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Summary

Carinal resection is defined as the resection of tracheo-bronchial bifurcation, with or without lung parenchyma resection. It represents
one of the most challenging areas of airway resection and reconstruction, basically due to the variability in the location and extent of the
lesions. Main indications for this procedure are primary tumours of the carina or the distal trachea or, more frequently, bronchogenic
carcinoma with carinal involvement. Very different approaches and reconstruction techniques have been experimentally and clinically
described in the last 50 years, with some corner stone procedures in the history of modern thoracic surgery. Despite many technical and
oncological difficulties encountered in this field, encouraging results have been reported in recent series, in particular an excellent 5-year
survival rate of 50% in pNO patients suffering form carinal infiltration form lung cancer. Several aspects of the multimodality approach to
neoplastic carinal involvement still remain debatable like radio-chemotherapeutic approach instead of the extremely rare left carinal
pneumonectomy as well as the role of induction treatments before embarking in such demanding procedures, according to the

pathological nodal status.
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INTRODUCTION

Carinal resection represents one of the most challenging areas of air-
way resection and reconstruction; considering the variability in resec-
tion and reconstruction according to the extent of the lesion, we may
say that no single ideal technique exists for reconstruction [1].

We define ‘carinal resection’ as the resection of tracheo-bron-
chial bifurcation with or without lung parenchyma resection.

Main indications are primary tumours of the carina or the distal
trachea or, more frequently, bronchogenic carcinoma involving
the carina or the distal trachea.

Right tracheal sleeve pneumonectomy represents the most
frequent procedure, whereas left tracheal sleeve pneumonectomy
or right upper lobectomy with carinal resection is infrequent.

Isolated carinal resection with tracheo-bronchial reconstruc-
tion without lung resection is very rare and its indication, from the
oncological point of view, is limited to localized primary tumours
of the carina or the distal trachea.

History

Experimental resection of tracheal carina started during the late
40s and continued for almost 20 years [1]; Grindlay et al. [2] first
resected right lung and carina in dogs in 1949, with end-to-end
anastomosis of the trachea to the left main bronchus. Juvenelle
and Citret [3] performed experimentally lateral implantation of
the bronchus (right or left) into the trachea after a short tracheal
segment resection. Subsequently, several experimental studies

showed the feasibility of bronchial implantation into the trachea,
bronchial transposition to the lateral tracheal wall as well as some
carinal reconstruction techniques including reapproximation of
both main bronchi to the carina and tracheo-bronchial anasto-
moses after carinal pneumonectomy [4, 5].

The first clinical carinal resection was performed by Abbott [6],
repairing a large oval defects created by a right pneumonectomy
and right carinal lateral excision for bronchogenic carcinoma in
1950 by transverse closure.

In 1951, Mathey [7] locally resected a cylindroma of the carina
involving posterior walls of both proximal main bronchi; recon-
struction was performed by a longitudinal suture of the medial
bronchi margins and a transverse suture of the remaining defect.

In 1954, Craaford et al. [8] performed an anastomosis between
the bronchus intermedius and the trachea, at the origin of the right
main bronchus, after upper lobectomy and bronchial excision.

In 1955, Bjork [9] exposed the carina from the left hemithorax,
mobilizing the aorta after division of four pairs of intercostal arter-
ies, to resect the left main bronchus and to anastomose its lobar
bifurcation to the prior origin of the bronchus at the trachea.

In 1957, Barclay et al. [10] resected distal trachea and carina to
remove a recurrent adenoid cystic carcinoma; the trachea was
end-to-end anastomosed to the right main bronchus whereas the
left main bronchus was anastomosed end-to-side to the bronchus
intermedius.

In 1963, Grillo et al. [11] described resection of the distal trachea
and carina to remove adenoid cystic carcinoma; the trachea was
end-to-end anastomosed to the right main bronchus, whereas the
left main bronchus was anastomosed end-to-side to the trachea.
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In 1961, Nissen [12] removed a malignant adenoma, while
Woods et al. [13] excised a cylindroma of the carina by using
extracorporeal circulation; reconstruction was done by suturing
and using a skin patch supported by a wire mesh.

In 1967, Eschapasse et al. [14] reported a short series of three
patients receiving circumferential resection of the entire carina
followed by complete reconstruction; in two cases, the anastomo-
ses were end-to-end between right main bronchus and trachea,
followed by an end-to-side anastomosis between left main bron-
chus and bronchus intermedius. In the other case, end-to-end
anastomosis was done between distal trachea and left main bron-
chus, followed by an end-to-side anastomosis between interme-
diate bronchus and the left main bronchus.

In 1982, on the basis of his experience, Grillo [15] presented a
comprehensive schema for carinal reconstruction: for short resec-
tions, carinal restoration was by side-to-side main bronchial anas-
tomosis, which was then joined end-to-end to the trachea; for
longer lesions, the trachea was placed end-to-end to the left main
bronchus, if the gap was <4 cm, and the right main bronchus end-
to-side to the trachea; for still more extensive tracheo-carinal
removal, the ‘Barclay’ anastomosis of the right main bronchus to
the trachea and left main bronchus end-to-side to the interme-
diate bronchus was used.

In more recent years, thanks to bioengineering and stem cells
therapy, there have been interesting developments in the field of
tracheal transplantation and bioengineered airway tissue employ-
ment: in 2004, Klepetko et al. [16] reported a case of heterotopic
tracheal transplantation with omentum wrapping in the abdomi-
nal position; in the same year, Macchiarini et al. [17] reported the
first human transplantation of a bioengineered airway tissue to
treat a complete dehiscence of the ventro-lateral aspect of the
tracheo-bronchial anastomosis after a right completion carinal
pneumonectomy.

In 2008, Macchiarini et al. [18] reported the complete resection of
the left main bronchus for non-neoplastic disease and its successful
replacement with a bioengineered human trachea, by left postero-
lateral thoracotomy, to avoid left carinal pneumonectomy.

Approaches to the carina

The surgical approach to the carina may be performed by a lateral
or a postero-lateral thoracotomy or by a median sternotomy,
according to the surgeon’s experience, the tumour location and
the type of surgical procedure.

Right thoracotomy

It probably represents one of the best ways to approach the carina
and therefore it is one of the favourite accesses by most surgeons;
it is particularly indicated for tumours of the carina and for more
extensive tumours of the lower trachea [15].

Left thoracotomy

It may be used for treating a tumour involving the carina as well as
the left main bronchus to such an extent that the left lung cannot be
salvaged; tracheal excision must be very limited when this approach
is used. Left thoracotomy with subaortic dissection was principally
employed for lesions involving the left main bronchus and the
carina, but little of the tracheal length [15]; left thoracotomy with
retro aortic dissection was also explored but failed to gain accep-
tance[9, 19]; in fact, swinging the arch of the aorta forward from the
left after dividing four upper intercostal arteries, as described by
Bjork [9], does not provide good access for tracheal procedures [20].

Median sternotomy

Median sternotomy was first described by Goeltz [21] in 1907 for
foreign body removal, was then reported in 1960 by Padhi and
Lynn [22] for bronchopleural fistula and, in 1961, by Abruzzini for
treatment of postpneumonectomy tubercolous fistulae [23]; it was
then re-introduced with anterior and posterior pericardial open-
ing by Perelman [24]: in this trans-mediastinal approach to the
entire trachea, the sternum is fully divided; the anterior pericar-
dium is opened vertically between the superior vena cava and the
aorta; the posterior pericardium is similarly opened; retraction of
the superior vena cava and the aorta exposes a quadrilateral space
in which the lower trachea and the carina are seen; the right
pulmonary artery lies just below the carina.

Clamshell incision

Grillo [15] employed bilateral thoracotomy for free access to the
carina and to both thoraces for treatment of complex lesions,
especially those involving the left main bronchus, carina and a
long extent of the lower trachea.

Left hemiclamshell incision

Maeda et al. [20] added left anterior thoracotomy to median
sternotomy to improve access in the case of left carinal
pneumonectomy.

Anatomy

The carina is the apex of the bifurcation point of the trachea; it is
located at the lower border of the T4 vertebra in the supine posi-
tion and T5 or T6 vertebrae in the erect position. At the carinal
level, the left main bronchus passes beneath the aortic arch and
the right main bronchus beneath the azygos vein. The superior
vena cava lies just anterior and to the right of the trachea; the
pulmonary artery lies inferiorly in front of the carina; thus, in ante-
rior approach to the carina, a deep quadrilateral space is devel-
oped trans-pericardially in front of the carina, bordered by the
superior vena cava on the right, the aortic arch on the left,
the pulmonary artery inferiorly and the brachiocephalic vessels
superiorly [1].

The attachments of connective tissue to the trachea are loose
enough so that vertical movement is easily possible to a consider-
able degree both functionally and surgically; the trachea is fixed
by the sling of the aortic arch over the left main bronchus where
relatively little sliding motion occurs [1].

The bronchial arteries provide blood supply to the carina and
the lowermost trachea; the bronchial arterial circulation may be
divided into anterior branches, arising from the subclavian, inter-
nal mammary, or coronary arteries, and posterior branches, arising
from the thoracic aorta or intercostal arteries. Anterior branches
are uncommon and assume clinical significance only in instances
in which the posterior branches are interrupted, such as following
en bloc heart-lung transplantation. In these instances, anterior
branches, particularly from the coronary circulation, provide sig-
nificant systemic collateral blood flow to the airway for anasto-
motic healing and maintenance of structural integrity of the
tracheo-bronchial tree [25].

The branches of the posterior circulation are divided into left-
and right-sided arteries. A left bronchial artery arises directly from
the descending thoracic aorta in more than 90% of cases. A right
bronchial artery arises in relationship to a right intercostal artery
as a right inter-costo-bronchial artery (RICBA) in 95% of cases.
Additional right- and left-sided bronchial arteries may arise
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directly from the aorta or from ipsilateral intercostal arteries. The
most common patterns of posterior bronchial circulation consist
of one right and two left bronchial arteries (in ~25% of patients) or
two right and two left bronchial arteries (in ~20% of patients). The
RICBA arises from the descending thoracic aorta, crossing poste-
rior to the oesophagus and then passing between the azygous
vein and the oesophagus to the right main bronchus. It serves as a
common trunk for the first or second right intercostal artery and
the right bronchial artery. The RICBA supplies the right main bron-
chus and carina, and may supply the left bronchial tree as well,
through subcarinal collaterals [1].

Although a large part of the length of the trachea can usually be
circumferentially dissected without necrosis if the trachea remains
intact—and with it the vertical longitudinal vessels—circumferential
dissection of an excessively long segment of the trachea above or
below a point of tracheal division can lead to devascularization;
necrosis may follow [1].

Primary tracheal lymph nodes are pretracheal, paratracheal and
subcarinal [26]; the right lower paratracheal lymph nodes drain
into thoracic duct tributaries which travel along the course of the
azygous vein. Left superior bronchial nodes below the trachea
drain directly to the mediastinal thoracic duct or to the arch of the
duct via the left recurrent chain. An alternative pathway is to the
aortic arch node and up along the arch. Tracheal bifurcation nodes
drain through accessory ducts on either side of the oesophagus to
the mediastinal thoracic duct [27].

Mediastinal lymph node dissection for tracheal tumours should
be limited to lymph nodes immediately adjacent to the segment
to be resected, to avoid contributing to devascularization [1].

SURGICAL PROCEDURE

Carinal resection without pulmonary resection

Neocarina (approximation of the median walls of the
main bronchi)

This reconstruction is indicated in case of very small tumours,
implanted on the carina only. The medial walls of the main bron-
chi are approximated together to fashion a new carina that is then
anastomosed to the trachea [28].

The main problem with this reconstruction is that the neocarina
has a very limited mobility: in fact, once the right and left main
bronchi are sutured together, the left bronchus is held by the
halter of the aortic arch; for this reason, most of the length for
re-approximation must come from devolution of the trachea to
the newly formed bifurcation [1].

Barclay (end-to-end right main bronchus with trachea;
end-to-side left main bronchus with intermedius)

This reconstruction is indicated in case of more extensive tumours,
requiring a larger portion of the distal trachea to be resected.

The procedure is realized into three different stages: (i) medias-
tinal approach to the carina throughout a median sternotomy is
performed; (ii) an end-to-end anastomosis between the trachea
and the right main bronchus is performed; (iii) an ovoid opening
is made in the medial wall of the bronchus intermedius and an
end-to-side anastomosis of the left main bronchus, across the
mediastinum, into the bronchus intermedius is performed.

This reconstruction can safely be done only if the right main
bronchus remains sufficiently long; moreover, it may be very
difficult to perform the end-to-side anastomosis using cross-filed

anaesthesia and often requires hypoventilation of the right
lung [1, 28].

Grillo (end-to-end right main into trachea; left main
into lateral trachea)
This reconstruction has the same indications as for the Barclay’s
technique. An end-to-end anastomosis is performed between the
right main bronchus and the trachea; an end-to-side anastomosis
is then performed between the left main bronchus and the lateral
wall of the trachea.

This procedure is very rarely indicated and is technically very
demanding [28]; Grillo himself reports that there is no special
reason to recommend this scheme [1].

Eschapasse (reverse Barclay: end-to-end left main with
the trachea; end-to-side right main with the trachea
[or left main])
This reconstruction is indicated when a tumour involves more than
a minimal amount of the trachea. The first part of the procedure is
the median sternotomy to access the mediastinum. The anterior
pericardial surface is opened; the ascending aorta is encircled and
pulled to the left; the superior vena cava is encircled and pulled to
the right. Right pulmonary artery is encircled medially to the supe-
rior vena cava and bilateral paratracheal lymph node dissection is
completed (Video 1). Right main bronchus is encircled as well as
the distal trachea; in this way, the carina is then exposed (Video 2).
The distal trachea is transected at the level where the anastomosis
with the left main bronchus is supposed to be done; a traction
stitch in the distal part of the remaining trachea is passed to avoid
cranial migration. An end-to-end anastomosis between the distal
trachea and the left main bronchus is first performed by a 3/0 poly-
propylene running suture, while the right main bronchus is venti-
lated by cross-field intubation (Video 3). In some cases
(haemodynamic instability or oxygenation problems), cross-field
intubation is avoided by the use of cardiopulmonary bypass. Then,
after advancing the endotracheal tube into the left main bronchus,
an opening on the right aspect of the tracheal wall is performed,
1 cm above the previous anastomosis. An end-to-side anastomosis
between the trachea and the right main bronchus is performed as
described previously. Then, the water submersion test is performed
to check for air-leaks and bilateral pulmonary re-inflation is com-
pleted. Finally, medial sternotomy is routinely closed (Video 4).
On rare occasions, the second anastomosis may be performed
between the right main bronchus and the medial wall of the left
main one, depending on the relative intraoperative tension [1, 28].

Video 1: Median sternotomy is performed to access the mediastinum and,
after the pericardial opening, the mediastinal vessels are isolated and bilateral
paratracheal lymph node dissection is completed.
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Video 2: The right main bronchus and the distal trachea are isolated and the
carina is then exposed.

Video 3: The distal trachea is transected and a stitch is passed in the distal part
of the remaining trachea to avoid cranial migration. Then, an end-to-end anas-
tomosis between the distal trachea and the left main bronchus is performed by
a 3/0 polypropylene running suture and the right main bronchus is ventilated
by cross-field intubation.

Video 4: An opening on the right aspect of tracheal wall is performed above
the previous anastomosis and an end-to-side anastomosis between the trachea
and the right main bronchus is performed. The suture is checked for air-leaks
by water submersion test and bilateral pulmonary re-inflation is completed.
Sternotomy is routinely closed.

Carinal resection with pulmonary resection

Right carinal pneumonectomy
The most common indication for this procedure is bronchogenic
carcinoma involving the origin of the main bronchus or the
carina.

Mediastinoscopy should be performed prior to embarking
upon such a resection to be certain that the patient is potentially

Video 5: Throughout a lateral thoracotomy at the fourth intercostal space, the
pericardium is opened and the trachea circumferentially dissected. If the supe-
rior vena cava is infiltrated by the tumour, a vascular resection and reconstruc-
tion is first performed. The left main bronchus is usually divided first followed
by the transection of the distal trachea, while left lung ventilation is assured by
cross-field intubation of the left main bronchus.

curable [1]. The procedure is considered technically feasible when
no more than 4 cm of the trachea will have to be resected.

This procedure is usually performed by a lateral thoracotomy in
the fourth intercostal space. The pericardium is opened and the
trachea dissected. If the superior vena cava is infiltrated by the
tumour, a vascular resection and reconstruction—usually by
means of heterologous (bovine) pericardial conduit—is first per-
formed. The trachea is circumferentially dissected at the level of
the expected division. Dissection must be done carefully to avoid
injury of the left recurrent laryngeal nerve where it lies beneath
and on the aortic arch [1]. The left main bronchus is usually divided
first followed by the transection of the distal trachea while left
lung ventilation is assured by cross-field intubation of the left
main bronchus (Video 5) [1]. End-to-end anastomosis between
the distal trachea and the left main bronchus is performed; cross-
field intubation is maintained until the anastomosis is almost
completed. Reinforcing further single stitches are passed to opti-
mize a tension-free anastomosis. A pericardial fat patch is pre-
pared and then interposed between vascular and bronchial
anastomoses. The pericardial defect is closed by a bovine pericar-
dial prosthesis (Video 6).

Left carinal pneumonectomy

This procedure can be performed through left thoracotomy when
a limited amount of trachea is involved, more specifically when
no more than 1 cm of trachea and of right main bronchus will
have to be resected above and below the margins of the left main
bronchus [15, 20, 29].

Dissection is carried out beneath the aortic arch identifying and
preserving the left laryngeal recurrent nerve; the ligamentum
arteriosum is divided to improve exposure; the aortic arch is dis-
sected circumferentially and retracted by tapes placing; the lower-
most end of the trachea is dissected and then isolated after
cervical flexion to devolve the trachea; the pretracheal plane is
bluntly dissected into the neck; after identifying the carina, right
main bronchus is dissected an then isolated; finally, being sure
that resection and reconstruction are feasible, pulmonary vessels
are divided [1].
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Video 6: The anastomosis between the trachea and the left main bronchus (end-
to-end anastomosis) is performed and cross-field intubation in the left main bron-
chus is maintained until the anastomosis is almost completed. Some single
reinforcing stitches are used to reduce the tension at the level of anastomosis. The
two anastomoses are protected by the interposition of a pericardial fat patch and
the pericardial defect is closed by a heterologous prosthesis. Surgical specimen is
shown, disclosing the resected tract of superior vena cava and tracheal carina.

Traction sutures are placed in the left lateral wall of the trachea
and in the median wall of the right main bronchus; the right main
bronchus is transected and cross-field ventilation is performed
through the right main bronchus; the trachea is transected and the
specimen extracted; using tapes around the aorta for intermittent
retraction of the aortic arch, anastomotic sutures are placed.

Left carinal pneumonectomy is performed through median
sternotomy when a greater amount of the distal trachea is
involved.

Dissection of trachea is started at the level of the innominate
artery; the inferior portion of trachea is exposed in the inter-
aorta-caval space; paratracheal lymph node dissection is then
performed. The right pulmonary artery is pulled caudally and the
origin of both mainstem bronchi exposed; subcarinal lymph node
dissection is then performed. Dissection of right mainstem
bronchus is performed.

Opening of the pericardium and the section of the ligamentum
arteriosum allow control of the origin of the left pulmonary artery
and, if necessary, of the superior pulmonary vein. The trachea is
then encircled upward to the anticipated zone of section; the right
mainstem bronchus is dissected up to the origin of the right upper
lobe bronchus and encircled. Once it is absolutely certain that
resection and reconstruction will be possible, the pulmonary ves-
sels are divided.

Trachea and right mainstem bronchus are sectioned circumfer-
entially during a short period of apnoea. Cross-field ventilation,
possibly supported by jet ventilation, is performed through the
right main bronchus; anastomosis is then completed.

Once the anastomosis is finished, dissection of the distal por-
tion of the left main bronchus from oesophagus and inferior
aspect of aortic arch is completed, allowing the removal of the
operative specimen [30].

Carinal resection with right upper lobectomy

(or bilobectomy)

This procedure is indicated when a tumour extends from the right
upper lobe to the carina and the distal trachea and right pneumo-
nectomy should be avoided. The gap between the distal trachea

Photo 1: Intraoperative view of a carinal resection with right upper lobectomy.
The trachea, the main left bronchus and the bronchus intermedius have been
resected and the carina en bloc with the right upper lobe has already been
removed. A cross-field intubation in the left main bronchus is maintained until
the anastomosis is almost completed.

Photo 2: The anastomosis between the trachea and the main left bronchus is
performed.

and the left main bronchus after excision should not exceed 4 cm;
otherwise, excessive tension on this anastomosis will result [1].

The fissure is completed first, and the vessels for the right upper
lobe are legated and sectioned, before the lower trachea and
carina are divided as for a right carinal pneumonectomy [28]; the
bronchus intermedius is then transected below the take off of the
right upper lobe bronchus (Photo 1); after that anastomosis
between the trachea and the left main bronchus is completed
(Photo 2), the bronchus intermedius is then anastomosed 1 cm
below the initial anastomosis to the left main bronchus; occasion-
ally, the bronchus intermedius can be anastomosed to the lateral
wall of the trachea if the tension on this anastomosis is not
excessive [28].

DISCUSSION

Carinal resection is a rare surgical procedure with a mean inter-
vention/year rate ranging from 4.7 to 5.1 (Graph 1) [28, 31].
Thus, this procedure remains an exceptional one and should be
performed in experienced centres by a skilled thoracic surgeon.

Indication to perform a carinal resection is changed over the
time: to date, neoplastic disease represents the main indication
(Graph 2) [28, 31].
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Graph 1: Table reporting the experience of two important centres about the
surgery of the carina [28, 31].

Graph 2: Table reporting how the indications for the carina’s surgery changed
over the time in two major centres with neoplastic disease representing the
main indication.

Graph 3: Table reporting the Grillo's experience on the carina’s surgery. Left
tracheal sleeve pneumonectomy and carinal lobectomy are shown to be very
exceptional procedures in this large series of carinal resection confirming that
the surgery of carina is a rare surgical procedure.

Surgical procedures include carinal resection with or without
parenchymal resection and as reported in the main series they are
usually associated with right pneumonectomy while the left
carinal pneumonectomy remains a very rare procedure with a
mortality rate ranging from 2 to 16% (Graphs 3-5) [28, 31-36].

The five-year overall survival after carinal resection ranges from
26 to 44% in different series; pNO patients present an excellent
5-year survival rate of 50% [31-38]. Completeness of the resection
is another main factor affecting survival [32].

As already reported by Dartevelle and Macchiarini [38], induc-
tion therapy may be advocated in such patients according to the
surgeon’s philosophy on mediastinal node invasion, although it

Graph 4: Table reporting the Dartevelle’s experience on the carina’s surgery.
This series confirms the exceptionality of this surgical procedure on the carina.

Graph 5: Table reporting the main series on carinal resection with or without
parenchymal resection. The mortality rate in these series ranges from 2 to 16%
[31-36].

increases the technical difficulties of the operation and periopera-
tive complication rate. Ten years later, Macchiarini and the
Hannover Interdisciplinary Intrathoracic Tumour task force group
advocated surgical treatment in such patients in case of PET-
negative mediastinal nodes and chemo-radiotherapy in pN2+
patients at mediastinoscopy, possibly followed by surgery only in
case of no progressive disease at re-evaluation [35].

In case of T4 non-small cell lung cancer (NSCLC) with carinal
involvement, induction chemotherapy may be advocated to
reduce the rate of explorative thoracotomy, the rate of positive
margins after resection as well as systemic recurrences leading to
an unsatisfactory survival outcome.

Theoretical advantages of induction therapy in these patients
are the early control of systemic micrometastases, the downstag-
ing of unresectable disease, the increasing of resectability and
complete resection as well as the rate of parenchyma sparing
procedure, thus reducing the amount of extended resections.

Better compliance than adjuvant therapy as well as drug deli-
vering to loco-regional disease through an intact vascular bed
should also be considered.

On the other hand, theoretical disadvantages like delay in local
control, increase in surgical difficulties and increase in morbidity
and mortality rate should be taken into consideration.

We personally consider absolute indications to induction che-
motherapy in the case of carinal involvement, the presence of
superior vena cava involvement as well as cN2 disease.

In our personal series of 37 carina resections, we performed 26
right tracheal sleeve pneumonectomies, 3 right upper lobecto-
mies with carina resection, 7 carina resections with neocarina, 1
carinal resection according to reverse Barclay technique
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(Eschapasse). The overall 5-year survival rate is 27% with a splitted
5-year survival rate of 32% in down-staged patients and of 12.5%
in not down-staged patients.

CONCLUSIONS

Carinal resection for cancer is feasible and presents a low-rate of
postoperative mortality when performed in specialized centres.
Very good survival results can be obtained, especially with high
selected patients (pNO or pN1).

Some open questions still remain debatable: left tracheal sleeve
pneumonectomy and carinal lobectomy may be overcome by
combined treatments with new drugs and radiotherapy; induction
treatment may be considered the gold standard base line treatment
in carinal disease or as mandatory approach for cN2 disease.

Conflict of interest: none declared.
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