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Early radiologic and bronchoscopic changes after
bronchial thermoplasty in patients with severe asthma
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Abstract. Bronchial thermoplasty (BT) is a treatment to
reduce the airway smooth muscle mass by delivering radiofre-
quency thermal energy to the airways. BT is used in patients
with severe asthma. The present study reported on cases of
pneumothorax directly after BT and retrospectively analyzed
early radiologic and bronchoscopic modifications after BT.
The clinical data and radiologic and bronchoscopic findings
of 12 patients with severe asthma who were subjected to BT
between July 2014 and October 2017 were analyzed. A total of
33 chest radiographs were collected within 18-24 h after BT.
Radiological abnormalities were observed in 32 radiographs
as atelectasis (53.1%), peribronchial consolidations (84.4%),
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bronchoscopy,

pleural effusion (18.8%), effusion in oblique fissures (3.1%),
pleural thickening (6.3%) and pneumothorax (3.1%). Of note,
one patient suffered pneumothorax after the third BT session
and underwent chest drain insertion, followed by mechanical
ventilation at the intensive care unit and multiple bronchoscopic
interventions, which revealed extensive phlegm plugs. A total
of six patients with worsened symptoms and lobar atelectasis
also required bronchoscopic intervention, which revealed that
phlegm plugs occluded the bronchus in the treated lobe. No
bronchoscopic intervention was required in the remaining
five patients. During 16-30 days of follow-up, 95.7% of the
findings on chest radiography were resolved. To the best of
our knowledge, the present study reported the first case of
pneumothorax following BT. Early radiologic modifications
such as atelectasis and peribronchial consolidations appear
common after BT. However, whether bronchoscopic interven-
tion is required for atelectasis following BT warrants further
investigation. Of note, BT should be audited and recorded in
detail to ideally contribute to a framework of clinical trials to
improve risk-benefit evaluations and the selection of patients
likely to benefit from treatment.

Introduction

Bronchial thermoplasty (BT) is a novel therapeutic option for
severe asthma. BT may significantly improve the lung function,
reduce the times of acute attack and the dosage of glucocor-
ticoids in patients with severe asthma with a predicted forced
expiratory volume in 1 sec (FEV,) percentage of <60%, which
is safe and effective (1). Furthermore, a study demonstrated
that BT may be confidently offered to patients with asthma
with an FEV, that is 30-50%, prediction of no risk of more
frequent or more severe adverse events and with an expected
response of the same degree as that of patients with better
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lung function (2). BT primarily targets the bronchial smooth
muscle (>3 mm diameter), delivering thermal energy (heated
to 65°C) to reduce the airway smooth muscle mass (3,4). It
reduces fibroblast remodelling through modifying the func-
tion of epithelial cells, particularly by reducing heat shock
protein 60 secretion and subsequent signaling pathways that
regulate protein arginine methyltransferase 1 expression (5).
A total of 2 studies on the short-term outcomes of BT have
reported that, despite its long-term effectiveness, BT may
cause early radiologic modifications, including consolidation,
ground-glass opacities and atelectasis (6,7). However, neither
of these studies presented data on bronchoscopic findings. In
August 2014, a patient with severe asthma and its associated
complications presented at our center. The patient had earlier
undergone upper lobe atelectasis and pneumothorax followed
by a third BT procedure (8). Henceforth, in our center, chest
radiography and close follow-up were performed routinely in
all patients after each BT session. The present study reports
on a case of pneumothorax after BT procedure and retrospec-
tively analyzed the short-term radiologic and bronchoscopic
modifications in 12 patients with severe asthma after a total of
33 BT sessions.

Materials and methods

Patients. The present study retrospectively analyzed the data
of 12 patients with severe asthma who were voluntarily treated
with BT at Guangzhou Institute of Respiratory Health, State
Key Laboratory of Respiratory Disease, The First Affiliated
Hospital of Guangzhou Medical University in China between
July 2014 and October 2017. The inclusion criteria were as
follows: i) Subjects with asthma aged 18-65 years; ii) severe
asthma (9): Drug therapy was required for Level-4 and -5 in
the past year (large dose of inhaled corticosteroids/long-acting
B,-agonists or leukotriene modifier/theophyline), or the
systemic corticosteroid treatment lasted =50% of the time to
prevent ‘uncontrollable’ asthma; or the “‘uncontrollable’ asthma
still occurred in spite of the above treatment; iii) non-smoker
for =1 year (if former smoker, <10 pack-years total smoking
history). The exclusion criteria were as follows: i) Participation
in another trial within 6 weeks of the baseline period
involving respiratory intervention; ii) post-bronchodilator
FEV, percentage of <65%; iii) 3 or more hospitalizations for
exacerbations of asthma in the previous year; OR a history of
life-threatening asthma, defined by past intubations for asthma,
or intensive care unit (ICU) admission for asthma within the
prior 24 months; iv) a history of recurrent lower respiratory
tract infections requiring antibiotics (more than 3 in the past
12 months); v) a history of recurrent oral steroid use for asthma
(4 or more pulses of oral steroids in the past 12 months);
vi) known sensitivity to medications required to perform bron-
choscopy (such as lidocaine, atropine and benzodiazepines);
vii) known systemic hypersensitivity or contraindication to
methacholine chloride or other parasympathomimetic agents;
viii) acute respiratory infection; ix) other respiratory diseases
including emphysema, cystic fibrosis, vocal cord dysfunc-
tion, mechanical upper airway obstruction, Churg-Strauss
syndrome or allergic aspergillosis; x) segmental atelectasis,
lobar consolidation, significant or unstable pulmonary infil-
trate, or pneumothorax confirmed by chest radiography;

Table I. Characteristics of patients with severe asthma treated
by BT (n=12).

Parameter Value
Sex (male/female) 4/8
Age (years) 48.1£2.9
Clinical status before BT
Asthma duration (years) 9.8+24
Number of hospital admissions 2.1+04
in the previous year per patient
Number of patients taking long-term 3(250)
oral corticosteroid therapy
Eosinophils in blood (%) 0.9 (0.5-6.2)
Total IgE (kU/I) 240.1+63.3
Eosinophils in induced sputum (%) 13.5 (6.5-58.5)
FEV, pre-3,-agonists predicted (%) 56.2+10.5
FVC predicted (%) 93.8+20.4
MMEEF predicted (%) 37.1£22.6
Complications
Mild bronchiectasis 2(16.7)
Nasosinusitis 8 (66.7)
Hypertension 3(250)
Diabetes 1(8.3)
OSAHS 1(8.3)

Values are expressed as n (%), the mean + standard deviation or median
[interquartile range (25th-75th percentile)]. FEV,, forced expiratory
volume in 1 sec; FVC, forced vital capacity; MMEF, maximum
mid-expiratory flow; OSAHS, obstructive sleep apnea-hypopnea
syndrome; BT, bronchial thermoplasty.

xi) cardiovascular disease including myocardial infarction,
angina, cardiac dysfunction, cardiac dysrhythmia, conduction
defect, cardiomyopathy or stroke; xii) known aortic aneurysm;
xiii) significant comorbid illness including cancer, renal failure,
liver disease or cerebral vascular disease; xiv) uncontrolled
hypertension; xv) implanted electrical stimulation device;
xvi) known coagulopathy; xvii) any other medical condition
that may interfere with study participation in the opinion
of the investigator. The study obtained approval from the
Human Research Ethics Committee of Guangzhou Institute
of Respiratory Health, State Key Laboratory of Respiratory
Disease, The First Affiliated Hospital of Guangzhou Medical
University (China). The patients used high doses of inhalation
corticosteroids/long-acting beta-agonists and 25% were also
treated with oral or systemic corticosteroids. These 12 patients
underwent a total of 33 BT sessions. Oral prednisolone tablets
(40 mg QD) were given three days prior to BT and three days
after BT. Chest imaging evaluations included chest radiog-
raphy and/or computed tomography (CT) and were routinely
performed prior to BT. The demographic and clinical data of
these 12 patients are presented in Table 1.

BT. BT was performed on each patient for three sessions at
intervals of at least three weeks (10,11), which was supposed to
ensure adequate healing of previously treated segments prior
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Figure 1. Flow chart of CXR examinations prior to and after BT. BT, bronchial thermoplasty; CXR, chest radiologic.

to proceeding with any further treatment. The right lower lobe
was treated during the first session, the left lower lobe during
the second session and the right and left upper lobes during the
third session (3). The right middle lobe was not treated due to
theoretical concerns of inducing right middle lobe syndrome
stemming from the long and narrow lobar airway typically
leading to the right middle lobe. To date, no experience in
treating the right middle lobe with bronchial thermoplasty has
been published (11).

Evaluations after BT. A flow chart of radiologic examina-
tions after BT is presented in Fig. 1. Chest radiographs were
obtained within 18-24 h after 33 BT sessions (chest radiog-
raphy began after the third BT session in case 1 and the second
BT session in case 2), as various studies indicated that radio-
logical abnormalities were observed immediately after BT
treatment (6,7,12) and another study reported that a moderate
temperature increase of BT causes autolysis and microvascular
hemorrhage resulting in inflammation and edema after BT
resembling ground-glass abnormalities (7). All possible radio-
logic modifications - peribronchial consolidations, atelectasis,
pleural effusion, effusion in oblique fissures, pleural thickening
and pneumothorax - were assessed by experienced radiolo-
gists. Symptoms such as fever, cough, chest pain, wheezing
and dyspnea were also recorded from a systemic review of the
clinical charts. After BT, bronchoscopic interventions were
applied as necessary based on symptoms and radiologic find-
ings. Follow-up visits were scheduled to take place 2-15 days
after each BT session, as the percentage of atelectasis among
32 abnormal radiographs which were performed within
18-24 h after BT was >50%. Follow-up visits were scheduled
to take place 16-30 days after each BT session, which was for
the purpose of checking whether the patient was suitable for
treatment with the next BT session. Radiologic findings during
the two follow-up visits were also recorded.

Statistical analysis. Variables with a normal distribution are
expressed as the mean + standard deviation and comparisons
between these groups were evaluated using the indepen-

dent-samples t-test. Variables with a skewed distribution were
expressed as the median [interquartile range (25th-75th percen-
tile)] and comparisons between the groups were performed
using the Mann-Whitney U-test. For categorical variables, the
values are expressed as n (%) in each category and compared
using the %? test as appropriate. P<0.05 was considered to
indicate statistical significance. All statistical analyses were
performed using SPSS version 16.0 software (SPSS, Inc.).

Results

Radiologic and clinical findings during the immediate
post-operative period (day 1). A total of 8 female and 4 male
patients were included in the current study (mean age,
48 years). All patients underwent chest radiography (n=10) or
CT (n=11) prior to the first BT session with 11 patients having
no atelectasis, bronchiectasis, peribronchial consolidations,
pleural effusion, effusion in oblique fissures, pleural thick-
ening or pneumothorax.

Symptoms that occurred within 24 h after BT are summa-
rized in Table II. A total of 9 patients had symptoms including
cough, expectoration, tachypnea, wheezing, chest tightness,
chest pain and dyspnea. None of the patients developed a
fever. Within 18-24 h after BT, 12 patients underwent a total of
33 chest radiographs and 1 CT scan. Among them, 32 radio-
graphs exhibited modifications (Table III): Atelectasis (n=17,
53.1%; Fig. 2C and D and Figs. 4A and 5A), peribronchial
consolidations (n=27, 84.4%; Figs. 2C-E, 3G and 4A), pleural
effusion (n=6, 18.8%; Fig. 3B and C), effusion in oblique
fissures (n=1, 3.1%), pleural thickening (n=2, 6.3%) and pneu-
mothorax (n=1, 3.1%). Only one CT scan was performed 24 h
after BT, which revealed atelectasis in the left lower lobe (Fig.
3B and C). After the BT of the lower lobes, radiographs indi-
cated early radiologic modifications in untreated lobes in three
radiographs (3/20, 15.0%; Fig. 2C). After BT of the upper lobes,
radiographs exhibited radiologic modifications in the untreated
lobes in six radiographs (6/12, 50%; Figs. 2E and 3G), which
were manifested mainly as peribronchial consolidations in the
left lower lobe (n=5).
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Table II. Clinical data for the bronchoscopic treatment and no-treatment groups after bronchial thermoplasty.

A, Prior to the first BT session

Bronchoscopic treatment

Non-bronchoscopic treatment

Parameter group (n=7) group (n=5) P-value
Sex (male/female) 3/4 1/4 0428
Age (years) 49.4+£129 42.8+11.1 0.376
BMI (kg/m?) 24.7+3.1 222421 0.156
Disease course (years) 11.6+9.2 74+7.3 0421
Smokers 2 1 0.746
Times of hospitalization in the past year 14£1.0 3.0+1.6 0.058
Number of patients with underlying disease 5 4 0.746
Nasosinusitis 4 4
Mild bronchiectasis 2 0

Hypertension 3 0

Diabetes 1 0

OSAHS 1 0
Blood WBC count (109/1) 8.1+£2.0 10.5+£3.7 0.243
Percentage of neutrophils in blood (%) 58.8 (53.8-60.9) 66.9 (55.4-70.2) 0.570
Percentage of eosinophils in blood (%) 1.35 (0.2-5.6) 0.9 (0.5-8.1) 1.000
Eosinophils in induced sputum (%) 13.0(11.4-51.8) 36.5(1.8-58.3) 0.806
Neutrophils in induced sputum (%) 82.0 (38.9-854) 58.0 (33.8-86.8) 0.808
TIgE (KU/) 207.0£178.8 286.4+282.1 0.561
FVC predicted (%) 82.7£18.7 109.5£9.9 0.010
FEV, pre-f,-agonists predicted (%) 65.1+22.0 87.849.0 0.038
FEV1/FVC (%) 64.6£11.2 69.4+£11.5 0.489
MMEF predicted (%) 32.5+21.4 43.6+25.1 0.429
B, 24 h after three BT sessions

Bronchoscopic treatment Non-bronchoscopic treatment

Parameter group (n=7) group (n=5) P-value
Symptoms/complaints

Cough 11 3 0.049

Expectoration 11 3 0.049

Tachypnea 4 0 0.077

Wheezing 6 0 0.025

Chest tightness 4 0 0.077

Chest pain 1 0 0.398

Dyspnea 1 0 0.398
Radiologic findings 17 15
Lobar atelectasis 11 (64.7) 0(0) <0.001
Segmental atelectasis 0(0) 6 (40.0) 0.004
Peribronchial consolidations 13 (76.5) 14 (93.3) 0.197
Average hospital stays for 3 BT sessions 4.4+1.8 2.2+0.7 0.017

Values are expressed as n (%), the mean + standard deviation or median [interquartile range (25th-75th percentile)]. FEV,, forced expiratory
volume in 1 sec; FVC, forced vital capacity; MMEF, maximum mid-expiratory flow; OSAHS, obstructive sleep apnea-hypopnea syndrome;

BT, bronchial thermoplasty.
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Figure 2. Representative images of a 45-year-old male patient. (A) At 46 days prior to the first BT session, atelectasis was observed in the right middle lung.
(B) At four days prior to the first BT session, slight infiltrates were present in the right middle lung. (C) Within 24 h after the first BT session, atelectasis was
observed in the right middle lobe, along with peribronchial consolidations in the right lower lung. (D) Within 24 h after the second BT session, atelectasis and
peribronchial consolidations were present in the left lower lobe. (E) Within 24 h after the third BT session, peribronchial consolidations were observed in the
left lower lung. (F) Within five days after the third BT session, peribronchial consolidations in the left lung (upper and lower lobes) had increased. (G) Within
16 days after the third BT session, peribronchial consolidations in the left lung were the same as before. (H) Within five months after the third BT session, the
results were normal. At 4 days after the first BT session, (I) sticky phlegm occluded the right lower lobe bronchus and (J) the right lower lobe bronchus became
patent after treatment. At 2 days after the second BT session, (K) the left lower lobe bronchus was occluded by yellowish phlegm and (L) the basal and dorsal
segments of the lower lobe became patent. At 1 day after the third BT session, numerous white sticky phlegm plugs in (M) the right upper lobe and (N) left
upper lobe. Congestion and swelling of bronchial mucosa in (O) left and (P) right upper lobes were present after treatment. Chest CTs are demonstrated in (A).
X-rays are presented in (B, C-G). Bronchoscopy images are demonstrated in (I-P). BT, bronchial thermoplasty.

Table III. Early radiological findings on the day after bronchial
thermoplasty.

Item N (%)
Peribronchial consolidations 27 (84.4)
Atelectasis 17 (53.1)
Pleural effusion 6 (18.8)
Oblique effusion 1(@3.1)
Pleural thickening 2(6.3)
Pneumothorax 1(3.1)

Radiological and bronchoscopic findings after BT

Follow-up visits 2-15 days after BT. A total of seven patients
developed tachypnea, chest tightness, chest pain, wheezing or
dyspnea after a total of nine BT sessions, and all of them had
atelectasis, located in the treated lobes in six cases (Figs. 3-5)
and in untreated lobe in one case (Fig. 2C). A total of 23 bron-
choscopic examinations were required in these patients
(bronchoscopic intervention group), which revealed that phlegm
plugs occluded the bronchus in the treated lobe, whereas there
was a small amount of white phlegm in the bronchus of the
untreated lobe. Bronchoscopic aspiration, fragmentation and
washing were applied to remove the secretions and plugs. At
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Figure 3. Representative images of a 50-year-old male. (A) At three days prior to the first BT session, the appearance was normal. Within 24 h after the second
BT session, pleural effusion (B) and left lower lung atelectasis (C) of the left lung were observed. (D) At three days after the second BT session, yellow viscous
secretions were present in the left lower lobe. (E) At 10 days after the second BT session, yellow viscous secretions in the left lower lobe were observed. (F) At
15 days after the second BT session, atelectasis had basically disappeared. (G) Within 24 h after the third BT session, peribronchial consolidations in the right
upper lobe and left lower lobe were present. (H) At three days after the third BT session, radiological resolution in the right upper lobe and left lower lobe was
observed. X-rays are presented in (A, F, G and H). Chest CTs are demonstrated in (B and C). Bronchoscopy images are presented in (D and E). BT, bronchial
thermoplasty.

Figure 4. Representative images of a 49-year-old female. (A) Within 24 h after the third BT session, atelectasis and peribronchial consolidations in the right
upper lobe and in the left lung were observed. (B) At three days after the third BT session, atelectasis and peribronchial consolidations were present in both
upper lobes. At one day after the third BT session, sputum plugs blocked the apical and posterior segments of (C) the right upper lobe and (D) left upper and
lingual lobes. (E and F) At four days after the third BT session, sputum plugs blocked (E) the right upper lobe and (F) the left upper and lingual lobes. X-ray

images are presented in (A and B). Bronchoscopy images are presented in (C-F). BT, bronchial thermoplasty.

the same time, oral/systemic glucocorticoids and expectorants
were given to counteract airway inflammation and cough up
mucus. There were no positive results for microorganisms. In
one patient, bronchoscopic aspiration was required after every
BT session (Fig. 2K-P). In two patients, bronchoscopy was
required after the second BT session to remove phlegm plugs,
requiring five bronchoscopic sessions (Fig. 3D and E). In four
patients, bronchoscopy was required after the third BT session
to remove phlegm plugs. Hence, a total of 10 chest radiographs
were obtained from these seven patients 2-15 days after BT
sessions. Atelectasis was resolved in 5 patients (5/7, 71.4%;
Figs. 3F and 4E), peribronchial consolidations decreased or
were resolved in 4 patients (4/7, 57.1%; Figs. 3H and 4E) and
pneumothorax was resolved in 1 patient (1/1, 100%; Fig. SE).

The remaining five patients (including four who developed
segmental atelectasis within 18-24 h after BT and one without
atelectasis after BT) did not exhibit any obvious pulmonary
symptoms after BT and therefore did not undergo bronchoscopy
(non-bronchoscopic intervention group). All of these patients
were given ambroxol, myrtol standardized enteric-coated soft
capsules and inhaled medications. A total of five chest radio-
graphs were assessed at this follow-up, which indicated that
the segmental atelectasis resolved in three radiographs and
peribronchial consolidations decreased or disappeared in four
radiographs (4/5, 80%).

The clinical data of the bronchoscopic and non-broncho-
scopic intervention groups are presented in Table II. Baseline
pulmonary function, average hospital stays for three BT
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Figure 5. Representative images of a 65-year-old female. (A) Within 24 h after the third BT session, right upper lobe atelectasis and pneumothorax in the right
upper lobe were observed (50-60% collapsed). (B) At 30 h after the third BT session, the right lung was 35% collapsed and atelectasis of the right upper lobe
was resolved. (C) At 4 days after the third BT session, pneumothorax was resolved and upper right lobe atelectasis was relieved. (D) At five days after the
third BT session, right-sided pneumothorax was worsened and consolidation and atelectasis in the right upper lobe were more obvious. (E) At 10 days after the
third BT session, radiological resolution in the right upper lobe was achieved. (F) At 27 days after the third BT session, observations were normal. X-rays are
presented in (A-E). A chest CT is demonstrated in (F). BT, bronchial thermoplasty.

sessions and post-operative cough/expectoration, wheezing
and radiologic modifications (bronchial lobar or segmental
atelectasis) were significantly poorer in the bronchoscopic
intervention group.

Follow-up visits 16-30 days after BT. No bronchoscopy was
required. A total of 23 chest radiographic assessments revealed
that 95.7% (22/23) of the radiographic modifications observed
at the previous examinations were markedly decreased or
disappeared. One exception was peribronchial consolidations
in the left lung (Fig. 2G).

Bronchoscopy and radiologic findings after BT in three
representative cases. A 66-year-old female retired worker
presented with a BMI of 26.2 kg/m?, an Asthma Control Test
score of 18, Asthma Control Questionnaire score of 1 and
Mini-Asthma Quality of Life Questionnaire score of 5. The
patient was a non-smoker and had hypertension for 11 years
and abnormal glucose tolerance. Furthermore, the patient had
a 26-year history of asthma. At two months prior to BT, the
patient's lung function exhibited severe, mixed ventilation
dysfunction [FEV,% predicted, 34.0%; FEV,/forced vital
capacity (FVC), 49.8%] and chest CT was normal. The patient
did not have any symptoms after the first or second BT session,
and accordingly, no radiologic examination was performed.
At 12 h after the third BT session, the patient had symptoms
of wheezing, dyspnea and oxygen desaturation (89%), which
were treated with intravenous methylprednisolone. At 15 h
after the procedure, the symptoms of severe wheezing, chest
tightness and dyspnea continued to worsen with desaturation
[saturated oxygen pressure (SpO,), 88% under medium-flow
oxygen inhalation]. Bedside chest radiography revealed atel-

ectasis in the right upper lobe and pneumothorax surrounding
the right upper lobe (50-60% collapsed) (Fig. 5A). After chest
drain insertion, the above symptoms remained and type II
respiratory failure [pH 7.281; partial carbon dioxide pres-
sure (PaCQO,), 51.9 mmHg; Pa0O,, 75.1 mmHg] occurred. The
patient was transferred to the ICU for noninvasive ventilation.
Bronchoscopy revealed swelling of the bronchial mucosa and
plugs blocking the bronchi of the left and right upper lobes,
which were removed by biopsy forceps and washing. At four
days after the third BT procedure, the chest radiograph indi-
cated resolved pneumothorax and relieved upper right lobe
atelectasis (Fig. 5C). The next day, dyspnea had worsened
(SpO,, 82%). Radiography indicated a worsened right-sided
pneumothorax, as well as more obvious consolidation and
atelectasis in the right upper lobe (Fig. 5D). The results of the
blood gas analysis were as follows: pH 7.524; PaO,, 61 mmHg;
PaCO,, 29.5 mmHg; and fraction of inspired oxygen, 90%).
After endotracheal intubation and mechanical ventilation,
bronchoscopy was performed daily to remove plugs, along with
administration of broad-spectrum antibiotics. After four days,
the intubation and thoracic drainage tube were successfully
withdrawn and sequential noninvasive mechanical ventilation
was maintained. On day 10, after BT, radiography indicated no
atelectasis (Fig. 5SE). On day 27, the patient's radiographs were
basically normal (Fig. 5F).

A 49-year-old male patient with a BMI of 26.8 kg/m? had
a 10-year history of asthma. The patient had a 20 pack-year
smoking history but had not smoked for two years. Furthermore,
the patient obstructive sleep apnea, hypertension and type 2
diabetes. At one week prior to BT, lung function tests revealed
severe obstructive ventilation dysfunction (FEV, predicted
percentage, 49.7%; FEV,/FVC, 55.8%). Radiography revealed
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left lower lobe atelectasis and CT indicated left lower lung
atelectasis and pleural effusion of left lung after the second
BT session (Fig. 3B and C). The complete blood count (CBC)
was normal. The patient had symptoms of expectoration and
wheezing, and was treated with intravenous methylpredniso-
lone and non-invasive ventilation. The patient required three
bronchoscopic interventions, which revealed plugs at the left
lower lobe (Fig. 3D and E). On day 15 after BT, radiography
indicated that atelectasis had almost disappeared (Fig. 3F). On
day 47, the patient underwent a third BT session. Radiography
performed within 24 h after this session revealed peribron-
chial consolidations in the right upper lobe and left lower
lobe (Fig. 3G). At the same time, the patient had symptoms
of wheezing, which were markedly alleviated after frequent
nebulized intravenous methylprednisolone treatment. After
three days, radiography indicated improvement (Fig. 3H).

A 46-year-old male presented with a 5-year history of
asthma and allergic rhinitis. The patient had a 1 pack-year
smoking history but had not smoked for seven years. In 2012,
the patient underwent tracheal intubation at our hospital due
to a severe asthma attack. The patient's lung function recorded
in the previous last year indicated severe, mixed ventilation
dysfunction (FEV, predicted percentage, 41.9%; FEV,/FVC,
49.7%). Prior to the first BT session, lung function tests
revealed moderate obstructive ventilatory dysfunction (FEV,
predicted percentage, 61.9%; FEV,/FVC, 65.8%). Radiography
performed within 24 h after the first BT session revealed
atelectasis in the right middle lobe and peribronchial consoli-
dations in the right lower lobe (Fig. 2C). The CBC revealed
a white blood cell count (WBC) of 23.55x109/1 with 82.9%
neutrophils. The patient complained of a productive cough
with yellow sticky phlegm. The patient was given intravenous
moxifloxacin, methylprednisolone and frequent nebulized
treatments. Bronchoscopy indicated that yellow, sticky phlegm
occluded the right lower lobe bronchus (Fig. 2I). After bron-
choscopic washing and ambroxol lavage, the right lower lobe
bronchus became clear (Fig. 2J) and the symptoms markedly
diminished. The patient underwent a second BT session 43 days
later. Within 24 h, radiography revealed atelectasis and peri-
bronchial consolidations in the left lower lobe (Fig. 2D). The
CBC revealed a WBC of 18.6x10%/1 with 81.2% neutrophils and
0.2% eosinophils. Bronchoscopy indicated that the left lower
lobe bronchus was occluded by yellowish phlegm (Fig. 2K).
After 76 days, the patient underwent a third BT session and on
the following day, radiography indicated peribronchial consoli-
dations in the left lower lobe (Fig. 2E). Bronchoscopy revealed
that bronchi in the right and left upper lobes were occluded
by numerous white, sticky phlegm plugs (Fig. 2M-P). After
five days, radiography suggested that peribronchial consolida-
tions in the left lung (upper and lower lobes) had increased
(Fig. 2F) and the patient was still wheezing. After one week of
administering intravenous moxifloxacin, methylprednisolone
and frequent nebulized treatments, the wheezing diminished.
At 5 months thereafter, the patient's radiography results were
normal (Fig. 2H).

Discussion

In a previous study by our group (8), a patient who suffered
from pneumothorax directly after BT was briefly described.

To the best of our knowledge, this was the first case that
required intubation and mechanical ventilation in an ICU after
BT. In the present study, this case was described in detail by
displaying the chest radiologic modifications. The collapse of
the upper lobe due to bronchus occlusion and excess traction
on pleura was the major cause of the localized pneumothorax.
Further possible causes may be old age, poor basic pulmonary
function and underlying diseases. Recently, Funatsu er al (13)
reported on a case of pulmonary cyst and pneumothorax after
BT. Similar to our case, their patient experienced hypoxemia
and complete bilateral upper lobe atelectasis after the third BT
session. However, their case featured the sudden emergence
of a pulmonary cyst in the right middle lobe associated with
pneumothorax on post-operative day 6. They explained that
pneumothorax was caused by the rupture of the pulmonary
cyst that had been formed during the pulmonary function test
after BT.

To the best of our knowledge, the present study was the
first to evaluate the short-term lung conditions following BT
based on both chest radiography and bronchoscopy. Abnormal
radiologic findings at 18-24 h after each BT session included
atelectasis, peribronchial consolidation, opacities, pleural
effusion, effusion in oblique fissures, pleural thickening and
pneumothorax. Bronchoscopic abnormalities at one day after
each BT session included sticky phlegm and mucus plugging
in the corresponding bronchi. In most cases, these radiologic
modifications were markedly decreased or had disappeared
within one month after the use of oral/systemic glucocorti-
coids, expectorants and/or bronchoscopic interventions.

Recently, Debray et al (6) analyzed early CT modifica-
tions induced by BT in 13 patients who had undergone a
total of 27 BT sessions. The chest CT performed on the
day after BT revealed pulmonary peribronchial consolida-
tions and ground-glass opacities in all treated lobes, as
well as atelectasis (lobar and segmental). The percentage of
abnormal CT modifications was 68%. d'Hooghe et al (7)
analyzed 34 chest radiographs and 16 chest CT scans of 12
severe asthmatic patients directly after BT. Approximately
91% of the radiographs exhibited modifications, including
peribronchial consolidations (97%) and atelectasis (29%).
No bronchoscopic intervention was required. The follow-up
CT scan after six months indicated resolution of the changes.
d'Hooghe et al (7) performed the chest X-ray within <5 h after
BT and Debray et al (6) performed the CT scan on the day
after BT. In the present study, the chest X-ray was performed
at 18-24 h after each BT session. In line with the results of
d'Hooghe et al (7) and Debray et al (6), similar chest radiologic
modifications were observed the present study. These two
previous studies and also the present study indicated that peri-
bronchial consolidations are the most frequent modifications
shortly after BT. Atelectasis at 18-24 h after BT occurred 53%
of cases in the present patient cohort, while Debray et al (6)
and d'Hooghe et al (7) reported an incidence of 68 and 38%,
respectively. Debray et al (6) reported that CT changes were
not associated with respiratory symptoms. In comparison, the
patients with severe chest radiological modifications of the
present study had more symptoms.

Debray et al (6) reported that opacities occurred in
12 untreated lobes in one-third of patients on the day after BT.
The BT-untreated lobes involved the middle lobe (n=5) and the
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right lower lobe (n=4). An explanation for this may be the diffu-
sion of heat shock of BT along the bronchial wall and extension
of heat shock through fissures (11). d'Hooghe et al (7) reported
that 31% of the chest CTs had ground-glass opacities in the
neighboring non-BT-treated lobe. However, no abnormalities
were detected in the non-BT-treated right middle lobe. The flow
of mucosal blood and/or mucus runs down from the BT-treated
upper lobes to untreated lower lobes, which may be a reasonable
explanation for the radiological abnormalities being located only
in the non-BT-treated lower lobes in all of the patients of that
study. In the present study, 15% of chest radiographs exhibited
early modifications in the non-treated right upper lobes after BT
in the left lower lobes. However, after BT of the right and left
upper lobes, 50% of chest radiographs exhibited abnormalities
(mainly peribronchial consolidations) in untreated lower lobes.
In addition, bronchoscopic modifications in untreated lobes
generally included small amounts of white secretions in the
bronchus and swelling of the mucous membranes.

In the present study, 7 of the 12 patients required broncho-
scopic intervention after BT. The bronchoscopic abnormality
(mucus plugging) corresponded to imaging abnormalities of the
same lung lobe. The bronchoscopic intervention group exhibited
severe eosinophilic inflammation (median sputum eosinophil
ratio, 13%) which may contribute to the development of mucus
plugging after BT. However, the non-bronchoscopic group
exhibited severe eosinophilic inflammation (median sputum
eosinophil ratio, 36.5%) and had milder symptoms and imaging
abnormalities after BT. Debray et al (6) and d'Hooghe et al (7)
did not perform any induced sputum analysis. Therefore, it is
not known whether there was an obvious eosinophilic airway
inflammation in their patients presenting with atelectasis after
BT. It remains elusive whether there is an association between
eosinophilic airway inflammation and mucus plugging of
the airway after BT. Compared with the non-bronchoscopic
intervention group, the patients who required bronchoscopic
intervention had poorer lung function (pre-f3,-agonist mean
FEV, predicted percentage, 65.1%) and were more likely to
develop lung lobar atelectasis (not segmental atelectasis),
with their lobar bronchi occluded by phlegm plugs. However,
Debray et al (6) reported that the FEV, predicted percentage
in 13 patients was 60.5% and these patients had a longer
duration of asthma and more hospitalizations during the past
year. No bronchoscopic intervention was required for these
patients, which may be explained by their relatively younger
age (average, 40.8 years). Similarly, d'Hooghe et al (7) reported
that no bronchoscopic intervention was required for their
patients. Facciolongo et al (14) reported on a case of recurrent
lobar collapse occurring a few hours after two BT sessions. The
patient had acute respiratory failure and required bronchoscopic
removal of plugs. In the present study, seven patients needed
bronchoscopic intervention, but the intervention was unable to
relieve the radiological abnormality for one patient after the
third BT session. Further well-designed controlled studies are
warranted to determine whether bronchoscopic intervention is
required in patients developing lobar atelectasis following BT.

In summary, to the best of our knowledge, the present
study reported the first case of pneumothorax following BT
in need of intubation. Furthermore, there was a high incidence
of early radiologic abnormalities (i.e., mainly atelectasis and
peribronchial consolidations) after BT. Bronchoscopy revealed

occlusion of the bronchus by phlegm plugs at the corresponding
sites. However, whether bronchoscopic intervention is needed
for atelectasis following BT requires further investigation.
Besides this, BT should be audited and recorded in detail and
ideally contribute to a framework of clinical trials in order to
improve risk-benefit evaluations and the selection of patients
likely to benefit from treatment.
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