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Introduction

“We have demonstrated that this combination of minimally
invasive approaches can be safely performed with a
good post-operative outcome in a patient treated with
neoadjuvant therapy” (1). The last sentence of Chen ez 4.
clearly explains that new ideas in surgery allow to improve
step-by-step the quality of the standard treatment and to
open new doors in terms of technical choices, particularly
in complex cases. Nowadays, video assisted thoracoscopic
(VATS) approach is widely considered by the entire
scientific community and the surgical society as the gold
standard approach in the case of early and advanced lung
cancer (2-4).

However, I would like to propose and shortly discuss
three main questions that arise spontaneously reading the
above mentioned article by Chen and that are still debated
in the surgery community:

(I)  Where do we draw the limits of the VATS carinal/

tracheal procedures?

(II) Should the advance surgery be centralized in high
volume centres or could each skilled surgeon
individually approach challenging carinal and
tracheal diseases (tumors or benignant stenosis)
regardless of the total number of patients treated
on a year basis?

(IIT) What is the future development of carina/tracheal

resections technique (robotic technique—robotic
assisted thoracoscopy (RATS)—and spontaneous
ventilation thoracoscopy—SS-VATS)?

Discussion

Where do we draw the limits of the VATS carinal/tracheal
procedures?

One of the early reports of carinal resection was in 1950 by
Abbott where 4 patients underwent right pneumonectomy
with en bloc excision of the carina (5). Barclay and
colleagues reported the first European experience of
carinal resection with reconstruction in 1957 (6). In 1982
the first standardized carinal resection and reconstruction,
associated with pneumonectomy, were published by
Deslauriers et al. (7). However also during the 80s this type
of procedure was considered a high-risk operation as regards
morbidity/mortality (mortality rates were up to 30%).
Therefore, tracheal or bronchial resections were performed
only in high volume centres and by highly skilled surgeons
(8-10). Few years later bronchial or tracheal resections
without associated pneumonectomy, in the case of central
airway lesions, continue to carry the same technical
complexity as to airway reconstruction and management.
Although the early development of tracheal surgery can
be attributed to a limited number of surgeons (10-12),
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the technical aspects of modern tracheal surgery were
pioneered by Grillo (8,9), who authored what is considered
the definitive text on the subject entitled, “Surgery of the
Trachea and Bronchi” published in 2004. However, also
great pioneers of the airways surgery reported a high rate of
postoperative complications after bronchial resection and
reconstruction (6,7,10,13). Grillo published his experience
on 36 patients who underwent carinal resection with
primary reconstruction from 1962 to 1981 with an operative
mortality of 13% (8). In 1999, Mitchell ez 4l. reported
a severe postoperative mortality on 143 primary carinal
resections since 1962 (12.7%) (14).

Obviously, not only in our opinion, not new specific
technical aspects for carinal/tracheal resection/
reconstruction, introduced in the last 40 years, but the
progress in anesthesia, perioperative care and careful
patient selection could be considered as the cornerstones
for improved patient outcomes. In fact, during the 90s,
after the worldwide introduction of the standardized
perioperative anesthetic care a large number of authors have
demonstrated the feasibility of such complex procedures
which reduced the operative and postoperative morbidity/
mortality substantially (10,15-17). From 2000 onwards
a considerable amount of series have been reported in
literature and more authors have been encouraged to show
their results and any new technical improvements. In 2013,
Eichhorn ez 4l. (18) published a series of 64 patients who
underwent carinal resection with an operative mortality
of 3.1%. Until 2010 the carinal or tracheal resection was
considered a “highly complex procedure” and no author
had the courage to criticize the need of choice of an
“open approach” for this type of operation. Since 2009
many Asian groups started to evaluate the feasibility of
procedures involving the lower trachea tract which followed
also the VATS approach. They reported many large series
which confirmed that minimally invasive approaches may
offer even a further reduction in morbidity and mortality
(19-22). Shao et al. published a series of 139 patients who
underwent minimally invasive bronchial and vascular
sleeve resection for malignant tumors and who reported
a major postoperative morbidity less than 1% (23).
In 2016 Li er al. showed no perioperative or postoperative
major morbidity after VAT S-carina resection for malignant
or benign disease (19). These findings were compared
without important bias with the previously reported
postoperative mortality and morbidity rates after open
thoracotomy (24,25). Although VATS tracheal surgery was a
feasible procedure in their article (19), there were two main
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limitations of VATS tracheal/carinal procedures: VATS
procedures are typically more challenging because of the
steep learning curve and inadequacy of palpation and direct
vision, as compared to “open surgery” (26).

Petersen and Ujiie also suggest that there are other
additional important limitations in the case of VATS
carinal resection: the difficulty to manage an optimal
intraoperative 2D view (the adjustment of the monitor
view during the operation), the high risk to achieve an
insufficient oncological resection and the complexity to
plan a good arrangement with the anesthesiologist during
airway resection (proper airway management during the
reconstruction) (26,27).

This short overview over the past 30 years of the
literature in the case of carinal/tracheal procedure (from
“high risk open” to “safety minimally invasive” procedure)
showed that surgeons are interested in developing new
surgical techniques and in offering an ever higher surgical
standard to their own patients. It is therefore easy to answer
the first question: there are no predetermined limits for the
surgery and the technical procedures will be more and more
complex, subject to reasonable and acceptable concepts of
surgical safety.

Should the advance surgery be centralized in high volume
centers or could each skilled surgeon approach challenging
carinal and tracheal diseases (tumors or benignant
stenosis) regardless of the centers cases?

Alam er al. has clearly summarized in his article that all
advanced lobectomy should be carried out mainly through
minimally invasive means (4). However, it is crucial that
thoracic surgeons keep in mind that extended resections
by VATS are the result of a long experience (both in VATS
and in open extended resections). This level of experience
and skill is an indispensable precondition to propose a
thoracoscopic approach for a planned complex major
resection (27,28). Specific data about the learning curve
in case of carinal/tracheal resection are not available but
we can assume that airways resection and reconstruction
could be considered as a “very” complex procedure that few
surgeons could manage and manage safely with acceptable
intraoperative morbidity. Therefore, only a high volume
center permit young surgeon to achieve following skills:

%  To quickly collect a sufficient number of standard
lobectomy to achieve a subsequent step of difficulty
with a high level of intraoperative safety and
standardization.
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% To create a good arrangement with the
anesthesiologist, particularly during the tracheal
section, as previously mentioned.

% To gain an adequate experience as to the selection
of the type of patients suitable for this type of
procedure.

It is also important to consider that during the ESTS
2014, the consensus proposed a minimum of 50 resections
as the minimum number of procedures sufficient to achieve
technical proficiency in VATS lobectomy and at least
20 cases per year in order to maintain operative skills (2).
Therefore, if we assume that the same criteria apply also
to carina/trachea operations, (50 total resections and
20 cases/year) it is quite impossible that a single surgeon
could satisfy them even at high volume centres. However,
there is a consensus that only minimally invasive expert
surgeons could conduce a carinal/tracheal safely. Definitely,
VATS carinal/tracheal procedure can in theory be taught
to any thoracic surgeon who has VATS expertise but
ideally the learning path should be standardized and earlier
problems should be taken into consideration when planning
a VATS carinal/tracheal resection training program in a
hospital with no sufficient experience in airways resection.

Which is the future development of carinal/tracheal
technique?

In the last 10 years we have witnessed an expansion of the
spread of the robot, nevertheless, it’s still not clear the role
of the RATS also in the case of advanced lung cancer. Many
groups, from high volume center, showed optimal results,
sometimes better than VATS, in term of conversion rate,
oncological outcome and operative/postoperative morbidity
(29,30). Therefore, Abbas suggests the robotic approach
should carry in the near future the same indications as for
open thoracotomy (30) also because this surgical system has
become a platform for ongoing technological development
and new technological innovation will allow all surgeon to
perform challenging procedures, such as carinal/tracheal
resections. Prototypes for haptic feedback will provides
surgeons with tactile sensations similar to that experienced
during open surgery. Systems for image overlaying, would
allow the operating team to superimpose a reconstructed
3-dimensional study (such as a CT scan or MRI) over the
real-time surgical image in order to be able to identify
important anatomical structures and target pathology below
the pleural surface.

However, some authors report first robot experiences
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with RATS carina resection (31,32) and they conclude
that robot platform “might be a good choice to complete
some complex thoracic procedure in a minimally invasive
manner”. The scientific community agrees that robotic
procedures must be conducted in highly specialized centers
but it’s also clear that the developing will allow an increasing
number of surgeons to perform the advance thoracic
surgery. Currently the lack of tactile feedback, the distant
from the patient and the high costs of the procedure might
to limit the surgical indications, but for sure in few years
these problems will be solved and the robot system could
overtake in terms of efficiency and speed the open surgery.

Conclusions

Congratulations to the authors on an excellent presentation
and study results. Authors have provided a clear explanation
about the new surgical strategy used in this challenging cases.
Not only the technique and the intraoperative airways control
are the most challenging aspect in this procedure, but in
our opinion the highlight of this study is the appropriately
multidisciplinary selection of the patients to arrange optimal
postoperative result in term of morbidity/mortality.
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