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fied: peribronchial consolidations with surrounding ground 
glass opacities (94%), atelectasis (38%), partial bronchial oc-
clusions (63%), and bronchial dilatations (19%). No broncho-
scopic intervention was needed. At 6 months’ follow-up, in 
a single patient, high-resolution chest CT showed a focal 
bronchiectasis in a single airway.  Conclusions:  There is a 
high incidence of acute radiological abnormalities after BT. 
Four distinct radiological patterns can be identified on ULD 
chest CT, which resolve without clinical impact in virtually all 
cases.  © 2017 The Author(s)

Published by S. Karger AG, Basel 

 Introduction 

 Bronchial thermoplasty (BT) is a bronchoscopic treat-
ment for patients with severe, refractory asthma that is 
based on radiofrequency energy delivery to the airways 
 [1] . Impressive radiological abnormalities can occur fol-
lowing BT treatment, including (sub)lobar atelectasis 
(Fig. 2, 3B; online suppl. Fig. S1; for all online suppl. ma-
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 Abstract 

  Background:  Bronchial thermoplasty (BT) is a novel treat-
ment for severe asthma based on radiofrequency energy de-
livery to the larger airways. Although impressive radiological 
abnormalities have been reported, the incidence, pattern, 
and behavior over time of acute radiological abnormalities 
following BT are not well established.  Objective:  To assess 
the incidence pattern and behavior over time of acute radio-
logical abnormalities following BT.  Methods:  This is a pro-
spective, observational imaging study of severe asthma pa-
tients participating in the TASMA trial. Imaging of the lung 
(chest X-ray and/or computed tomography [CT]) was per-
formed routinely before and directly after BT, within 6 weeks 
and at 6 months’ follow-up.  Results:  Thirty-four chest X-rays 
were performed within <5 h following 34 BT procedures in 
12 patients. In 91% of cases, radiological abnormalities were 
seen, designated as peribronchial consolidations (97%) and/
or atelectasis (29%). Ultra-low-dose (ULD) chest CTs were 
performed following 16 BT procedures showing abnormali-
ties in all. Four different radiological patterns were identi-
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terial, see www.karger.com/doi/10.1159/000477586). 
The aim of this study was to investigate the incidence, 
pattern, and behavior over time of acute radiological ab-
normalities following BT.

  Methods 

 A prospective observational cohort study was performed as 
part of the TASMA “Unravelling Targets of Therapy in Bronchial 
Thermoplasty in Severe Asthma” trial (ClinicalTrials.gov No. 
NCT02225392) from April 2014 to September 2016. The study was 
approved by the Ethics Committee (NL45394.018.13). All patients 
provided written informed consent. Patients with severe asthma 
who fulfilled the World Health Organization (WHO) or modified 
innovative medicines initiative criteria of severe refractory asthma 
were included  [2, 3] . Patients were treated with BT according to 
the current standard during a bronchoscopy with conscious seda-
tion or general anesthesia  [4, 5] . The flow of radiological assess-
ment is summarized in  Figure 1 . Imaging of the lung (chest X-ray 
and/or computed tomography [CT]) was performed routinely be-
fore and directly after BT, within 6 weeks thereafter, and at 6 
months’ follow-up. Before and 6 months after BT, high-resolution 
CT images were obtained with a Philips Brilliance 64-slice CT 
scanner (Philips, Healthcare, Best, The Netherlands; 1 mm thick-
ness). Directly after BT, to minimize ionizing radiation exposure, 
ultra-low-dose (ULD) chest CT images were obtained with the So-
matom Force scanner (Siemens, Medical Solution, Forchheim, 
Germany; 1 mm thickness). Since at the start of the study the exis-
tence of acute radiological abnormalities directly after BT was un-
known and the ULD chest CT scanner was not available, in some 
cases only a chest X-ray was obtained at first. An experienced chest 
radiologist (I.A.H.B.) evaluated all images and scored the follow-
ing radiological abnormalities: peribronchial consolidation with/
or without surrounding ground glass opacity, (sub)segmental or 
(sub)lobar atelectasis, partial bronchial occlusions, bronchial dila-
tation, and bronchiectasis  [6] . An asthma exacerbation was de-

fined as an exacerbation requiring (to increase the dose of) oral or 
systemic steroids or a doubling dose of inhalation corticosteroids 
during >3 consecutive days. Analyses were performed using SPSS 
software version 22 (IBM, Armonk, NY, USA).

  Results 

 Twelve patients underwent 36 BT procedures. All pa-
tients used high doses of inhalation corticosteroids/long-
acting beta-agonists, and 50% were also treated with oral 
or systemic steroids. Acute radiological abnormalities 
were seen after all 36 BT procedures on chest X-ray and/
or ULD chest CT. 91% of chest X-rays ( n  = 34) after BT 
showed abnormalities, most commonly peribronchial 
consolidations (97%) and/or atelectasis (29%) ( Fig. 2 ; on-
line suppl. Fig. S1).

  All 16 ULD chest CTs performed directly after BT 
showed acute radiological abnormalities that could be 
classified into 4 distinct patterns: peribronchial consoli-
dations with surrounding parenchymal ground glass 
(94%), atelectasis (38%), partial bronchial occlusions 
(63%), and bronchial dilatations (19%) ( Fig. 3 ). 31% of 
the ULD chest CTs showed ground glass opacities in the 
neighboring non-BT-treated lobe. These opacities in the 
non-BT-treated lobe were either in continuum with the 
BT-treated lobe ( n  = 3, incomplete fissures:  n  = 2/3) or 
they were located in the periphery of the non-BT-treated 
lobe with large areas of normal lung parenchyma in be-
tween ( n  = 5). No abnormalities were detected in the non-
BT-treated right middle lobe. Interestingly, ULD chest 
CT was able to distinguish BT-treated airways from adja-

  Fig. 1.  Diagram of radiological imaging before and after bronchial 
thermoplasty (BT) ( n  = 12 patients,  n  = 36 BT procedures).  *  Chest 
X-ray and high-resolution computed tomography (HRCT) were 
performed at baseline and at 6 months after the last BT ( n  = 12; all 
patients).  #  Chest X-rays were performed within 5 h after BT ( n  = 
34/36, after 2 BT procedures, only an ultra-low-dose [ULD] chest 

CT was performed) and ULD chest CT was performed <24 h after 
BT ( n  = 16/36, after the first 20 BT procedures, only a chest X-ray 
was performed since the ULD chest CT scanner was not available 
at the start of the study).  ‡  Chest X-ray was performed <6 weeks 
after BT ( n  = 26/36). 
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a b c

Right lower lobe after BT Left lower lobe after BT Right and left upper lobes after BT

  Fig. 2.  Acute radiological abnormalities on chest X-ray <5 h after bronchial thermoplasty (BT). Chest X-ray (pos-
teroanterior view) <5 h after BT of the right lower lobe ( a ), left lower lobe ( b ), and both upper lobes ( c ) showing 
peribronchial consolidations (arrows) and (sub)segmental atelectasis (arrowheads) in a single patient. Radio-
logical resolution within 6 weeks after BT is shown for both right and left lower lobes ( c ). 

a

c

b

d

  Fig. 3.  Four different patterns of acute computed tomography (CT) abnormalities after bronchial thermoplasty 
(BT): peribronchial consolidations with surrounding parenchymal ground glass opacity, atelectasis, partial bron-
chial occlusion, and bronchial dilatation. Ultra-low-dose chest CT-detected radiological abnormalities <24 h 
after BT.  a  Peribronchial consolidation (arrow) with surrounding parenchymal ground glass opacity (cross) in 
the right lower lobe. No abnormalities were detected in the adjacent right middle lobe.  b  Subsegmental atelecta-
sis in the apex of the left lower lobe (arrowhead). Three weeks after BT, the right lower lobe shows residual ab-
normalities compatible with plate atelectasis (arrowhead).  c  Partial bronchial occlusion of the apical segment (#) 
with concomitant peribronchial consolidation (arrow) with surrounding ground glass (cross) of the right lower 
lobe.  d  Focal bronchial dilatation (Ø 0.6 mm; asterisk) in the right upper lobe and peribronchial consolidations 
(arrows) with surrounding ground glass (crosses) in both upper lobes. 
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cent airways that were not reached with the radiofrequen-
cy catheter due to their anatomical position, most com-
monly the apical subsegments of the upper lobes ( Fig. 4 ).

  Since the presence of radiological abnormalities might 
be related to postprocedure asthma exacerbations, this 
association was investigated. In 17 out of 31 (55%) BT 
procedures with an abnormal chest X-ray, an asthma ex-
acerbation occurred. However, in 2 out of 3 BT proce-
dures with a normal chest X-ray, an asthma exacerbation 
was also present. All asthma exacerbations were treated 
with a course of oral steroids. After 8 procedures, antibi-
otics were prescribed because of fever or ongoing symp-
toms without clinical signs of pneumonia. No broncho-
scopic intervention was needed.

  In patients with radiological abnormalities on chest
X-ray, 73% of chest X-rays showed complete resolution 
within 6 weeks, and all patients showed complete resolu-
tion at 6 months after BT. Follow-up chest high-resolu-
tion CT 6 months after the last BT revealed a single case 
with a focal bronchiectasis without clinical impact.

  Discussion 

 This study shows that BT causes acute transient radio-
logical lung abnormalities on chest X-ray and/or ULD 
chest CT in all patients. ULD chest CT provides superior 
imaging in comparison to chest X-ray, and 4 different ra-
diological patterns were identified: peribronchial consol-

idations with surrounding ground glass, atelectasis, par-
tial bronchial occlusions, and bronchial dilatations. On 
ULD chest CT, non-BT-treated (adjacent) airways during 
a BT procedure could be clearly identified from those that 
were treated. The strengths of this study are its prospec-
tive design and the systematic evaluation of the radiolog-
ical images by an experienced chest radiologist.

  Recently, acute radiological abnormalities after BT 
have been described by Debray et al.  [7]  in 13 patients, 
which confirmed our findings of transient radiological 
abnormalities in all patients in the BT-treated lung lobes 
the day after the procedure. In line with our results, pre-
dominantly peribronchial consolidations with ground 
glass opacities and partial occlusion/filling of the bron-
chial lumen were found. Similarly, residual bronchial dil-
atation was seen in rare cases. In contrast, lobar volume 
loss/atelectasis was found more often when compared to 
the present study. Additionally, Debray et al.  [7]  also 
found pulmonary opacities in the non-BT-treated middle 
lobe in 5 cases, which was postulated to be an effect of heat 
diffusion along the bronchial tree. However, in contrast, 
data from our study show that airways not reached by BT 
showed no abnormalities and were clearly distinguish-
able from those that were treated with BT. We could con-
firm ground glass opacities in non-BT-treated lobes in up 
to one-third of cases. In case of abnormalities seen in the 
non-BT-treated lobe directly adjacent to BT-treated 
lobes, the mechanism postulated by Debray et al.  [7] , that 
comprises the extension of parenchymal edema or in-
flammation by heat shock, seems a more likely explana-
tion. In case of radiological abnormalities observed in dis-
tal areas of the non-BT-treated lobes, we propose that 
based on radiological characteristics and distribution 
properties, mucosal blood and/or mucus that runs from 
the BT-treated upper lobes to the lower non-BT-treated 
situated areas of the lungs are a plausible explanation.

  Acute effects of radiofrequency energy delivery to hu-
man airways are expected based on earlier studies. An 
animal study showed altered airway smooth muscle in 
canines at 1 week after BT and thickening of the bron-
chial wall on CT, histologically correlating to inflamma-
tory edema of the airway wall  [8] . A case report showed 
semi-acute bronchial wall thickening on a chest CT scan 
7 days after BT  [9] . Furthermore, in agreement with ra-
diofrequency ablation of pulmonary neoplasms, the ob-
served acute radiological abnormalities after BT could be 
explained by the temperature gradient or heat shock  [10–
12] . Indeed, it is described that a large temperature in-
crease causes tissue coagulation and destroys microcircu-
lation, which might induce the peribronchial consolida-

  Fig. 4.  Airway specificity of bronchial thermoplasty (BT) treat-
ment by radiological abnormalities on ultra-low-dose (ULD) chest 
computed tomography (CT). ULD chest CT-detected peribron-
chial consolidations with surrounding ground glass in BT-treated 
segments of the left and right upper lobes (arrowheads). No abnor-
malities were detected in the adjacent apical subsegments of both 
upper lobes that could not be reached by the radiofrequency cath-
eter due to their anatomical position (arrows).         
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tions. A moderate temperature increase causes autolysis 
and microvascular hemorrhage resulting in inflamma-
tion and edema resembling ground glass abnormalities 
 [10–12] . The observed ground glass opacities reaching 
more peripheral of the BT-treated airway as opposed to 
the consolidations located directly peribronchially fits 
well with this explanation. To counteract these heat shock 
effects, periprocedural corticosteroid treatment seems 
appropriate.

  The radiological abnormalities observed immediately 
after BT treatment reinforce our view that BT certainly 

modifies the airway. Most probably, the mechanism of 
action of BT involves a combination of several airway 
modifications, such as reduction in airway smooth mus-
cle mass and nerves, inflammation and/or microcircula-
tion. A decrease of airway smooth muscle and nerves has 
recently been reported in biopsies taken before and after 
BT treatment by Pretolani et al.  [13] .

  In conclusion, there is a high incidence of acute radio-
logical abnormalities after BT. Four distinct radiological 
patterns can be identified on ULD chest CT, which re-
solve without clinical impact in virtually all cases.
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