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Introduction

Bronchial thermoplasty (BT) is a novel therapeutic 
option for patients with severe asthma refractory to 
pharmacotherapy (1,2). The procedure targets airway 
smooth muscle and relieves the bronchoconstriction 
characteristic of asthma. Radiofrequency energy provides 
thermal treatment (65 ℃) to the visible (>3 mm in diameter) 
airways. Treatment is administered using a specialized 
catheter, introduced via a flexible bronchoscope, in 
three sessions carried out at 3-week intervals (3). Three 

international randomized clinical trials (2,4,5) in patients 
with mild to severe asthma demonstrated the safety of BT, 
significant long-term improvements in the rate of asthma 
exacerbation, and an acceptable rate of post-treatment 
adverse events. Recently, the results of a 5-year follow-up 
were published, in which there was persistent asthma quality 
of life questionnaire (AQLQ) improvement and reductions 
in exacerbation, hospitalization, and emergency room visits. 
In addition, two systemic reviews confirmed the long-
term benefits of BT in patients with moderate to severe  
asthma (6,7). We believe this is the first report to combine 
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optical coherence tomography (OCT) and a 3-year follow-
up with chest CT to evaluate a patient with severe persistent 
asthma who developed bronchiectasis after BT.

Case presentation

A 49-year-old Chinese male began to wheeze in December 
2012, especially after physical activity or coming into contact 
with irritating smells or cold air. His lung function indicated 
that the provocative test was positive and he was diagnosed 
with asthma. When he was treated with Symbicort 
(160/4.5 µg q12h), his symptoms were first relieved 
but then recurred. He had a history of well-controlled  
type II diabetes However, his asthma worsened, and he 
suffered wheezing, dyspnea, and dripping sweat in March 
2013. He was treated with Symbicort (320/9 µg q12h), 
Montelukast, and Theophylline, and his lung function test 
indicated mild obstructive ventilatory dysfunction in January 
2013 (FEV1% Pred: 75.4%, FVC% Pred: 80.4%, FEV1/
FVC 76.4%). Because of his recurrent wheezing even under 
the above treatment regimen, he was diagnosed severe 
asthma in 2014. His chest computed tomography (CT) 
scan performed in June 2014 (Figure 1A,B) was normal. He 
underwent BT in a tertiary referral hospital in June 2014. 
During this procedure, the airway was treated with thermal 
energy three times via bronchoscopy: (I) in the right lower 
lobe, there were 77 complete tissue activations on June 11, 
2014; (II) in the left lower lobe, there were 91 complete 
tissue activations on July 2, 2014; and (III) in the bilateral 
upper lobes, there were 154 complete tissue activations on 
July 23, 2014. After BT, the patient took Theophylline, 
Montelukast,  inhaled Budesonide, and Symbicort  
(320/9 µg, q12h). His self-monitored peak expiratory flow 
(PEF) was consistently 650 L/min. However, he complained 
of intermittent thoracalgia on August 14, 2014, and he 
expectorated yellow viscous sputum. Then, 21 days after 
the third BT session, he sustained asthma exacerbation 
with an ACT score of 20. On September 10, 2014, he was 
seen at a local hospital affiliated with a medical university, 
whose WBC 7.15×109/L, neutrophils (Neu)% 60.5% 
and eosinophils (Eos)% 19.3%. A chest X-ray showed 
bronchitis and right pleural adhesions. Despite 6 days of 
oral Cefonicid and IV Aminophylline, his thoracalgia and 
wheezing continued to worsen. On September 17, 2014, 
he returned to the tertiary referral hospital where he had 
undergone BT. His complete blood count was WBC 
5.44×109/L, Neu% 57.6%, and Eos% 1.1%. The serum 
total IgE was 238 KU/L. The neutrophils and eosinophils 

of induced sputum were 25.5% and 73.5%, respectively. 
His FeNO was 87 ppb. His lung function test showed a 
decrease in his FEV1 value to 26.5%. A chest CT scan 
showed mild bronchiectasis accompanied by inflammation 
(Figure 1C). After he was treated with Methylprednisolone 
(40 mg qd) intravenously, oral Theophylline (0.2 q12h) 
and oral Cefoperazone-sulbactam (2 g q12h for 7 days), his 
symptoms were relieved.

He had recurrent cough and wheezing from October 
2014 to August 2015. In August 2015, he was admitted to 
our hospital. His physical exam was normal. His complete 
blood count was WBC 8.56×109/L, Neu% 73.9% and 
Eos% 0.2%. His hepatic function and procalcitonin levels 
(<0.05 ng/mL) were normal. His serum total IgE was 
416 KU/L. The specific IgE for Aspergillus fumigatus was 
positive. MPO-ANCA and PR3-ANCA were negative. 
Sputum smear tests for fungi and tuberculosis (TB) 
were performed in quadruplicate and negative. The 
induced sputum showed Neu% 87.5% and Eos% 0%. 
His bronchoalveolar lavage fluid indicated macrophages 
(Mac)% 96, Neu% 0.5 and Eos% 0. The lung function 
test results were mild obstructive ventilatory dysfunction 
(FEV1% Pred: 91.5%, FVC% Pred: 111.4%, FEV1/
FVC 66.57%). The paranasal sinus CT scan indicated 
inflammation in the ethmoid and maxillary sinuses. His 
chest CT scan showed mild bronchiectasis bilaterally 
(Figure 1D). Bronchoscopy showed that the right principal 
bronchus and each segmental bronchus were unobstructed. 
Airway mucosa was intact. There was a small amount of a 
white secretion but no neoplasm in the principal bronchus 
or in the segmental bronchi. The anterior and posterior 
basal segments of the right lower lobe had a narrow 
opening surrounded by congestion and a swollen mucous 
membrane with yellow secretions. The left principal 
bronchus was also unobstructed. In the posterior basal 
segment of the left lower lobe, a limited expansion was 
accompanied by congestion, a swollen mucous membrane, 
and yellow secretion (Figure 1E). The patient’s symptoms 
were relieved after 2 days of treatment with oral Prednisone 
(15 mg qd), Symbicort (320/9.0 µg q12h), Acetylcysteine, 
Nysfungin tablets, and Acarbose. After discharge from the 
hospital, he was treated for 16 days with Clarithromycin, 
oral Prednisone (10 mg qd), Symbicort (320/9.0 µg q12h), 
isopropyl bromide, and Budesonide aerosol.

The patient returned to our hospital for reexamination 
on November 2, 2015. OCT of the bronchi demonstrated 
that, compared with the 4th-generation bronchus, the  
7th-generation bronchus, evaluated in cross-section in 
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Figure 1 Chest computed tomography (CT) scan on May 4, 2013 (A) and June 4, 2014 (B), before bronchial thermoplasty (BT). There 
were no structural changes. (C) Chest CT scan after BT on September 18, 2014. The red arrows indicate bilateral mild bronchiectasis 
accompanied by infection. (D) Chest CT scan after BT on August 2, 2015. The red arrows indicate bilateral mild bronchiectasis.  
(E) Bronchofiberscope examination reveals that the principal bronchus and each segmental bronchus were unobstructed. The airway mucosa 
is intact. There was a small amount of a white secretion, but no neoplasm was seen in the principal bronchus or in any of the segmental 
bronchi. In (A,B,C,D), R indicates the right side.
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the posterior basal segmental bronchus of the left lower 
lobe, was significantly dilated and filled with sputum bolt  
(Figure 2). A chest CT scan on December 1, 2016 identified 
mild bronchiectasis (Figure 3A). OCT performed on 
February 24, 2017 indicated that the cross-sections of 
the 6th- to 7th-generation bronchi in the posterior basal 
segment of the left lower lobe were significantly wider than 
those of the 4th- and 5th generation bronchi. The distal 
bronchus was narrow and obstructed but without sputum 
bolt (Figure 3B,C). From March 2017 to June 2018 the 
patient coughed up yellow phlegm once every month and 
he was treated with antibiotics.

Discussion

This patient was a severe asthmatic with blood eosinophilia 
(19.3%), positive specific IgE for Aspergillus fumigatus, 

elevated serum total IgE (416 KU/L), negative MPO-
ANCA and PR3-ANCA, sputum eosinophilia (73.5%) 
and nasosinusitis. The chest CT scan and OCT indicated 
mild bronchiectasis. Because maximal serum total IgE was 
less than 1,000 KU/L, the patient did not meet diagnostic 
criteria for allergic bronchopulmonary aspergillosis 
(ABPA) (7). Although there was blood eosinophilia (>12%) 
and nasosinusitis, his chest CT scan only indicated mild 
bronchiectasis, and lung biopsy did not show extravascular 
eosinophilic infiltrates without symptom about nervous 
lesion, which did not meet diagnostic criteria for 
eosinophilic granulomatosis with polyangiitis (EGPA) (8).

In July 28, 2015, the patient’s sputum was cultured 
for fungi and bacteria and found positive for Streptococcus 
viridans and Neisseria, but sputum smear tests for fungi 
and TB performed in quadruplicate were all negative. 
The patient had no hypoimmunoglobulinemia and no 

Generation 4

Normal

This case

Bronchiectasis

Generation 7 Generation 7

Figure 2 Optical coherence tomography (OCT) was used to evaluate morphological changes of airways of the patient on November 2, 
2015. Endobronchoscopy during OCT was performed to measure the basal segmental bronchus of the left lower lobe. The 7th-generation 
bronchi, seen on cross-section, were significantly more dilated than the 4th-generation bronchi and filled with sputum blot. The red arrows 
show longitudinal sections obtained from a healthy person, our patient, and a patient with confirmed bronchiectasis. The shadowed region 
on the cross-section represents sputum. In all images, the blue arrows pointed to the 7th-generation bronchi.
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history of using immunosuppressants. The patient also had 
no congenital disease such as A1AT or cilium defect, as 
indicated by his normal chest CT before BT (Figure 1A,B). 
There was also no airway obstruction (Figure 1A,B) and 
no history of inhalation of toxic substances. This leaves 
necrosis of smooth muscle after BT as a possible cause 
of his bronchiectasis. However, the exact pathways that 
lead to loss of airway smooth muscle—various apoptotic 
responses, autophagy, necrotic cell death, and other 
responses—are unclear (9). The number of tissue activation 
processes performed during the three BT procedures were 
all significantly higher than the 60 recommended by the 
current guidelines (10), which may be another cause of his 
bronchiectasis.

Although CT has been used to detect peripheral airway 
abnormalities indirectly, it cannot indicate the precise location 

of airway anatomic changes (11). Chest CT quantification 
could only accurately evaluate bronchial structure to 
generation 5–6, for which the caliber of medium-sized 
bronchi served as the surrogate of small-airway caliber (12).  
Many studies have indicated that OCT is a useful way 
to evaluate morphological changes in different portions 
of airways of chronic obstructive pulmonary disease and 
asthma before and after BT (13,14). In our hospital, we 
have evaluated over 10 patients with bronchiectasis by OCT 
and clearly established morphological changes in different 
portions of airways of bronchiectasis. Therefore, to make up 
deficiency of CT, we used OCT to evaluate morphological 
changes of this patient in our study. According to Figure 2,  
OCT of the bronchi demonstrated that, compared with 
the 4th-generation bronchus, the 7th-generation bronchus, 
evaluated in cross-section in the posterior basal segmental 

Figure 3 Bronchiectasis of the patient  were evaluated again by chest computed tomography (CT) and optical coherence tomography (OCT) as 
following: (A) chest CT scan after bronchial thermoplasty (BT) on December 1, 2016. The red arrows indicate mild bilateral bronchiectasis. R 
indicates the right side; (B) on OCT performed on February 24, 2017, the 4th- to 5th-generation bronchi were mildly dilated; (C) the OCT image 
recorded on November 2, 2015 shows that the cross section of the 6th- to 7th-generation bronchi in the posterior basal segmental bronchus of the 
left lower lobe to be significantly dilated. The distal bronchus was narrow and obstructed but lacked sputum bolt.
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bronchus of the left lower lobe, was significantly dilated and 
filled with sputum bolt.

Conclusions

While BT is a well-established and safe treatment option 
for patients who suffer from severe asthma, the causes of 
bronchiectasis after BT are largely unknown. Ours is the 
first report to combine OCT and a 3-year follow-up with 
chest CT to evaluate a patient with severe persistent asthma 
who developed bronchiectasis after BT. Further studies are 
needed to fully understand the mechanism underlying BT 
and its relationship to bronchiectasis.
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