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Abstract: Surgical treatment for non-small cell lung cancer (NSCLC) involving trachea and carina is one
of the most infrequent and challenging procedures for a thoracic surgeon, requiring careful preoperative
assessment, high level management of the airway, advanced surgical technique and appropriate postoperative
care. Carinal and tracheal resections with lung sparing, and carinal sleeve pneumonectomy are part of these
complex techniques, with a variable rate of morbidity and mortality. To prevent complications, the most
important aspect of the technique is for reconstruction to be performed without tension and with a good
blood supply. If a complication is suspected, it must be diagnosed at an early stage, and the problem must
be handled aggressively to avoid further progression. The majority of cases are performed with an open
approach, but under the care of surgeons and anesthesiologists experienced in minimally invasive thoracic
procedures, with advanced airway management skills, in high volume referral centers, these procedures can
be performed safely with video-assisted thoracic surgery to obtain good postoperative results. In recent years,
with the rapid development of uniportal video assisted thoracic surgery (VATS), this approach resulted in
shorter postoperative stays, less postoperative pain and faster recovery after surgery, maintaining oncological
principles, becoming an excellent alternative for these difficult cases. This article aims to review the specific
considerations that involve this kind of tumors, surgical technique and anesthesiology options, and the recent

shift to a minimally invasive approach.
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Introduction surgeons.

Tumors involving the carina or distal trachea are usually Surgical treatment on NSCLC is evolving every day.

advanced stages of non-small cell lung cancer (NSCLC), Boundaries are continuously pushed to offer a curative

commonly accompanied by mediastinal lymph node treatment, not only for early stages of lung cancer, but

involvement. A large proportion of this cases are usually for more advanced cases that require complex anatomical

treated with chemo and radiotherapy. Despite this, there resections and reconstructions. Tracheal and carinal

are some cases that are amenable to a curative resection
and, because of the circumstances involving this anatomical
location are among the most challenging cases for thoracic
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resections are one of the most difficult procedures for
the treatment of NSCLC, defying thoracic surgeons and

anesthesiologists alike. Careful preoperative assessment

Curr Chall Thorac Surg 2021;3:27 | http://dx.doi.org/10.21037/ccts-20-95


https://crossmark.crossref.org/dialog/?doi=10.21037/ccts-20-95

Page 2 of 12

must be carried out between both medical professionals due
to specific considerations involving airway management
during this type of surgery.

Early reports of carinal reconstruction date back to 1950s
and 60s, when teams lead by Abbot and Barclay showed
that this type of procedures where possible, despite being
associated with considerable morbi-mortality (1,2). As a
result of those first reports, surgeons seldom performed
them. Advances in airway management, postoperative
care and surgical technology has resulted in considerably
lower complications following these procedures. Although,
more than five decades have gone by since the first cases
were treated and because of the technical complexity, the
majority of teams performing these types of surgeries do it
with an open approach.

Minimally invasive thoracic surgery has taken giant
leaps in the last decade with the evolution of video assisted
thoracic surgery (VATS) (3), and it has allowed experienced
groups around the world to successfully perform this
procedures by VATS, thus starting a discussion in which,
the debate involves if the advantage of minimally invasive
approach surpasses the technical demands and risks of
performing these type of surgeries with a minimally invasive
approach. More time and experience will be needed to
answer this question, but for now the major limitation
seems to be the experience of the surgical team with VATS.
Reports available have shown that in the hands of highly
experience VATS surgeons and anesthesiologists this
approach is a feasible option for patients afflicted with this
advanced stage lung cancers (4).

This article aims to review the specific considerations
that involve this kind of tumors, surgical and anesthesiology
options involving the approach and the recent shift to a
minimally invasive approach.

What are the scenarios in which these types of
procedures are considered?

The usual scenario is a patient with an upper lobe lung
cancer that involves the main bronchus at less than 1 em
from the carina or a primary airway tumor located in the
distal trachea, main bronchus or carina. Because of its
location, mediastinal lymph node involvement is not rare
and must be established before selecting the patient for
surgery.

The most important aspect to be always kept in mind is
that the oncologic principles must always be respected in
order to appropriately select the patients for surgery.
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Case selection is very important and must involve
diverse factors, beginning with tumor localization and
staging, patient condition and comorbidities and anatomical
considerations. Once these aspects are clear, an adequate
treatment plan can be tailored to each case (5).

Localization and staging

The majority of tracheobronchial tumors involving the
carina or distal trachea are usually malignant and the
predominant histologic types are squamous cell carcinoma
(SCC), carcinoid tumors, mucoepidermoid carcinoma, and
adenoid cystic carcinoma (5).

With regards to tumor location and extension, is
important to keep in mind that resectability of the lesion is
also determined by the extent of the airway involvement,
since lesions that require more than 4 cm of distal trachea
for pure tracheal resections, or 2 cm of distal trachea and
1.5 c¢cm of proximal bronchus for carinal resections are
usually not amenable to reconstruction (6,7).

The best option for identifying endoluminal airway
involvement is with bronchoscopy, as it can clearly define
macroscopical extension proximally and distally in the
airway, allowing for a more precise surgical planning (8). In
the past, some authors have even suggested taking proximal
and distal biopsies from the lesion to confirm if a negative
margin tension free anastomosis will be possible (9).

Involvement of N2 is of special consideration. Evaluation
of the mediastinal lymph nodes prior to surgery is better
done by endobronchial ultrasound (EBUS), as it avoids
scarring and fibrosis around the trachea, adding more
difficulty to an already complex tracheal and carinal
mobilization during the definitive surgery (10). For this
reason, mediastinoscopy is usually reserved to be performed
at the same surgical time as the definitive surgery to rule
out persistent N2 disease after neoadjuvant therapy and can
even help facilitate the dissection that will be necessary to
mobilize the trachea for the anastomosis.

Although N2 confirmation prior to surgery usually
determines if the patient is a candidate for definitive
chemoradiotherapy instead of surgery, there are some
groups currently performing surgery for these cases with
good results (11), especially with single level N2 disease (12),
so it should not be considered a contraindication for
surgery. It is important to interpret these results with care
and in the context of high-volume centers, since it is clear
that neoadjuvant therapy is a risk factor for intraoperative
complications and anastomotic failure. Thoracic surgical
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teams that decide to operate in N2 cases that need
tracheobronchial reconstructions must be highly experienced
and already have experience with this kind of resections
without mediastinal lymph node involvement (13,14).

Patient condition and comorbidities

Since airway reconstruction procedures involve extensive
dissection, hilar manipulation and, sometimes, extensive
parenchymal resections (sleeve pneumonectomy) they can
be accompanied by postoperative complications, such as
pneumonia, acute respiratory distress syndrome (ARDS)
and arrhythmia (15). Because of this, the patient must
be fit to tolerate this type of procedures an exhaustive
preoperative evaluation is mandatory to assess the overall
condition of the patient.

Medical history detailing prior or current smoking
history, medications taken by the patient, complete blood
test, cardiac and pulmonary function tests, including
6-minute walking tests, ventilation/perfusion scans
(especially important when pneumonectomy is a possibility),
echocardiogram and oxygen consumption tests should be
obtained (16). Patients with chronic use of steroids and
prior tracheal irradiation with more than 50 Gy (8) are more
prone to anastomotic complications due to impaired healing
(7,17). Steroids should be avoided in the perioperative
period if possible, to diminish the risk of dehiscence and
anastomotic failure.

A multidisciplinary team must assess all patients with
lung cancer who are candidates for surgical resection (18).
This team should include the thoracic surgeon,
pulmonologist, anesthesiologist, oncologist, and cardiologist
(18,19). After surgery, patients who are potential candidates
for curative surgical resection could have a variable
functional impairment in cardiac and respiratory systems
with potential severe complications- Guidelines recommend
that these patients should undergo spirometry (FEV1)
and diffusing capacity of carbon monoxide (DLCO), and
should be calculated the predicted postoperative FEV1 and
DLCO (18-20). More than 60% of postoperative predicted
FEV1 and DLCO indicate a low risk of perioperative death
and cardiopulmonary complications following resection,
including pneumonectomy (18,21).

Special considerations in the perioperative

management

The type of procedure to be performed depends mainly on
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the anatomic location of the tumor and its extension.

After a careful preoperative evaluation and planning, the
final approach to the patient in the operation room implies
a close coordination with the anesthesiologist, with diverse
transoperative airway management options available for the
surgical procedure.

Amnesthesiologic considerations

For pure distal tracheal resections a single lumen tube is
placed distal to the lesion for ventilation before airway
transection (8). Total intravenous anesthesia (TIVA) is a
good choice for tracheal resections, since it provides good
relaxation, facilitating a steady field during dissection and
eliminates airway reflexes. The effect is rapidly cleared so
it allows extubation quickly after surgery is completed (17).
After the airway is transected, the distal end of the trachea is
intubated with sterile endotracheal tube connected to sterile
tubing that also passes to the anesthesiologist (cross-field
ventilation) (6). The anastomosis can be done with the tube
in place, setting the sutures around it. However, if additional
exposure is needed, the tube can be removed and parts
of the anastomosis can be done during shorts periods of
apnea (22). Another option is to use high frequency
jet ventilation (HEJV). This option provides adequate
oxygenation and only minimal interference in the surgical
field. It can be advanced by the anesthesiologist and
placed in the distal part with the help of the surgeon in the
operative field (23).

For carinal resections, double-lumen endotracheal tubes
are usually used for lung isolation during the beginning of
the procedure (12), although some groups also advocate
the use of single lumen tubes that are advanced to the
main-stem bronchus (7,10). In the same fashion as in
tracheal resection, after airway is transected the opposite
bronchus is intubated across the operative field or a HFEJV
catheter is advance from the endotracheal tube and into
the selected bronchus to keep oxygenation during the
anastomosis (9) (Figure I). Although frequently advance
through a supraglottic airway, the jet catheter can be placed
also directly through across the field (22), but this could
diminish the advantage offer by the device to interfere less
in operative field.

In the majority of cases, cross field ventilation or HEJV
provides good oxygenation and optimal exposure, but there
are some circumstances in which extracorporeal membrane
oxygenation (ECMO) may be needed.

Veno-venous ECMO is usually the preferred arrangement

Curr Chall Thorac Surg 2021;3:27 | http://dx.doi.org/10.21037/ccts-20-95



Page 4 of 12

Figure 1 High frequency jet ventilation (HFJV) catheter advance
into the left main bronchus for oxygenation during carinal

reconstruction.

for airway surgery since it provides complete pulmonary
support and has a diminished risk of vascular complications (24).
The choice between a double cannulation vs a dual lumen
single site cannulation setting will depend on the experience
of the team performing the procedure and the availability
of transesophageal echocardiography (TEE). Fluoroscopy
can also be used to assess the correct positioning of the
single lumen canula, but it could be more impractical and
will require constant mobilization and interruption of the
procedure to accommodate the equipment if misplacement
occurs during surgery.

Veno-arterial ECMO is an option in cases where the
patient has preexisting lung parenchymal diseases (16),
hemodynamic support might be necessary during lung
resection, considerable cardiac retraction could be necessary
for exposure (25) or during intense emergency situations
in which the hemodynamic conditions of the patient are
already compromised (26).

Although considered a more invasive procedure, the
use of ECMO does carry important exposure advantages,
since oxygenation will be maintained without any
ventilation system that interferes in the airway transection,
manipulation and reconstruction, which could result in the
procedure being completed within a shorter period of time
(the anastomosis mainly).

More recently, the trend of less invasive procedures have
also involved anesthesia with the advent of spontaneous
ventilation-induced non intubated surgery (27). Avoiding
mechanical ventilation avoids the side effects of general
anesthesia and provides a more physiological status during
the surgery (28). As with ECMO, this approach provides
the advantage that there is no obstruction in the airway
during the anastomosis and reconstruction. There are few
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reports in literature, especially by the Guangzhou Medical
University group, reporting their experience (29). It is of
upmost importance to emphasize that is a highly complex
approach that requires a lot of coordination between
the surgeon and the anesthesiologist and should only be
perform when the team involved in the operation comprises
experts in VATS airway reconstruction surgery and non-
intubated anesthesia.

Surgical options and the trend to a minimally
invasive approach

Often the vast majority of these cases are performed
through an open surgery approach, not only because of the
technical difficulty of the procedure itself but because is
an infrequent scenario in the clinical practice of a thoracic
surgeon. Hence, very few centers have experience with the
surgical management of this tumors. It is very important
that, in the event that one of these tumors is diagnosed,
resectability should be evaluated by a multidisciplinary team
in a tertiary center with experience of these anatomical
locations (8).

Depending on the exact tumor location and its extension,
there are different surgical techniques that provide an
option for resection and subsequent reconstruction. The
surgical options can be divided in:

() Lung sparring techniques

(i) Distal tracheal resection.
(ii) Carinal resection.
(II) Carinal and lung parenchymal resections
(i)  Sleeve right pneumonectomy.
(i) Sleeve left pneumonectomy.
(iii) Right upper lobectomy + carinal resection.

Right thoracotomy is usually the preferred access for
distal tracheal resections, pure carinal reconstruction and
right sided sleeve resections. For left sided sleeve carinal
resections sternotomy it is usually the preferable access
since the length of the left main bronchus (LMB) and
aortic arch limit the exposure of the carina. A combination
of sternotomy and left side VAT'S can be done in case of
adhesions or hilar lymphadenopathy that complicates hilar
dissection.

The key aspect of the procedure is that the reconstruction
is made without tension and good blood supply. Release
maneuvers like neck flexion, pretracheal plain development,
hilar and ductus arteriosus release must be carried out to
ensure a tension free anastomosis when needed.
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Table 1 Literature review of VAT'S carinal resection for NSCLC
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Authors Year '\::L;r::::nc;f l;lfu g::; Per:c;rr)tez_lrlziatt;ve Major complications

Nakanishi, et al. (31) 2013 1 3 None None

Xu, et al. (33) 2014 1 3 None NA

Lin, et al. (35) 2015 1 5 None None

Lyscov, et al. (36) 2016 2 1 None None

Gonzalez-Rivas, et al. (37) 2016 3 1 None NA

Li, et al.* (32) 2016 7 3-4 None 42% pneumonia; 14% pleural effusion

Qiu, et al. (38) 2016 1 2 None None

Jiang, et al. (29) 2018 6 3 None 25% pneumonia; 3% bronchopleural fistula

*, for the purposes of this review the number of cases included on this table are only malignant disease patients. VATS, video-assisted
thoracoscopic technique; NSCLC, non-small cell lung cancer; NA, not applicable.

Minimally invasive approach

Technology progress in VATS instrumentation, high
definition cameras and the experience obtained in the
last years by surgeons performing sleeve pulmonary
resections, radical mediastinal lymphadenectomy and other
kind of advance procedures have allowed some groups to
successfully perform tracheal and carinal resection and
reconstructions with a minimally invasive approach.

The first circumferential VATS tracheal resection and
reconstruction was performed in 2005 (30) by Nakanishi
et al. using a four ports arrangement. Eight years later, the first
carinal reconstruction performed by VATS was reported by
Nakanishi et /. in 2013. The case was performed with three
ports conventional VAT'S and oxygenation was maintain with
HE]JV pass through the lumen of a bronchial blocker (31).

Since then, a few groups of highly experience VATS
surgeons have reported their experience with a minimally
invasive approach for this tumor locations (32-34) adding
momentum to the technique. Reports of number of cases,
minimally invasive approach and complications are available
in a few reports in the literature (summarized in Table 1)
(29,31-33,35-38). In more recent years the exponential
growth experience in uniportal VATS have allowed for
successful execution for these cases with good results (39,40).

The rationale of doing such a complex VATS procedure
is to offer this patients with advanced NSCLC the
advantages of a minimally invasive approach such as a
shorter postoperative stay, less postoperative pain and faster

recovery (41).

© Current Challenges in Thoracic Surgery. All rights reserved.

The rise of the uniportal approach

From the different approaches in VATS surgery, uniportal
VATS has experience in the last decade a rapid and continuous
development in terms of its application for more advance cases
and complex procedures (3,4). The surgical procedure by
itself is not different from open surgery and multiport VAT,
so the oncological principles are not compromised. By using
uniportal VATS the surgeon is able to complete the same
procedures with less incisions and intercostal spaces affected
in comparison with multiport VATS and has been associated
with less postoperative pain (42).

Distal trachea and carinal resections are approach
by uniportal VATS through the right hemithorax in a
posteriorly place incision in the 3" or 4" intercostal space,
allowing a more comfortable access to the posterior
mediastinum (10,40). Instrumentation mimics the
disposition in open surgery, with the camera (eyes) always
in the upper part of the incision and carrying the dissection
with bimanual instrumentation (Figure 2). Principles of
dissection and exposure are the same as in open surgery, but
visualization is usually better thanks to the proximity of the
high definition cameras to the working field. Dissection is
carried around the distal trachea and carina, the paratracheal
space and tracheoesophageal groove are dissected respecting
the lateral arterial perfusion (43). If the azygous vein
interferes with the anastomosis it can be dissected apart or
transected. A complete lymphadenectomy of station 4R
and 7 can aid considerably in the exposure prior to airway
transection and anastomosis. Circumference dissection is
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Figure 2 Incision placement and instrumentation for uniportal

video assisted thoracic surgery (VAT'S) carinal dissection.

Figure 3 Traction and exposure during segmental resection of the

distal trachea.

reserve to the segmental part of the trachea that will be
resected. Isolation and traction of the trachea can be done
with a vessel loop or a tape, and the transection is performed
with scissors with the aid of instruments for exposure (Figure
3). A stay suture can be placed in distal airway for traction,
which facilitates the anastomosis. The entire anastomosis
is carried out with 3-0 PDS or polipropilene double needle
suture with one running suture (40,43).

Oxygenation and ventilation are maintained through
guided advancement of a HEJV catheter inserted through
the endotracheal tube and pass into the LMB. If HEJV is
not available, cross field ventilation can be achieved with an
additional 1-cm incision through the surgical field (27,37).

For carinal resections, the extent of the resection and
type of reconstruction will depend on tumor involvement,
sometimes even including the right upper lobe (Figure 4).

© Current Challenges in Thoracic Surgery. All rights reserved.
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Figure 4 Carinal reconstruction after right upper lobectomy
between the trachea, left main bronchus and intermediate

bronchus.

Figure 5 Running suture between the lateral part of the trachea
and LMB. HEJV provides minor interference. LMB, left main
bronchus; HE]JV, high frequency jet ventilator.

The patient is also placed in left lateral decubitus and the
recommended placement for the incision is the fourth
intercostal space in the midaxillary line. The table is slightly
tilted anteriorly to improve exposure of the posterior
mediastinum (43). Dissection is then carried out through
the paratracheal space and the trachea-esophageal groove.
Conducting a complete lymph node dissection of station
2R, 4R and 7 facilitates airway isolation and transection
afterwards. Dissection is carried around the LMB to
facilitate exposure and posterior anastomosis. A suture can
be placed in the LMB for retraction. The resection in the
carina begins by cutting the distal trachea with scissors,
revealing the endotracheal tube. The cut is then extended
into the RMB and LMB until the carina is detached
completely. The endotracheal tube is pulled back and HEJV
is started after directing the catheter into the LMB, with
minor interference during the anastomosis (Figure 5). The
anastomosis is started with the lateral part of the LMB to
the trachea (posterior side of the anastomosis). With a two
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Figure 6 Advancement of the endotracheal tube into the LMB
after completion of the running suture of the posterior and lateral
wall between the trachea and LMB. LMB, left main bronchus.

Figure 7 Completion of the anastomosis for carinal reconstruction.

Figure 8 One chest tube is place at the incision after completion

of the procedure.
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Figure 9 Carinal resection in-block with the RUL because of
tumor extension into RUB. RUL, right upper lobe; RUB, right

upper bronchus.

needle 3/0 polipropilene, the suture is started outside-in
between the junction of the membranous and cartilaginous
part of the trachea and the same junction of the LMB and
into the lateral wall of the LMB, until completion of half of
the circumference of the trachea and the LMB (Figure 6).
With the second needle, a running suture is continued
between the membranous part of the trachea and LMB.
Afterwards, with a separate suture a neocarina is form by
suturing the medial wall of the LMB to the medial wall
of the right main bronchus (RMB). This suture is tied to
the suture connecting the anterior wall of the trachea and
RMB. Finally the rest of the anterior and lateral wall of the
RMB and LMB can be anastomosed to the trachea (Figure 7)
(40,43). After completion of the procedure, usually one
chest tube placed at the same incision is left (Figure §8).

One of the most difficult scenarios is when a right upper
lobe tumor is extending into the carina since a carinal
resection with a right upper lobectomy has to be perform in
order to make an in-block resection of the tumor (Figure 9).
The reconstruction is especially difficult since there is
a considerable mismatch between the diameter of the
intermedius bronchus to the distal trachea and LMB. There
are two options for reconstruction by uniportal VAT'S,
the first is following the same steps as lung sparing carinal
resection, starting with the lateral wall of the LMB to the
distal trachea, following by the formation of the neocarina
between the LMB and the intermediate bronchus and
reimplantation of the neocarina to the trachea. The second
option is to perform a complete end to end anastomosis
between de trachea and the LMB and reimplantation on the
intermediate bronchus to the lateral cartilaginous wall of the
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Figure 10 Running suture between the trachea and LMB after

right sleeve pneumonectomy. LMB, left main bronchus.

trachea, usually at least 2 cm above the first anastomosis (40).

A sleeve pneumonectomy is performed when the
extension of the tumor into or from the lung precludes a
lung sparing procedure. For a right sleeve pneumonectomy,
the incision is placed in the mid-axillary line, dissection
of the hilar structures is performed and dissection and
exposure of the trachea, RMB and LMB is carried out.
After stapling and division of the vascular structures, the
RMB is transected close to the carina and the specimen is
removed. The anastomosis is performed in an end-to-end
fashion between the trachea and the LMB (Figure 10). The
suture is began first suturing the left side wall of the trachea
to the left side wall of the LMB, then membranous portion
and, finally, right side of trachea and LMB. During the
anastomosis, oxygenation is also usually maintained with the
help of HFJV catheter, facilitating the running suture with
minimal interference (Figure 11).

Left sleeve pneumonectomy is a very rare procedure
because the LMB is quite longer and tumors extending
into de carina from this side usually involve the sub aortic
space structures. The preferred approach is via median
sternotomy, because it provides good exposure of the carina
and avoids a complex anastomosis behind the aortic arch (9).

The first reported cases of carinal and tracheal resections
in the 907, had mortality rates as high as 20.9% (44). Even
in 2000 decade, the rate of complications was reported
with a wide variability, with a top value of 50.8% (45). In
recent years and in centers with experienced surgeons,
and with the advent of minimally invasive approaches, the
mortality rate is lower with overall postoperative 30-day
rates between 2.7% to 10.9%, but still with a wide range
of morbidity (12,46,47). Also, reports of new techniques
like carinal resections with lung parenchyma-sparing for

NSCLC by uniportal VATS give a new perspective to this
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Figure 11 Completion of the anastomosis after right carinal
pneumonectomy with the aid of HEJV. HFJV, high frequency jet

ventilation.

kind of complex cases.

Complications of carinal and tracheal resections

Prevention of complications is the most important factor
in the management of this patients. An aggressive approach
must be implemented as soon as possible if a complication
arises (48).

In the postoperative period, the patient must be
preferably extubated in the operating room to avoid positive
pressure ventilation in the new airway anastomosis. With
an enhanced recovery after surgery protocol (ERAS)
implemented with early mobilization, good pain control and
respiratory chest physiotherapy, atelectasis, and pneumonia
secondary to mucocilliary clearance disruption can be
avoided (6,10,49).

After a carinal or tracheal resection surgery, some authors
recommended neck flexion at least for 7 days, using a stich
between the pre sternal skin and the chin to prevent tension
in the anastomosis (50), but nowadays, the use of the stitch
is not mandatory and it can result in unnecessary pain for
the patient (6,10).

The mortality rate for carinal resection is 3-20% with an
overall morbidity of 11-50% (6,10,48,50). Early mortality
is related to nosocomial pneumonia and ARDS, besides late
mortality is more related to anastomotic complications (48,51).

ARDS is a high mortality complication especially
after carinal resections with sleeve pneumonectomy (52).
Postpneumonectomy pulmonary edema has 50-100% of
mortality risk, with an acute onset of tachypnea, hypoxia,
hypercapnia and ground-glass infiltrates on chest imaging.
It can be seen in 4-14% of carinal resections, and is
more associated to ventilator-induced barotrauma, fluid
overload, blood transfusion in the perioperative period
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and micro aspirations. The treatment is only supportive,
with an adequate mechanical ventilation, use of antibiotics,
avoid excess of intravenous fluids, pulmonary toilet, and
sometimes, the use of ECMO (6,48,52).

Atrial fibrillation is the most common cardiac arrhythmia
in these patients. Control of heart rate and rhythm is
mandatory and can be achieved with beta-blockers,
amiodarone, and calcium blockers (53). If the patient is
unstable, electrical synchronic cardioversion must be done
early to revert the abnormal rhythm. Anticoagulation can
be started only when there is no risk of bleeding (10,54).

Anastomotic complications can vary in presentation, from
granulation tissue formation, various degrees of mucosal
necrosis, dehiscence of anastomosis with a bronchopleural
fistula to life-threaten bronchovascular fistula (6,55).

Dehiscence of the anastomosis is the most feared
complication in these complex procedures, it can lead to
mediastinitis and loss of the patent airway. Stridor, wound
infection and respiratory distress are usually the presenting
symptoms. Bronchoscopy must be performed as early as
possible to confirm diagnosis; and then, a personalized
management must be required to repair the anastomosis.
In some cases, the use of an airway stent to cover the defect
can be an option, but an early intervention should be the
rule (56).

Bronchopleural fistulas have an incidence of 3.8% to
21.6% and more than 8% for sleeve resections (48,57,58).
This complication can be classified according to time
of onset after the procedure in late (more than 30 days),
intermediate (8-30 days) and early (1-7 days) (45). Early
bronchopleural fistulas usually present as large air leaks
with progressive subcutaneous emphysema, dyspnea, and
hemodynamic instability. Clinical manifestations of late
onset are productive cough, fever, and an air-fluid level on
chest imaging (48).

The most important risk factors for developing a
bronchopleural fistula are ischemia and tension at the
anastomosis (7,59). To reduce the risk, it is very important
to preserve the bronchial and carinal vascularization,
perform a tension-free anastomosis and cover the suture
with a well-vascularized tissue (16,58), with no difference
between running and interrupted suture technique (60).
Some authors have found that wrapping of the anastomosis
can be avoided if all the peri bronchial tissue is preserved as
much as possible without adding more complications to the
procedure (61), even if the patient has received neoadjuvant
chemo- or chemoradiotherapy (62).

Early bronchopleural fistula is amenable to single stage

© Current Challenges in Thoracic Surgery. All rights reserved.

Page 9 of 12

repair, debridement, and removal of necrotic tissue, using
a patch of well vascularized tissue to buttress the repair
(intercostal muscle, diaphragm, omentum) (63). If it is not
feasible to do a primary repair, a pneumonectomy should
be performed. The pleural space must be evacuated in
an effective way, using of broad-spectrum antibiotics and
reviewing the anastomotic defect. A persistent contaminated
pleural space can be managed with continuous drainage
with an open thoracostomy, a thoracoplasty and the use of
muscles flaps to obliterate the pleural space (48,57).

A bronchovascular fistula occurs in less than 3% of
carinal resections, but it has a high mortality rate secondary
to massive hemoptysis and respiratory distress (64).
Bronchoscopy must be performed immediately and the
patient must undergo surgery if confirmed (48).

Benign anastomotic strictures or stenosis can occur
secondary to granulation tissue formation in 2.5-7.4%
of patients after carinal resection and is more frequent
with the use of non-absorbable sutures with scars due to
local isquemia. The patient may present post obstructive
pneumonitis, pneumonia, dyspnea, stridor, cough or
wheezing from days to weeks after surgery. The diagnosis
can be confirmed with flexible bronchoscopy, and in
the same interventional time, can be resolved with rigid
bronchoscopy, endoscopic dilation, endoscopic laser or an
airway stent. If the stricture or obstruction is severe, or the
patient has repeated infections or collapse of the remaining
lung without an effective endoscopic treatment, a segmental
resection of the stricture and re-anastomosis usually is very
difficult and dangerous because of scar tissue and adhesions.
Sometimes a pneumonectomy is indicated as a definitive
surgical treatment (48).

A local recurrence at the anastomosis is a late
complication of tracheal and carinal resections, and it can
be seen in less than 5-10% of carinal and sleeve resections.
The malignant involvement of margins is the most
important risk factor for local recurrence. If the patient is
not suitable for pneumonectomy, radiotherapy and the use
of interventional bronchoscopy is a good option to palliate

symptoms (6).

Is there a change in the approach for distal
tracheal and carinal NSCLC in our era?

The evolution of oncologic thoracic surgery has been
taking giant leaps over the last decade in minimally invasive
surgery. There has been a lot of progress in the morbi-
mortality of tracheal and carinal resections for NSCLC

Curr Chall Thorac Surg 2021;3:27 | http://dx.doi.org/10.21037/ccts-20-95
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in a way that has shifted the discussion is it feasible to
perform this procedure with good oncological results to
which is the best minimal invasive approach to operate
on these patients. The limits are continuously pushed
and already some groups are successfully carrying out
complex carinal reconstructions by uniportal VATS in non-
intubated patients, a scenario that a few years ago would
have been considered impossible. Experience is scarce and
the advantages of this approaches are still in debate since,
for the moment, only few groups are able to perform this
kind of highly complex procedures. However, as experience
grows, feasibility will be mainly related to the experience
of the surgeon and anesthesiologist in charge of such cases.
As recommended for other complex cases, these surgeries
should only be performed by highly experience teams with
minimally invasive airway reconstruction surgery in high
volume referral centers.
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