
518 http://tar.sagepub.com

Ther Adv Respir Dis

2016, Vol. 10(6) 518 –524

DOI: 10.1177/ 
1753465816664862

© The Author(s), 2016.  
Reprints and permissions:  
http://www.sagepub.co.uk/
journalsPermissions.nav

Therapeutic Advances in Respiratory Disease

Creative Commons Non Commercial CC-BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 3.0 License (http://www.creativecommons.org/
licenses/by-nc/3.0/) which permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the 

SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction
Many endobronchial intervention techniques 
have been introduced recently into daily clinical 
practice. For example, bronchial stenting using 
silicone or metallic stents, and endobronchial 
therapies using neodymium yttrium aluminum 
garnet (Nd: YAG) lasers, argon plasma coagula-
tion or microwave coagulation have been well 
established [Niwa et al. 2009; Dalar et al. 2016; 
Miller et al. 2013]. An Endobronchial Watanabe 
Spigot (EWS) is a silicone bronchial blocker 
developed by Watanabe and colleagues [Watanabe 

et  al. 2003]. Bronchial occlusion with an EWS 
has been reported to be highly effective for the 
management of intractable pneumothorax and 
thoracic empyema with persistent bronchopleural 
fistula [Sasada et  al. 2011; Ishida et  al. 2015; 
Dalar et al. 2013]. As this procedure is relatively 
less invasive, it is suitable for patients who are 
elderly or unfit for surgical procedures. No spe-
cial device is required for inserting an EWS into a 
target bronchus. In most cases, bronchoscopists 
use grasping forceps to hold a spigot tightly and 
insert it into the target bronchus. However, there 
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Background: Bronchial occlusion with an Endobronchial Watanabe Spigot (EWS) has 
been shown to be useful in managing prolonged bronchopleural fistulas and intractable 
hemoptysis. EWS bronchial occlusion using a curette is less technically demanding. This 
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Methods: A total of 18 consecutive patients (15 men, 3 women, aged 47–85 years) who 
underwent bronchial occlusion using an EWS from April 2012 to August 2014 were evaluated. 
The method involves sticking the tip of a curette into an EWS to the first joint, allowing it to be 
turned in any direction or at any angle. The time required to occlude the target bronchus was 
measured on routinely recorded digital videos. Other parameters evaluated included success 
rates, complications, and clinical outcomes.
Results: Of the 18 patients, 11 underwent bronchial occlusion for intractable pneumothorax, 
5 for postoperative bronchopleural fistula, two for intractable empyema, and one for 
hemoptysis. Each patient required 1–7 EWSs (median 4). Target bronchi included the right 
upper (n = 8), left upper (n = 5), right lower (n = 2), left lower (n = 2), and right middle (n = 1) 
bronchi. The success rate of EWS insertion into the target bronchus was 100%. Time per EWS 
occlusion ranged from 65–528 sec (median 158.5 sec). Of the 62 insertions, 36 (58.1%) were 
completed within 3 min, and 58 (93.5%) within 5 min. Successful outcomes were observed in 
15 (83.3%) of the 18 patients.
Conclusions: EWS bronchial occlusion using a curette is a simple method for managing 
intractable bronchopleural fistulas in daily clinical settings.

Keywords: bronchial occlusion, bronchopleural fistula, bronchoscopy, curette, Endobronchial 
Watanabe Spigot

Correspondence to: 
Kazuyoshi Imaizumi, MD, 
PhD 
Department of 
Respiratory Medicine, 
Fujita Health University, 
1–98, Dengakugakubo, 
Kutsukake-cho, Toyoake, 
Aichi 470-1192, Japan 
jeanluc@fujita-hu.ac.jp

Sayako Morikawa, MD  
Takuya Okamura, MD, PhD  
Tomoyuki Minezawa, MD, 
PhD 
Yasuhiro Goto, MD, PhD  
Masamichi Hayashi, MD, 
PhD  
Teppei Yamaguchi, MD, 
PhD 
Sumito Isogai, MD, PhD  
Yuki Mieno, MD, PhD 
Sakurako Uozu, MD  
Toru Nakanishi, MD, PhD  
Department of Respiratory 
Medicine, Fujita Health 
University, Toyoake, Aichi, 
Japan

Naoki Yamamoto, MD, PhD  
Laboratory of 
Molecular Biology and 
Histochemistry, Fujita 
Health University, Toyoake, 
Aichi, Japan

Mitsushi Okazawa, MD, 
PhD  
Department of Respiratory 
Medicine and Clinical 
Allergy, Daiyukai General 
Hospital, Ichinomiya, Aichi, 
Japan

664862 TAR0010.1177/1753465816664862Therapeutic Advances in Respiratory DiseaseS Morikawa, T Okamura
research-article2016

Original Research

http://www.sagepub.co.uk/journalsPermissions.nav
http://www.sagepub.co.uk/journalsPermissions.nav
mailto:jeanluc@fujita-hu.ac.jp


S Morikawa, T Okamura et al.

http://tar.sagepub.com 519

may be difficulties inserting the bronchoscope 
into an arbitrary bronchus while holding an EWS. 
Moreover, operators should master a special 
technique such as ‘heel-kick method’ to plug the 
spigot into any target bronchus [Kida et al. 2016]. 
This report describes the advantages of a simple 
method that uses a curette to insert an EWS into 
a target bronchus. Using this method, we were 
able to insert an EWS into any bronchus of 18 
consecutive patients (22 procedures) within a 
very short time.

Materials and methods

Patients
The medical records of consecutive patients who 
underwent bronchial occlusion with an EWS at 
Fujita Health University Hospital from April 
2012 to August 2014 were retrospectively 
reviewed. All bronchoscopic procedures were 
recorded on a digital video recorder. The institu-
tional review committee (Fujita Health University 
Institutional Review Board) approved this study 
protocol, which was conducted in accordance 
with the tenets of the Declaration of Helsinki 
(approval number Fujita-14-230).

Endobronchial Watanabe Spigot
EWSs, the silicone endobronchial plugs originally 
developed by Watanabe and colleagues, can be 
purchased from Novatech SA, France. They are 
made of medical-grade silicone dyed with barium 
sulfate for radiodiagnostic visibility, with studs on 
the outside to prevent migration. EWSs are avail-
able in three different sizes according to the diam-
eter of the plug (small, 5 mm; medium, 6 mm; 
large, 7 mm) [Sasada et al. 2011]. EWS size was 
based on the diameter of the target bronchus 
measured on thin slice computerized tomography 
(TSCT), adjusted by direct bronchoscopic find-
ings during the procedure.

Bronchoscopic procedures and EWS insertion
After administration of local pharyngeal anesthe-
sia, all patients were lightly sedated with individu-
ally calculated doses of intravenous midazolam 
[Ogawa et  al. 2014]. Before the bronchoscopic 
procedures, all patients were intubated and 
underwent chest TSCT (0.5 mm slices) using a 
nonenhanced multidetector CT system (Aquilion 
One Vision Edition; Toshiba Medical Systems, 
Tokyo, Japan). TSCT images were analyzed to 

detect the bronchus responsible for persistent 
bronchopleural fistula or hemoptysis. The respon-
sible bronchi in patients with pneumothorax were 
detected by bronchial occlusion test using a bal-
loon catheter (Disposable balloon catheter C, 
Olympus Medical Systems Co. Ltd., Tokyo, 
Japan). Responsible bronchi were defined as 
those showing a reduction or cessation of air leak-
age through the chest drainage tube following 
obstruction. Bronchoscopes with a 2.0 mm diam-
eter working channel (BF-260 and BF-P260F; 
Olympus Medical Systems) and Cytology 
Curettes (Olympus Medical Systems) were used 
for insertion of an EWS into targeted bronchi 
(Figure 1). Briefly, a small cut was made at the 
thick end of the EWS to insert the tip of the 
curette. As EWS spigots are elastic, it was easy to 
make a cut using a tip of an 18-gauge injection 
needle (Figure 1A).

As the Cytology Curette has a tapered tip, it 
could be inserted into a cut made on the tip of 
the EWS. Equipped with an EWS, a curette 
could be rotated and bent at any angle and in any 
direction (Figure 1B). Following curette inser-
tion through the biopsy channel of a broncho-
scope, a spigot was attached to the tip of the 
curette, and the bronchoscope equipped with an 
EWS was inserted via an intubated tube into the 
target bronchus (Figure 1C, 1D). After reaching 
the target bronchus, the EWS was inserted into 
the bronchus by adjusting the angle and direction 
of the spigot. Once the EWS blocked the target 
bronchus, the curette was withdrawn while press-
ing the EWS with the bronchoscope into the tar-
get bronchus (Figure 1E).

Data acquisition
The time required for insertion of one EWS into 
the target bronchus during each procedure was 
retrospectively evaluated. All bronchoscopic pro-
cedures had been recorded by a digital video 
recorder. The time from insertion of the broncho-
scope into the endobronchial tube to the success-
ful insertion of an EWS into the target bronchus 
was measured on each video recording. Patient 
outcomes were determined by reviewing their 
medical records.

Results
During the study period, 18 consecutive patients 
(15 men and 3 women), of median age 69 years 
(range, 47–85 years) underwent bronchial 
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occlusion using an EWS. Patient background 
and target disease for EWS insertion are shown 
in Table 1. The most frequent target disease 
responsible for bronchial occlusion was intracta-
ble pneumothorax due to persistent air leakage, 
followed by persistent postoperative bronchop-
leural fistula.

An EWS was inserted into bronchi located in the 
right upper (n = 8), left upper (n = 5), right 
lower (n = 2), left lower (n = 2), and right middle 
(n = 1) lobes. Although 72% of the target bronchi 
were located in upper lobes, an EWS was success-
fully inserted into all target bronchi (success rate, 
100%). The median time required for insertion of 
an EWS into the target bronchus was 158.5 sec 
(range, 65–528 sec). The median number of 
EWSs inserted per patient was 4 (range, 1–7), 
and the mean procedure time per EWS insertion 
ranged from 92–365 sec (Table 2). Of the total of 
62 procedures, 36 (58.1%) were completed 

within 3 min and 58 (93.5%) within 5 min (Figure 
2). An EWS was dropped from a curette into the 
trachea or main bronchi during 9 of the 62 proce-
dures. Dropped EWSs were easily retrieved by 
bronchoscopic suction or by grasping using 
biopsy forceps. These data clearly showed that 
EWS insertion using a curette is a simple and use-
ful method. In addition, it is noteworthy that we 
mainly used thin bronchoscopes (BF type 260 or 
BF p260F, Olympus Co. Ltd. Tokyo, Japan). 
This method did not require any devices other 
than a curette, such as grasping forceps. Thin 
bronchoscopes were more convenient as they 
could be inserted into the target bronchus more 
easily.

Bronchial occlusion with an EWS yielded suc-
cessful outcomes in 15 (83.3%) of the 18 patients 
(Table 3). Pleural drainage tubes could be suc-
cessfully removed from 8 (72.7%) of the 11 
patients with intractable pneumothorax due to 

Figure 1. Photographs showing the method of EWS insertion using a cytology curette.
(A) A small cut was made with an 18-gauge injection needle at the thick end of the EWS to allow insertion of the tip of 
the curette. The tapered tip of a cytology curette could be inserted into the cut made on the tip of the EWS. (B) A curette 
equipped with an EWS could be rotated in any direction and bent at any angle. (C, D) Once the target bronchus was reached, 
the EWS was inserted into the bronchus, adjusting the angle and direction of the spigot. (E) After the EWS blocked the target 
bronchus, the curette was withdrawn while the EWS was pressed into the target bronchus with the bronchoscope.
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reduction of air leakage followed by pleurodesis. 
Overall, two patients with postoperative bron-
chopleural fistula required a repeat EWS inser-
tion to stop air leakage. Complications included 
obstructive pneumonia (n = 1), myocardial 
infarction (n = 1) and paroxysmal supraventricu-
lar tachycardia (n = 1). Overall, one patient with 

empyema died of sepsis. In this patient, EWS 
insertion failed to stop continuing air leakage via 
bronchopleural fistulas. A total of two patients 
with intractable pneumothorax died of underly-
ing diseases (lung cancer and acute exacerbation 
of pulmonary fibrosis) before air leakage was 
stopped.

Table 1. Demographic and clinical characteristics of the included patients.

Number of patients (Number of EWSs inserted) 18 (62)
Sex Male 15
 Female 3
Age, years Median (range) 69 (47–85)
Target disease of EWS Intractable pneumothorax 11
 Postoperative bronchopleural fistula 5
 Recurrent hemoptysis 1
 Empyema 1
Underlying diseases Lung cancer 6
 Aspergilloma 5
 COPD 2
 Pulmonary fibrosis 2
 Non-tuberculous mycobacteriosis 2
 CPFE 1

COPD, chronic obstructive pulmonary disease; CPFE, combined pulmonary fibrosis and emphysema; EWS, Endobron-
chial Watanabe Spigot.

Table 2. Target bronchi and mean procedure time per patient.

Patient 
number

Age 
(years)

Sex Disease Target bronchi Number 
of EWS

Mean procedure 
time (min:s)

1 81 M Pneumothorax Rt B6, B8ab, B9a 4 2:53
2 70 F Pneumothorax Lt B1+2c, B3a 2 2:54
3 77 M Pneumothorax Rt B3a,b 4 2:35
4 47 M Pneumothorax Rt B5 1 4:28
5 72 M Hemoptysis Lt B1+2a,b 2 6:05
6 68 M Empyema Lt B1+2b, B3a 2 3:34
7 60 M Fistula Lt B1+2a,b, B3b,c 4 4:28
8 61 M Fistula Lt B3a 2 2:52
9 69 M Pneumothorax Rt B1a,b, B2b, B3a 7 1:33
10 50 F Fistula Rt B2a,b 4 1:32
11 85 F Pneumothorax Rt B9a,b 2 1:39
12 74 M Pneumothorax Rt B1a,b 6 3:57
13 59 M Pneumothorax Lt B6a,b, B8a,b 4 2:57
14 85 M Pneumothorax Rt B1b, B2, B3b 4 5:07
15 62 M Pneumothorax Lt B1+2a,b, B3a,b 5 1:56
16 63 M Fistula Rt B1a, B2 3 1:43
17 63 M Fistula Rt B2 1 3:39
18 61 M Pneumothorax Rt B1b, B2 5 2:36

EWS, Endobronchial Watanabe Spigot; F, female; Fistula, postoperative bronchopleural fistula; Lt, left; M, male; Rt, right.
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Discussion
Persistent bronchopleural fistula is a problem 
occurring frequently in daily clinical settings. It 
may cause intractable pneumothorax or refrac-
tory pleural infection. Techniques described for 
the sealing of leaks have included those using tis-
sue or fibrin glues, endobronchial devices of vari-
ous kinds, and combination approaches [Slade, 
2014]. Bronchial occlusion with an EWS is an 
established and useful method of treating intrac-
table secondary pneumothorax. In some patients, 
especially those with severe emphysema or end-
stage pulmonary fibrosis, a single bronchial occlu-
sion would not be sufficient, and repeated 
bronchial occlusions may be required [Ishida 
et  al. 2015]. As these patients may experience 
severe respiratory failure, the bronchial occlusion 
procedure with EWS should be completed in a 
short time. In addition, EWS insertion was 
recently shown to be useful for the management 
of massive hemoptysis, one of the most common 
emergency situations [Dutau et al. 2006; Adachi 
et al. 2016]. Thus, EWS insertion should be both 
easy and reliable, without requiring special skills. 
The conventional method, in which the EWS is 
grasped with larger sized grasping forceps, is the 
most popular method currently utilized [Kida 
et al. 2016]. However, because of difficulties turn-
ing the forceps in any direction, the conventional 
method may require expert bronchoscopists.

The method described in this report is a very sim-
ple technique, allowing an EWS to be inserted 

into bronchi within a few minutes. Although 
many young bronchoscopists in our institute per-
form this procedure, the total procedure time 
required for inserting one EWS ranged from 1–9 
min (mean, 3 min). More than half of our young 
bronchoscopists had less than 3 years of broncho-
scopic experience. Compared with other novel 
techniques for inserting an EWS, including the 
side-grasping and guide-wire assisted methods, 
[Kida et al. 2016; Coiffard et al. 2014] our method 
was characterized by the use of a curette. As a 
curette equipped with an EWS can be easily 
rotated in any direction, an EWS could be inserted 
into any bronchus in a shorter period of time. 
Moreover, because an EWS pierced by a curette 
to the first joint was strictly fixed, EWS dropout 
during the procedure seldom occurred. As a 
curette can be inserted through a working chan-
nel 2.0 mm in diameter, a thin bronchoscope  
4.0 mm in outer diameter was frequently used, 
allowing an approach to further bronchi, such as 
subsegmental bronchi, directly. This may have 
led to good results, even when performed by less 
experienced bronchoscopists.

Several patients experienced complications dur-
ing the study. Overall, one patient experienced a 
myocardial infarction just after the procedure, 
and a second developed paroxysmal supraven-
tricular tachycardia during the procedure. 
Although both patients had no obvious cardio-
vascular medical history, their general condition 
had deteriorated due to chronic lung inflamma-
tion caused by aspergillosis. These cardiovascu-
lar complications may have been associated with 
diagnostic bronchoscopy [Asano et  al. 2012]. 
Cardiovascular complications are not likely 
caused by EWS insertion but by bronchoscopy 
on patients in poor general condition. Overall, 
one patient experienced obstructive pneumonia 
following successful bronchopleural fistula 
obstruction of refractory pneumothorax result-
ing from drainage tube removal. The pneumonia 
resolved immediately after the removal of  
the EWS with administration of antibiotics. 
Although plugged EWSs were not removed from 
other patients, no other patient has experienced 
obstructive pneumonia. Although long-term 
placement of EWS would be safe in most cases 
[Kaneda et al. 2015], EWS insertion may induce 
obstructive infection.

This study was an observational study involv- 
ing a limited number of patients at a single 

Figure 2. Time from the insertion of the 
bronchoscope into the endobronchial tube until 
successful insertion of an EWS into the target 
bronchus during each procedure. Of the 62 
procedures, 36 (58.1%) were completed within 3 min, 
and 58 (93.5%) within 5 min.
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institution. The method described here could 
not be directly compared with other, previously 
reported methods. Despite these limitations, our 
method for bronchial occlusion with an EWS 
using a curette is simple and reliable, even when 
performed by less-experienced bronchoscopists. 
Prospective, multicenter clinical trials compar-
ing this method with other methods are 
warranted.
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Table 3. Outcomes of each procedure.

Underlying disease
(target disease)

Result Post-EWS 
treatment

Complication Outcome
(days of drainage after 
EWS)

1 Lung cancer
(pneumothorax)

Success Pleurodesis Drainage tube removed
(24)

2 Pulmonary fibrosis
(pneumothorax)

Success Pleurodesis Drainage tube removed
(17)

3 COPD
(pneumothorax)

Success Pleurodesis
three times

Drainage tube removed
(17)

4 Lung cancer
(pneumothorax)

Success Pleurodesis Drainage tube removed
(4)

5 Lung cancer
(hemoptysis)

Success Hemoptysis stopped

6 Aspergilloma
(empyema)

Success Myocardial 
infarction

Drainage tube removed
(15)

7 Aspergilloma
(fistula)

Success Drainage tube removed
(8)

8 Aspergilloma
(fistula)

Success Drainage tube removed
(5)

9 CPFE
(pneumothorax)

Success Pleurodesis Obstructive 
pneumonia

Drainage tube removed
(7)

10 Aspergilloma
(fistula)

Failure Re-EWS
(case 11)

Prolonged drainage

11 NTM
(pneumothorax)

Success Drainage tube removed
(8)

12 Pulmonary fibrosis
(pneumothorax)

Failure Pleurodesis
two times

Death from AE

13 Lung cancer
(pneumothorax)

Failure Pleurodesis Cancer death

14 NTM
(empyema)

Failure Death from sepsis

15 COPD
(pneumothorax)

Success Pleurodesis
four times

Drainage tube removed
(26)

16 Lung cancer
(fistula)

Failure Re-EWS
(case 17)

Prolonged drainage

17 Lung cancer
(fistula)

Success Cancer death

18 Aspergilloma*

(pneumothorax)
Success Pleurodesis Arrhythmia

(PSVT)
Drainage tube removed
(12)

*Recurrences in patients 7 and 8.
AE, acute exacerbation; COPD, chronic obstructive pulmonary disease; CPFE, combined pulmonary fibrosis and em-
physema; EWS, Endobronchial Watanabe Spigot; fistula, postoperative bronchopleural fistula; NTM, nontuberculous 
mycobacteriosis; PSVT, paroxysmal supraventricular tachycardia.
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