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a Giant Bulla Facilitating a Successful Bronchoscopic

Bullectomy with Valves: A Case Report
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Abstract: The recommended standard treatment for giant bullae is surgical bullectomy.

However, with a relatively high risk for perioperative morbidity and mortality, it is unsuitable

for some patients. Recently, bronchoscopic bullectomy with one-way valves has shown

efficacy and safety in some cases. Locating the giant bulla and confirming the negative

collateral ventilation are essential for the bronchoscopic bullectomy with valves. Here, we

report a case with a giant bulla using the Chartis System to correct the previous mislocation

by the high-resolution computed tomography (HRCT), thus helping to achieve a great

efficacy in the bronchoscopic bullectomy with valves. Our case suggests that bronchoscopic

bullectomy with valves could be an effective and safe choice. Chartis system can be helpful

in determining the location of a bulla when difficulty is encountered using HRCT.

Keywords: bullae, emphysema, Zephyr EBV, location

Introduction
In recent years, bronchoscopic lung volume reduction (BLVR) with one-way valves

has been shown to improve lung function and exercise capacity in carefully selected

patients with severe heterogeneous emphysema.1–4 The one-way valves implanted

in the target bronchi can permit airflow out of the target lobe during exhalation and

prevent it from flowing back in through the valves, thus causing the target lobe

volume reduction. However, patients with giant bullae (greater than 5cm diameters)

have been excluded from previous randomized controlled trials (RCTs) of valves.

Bullae frequently appear in the lung of emphysematous patients. Giant bullae,

precipitating a total loss of lung function, will occupy a relatively larger space of

the thorax than pure emphysema and cause more lung tissue compression around

the affected area. Therefore, it can be recognized as extremely heterogeneous

emphysema from lung mechanics, restricting the pulmonary function of patients

more significantly. Although the recommended standard therapy is surgical

bullectomy,5 it is rational that giant bullae can be deflated by implanting valves

in the bronchi connected to it. Another advantage of bronchoscopic bullectomy

with valves over bullectomy is less invasiveness which can reduce the risks for

perioperative morbidity and mortality that are much higher after thoracic surgical

procedures in patients with severe emphysema.6 The largest obstacle challenging

interventional pulmonologists is how to locate a giant bulla, as the airway might be

compressed and the tension of a giant bulla may transpose itself to a different
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location. Therefore, the lobe where a giant bulla originates

from might be misjudged using high-resolution computed

tomography (HRCT), which is the standard screening

method before the BLVR. If the valves are placed into

the wrong lobe bronchi, it may lead to treatment failure or

even the enlargement of the bulla. The latter change may

further deteriorate pulmonary function and cause very

severe complications. Here we reported a case with

a giant bulla, for the first time to our knowledge, using

Chartis system to redress the previously mislocation by

HRCT and acquired the successful therapy of broncho-

scopic bullectomy with endobronchial valve (EBV).

Case Presentation
A 70-year-old male, diagnosed with chronic obstructive

pulmonary disease (COPD) for 3 years, was admitted to

the hospital in July 2019. He presented with exertional

dyspnea, a mild chronic cough with reduced sputum produc-

tion. He had a history of cigarette smoking (10 pack-years)

and had quit when COPD was diagnosed. He was on bude-

sonide/formoterol (160/4.5ug) for two years with a mild

symptomatic improvement. This year, he experienced acute

exacerbations that required hospitalization twice. The last

one was in June. Five days before hospitalization, he experi-

enced a deterioration of symptoms including worsening

dyspnea and sweating. X-ray and chest CT in the local

hospital showed a large right pneumothorax and conse-

quently, thoracic drainage was conducted.

After 1 week of recovery from the pneumothorax,

HRCT was performed. It revealed severe bilateral centri-

lobular emphysema with a giant bulla, which might be

located in the right middle lobe (RML) (see in Figure

1A–C). Both the upper lobe and the middle lobe in the

right lung were compressed. The maximum dimension of

the giant bulla in the axial view was 15.2×6.9 cm.

Automatic HRCT analysis software (SYNAPSE

VINCENT; Fuji Film, Tokyo, Japan) was used to analyze

the emphysematous lung volume (see in Table 1 and

Figure 2A and B). The percentage of emphysematous

lung volume in the RML was 82.9% which confirmed

that the giant bulla originated from the RML. The 6-min

walk distance (6MWD) was 163m. The modified Medical

Figure 1 (A–C) High resolution computed tomography (HRCT) taken before the procedure (Horizontal axis, coronal, sagittal, respectively) indicates severe emphysema

and a giant bulla in the right middle lobe. (D–F) HRCT taken at 1st day after the procedure showing the decrease of the bulla and the re-expansion of the adjacent lobe.
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Research Council (mMRC) dyspnea scale was 3 and the

COPD Assessment Test (CAT) score was 18. Arterial

blood gas analysis (on 2.0L/min oxygen therapy) showed

that pH was 7.413, PaCO2 40.0 mmHg, and PaO2 92.2

mmHg. The pulmonary function test (PFT) was not per-

formed for the recent pneumothorax.

After a discussion with a thoracic surgeon, the patient

refused surgical bullectomy because of the high risk asso-

ciated with the surgical procedure. Thus, we decided to

perform bronchoscopic bullectomy with valves.

The procedure was performed under general anesthesia

with intubation. The Chartis System (Pulmonx International

SARL, Switzerland) was used to test bilateral ventilation.We

blocked the right middle bronchus with the balloon catheter

and observed the expiratory airflow and the airway pressure

(Figure 3A). Before blocking, the peak airflow of RML was

about 300–400 mL/min, and then the flow stopped

immediately and a progressive negative pressure was

observed. Such a change indicated that the right middle

bronchus may collapse or the RML was completely atelec-

tatic. It showed that the location of the giant bulla was

probably not in the RML, which did not match the previous

analysis by HRCT. Then we placed the catheter in the

entrance of the right upper bronchus, a peak airflow less

than 50 mL/min was measured before blocking and then

a gradual decrease in flow (total of 22.4mL) and an increase

in pressure were observed (Figure 3B). The airflow reached

zero in 3min and 1s, which indicated the collateral ventilation

was negative. Then we confirmed the target lobe to be the

right upper lobe (RUL). After the measurements of the apical

segmental bronchus, the posterior segmental bronchus, and

the anterior segmental bronchus, we selected three Zephyr

EBV 4.0 (PulmonX Corp, Redwood City, CA, USA) and

implanted them in each segmental bronchus of the right

upper lobe.

A bedside X-ray was performed immediately after the

bronchoscopy. It showed that the right lung volume

decreased mildly compared to that before the procedure

(Figure 4A and B). HRCT conducted on the 1st day illu-

strated mild shrinking of the giant bulla and re-expansion

of the adjacent lobe (see in Figure 1D–F). The volumes

before and after bronchoscopic bullectomy were also mea-

sured using SYNAPSE VINCENT (see in Table 1).

The patient got a significant improvement in symptoms

and 6MWD, which increased to 276m. He completed PFT

successfully and the outcome measures were the

Table 1 Changes in Volume and Emphysematous Volume After

Bronchoscopic Bullectomy with Endobronchial Valves

Volume (mL) Emphysematous

Volume (mL)

Baseline Post 1 Day Baseline Post 1 Day

Total 4523.0 4247.1 1105.9 863.4

Right upper lobe 1424.6 1327.0 525.4 369.2

Right middle lobe 458.5 454.0 380.0 363.5

Right lower lobe 559.5 544.8 0.4 0.4

Left upper lobe 1304.2 1216.8 196.3 126.6

Left lower lobe 776.3 704.5 3.8 3.7

Figure 2 (A) 3-D analysis by SYNAPSE shows the lung lobes with a different color: yellow, right upper lobe; blue, right middle lobe; green, right lower lobe; red, left upper

lobe; purple, left lower lobe. (B) 3-D analysis by the SYNAPSE shows the emphysematous area. The larger the area, the more severe the emphysema.
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following: forced expiratory volume in 1 s (FEV1), 0.97L

(percentage of predicted the FEV1, 39.7%); forced vital

capacity (FVC), 2.17L (percentage of predicted the FVC,

68.7%); FEV1/FVC ratio, 43.29%; residual volume (RV),

4.14L (percentage of predicted RV, 170.5%); total lung

capacity (TLC), 6.21 L (percentage of predicted TLC,

106.2%); and percentage of predicted diffusing capacity

of carbon monoxide (DLCO), 53.9%.

Eight days after the procedure, the patient suffered

right pneumothorax again and was cured by closed

Figure 3 The output in the Chartis system. (A) Right middle lobe: Higher leak airflow before blocking in the right middle bronchus. The airflow stops immediately and

a progressive negative pressure is observed. (B) Right upper lobe: Small leak airflow (less than 50mL/min) before blocking in the right upper bronchus. And the airflow

gradually decreases and reaches zero in 3min and 1s.

Figure 4 (A) Posterior-anterior chest X-ray taken before the procedure indicating severe emphysema and a huge bulla in the right lung. (B) Supine chest X-ray taken after

the procedure, showing a mild volume decrease in the right upper lobe.
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thoracic drainage in the local hospital. The second

bronchoscopy showed no EBV migration or dysfunction,

indicating that the pneumothorax probably originated from

RML or right lower lobe (RLL). The patient could not

complete the examination of HRCT or PFT for personal

reasons. After 5 months, through a follow-up performed

over telephone, he indicated that he felt well with an

mMRC scale score of 1 and a CAT score of 6.

Discussion
We performed bronchoscopic bullectomy with one-way

EBVs to treat a patient with a giant bulla which was

originally mislocated and achieved great efficacy with

our intervention.

The management of giant bullae depends on the sever-

ity of symptoms. Most of the patients seek bullectomy

therapy because of severe dyspnea or other complications

including pneumothorax.6,7 There are several papers

including case reports that showed the efficacy and safety

of bronchoscopic bullectomy with one-way valves in the

treatment of giant bullae.8–11

Determining the location of a giant bulla and con-

firming the bulla is supplied by the bronchus is essential

for valve treatment. Nevertheless, in some patients, it is

difficult for the transposition of giant bullae caused by

its high tension. HRCT can provide detailed information

from the 3-D analysis. However, it may be misleading

or futile when the airways feeding a bulla are collapsed

by the compression of the giant bulla or adjacent lung

tissues. The Chartis System can measure the airflow and

intra-luminal pressure signals of airways. Primarily, it is

used to measure the presence of collateral ventilation

between adjacent lobes, which is a contraindication of

bronchial volume reduction. Therefore, the Chartis

System can predict the radiological and clinical response

to bronchial valve volume reduction.12 However, the

patterns of giant bullae in the Chartis system remain

uncertain. The mechanism of evolution of a giant bulla

is essential. The traditional view indicates a valvular

mechanism in an emphysematous area which only

allows gas to enter but not leave. Under tension, the

inflated area blows up. However, Morgan13 measured

the oxygen and carbon dioxide tension and pressure in

the giant bullae, and found that the pressure in the

bullae mirrored the pleural pressure and was not

“under tension”. Besides, they found that although gas

could flow into and out of the giant bulla, the ventilation

is smaller and slower than the surrounding lung. These

results, to some extent, could indicate the flow signal of

a lobe with giant bullae in the Chartis System -

a relatively low leak airflow first, and a subsequent

gradual decrease in flow after blocking the bronchus.

In the present case, the giant bulla was identified in the

right middle lobe first from the HRCT analysis. In addition,

the automatic software SYNAPSE VINCENTconfirmed the

highest emphysema rate in the RML (82.9%). To clarify it,

we used the Chartis System during the procedure. The per-

formance of the RML in the Chartis System did not match the

characters of a giant bulla while the RUL did. One day after

the procedure, the giant bulla was deflated mildly which

indicated the bronchus feeding it had been closed. To our

knowledge, this was the first case reported where the Chartis

System helped to correct and confirm the location of a giant

bulla which was originally misjudged by HRCT analysis.

The patient in our institution underwent a memorable

experience. He encountered spontaneous pneumothoraces

twice, one before and one after the procedure. In

the second pneumothorax, there was no evidence of

valve dysfunction or bulla re-expansion. The compressed

adjacent lung tissue will expand to occupy the newly

created space.1,14 The shifting of volume on one side of

the lung can result in the tearing of lung tissue, which

partly explains the reason for the pneumothorax. It was

reported that more than 90% of pneumothoraces devel-

oped within 3 days after the procedure in severe

emphysema;4 however, the present patient experienced

pneumothorax on day 8. The untreated ipsilateral lobes

were also emphysematous, and a rupture of blebs or bullae

in these lobes could also cause the second pneumothorax.

During follow up, the patient showed significant

improvements in symptoms and exercise capacity. This

successful implantation suggests that in selected patients,

whose definite bullae location is known and those who

have negative collateral ventilation, a bronchoscopic bul-

lectomy with EBV could be an effective and safe choice.

Chartis System can be helpful for determining the location

when it is difficult using HRCT.
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