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Introduction

Over the past 20 years, there has been adequate literature 
showing that bronchoplastic lobectomy offers at least 
equivalent long-term survival with less postoperative 

morbidity and mortality and better quality of life than 

pneumonectomy (PN) (1-4). Thus, bronchoplastic 

lobectomy is now recommended as the procedure of choice 

every time it may guarantee a complete resection (5).  
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However, compared to standard sleeve lobectomy (SSL), 
extended sleeve lobectomy (ESL), defined as an atypical 
bronchoplasty with resection of more than one lobe, is 
technically a more demanding procedure, due to greater 
discrepancy in bronchial calibers, fragility of the distal 
stump and increased anastomotic site tension. These 
main technical issues, with consequent concern about 
an increased risk of bronchial complications and the 
relatively infrequent occurrence has limited its diffusion 
with few small retrospective series published, which 
provide only limited information (6-11). The largest 
series recently reported in literature showed an overall 
incidence of anastomotic complications up to 16% with 
8% of bronchopleural fistula (BPF) and a very long median 
hospital stay of 25 days (12). Moreover, even in absence of 
bronchial complications, due to the small size of the re-
implanted bronchus, moderate stricture or angulation at 
the bronchial anastomosis may be responsible for impaired 
ventilation of the residual parenchyma, limiting its potential 
functional benefit. 

From an oncological point of view, the main concern is 
related to the theoretical risk of increased incidence of local 
recurrence for the less local control of a centrally located 
non-small-cell lung cancer (NSCLC) compared to that 
achievable with PN.

The aim of this study was to report our Institutional 
experience with ESL in 22 patients affected by a centrally 
located NSCLC, focusing on technical details, post-
operative results, recurrence and survival to determine 
whether ESL can be accepted as a favorable alternative 
procedure to PN.

We present the following article in accordance with 
the STROBE Guideline (Available at http://dx.doi.
org/10.21037/jtd-20-1241).

Methods

Patient population

Among 884 consecutive patients with primary NSCLC 
who underwent major lung resection from January 2014 
to June 2019, 70 bronchoplastic lobectomies (7.9%) were 
performed. Twenty-two patients undergoing ESL for 
centrally located tumors were selected from this series and 
form the population of this study. The prevalence of ESL 
among the total number of bronchoplastic lobectomies 
performed during this period was 31.5%. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013) and the Harmonized Tripartite 
Guideline for Good Clinical Practice from the International 
Conference on Harmonization. Our institutional review 
board granted approval and waived the requirement for 
specific informed consent for this retrospective study.

Preoperative assessment included enhanced contrast 
whole-body computed tomography (CT) scan and 
18F-fluorodeoxyglucose whole-body positron emission 
tomography (PET-CT). A preoperative bronchoscopy 
was performed in all patients to assess the involvement 
of the bronchial tree and for diagnostic purpose. In case 
of suspicious mediastinal lymph nodes at CT or PET-
CT-scan, patients underwent cytological or histologic 
examination by endobronchial or esophageal ultrasound 
(EBUS/EUS)  or  v ideo-medias t inoscopy.  Af ter  a 
multidisciplinary tumor board discussion, patients with 
proved N2 disease received neo-adjuvant chemotherapy, 
unless there was only one station infiltrated, in which 
case the patient could receive upfront surgery followed by 
adjuvant chemotherapy. Patients without progression at the 
CT scan after neo-adjuvant chemotherapy were considered 
for surgery. Arterial blood gas assessment and spirometry 
were routinely performed and, in patients with limited 
lung function, a ventilation/perfusion scan and/or exercise 
testing was performed. Our strategy was to performed ESL 
whenever it was technically feasible, even if the patient had 
sufficient functional pulmonary reserve to tolerate PN, 
preserving enough healthy lung tissue to fill the thoracic 
cavity. Traditional indication for ESL was the presence of 
a large central tumor or hilar lymph nodes infiltrating the 
main bronchus and extending to another lobe either along 
the bronchial axis or through the fissure (Figure 1), but 
not infiltrating far enough to require PN. Basically, PN 
was performed in case of positive resection margins at the 
frozen section or in case of macroscopic findings that were 
inconsistent with the viability of the spared parenchyma 

Figure 1 Pre-operative CT scan with a typical clinical finding 
leading of a type C extended sleeve lobectomy (ESL).

http://dx.doi.org/10.21037/jtd-20-1241
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or anastomotic site. In addition to the preoperative 
tests described before, all patients undergoing PN had 
quantitative lung perfusion scan. Predicted post-operative 
(ppo) FEV1 and ppo-DLCO had to be more than 35% to 
accept the patients as candidate for PN. In borderline cases, 
patients were referred for formal cardiopulmonary exercise 
testing studies. A maximum oxygen consumption (VO2) 
peak of <13 mL/kg/min was considered a strong indication 
that the patient is a high risk for surgery. NSCLC 
histology was classified according to the most recent WHO 
classification (13). Tumor, node and metastasis (TNM) 
stages were assessed postoperatively according to the most 
recent International Association for the study of Lung 
Cancer classification (14). 

Postoperative complications and mortality, defined 
as any death within the 30 days following surgery, or 
during the same hospitalization were analyzed, as well as 
overall survival (OS) and disease-free survival (DFS). A 
loco-regional recurrence was defined as any recurrence 
in the ipsilateral hemithorax such as bronchial stump 
or anastomosis, ipsilateral mediastinal lymph nodes or 
structures. Distant recurrence was defined as any recurrence 
at distant organs or in the contralateral lung. All the patients 
completed the follow-up and were included in the survival 
analysis. The last follow-up examination was December 
2019.

Operative technique

The surgical approach was through a muscle-sparing 
posterolateral thoracotomy in the fifth intercostal space. 
Routine systematic mediastinal lymph node dissection 
was always performed before cutting the bronchus to 
avoid further dissection around it after completion of 
the anastomosis. Careful dissection around bronchi was 
performed avoiding electrocautery to maintain adequate 
blood supply. Once the feasibility of the bronchoplastic 
procedure was ascertained, circumferential resection of 
the main bronchus was associated, when necessary, with 
pulmonary artery resection to obtain wide and radical 
oncological margins. When possible, we cut the distal 
bronchus close to the segmental origin, but sometimes we 
made the bronchotomy at its branching point. We routinely 
checked proximal and distal margins with frozen sections 
and, if the margins were positive, PN was considered. The 
segment was removed en-bloc with the lobe(s), creating the 
intersegmental plane with staplers to prevent or minimize 
air leakage (Figure 2A). We routinely incise the inferior 

pulmonary ligament to reduce the tension of the bronchial 
anastomosis; intrapericardial release was also performed in 
case of ESL types A and B. The bronchial anastomosis was 
performed with double armed 4/0 polypropylene starting 
on the deepest site of bronchial stumps and continuing 
over the anterolateral part in the established single running 
suture and then using the same single running suture for 
the rest of posterior part. Bronchial caliber discrepancies 
were compensated by spacing the suture along the 
whole circumference of the bronchus. This technique 
gently stretches and enlarges the circumference of the  
distal bronchus, with the proximal one working as a stent 
(Figure 2B,C). Anastomosis coverage was not routinely used, 
because considered not necessary. Two 30 F chest tubes 
(on moderate suction, discontinued as soon as possible) 
were placed to encourage the re-expansion of the residual 
parenchyma. A routine bronchoscopy was done at the end 
of operation, before discharge and every time we suspected 
atelectasis, BPF or in case of persistent air leak.

Statistical analysis 

Statistical analysis was performed using SPSS 24.0 
software (IBM SPSS Statistics for Machintosh, Version 
24.0. Armonk, NY: IBM Corp). Continuous variables are 
expressed as median and range and compared with Mann-
Whitney test. Categorical variables were resumed with 
percentages and were analyzed using the χ2 test or the 
Fisher exact test as appropriate. The Kaplan-Meier method 
was used to calculate overall and DFS. OS was calculated 
from the date of operation to death or date of the last 
follow-up (December 2019); DFS was calculated from 
the date of operation to the date of the first evidence of 
recurrence. Differences in OS and DFS between ESL and 
PNs were evaluated by log-rank analysis. Significance was 
defined as P<0.05.

Results

Preoperative patients’ characteristics are showed in the 
Table 1. Eight (36.4%) patients were older than 70 years, 10 
(45.5%) had modified Charlson co-morbidity index (mCCI) 
values more than 2 and 14 (63.6%) had an American 
Society of Anesthesiologists (ASA) score of 3. Six (27.3%) 
patients had been preoperatively considered unfit for a PN 
due to predicted postoperative forced expiratory volume in 
1 second (FEV1) and/or diffusing capacity of the lung for 
carbon monoxide (DLCO) of less than 35%. CT4 disease 
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was diagnosed in 3 (13.6%) patients for mediastinal invasion 
(n=1), nodule in another lobe (n=1) and tumor diameter 
(n=1). Neo-adjuvant chemotherapy was administered in 7 

Table 1 Demographic, pre-operative data and clinical stages

Variable ESL (n=22) PNs (n=38) P

Sex, n (%) 1

Male 14 (63.6) 23 (60.5)

Female 8 (36.4) 15 (39.5)

Median age 68.5 (51–79) 67 (51–83) 0.17

PS ECOG, n (%) 0.47

0 10 (45.5) 22 (57.9)

1 11 (50) 13 (34.2)

2 1 (4.5) 3 (7.9)

ASA score, n (%) 0.81

1 5 (22.7) 11 (28.9)

2 3 (13.6) 6 (15.8)

3 14 (63.6) 21 (55.3)

mCCI score, n (%) 0.58

0 5 (22.7) 8 (24.2)

1 7 (31.8) 16 (42.1)

2 8 (36.4) 8 (21.1)

3 1 (4.5) 5 (13.2)

4 1 (4.5) 1 (2.6)

BMI 25.5 (20–30.7) 26.85 (17–40) 0.43

FEV1% 77 (56–140) 84 (38–189) 0.86

FVC% 93 (63–155) 97.5 (49–185) 0.56

DLCO% 55 (44–75) 68.5 (38–117) 0.18

Clinical stage, n (%) 0.94

Ia 1 (4.5) 1 (2.6)

Ib 0 1 (2.6)

IIa 1 (4.5) 3 (7.9)

IIb 7 (31.8) 9 (23.7)

IIIa 11 (50) 20 (52.6)

IIIb 2 (9.1) 3 (7.9)

IV 0 1 (2.6)

Neo-adjuvant 
chemotherapy, n (%)

7 (31.8) 12 (31.6) 0.77

ESL, extended sleeve lobectomy; PNs, pneumonectomies; PS 
ECOG, Performance Status Eastern Cooperative Oncological 
Group; ASA, American Society of Anesthesiologists; mCCI, 
modified Charlson Comorbidity Index; BMI, body mass index; 
FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity; DLCO, diffusing capacity of the lung for carbon 
monoxide.

Figure 2 Division of the intersegmental plane between lingula and 
left upper division with stapler (A). Bronchial anastomosis between 
the left main bronchus and the upper division bronchus (B1+2 and 
B3) with running suture (B,C).

A

B

C
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(31.8%) out of the 10 patients that showed a cN2 disease. 
According to Okada classification, 8 cases of type A ESL 

(resection of right upper plus middle lobe ± segment 6),  
one case of type B (resection of left upper lobe + segment 6)  
and 13 cases of type C (resection of left lower lobe 
+ lingulectomy) ESL were performed. Six patients 
undergoing type A and one patient undergoing type B 

ESL had a large central tumor originating in the main 
bronchus and extending distally, along the bronchial 
axis or through the fissure up to the other lobe. In two 
other patients, the decision to perform a type A ESL was 
made intraoperatively after an attempted standard sleeve 
lobectomy because of positive bronchial resection margins. 
The main indication for type C ESL instead, was related to 
a tumor arising at the origin of the left lower lobe bronchus 
and infiltrating the lower border of the lingular bronchus 
or the pulmonary artery branches for the lingula directly 
(n=6) or through the involvement of station 11L interlobar 
lymph nodes (n=7). Altogether, the feasibility of ESL was 
predicted preoperatively on the basis of examinations in 
16 (72.6%) patients and was considered during surgery 
in the 6 (27.3%) other patients. Concomitant pulmonary 
angioplasty was done in 7 (31.8%) patients, including a 
pulmonary arterioplasty (all arterial sleeve resections) in  
6 patients and pulmonary venoplasty in 1. The pulmonary 
arterioplasty was frequent in type A and B (6 out of 9, 
66.6%) and never necessary in type C. Complete resection 
was achieved in all cases. Squamous cell carcinoma was the 
most common histologic type (n=14, 63.6%). All 11 (50%) 
patients with pN2 disease received adjuvant treatments 
(Table 2). There was no postoperative mortality, but 54.5% 
(n=12) of the patient developed at least one postoperative 
complication. Major postoperative complications developed 
in 2 (9.1%) patients. One patient who underwent ESL type 
C developed an anastomotic dehiscence and empyema that 
healed with a small thoracostomy in few weeks. Another 
patient developed pulmonary embolism. The most common 
complication was sputum retention requiring bronchoscopy 
(n=6; 27.3%), that lead to pneumonia of residual segments 
in 2 patients (9.1%). We also observed atrial fibrillation in  
4 patients (18.2%) and prolonged air leak in 2 other patients 
(9.1%). Median length of stay was 10 days (6–44 days). 
Complete long-term patency of the reconstructed airway 
was documented in all patients by fiber-optic bronchoscopy 
and currently no patient has developed bronchial stenosis 
(Figure 3). 

Spirometry was performed 3 months after surgery on 
the most recent 9 consecutive patients. Mean postoperative 
decrease in FEV1 was 246 mL equivalent to a loss of 10% 
of the preoperative volumes. 

During follow-up, one patient successfully underwent to 
a wedge resection of the opposite lung with the excision of a 
second primary NSCLC.

At the median follow-up of 21 months (4–57 months), 
the recurrence rate was 54.5%. Two (9.1%) patients had a 

Table 2 Surgical procedure, post-operative and oncological 
outcomes

Variable ESL (n=22)

Surgical procedure, n (%)

Type A 8 (36.4)

Type B 1 (4.5)

Type C 13 (59.1)

Double sleeve 6 (27.3)

Istology, n (%)

ADC 8 (36.4)

SCC 14 (63.6)

Pathological stage, n (%)

Ia 2 (9.1)

Ib 1 (4.5)

IIa 2 (9.1)

IIb 2 (9.1)

IIIa 9 (40.9)

IIIb 6 (27.3)

pN, n (%)

0 5 (22.7)

1 6 (27.3)

2 11 (50.0)

Median hospital stay in days, mean [range] 10 [6–44]

Tumour diameter in cm, mean [range] 4.3 [1.3–8]

Adjuvant chemotherapy, n (%) 11 (50.0)

Median follow-up in months, mean [range] 21 [4–57]

Recurrence, n (%)

Local 2 (9.1)

Distant 8 (36.4)

Both 2 (9.1)

ESL, extended sleeve lobectomy; ADC, adenocarcinoma; SCC, 
squamous cell carcinoma; pN, pathological nodal status.
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loco-regional recurrence (1 in the mediastinal lymph nodes, 
1 in the re-implanted lung), 8 (36.4%) had distant metastasis 
only and 2 (9.1%) both (mediastinal lymph nodes, liver and 
kidney). No endobronchial or perianastomotic recurrence 
occurred. The 3-year OS rate was 45% with a median 
survival of 33 months (95% CI: 17.7–48.2 months). The 
median DFS was 28 months (95% CI: 5.7–50.3 months).

During the same period, we also performed 38 PNs, 
including 4 in which an ESL was unsuccessfully attempted 
for microscopic positive bronchial margins at the frozen 
section (2 cases) or to extensive involvement of the other 
lobe (2 cases). OS was similar between patients who 
underwent to ESL and PN (Figure 4).

Discussion

SSL has been proven to be a safe and valid alternative to PN 
in case of centrally located NSCLC (1-4). When the tumor 
infiltrates more than one lobe, precluding a radical resection 
with a SSL, it is still possible to avoid PN performing 
an ESL. However, this procedure is more technically 
demanding and concern of an increased risk of bronchial 
complications has limited its diffusion, with consequent 
inconclusive and scattered data in literature (6-12).  
Okada et al. were the first to report an important series 
in 1999, with 15 (9.6%) ESLs out of 157 bronchoplastic 

lobectomies (6). Chida et al. reported 23 (42%) ESLs out 55 
bronchoplastic lobectomy (10) and Berthet et al. 27 (26%) 
out of 101 bronchoplastic lobectomies (8). The largest 
series, from Korea, reported 63 (11.2%) ESLs out of 540 
SSLs in about 21 years. We performed 22 (31.5%) ESLs 
out of 70 bronchoplastic lobectomies in about 5 years. From 
the technical point of view the main issues of ESL are: (I) 
the discrepancy of bronchial stumps, with (II) the fragility 
of the distal (segmental) one, (III) the potentially increased 
anastomotic tension and (IV) the small amount of spared 
pulmonary parenchyma to fill the whole chest cavity. ESLs 
requires an anastomosis between the proximal horseshoe-
shape bronchial stump and distal segmental bronchus which 
has scattered cartilage with significant size discrepancy that 
in our series was always compensated by a radial distribution 
of the running suture, spacing the stitches along the whole 
circumference of the bronchus, without recurring to 
other technique like plication of the membranous part of 
the proximal bronchus (6-8), oblique section of the distal 

Figure 3 Fiber-optic bronchoscopy (A) of an extended sleeve 
lobectomy (ESL) type A and post-operative CT scan of ESL  
type C (B).

Figure 4 Overall survival curve comparing extended sleeve 
lobectomy (ESL) and pneumonectomies (PNs) performed in the 
same period.
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one (12,15,16) or telescoping bronchial anastomosis (10). 
The continuous suture is faster than the interrupted one 
and can be completed with a single thread reducing the 
amount of foreign material. It is also easily reproduced 
when the bronchial sleeve resection is performed with a 
minimally invasive approach (17). The successful use of a 
single running suture with a non-absorbable monofilament 
thread in tracheobronchial sleeve resection has been 
previously published by the Brompton group in 1999 (18) 
and its advantages has been demonstrated during lung 
transplantation by the Vienna lung transplant group (19). 
In our experience anastomotic bronchial complications 
occurred in only one case (4.5%) of ESL type C, in which 
a BPF developed in the seventh postoperative day. The 
complication was due to the increased anastomotic tension 
and to the large size discrepancy between the left main 
and the superior segment bronchus. Although with the 
running suture there was a fear of complete disruption 
of the anastomosis, this healed within a few weeks thank 
to a small thoracostomy. In the whole series, no case of 
bronchial stenosis was observed and long-term patency 
of bronchial anastomosis was obtained in all cases. These 
results compare favorably with those of other series of ESLs 
in which the bronchial complications ranged from 5% to 
16% (6-12).

A sleeve resection and reconstruction of the pulmonary 
artery was necessary in 6 out of 9 cases of type A or B ESL 
(never in case of type C), while in other series many types 
of arterial reconstruction have been used, including the 
insertion of a pericardial conduit (8,16). We believe that 
the long resection of the bronchial tree in the type A and B 
often requires a short arterial resection to avoid its kinking. 
The major difference in the bronchial reconstruction 
between type A or B and type C is the angle of the proximal 
and distal bronchus that in type C is at the 90° respect to the 
proximal one (20). This makes the realignment of the two 
stumps more difficult, and the reorientation of the superior 
segment can sometimes lead to stretch the pulmonary 
vein with consequent impaired venous flow and eventually 
thrombosis (12,16). To prevent this dreadful complication, it 
can be useful to keep the proximal bronchial stump 2–3 mm 
longer, if oncologically feasible, paying a tribute in terms 
of reduced blood supply, but resulting in a tension-free 
anastomosis without squeezing the vein. Thrombosis of the 
pulmonary vein has been reported even after type A or B 
ESL as a result of overstretching of the inferior pulmonary 
vein (6). We did not observe this complication, probably 
because in all cases the pulmonary ligament was divided 

and a U-shape pericardial incision was added for type A 
and B ESLs, as suggested by many Authors (6,8,12,16). 
Completion PN was reported in many series ranging 
from 5.5% to 11% for BPF or pulmonary vein thrombosis 
(6,12,15-17). Thus, this possibility should be kept in mind, 
since a delay in treatment could be fatal, especially in case 
of pulmonary vein thrombosis.

Although the risk of bronchial and vascular complications 
could be high, the absence of operative mortality in 
our study as well as in many other reports so far (6-11)  
and the low postoperative mortality (3%) reported in 
the largest series (12), corroborate the use of ESL to 
replace PN, when oncologically adequate. We considered 
these complex bronchoplastic procedures safe even after 
neo-adjuvant chemotherapy, although the number of 
patients who received induction chemotherapy in our 
study is clearly too small (7 patients) to draw definitive 
conclusions. Sputum retention was the most common 
complication observed (n=6, 27.3%), leading to pneumonia 
of the residual segments in two cases (6-12). Therefore, 
repeated bronchoscopies, aggressive physiotherapy, early 
mobilization and antibiotic therapy are mandatory to 
prevent subsequent life-threatening complications. In these 
cases, we consider useful the administration of low doses 
of steroids, as suggested by the group of Rome (21) for the 
anti-oedema effect particularly useful when the bronchial 
reconstruction involves small caliber bronchi. 

Another concern for performing an ESL is the 
potentially increased incidence of local recurrence 
compared to PN, because of closer margins obtained in 
centrally located tumors. However, the local control of ESL 
does not seem inferior to that achieved after SSL or PN. In 
fact, local recurrence rate after ESL is reported to be very 
rare in recent publications, ranging from 0 to 8% (6-12). 
Compared to these reports, we observed a higher incidence 
of local recurrence (18.2%). However, we consider this 
result acceptable, considering that our series includes 
patients with locally advanced disease, of which 11 (50%) 
had pathological N2 disease. The oncological adequacy 
of the surgical procedure is supported also by the absence 
of local recurrence at the level of bronchial anastomosis; 
furthermore, there was no difference in midterm survival 
between patients receiving an ESL and those undergoing 
a PN during the same period (P=0.75). Many patients in 
our series were harboring N1 or/and N2 disease, where 
the indication to surgery and especially to bronchoplastic 
procedures has to be carefully evaluated. Some Authors 
have reported that 5-year survival in patients with N2 
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disease treated by sleeve lobectomy is close to 0 (21,22). 
In our experience, although limited by a short follow-
up and a small number of patients, the 42% 3-year OS in 
patients with N2 disease (data not shown) is comparable 
to the results of conventional lung surgery for NSCLC 
and not inferior to other series of patients treated with 
radiation-therapy and chemo-therapy without surgery (23). 
So, we consider ESL an adequate procedure, not only in 
patients with N0 disease, but also in patients with nodal 
involvement. 

The 10% decrease of the preoperative respiratory 
function 3 months after ESL suggests that the preserved 
areas of lung parenchyma significantly contributes to 
postoperative respiratory function, limiting the important 
impact of pulmonary volume loss after PN with potential 
positive implications. Some patients considered unfit for 
PN, can still be operated on with benefit. Preservation of 
lung parenchyma also permits for patients who will develop 
a second primary lung cancer to be consider for surgery 
again, as one case in our experience. Finally, patients who 
need adjuvant chemotherapy can tolerate this complex 
regimen much better after ESL than after PN. In our series 
all eleven patients with pN2 disease received and complete 
the planned adjuvant therapy.

The main limitations of this study are its retrospective 
nature, the small sample size and the short follow-up, due to 
the recent time of starting this activity. However, the recent 
period analyzed ensures a homogeneous population, treated 
by the same surgical group, with the same indications, 
surgical technique and pattern of care, in absence of 
historical bias.

Conclusions

ESL is a safe and effective procedure that should be used 
not only in patients with limited pulmonary reserve but 
also it could be recommended as an alternative procedure 
whenever it may guarantee a complete resection. An 
aggressive perioperative monitoring and management is 
the key to prevent and successfully treat the post-operative 
complications which, although quite common, are very 
rarely life threatening. In our experience, the single running 
suture provides excellent results even in case of relevant 
bronchial mismatch.
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