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Introduction

Extended sleeve lobectomy (ESL), which is defined as the 
atypical sleeve resection of more than one lobe, has been 
widely accepted to preserve the pulmonary function (1-3). 
Double-barrel anastomosis has been reported as a method 
of bronchial reconstruction after carinal resection; however, 
it is rarely applied in the reconstruction of segmental 
bronchi. We herein report a case in which ESL with 
double-barrel anastomosis of the middle lobar bronchus 
(MLB) and basilar bronchus (BB) was successfully applied 
in the treatment of a patient with centrally located lung 
adenocarcinoma.

Operative techniques

Patient

A 75-year-old man was referred to our hospital because of 
an abnormality on a sputum examination. Chest computed 
tomography showed a 37×20 mm2 lung tumor in the 
right S6 widely adjacent to the membranous portion of 
the intermediate bronchus (Figure 1A,B). Endobronchial 
ultrasound transbronchial needle aspiration revealed 
adenocarcinoma without evidence of nodal metastasis. 
The clinical diagnosis was a stage IB (T2aN0M0) 
adenocarcinoma, and surgical treatment was indicated.

Surgical procedure

A schematic illustration of the operation is shown in 
Figure 2. Due to the extensive tumor location along the 

intermediate bronchus, right lower sleeve lobectomy with 
double-barrel bronchoplasty of the right upper and middle 
lobar bronchi was preoperatively planned. During the 
operation, however, the tumor was noted to further extend 
into the right upper bronchus and S2 from the intermediate 
bronchus (Figure 3A), and right upper lobectomy was 
considered to be inevitable for complete resection of the 
tumor. Intending to the balance of oncological curability 
and a preserved pulmonary function, the initial plan was 
changed to sleeve resection of the right upper lobe and S6.

The right main bronchus (RMB), MLB and BB were 
carefully exposed and transected to obtain sufficient 
surgical margins (Figure 3B,C), and a new bifurcation 
between the MLB and BB was created. The new orifice 
was then anastomosed to the RMB in the double-barreled 
fashion. After trimming the bronchial edges, MLB and 
BB were combined with three interrupted sutures of  
4-0 polydioxanone sutures (PDSII, Johnson & Johnson, 
Tokyo, Japan) in order to make a combined orifice obtuse 
triangle (Figure 4A). These three sutures were ligated inside 
the bronchial lumen to secure a tight knot. Prior to docking 
the combined bronchi to the RMB, the membranous 
portion of the RMB stump was shorten by a stich with 4-0 
PDSII to adjust to the orifice of the combined bronchi  
(Figure 4B). The pericardium was dissected below the 
inferior pulmonary vein and a folded sterilized gauze was 
placed in the space under the middle lobe and basilar 
segment to relieve tension between the anastomosis. 
End-to-end anastomosis in a double-barrel fashion was 
performed with continuous running sutures in most of the 
membranous portion of the RMB and nine interrupted 
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Figure 1 Preoperative chest computed tomography. (A) The axial view showed the tumor in the right S6 (yellow arrow) was adjacent to the 
membranous portion of the intermediate bronchus; (B) a three-dimensional view showed that the tumor extended to near the orifice of the 
right upper bronchus. 
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Figure 2 Schematic illustration of the operative procedure. (A) Bronchial sleeve resection of the right upper lobe and S6 was performed. 
The middle lobar bronchus (MLB) and basilar bronchus (BB) were transected to obtain a sufficient surgical margin; (B) a new bifurcation of 
the MLB and BB was created; (C) the MLB and BB were anastomosed to the right main bronchus in a double-barrel fashion.
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Figure 3 The intraoperative findings of a tumor that required bronchial resection.(A) The tumor extended into the right upper bronchus 
and S2 from the intermediate bronchus; (B,C) the right main bronchus (RMB), MLB and BB were carefully transected to obtain sufficient 
surgical margins.
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sutures at other sites with 4-0 PDSII (Figure 5). In the 
cartilage portion, some of the interrupted sutures at the 
deep site were ligated inside the lumen or otherwise ligated 
outside. The anastomosis was wrapped with the pericardial 
fat (Figure 5D). Pulmonary arterial reconstruction was 
waived because the pulmonary artery didn’t kink after 
the bronchoplasty. The surgical procedure is described 
in detail in the video file (Figure 6). The final diagnosis 
was p-T2aN2M0, stage IIIA. A pathological examination 
confirmed that the cut line of the bronchi was made at a site 
that was sufficiently separated from the main tumor. 

The postoperative course was uneventful without any 
complications. Postoperative bronchoscopy presented 
with satisfactory healing and patency (Figure 7). The 
postoperative forced vital capacity (FVC), forced expiratory 
volume in the first second (FEV1.0), and FEV1.0/FVC 
at 5 months after surgery were 2.01, 1.41 L, and 70.1%, 
respectively, whereas preoperatively they had been 2.73,  
2.00 L, and 73.3%, respectively. 

Comments
 

ESL is feasible, with perioperative complication rates 
similar to those of conventional sleeve lobectomies, and 
various types of resection have been applied according 
to tumor location (1,2). Double-barrel reconstruction is 
sometimes selected in cases requiring the reconstruction 
of lobar bronchi and proven its feasibility (5-7); however, 
peripheral bronchoplasty, at segmental bronchus level, with 
double-barrel reconstruction is rarely reported.

Double-barrel reconstruction is classified into three types 
based on previous reports, which included cases of carinal 
resection. Type A (carinal reconstruction): the bilateral 
main bronchi is anastomosed to the trachea to create a new 
carina (8). This is the most common use of double-barrel 
bronchoplasty. Type B: the lobar bronchi is anastomosed to 
the main bronchus [e.g., the right upper lobar bronchus and 
the MLB or intermediate bronchus, the right lower lobar 
bronchus and the MLB, and the left upper and lower lobar 
bronchus (5-7)]. Type C: the main bronchus is anastomosed 
more peripherally at the segmental bronchus level [e.g., 
the MLB and BB, and the left B6 and BB (9)]; our case 
was classified as type C. There are some surgical tips to be 
considered during each type of double-barrel bronchoplasty. 
First, the size of the anastomosed bronchial lumen differs 
according to the location of anastomosis. The anastomosed 
lumen becomes narrower in the peripheral regions, 
especially in the segmental bronchi. Trimming the bronchial 
stumps is important for maintaining the patency of the 
lumen because the protrusion of the bronchial cartilage into 
the lumen can cause postoperative stenosis at the site of 
anastomosis. This point should be especially notified when 
bronchial reconstruction is performed at the periphery, such 
as in type C procedures. Second, anastomotic deformation 
due to dislocation and/or torsion of the preserved lobes/
segments can lead to critical problems and should be 
avoided. Attention should always be paid to ensure that 
the site of anastomosis is in a natural position in each 
lobe/segment, without considering each membranous or 
cartilage part of the bronchus in type B and C procedures (6). 

A B

Figure 4 Adjusting each orifice of the RMB, MLB and BB. (A) The MLB and BB were combined with three interrupted sutures; (B) 
the membranous portion of the RMB stump was shortened by a stich to adjust to the orifice of the combined bronchi. RMB, right main 
bronchus; MLB, middle lobe bronchus; BB, basilar bronchus.
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Third, the blood supply for anastomosis differs according 
to the level of anastomosis. The blood supply of the lower 
trachea and main bronchi comes from the branch of inferior 
thyroid, subclavian, superior intercostal, and bronchial  
arteries (10); however, the blood supply of the lobar and 
segmental bronchi mainly comes from the pulmonary 
circulation (up to 75% to 90%). Thus, for type A 
procedures, there is generally little dissection of the 
membranous portion in order to preserve the blood 
supply from the bronchial arteries and protect the site 
of anastomosis. On the other hand, for type B and C 
procedures, distal anastomosis near the pulmonary 
parenchyma has an advantage in that the blood supply 
comes from pulmonary circulation. Double-barrel 
reconstruction of the segmental bronchi receives the 
greatest blood supply benefit as the site of anastomosis is 
closest to the lung parenchyma.

There are also some common surgical tips for all types 

Figure 5 End-to-end anastomosis in a double-barrel fashion. (A) Interrupted sutures were performed at the deep anastomotic site; (B) 
interrupted sutures were placed at the shallow cartilage portion of the anastomotic site; (C) segmental bronchoplasty was successfully 
performed in a double-barrel fashion; (D) the anastomotic site was wrapped with pericardial fat to separate the site of anastomosis from the 
pulmonary artery. The asterisk in each figure indicates the basal trunk of the pulmonary artery.
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Figure 6 Surgical procedure of extended right upper sleeve 
lobectomy with double-barrel anastomosis of the middle lobar 
bronchus and basilar bronchus (4). MLB, middle lobe bronchus; 
BB, basilar bronchus.
Available online: http://www.asvide.com/article/view/24996

Video 1 Surgical procedure of extended 
right upper sleeve lobectomy with double-

barrel anastomosis of the middle lobar 
bronchus and basilar bronchus
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of double-barrel reconstruction. First, we attempt to make 
the combined orifice obtuse triangle with internal knot-
sutures on the distal side. This can be matched well to the 
horseshoe-shaped orifice on the proximal side. In carinal 
reconstruction, external knot-suture is used for the top of 
new bifurcation in order to keep the two distal bronchi in 
the appropriate position. Second, all types of reconstruction 
require tension release, this is achieved by the incision 
of the pericardium beneath the hilum and the placement 
of a folded sterilized gauze under the remaining lobes or 
segments. Tension at the site of anastomosis is undesirable 
when performing double-barrel reconstruction.

ESL with double-barrel reconstruction at the segmental 
bronchi has some advantages. First, this technique yields 
sufficient surgical margins from the tumor for complete 
resection. Okada et al. postulated that a margin should 
be at least 1 cm apart from the macroscopically tumor-
free bronchus (1). The extended tumor location of the 
current case supported the application of double-barrel 
segmental bronchoplasty. Second advantage is that 
bronchial anastomosis is made at the periphery. Since distal 
bronchial circulation is supplied by the peripheral lung 
parenchyma as we described above, the anastomosis can 
heal better. Third, this approach is advantageous, from the 
viewpoint of the residual pulmonary function, compared 
with right pneumonectomy or bilobectomy of the upper 
and lower lobes. Indeed, the present patient’s post-operative 
pulmonary function was well preserved and almost identical 
to the predicted value. 

However, preserving a basilar segment is oncologically 
controversial in cases of lung carcinoma originating in the 
S6. In our case, the operative procedure was decided for 

several reasons. First, right upper and lower bilobectomy 
left only the middle lobe remaining, which can be a 
hazardous condition due to potential kinking and twisting of 
the hilar structures. Second, the tumor was mainly located 
in the superior part of the S6 with sufficient distance from 
the basilar segment. Finally, the loss of a large amount of 
lung parenchyma is a disadvantage for not only the quality 
of life but also additional post-operative treatments. 

We herein reported a case of sleeve resection of the right 
upper lobe and S6 with reconstruction in a double-barrel 
manner. This novel technique can be applied for centrally 
located tumors in the superior segment in the right lower 
lobe in order to preserve the pulmonary function. 
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