Surgical Technique on Tracheal Surgery

Carinal resection: technical tips
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Abstract: Carinal resection (CR) is defined as the resection of the trachea-bronchial bifurcation with or
without lung resection. It is an uncommon challenging surgery performed in case of NSCLC, primitive
airway tumors or benign lesions invading the carina. A well-organized team is essential to manage patients
undergoing CR and it must involve several specialists experienced in diagnosis, operative treatment and
postoperative care. Before and during surgery a strict cooperation between surgeon and anesthesiologist
is essential; cross-field ventilation is generally used to maintain the adequate gas exchange during surgical
airway reconstruction, but also high frequency jet ventilation (HFJV) or extracorporeal membrane
oxygenation (ECMO) could be valid alternative options when cross-field ventilation is not feasible. Right-
sided lesions requiring a CR with pulmonary resection are better approached through an ipsilateral
thoracotomy (IV intercostal space), whereas tumor involving the carina as well as the left main bronchus and
requiring a left carinal pneumonectomy could be treated using a left thoracotomy with subaortic dissection
(only for very limited tracheal resection due to a bad exposure of the trachea after moving the aortic arch).
Instead, CR without pulmonary resection and left carinal pneumonectomy are better approached through
a median sternotomy. Reconstruction of the airway could be performed in different ways according to the
extension of the resection and to the surgeon experience with the sole purpose to obtain a tension-free
anastomosis to reduce as much as possible the possible post-operative complications due to impairment
healing of the suture. Based on tumor histology and the pathological staging the patient should be referred
to the oncologist and/or radiotherapist for the further medical treatments. Improved patient selection,

anesthetic management, surgical technique and better postoperative management are essential in such a

challenging surgery to have the lowest possible rate of postoperative morbidity and mortality.
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Introduction

Carinal resection (CR) is defined as the resection of
the trachea-bronchial bifurcation with or without
lung resection. CR and reconstruction without lung
resection is very rare and it is usually indicated in case of
primary tumors of the carina or the distal trachea. More
frequently, CR is associated to lung resection for a non-
small cell lung cancer (NSCLC) infiltrating the trachea-
bronchial bifurcation; in this case, right tracheal sleeve

pneumonectomy is usually the most frequent procedure,
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followed by left tracheal sleeve pneumonectomy or right
upper lobectomy/bilobectomy with CR.

Despite the improvement of surgical and anesthetic
techniques, CR is still considered one of the most
challenging surgical resection and reconstruction.
Reconstruction of the airway could be performed in
different ways according to the extension of the resection
and to the surgeon experience with the sole purpose to
obtain a tension-free anastomosis to reduce as much as
possible the possible post-operative complications due to
impairment healing of the suture.
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After the initial attempts of CR carried out in the 40s
to demonstrate the feasibility of the technique, the first to
show a clinical series of CR was Abbott in 1950 reporting
four cases of right tracheal sleeve pneumonectomy (1).
Since then, different authors described various techniques
to re-anastomosis the airway after CR. In 1954,
Crafoord (2) was the first to describe an anastomosis
between the bronchus intermedius and the trachea after
an upper lobectomy. In 1957, Barclay et al. (3) described
an end-to-end anastomosed between the trachea and the
right main bronchus and the left main bronchus was then
anastomosed end-to-side to the bronchus intermedius; in
1963 Grillo (4) performed the same CR and reconstruction
but with the end-to-side anastomosis of the left main
bronchus to the trachea. Another technique was described
by Eschapasse in 1967 (5) who performed an end-to-end
anastomosis between distal trachea and left main bronchus,
and an end-to-side anastomosis between the intermediate
bronchus and the left main bronchus.

Patient selection and workup

CRs are usually performed in case of NSCLC, primitive
airway tumors and benign lesions invading the carina.

Preoperative evaluation for all patients included
clinical history, physical examination, routine blood tests,
pulmonary and cardiac function test such as spirometry,
arterial blood gas analysis, perfusion lung scan and
electrocardiography.

Total body computed tomography (CT) and positron
emission tomography with fluorodeoxyglucose (PET)
are routinely performed to evaluate the lesion and the
infiltration of the surrounding structures as well as to ensure
the absence of a metastatic disease in case of malignancy.

Bronchoscopy is the most important pre-operative tool
to identify the lesion and to plan the surgical resection.
In fact, the diagnosis of the lesion is usually obtained by
endobronchial biopsy or endobronchial ultrasound-guided
transbronchial needle aspiration (EBUS-TBNA) which also
allows to evaluating the extension of the tumor, to identify
suspicious paratracheal tumor spreading and to assess
mediastinal nodal involvement in case of suspicious of N2
disease on CT or PET scan. In case of histologically proven
N2 disease, the patients should be candidates to induction
chemotherapy and then re-staged with a total body CT
and PET scan to schedule the responders or the patients
with stable disease for surgery. Endobronchial biopsies are
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important in order to map the trachea and to detect the
limits of surgical resection avoiding intraoperative surprises
and tensions on the anastomosis. A tension free anastomosis
is possible when the tumor does not extend beyond 2 cm of
the lower trachea or more than 1.5 cm of the opposite main
bronchus (6) or the distance between the lower trachea and
the opposite bronchus is not more than 4 cm (7).

Cervical mediastinoscopy should be performed in order
to confirm a suspected infiltration of the trachea-bronchial
angle and to better plan the extension of the resection.

During a multidisciplinary meeting thoracic surgeons
and oncologists confirmed patients’ resectability and the
induction treatment plans, if needed.

In case of NSCLC with carinal involvement, the
induction chemotherapy is indicated with the aim to
downstage the tumor increasing the resectability and
reducing the extension of the resection other than
improving long term survival by controlling potential
systemic micrometastasis. Furthermore, the patient has
usually a better compliance to induction therapy rather
than adjuvant therapy; patient’s performance status and
clinical condition are usually better than after an extended
surgery when post-operative complications could delay the
beginning of the treatments. On the other hand, theoretical
disadvantages of induction chemotherapy are a possible
progression of the disease during the treatment making the
patients inoperable, more surgical difficulties and increase of
post-operative morbidity and mortality. In our experience,
an absolute indication to induction chemotherapy in the
case of carinal involvement is the presence of superior vena
cava involvement as well as N2 disease.

Contraindication for CR are impairment respiratory
or cardiac function, extension of the tumor that hamper a
tension free anastomosis, multiple N2 or N3 lymph node
stations involvement and presence of distant metastasis.
Preoperative irradiation more than 45 Gy is not an absolute
contraindication to CR by it should be avoided.

Pre-operative preparation

Before and during surgery a strict cooperation between
surgeon and anesthesiologist is essential. An adequate
anesthesia is in fact crucial to maintain the adequate gas
exchange during surgical airway reconstruction. During
tracheal surgery and/or carinal reconstruction a cross-field
ventilation is necessary to maintain the general anesthesia,
and it is usually alternated with intermittent apnea to
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Figure 1 Transmediastinal approach to the trachea. A, aorta; C,
carina; T, trachea; SVC, superior vena cava; BCV, left brachio-

cephalic vein; PA, pulmonary artery.

facilitate the first part of the airway anastomosis (posterior
wall); then, the cross-field ventilation is replaced with
original endotracheal tube, which is pulled down into the
bronchus beyond the anastomosis, allowing to complete the
last part of the trachea-bronchial suture (anterior wall).

High frequency jet ventilation (HFJV) has been
introduced as an alternative ventilation option thanks to the
smaller endotracheal tube which allows an easier surgical
reconstruction. In fact, HEJV is frequently performed via
the lumen of the blocker tube which could be alternated in
the main bronchus during each anastomosis. Thus, HEJV
could be preferred to the cross-field ventilation above
all in case of minimally invasive approach to the carina
where the surgeon usually has a small operative area and a
short anastomotic time (8). Besides, HFJV is also useful to
maintain an adequate oxygenation to the contralateral lung
during the cross-field ventilation.

Extracorporeal membrane oxygenation (ECMO) has
also been reported with good results (9,10) in case of
impossibility of endotracheal intubation such as severe
tracheal stenosis or complete obstruction. A single lumen
veno-venous ECMO could nowadays considered the first
choice for airway surgery facilitating the surgery thanks
to tubeless operation field and leading to a more accurate
resection and reconstruction as well as a more definitive
airway security.

Equipment preference card

)] 3/0 Non-absorbable monofilament for the running
suture of the anastomosis;

(II)  heavy stiches between chin and chest to avoid
tension on the anastomosis;

(IIT)  anesthetic instrument for the cross-field ventilation
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or HEJV or ECMO;
(IV)  standard surgical instrument to perform tracheal and
lung resection.

Procedure

The surgical approach to the carina could be performed
differently, according to the position of the tumor and to
the surgeon’s experience.

Right-sided lesions requiring a CR with pulmonary
resection are better approached through an ipsilateral
thoracotomy usually in IV intercostal space. Tumor
involving the carina as well as the left main bronchus and
requiring a left carinal pneumonectomy could be treated
using a left thoracotomy with sub aortic dissection but
only in case of very limited tracheal resection due to a bad
exposure of the trachea after moving the aortic arch.

CR without pulmonary resection and left carinal
pneumonectomy are better approached through a median
sternotomy. In early 60, Padhi (11) and Abruzzini (12)
were the first authors to describe the trans mediastinal
approach to the trachea for the treatment of post-
pneumonectomy fistula: the sternum was fully divided and
the anterior pericardium opened vertically between the
superior vena cava and the aorta; then, after opening the
posterior pericardium, the retraction of the superior vena
cava and the aorta allowed to expose a quadrilateral space
in which the lower trachea and the carina could be easily
approached (Figure I).

Recently, minimally invasive thoracic surgery such as
video-assisted thoracoscopic surgery (VATS) or robotic-
assisted surgery (RATS) has been proposed for tracheal
or CR and reconstruction. So far, only few cases (13-19)
have been published in literature showing the feasibility
of these minimally invasive techniques for tracheal and
carinal surgery but still with several limitations mostly due
to challenging learning curve, impossibility of palpation and
difficult airway management.

CR with pulmonary resection

This type of surgery is uncommon and it is usually
performed in case of NSCLC involving the origin of the
main bronchus (right or left) and/or the carina. Considering
the rarity of the tracheal sleeve pneumonectomy only few
specialized center are able to develop the skill to perform
this surgery. Besides, the infrequency of this surgery has
also determined a lack of familiarity with indications and
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Figure 2 Right tracheal sleeve pneumonectomy and superior vena
cava resection and reconstruction with bovine pericardial patch (28).

Available online: http://www.asvide.com/article/view/25263

results so often these tumors are considered “unresectable”
and treated only by chemo or chemo-radiotherapy.

A multidisciplinary team should always be involved
to decide the right timing the surgery and the possible
induction or adjuvant treatments to improve the long-
term survival. The 5-year overall survival after CR ranges
from 26% to 44% in different series, with an improved
survival up to 50% in pNO patients (20-26) showing the
importance of the accurate selection of the patient. Another
important positive prognostic factor is the completeness of
the resection (21). Thus, induction chemotherapy should
be proposed to reduce the rate of explorative thoracotomy,
to improve RO resection and lymph nodes down-staging as
well as to reduce the incidence of recurrences and distant
metastasis. Besides, induction therapy is better tolerated
than adjuvant therapy in particular in this challenging
surgery often related with a severe post-operative morbidity.
In our experience, N2 disease should be considered an
absolute indication to induction chemotherapy in the case
of carinal involvement.

Cervical mediastinoscopy should be performed prior
to surgery to evaluate the tracheobronchial angle and the
patient’s resectability (27). Identification and isolation of the
airway should always be performed first, before the vessels
resection, to ensure the feasibility of the surgical resection.

Right tracheal sleeve pneumonectomy

The azygos vein is divided and the tracheobronchial
bifurcation exposed. The distal trachea is dissected
respecting the lateral blood supply and the left main
bronchus is then divided first, followed by the transection of
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the distal trachea, to allow a cross-field ventilation of the left
lung (27). This dissection must be done carefully to avoid
injury of the left recurrent laryngeal nerve which lies below
the aortic arch (27). Then, the end-to-end anastomosis
between the distal trachea and the left main bronchus is
performed maintaining the cross-field ventilation until
the posterior part of the anastomosis is completed. The
procedure is not indicated when more than 4 cm of the
trachea have to be resected.

Considering the anatomical position of the distal trachea
and the carina, the superior vena cava is also often involved
by the tumor, and a contextually vascular resection and
reconstruction is not infrequently associated with the
CR (28) (Figure 2). In our recent study published by
Galetta er al. (29), 15 patients out of 32 undergoing right
tracheal sleeve pneumonectomy had a combined superior
vena cava resection and reconstruction. In this study, we
showed 5-year survival and disease free survival of 30.3%
and 27.7%, respectively, significantly related to nodal down
staging and adjuvant treatment (P=0.035 and P=0.007,
respectively), whereas induction therapy was not associated
to morbidity and mortality.

Left tracheal sleeve pnenmonectomy

This procedure can be performed through a lateral
thoracotomy only if no more than 1 cm of trachea and
right main bronchus is involved below the margins of the
left main bronchus or in case of unplanned surgery due
to positive resection margin of the bronchus (27,29-31).
On the left side, the dissection of the distal part of the
trachea has to be performed beneath the aortic arch. Thus,
to improve the exposure of the airway, the ligamentous
arteriosus is divided and the aortic arch is dissected
circumferentially, with particular attention to preserve the
left laryngeal recurrent nerve. After identifying the trachea,
the pretracheal plane is dissected and isolated followed by
the right main bronchus (27). Traction sutures are usually
placed in the left lateral wall of the trachea and in the
median wall of the right main bronchus to facilitate the
resection and the reconstruction. The right main bronchus
is transected and a cross-field intubation is performed
through the right main bronchus followed by the tracheal
transection. Finally, anastomotic sutures are placed with
an intermittent retraction of the aortic arch with spatula or
umbilical tape around the vessel.

Instead, when a greater amount of the distal trachea
is involved, the left carinal pneumonectomy is usually
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Figure 3 CR with right upper lobectomy (left image). (A)
Anastomosis between the bronchus intermedius and the left main
bronchus; (B) the bronchus intermedius is sutured to the lateral

wall of the trachea. CR, carinal resection.

performed through a median sternotomy with a
transpericardial approach which allows a better exposure
of the surgical field with the mobilization of the ascending
aorta up to the aortic arch and the transection of the ductus
arteriosus.

Left carinal pneumonectomy is rarely performed, mostly
due to the anatomic position of the left bronchus beneath
the aortic arch and the frequent invasion of these structures
from the tumor affecting the patient’s operability.

CR with right upper lobectomy or bilobectomy

The major problem with this resection is that the distance
between the distal trachea and the left main bronchus
after the excision should not be more than 4 c¢m, to avoid
an excessive tension on the anastomosis (27). After the
vessels for the right upper lobectomy are divided, the distal
trachea and carina are isolated and divided as for a right
carinal pneumonectomy (32); after the anastomosis between
the trachea and the left main bronchus is completed, the
bronchus intermedius, divided immediately below the
origin of the right upper bronchus, is then anastomosed
1 cm below the initial anastomosis to the left main bronchus
(Figure 34). Only occasionally, the bronchus intermedius
can be sutured to the lateral wall of the trachea if the
length of the bronchus allows a tension-free anastomosis
(Figure 3B) (32).

© Journal of Visualized Surgery. All rights reserved.
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This procedure is indicated when a tumor of the right
upper lobe involves the carina and the distal trachea without
necessity to perform a right pneumonectomy.

CR without pulmonary resection

It is the ideal surgical resection in case of primary tumor of
the airway involving only the carina or extended to a small
part of the distal trachea.

Neo-carina

This CR is performed with the anastomosis of the median
walls of the main bronchi to the end of the trachea,
creating a new carina (27,32,33) (Figure 4). This type of
reconstruction is the most similar to the physiological
anatomy of the carina but the only limitation is the
very limited mobility of neo-carina due to the anatomic
relationship between the left main bronchus and the aortic
arch which held down the bifurcation preventing major
resection of the trachea (27,32).

Thus, this reconstruction is indicated only in case of
small tumors or benign lesions, confined only to the carina.

Barclay technique

This CR is performed with an end-to-end anastomosis
between the trachea and the right main bronchus and
then the creation of an ovoid opening into the medial wall
of the bronchus intermedius to perform an end-to-side
anastomosis of the left main bronchus with the bronchus
intermedius (Figure 5). This reconstruction can be done
only if the right main bronchus is sufficiently long to allow
an adequate cross-field ventilation during the end-to-side
anastomosis, otherwise it ends into a hypoventilation of the
right lung (3).

This type of reconstruction is usually indicated in case of
large tumors that require a major resection of distal trachea.

Grillo technique

This CR is similar both for indication and technique to
the Barclay technique. The only difference is that the end-
to-side anastomosis is performed between the left main
bronchus and the lateral wall of the trachea making this

procedure technically more challenging and only rarely
indicated (4) (Figure 6).
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Figure 4 CR is performed with the anastomosis of the median walls of the main bronchi to the end of the trachea, creating a new carina, using

trans-sternal transmediastinal approach. T, trachea; RB, right main bronchus; LB, left main bronchus; CR, carinal resection.

Figure 5 CR is performed with an end-to-end anastomosis
between the trachea and the right main bronchus and an end-
to-side anastomosis of the left main bronchus with the bronchus

intermedius. CR, carinal resection.

Eschapasse or reverse Barclay technique

This CR is performed with an end-to-end anastomosis
between the distal trachea and the left main bronchus; then,
an opening on the right side of the tracheal wall, 1 cm above

to the previous anastomosis, is performed and an end-to-

© Journal of Visualized Surgery. All rights reserved.

Figure 6 CR is performed with an end-to-end anastomosis
between the trachea and the right main bronchus and an end-to-
side anastomosis is performed between the left main bronchus and

the lateral wall of the trachea. CR, carinal resection.

side anastomosis between the trachea and the right main
bronchus is completed (34) (Figure 7). Rarely, the second
anastomosis could be performed between the right main
bronchus and the medial wall of the left main bronchus,
depending on length of the remaining right bronchus (5)
(Figure 8).
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Figure 7 Carinal resection is performed with an end-to-end
anastomosis between the distal trachea and the left main bronchus
and an end-to-side anastomosis is performed between the trachea
and the right main bronchus (34).

Awvailable online: http://www.asvide.com/article/view/25264

Figure 8 CR is performed with an end-to-end anastomosis
between the distal trachea and the left main bronchus and an end-
to-side anastomosis between the right main bronchus and the

medial wall of the left main bronchus. CR, carinal resection.

This CR is indicated when the tumor involves the carina
and longer part of the trachea.

Our experience

In our experience we performed 45 CR: 32 right tracheal
sleeve pneumonectomies, 4 right upper lobectomies
with CR, 8 CR with neo-carina, and 1 CR according
to reverse Barclay technique (Eschapasse). Thirty nine
patients had NSCLC, 2 patients had a carcinoid tumor and
4 cases an adenoid cystic carcinoma. Major post-operative
complications (one or more) occurred in 15 (33%) patients:
5 bronchopleural fistula, 4 acute respiratory distress

© Journal of Visualized Surgery. All rights reserved.
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syndrome (ARDS), 3 pulmonary edema, 2 hemothorax,
2 cardiac dislocation, 1 pneumonia, and 1 distal tracheal
disruption. Minor post-operative complication occurred
in 10 patients (22%) and the most frequent one was atrial
fibrillation followed by anemia.

The overall 5-year survival rate patients was 27 %, and
up to 32% in down-staged NSCLC patients showing the
importance of the induction therapy.

Role of team members

A well-organized team is essential to manage patients
undergoing CR and it must involve several specialists
experienced in diagnosis, operative treatment and
postoperative care:

(I) Interventional pulmonologist performs
bronchoscopy for the preoperative diagnosis and
evaluation of tracheal infiltration as well as the
post-operative follow up of the patients;

(II)  Thoracic surgeon selects the patients and performs
a technically challenging operation;

(IIT) Anesthesiologist manages the general anesthesia
and endotracheal tube during surgery;

(IV) Physiotherapist takes care of patients after the
surgery to avoid the bronchial secretions retention
and to improve the respiratory function;

(V) Oncologist and radiotherapist in collaboration
with the surgeon determines the proper patient’s
therapeutic pathway before and after surgery.

Post-operative management

It is desirable that the patient is extubated immediately
after the operation. The positive pressure ventilation can
apply stress on the airway anastomosis, increasing the
post-operative morbidity (35). Heavy stitches between the
chin and the upper part of the chest are recommended
to maintain a mild degree of cervical flexion and to avoid
uncontrolled head and neck movements which could over
stretch the anastomosis in the early post-operative period.
The chest tube and the stitches are usually removed on
post-operative day 7%, after a bronchoscopic checked
of the anastomosis. The first follow-up of the patient
could be scheduled after 1 month with chest X-Ray and
bronchoscopy.

Based on tumor histology and the pathological
staging the patient is referred to the oncologist and/or
radiotherapist for the further medical treatments.
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Tips, tricks and pitfalls
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Different techniques have already been proposed
to perform the tracheo-bronchial anastomosis.
Whereas some authors prefer interrupted suture
(35-37), others rather to reconstruct the airway
continuity with a running suture of the membranous
part associated to an interrupted suture of the
cartilaginous part (38). Also the materials have been
described differently by the various authors ranging
from absorbable material to prevent granuloma
formation or stenosis of the anastomosis (usually
for the cartilaginous part) to non-absorbable stiches
(for the membranous part). We usually performed
the end-to-end anastomosis of the airway using
two running sutures with a 3/0 non-absorbable
monofilament: the stitches were positioned at the far
side of the cartilaginous wall and subsequently fixed;
afterwards, the two running sutures, first passed
and secondarily tied, were performed obtaining the
anastomosis;

Anastomotic tension is the biggest cause of post-

operative anastomotic complications. However,

regardless of the different reconstruction techniques,
any lung sparing CR determines a shortening of the

longitudinal axis of the trachea-bronchial tree with a

consequent tension on the anastomosis.

(i) If the resection is less than 2 c¢m, the
longitudinal elasticity of the trachea, associated
with the flexion of the neck, usually allows a
tension-free carinal reconstruction; Besides, a
release of the pretracheal plane could provide
more mobility of the trachea, always respecting
the lateral blood supply;

(ii) If the resection is more than 2 cm, it is
important to associate the CR with major
release maneuvers to reduce the tension on the
tracheobronchial anastomosis (33). On both
sides, the section of the pulmonary ligament
and the mobilization of the hilum, in particular
the inferior vein which is physiologically
short, can significant reduce the anastomotic
tension (33); then, a U-shaped incision
performed in the pericardium beneath the
hilum, with intrapericardial division of the
raphe, and eventually extended around the
hilar vessels could increase further the hilum

release (39).

© Journal of Visualized Surgery. All rights reserved.
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A. Reinforcing single stitches could be placed
laterally to reduce the tension on the
aNnastomosis;

B. Tracheobronchial blood supply should
be preserved as much as possible during
dissection and release maneuvers to
facilitate an adequate healing of the airway.

The anastomosis should always be cover with a
vascularized flap (muscular, pleural or pericardial fat
tissue) (35) in case of induction therapy, especially
radiotherapy, which might reduce the vascularization
of the airway with a consequent tissue ischemia and
increased risk of fistula;
Chronic use of steroids might lead to an impaired
healing of anastomosis, so the patient should be
weaned from the steroids at least 2 to 4 weeks before
surgery (35);
The patients should be extubated as soon as possible
after surgery considering that mechanical ventilation
after surgery might increase the post-operative
morbidity due to the positive pressure on the airway
anastomosis (35);
The morbidity rate after CRs usually ranges between
11% and 50% (20-23,26,40-42). The major causes
of post-operative complications are usually related
to an impaired healing of anastomosis and could be
divided into two major categories:
(i) Fistula which could be bronchopleural or
bronchovascular.

A. Bronchopleural fistula is classified
according to the time of onset after
the operation in early (1-7 days),
intermediate (8-30 days) and late (more
than 30 days) (43). Early and intermediate
bronchopleural fistula is usually repaired
with direct suture of the anastomotic defect
either through the same thoracotomy or
through a transmediastinal “Abruzzini”
approach. In case of CR with pulmonary
resection, the bronchial stump has to be
identified and the previous suture removed.
Then, the new bronchial stump is sutured
using non-absorbable 3-0 monofilament
running in a U fashion and reinforced with
2 separate absorbable bands 7.5 mm in
width (PDS-band) to avoid bronchial-wall
laceration (44). Fibrin glue and
vascularized muscle or pericardial fat
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cover by vascularized omental flap and endobronchial silicon prosthesis.

flap could be used to cover and protect
the new bronchial suture. In case
of late fistula, according to the size
(<8 mm) or the general post-operative
condition of the patient, a bronchoscopic
approach using of fibrin glue, bronchial
stent or silver nitrate should be attempted.
However, in case of conservative
treatments failure or larger fistulas,
open-window thoracostomy is often
the only possible solution to guarantee
the closure of the airway continuity and
to resolve the infection of the pleural
cavity, despite its major aesthetic and
functional impact on the patient. In our
experience, we also tried in an hopeless
case of total disruption of the distal trachea
after right carinal pneumonectomy,
notwithstanding several failed attempts
of reconstruction, a salvage surgery with
reconstruction of the airway with free
skin patch cover by vascularized omental
flap and endobronchial silicon prosthesis
(Figure 9).

B. Recently, Petrella er 4l. reported successtul
BPF closure by autologous mesenchymal
stromal cells endoscopic transplantation
in a large animal model (45) as well
as in clinical setting after extrapleural
pneumonectomy for mesothelioma (46).

C. Bronchovascular fistula is usually a
catastrophic event and it is rarely identified
before it is too late to be repaired;

(i) Stenosis which could be benign due to
granulomas or inflammatory stricture or
neoplastic due to tumor recurrence on the

© Journal of Visualized Surgery. All rights reserved.

Figure 9 Salvage surgery with reconstruction of a total disrupted distal trachea after right tracheal sleeve pneumonectomy with free skin patch

anastomotic margins. These are usually treated
with conservative endoscopic dilatation or
endoprothesis.

(VII) The CRs mortality ranges between 3% and 20% and

it is related to pneumonia and ARDS or anastomotic

failure (20-23,26,40-42).
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