
Abstract. Background/Aim: The directions of distal and
proximal airway stumps were different in Y-sleeve lobectomy.
This difference might make Y-sleeve lobectomy a difficult
procedure. In this article, we present our surgical techniques
and analyse short-term outcomes of Y-sleeve lobectomy.
Patients and Methods: Right middle and lower, left lower, and
left lower and lingular segment sleeve lobectomies are
categorized in Y-sleeve lobectomy. We retrospectively
investigated the clinical courses of 17 patients who underwent
Y-sleeve lobectomy from January 2017 to December 2020.
Results: No treatment-related deaths occurred. One patient
developed a bronchopleural fistula. Four patients developed
pneumonia and were cured by repeated bronchoscopies and
antibiotic therapy. Three patients had retention of pleural
effusion, and two had prolonged air leakage. One patient had
empyema after prolonged air leakage and was cured by
thoracic drainage and antibiotic therapy. Conclusion: A major
complication was observed only in one patient. Y-sleeve
lobectomy is a reliable surgical method to avoid
pneumonectomy.

Tension (1) and calibre mismatch (2) at the anastomosis sites
are important factors for airway healing after bronchial
sleeve resection. The direction of the distal stump during
bronchoplasty is almost identical to the original direction in
many types of sleeve lobectomy. However, in some types of
sleeve lobectomy, such as right middle and lower sleeve
lobectomy, left lower sleeve lobectomy, and left lower and

lingular segment sleeve lobectomy, the direction of the distal
stumps change greatly after airway reconstruction. Maurizi
et al. (3) defined right middle and lower sleeve lobectomy
and left lower sleeve lobectomy as ‘Y-sleeve lobectomy’.
The change in the direction of the airway may increase the
complexity of bronchoplasty after Y-sleeve lobectomy
compared to usual sleeve lobectomy. In the present study, we
analysed our surgical techniques and short-term outcomes of
sleeve lobectomy with a change in the direction of the distal
airway stump. 

Patients and Methods
In this study, we defined Y-sleeve lobectomy as sleeve resection
requiring reconstruction with a change in the direction of the distal
airway. Thus, Y-sleeve lobectomy included right middle and lower
sleeve lobectomy, left lower sleeve lobectomy, and left lower and
lingular segment sleeve lobectomy. We retrospectively investigated
the clinical courses of 17 patients who had undergone Y-sleeve
lobectomy at our Institute from January 2017 to December 2020.
Before surgery, all patients provided informed consent for the use
of their examination outcomes and data in clinical studies. The local
institutional ethics committee approved this study (approval no.
4403; approval date, 3 October 2019). 

Mediastinal lymph nodes with a short axis of >10 mm on
computed tomography (CT) were diagnosed as clinically positive
for metastasis. Our criteria for surgical resection were the absence
of distant metastasis, no cancer cell-positive pleural or pericardial
effusion, no N2 disease at two or more mediastinal levels, no bulky
N2 disease, no N3 disease, and a predicted postoperative percent
vital capacity of >40%. Patients with T4 lung cancer with N0 or N1
nodal extension and tumours that could be completely removed
were considered candidates for surgery. Sleeve lobectomy was
performed if anatomically appropriate. Bronchial stumps were
usually confirmed as free of cancer cell infiltration by intraoperative
pathological examination.

The surgical approach was posterolateral thoracotomy in all
patients. On the right side, a middle and lover sleeve bilobectomy
was performed for lung cancer or metastatic lymph node in the
bronchus intermedius which extended to origin of the upper lobe
bronchus. On the left side, a left lower sleeve lobectomy was
performed for lung cancer or metastatic lymph node in the left lower
bronchus which extended to origin of the upper lobe bronchus. A left
lower and lingular segment sleeve lobectomy was performed for lung
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cancer or metastatic lymph node in left lower bronchus which
extended to a distal portion of segmental bifurcation of the upper
lobe bronchus. In this method, the upper and lingular segments were
separated, followed by left upper segmental and main bronchi were
divided at appropriate levels. Subcarinal and ipsilateral lower
paratracheal lymph nodes dissection was performed in all patients.
On the left side, the left main bronchus was divided from the
pericardium. A mobilization of the left main bronchus allowed us to
complete the bronchoplasty more easily. An anastomotic technique
was same in all types of Y-sleeve lobectomy. Four to five continuous
4-0 absorbable monofilament sutures were performed on the ventral
portion of the anastomosis. After the fixation of the ventral portion,
the direction of the distal airway was about 90 degrees different from
the direction of the proximal airway in all types of Y-sleeve
lobectomy (Figure 1a-c). Interrupted 4-0 absorbable monofilament
sutures were placed at the other portion of the anastomosis. During
the suturing, both stumps were opened to recognize the lumens
(Figure 2a). During the ligation, both stumps were closed by moving
the peripheral lung tissue to avoid tension at the ligature points
(Figure 2b). Interrupted sutures were alternately placed at the cranial
and caudal portions to adjust the calibre mismatch between the
proximal and distal stumps. After two-thirds of anastomosis was
over, few differences remained in the directions of both stumps. The
membranous portion of the bronchus was sutured and ligated, and
the bronchoplasty was completed. Throughout the bronchoplasty
procedure, we sewed the proximal bronchial stump with wide pitches
and the distal bronchial stump with narrow pitches to correct the
calibre mismatch. Because an intrapulmonary bronchus does not
have a cartilaginous ring, the distal stump was expanded to fit the
proximal stump. We sometimes used large bites to avoid cutting the
bronchial walls. When the bronchial walls were fragile, ligation was
started at a portion with decreased tension after all sutures were
completed. The anastomotic sites were covered circumferentially
with a pedicled pericardial fat pad.

Induction chemoradiotherapy with platinum-based doublet and
concurrent radiotherapy (40 Gy) was generally planned for patients
with enlarged, but completely removable, N2 lymph node

metastasis; however, it was not mandatory for all patients with N2
lymph node metastasis. Patients with pathological stage II and III
lung cancer received adjuvant platinum-based doublet
chemotherapy, whereas those with stage I lung cancer received oral-
tegafur adjuvant chemotherapy. We did not set criteria for omitting
adjuvant treatment, such treatment being initiated at the discretion
of the physician in charge of each case. 

After discharge, all patients underwent follow-up chest
radiographs and measurement of tumour markers every 2 to 4
months and CT scans at 6 months and every year thereafter. The last
follow-up review was conducted on 30 June 2021.

Comorbidities were defined as disorders being treated at the time
of diagnosis of lung cancer. A standard bronchoscopic examination
was performed 1 week postoperatively. When wound healing at the
anastomosis site seemed protracted, the bronchoscopic examination
was repeated until healing occurred. When chest radiography
revealed an abnormality, the patient underwent a CT examination.
Adverse events within 3 months postoperatively were evaluated
according to the Common Terminology Criteria for Adverse Events
(version 5.0). Adverse events of grade ≥3 were recorded.

Results

This study included 17 patients. Right middle and lower sleeve
lobectomy was performed in five patients, left lower sleeve
lobectomy was performed in seven, and left lower and lingular
segment sleeve lobectomy was performed in five. Details of
the patients’ characteristics are shown in Table I. One patient
with left lower lung cancer massively infiltrating the left main
bronchus was treated with induction chemoradiotherapy to
avoid pneumonectomy. Another patient developed a tumour in
the right lower lobe with mass formation in the left atrium after
definitive treatment by platinum doublet chemotherapy with
immunotherapy. He underwent right middle and lower sleeve
lobectomy with combined resection of the left atrium. 

Neither treatment-related death nor hospitalization-related
deaths occurred. Table II shows the details of adverse events
after Y-sleeve lobectomy. One patient developed a
bronchopleural fistula (BPF) after anastomosis between the
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Figure 1. Four to five continuous 4-0 absorbable monofilament sutures
were placed in the ventral portion of the anastomosis after (a) right
middle and lower sleeve lobectomy, (b) left lower sleeve lobectomy, and
(c) left lower and lingular segment sleeve lobectomy. After fixation of
the ventral portion, the direction of the distal airway was about 90
degrees different from the direction of the proximal airway.

Figure 2. (a) During suturing, both stumps were opened to recognize
the lumens. (b) During ligation, both stumps were closed by moving the
peripheral lung tissue to avoid tension at the ligature points.



left main and upper segment bronchi. The BPF was caused
by an ischaemic change in the proximal stump. The patient
was treated with induction chemoradiotherapy. The proximal
stump was too close to the infiltrated tumour, which
disappeared after chemoradiotherapy. He underwent a
completion pneumonectomy. Four patients developed
pneumonia and were cured by repeated bronchoscopies and
antibiotic therapy. Three patients had retention of pleural
effusion and two had prolonged air leakage. One patient had
empyema after prolonged air leakage and was cured by
thoracic drainage and antibiotic therapy.

Because of tumour infiltration, the most peripheral
pulmonary artery branch to the preserved lung was removed
in two of five patients who underwent right middle and
lower sleeve lobectomy and in two of five patients who
underwent left lower and lingular segment sleeve lobectomy.
No airway complications were observed these four patients
after bronchoplasty. 

Discussion

We showed our surgical techniques and analysed short-term
outcomes of Y-sleeve lobectomy. The proximal stump is

always fixed in the mediastinum and the distal stump is fixed
by surrounding structures such as the pulmonary artery and
vein. Significant differences in the directions of the proximal
and distal stumps were observed after Y-sleeve lobectomy.
These differences may increase the difficulty of Y-sleeve
lobectomy. The details of Y-sleeve lobectomy have been
investigated in only one other study to date (3). In that study,
the rate of major complications was 10.7%. The study
included 28 patients who underwent Y-sleeve lobectomy
from 1989 to 2015. The operation-related morbidity and
mortality rates after bronchoplasty were significantly better
in current cases than in past cases (4). Our study included
only current cases and thus more accurately revealed the
recent outcomes of Y-sleeve lobectomy.

In our series, one patient developed a BPF after Y-sleeve
lobectomy. The cause of the BPF might have been ischaemic
change in the proximal stump after induction
chemoradiotherapy. Patients undergoing induction
mediastinal radiotherapy are reportedly at higher risk of
bronchial complications (5). Close attention should be paid
to the possibility of a postoperative BPF after induction
chemoradiotherapy. Large calibre mismatch is usually
observed in bronchoplasty after right middle and lower or
left lower lobe and lingular segment sleeve lobectomy, and
it sometimes causes retention of secretions followed by
pneumonia (2). Because the preserved lung tissues are not
massive enough to occupy the residual thoracic cavity,
retention of pleural effusion and prolonged air leakage are
sometimes observed. Kinking of the left superior pulmonary
vein after Y-sleeve lobectomy has been reported (6). We
routinely check the deflection of vessels when the preserved
lung is inflated. Following the completion of bronchoplasty
in the present study, the pericardial fat pad was inserted
between the left superior pulmonary vein and anastomosis
site. This fat pad helped decrease deflection and prevent
kinking of the left superior pulmonary vein. We did not
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Table I. Characteristics of patients included in this study.

Age (years)                                                                                 71 (48-82)
Gender                                      Male/Female                                  13/4
Smoking history                       Yes/No                                           17/0
Comorbidities                           Cardiovascular disease                    8
                                                 Cerebrovascular disease                  3
                                                 Diabetes mellitus                             2
                                                 Other organ malignant tumor*        1
                                                 Liver disease                                    1
Clinical T factor                       1/2/3/4                                          4/5/4/4
Clinical N factor                      0/1/2                                              5/9/3
Clinical Stage                           I/II/III                                            4/5/8
Surgical procedure                   Right middle and lower                  5
                                                 sleeve bilobectoy
                                                 Left lower sleeve lobectomy           7
                                                 Left lower and lingular                   5
                                                 segment sleeve lobectomy              
Histological subtypes              Squamous cell carcinoma               14
                                                 Adenocarcinoma                              1
                                                 Pleomorphic carcinoma                   1
                                                 Small cell carcinoma                       1
Additional resection                Pulmonary artery                             4
                                                 Left atrium                                       2
                                                 Esophageal muscle                          2
                                                 Vagus nerve                                      2
Pathological T factor**           1/2/3/4                                          4/5/2/5
Pathological N factor**           0/1/2                                              3/6/7
Pathological Stage**               I/II/III                                           2/4/10
Adjuvant chemotherapy                                                               7 (41%)

*Malignant tumor within five years. **A patient without residual tumor
after preoperative treatment was excluded.

Table II. Details of adverse events after Y-sleeve lobectomy.

                                             RMLL LLL LLL and lingular 
                                               sleeve sleeve segment sleeve 
                                            lobectomy lobectomy lobectomy 
                                                (n=5) (n=7) (n=5)*

Pleural effusion                          1 2
Pneumonia                                  1 1 2
Empyema                                    1
Prolonged air leakage                1 1
Broncho-pleural fistula              1
Brain infarction                           1
Paralytic ileus                             1

RMLL, Right middle and lower lobe; LLL, left lower lobe. *Some
patients had more than one adverse events.



observe such complications in the present study. Sleeve
lobectomy is superior to pneumonectomy with respect to
prognosis (7, 8), preservation of pulmonary function (9), and
postoperative quality of life (10). Sleeve lobectomy is
recommended if anatomically appropriate, and it can allow
for margin-negative resection. Favorable prognoses and local
controllability of left lower lobe and lingular segment sleeve
lobectomy (11) as well as right middle and lower or left
lower sleeve lobectomy (3) was reported previously. Only
one patient developed a severe adverse event (BPF). No
treatment-related deaths occurred. We consider Y-sleeve
lobectomy to be a reliable surgical method with which to
avoid pneumonectomy. 

In contrast to other types of airway reconstruction, tension
at the anastomotic site is less severe at the beginning of
anastomosis after Y-sleeve lobectomy. After the ventral portion
was fixed, there was relatively severe tension at the cranial
and caudal portions of the anastomotic site because of the
different directions of the distal and proximal stumps. Both
stumps were closed by moving peripheral lung tissue to avoid
tension at the ligation points. We prefer the open approach
rather than a video-assisted procedure because the position of
the peripheral lung tissue during bronchoplasty is important to
avoid complications in this type of airway reconstruction.

In the present study, we sacrificed the most peripheral
pulmonary artery branch to achieve complete resection in
four patients, and they developed no airway complications.
After the sleeve bronchial resection, the blood supply of the
distal stump was provided by the pulmonary artery (12).
Toyooka et al. (13) reported that removing the pulmonary
artery branch to the preserved lung was a risk factor for BPF
in sleeve lobectomy after chemoradiotherapy. Patients
undergoing induction mediastinal radiotherapy are reportedly
at higher risk of bronchial complications (5). In patients who
did not receive induction chemoradiotherapy, sacrificing the
pulmonary artery branch may be acceptable to achieve
complete resection. The healing processes after airway
reconstruction are mainly associated with the blood supply
and tension at the anastomosis site. Whether to sacrifice the
pulmonary artery branch depends on its size and the tension
persisting at the anastomosis site.

This study had certain limitations. First, it was a small
retrospective study. Accumulation of data from more patients
and further analyses are now ongoing. Second, long-term
outcomes were not investigated. Y-sleeve lobectomy is
expected to provide oncological benefits similar to those
provided by other types of sleeve lobectomy. We will be able
to show long-term outcomes after a sufficient follow-up
period. Finally, treatments were selected at the discretion of
the physician in charge of each case. Selection criteria for
surgical procedures should be established in further studies. 

In conclusion, we herein presented our surgical techniques
and analysed short-term outcomes of Y-sleeve lobectomy.

The appropriate position of the peripheral lung tissue during
bronchoplasty is essential to successfully complete the
anastomosis. A severe adverse event was observed only in
one patient. No treatment-related deaths occurred. Y-sleeve
lobectomy is suggested to be a reliable surgical method to
avoid pneumonectomy.
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