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Abstract

Background: Bronchial thermoplasty (BT) is an endoscopic
treatment for severe asthma targeting airway smooth mus-
cle (ASM) with radiofrequent energy. Although implement-
ed worldwide, the effect of BT treatment on the airways is
unclear. Optical coherence tomography (OCT) is a novel im-
aging technique, based on near-infrared light, that gener-
ates high-resolution cross-sectional airway wall images. Ob-
jective: 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 imag-
ing was performed immediately following BT in the airways
of the upper lobes, the right lower lobe treated 6 weeks pri-
or,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

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 thedirectly 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 absentin untreated
RML airways. Conclusions: Acute BT effects can be safely as-
sessed 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.
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Introduction

Bronchial thermoplasty (BT) is a relatively new non-
pharmacological treatment for severe asthma patients
based on the delivery of radiofrequent energy to the air-
ways [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 tomog-
raphy; 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 ef-
fective in reducing exacerbation rates in asthmatic pa-
tients 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 in-
cluding the TASMA trial (ClinicalTrials.gov No.:
NCT02225392) are underway to unravel the mechanism
of action of BT to further define which phenotype of se-
vere asthma patients might benefit most.

There is limited data available on the acute effects of
BT on the airway wall. Two recent studies described ra-
diological patterns including peribronchial consolida-
tions 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 ef-
fects in the airway wall. Optical coherence tomography
(OCT) is a novel imaging technique in which near-infra-
red 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 air-
way 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 mid-

OCT Assessment of Acute Bronchial
Thermoplasty Effects

dle lobe (RML). We hypothesized that OCT is able to dis-
tinguish acute effects in BT-treated airways from non-BT-
treated 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 Or-
ganization (WHO) guidelines and the Innovative Medicine Initia-
tive (IMI) criteria were included in the TASMA trial [17, 18]. Writ-
ten 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 sec-
ond 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 cath-
eter was inserted through the working channel of the broncho-
scope using a guide sheath in the following (sub)segmental air-
ways: first, 2 airways of the 6 weeks earlier treated RLL; subse-
quently, the untreated RML; and finally, 1 airway of the BT-treated
left or right upper lobe. The proximal marker of the catheter, situ-
ated 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 automati-
cally images the airway segment over a length of 5.4 cm, was per-
formed twice. Low-dose chest CT was routinely performed direct-
ly 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 experi-
enced OCT observer and confirmed by a second blinded observer
and compared to normal [15]. A set of OCT patterns detected di-
rectly after BT in the airway wall were identified. The presence or
absence of these patterns was assessed for all imaged airways. Low-
intensity scattering, depicted as black areas, within the airways cor-
responds to air, while within the airway wall itself the black areas
correspond to fluid (i.e., edema or blood vessels). The first high-
intensity 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 15

Age, years 38.1+13.6
Male/female gender 1/14
FEV1 before BD, % 91.3+£23.0
FEV1 after BD, % 103.9+19
LABA dose, pg/day salmeterol equivalents 153+90.5
ICS dose, pg/day fluticasone equivalents 1,167+497

Patients on maintenance use of OCS, n 6

Oral prednisone dose, mg/day 12.5+6.1
Added bronchoscopy time for OCT imaging, min 9.51+1.17
Airways imaged, n
Left upper lobe or right upper lobe 14
Right lower lobe 29
Middle lobe 14

Presented data are shown as n or mean + SD. FEV1, forced ex-
piratory 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, opti-
cal coherence tomography.

Statistical Analysis

GraphPad Prism version 5.01 (GraphPad Software Inc, San Di-
ego, CA, USA) was used to calculate descriptive statistics. For nor-
mal 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. Base-
line 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)muco-
sal layer of the airway wall, corresponding to bronchial
wall edema (Fig. 2¢); a broader pattern of low-intensity
scattering beyond the cartilage of the airway wall corre-
sponding 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) extend-

566 Respiration 2018;96:564-570

DOI: 10.1159/000491676

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, peri-
bronchial edema extended beyond the cartilage rings of
the airway wall, indicating an effect deeper than the BT-
targeted ASM layer (Fig. 2c). Epithelial sloughing and
edema (both peribronchial and bronchial) coincided di-
rectly 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 con-
trol). All 3 patterns of acute effects were identified in a
lower proportion of the RLL airways 6 weeks after treat-
ment: 9 of 29 (31%) airways showed bronchial wall ede-
ma, 18 0f 29 (62%) showed peribronchial edema, and 1/29
(3%) showed signs of epithelial sloughing (Table 2). For
bronchial wall edema, the low-intensity scattering pat-
tern of edema was less pronounced (dark grey instead of
black) (Fig. 3b), compared to OCT-imaged airways im-
mediately after treatment (Fig. 3a). In the untreated air-
ways of the RML, bronchial edema was present in only
1/3 of patients and in these 1/3 less pronounced as com-
pared to the peribronchial edema seen in upper lobe air-
ways directly after BT treatment. Epithelial sloughing did
not occur in untreated airways (Table 2).

The OCT-detected BT effects in the different bronchi-
al wall layers could not be distinguished on correspond-
ing reconstructed CT images (Fig. 2f). Consistent with
previous published reports by this group and others [9,
10], on CT peribronchial consolidations were seen direct-
ly 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 pat-
terns corresponding to bronchial and peribronchial ede-
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Table 2. OCT patterns after BT

OCT patterns Acute airways 6 weeks after BT Untreated
(RUL or LUL) (RLL) (RML)
14 airways 29 airways 14 airways
Low-intensity scattering pattern of bronchial edema 13 (93) 9 (31) 5(36)
Low-intensity scattering pattern of peribronchial edema 11 (79) 18 (62) 2 (14)
High-intensity scattering pattern of epithelial sloughing 11 (79) 1(3) 0(0)

Findings presented as 7 (%). BT, bronchial thermoplasty; OCT, optical coherence tomography; RUL, right upper lobe; LUL, left upper
lobe; RLL, right lower lobe; RML, right middle lobe.
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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-tar-
geted 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 pro-
portion, less pronounced, and without signs of epithelial
damage. None of these effects were seen in earlier pub-
lished 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 immediate-
ly 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-treat-
ed airways, a phenomenon which also has been observed
on CT imaging after BT [9, 10]. There are several hypoth-
eses formulated explaining non-BT-treated acute effects
detected on CT: a heat shock effect along the bronchial
tree, heat extension through (incomplete) fissures or dis-
tribution of mucus, blood, and secretions to the lower

568 Respiration 2018;96:564-570
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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 un-
certain which mechanism is correct. Moreover, it is un-
clear whether the described effects contribute to treat-
ment 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 sub-
sequent 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 histol-
ogy 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 epithe-
lial damage is a direct effect of BT and resolves within 3-6
weeks. The repair or regeneration of the airway wall epi-
thelium after being disrupted by BT could potentially
contribute to the increased epithelial integrity 6 weeks af-
ter 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 mu-
cosa, submucosa, and peribronchial area of the airway

Goorsenberg/d'Hooghe/de Bruin/
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wall, it is well possible that the structures within these lay-
ers, such as the epithelium, ASM, and nerves, are modu-
lated 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 air-
ways.

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 pat-
terns of edema, making it more plausible that the ob-
served 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 de-
crease 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 af-
ter BT treatment during 1 session. Additionally, by per-
forming both CT and OCT imaging after BT, it was pos-
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