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Introduction
Asthma is a significant public health problem, affecting more 
than 358 million individuals globally,and its prevalence has been 
increasing during the last 40 years. It is the most common chronic 
respiratory disease in children in the developed countries, and 
the prevalence of asthma is steadily increasing in the developing 
world [1-5].  Asthma is a chronic inflammatory airway disease 
with several distinct phenotypes, characterized by different 
immunopathological pathways, clinical presentation, severity of 
the disease, and response to treatment [6-11]. Induced sputum 
cytometry is the gold standard biomarker for the diagnosis of the 
four phenotypes of asthma, such as eosinophilic, neutrophilic, 
mixed granulocytic, and paucigranulocytic asthma [7]. 

Patients with eosinophilic asthma have an eosinophil count of 
≥3%, whereas patients with neutrophilic asthma have elevated 
sputum neutrophil count between ≥61%, and ≥64% [12-15]. 
Mixed granulocytic phenotype is characterized by an increase 
in both eosinophils (>3%), and neutrophils (>61% or >64%). 
Paucigranuocytic phenotype embraces patients with very few 
eosinophils (<3%), and neutrophils (<61% or <64%) in induced 
sputum [14-16]. Non-eosinophilic asthma is the term used to 
classify patients with low eosinophil numbers (<3%), which 
include neutrophilic asthma, and paucigranulocytic phenotype [7].

Most patients with eosinophilic asthma are responsive to with high 
dose inhaled corticosteroids, and to anti-interleukin antagonists 
(ALI) targeted against eosinophilic asthma. Conversely, other 
phenotypes of asthma, such as neutrophilic and paucigranulocytic 

asthma are unresponsive to treatment with ICS, LABA, LTRA, 
and biologics. The currently approved biologics for the treatment 
of Th2-driven eosinophilic asthma include omalizumab (anti-IgE); 
and interleukin monoclonal antibodies, such as mepolizumab, and 
reslizumab (anti-IL-5), benralizumab (anti-IL-5R), dupilumab 
(anti-IL-4α/13), and tezepelumab (anti-TSLP). However, there 
are no marketed biotherapeutics for the treatment of neutrophilic 
and paucigranulocytic asthma.
 
Severe refractory asthma is characterized by airway 
hyperresponsiveness (AHR) and remodeling. Histopatho 
pathologically, patients with severe asthma have airway smooth 
muscle (ASM) hyperplasia and hypertrophy; subepithelial 
basement membrane thickening and fibrosis; all which contribute 
to fixed airflow limitation. Severe refractory asthma is very difficult 
to treat pharmacologically. It requires innovative therapies, such 
as bronchial thermoplasty which reduces the hypertrophied ASM 
mass and relieves the AHR, and bronchoconstriction.

Severe Refractory Asthma
Approximately 3.6-10% of patients with asthma have severe 
refractory disease, with persistent symptoms, frequent 
exacerbations, hospitalizations, and frequent emergency room 
visits. This subgroup of patients has fixed airflow limitation (low 
FEV1), and is difficult to control despite treatment with high dose 
inhaled corticosteroids (ICS), long-acting β2-agonists LABA), and 
leukotriene receptor antagonists (LTRA) [17-19]. Therefore,this 
subgroup of patients require more targeted therapies, especially 
patients with high medication requirements and persistent 
symptoms and exacerbations. Severe refractory asthma consists 
of different phenotypes that have poorly controlled asthma, and 
has been referred to as refractory asthma, steroid-dependent and/or 
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ABSTRACT
Asthma is a chronic inflammatory airway disease with several distinct phenotypes, characterized by different immunopathological pathways, clinical 
presentation, severity of the disease, and response to treatment. The phenotypes of asthma include eosinophilic, neutrophilic, mixed granulocytic, and 
paucigranulocytic asthma. Approximately 3.6-10% of patients with asthma have severe refractory disease, which is unresponsive to high dose inhaled 
corticosteroids (ICS), and long-acting β2-agonists (LABA). Most patients with eosinophilic asthma are responsive to corticosteroids, and interleukin-
targeted biologics, whereas, patients from other phenotypes, such as neutrophillic and paucigranullocytic asthma are resistant to treatment with ICS and 
biotherapeutics. The hallmark of severe refractory asthma is airway hyperresponsiveness, and remodeling. Histopathologically, patients with severe asthma 
have airway smooth muscle (ASM) hyperplasia and hypertrophy; subepithelial basement membrane thickening and fibrosis; all which contribute to fixed 
airflow limitation. Severe refractory asthma is very difficult to treat pharmacologically. It requires innovative therapies, such as bronchial thermoplasty which 
reduces the hypertrophied ASM mass and relieves the AHR, and broncoconstriction. Bronchial thermoplasty has been shown to improve asthma control, 
reduce severe exacerbations, hospitalizations, emergency room visits, and improve the quality of life, which persist up to 5 years following the procedure.  
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resistant asthma, difficult-to-control, and brittle asthma [20,21]. This subgroup of patients is now termed as severe refractory asthma, 
and includes patients who remain poorly controlled despite an extensive re-evaluation and an observation period of at least 6 months 
by an asthma specialist [22].  The definition, evaluation and treatment of severe refractory asthma has been refined, and continues to be 
updated [22-24]. The ATS guidelines on the definition of severe refractory asthma is based on two major and seven minor criteria for 
the diagnosis of severe refractory asthma.20 The criteria for established diagnosis of refractory asthma include fulfilling one, or both 
major criteria and at least two minor criteria [20]. The ATS criteria for the diagnosis of severe refractory asthma are given in Table 1. 

Table 1: American Thoracic Society Criteria for severe/refractory asthma
Major criteria
Treatment with continuous or near continuous (>50% of the year) oral corticosteroids

Need for treatment with high-dose inhaled corticosteroids
Minor criteria
Need for additional daily treatment with controller medication (long-acting β2-agonist, leukotriene receptor antagonist, theophylline)

Asthma symptoms needing short-acting β2-agonists use on a daily or near daily basis

Persistent airway obstruction (FEV1 <80% predicted, diurnal peak flow variability <20% predicted

One or more urgent care visit for asthma

Three or more oral steroid bursts per year

Prompt deterioration with >25% reduction in oral or inhaled corticosteroids

Near fatal asthma event in the past

Diagnosis: One major criterion plus two minor criteria; other diseases should have been excluded, exacerbating factors treated, and patient is 
general adherent

Airway Remodeling
The pathophysiological feature of severe refractory asthma is airway hyperresponsiveness, and airway remodeling, which contribute 
to persistent fixed airway obstruction, and poor lung function (low FEV1). There is a strong correlation between airway remodeling 
and progression of airflow limitation in patients with severe asthma[25].Airway remodeling and bronchoconstriction in severe asthma 
involves structural changes, such as airway smooth muscle hyperplasia and hypertrophy; subepithelial basement membrane (SBM) 
thickening and fibrosis; extracellular matrix (ECM) protein deposition; hypertrophy of the submucous glands, goblet cell hyperplasia, 
thickening and shedding of the epithelium, and neovascularization [26-33].
 
Airway smooth muscle hypertrophy, hyperplasia, and changes in phenotype of ASM is considered the main factor involved in airway 
hyperresponsiveness. Patients with severe refractory asthma have airway smooth muscle cell hyperplasia and hypertrophy, especially patients 
with fixed airflow limitation [33-36]. ASM hypertrophy and hyperplasia is associated with progressive decline in lung function, persistent 
asthma, and unresponsiveness corticosteroids [36-40]. Table 2 summerizes the pathophysiological feaures of severe refractory asthma.

Table 2: Pathophysiological features of airway remodeling in patients with severe refractory asthma
Epithelial injury due to allergens, respiratory viral infections, and pollutants 

Release of cytokines, chemokines, growth factors, and adhesion molecules

Airway epithelial thickening, shedding, and further release of “alarmin” cytokines

Submucous glands and goblet cell hyperplasia, and mucus hypersecretion

Airway hyperresponsiveness

Subepithelial basement membrane fibrosis, and thickening

Deposition of extracellular matrix proteins

Mast cell infiltration of airway smooth muscle cells

Activation of myofibroblasts, and fibroblasts

Airway smooth muscle hyperplasia, and hypertrophy

Neoangiogenesis, and exaggerated vasodilatation 
Airway remodeling
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Airway smooth muscle cells are active secretory cells, which 
display plasticity depending on the inflammatory milieu. They 
display pro-inflammatory and immunomodulatory functions 
by synthesis and expression of a variety of surface molecules, 
integrins, and Toll-like receptors [41, 42]. Activation of a variety 
of receptors on ASM cells can lead to production and secretion 
of several pro-inflammatory mediators, which may act in an 
autocrine or paracrine fashion [30].  ASM cells have been reported 
to secrete several pro-inflammatory cytokines (IL-1β, IL-8, IL-5, 
IL-6, IL-8, IL-10, and IL-11); chemokines (eotaxins, and Gro-α); 
growth factors (EGF-1, FGF, PDGF; VEGF, and IGF-1); and 
angiogenic factors (VEGF, angiogenin, and angiopoietin) [31-41, 
42]. In addition, ASM cells from asthmatic patients have a distinct 
hyperreactive “primed” phenotype, which is characterized by 
increased release of pro-inflammatory cytokines, chemokines, and 
growth factors [29-42]. Table 3 shows the list of airway smooth 
muscle cell secretory products, and surface receptors.

Table 3: Standard drugs used for the treatment of asthma
Inhaled β2-agonist
Short acting (salbutamol, levalbuterol, terbutaline, pirbuterol)

Long-acting (salmeterol, formeterol)

New long-acting (indacaterol, olodaterol, vilanterol)
Combination of LABA and inhaled corticosteroids
Salmetrol and fluticasone (Advair Diskus)

Formetorol and budesonide (Symbicort)

Vilanterol and fluticasone
Triple combo (Vilanterol, fluticosone and umeclidium)
Cromones	

Cromlyn sodium, nedocromil sodium
Inhaled anti-cholinergics
Short-acting (ipratropium bromide)

Long-acting (oxitropium bromide, tiotropium bromide)

New long-acting (umeclidium bromide, glycopyrrolate)
Corticosteroids
Betamethasone dipropionate

Budenoside, fluticasone, flunisolone

Ciclesonide,  mometasone
 Oral methylxanthines
Rapid release theophyllines

Sustained release theophyllines (Theo-24, Theocron, Uniphyl)

Phosphodiesterase (PDE)-4 inhibitor (roflumilast)
Leukotriene receptor antagonists
Montelukast, pranlukast

Cinalukast, zafirlukast
5-lipoxygenase inhibitors
Zileuton

Airway remodeling in asthma is accompanied by deposition of 
extracellular matrix protein in the reticular basement region, 

lamina propria, and submucosa, which contributes to airway 
wall thickening, and airflow obstruction. In addition, there is 
an increase in the numbers of airway resident cells, such as 
fibroblasts, myofibroblasts, and ASM cells [36, 41-43]. These 
cells are capable of producing pro-inflammatory mediators, which 
orchestrate and amplify the inflammatory responses. The ECM 
proteins consists of higher amount of collagen I, III, V, fibronectin, 
tenascin, lumicans, glycosaminoglycans, proteoglycans, and 
elastic fibers [40,41]. The composition of the proteins in patients 
with severe asthma is different from that in non-asthmatic subjects 
[44]. Extracellular matrix proteins, and mediators released by 
mast cells, T lymphocytes, and ASM cells may modulate ASM 
phenotype, and functions, including proliferation, migration and 
contraction [45, 46].

Histopathologically, severe refractory asthma is characterized 
by thickening and fibrosis of the subepithelial reticular basement 
membrane (SRBM) in both adults and children with asthma [43, 
47-51]. Payne et al. have demonstrated that SRBM thickening 
is already present in children with difficult to treat asthma, and 
to a similar extent to that seen in adults with severe asthma. 
In addition they found that the reticular basement membrane 
thickening is not associated with age, symptom duration, lung 
function, or concurrent eosinophilic airway inflammation.Thus, 
reticular membrane thickening and fibrosis can occur in different 
phenotypes of severe refractory asthma, and even in children with 
difficult to treat asthma. Furthermore, thickening and fibrosis of the 
SRBM is associated with airway responsiveness to methacholine 
[51, 52].

Thickening of the subepithelial reticular basement membrane is due 
to increased deposition of collagen I and III, tenascin, fibronectin, 
versican, laminin, and lumican, produced mainly by fibroblasts, 
and to a lesser extent myofibroblasts [47-50]. The increase in 
subepithelial basement membrane thickness has been shown to 
correlate with ASM hypertrophy, and parallels the severity of 
airflow limitation [53]. Thickening of the reticular memebrane 
and fibrosis may contribute to corticosteroid unresponsiveness 
[54].The airway epithelium provide a physical and immunological 
protective barrier against inhaled   micro-organisms, allergens, and 
pollutants. Patients with severe refractory asthma exhibit epithelial 
thickening, shedding, apoptosis of ciliated epithelial cells, and 
exposure of sensitive neuronal terminals [55-57]. Inflamed airway 
epithelium, particularly due to viral respiratory infections secrete 
‘alarmin’ cytokines (Il-25, IL-33, TSLP), and is associated with 
upregulation of growth factors [58, 59]. The extent of epithelial 
injury correlates with increasing AHR and the severity of asthma 
[52, 60]. Interleukin-25, IL-33, and growth factors (e.g., TGF-β) 
are fibrotic cytokines, and may promote ASM cell proliferation, 
subepithelial fibrosis, and airway remodeling.

Treatment of Severe Refractory Asthma
Severe refractory asthma has classically been treated using 
stepwise guidelines of increasing drugs and dosages depending 
on the severity of the disease, such as the Global Initiative for 
Asthma (GINA) guidelines, and the National Asthma Education 
and Prevention Program (NAEPP) [23]. The GINA strategy 
recommends intensification of the treatment according to the 
severity of asthma, based on the treatment required to control, and 
reduce symptoms and exacerbations. The classic GINA guidelines 
have five levels of treatments, which steps-up treatment according 
to severity. Steps 1 to 3 are classified as mild-moderate asthma, 
and steps 4 and 5 are classified as moderate-severe disease. The 
current paradigm recommends use of low dose ICS and LABA 
(formoterol), and SABA as required at step 1. The GINA step-wise 
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guidelines recommend treatment with low dose ICS, and LABA 
at step 2, followed by increasing the dosage of ICS up to 800 μg/
day, and LABA to achieve control at step 3. In patients with severe 
asthma, steps 4 and 5, the dosage of ICS is increased up to 2000 
μg/day, and therapeutic alternatives, such as leukotriene receptor 
antagonists (LTRA), slow-release theophyllines, or long-acting 
muscarinic antagonist (LAMA) are added to the regimen [1]. Table 
3 classifies the standard drugs used to treat asthma.

The GINA guideline, and NAEPP yardsticks for step-up 
treatment recommend initiation of biologics, such as anti-IgE, 
and anti-interleukin (IL)-5 monoclonal antibodies for patients 
with eosinophilic asthma at step 5. The guidelines also suggest a 
trial of chronic macrolide therapy to reduce asthma exacerbations 
in persistent symptomatic or uncontrolled patients at step 5.The 
latest ERS/ATS Task Force guidelines recommend using anti-IL-5 
and anti-IL-5 receptor α for severe uncontrolled adult eosinophilic 
asthma phenotypes, using a blood eosinophil cut-point of 150 µL-1 
to guide anti-IL-5 initiation in adult patients with severe asthma. 
The guidelines suggest using tiotropium for adolescents and adults 
with severe asthma uncontrolled asthma despite GINA step 4-5, 
or NAEPP step 5 therapies [1, 23].  The Task Force also suggests 
a trial of macrolide therapy to reduce exacerbation in persistently 
symptomatic,or uncontrolled patients on GINA step 5 or NAEPP 
step 5 therapies, irrespective of asthma phenotype. Additionally, 
the ERS/ATS guidelines suggest using ant-IL-4/13 (dupilumab) 
for adult patients with severe eosinophilic asthma, and for those 
with severe corticosteroid-dependent asthma regardless of blood 
eosinophil counts.

Despite treatment according to guidelines, monitoring adherence, 
and adequate inhaler technique, a significant proportion of asthma 
patients do not achieve adequate control with the standard 
treatment, including high dose ICS, LABA, LTRA, and interleukin 
antagonists [1]. Between 49% and 53% of adults receiving 
treatment adequately have poorly controlled asthma [61, 62], and 
up to 64% of adolescent patients have asthma that is inadequately 
controlled by the currently available therapies [63]. 

There are several phenotypes of asthma associated with different 
co-morbidities, and response to treatment. Patients with severe 
refractory asthma require phenotyping with sputum cell cytometry, 
serum biomarkers, bronchoscopy, or transthoracic CT scans, as an 
initial step in the management of asthma, in order to give the right 
patient the right treatment [(6-8),(14,64-66),(21,67),(68-70)].The 
hallmark of severe refractory asthma is exuberant ASM hyperplasia 
and hypertrophy, deposition of ECM proteins, and subepithelial 
reticular membrane fibrosis; and progressive airway remodeling. 
Bronchial thermoplasty is a non-pharmacological therapy targeting 
airway wall thickening, due to ASM hypertrophy, and subepithelial 
fibrosis, which are responsible for AHR, persistent fixed airflow 
limitation, and recurrent bronchospasms.

Bronchial Thermoplasty
The mainstay pharmacotherapy for severe asthma is high dose 
ICS, LABA, LTRA, and addition of biologics for patients 
with eosinophilic asthma at step 5 of the GINA and NAEPP 
guidelines [1, 23]. However, corticosteroids and biologics 
do not suppress ASM cell hyperplasia and hypertrophy, and 
subepithelial fibrosis which are the histopathological features 
of severe refractory asthma responsible for airflow limitation, 
and excessive bronchoconstriction [71].Brochial thermoplasty 
(BT) is a strategic therapy aimed at reducing the hypertrophied 
ASM mass in patients with severe refractory asthma [72,73]. BT 
is a bronchoscopic treatment recommended for subjects aged 

18 and above with severe persistent asthma not responding to 
high dose ICS, LABA, and eosinophilic interleukin antagonists. 
BT is suggested for all the phenotypes of asthma characterized 
by ASM hypertrophy, and uncontrolled asthma on the standard 
therapies, including biologics, and corticosteroid dependent or 
resistant patients.

Bronchial thermoplasty is a complex procedure and should 
be performed in highly specialized centers. The selection and 
preparation of patients for BT is rigorous, and the the procedure 
should be performed by experienced pulmonologists or 
bronchoscopists [73-76]. Patients for bronchial thermoplasty 
should be in an optimal stable condition, without any asthma 
exacerbation or respiratory infection for at least 2 weeks prior 
to the procedure. In addition to their standard medical treatment 
for severe asthma, they should be pre-treated with prednisone 50 
mg/day for 3 days before BT, on the day of BT, and the day after 
bronchial thermoplasty. Patients with low FEV1 <80% should have 
the procedure postponed until their spirometry results improve. 
Before the procedure, all patients should be pre-treated with 
nebulized salbutamol and/or ipratropium bromide [76].

Bronchial thermoplasty is performed under moderate-to-deep 
sedation or general anesthesia [73-76].  At bronchoscopy a special 
disposable AlairTM catheter with a distal diameter of 1.4 mm, and 
a basket-like array of expandable electrodes is inserted through 
the instrument channel. Optimal thermoplasty of all subsegment 
bronchi is successful with ultrathin, rotatable bronchoscopes 
with increased ease of use and higher degree of flexibility [76]. 
The AlairTM catheter delivers controlled electromagnetic energy 
generated by a radiofrequency (RF) generator (AlairTM Bronchial 
Thermoplasty System, Natick, MA, USA) [77, 78]. The AlairTM 
catheter electrode delivers targeted radiofrequency energy to the 
bronchial airway wall, and results in reduction of the hypertrophied 
airway smooth muscle mass, which is the major cause of severe 
bronchoconstriction [75-83]. The procedure also decreases 
subepithelial fibrosis, extracellular matrix, submucous glands, 
airway nerve endings, epithelial cells, and neuroendocrine cells 
[73, 75, 76, 82].Bronchial thermoplast may reduce neuroendocrine 
cells, bronchial nerve terminals, and destroy TRPV1 nerve 
receptors, and the unmyelinated C-fibers in the submucosa, 
and interrupt central and local axonal reflexes responsible for 
bronchoconstriction, and airway hyprresponsiveness [84,85].
Bronchial thermoplasty is given over three bronchoscopy sessions 
at approximately 20 days intervals, one for each lower lobe and 
one for both upper lobes [75, 76, 79]. Radiofrequency electrical 
energy delivered by a radiofrequency (RF) generator is applied to 
the airways distal to the mainstem bronchi between 3 and 10 mm in 
diameter throughout the tracheobronchial tree, except for the right 
middle lobe [76, 79, 80, 83]. In practice, 40-70 RF activations are 
delivered in the lower lobes, and between 50 and 100 activations 
in the upper lobes combined depending on the patient’s size and 
airway caliber [76]. Traditionally, the right middle lobe (RML) 
is typically avoided due to concerns about the right middle lobe 
syndrome [86]. The right middle lobe bronchi has a narrow 
orifice and is more likely to be obstructed by post-procedure 
inflammation leading to atelectasis and the RML syndrome [76]. 
In experienced centers, RML thermoplasty has been performed 
without the complication of the RML syndrome [87].

The AlairTM Bronchial Thermoplasty System (Boston Scientific, 
Natick, MA, USA) uses continuous feedback to tightly control 
the degree of tissue heating to avoid bronchial perforation, 
scorching, bleeding, and stenosis [76,77].  The AlairTM catheter 
delivers radiofrequency energy to warm the airway wall to a 
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targeted temperature of 65°C, which reduces the ASM mass by 
approximately 50% after 3-6 weeks after the procedure [76, 79, 
83].

Bronchial thermoplast is a complex procedure and should be 
performed in centers with adequate preparation and experience to 
handle possible intra- and post-procedural complications [88]. It 
requires proper preparation and management of patients pre- and 
post-thermoplasty. Additionally, It requires identification of the 
right patients, implementation of proper BT technique, and intense 
post-procedural care and long-term follow-up [73].The procedure 
should be performed meticulously to avoid bronchospasms, airway 
edema, and bleeding. Minor radiological features occur following 
BT, and a chest X-ray should be performed after the procedure. 
Bronchial thermoplasty is a safe and efficacy procedure, however, 
it is associated with a short-term increase in asthma-related 
symptoms, such as cough and sputum production, exacerbations, 
and hospital admissions for asthma during the post-thermoplasty 
phase, which usually resolves within few weeks [73, 76, 89]. 
Computed tomography scans show specific radiological patterns 
in the airways directly exposed to RF energy, and some distal 
airways and lung parenchyma not directly treated by BT. These 
radiological changes usually resolve in most patients within 
1-6 months [89,90]. Occasionally, bronchiectasis, atelectasis, 
and rarely pneumothorax and lung cysts, have been observed 
as complications following the bronchial thermoplasty. One 
case report describes hemoptysis associated with necrosis of a 
bronchial nodule which resolved by the third session of bronchial 
thermoplasty [91-94]. Table 4 summerizes the complications of 
bronchial thermoplasty.

Table 4: Complications of bronchial thermoplasty
Worsening of asthma control

Hospital re-admissions

Severe exacerbations

Cough with sputum production

Hemoptysis

Acute mild CT peribronchial infiltration

Nasopharyngitis

Pulmonary infection

Lung abscess

Central bronchiectasis

Upper lobe atelectasis

Collapse of airway by mucous plugging

Pulmonary cysts and pneumothorax

Several randomized controlled trials, and prospective multicenter 
studies in Australia, Canada, France, Japan, Netherland, Spain, 
UK, and USA in patients with severe uncontrolled asthma have 
documented improvement in asthma symptoms, fewer severe 
exacerbations, and hospitalization, and emergency room visits, 
which persist up to 5 years following bronchial thermoplasty [75, 
76, 78, 89-97]. Bronchial thermoplasty has also been reported to 
improve the quality of life, and daily living by allowing patients 
to participate in their normal duties and activities.

The first randomized unblinded clinical trial (Asthma Intervention 
Research [AIR] 1) in 112 patients with moderate-to-severe asthma 
was investigated by Cox and colleagues [98]. Patients treated 
with BT showed a significant reduction in mild exacerbations 
compared with pre-bronchial thermoplasty. On the other hand, 
there were no changes in the frequency of exacerbations in 
the control group. There were  significant improvements in 
asthma control assessed by the Asthma Control Questionnaire 
(ACQ), and quality of life assessed by the Asthma Quality of 
Life Questionnaire(AQLQ) scores in the BT-treated patients 
compared with controls 98]. However, there were no differences 
in FEV1 or airway hyperresponsiveness (defined as a provocative 
concentration of methacholine required to lower the FEV1 by 20% 
(PC20) or less than 8 mg/mL [98].

The second randomized unblinded clinical trial was the Research 
in Severe Asthma (RISA) trial.This trial which studied 32 patients 
with severe asthma for the safety and efficacy of BT, reported a 
significant improvement in the asthma control, quality of life, 
rescue medication use, and pre-bronchodilator FEV1 in BT-treated 
subjects compared with control subjects. The beneficial effects 
of bronchial thermoplasty persisted even after reduction in the 
dosages of ICS and OCS, suggesting that BT may have a steroid-
sparing effect [99].The largest randomized double-blind sham-
controlled trial was the Asthma Intervention Research 2 (AIR2) 
trial in 297 patients with severe asthma which compared BT 
with a sham procedure  [100]. The AIR2 trial reported significant 
improvement in AQLQ scores, reduction in the frequency of 
severe exacerbations, and decrease in emergency department 
visits, and days lost from work or school in the year after bronchial 
thermoplasty compared with treatment with sham procedure [100].

Chupp, et al [101].compared the outcome of BT after a follow-up 
of 3 years in 190 Post-FDA Approved Clinical Trial Evaluating 
Bronchial Thermoplasty in Severe Persistent Asthma (PAS2) 
subjects with 190 bronchial thermoplasty-treated subjects in the 
AIR2 trial at 3 years of follow-up. At year 3 after BT, the percentage 
of PAS2 subjects with severe exacerbations, emergency department 
visits, and hospitalizations significantly decreased by 45%, 55%, 
and 40% respectively, resembling the AIR2 results [100,101]. The 
PAS2 study showed similar improvements in asthma control after 
BT compared with the AIR2 trial despite enrolling subjects who 
had poorer asthma control [101]. After 3-year follow-up, PAS2 
subjects were able to significantly reduce their mean ICS dose to 
2070 μg/day, whereas, the AIR2 subjects significantly reduced 
their mean ICS to 1841 μg/day[101]. Previous observational 
studies on the effectiveness of bronchial thermoplasty for severe 
asthma have reported reductions in exacerbations, and/or a step-
down in treatment in 50-75% of patients undergoing the procedure 
[94-96,97].

A systemic review of the long-term safety of BT in the AIR, 
RISA, and AIR2 trials demonstrated no long-term decline in 
FEV1, no change in the number of emergency room visits or 
hospitalization for adverse respiratory events [102]. The reduction 
in exacerbations seen in the first year after remained stable for 
up to 5 years [73,102-105]. Radiologically, follow-up CT scans 
performed on the subgroup of the treated patients demonstrated 
no evidence of bronchiectasis and bronchial stenosis [106].
Recently, Chaudhuri, et al [106]. have reported that after 10 years 
post-thermoplasty the AQLQ scores, and frequency of severe 
exacerbation were comparable to those recorded 1 year after 
bronchial thermoplasty. This suggests that the beneficial effects 
of bronchial thermoplasty may be sustained for up to 10 years 
or longer. 
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Bronchial thermoplasty has a long-term safety profile, and may 
be considered for patients with predominant chronic airflow 
obstruction, and patients who do not respond to anti-IgE, anti-
interleukin biologics, and macrolides [73,107,108]. Patients with 
neutrophilic, and paucigranulocytic asthma are suitable candidates 
for bronchial thermoplasty because they have excessive ASM 
hypertrophy, hyperplasia and hyperresponsiveness. They are 
unresponsive to treatment with high-dose ICS, LABA, LTRA, 
and interleukin antagonists targeted against eosinophilic asthma. 
Another group of patients who may benefit from BT are patients 
resistant to corticosteroid, or on high dose oral/injection steroids, 
in order to minimize adverse effects from the steroids [109].The 
indications, patients selection, and contraindication for bronchial 
thermoplasty are very well stipulated by Thomson, and Bonta and 
colleagues[75,76].
 
The US Food and Drug Administration (FDA) approved BT in 
2010 as a safe procedure indicated for the treatment of severe 
persist asthma in patients 18 years and older, that is not controlled 
with high-dose ICS, and LABA[77]. BT is also approved in several 
EU countries, Australia, Canada, Japan, Korea, UK, and USA. 
The British guidelines on the management of asthma states that 
bronchial thermoplasty can be considered for the treatment of 
adult patients (aged 18 and over) with severe asthma who have 
poorly controlled asthma despite optimal therapy [110]. The The 
GINA guidelines recommend bronchial thermoplasty for the 
treatment of severe corticosteroid-resistant asthma at step 5[1]. 
We also recommend BT at GINA step 5 in patients with Th2-low 
asthma, including neutrophilic and paucigranulocytic asthma 
who are uncontrolled on high dose ICS, eosinophilic interleukin 
antagonists, and macrolide antibiotics [111].

Conclusion
Severe refractory asthma is characterized by persistent symptoms, 
with frequent severe exacerbations, and hospitalizations. It 
consumes a large proportion of the pharmo-economical resources 
in most healthcare systems. Severe asthma is associated with 
fixed airflow obstruction, and low FEV1. The hallmark of severe 
refractory asthma is ASM hyperplasia and hypertrophy, increase 
in ECM proteins, and subepithelial basement membrane fibrosis, 
which all lead to fixed airflow limitation. Severe refractory asthma 
is unresponsive to high dose ICS, LABA, and LTRA, and to 
interleukin antagonist targeted against eosinophilic asthma. It 
requires specific therapeutic interventions aimed at preventing, and 
reducing airway remodeling, such as bronchial thermoplasty. BT 
has been shown to be safe and effective in improving symptoms, 
reducing severe exacerbation, improving the quality of life, and 
allowing patient to carry on their daily living.

Conflicts of interest 
The author reports no conflicts of interest in this manuscript. 

ORCID ID: https://orcid.org/0000-0002-9435-5456

References
1.	 Global Initiative for Asthma. Global Strategy for Asthma 

management and Prevention - updated (2020). www.
ginaasthma.org.  

2.	 The Global Asthma Network. The Global Asthma Report 
2014 (2018). Available at: htt://www.globalasthmanetwork.
org/publications/Global_Asthma_Report_2014.

3.	 Masoli M, Fabian D, Holt S, Beasley R (2004). Global 
Initiative for Asthma (GINA) Program. The global burden 
of asthma: executive summary of the GINA Dissemination 
Committee report. Allergy 59:469-478.

4.	 Asher MI, Montefort S, Bjorksten B,  Christopher K W 
Lai, Stephan K Weiland . et al (2006). Worldwide time 
trends in the prevalence of symptoms of asthma, allergic 
rhinoconjunctivitis, and eczema in childhood: ISAAC Phase 
One and Three repeat multi-country cross-sectional surveys. 
Lancet 368:733-743.

5.	 Behbehani N, Abul A, Syabbalo NC, Azeem A, E Shareef ,et 
al (2000). Prevalence of asthma, allergic rhinitis, and eczema 
in 13-to-14 year-old children in Kuwait: an ISAAC study. 
Ann Allergy Asthma Immunol; 85:58-63. 

6.	 Wenzel SE, Schwartz LB, Langmack EL, Halliday JL, 
Trudeau JB, et al (1999). Evidence that severe asthma can 
be divided pathologically into two inflammatory subtypes 
with distinct physiologic and clinical characteristics. Am J 
Respir Crit Care Med; 160:1001-1008.

7.	 Simpson JL, Scott R, Boyle MJ, Gibson PG (2006). 
Inflammatory subtypes in asthma: assessment and 
identification using induced sputum. Respirology; 11: 54-61.

8.	 Anderson GP (2008). Endotypying asthma: new insights 
into key pathogenic mechanism in a heterogenous disease. 
Lancet; 372:1107-1119.

9.	 Wenzel SE (2012). Asthma phenotypes: the evolution from 
clinical to molecular approach. Nat Med; 18:716-725. 

10.	 Chung KF (2016). Asthma phenotyping: A necessity for 
improved therapeutic precision and new targeted therapies. 
J Intern Med; 279:192-204.

11.	 Pavlidis S, Takahashi K, Kwang FNK, Xie J, Hoda U, et al 
(2019). “T2-high” in severe asthma relate to blood eosinophil, 
exhaled nitric oxide and serum periostin. Eur Respir J.53: 
1800938. 

12.	 Aleman F, Lim HF, Nair P (2016). Eosinophilic endotype of 
asthma. Immunol Allergy North Am; 36: 559-568.

13.	 Taylor SL, Leong LEX, Choo JM, Wesselingh S, Yang IA,  et 
al (2018). Inflammatory phenotypes in patients with severe 
asthma are associated with distinct airway microbiology. J 
Allergy Clin Imnunol; 14: 94-103 e15.

14.	 Arron JR, Choy DF, Scheerens H, Mathews JG (2013). 
Noninvasive biomarkers that predict treatment benefit 
from biologic therapies in asthma. Ann Am Thorac Soc; 
10:S206-S213.

15.	 Svenningsen S, Nair P (2017). Asthma endotypes and 
an overview of targeted therapy for asthma. Front Med 
(Lausanne); 4:158.

16.	 Thomson N (2016). Novel approaches to the management of 
noneosinophilic asthma. Ther Adv Respir Dis; 10:211-234.

17.	 Hekking PP, Wener RR, Amelink M, Zwinderman AH, Bouvy 
ML, et al (2015). The prevalence of severe refractory asthma. 
J Allergy Clin Immunol; 135:869-902.

18.	 Moore WC, Meyer DA, Wenzel SE, Teague WG, Li H, et 
al (2010). Identification of asthma phenotypes using cluster 
analysis in the Severe Asthma Research Program. Am J Respir 
Crit Care Med; 181:315-323. 

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

20.	 American Thoracic Society. Proceedings of the ATS 
workshop on refractory asthma: current understanding, 
recommendations, and unanswered questions. Am J Respir 
Crit Care Med 2000; 16:2341-2351. 

21.	 Good JT Jr, Kolakowski CA, Groshong SD, Murphy 
JR, Martin RJ (2012). Refractory asthma: importance of 
bronchoscopy to identify phenotypes and direct therapy. 
Chest; 141:599-606.

22.	 Wener RR, Bel EH (2013). Severe refractory asthma: an 



Citation: Nightingale Syabbalo (2020) Bronchial Thermoplasty in the Treatment of Severe Asthma. Journal of Pulmonology Research & Reports. SRC/JPRR-105.
DOI: doi.org/10.47363/JPRR/2020(2)104

J Pulmonol Res Rep, 2020                 Volume 2(2): 7-9

update. Eur Respir Rev; 22:910-917. 
23.	 National Asthma Education and Prevention Program. 

Guidelines for the Diagnosis and Management of Asthma. 
ERP-3. 2007. www.nhlbi.nih.gov/health-topics/guidelines-
for-diagnosis-management-of asthma.2019.

24.	 Holguin F, Cardet JC, Chung KF, Diver S, Ferriera DS, 
et al (2020). Management of severe asthma: A European 
Respiratory Society/American Thoracic Society guidelines. 
Eur Respir J; 55: 1900588.

25.	 Hough KP, Curtiss ML, Blain TJ, Liu R-M, Trevor J, et al 
(2020) . Airway remodeling. Fron Med; 21. 

26.	 Ebina M, Takahashi T, Chiba T, et al (1993). Cellular 
hypertrophy and hyperplasia of airway smooth muscles 
underlying bronchial asthma. A 3-D morphometric study. 
Am Rev Respir Dis; 148:720-726.

27.	 Niimi A, Matsumoto H, Amitani R, Nakano Y, Mishima M, 
et al (2000). Airway wall thickness in asthma assessed by 
computed tomography. Relation to clinical indices. Am J 
Respir Crit Care Med; 162:1518-1523. 

28.	 Munakata M (2006). Airway remodeling and airway smooth 
muscle in asthma. Allergol Int; 55:235-243. 

29.	 Girodet PO, Ozier A, Trian T, Benoit Allard, Patrick Berger, 
et al (2011).  The pivotal role of airway smooth muscle in 
asthma pathophysiology. J Allergy; 742710.

30.	 Ozier A,  Allard B, Bara I, Girodet P-O, Trian T, et al 
(2011). The pivotal role of airway smooth muscle in asthma 
pathophysiology. J Allergy;  742710. 

31.	 Choi S, Hoffman EA, Wenzel SE, Castro M, Fain S, et al 
(2017). National Heart, Lung and Blood Institute’s Severe 
Asthma Research Programme. Quantitative computed 
tomography imaging-based clustering differentiates asthmatic 
subgroups into distinct clinical phenotypes. J Allergy Clin 
Immunol. 140: 690-700.

32.	 Keglowich LF, Borger P(2015). The three A’s in asthma: 
airway smooth muscle, airway remodeling & angiogenesis. 
Open Respir Med; 9:70-80.

33.	 Lai HY, Rogers DF (2010). Mucus hypersecretion In 
asthma: intracellular signalling pathways as target for 
pharmacotherapy. Curr Opin Allergy Clin Immunol; 10:67-76.  

34.	 Lambrecht BN, Hammad H (2012). The airway epithelium 
in asthma. Nat Med; 18:684-692. 

35.	 Zuyderduyn S, Sukkar MB, Fust A, Dhaliwal S, Burgess 
JK (2008). Treating asthma means treating airway smoothh 
muscle cells. Eur Respi J; 32:265-274.

36.	 Bara I, Ozier A, J-M Tunon de Lara R, Marthan R, Berger 
P (2010). Pathophysiology of bronchial smooth muscle 
remodeling in asthma. Eur Respir J; 36:1174-1184. 

37.	 James AL, Elliot JG, Carroll ML, Mauad T, Bai TR, et al 
(2012). Airway smooth muscle hypertrophy and hyperplasia 
in asthma. Am J Respir Crit Care Med;186:568.

38.	 Pepe C, Foley S, Shannon J, Catherine Lemiere, Ron 
Olivenstein, et al (2005). Differences in airway remodeling 
between subjects with severe and moderate asthma. J Allergy 
Clin Immunol: 116:544-559. Airway

39.	 Kaminska M, Foley S, Maghini K, Storness-Bliss C, Coxson 
H, et al. (2009). remodeling in subjects with or without chronic 
persistent airflow obstruction. J Allergy Clin Immunol; 
124:45-51.

40.	 Roth M, Johnson PR, Borger P, Michel P Bihl, Jochen J 
Rüdiger, et al. (2004) Dysfunctional interaction of C/EBPα 
and the glucocorticoid receptor in asthmatic bronchial 
smooth-muscle cells. N Engl Med; 351:560-674.

41.	 Damera G, Tliba O, Panettieri. RA (2009). Airway smooth 
muscle as an immunomodulatory cell. Pulm Pharmacol Ther; 
22:353-359.

42.	 Hirst SJ(2003). Regulation of airway smooth muscle cell 
immunomodulatory function: role in asthma. Respir Physiol 
Neurobiol; 137:309-326.

43.	 Hough KP, Curtiss ML, Blain TJ, Liu R-M, Trevo J, et 
al.(2020) Airway remodeling in asthma. Front Med. 7:191

44.	 Araujo BB, Dolhnikoff M, Silva LF, J. Elliot, J. H. N. 
Lindeman, et al. (2008) Extracellular matric components 
and regulators in the airway smooth muscle in asthma. Eur 
Respir J; 32:61-69.

45.	 Begueret H, Berger P, Vernejoux JM, Dubuisson L, Marthan 
R, et al. (2007) Inflammation of bronchial smooth muscle in 
allergic asthma. Thorax 62: 8-15.

46.	 Bai TR, Cooper J, Koelmeyer T, PETER D. PARÉ, and 
TRACEY D. WEIR  (2000) The effect of age and duration 
of disease on airway structure in fatal asthma. Am J Respir 
Crit Care Med; 162:663-669.

47.	 Roche WR, Beasley R, Williams JH, Holgate ST (1989). 
Subepithelial fibrosis in the bronchi of asthmatics. Lancet; 
1: 520-524.

48.	 Reeves SR, Kolstad T, Lien TY, Elliot M, Ziegler SF, et al. 
(2014) Asthmatic airway epithelial cells differentially regulate 
fibroblast  expression of extracellular matrix components. J 
Allergy Clin Immunol; 134: 663-670.

49.	 Brewster CE, Howarth PH, Djukanovic R, Wilson J, Holgate 
ST, et al. (1990) M yofibroblasts and subepithelial fibrosis 
in bronchial asthma. AM J Respir Cell Mol Biol; 3:507-511. 

50.	 James AL, Maxwell PS, Pearce-Pinto G, Elliot JG, Carroll 
NG. (2002) The relationship of reticular basement membrane 
thickness to airway remodeling in asthma. Am J Respir Crit 
Care Med 166: 1590-1595.

51.	 Payne DNR, Rogers AV, Adelroth E, Bandi V, Guntupalli 
KK, et al. (2002) Early thickening of the reticular basement 
membrane in children with difficult asthma. Am J Respir Crit 
Care Med 167: 78-82.

52.	 Boulet LP, Laviolette M, Turcotte H, A Cartier, M Dugas, 
et al. (1997) Bronchial subepithelial fibrosis correlates with 
airway responsiveness to methacholine. Chest 112: 45-52.

53.	 Bonsignore MR, Profita M, Gagliardo R, Riccobono 
L, Chiappara G, et al. (2015) Advances in asthma 
pathophysiology: stepping forward from Maurizio Vignola 
experience. Eur Respir Rev  24: 30-39. 

54.	 Bourdin A, Kleis S, Chakra M, Vachier I, Paganin F, et al. 
(2012) Limited short-term steroid responsiveness is associated 
with thickening of bronchial basement membrane in severe 
asthma. Chest 141: 1504-1511. 

55.	 Carroll N, Elliot J, Morton A, James A. (1993) The structure 
of large and small airways in nonfatal and fatal asthma. Am 
Rev Respir Dis 147: 405-410.

56.	 Laitinen LA, Heino M, Laitinen A, Kava T, Haahtela T. (1985) 
Damage of the airway epithelium and bronchial reactivity 
in patients with asthma. Am Rev Respir Dis 131: 599-606.

57.	 Hackett TL, Knight DA. (2007) The role of epithelial injury 
and repair in the origins of asthma. Curr Opin Allergy Clin 
Imunol 7: 63-68.

58.	 Beale A, Jayaranaman A, Jackson DJ, McIntyre JD, Edwards 
MR,  et al. (2014) Rhinovirus-induced IL-25 in asthma 
exacerbation drives type 2 immune allergic pulmonary 
inflammation. Sci Transl Med 6: 256.

59.	 Cayrol C, Girard JP. (2014)  IL-33: an alarmin cytokine with 
crucial roles in innate immunity, inflammation and allergy  
31: 31-37.

60.	 Jeffery PK, Wardlaw AJ, Nelson FC, Collins JV, Kay AB. 
(1989) Bronchial biopsies in asthma. An ultrastructural, 
quantitative study correlation with hyperreactivity. Am Rev 
Respir Dis 140: 1145-1153.



Citation: Nightingale Syabbalo (2020) Bronchial Thermoplasty in the Treatment of Severe Asthma. Journal of Pulmonology Research & Reports. SRC/JPRR-105.
DOI: doi.org/10.47363/JPRR/2020(2)104

J Pulmonol Res Rep, 2020                 Volume 2(2): 8-9

61.	 Rabe KF, Adachi M, Lai CKW, Paul A Vermeire ,Kevin B 
Weiss, et al. (2001) Worldwide severity and control of asthma 
in children and adults: the global Asthma Insight and Reality 
survey. J Allergy Clin Immunol 114: 40-47.

62.	 FitzGerald JM, Boulet LP, McIvor RA, Sabrina Zimmerman, 
Kenneth R Chapman, et al. (2006) Asthma control in Canada 
remains suboptimal: the Reality of Asthma Control (TRAC) 
study. Can Respir J 13: 253-259.

63.	 Liu AH, Gilsenan AW, Stanford RH, Ryan Ziemiecki , Hector 
G Ortega et al. (2010) Status of asthma control in pediatric 
primary care: results from the pediatric Asthma Control 
Characteristics and Prevalence Survey Study (ACCESS). J 
Pediatr  157: 276-281.

64.	 Schleich F, Sophie D, Renaud L. (2016) Biomarkers in the 
management of difficult asthma. Curr Top Med Chem 16: 
2521.

65.	 Wan XC, Woodruff PG (2016) Biomarkers in severe asthma. 
Immunol Allergy North Am 2016 36: 547-557.

66.	 Yancy SW, Keene ON, Albers FC, Ortega H, Bates S, et al. 
(2017) Biomarkers in asthma. J Allergy Clin Immunol; 140: 
1509-1518. 

67.	 Braman SS. (2012) Refractory asthma: lessons learned from 
the bronchoscope. Chest  141:

68.	 Kim S, Lee CH, Jin KN, Cho SH, Kang HR. (2018) Severe 
asthma phenotypes classified by site of airway involvement 
and remodeling via chest CT scan. J Investig Allergol Clin 
Immunol 28: 312-320. 

69.	 Zhang X, Xia T, Lai Z, Zhang Q, Guan Y, et al. (2019) 
Uncontrolled asthma phenotypes defined from parameters 
using quuantitative CT analysis. Eur Radiol  29: 2848-2858. 

70.	 Choi S, Hoffman EA, Wenzel SE, Castro M, Fain S, et al. 
National Heart, Lung and Blood Institute’s Severe Asthma 
Research Program (2017) Quantitative computed tomography 
imaging-based clustering differentiates asthmatic subgroups 
with distinctive clinical phenotypes. J Allergy Clin Immunol 
pii: S0091-6749(17)30146-X. 

71.	 Girodet PO, Ozier A, Bara I, Tunon de Lara JM, Marthan R, 
et al. (2011) Airway remodeling in asthma: new mechanisms 
and potential for pharmacological intervention. Pharmacol 
Ther  130: 325-337.

72.	 Zuyderduyn S, Sukkar MB, Fust A, Dhaliwal S, Burgess JK. 
(2008) Treating asthma means treating airway smooth cells. 
Eur Respir J  32: 265-274.

73.	 Tan LD, Yoneda KY, Louie S, Hogarth DK, Castro M. (2019) 
Bronchial thermoplasty: A decade experience: state of the art. 
J Allergy Clin Immunol in Pract  7: 71-80.

74.	 Laxmanan B, Hogarth DK. (2015) Bronchial thermoplasty 
in asthma: current perspectives. J Asthma Allergy  8: 39-49.

75.	 Thomson NC. (2018) Bronchial thermoplasty as a treatment 
for severe asthma: controversies, progress and uncertainties. 
Exp Rev Respir Med  12: 269-282. 

76.	 Bonta PI, Chanez P, Annema JT, Shah PI, Niven R. (2018) 
Bronchial thermoplasty in severe asthma: best practice 
recommendations from an expert panel. Respiration  95: 
289-300.

77.	 U.S. Food and Drug Administration, Alair bronchial 
thermoplasty system: Alair catheter and Alair RF controller 
2010. Available from: httsp://www.accessdata.fda.gov/cdrh_
docs/pdf8/p080032a.pdf. Accessed September 10. 2019.

78.	 Boston Scientific Corporation Bronchial Thermoplasty 
in Severe Asthma (PAS2)2014. Accessed December 3, 
2014. Available from: https://clinicaltrials.gov/show/
NCT01350336. NML Identifier: NCT 01350336.

79.	 Cox PG, Miller J, Mitzner W, Leff AR. (2004) Radiofrequency 
ablation of airway smooth muscle for sustained treatment of 

asthma: preliminary investigations. Eur Respir J  24: 659-663.
80.	 Thomson NC, Bicknell S, Chaudhuri R. (2012) Bronchial 

thermoplasty for severe asthma. Curr Opin Allergy Clin 
Immunol  12: 241-248.

81.	 Dombret M-C, Alagha K, Philippe Boulet L, Pierre Yves 
Brillet, Guy Joos, et al. (2014) Bronchial thermoplasty: a 
new therapeutic option for treatment of severe, uncontrolled 
asthma in adults. Eur Respir Rev 23: 510-518.

82.	 Thomson NC. (2019) Recent developments in bronchial 
thermoplasty for severe asthma. J Asthma Allergy 12: 375-
387.

83.	 Pretolani M, Dombret MC, Thabut G, Knap D, Hamidi F, 
et al. (2014) Reduction of airway smooth muscle mass by 
bronchial thermoplasty in patients with severe asthma. Am 
J Respir Crit Care Med  190: 1452-1454.

84.	 Arcispedale Santa Maria Nuova-IRCCS Bronchial 
thermoplasty: effect on neuronal and chemosensitive 
component of the bronchial mucosa (BT-ASMN) 2014. 
[Accessed April 30, 2017]. Available from: https://
clinicaltrials.gov/ct2/show/NCT01839591. NLM Identifier: 
NCT01839591. 

85.	 Facciolongo N, Di Stefano A, Pietrini V, Carla Galeone, 
Federica Bellanova, et al. (2018) Nerve ablation after 
bronchial thermoplasty and sustained improvement in severe 
asthma. BMC Pulm Med  18: 29.

86.	 Gudmundsson G, Gross TJ. (1996) Middle lobe syndrome. 
Am Fam Physician  53: 2547-2550.

87.	 Thomen RP, Sheshadri A, Quirk JD, Kozlowiski J, Ellison 
HD, et al. (2015) Regional ventilation changes in severe 
asthma after bronchial thermoplasty with (3) He MR imaging 
and CT. Radiology 274: 250-259.

88.	 Trivedi A, Pavord ID, Castro M. (2016) Bronchial 
thermoplasty and biological therapies as targeted treatments 
for severe uncontrolled asthma. Lancet Respir Med 4: 585-
592.

89.	 Debray M-P, Dombret M-C, Pretolani M, Gabriel Thabut, 
Camille Taillé, et al. (2017)  Early computed tomography 
modifications following bronchial thermoplasty in patients 
with severe asthma. Eur Respir J  49: 1601565.

90.	 d’Hooghe JNS, Bonta PI, van den Berk IAH, Annema JT. 
(2017) Radiological abnormalities following bronchial 
thermoplasty: is the pathophysiology understood? Eur Respir 
J  50: 1701537.

91.	 Qui M, Lai Z, Wei S, Qian Jiang 4, Jiaxing Xie et al. (2018) 
Bronchiectasis after bronchial thermoplasty. J Thorac Dis  
10: E721-E726.

92.	 Facciolongo N, Menzella F, Lusuardi M, Roberto Piro, Carla 
Galeone, et al. (2015) Recurrent lung atelectasis from fibrin 
plugs as a very early complication of bronchial thermoplasty: 
a case report. Multidisplin Respir Med  10: 9.

93.	 Funatsu A, Kobayashi K, Iikura M, Ishii S, Izumi S, et al. 
(2018) A case of pulmonary cyst and pneumothorax after 
bronchial thermoplasty. Respirol Case Rep 6: e00286.

94.	 Menzella F, Lusuardi M, Galeone C, Montanari G, Cavazza 
A, et al. (2018) Heat-induced necrosis after bronchial 
thermoplasty: a new concern? Allergy Asthma Clin Immunol 
14: 25. 

95.	 Pretolani M, Bergqvist A, Thabut G, Dombret MC, Knapp 
D,  et al. (2017) Effectiveness of bronchial thermoplasty in 
patients with severe asthma: clinical and histopathological 
correlations. J Allergy Clin Immunol  139: 1176-1185.

96.	 Langton D, Sha J, Ing A, Fielding D, Wood E. (2017)Bronchial 
thermoplasty in Australia. Intern Med J  47: 536-541.

97.	 Thomson NC, Chanez P (2017) How effective is bronchial 
thermoplasty for severe asthma in clinical practice? Eur 



Citation: Nightingale Syabbalo (2020) Bronchial Thermoplasty in the Treatment of Severe Asthma. Journal of Pulmonology Research & Reports. SRC/JPRR-105.
DOI: doi.org/10.47363/JPRR/2020(2)104

J Pulmonol Res Rep, 2020                 Volume 2(2): 9-9

Copyright: ©2020 Nightingale Syabbalo. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original author and source are credited.

Respir J  50: 1701140
98.	 Cox G, Thomson NC, Rubin AS, Niven RM, Corris PA,  et 

al. (2007) Asthma control during the year after bronchial 
thermoplasty. N Engl J Med  356: 1327-1337. 

99.	 Pavord ID, Cox G, Thomson NC, Rubin AS, Corris PA, 
Niven RM, et al. (2007) Safety and efficacy of bronchial 
thermoplasty in symptomatic, severe asthma. Am J Respir 
Crit Care Med  176: 1185-1191.

100.	Castro M, Rubin AS, Laviolette M, Fiterman J, De Andrade 
Lima M,  et al. (2010) Effectiveness and safety of bronchial 
thermoplasty in the treatment of severe asthma: a multicenter, 
randomized, double-blind. Sham-controlled clinical trial. Am 
J Respir Crit Care Med  181: 116-124.

101.	Chupp G, Laviolette M, Cohn L, McEvory C, Bansal S, 
Shifren A, Khatri S, Grubb GM, et al. Long-term outcomes 
of bronchial thermoplasty in subjects with severe asthma: a 
comparison of 3-year follow-up results from two prospective 
multicenter studies. Eur Respir J 2017; 50:1700017; DOI: 
10.1183/13993003.00017.2017.

102.	Zhou JP, Feng Y, Wang Q, Zhou LN, Wan HY, et al. (2016) 
Long-term efficacy and safety of bronchial thermoplasty in 
patients with moderate-to-severe persistent asthma: a systemic 
review and meta-analysis. J Asthma  53: 94-100. 

103.	Thomson NC, Rubin AS, Niven RM, Corris PA, Chung KF,  
et al. (2011) AIR Trial Study Group Long-term (5 year) safety 
of bronchial thermoplasty: asthma intervention research (AIR) 
trial. BMC Pulm Med  11:8

104.	O’Reilly A, Browne I, Watchom D, Egan JJ, Lane S. (2018) 
The efficacy and safety of bronchial thermoplasty in severe 
persistent asthma on extended follow-up. QJM  111: 155-159.

105.	Pavord ID, Thomson NC, Niven RM, Corris PA, Chung KF,  
et al. (2013) Safety of bronchial thermoplasty in patients 
with severe refractory asthma. Ann Allergy Asthma Immunol  
111: 402-407.

106.	Wechsler ME, Laviolette M, Rubin AS, Fiterman J, Lapa e 
Silva JR,  et al. (2013) Bronchial thermoplasty: long-term 
safety and effectiveness in patients with severe persistent 
asthma. J Allergy Clin Immunol  132: 1295-1302.

107.	Chaudhuri R, Rubin A, Fiterman J, et al.  (2019) Ten-year 
follow-up of subjects who received bronchial thermoplasty 
(BT) in three randomized controlled studies (BT10+). Eur 
Respir Soc Congr. Madrid.

108.	d’Hooghe JNS, Ten Hacken NHT, Weersink EJM, Sterk PJ, 
Annema JT, et al. (2018) Emerging understanding of the 
mechanism of action of bronchial thermoplasty in asthma. 
Pharmacol Ther  181: 101-107.

109.	Sweeney J, Patterson CC, Menzie-Gow A, Adel H Mansur, 
Christine Bucknall, et al. (2016) Comorbidity in severe asthma 
requiring systemic corticosteroid therapy: cross-sectional 
data from the Optimum Patient Care Research Database 
and the British Thoracic Difficult Asthma Registry. Thorax  
71: 339-346.

110.	British Guideline on the Management of Asthma. 2019. 
Available from: www.brit-thoracic.org.uk/quality-
improvement/guidelines/asthma/Published. Accessed 
September 10, 2019.

111.	Syabbalo N. (2020) Mechanisms of IL-17 In the pathogenesis 
of neutrophilic asthma. J Pulm Med Respir Res 6: 032.


