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Introduction

Video-assisted thoracic surgery (VATS) lobectomy has 

become routine in many centers for the treatment of 

early stage non-small cell lung cancer (NSCLC). Since 
major advances have been achieved in surgical skills and 
instruments, sporadic cases of complete VATS bronchial 
sleeve lobectomy, once considered as a contraindication 
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days). There were two cases of adenosquamous cell carcinoma and five cases of squamous cell carcinoma. One 
patient died of hemoptysis 50 days after surgery, and one died of metastatic lung cancer 2 years after surgery. 
The other five patients were alive without local recurrence at 4–58 months of follow-up.
Conclusions: VATS bronchovascular double sleeve lobectomy is technically difficult but feasible for skilled 
thoracoscopic surgeons in experienced centers. More data are encouraged to assess the long-term outcomes 
of this new procedure.
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for VATS pulmonary resection, have been successfully 
performed in several experienced centers during the past 
decade (1-5). We started to perform VATS bronchial sleeve 
lobectomy since December 2010 (6,7). With accumulative 
experiences, we attempted to explore the feasibility of VATS 
bronchovascular double sleeve lobectomy. This report 
contributes the techniques and outcomes of this challenging 
surgical procedure in our center.

Methods

From May 2012 to December 2016, we performed seven 
cases of VATS bronchovascular double sleeve lobectomy at 
the Department of Thoracic Surgery, West China Hospital, 
Sichuan University. Clinical records of these patients were 
retrieved from the Western China Lung Cancer Database. All 
the patients with lung cancer, who underwent surgery in our 
department, were enrolled in this database since late 2005. 
Clinical data of these patients were collected prospectively. 
The institutional review board (IRB) of West China Hospital 
approved the use of these clinical data (No. 2016-98).

There were one female patient and six male patients, 
and five of them were smokers. The median age of these 
patients was 68.5 (ranging from 61 to 72 years old). All the 
patients were diagnosed as NSCLC by bronchoscopy before 
surgery, including two cases of adenocarcinoma and five 
cases of squamous cell carcinoma. One patient had clinical 
N2 disease and received two cycles of platinum-based 
induction chemotherapy. Detailed information of these 
patients was listed in Table 1. Preoperative clinical staging 
was based on contrast chest and upper abdominal computed 
tomography (CT) scan, brain contrast magnetic resonance 

imaging (MRI) scan, and single photon emission computed 
tomography (SPECT) scan of the bone. Representative 
CT scans of the tumor were shown in Figure 1. Meanwhile, 
general assessment of these patients also included routine 
laboratory tests, electrocardiograms, pulmonary function 
tests, and echocardiography. Alternatives for the treatment 
were fully informed to these patients. Informed consent of 
the operation was obtained from all the patients.

Four patients underwent VATS left upper double 
sleeve lobectomy, and the other three underwent VATS 
right upper double sleeve lobectomy. The operation was 
carried out under general anesthesia with double-lumen 
endobronchial intubation. The patient was placed in the 
lateral decubitus position during surgery. Preliminary 
procedure of the operation has been described previously (8). 
During our first attempt to perform the VATS left upper 
double sleeve lobectomy, four ports were made, including a 
thoracoscopic port in the eighth intercostal space (ICS) on 
the mid-axillary line, an assistant port in the seventh ICS on 
the posterior axillary line, and the other two ports on the 
anterior axillary line in the third and sixth ICS, respectively. 
For the other cases, we moved the thoracoscopic port to the 
sixth or seventh ICS on the mid-axillary line to get better 
view for bronchovascular reconstruction. One utility port 
was made in the third ICS on the anterior axillary line, 
with only one assistant port in the seventh ICS for the left 
side, while in the eighth ICS for the right side, both on the 
posterior axillary line.

After a thorough exploration of the chest, the main 
pulmonary artery and both pulmonary veins were 
mobilized first. We designed the “hollow out” process for 
this challenging operation. The hilum and mediastinal 

Table 1 Clinical details of the patients

Variables Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Gender Female Male Male Male Male Male Male

Age (years) 69 61 72 68 71 61 67

Smoking index (pack-year) None None 10 46 10 60 40

Primary symptoms Dry cough None Hemoptysis Cough Hemoptysis None Hemoptysis

Past history DM Negative Stroke Negative Hypertension None Pneumoconiosis

FEV1 (L) 2.29 2.13 2.04 2.78 2.07 2.5 2.44

Preoperative diagnosis AdS Sq Sq Sq Sq AdS Sq

Induction chemotherapy No No No No Yes No No

AdS, adenosquamous cell carcinoma; DM, diabetes mellitus; FEV1, forced expiratory volume in one second; Sq, squamous cell 
carcinoma.
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lymph nodes were removed to “hollow out” the vital hilum 
structures. Interlobar artery was then mobilized after the 
pulmonary fissure was dissected. The main pulmonary 
artery and interlobar artery were blocked using two 
releasable atraumatic endoscopic Bulldog Clamps (Aesculap, 
Inc., Center Valley, PA, USA). Superior pulmonary vein, 
main pulmonary artery, and bronchus were then transected 
one by one, followed by bronchial and pulmonary artery 
reconstruction. Both of the bronchial and vascular margins 
were confirmed negative by frozen section.

The “two-needle-holder suturing technique” was 
developed for bronchovascular reconstruction. Two needle 
holders (one endoscopic needle holder and one long handle 
needle holder) were introduced through different ports 
simultaneously during the suture. One needle holder was 
used to perform the suture with the assistance of the other 
one, and vise versa. Exchange of the instruments through 
different ports was avoided during the anastomosis with this 
technique. Bronchial anastomosis was accomplished using 
running suture with 3-0 Prolene stiches with two needles. 
The anastomotic stoma was checked for air leak with 
water. The pulmonary artery was then reconstructed using 
5-0 running Prolene stiches with two needles (Figure 2).  
A piece of polyglycolic acid felt (Neoveil®, Igaki Medical 

Planning Co. Ltd., Kyoto, Japan) was applied to wrap the 
bronchial anastomosis. Chest tube was placed through the 
thoracoscopic port before closing the incisions.

Postoperative management of the patients was mostly 
similar with our routine sleeve lobectomy. Intravenous 
patient-controlled analgesia device was used after the 
surgery for pain control. FOB was performed to clear 
airway secretions on postoperative day 1. Low molecular 
heparin was administered through subcutaneous injection 
during the first week after the surgery. The patients were 
transferred to a medical oncologist for chemotherapy after 
the first 1 month follow-up.

Results

The operations were uneventful and accomplished 
within 250 to 480 min (median, 318 min). There were no 
conversions to thoracotomy. Significant pleural adhesion 
was identified during the operation of the second case and 
was overcome through thoracoscopy. The blood loss was  
30 to 200 mL (median, 200mL), and no blood transfusion 
was needed. The average number of the dissected lymph 
nodes was 13 (range, 11–19). Detailed information about 
the operations was listed in Table 2. Six patients were 
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Figure 1 Representative Chest CT scans of the patients with left and right upper central located lung cancer involving both the bronchus 
and pulmonary artery. (A,B) Left side; (C,D) right side.
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transferred to the intensive care unit (ICU) with bronchial 
intubation after surgery, except the last case. They were 
extubated when recovered well from anesthesia. None of 
the patients needed reintubation or mechanical ventilation 
after that time. They were transferred to the general ward 
on the second day after surgery.

Prolonged air leak (>5 days) was observed in three patients. 
Two patients developed pneumonia after surgery with no 
mortalities. The median postoperative hospital stay was 
15.5 days (range: 5–33 days). Histological diagnoses of these 
patients included two cases of adenosquamous cell carcinoma 
and five cases of squamous cell carcinoma. Pathological 

examination of the surgical margins confirmed complete 
resection for every patient. Three patients had N2 lymph 
node metastasis, including two cases of oligo-N2 disease. The 
reconstructed bronchus and pulmonary artery continued to 
function well during postoperative follow-up. One patient died 
of hemoptysis 50 days after surgery, and one died of metastatic 
lung cancer 2 years after surgery. The other five patients were 
alive without local recurrence at 4–58 months of follow-up.

Discussion

VATS is now widely accepted as a reasonable approach 
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Figure 2 Surgical procedures of VATS left upper bronchovascular double sleeve lobectomy. (A) The left main pulmonary artery (MPA) was 
clamped with an endoscopic Bulldog clamp after transecting the superior pulmonary vein (SPV); (B) clamping the interlobar artery (IA); 
(C) proximal and distal of the pulmonary artery and bronchus were transected; (D) bronchial anastomosis; (E) rinsing the pulmonary artery 
with 0.02% heparin solution using a scalp needle; (F) suturing the medial wall of the pulmonary artery; (G) suturing the lateral wall of the 
pulmonary artery; (H) injecting 2% heparin solution to displace the air using a scalp needle; (I) anastomosis of the pulmonary artery (arrow) 
and bronchus (arrowhead). LLA, lower-lobe artery; LLLB, left-lower-lobe bronchus; LMB, left main bronchus; LULB, left-upper-lobe 
bronchus.
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for the treatment of early stage NSCLC. Compared 
with lobectomy performed through thoracotomy, VATS 
lobectomy offers obvious benefits to the patients and the 
evidence is increasing year by year. Advances in surgical 
techniques of mini-invasive lung surgery have led to a 
less traumatic approach for numerous types of thoracic 
operations and even complex procedures, such as bronchial 
or arterial plasty (1-7,9,10). However, hilar tumors 
invading both the bronchus and pulmonary artery are still 
considered as contraindication for VATS. Bronchovascular 
double sleeve lobectomy is an alternative procedure to 
pneumonectomy if a complete resection can be achieved, 
to preserve more of the pulmonary parenchyma. The 
operation itself is full of challenges, including a relatively 
high risk of postoperative morbidity and mortality. For 
this operation, conventional surgical approach is the 
posterolateral thoracotomy.

Based on accumulative experiences of VATS bronchial 
sleeve lobectomy (6,7) and angiorrhaphy (11), we carefully 
attempted to perform the first case of bronchovascular 
double sleeve lobectomy through the thoracoscopic 
approach worldwide (8). The detailed surgical procedure 
have been reported previously (8). Since then, we continued 
to improve the surgical techniques for this tough procedure. 
After our first report of the VATS double sleeve lobectomy, 
several experienced teams also tried to perform this 
challenging procedure with 3 or 4 ports, even the uniportal 

approach (12-14).
In our opinion, major concerns for the VATS approach 

to bronchial sleeve lobectomy or bronchovascular double 
sleeve lobectomy are represented as tumors limited to the 
orifice of the lobar bronchus, skilled endoscopic suturing 
skills, proper equipment, confidence of troubleshooting 
vascular injury during VATS lung surgery, and suitable 
approaches of the surgical procedure. The seven patients we 
operated on were all suffering from centrally located lesions 
with tumors limited to the upper-lobar orifice.

Sufficient access to the bronchus and pulmonary artery 
is quite important to assure the safety and reliability in 
controlling the artery, as well as to ensure performance 
of the anastomosis. For this reason, distribution of the 
surgical ports is essential to ensure a successful operation. 
Based on the experience of previous thoracoscopic left 
upper bronchial sleeve lobectomy (6), four ports were made 
during the operation of the first patient. We improved 
the incisions for the next six patients and three ports were 
made. The fourth ICS offered better access to perform left 
bronchial and arterial reconstruction. On the right side, we 
tried the third ICS as the utility incision and found it was 
more convenient to perform the anastomosis. According 
to previous practice, we believe that the sixth ICS of 
thoracoscopic port may sometimes offer better view of the 
bronchovascular stoma.

There was no mature procedure or surgical process for 

Table 2 Details of surgery and postoperative follow-up

Variables Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Tumor size (cm) 5.5 3.5 7.0 3.0 8.0 5.0 1.5

Operative time (min) 480 295 350 300 330 305 250

Blood loss (mL) 100 200 30 300 200 200 50

ICU stay (days) 1 1 1 1 1 1 0

Chest drainage (days) 9 12 4 12 6 5 3

Postoperative complication Pneumonia Pneumonia None None None None None

Number of dissected lymph nodes 17 12 14 11 11 19 11

Diagnosis AdS Sq Sq Sq Sq AdS Sq

Stage (p-TNM) T2bN2M0 T2aN2M0 T2bN0M0 T2aN2M0 T3N0M0 T3N1M0 T1aN0M0

Postoperative hospital stay (days) 33 17 9 15 16 13 5

Survival (months) 58 24 50 1.5 31 20 4

Present status Alive Dead Alive Dead Alive Alive Alive

AdS, adenosquamous cell carcinoma; ICU, intensive care unit; Sq, squamous cell carcinoma.
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VATS double sleeve lobectomy before. We summarized 
our practice of this operation as the “hollow-out” process. 
After exploring the chest, the hilum and mediastinal lymph 
nodes were dissected first, including level 4, 5, 6, 7, 9 in the 
left side, and level 2, 3, 4, 7, 9 in the right side. Connective 
tissues surrounding the hilum structures were fully removed 
to expose the vessels and the bronchus. The “hollow-out” 
process enabled the blockade of the pulmonary artery. In 
addition, removal of the lymph nodes at first also avoided 
retracting the anastomotic stoma if we performed the lymph 
node dissection after bronchovascular reconstruction.

Another important issue that assures the safety of the 
operation is the appropriate instruments for vascular 
clamping. The long handle of traditional vascular clamps 
used in a utility incision may cause inconvenience during 
suturing. In Huang’s multi-center case series, they made the 
fourth port to clamp the pulmonary artery (13). Atraumatic 
Bulldog Clamps placed by an endoscopic applicator were 
firstly chosen for VATS pulmonary artery clamping in 
our center. This kind of clamps avoided the interference 
caused by the handle of standard vascular clamps. The 
curved Bulldog Clamps were more convenient for use 
when comparing with the straight clamps. Considerable 
concern was expressed with regard to the safety of the 
clamps used for vascular clamping. Displacement of the 
clamp would be disastrous to the procedure. The Bulldog 
clamp we chose to clamp the pulmonary artery had been 
used to clamp the renal artery and vein during laparoscopic 
partial nephrectomy (15). It has been confirmed reliable 
for endoscopic use. Otherwise, a D’Amico DeBakey 
Clamp was prepared during the operation to prevent and 
handle massive bleeding caused by the displacement of the 
Bulldogs.

Performing the anastomosis is the main technical 
difficulty during VATS sleeve lobectomy. Through 
thoracoscopic view, the main bronchus is anatomically 
beneath the pulmonary artery on both sides. Therefore, 
the artery must be retracted when VATS bronchial 
reconstruction was performed. When performing 
bronchovascular double sleeve resection, both the artery 
and bronchus were cut down, enabling a better view for 
bronchial reconstruction. During open bronchovascular 
sleeve lobectomy, pulmonary artery reconstruction is 
usually recommended to be performed after completion of 
the bronchial anastomosis in order to avoid retracting the 
freshly sewn fragile artery (16-18). With the thoracoscopic 
approach, we also prefer sewing up the bronchus first. 
This may prolong the clamping time of pulmonary artery. 

Therefore, heparin was administered before arterial clamping 
to avoid thrombosis in the circulatory-arrested lobe.

As for anastomotic techniques, the bronchial anastomosis 
can be performed using both interrupted suture and running 
suture while the pulmonary artery is usually reconstructed 
using running 5-0 monofilament nonabsorbable sutures (18). 
Postoperative complications after bronchial anastomosis 
with running or interrupted suture are similar (19). We 
prefer to perform running suture using monofilament 
nonabsorbable sutures during open bronchial sleeve 
lobectomy. The use of running suture during VATS 
bronchial anastomosis was firstly introduced by our team 
previously (6). When performing VATS bronchovascular 
anastomosis, we also prefer the running suture rather than 
the interrupted suture for it’s more convenient and time-
saving. During suturing, we applied a pair of endoscopic 
Kelly forceps and a long handle needle holder through 
the assistant and utility port at first. After a few cases of 
practice, we changed to use an endoscopic needle holder 
and a long handle needle holder during suturing. We named 
this as the “two-needle-holder suturing technique”. This 
technique enabled us to perform the anastomosis through 
different directions without exchanging the needle holder 
among different ports.

Bronchial pleural fistula and broncho arterial fistula are 
also important issues that should be taken into account 
when performing a VATS bronchovascular double sleeve 
lobectomy. Broncho arterial fistula is rare but usually a lethal 
complication after double sleeve lobectomy. It is necessary 
to separate the bronchus and pulmonary artery after the 
surgery, in order to minimize the influence between the 
two anastomosis. Different kinds of autogenous tissue 
flaps, such as intercostal muscle flap, pleural or pericardial 
flap, can be applied to cover the bronchial anastomosis and 
prevent the fistula in open surgery (20,21). Some absorbable 
sealing materials, such as polyglycolic acid felt, have been 
applied to prevent the complications caused by bronchial 
anastomosis insufficiency after surgery (22). After VATS 
bronchovascular reconstruction, we also took the measure 
to prevent the problems due to bronchial anastomosis 
insufficiency. The bronchial anastomosis was covered with a 
piece of polyglycolic acid felt which provided a mechanical 
cushion between the two newly reconstructed structures. 
Unfortunately, one of the patients died from hemoptysis  
50 days after surgery, which may be caused by broncho 
arterial fistula.

With regard to the time of the operation, the first 
experience of VATS bronchovascular double sleeve 
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lobectomy was completed in 8 hours. In the next six 
operations, surgical duration decreased to approximately 
four to 6 hours. Prolonged operative time is an important 
predictive factor of postoperative pulmonary complications 
(23,24). Compared with open lobectomy, thoracoscope 
takes a significantly longer surgery time or is considered 
insignificant in most studies, as summarized by Yan  
et al. (25). The operative time of the first experience of 
VATS bronchovascular double sleeve lobectomy was much 
longer compared with our routine open bronchovascular 
sleeve lobectomy. The new surgical procedure presents a 
learning curve. For the first few cases, it took us longer time 
to explore the surgical process, and suitable instruments 
because there was no mature experience we could refer 
to. We believe that the surgical duration of VATS 
bronchovascular double sleeve lobectomy will be shortened 
with the improvement of surgical procedure, more skilled 
surgical techniques and increased operations.

All patients were discharged when recovery went well. 
Two patients had pneumonia after surgery, which prolonged 
their postoperative hospital stay. The long-term outcome 
of patients who underwent VATS bronchovascular double 
sleeve lobectomy is also an important concern of this newly 
emerging operation. Among these seven patients, one died 
of hemoptysis 50 days after surgery, and one patient died 
from metastatic lung cancer within 2 years. The other 
patients are alive with longest follow-up of 58 months. 
In Huang’s multi-center case series, the longest follow-
up was 26 months without any local recurrences or distant 
metastasis (13). However, due to the small-sized sample 
and relatively short-term follow-up, this procedure needs 
further assessment.

Conclusions

VATS bronchovascular double sleeve lobectomy is 
technically difficult, but feasible. However, the surgical 
incisions, procedures, and specific instruments have 
been improved obviously. Operative time is expected to 
be reduced with skilled techniques. This operation can 
be accomplished by skilled thoracoscopic surgeons in 
experienced center. More data are encouraged to assess the 
long-term outcomes of this new procedure.
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