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Bronchial sleeve resections

Brongiyal sleeve rezeksiyonlar

Muhammet Sayan ®, Abdullah irfan Tastepe

Department of Thoracic Surgery, Gazi University Faculty of Medicine, Ankara, Turkiye

ABSTRACT

Although bronchial sleeve resections were previously defined
as an alternative technique to pneumonectomy for patients
with limited pulmonary reserve, currently these resections
are applied as a standard even in patients having normal
pulmonary capacity. Pneumonectomy, itself, is a disease, and
sleeve lobectomies can be performed without compromising
oncological principles and without causing significant morbidity
and mortality. In parallel with the developments in surgical
techniques, bronchial sleeve resections can be performed by
videothoracoscopic and robotic surgeries. Major complications
in sleeve lobectomies are bronchial dehiscence, bronchopleural
fistulas, and broncho-arterial fistulas. Late complications are
bronchial stenosis and tumor recurrence.

Keywords: Anastomosis, bronchial sleeve lobectomy, sleeve
resection.

The term bronchial sleeve resection describes the
cutting of the both main bronchus and lobe bronchus
with or without resection of lobar lung tissue and,
anastomosis of tumor-free bronchial ends. Procedures
which involve the resection of the lobar parenchyma
are called bronchial sleeve lobectomy (BSL).!'? While
BSL has emerged as an alternative technique for
pneumonectomy in patients with impaired pulmonary
function, it has become a standard resection, even
when the respiratory capacity is normal in suitable
indications, and it has reached the rate of 13% of all
pulmonary resections.

Historically, the first case of BSL was reported
by Thomas®* in 1947, series on this subject were
published in the following years and BSL was
described in textbooks with its standard indications and

oz

Bronsiyal sleeve rezeksiyonlar onceleri pulmoner rezervi
kisith hastalarda pnomonektomiye alternatif bir teknik
olarak tanimlanmigken, giinlimiizde bu rezeksiyonlar
normal pulmoner kapasiteye sahip hastalarda dahi standart
olarak uygulanmaktadir. Pnomonektomi bagli bagina bir
hastalik olup, sleeve lobektomiler onkolojik ilkelerden odiin
vermeden ve onemli morbidite ve mortaliteye neden olmadan
yapilabilmektedir. Cerrahi tekniklerdeki gelismelere paralel
olarak videotorakoskopik ve robotik cerrahi ile brongiyal sleeve
rezeksiyonlar yapilabilmektedir. Sleeve lobektomilerde baglica
komplikasyonlar bronsiyal ayrilma, bronkoplevral fistiil ve
bronkoarteriyel fistiildiir. Ge¢ komplikasyonlar ise, bronsiyal
darlik ve tiimor niiksiidiir.

Anahtar sézciikler: Anastomoz, brongiyal sleeve lobektomi, sleeve
rezeksiyon.

techniques.® In line with the developments in surgical
techniques, the first videothoracoscopic BSL case
was published in 2002 and, currently, the minimally
invasive BSL procedure has become widespread in
advanced centers.”! Eventually, with the application
of robotic techniques in thoracic surgery, bronchial
sleeve resections can be performed robotically in
various centers around the world, and related series
were published in the literature.” Although BSL can
be applied to all lobar and some segmental bronchi,
the most common application in practice is right upper
BSL followed by left upper BSL.!W Bronchial sleeve
lobectomy is often indicated for malignancy in adult
patients, whereas it is performed for benign strictures
in the pediatric group.® In addition, it has been
reported that BSL can be performed successfully in
post-traumatic bronchial rupture, fistula and stenosis."”!
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Indications

Approximately 6 to 8% of lung cancer requires
BSL due to endobronchial or peribronchial invasion.
In addition, the presence of metastatic interlobar lymph
nodes causing bronchial invasion may be an indication
for sleeve resection. Patients with endobronchial
carcinoid tumors and hamartomas may be candidates
for sleeve resection. Other rare indications are bronchial
strictures due to trauma or inflammatory diseases, and
airway complications after lung transplantation.!-?

Patient selection

Localization of the lesion is of utmost importance
for the selection of patients who are candidate for
BSL. Standard lobectomy may be risky in terms of
oncological principles for some patients with a mass

with endobronchial extension or peribronchial invasion.
These individuals should be evaluated for BSL to avoid
pneumonectomy (Figure 1). Evaluations of patients
should be started with a careful history taking and
physical examination. Physicians should question about
the patient’s previous surgery, chemoradiotherapy
status, nutritional status, medications (particularly
immunosuppressive and anti-inflammatory drugs),
presence of rheumatological disease, and comorbidities.
Stair climbing and effort capacity should be noted,
indicating pulmonary reserve of the patient. On physical
examination, conditions that may cause inoperability
such as supraclavicular, scalene lymphadenopathy,
cachexia, and hoarseness should be investigated.
Routine preoperative evaluations should be performed
in those who are scheduled for cancer resection.
Routine blood tests, electrocardiography, pulmonary
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Figure 1. The illustration shows location of the lesions for various sleeve resection indications. (a) Right upper sleeve lobectomy.
(b) Right sleeve bilobectomy inferior. (¢) Right middle sleeve lobectomy. (d) Right lower sleeve lobectomy. (e) Left upper sleeve

lobectomy. (f) Left lower sleeve lobectomy.
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function test, carbon monoxide diffusion test, thoracic
tomography, positron emission tomography (PET)-
computed tomography (CT) and cranial magnetic
resonance imaging (MRI), and non-invasive and
invasive mediastinal lymph node evaluation should be
performed. Thoracic CT should be contrast-enhanced
in patients with normal renal function. Pulmonary
artery invasion and the need for arterioplasty or arterial
sleeve resection should not be ignored, particularly in
patients with left-sided lesions who are candidates
for BSL. The necessity of pneumonectomy should be
considered in patients who are scheduled for BSL, and
advanced evaluations such as ventilation/perfusion
scintigraphy and cardiopulmonary stress test should be
performed if necessary to evaluate the postoperative
pulmonary status. Next, the surgeon should determine
the presence and extent of the endobronchial lesion by
fiberoptic bronchoscopy for whether the BSL procedure
is sufficient and the necessity for further resection,
such as extended sleeve lobectomy, pneumonectomy,
and carina resection (Figure 2).

Technique

The BSL procedure is performed under selective
lung ventilation with a double-lumen tube in lateral
decubitus position. In general, a right double-lumen
tube should be preferred for left-side BSL and a left
double-lumen tube for right-side BSL. Preferably,
before intubation, fiberoptic or rigid bronchoscopy
is performed to evaluate the current endobronchial
status of mass. Although the common approach is
thoracotomy, minimally invasive methods have been
used successfully in recent years.>'” When a pedicled
intercostal muscle flap is preferred, the flap should

be prepared without placing an intercostal retractor
to prevent muscle damage in patients undergoing
thoracotomy.""! The tumor resectability should be
evaluated before irreversible surgical procedures
such as vascular or bronchial division. Standard
lobectomy procedures are performed consecutively,
until the bronchial division. Mediastinal lymph node
dissection, particularly subcarinal stations, should be
completed prior to bronchial division to prevent any
damage to the bronchial anastomosis. Peribronchial
extensive dissection can cause bronchial ischemia
and anastomotic complication and, thus, it is not
recommended.'>3! After the division of pulmonary
vein and artery of the lobe to be resected, the proximal
and distal bronchial parts are cut with a scalpel or
scissors and, frozen-section is sent from both surgical
margins. The surgeon must be certain of tumor-free
margins before starting the bronchial anastomosis.
To date, various techniques have been defined for
bronchial anastomosis:

1. Running suture technique with monofilament
absorbable or non-absorbable suture materials
(polydioxanone or polypropylene);

2. Running suture technique with a monofilament
suture (polydioxanone) on the contralateral side
of the surgeon and lower part of anastomosis,
interrupted technique with a multifilament
absorbable suture (polyglactin) on surgeon’s
side and upper part;

3. Completely interrupted technique after lateral
fixation sutures;

4. Telescopic technique for bronchial mismatch.

Figure 2. Flexible bronchoscopy imaging shows a tumor originating from the right upper lobe and
extending into the right main bronchus.
LMB: Left main bronchus; RMB: Right main bronchus; IMB: Intermediate bronchus; RULB: Right upper lobe bronchus.
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Figure 3. The anastomosis begins at the proximal bronchus with the first suture that is passed from the
outside to the inside and continues from the distal end from the outside to the inside.

We prefer running suture technique in our
department. Bronchial anastomosis is started from the
opposite of the surgeon with a 4/0 or 3/0 polydioxanone
suture material in accordance with the bronchial width
and thickness. The first suture inserted in proximal
bronchial end from the outside-to-inside, then, it is
continued to the distal bronchus part from the inside
to the outside (Figure 3). The surgeon completes the
anastomosis of the membranous part of bronchus with
the running suture technique toward himself/herself.
Meanwhile, the assistant should hold tightly of the
other end of the suture. In the anastomosis of the
membranous side, the suture is passed from the inside
to the outside with the final maneuver. The surgeon
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passes inside and outside again with a second suture
material from his/her side and knots the ends of
this suture and the first suture with the appropriate
tension. The knots should be outside the bronchial
lumen while tying the sutures (Figure 4). Before the
knotting, surgeon should check for proper closure in
the posterior part of the bronchus. If there is loosening,
suture layers are pulled one by one with a hook or a
thin right angle clamp tip to ensure optimal tension
and closure. The surgeon continues the anastomosis
with the running technique with the second suture
material and the first suture tip is reached and the
anastomosis is completed (Figure 5). Other techniques
such as running suture for membranous part and

Figure 4. The inner side is sutured as described, and the end of the suture is held out posteriorly by
passing it from the inside to the outside. A second suture (green color) is passed from the outside to the
inside, then the inside to the outside, and all sutures are tied with the first suture tip at the extraluminal

region of bronchus.

S24



Sayan M and Tastepe Al
Bronchial sleeve resections

Figure 5. The outer face anastomosis is completed as running technique with the second suture
material (green color).

g

Figure 7. The bronchial anastomosis should be buttressed by a pedicled tissue (e.g., pericardial adipose
tissue, thymus, intercostal muscle, diaphragm).
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interrupted sutures for cartilaginous part or fully
interrupted technique may be preferred in various
centers. The reason for preference may be to reduce
the risk of complete bronchial dehiscence, in case of
possible suture breaking due to infective reasons.!*!7!
However, in an experimental study conducted by
Bayram et al.,l'¥ there was no significant difference in
the rate of bronchial dehiscence or complications in
running or interrupted technique. If there is a diameter
mismatch during anastomosis, passing the sutures
from the large-diameter bronchus more widely than
the narrow-diameter bronchus may provide a solution.
Narrowing the membranous side of the wide bronchus
with an additional suture is another option. Wedge
resection on the cartilage side of the large diameter
bronchus is not preferred, as it increases the risk
of fistula. Although it is not preferred in our clinic,
another solution to bronchial diameter mismatch is
telescopic anastomosis.!71201 Effective closure of the
bronchial ends is observed, and anterior sutures are
also tied and anastomotic leakage is tested with 25 to
30 cm H2O air pressure (Figure 6). Minor air leaks at
the insertion site of the suture needle should not be
considered. Supporting with polyglactin sutures can be
applied to areas with significant leakage. According
to the surgeon's preference, the bronchial buttressing
should be performed with a tissue such as intercostal
pedicle flap, pleura, pericardial adipose tissue, thymus
or diaphragm, and omental tissue, particularly in
patients with a high risk of anastomosis complications
due to comorbidity (Figure 7).[1221

Postoperative period

Patients should be transferred to the intensive care
unit as extubated as much as possible. Postoperative
follow-up of patients with sleeve resection is not
much different from standard lung resection. Before
extubating, a bronchoscopy should be performed to
check for secretion clearance, anastomosis control, and
the presence of bronchial stenosis. During follow-up,
drainage monitoring, cardiac rhythm monitoring,
urine output, respiratory physiotherapy, complete
blood count and electrolyte monitoring are performed.
A chest X-ray provides important information about
the expansion of the remaining lung and possible
complications. Intravenous fluid support is provided by
paying attention to pulmonary edema.!'”

RESULTS

Studies comparing sleeve lobectomy and
pneumonectomy for lung cancer emphasized the
superiority of sleeve lobectomy in terms of morbidity
and early mortality. Shi et al.?? reported that, in

S26

a meta-analysis, sleeve lobectomy was superior in
terms of morbidity and mortality, as well as long-term
survival. Li et al.® also showed that the risk of
tumor recurrence was not increased in BSL compared
to pneumonectomy. In another study, even sleeve
lobectomy after induction chemotherapy was found to
be superior to pneumonectomy in terms of morbidity
and long-term survival.?¥ Similarly, in a propensity
score analysis by Chen et al.,” the superiority of
sleeve lobectomy was emphasized in terms of short-
and long-term survival. Lee et al.? reported that
pneumonectomy was superior to BSL in terms of
three-year overall survival and disease-free survival,
although the difference was not statistically significant.

Complications

The most common complications are atelectasis,
pneumonia, and bronchial dehiscence. These
complications are associated with the secretion and
blood accumulation in the anastomosis line or impaired
mucociliary activity due to mucosal damage.” Such
complications can be prevented by some measures such
as early mobilization and respiratory physiotherapy
and suitable antibiotic therapy. During follow-up,
sudden onset of subcutaneous emphysema, unresolved
atelectasis, lobar consolidation, hemoptysis, and
prolongedairleakage morethanone week postoperatively
are the indicators of bronchial dehiscence and these
patients should undergo bronchoscopy. During
bronchoscopy, the necrotic bronchial part is seen in
gray-white color. Large areas of dehiscence can be
visualized directly by bronchoscopy. Risk factors for
complication are low forced expiratory volume in 1 sec
(FEV1), increased pulmonary artery pressure, active
smoking, induction chemo-radiotherapy, diabetes
mellitus, malnutrition, coronary artery disease, and
right-sided resections.””! Bronchoarterial fistula is a
very rare and mortal complication. Although the use of
non-absorbable suture materials such as polypropylene,
lack of support tissue between the pulmonary artery
and bronchus, and the aforementioned risk factors for
bronchial fistula are blamed for the fistula occurring,
the exact etiology is not clear. Peribronchial buttressing
not only prevents air leaks, but also provides
protection against possible arterial fistula.*®*! Tumor
recurrence in the late period is an undesirable aspect
of sleeve resections. Bronchial stenosis, another late
complication, has been reported at a rate of 2 to 6%
after bronchoplastic resections. Segmentary ischemia
and formed granulation tissue have been accused in
the etiology. Surgical methods such as re-anastomosis,
complementary pneumonectomy, and non-surgical
methods such as bronchoscopy, laser, and stent are
used in the treatment of patients.*%
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Sleeve resection procedure was performed in a
total of 115 patients with non-small cell lung cancer
between 2010 and 2022 at Gazi University, Faculty
of Medicine, Department of Thoracic Surgery, and
during the study period, 1,528 patients underwent
anatomic resection for lung cancer with a rate
of 7.5%. The mean age was 61.7+10.8 years and
the median tumor diameter was 3.5 cm. Sixteen
(13.9%) patients were female. The most common
surgical procedure was right upper BSL in 62 (53.9%)
patients, followed by left upper BSL in 27 (23.5%)
patients. Predominant histopathology, as expected,
was a squamous cell carcinoma in 73 (63.5%)
patients. Lymph node metastasis was detected at N2
stations in 16 (13.9%) patients in the pathological
staging. In our series, the number of patients with R1
resection was five (4.3%). Anastomotic complications
occurred in six (5.2%) patients and two of them (1.7%)
died from bronchovascular fistula within 30 days
postoperatively. Other anastomotic complications
were bronchial dehiscence, and the approach was
completion pneumonectomy in three (2.6%) patients
and re-anastomosis in one (0.8%) patients.

In conclusion, bronchial sleeve resections can be
performed successfully not only in patients with limited
respiratory reserve, but also in patients with adequate
respiratory function, without compromising oncological
principles. Careful patient selection, appropriate
intraoperative manipulations, and effective postoperative
care are required to prevent anastomotic complications.
Postoperative hemoptysis, a fatal complication, should
be a warning for bronchoarterial fistulas.
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