated-evaluation-of-dupilumab-in-the-treatment-of-asthma-patient-sel-peer-reviewed-fulltext-article-TCRM
https://pubmed.ncbi.nlm.nih.gov/34113131
https://pubmed.ncbi.nlm.nih.gov/34113131
https://pubmed.ncbi.nlm.nih.gov/34113131
https://pubmed.ncbi.nlm.nih.gov/34113131
https://pubmed.ncbi.nlm.nih.gov/32982318
https://pubmed.ncbi.nlm.nih.gov/32982318
https://pubmed.ncbi.nlm.nih.gov/32982318
https://pubmed.ncbi.nlm.nih.gov/32982318
https://pubmed.ncbi.nlm.nih.gov/30785362
https://pubmed.ncbi.nlm.nih.gov/30785362
https://pubmed.ncbi.nlm.nih.gov/30785362

Severe asthma in children ... Albarbi et al

97.Smith M, Igbal S, Elliott TM, Everard M, Rowe BH.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

340

Corticosteroids for hospitalised children with acute asthma.
Cochrane database Syst Rev 2003; 2003: CD002886.

Global Initiative for Asthma. Global Strategy for Asthma
Management and Prevention. [Updated 2022]. Available
from: hetps://ginasthma.org/

Aljebab E Choonara I, Conroy S. Systematic review of the
toxicity of short-course oral corticosteroids in children. Arch
Dis Child 2016; 101: 365-370.

Aljebab E Choonara I, Conroy S. Systematic review of the
toxicity of long-course oral corticosteroids in children. PLoS
One 2017; 12: €0170259.

Gamble ], Stevenson M, McClean E, Heaney LG. The
prevalence of nonadherence in difficult asthma. Am J Respir
Crit Care Med 2009; 180: 817-822.

Phipatanakul W, Mauger DT, Sorkness RL, Gaffin JM,
Holguin E Woodruff PG, et al. Effects of age and disease
severity on systemic corticosteroid responses in asthma. Am J
Respir Crit Care Med 2017; 195: 1439-14438.

Koo S, Gupta A, Fainardi V, Bossley C, Bush A, Saglani S,
et al. Ethnic variation in response to IM triamcinolone in
children with severe therapy-resistant asthma. Chesz 2016;
149: 98-105.

Panickar JR, Kenia P, Silverman M, Grigg J. Intramuscular
triamcinolone for difficult asthma. Pediatr Pulmonol 2005;
39: 421-425.

Weil CM, Wade SL, Bauman L], Lynn H, Mitchell H, Lavigne
J. The relationship between psychosocial factors and asthma
morbidity in inner-city children with asthma. Pediatrics 1999;
104: 1274-1280.

Alvim CG, Ricas ], Camargos PAM, Lasmar LMB de LF,
Andrade CR de, Ibiapina C da C. “Prevalence of emotional
and behavioral disorders in adolescents with asthma”. ] Bras
Prneumol 2008; 34: 196-204. [In Spnaish]

Coban H, Aydemir Y. The relationship between allergy and
asthma control, quality of life, and emotional status in patients
with asthma: a cross-sectional study. Allergy Asthma Clin
Immunol 2014; 10: 1-7.

McNichol KN, Williams HE, Allan ], McAndrew 1.
Spectrum of asthma in children—III, psychological and social
components. Br Med ] 1973; 4: 16-20.

Banjari M, Kano Y, Almadani S, Basakran A, Al-Hindi M,
Alahmadi T. The Relation between asthma control and quality
of life in children. Int J Pediatr 2018; 2018: 6517329.
Mcdonald VM, Vertigan AE, Gibson PG. How to set up a
severe asthma service. Respirology 2011; 16: 900-911.

Saudi Med ] 2022; Vol. 43 (4) hetps://smj.org.sa

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Lommatzsch M, Virchow JC. Severe asthma: definition,
diagnosis and treatment. Dizsch Arztebl Int 2014; 111: 847-55.
Poussel M, Thaon I, Penven E, Tiotiu Al. Pulmonary function
testing in work-related asthma: An overview from spirometry
to specific inhalation challenge. Int | Environ Res Public
Health 2021; 18: 2325.

Currie GP, Fardon TC, Lee DK. The role of measuring airway
hyperresponsiveness and inflammatory biomarkers in asthma.
Ther Clin Risk Manag 2005; 1: 83-92.

O’Byrne PM. Introduction: Airway hyperresponsiveness in
asthma: Its measurement and clinical significance. Chesz 2010;
138: 1S-3S.

Kaplan AG, Balter MS, Bell AD, Kim H, Mclvor RA.
Diagnosis of asthma in adults. CMAJ 2009; 181: E210-E220.
Murphy VE, Gibson PG, Talbot PI, Kessel CG, Clifton
VL. Asthma self-management skills and the use of asthma
education during pregnancy. Eur Respir ] 2005; 26: 435-41.
Robijn AL, Jensen ME, Gibson PG, Powell H, Giles WB,
Clifton VL, et al. Trends in asthma self-management skills and
inhaled corticosteroid use during pregnancy and postpartum
from 2004 to 2017. J Asthma 2019; 56: 594-602.

Hodder R, Lougheed MD, Rowe BH, FitzGerald JM, Kaplan
AG, Mclvor RA. Management of acute asthma in adults in the
emergency department: Nonventilatory management. CMAJ
2010; 182: 265-272.

Burke H, Davis J, Evans S, Flower L, Tan A, Kurukulaaratchy
R. A multidisciplinary team case management approach
reduces the burden of frequent asthma admissions. Eur Respir
J Open Res 2016; 2: 00039-02016.

Narasimhan K. Difficult to treat and severe asthma:
management strategies. Am Fam Physician 2021; 103:
286-290.

Al Said A, Cushen B, Costello RW. Targeting patients with
asthma for omalizumab therapy: choosing the right patient to
get the best value for money. 7her Adv Chronic Dis 2017; 8:
31-45.

National Asthma Education. Expert Panel Report 3 (EPR-3):
Guidelines for the Diagnosis and Management of Asthma-
Summary Report 2007. J Allergy Clin Immunol 2007; 120:
$94-S138.

Rajan S, Gogtay N, Konwar M, Thatte U. The global initiative
for asthma guidelines (2019): Change in the recommendation
for the management of mild asthma based on the SYGMA-2
trial - A critical appraisal. Lung India 2020; 37: 169-173.


http://www.smj.org.sa/index.php/smj/index
https://pubmed.ncbi.nlm.nih.gov/12804441/
https://pubmed.ncbi.nlm.nih.gov/12804441/
https://pubmed.ncbi.nlm.nih.gov/12804441/
https://ginasthma.org/
https://ginasthma.org/
https://ginasthma.org/
https://pubmed.ncbi.nlm.nih.gov/26768830/
https://pubmed.ncbi.nlm.nih.gov/26768830/
https://pubmed.ncbi.nlm.nih.gov/26768830/
https://pubmed.ncbi.nlm.nih.gov/28125632/
https://pubmed.ncbi.nlm.nih.gov/28125632/
https://pubmed.ncbi.nlm.nih.gov/28125632/
https://pubmed.ncbi.nlm.nih.gov/19644048/
https://pubmed.ncbi.nlm.nih.gov/19644048/
https://pubmed.ncbi.nlm.nih.gov/19644048/
https://pubmed.ncbi.nlm.nih.gov/27967215/
https://pubmed.ncbi.nlm.nih.gov/27967215/
https://pubmed.ncbi.nlm.nih.gov/27967215/
https://pubmed.ncbi.nlm.nih.gov/27967215/
https://pubmed.ncbi.nlm.nih.gov/26378892/
https://pubmed.ncbi.nlm.nih.gov/26378892/
https://pubmed.ncbi.nlm.nih.gov/26378892/
https://pubmed.ncbi.nlm.nih.gov/26378892/
https://pubmed.ncbi.nlm.nih.gov/15666368/
https://pubmed.ncbi.nlm.nih.gov/15666368/
https://pubmed.ncbi.nlm.nih.gov/15666368/
https://pubmed.ncbi.nlm.nih.gov/10585977/
https://pubmed.ncbi.nlm.nih.gov/10585977/
https://pubmed.ncbi.nlm.nih.gov/10585977/
https://pubmed.ncbi.nlm.nih.gov/10585977/
https://www.scielo.br/j/jbpneu/a/V9YSYr5NjMCT7HhZbm4GJFc/?lang=pt
https://www.scielo.br/j/jbpneu/a/V9YSYr5NjMCT7HhZbm4GJFc/?lang=pt
https://www.scielo.br/j/jbpneu/a/V9YSYr5NjMCT7HhZbm4GJFc/?lang=pt
https://www.scielo.br/j/jbpneu/a/V9YSYr5NjMCT7HhZbm4GJFc/?lang=pt
https://pubmed.ncbi.nlm.nih.gov/25642249/
https://pubmed.ncbi.nlm.nih.gov/25642249/
https://pubmed.ncbi.nlm.nih.gov/25642249/
https://pubmed.ncbi.nlm.nih.gov/25642249/
https://pubmed.ncbi.nlm.nih.gov/4755207/
https://pubmed.ncbi.nlm.nih.gov/4755207/
https://pubmed.ncbi.nlm.nih.gov/4755207/
https://doi.org/10.1155/2018/6517329
https://doi.org/10.1155/2018/6517329
https://doi.org/10.1155/2018/6517329
https://onlinelibrary.wiley.com/doi/10.1111/j.1440-1843.2011.02012.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1440-1843.2011.02012.x
https://pubmed.ncbi.nlm.nih.gov/25585581/
https://pubmed.ncbi.nlm.nih.gov/25585581/
https://pubmed.ncbi.nlm.nih.gov/33652998/
https://pubmed.ncbi.nlm.nih.gov/33652998/
https://pubmed.ncbi.nlm.nih.gov/33652998/
https://pubmed.ncbi.nlm.nih.gov/33652998/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1661613/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1661613/
https://pubmed.ncbi.nlm.nih.gov/20668011/
https://pubmed.ncbi.nlm.nih.gov/20668011/
https://pubmed.ncbi.nlm.nih.gov/20668011/
https://pubmed.ncbi.nlm.nih.gov/19770241/
https://pubmed.ncbi.nlm.nih.gov/19770241/
https://pubmed.ncbi.nlm.nih.gov/16135724/
https://pubmed.ncbi.nlm.nih.gov/16135724/
https://pubmed.ncbi.nlm.nih.gov/16135724/
https://pubmed.ncbi.nlm.nih.gov/29716412/
https://pubmed.ncbi.nlm.nih.gov/29716412/
https://pubmed.ncbi.nlm.nih.gov/29716412/
https://pubmed.ncbi.nlm.nih.gov/29716412/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2826468/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2826468/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2826468/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2826468/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5034600/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5034600/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5034600/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5034600/
https://pubmed.ncbi.nlm.nih.gov/33630543/
https://pubmed.ncbi.nlm.nih.gov/33630543/
https://pubmed.ncbi.nlm.nih.gov/33630543/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5354131/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5354131/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5354131/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5354131/
https://pubmed.ncbi.nlm.nih.gov/17983880/
https://pubmed.ncbi.nlm.nih.gov/17983880/
https://pubmed.ncbi.nlm.nih.gov/17983880/
https://pubmed.ncbi.nlm.nih.gov/17983880/
https://pubmed.ncbi.nlm.nih.gov/32108606/
https://pubmed.ncbi.nlm.nih.gov/32108606/
https://pubmed.ncbi.nlm.nih.gov/32108606/
https://pubmed.ncbi.nlm.nih.gov/32108606/

	ABSTRACT
	References

