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Abstract
Background: Bronchial thermoplasty (BT) is an endoscopic
treatment for severe asthma targeting airway smooth muscle (ASM) with radiofrequent energy. Although implemented worldwide, the effect of BT treatment on the airways is
unclear. Optical coherence tomography (OCT) is a novel imaging technique, based on near-infrared light, that generates high-resolution cross-sectional airway wall images. Objective: To assess the safety and feasibility of OCT in severe
asthma patients and determine acute airway effects of BT by
OCT and compare these to the untreated right middle lobe
(RML). Methods: Severe asthma patients were treated with
BT (TASMA trial). During the third BT procedure, OCT imaging was performed immediately following BT in the airways
of the upper lobes, the right lower lobe treated 6 weeks prior, and the untreated RML. Results: 57 airways were imaged
in 15 patients. No adverse events occurred. Three distinct
OCT patterns were discriminated: low-intensity scattering
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pattern of (1) bronchial and (2) peribronchial edema and (3)
high-intensity scattering pattern of epithelial sloughing.
(Peri)bronchial edema was seen in all BT-treated airways,
and less pronounced in only 1/3 of the RML airways. These
effects extended beyond the ASM layer and more distal
than the directly BT-treated areas and were reduced, but not
resolved, after 6 weeks. Epithelial sloughing occurred in
11/14 of the BT-treated airways and was absent in untreated
RML airways. Conclusions: Acute BT effects can be safely assessed with OCT and 3 distinct patterns were identified. The
acute effects extended beyond the targeted ASM layer and
distal of directly BT-treated airway areas, suggesting that BT
might also target smaller distal airways.
© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Bronchial thermoplasty (BT) is a relatively new nonpharmacological treatment for severe asthma patients
based on the delivery of radiofrequent energy to the airways [1]. BT was designed to target airway remodeling of
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Fig. 1. Flowchart of the study design. BT1, bronchial thermoplasty

session 1, treatment of the right lower lobe (RLL); BT2, bronchial
thermoplasty session 2, treatment of the left lower lobe (LLL); BT3,
bronchial thermoplasty session 3, treatment of the right upper lobe
(RUL) and left upper lobe (LUL); OCT, optical coherence tomography; RML, right middle lobe; CT, computed tomography.

the larger airways by reducing the airway smooth muscle
(ASM) mass by thermal ablation. Besides preclinical
studies, in recent years a reduction of the ASM mass has
been reported in airway biopsies after BT treatment [2–
5]. Randomized trials have shown that BT is safe and effective in reducing exacerbation rates in asthmatic patients and improving asthma-related quality of life [6–8].
However, these trials were not able to define a specific
asthma phenotype that responds best to BT. Studies including the TASMA trial (ClinicalTrials.gov No.:
NCT02225392) are underway to unravel the mechanism
of action of BT to further define which phenotype of severe asthma patients might benefit most.
There is limited data available on the acute effects of
BT on the airway wall. Two recent studies described radiological patterns including peribronchial consolidations after BT detected on computed tomography (CT)
[9, 10]. However, the limitation in resolution makes it
difficult to assess the exact nature and extent of acute effects in the airway wall. Optical coherence tomography
(OCT) is a novel imaging technique in which near-infrared light is used to obtain cross-sectional, high-resolution
images of the airway wall over a length of 5.4 cm [11–13].
Previous studies have shown a high correlation between
histology and OCT for assessing and quantifying the airway wall [14, 15]. So far, in severe asthma, OCT has only
been reported in 2 patients [16].
The aim of this study was to: (1) assess the safety and
feasibility of OCT in a severe asthmatic patient cohort; (2)
identify the acute effects of BT on the airway wall by OCT,
and (3) compare these effects to the untreated right midOCT Assessment of Acute Bronchial
Thermoplasty Effects

dle lobe (RML). We hypothesized that OCT is able to distinguish acute effects in BT-treated airways from non-BTtreated airways and that these effects resolve with time.
Methods
Design and Subjects
This observational study, conducted between July 2014 and
February 2017, is part of the TASMA “Unravelling Targets of
Therapy in Bronchial Thermoplasty in Severe Asthma” trial. The
Medical Ethics Committee of the AMC provided ethical approval
(NL45394.018.13). The study design is shown in Figure 1. Patients
with severe refractory asthma according to the World Health Organization (WHO) guidelines and the Innovative Medicine Initiative (IMI) criteria were included in the TASMA trial [17, 18]. Written informed consent was provided.
Bronchial Thermoplasty
15 patients were treated with BT by using the Alair System
(Boston Scientific, USA) according to the current standard [19–
21] and sedated using remifentanil/propofol [22]. Patients were
treated with 50 mg of prednisolone 3 days before treatment, on the
day of the procedure itself and 1 day thereafter. During the first
procedure, the right lower lobe (RLL) was treated, during the second procedure the left lower lobe, and finally both upper lobes. The
RML remained untreated.
Imaging
During the third BT procedure, OCT imaging was performed
using a C7-XR St. Jude Medical Inc. system interfaced with a C7
Dragonfly catheter (diameter 0.9 mm; St. Jude Medical Inc., St.
Paul, MN, USA). Directly after the BT procedure, the OCT catheter was inserted through the working channel of the bronchoscope using a guide sheath in the following (sub)segmental airways: first, 2 airways of the 6 weeks earlier treated RLL; subsequently, the untreated RML; and finally, 1 airway of the BT-treated
left or right upper lobe. The proximal marker of the catheter, situated 5.4 cm from the distal tip, was inserted until the level of the
segmental carina and was used as reference point. In each airway,
an automated pullback, during which the OCT system automatically images the airway segment over a length of 5.4 cm, was performed twice. Low-dose chest CT was routinely performed directly or 1 day after the last procedure and airway reconstructions were
made by an experienced chest radiologist using Impax Volume
Viewing software (Agfa HealthCare, Mortsel, Belgium).
OCT Image Analysis
All OCT images and pullbacks were evaluated by one experienced OCT observer and confirmed by a second blinded observer
and compared to normal [15]. A set of OCT patterns detected directly after BT in the airway wall were identified. The presence or
absence of these patterns was assessed for all imaged airways. Lowintensity scattering, depicted as black areas, within the airways corresponds to air, while within the airway wall itself the black areas
correspond to fluid (i.e., edema or blood vessels). The first highintensity scattering yellow layer of the airway wall corresponds to
the mucosa and contains the epithelium and lamina propria as
described by d’Hooghe et al. [15].
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Table 1. Baseline characteristics

Subjects, n
Age, years
Male/female gender
FEV1 before BD, %
FEV1 after BD, %
LABA dose, μg/day salmeterol equivalents
ICS dose, μg/day fluticasone equivalents
Patients on maintenance use of OCS, n
Oral prednisone dose, mg/day
Added bronchoscopy time for OCT imaging, min
Airways imaged, n
Left upper lobe or right upper lobe
Right lower lobe
Middle lobe

15
38.1±13.6
1/14
91.3±23.0
103.9±19
153±90.5
1,167±497
6
12.5±6.1
9.51±1.17
14
29
14

Presented data are shown as n or mean ± SD. FEV1, forced expiratory volume in 1 second before and after bronchodilation (BD)
expressed in % of predicted; LABA, long-acting beta-2-agonist;
ICS, inhaled corticosteroids; OCS, oral corticosteroids; OCT, optical coherence tomography.

Statistical Analysis
GraphPad Prism version 5.01 (GraphPad Software Inc, San Diego, CA, USA) was used to calculate descriptive statistics. For normal distributed variables, a mean and standard deviation (SD)
were given. Categorical characteristics were shown as a number
and percentage.

Results

A total of 57 airways were imaged in 15 patients. Baseline characteristics are shown in Table 1. There were no
adverse events reported related to OCT imaging and the
added bronchoscopy time was 9.51 (±1.17) min.
Three distinctive patterns were identified by OCT
(Fig. 2; online suppl. video 1; for all online suppl.
material, see www.karger.com/doi/10.1159/000491676):
a low-intensity scattering pattern within the (sub)mucosal layer of the airway wall, corresponding to bronchial
wall edema (Fig. 2c); a broader pattern of low-intensity
scattering beyond the cartilage of the airway wall corresponding to peribronchial edema (Fig. 2c); and a third
high-intensity scattering pattern of epithelium sloughing
in which the epithelium is (partly) disconnected from the
airway wall (Fig. 2d).
The first pattern, bronchial wall edema, was seen in
almost all airways imaged directly after BT (13/14; 93%).
Both peribronchial edema and epithelial sloughing were
detected in 11/14 (79%) airways (Fig. 2; Table 2). Both
patterns of edema (peribronchial and bronchial) extend566
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ed more distal than the directly BT-treated parts of the
airways, which is limited to ∼2–3 mm or larger diameter
airways (Fig. 2a), indicating an acute BT effect more distal
than the directly BT-treated areas. Furthermore, peribronchial edema extended beyond the cartilage rings of
the airway wall, indicating an effect deeper than the BTtargeted ASM layer (Fig. 2c). Epithelial sloughing and
edema (both peribronchial and bronchial) coincided directly after BT in almost all BT-treated airways, although
epithelial sloughing occurred mainly in the proximal part
of the airway, where the BT electrodes made contact with
the airway wall, while edema was also shown in distal
parts.
Next, we compared the acute OCT effects in directly
BT-treated airways with the 6 weeks earlier BT-treated
airways of the RLL and the non-BT-treated RML (as control). All 3 patterns of acute effects were identified in a
lower proportion of the RLL airways 6 weeks after treatment: 9 of 29 (31%) airways showed bronchial wall edema, 18 of 29 (62%) showed peribronchial edema, and 1/29
(3%) showed signs of epithelial sloughing (Table 2). For
bronchial wall edema, the low-intensity scattering pattern of edema was less pronounced (dark grey instead of
black) (Fig. 3b), compared to OCT-imaged airways immediately after treatment (Fig. 3a). In the untreated airways of the RML, bronchial edema was present in only
1/3 of patients and in these 1/3 less pronounced as compared to the peribronchial edema seen in upper lobe airways directly after BT treatment. Epithelial sloughing did
not occur in untreated airways (Table 2).
The OCT-detected BT effects in the different bronchial wall layers could not be distinguished on corresponding reconstructed CT images (Fig. 2f). Consistent with
previous published reports by this group and others [9,
10], on CT peribronchial consolidations were seen directly after BT and this CT pattern in these airway segments
corresponded with the (peri)bronchial edema pattern
seen on OCT imaging. Due to the limited resolution of
reconstructed CT and/or CT analysis software, no direct
correlation with the OCT pattern of epithelial sloughing
and any pattern in the smaller airways could be made.
Discussion

This OCT imaging study is the first study showing that
OCT is safe and feasible in a cohort of severe asthmatic
patients. Three distinct OCT patterns directly after BT
treatment were identified: 2 low-intensity scattering patterns corresponding to bronchial and peribronchial edeGoorsenberg/d’Hooghe/de Bruin/
van den Berk/Annema/Bonta
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Fig. 2. Optical coherence tomography (OCT) characteristics in
comparison to computed tomography (CT) in the anterior segment of the right upper lobe (RB3) after bronchial thermoplasty
(BT). a Pullback of 5.4 cm with an airway diameter of ∼1 to 3.5
mm. b A non-BT-treated airway area without acute effects of BT.

c A distal non-BT-treated airway area with (1) bronchial and (2)
peribronchial edema. d Epithelial sloughing in a directly BT-treated area. e CT image directly after BT showing peribronchial consolidations in RB3 corresponding to the OCT pullback. f Reconstructed CT image showing the same airway segment as in a–d.

Table 2. OCT patterns after BT

OCT patterns

Acute airways
(RUL or LUL)
14 airways

6 weeks after BT
(RLL)
29 airways

Untreated
(RML)
14 airways

Low-intensity scattering pattern of bronchial edema
Low-intensity scattering pattern of peribronchial edema
High-intensity scattering pattern of epithelial sloughing

13 (93)
11 (79)
11 (79)

9 (31)
18 (62)
1 (3)

5 (36)
2 (14)
0 (0)

Findings presented as n (%). BT, bronchial thermoplasty; OCT, optical coherence tomography; RUL, right upper lobe; LUL, left upper
lobe; RLL, right lower lobe; RML, right middle lobe.

OCT Assessment of Acute Bronchial
Thermoplasty Effects

Respiration 2018;96:564–570
DOI: 10.1159/000491676

567

Directly after BT (RB3)

a

6 weeks after BT (RB8)

b

Untreated (RML)

c

Fig. 3. Optical coherence tomography (OCT) imaging immediately and 6 weeks after bronchial thermoplasty

(BT) of BT-treated airways and of the untreated RML. OCT images captured in 1 procedure, in 1 patient, of the
anterior segment of the right upper lobe (RB3) immediately after BT (a); the anterior basal segment (RB8) of the
right lower lobe 6 weeks after treatment (b); and the BT-untreated right middle lobe (RML) (c).

ma and 1 high-intensity scattering pattern of epithelial
sloughing. These patterns extended beyond the BT-targeted ASM layer and diminished over time. Interestingly,
OCT-imaged acute BT treatment effects were detected
distal to the directly BT-treated airway areas extending to
the smaller airways.
Almost all airways directly after BT showed a pattern
of edema and epithelial sloughing. In the untreated RML,
edema was also present in a substantial but reduced proportion, less pronounced, and without signs of epithelial
damage. None of these effects were seen in earlier published OCT data in asthmatic [16, 23] and non-asthmatic
airways [12, 15], indicating that the identified effects were
most likely related to BT treatment. The identified acute
OCT effects in airways directly treated with BT are in line
with previously published CT imaging studies in severe
asthma patients in which CT was performed immediately after BT and peribronchial consolidations with ground
glass opacities were described in almost all treated lobes
[9, 10]. This study shows acute effects of BT not only in
directly BT-treated airway areas but also in more distal
non-BT-treated airway areas.
OCT imaging showed abnormalities in non-BT-treated airways, a phenomenon which also has been observed
on CT imaging after BT [9, 10]. There are several hypotheses formulated explaining non-BT-treated acute effects
detected on CT: a heat shock effect along the bronchial
tree, heat extension through (incomplete) fissures or distribution of mucus, blood, and secretions to the lower
568
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lobes as a result of BT treatment in the upper lobes [10,
24]. In the absence of histology directly after BT, it is uncertain which mechanism is correct. Moreover, it is unclear whether the described effects contribute to treatment response or should be considered a side effect of
treatment. One study has shown a decrease of ASM after
BT in the untreated RML, suggesting that the effect seen
in the RML might contribute to treatment response [5].
These results, however, could not be confirmed in a subsequent larger study [4]. Histology studies are needed to
assess whether untreated distal airway areas are affected
by BT as well.
The described OCT patterns were less pronounced in
the airways imaged 6 weeks after BT. This corresponds to
the results of a previous study in which, based on histology of lobectomy samples, epithelial sloughing was found
in 3 out of 8 non-asthmatic patients 3 weeks after BT [25],
while another study showed no signs of epithelial damage
3 months after BT [4]. It is therefore plausible that epithelial damage is a direct effect of BT and resolves within 3–6
weeks. The repair or regeneration of the airway wall epithelium after being disrupted by BT could potentially
contribute to the increased epithelial integrity 6 weeks after BT, found in a recent published study [26].
While the mechanism of action of BT is incompletely
understood, several elements of the airway wall have been
postulated to influence treatment response to BT [27]. By
demonstrating a BT effect with OCT imaging in the mucosa, submucosa, and peribronchial area of the airway
Goorsenberg/d’Hooghe/de Bruin/
van den Berk/Annema/Bonta

wall, it is well possible that the structures within these layers, such as the epithelium, ASM, and nerves, are modulated by BT. Additionally, small airway dysfunction is of
importance in the pathophysiology of asthma [28]. By
showing a BT treatment effect in the distal parts of the
BT-treated airways, the OCT findings suggest that BT
treatment might also have an impact on the smaller airways.
A limitation of this study is that the untreated RML
was originally designed as the control but unexpectedly
showed effects of treatment as well. One could argue
whether the shown effects were a result of BT treatment
alone or if they could also appear after manipulation of
asthmatic airways with a bronchoscope, although the
RML was not manipulated during BT itself. Indeed, the
majority of airways of the RML did not show OCT patterns of edema, making it more plausible that the observed effects are a result of being adjacent to the treated
upper lobes as described in previous CT studies. This
could also explain the earlier reported less prominent decrease of ASM in the untreated RML [4]. Strong points of
the current data are the large sample size and detailed
high-resolution airway wall imaging in various stages after BT treatment during 1 session. Additionally, by performing both CT and OCT imaging after BT, it was pos-

sible to compare, in several airways, both techniques,
thereby showing the additional value of more detailed
real-time imaging of the airway wall by OCT when compared to CT.
In conclusion, this study showed that OCT is feasible
and safe in severe asthmatic patients. Three patterns of
acute BT effects were identified corresponding to a lowintensity scattering pattern of (peri)bronchial edema and
a high-intensity scattering pattern of epithelial sloughing.
OCT was able to assess the acute effects of BT on the airways in more detail than CT and showed an effect in distal non-BT-treated airway areas and to a lesser extent in
the non-BT-treated RML as well. Whether these effects
contribute to treatment response remains to be investigated.
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