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Abstract: At centers of excellence, surgeons have mastered thoracoscopic lobectomy for early stage
patients and seen benefits, often from reductions in complications. Once minimally invasive surgery becomes
the preferred daily routine, surgeons naturally tend to expand video-assisted thoracoscopic surgery (VATS)
indications to include patients with more advanced stages in order to standardize work flows and possibly
improve outcomes. While managing lymphatic metastases can be challenging particularly when they invade
pulmonary vessels, dealing with advanced T-stage can be the biggest obstacle to obtaining high rates of
thoracoscopic reliability. In this article, we review the outcomes of surgeons who have attempted to address
patients with advanced (select T3 and T4 tumors). Some T3 categories, like chest wall invasion, are covered
by other articles in this issue. In addition to outcomes, we describe the fundamentals of dissection and
exposure that we feel are very useful in taking on such cases as well as the tools that we find are particularly
useful. It seems likely that there will be ongoing interest in this area requiring additional innovation and

research support to maximize thoracoscopic indications while maintaining safety and oncologic validity.
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Introduction cancer, the quality of the operations improved with better
lymph node harvest and expansion of the indications toward
higher stages occurred (2). While randomized studies have

not been performed, early indications suggest that applying

In the early 1990s following the rapid adoption of
laparoscopic cholecystectomy by general surgeons, thoracic

surgeons incorporated minimally invasive procedures video-assisted thoracoscopic surgery (VATS) or other

for technically straightforward procedures of the chest minimally invasive techniques for more complex resections

like pleural biopsy or peripheral lung nodule excision.
Despite adoption of minimally invasive lobectomy by a few
specialized centers at about the same time, the tipping point
for widespread acceptance has only happened recently. This
is because of challenges based on availability of adequate
technology and surgeon training but also because of
concerns of oncologic equivalence (1).

Once programs adopted minimally invasive lung
resections as the preferred practice for early stage lung
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is safe (1).

In this article, we will briefly review the reports of these
early experiences emphasizing the challenges associated
with tumors of high T stage. Specific instances of advanced
T status such as chest wall invasion, and location requiring
pneumonectomy will be addressed by other articles in
this issue. Arguably, the technical challenges dealing with
tumors that are very large or have invaded structures that
are difficult to resect are the main concerns preventing
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programs from achieving near 100% reliability with
minimally invasive lobectomy. Accordingly we will also
review the innovations some investigators used to confront
these challenges.

Literature review

The criteria that investigators have used to determine
whether a tumor’s T status classified the case as an advanced
minimally invasive resection are somewhat different
between institutions. VATS lobectomy was defined
originally as an operation for patients with peripheral
malignancy (3). Accordingly, central lung cancers were
probably underrepresented in large databases early on and
may have contributed to the findings of reduce lymph node
yields (4,5).

In 2013, investigators at Duke published their results
of tumors that could not be removed by wedge resection
to define centrality (6). They demonstrated an increased
proportion of such patients over time with more having
advanced nodal stations as well. Five hundred and five
patients met their criteria for complexity by having tumors
greater than 3 cm, centrality, and clinical N1-N3 disease.
Interestingly, 23 patients had tumors resected that were
over 7 cm.

Pischik and colleagues, in 2014, used a cut point
of greater than 5 cm of tumor size to define a locally
extensive VATS case as well as extension to the chest wall
or mediastinum and previous chemotherapy or radiation
treatments (7). Centrality was defined as extension to
the lobar bronchus and patients with N1-2 disease were
included as well. They also included some criteria that
certainly make surgery difficult but were not used by
others to designate advanced tumors such as dense pleural
adhesions, severe emphysema, and previous surgery.

Some patients with advanced T are included in series
describing VATS resection following induction therapy.
Many times the T status was not reported such as the
report from Huang and colleagues who operated on 43
post-induction patients with Stage IIA to IIIB disease, 9
of whom required sleeve resection (8). Nakanishi used the
preoperative stage 2 or greater to defined advanced VATS
without specific T-stages but 37% of cases having tumors
requiring resections of adjacent structures like vascular or
airways outside the usual lobectomy anatomy (9).

More recently, two propensity matched concurrent
cohort studies of post induction patients from Duke and
Cornell (VATS case N=69 and 40 respectively), showed a
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trend toward better survival in those that had minimally
invasive approaches as well as the usual short-term benefits
of less invasive surgery like briefer hospital stays (10,11). In
these series, the number of clinical T3 or T4 patients were
quite different with 11 in the former and only 1 in the latter.
Many more clinical T3-4 patients (N=31) were reported
by Chen and colleagues in a series of Stage II-IITA patients
where long term survival was similar to propensity match
thoracotomy patients (12).

This research was expanded by multicenter registry
in Italy using tumor size >5 cm (cT2b), ¢T3, ¢T4 and/
or induction chemotherapy as the search criteria to find
454 locally advanced VAT'S patients (13). These patients
were compared to 3266 VAT patients without such criteria
and they had, as expected, longer operative times and more
conversions 13.0% vs. 9.3%. More importantly, these
advanced VATS cases had similar morbidity and mortality
rates even when considering the conversions separately.

Other minimally invasive approaches for locally advanced
tumors have been reported. A roughly equal mix of Robotic
and VATS for post-induction Stage II-IIIA patients had
shorter hospitalization and equivalent medium-term
survival (14). Uniportal approaches for advanced cases
as defined by Roswell Park criteria (see next section) had
similar results with better tolerance of adjuvant therapy for
the minimally invasive approach (15).

Roswell park experience

In 2011 we published our experience with advanced tumors
and used the criteria of T >4 c¢m, T3-4 (excluding chest
wall), or any tumors that required neoadjuvant therapy
which based on our institution’s preference was largely
chemotherapy (16). Of 95 patients who fulfilled the criteria
and were attempted by VATS, 73 were successful with a
25% conversion compared to 19 planned open cases. With
an intent-to-treat analysis, there was no evident difference
in overall or disease-free survivals.

In 2012, we conducted an unpublished update of our
series to a total of 224 completed VAT'S cases and were able
to offer a successful minimally invasive resection to 82%
of all our patients who achieved these criteria that year.
Reasons for conversion for the 55 patients in the updated
series are shown in Figure 1.

Like VATS for early stage cancer, we demonstrated
shorter hospital stays 6.6+9.4 days for these complex
patients who had a successful VATS compared to
Conversions (9.1+9.5) or planned open (10.7+9.5, P<0.05)
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Figure 1 Graph displaying reasons for conversions of advanced
thoracoscopic cases at Roswell Park Comprehensive Cancer

Center. LN, lymph node.
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Figure 2 Photograph of flexible 3D laparoscope used commonly

for advanced thoracoscopic procedures at our institution (inset

shows separate lenses at tip).

cases. This appeared to be from reductions in complications
like pneumonias that were significantly more common in
converted or open patients. Preoperative comorbidities,
clinical stages, and pulmonary function testing results
were similar amongst the patients who underwent a VATS
approach compared to those approached by planned
thoracotomy. For patients who were attempted by VATS
(including conversions) 45.7% went on to receive adjuvant
chemotherapy, compared to only 25% of those who
underwent planned thoracotomy.

Technical maneuvers
3D videoscope technology

Approaching larger tumors, which are often associated with
locally advanced nodal disease, presents specific challenges
for visualizing the dissection field, achieving adequate
retraction of the tumor itself, as well as extracting the large
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specimen. Dissection of the hilar and fissure structures
may be hindered by tumor bulk. Advances in surgical
videoscope technology have helped to overcome certain
challenges associated with viewing. Hi-definition flexible
tip videoscopes aid in overcoming difficult viewing angles
presented by bulky tumors by being able to work around
the horizon created by a large tumor. At our institution, our
preferred videoscope technology has primarily consisted of
flexible tip, hi-definition videoscopes, most recently utilizing
3-D viewing capabilities (Figure 2, ENDOEYE FLEX
3D; Olympus, Center Valley, PA). Smaller diameter 5 mm
videoscopes allow for instrumentation to be introduced
adjacent to the videoscope offering more possibilities for
viewing and retracting. Other quality systems exist (Karl
Storz, Germany) and have been studied (17,18). Our
anecdotal experience utilizing the Olympus 3D system has
been that 3D viewing capabilities aid in the dissection of
hilar structures, lymph node dissection, and may lead to a
reduction in operating room time. Reports examining the
potential effects of 3D viewing compared to 2D viewing
exist for laparoscopic and thoracoscopic procedures, with
several focusing on thoracic surgery procedures. A large
meta-analysis examining 3D wvs. 2D for thoracoscopic
procedures, largely involving institutions utilizing Karl
Storz systems, reported decreased length of hospital stay,
shorter operating times, and decreased intraoperative blood
loss. No difference was noted in number of lymph nodes
dissected with 3D wvs. 2D systems (19).

Hemostasis options

When operating on larger tumors with more challenging
dissections, management of intraoperative blood loss can
be an issue. Various instruments and hemostatic agents
can aid in minimizing blood loss associated with large
tumor resection. For diffuse oozing from broad surface
areas that result from pleural dissections, or parenchymal
bleeding, bipolar tissue coagulation with radiofrequency
transcollation technology (Aquamantys, Medtronic
Minneapolis, MN, United States) has proven to be a very
useful tool for minimizing blood loss associated with diffuse
oozing. Transcollation technology delivers radiofrequency
energy simultaneously with saline for hemostatic sealing and
coagulation of soft tissue at the surgical site. Temperatures
stay at or below 100 °C, so there is no smoke or char
formation when placed in contact with tissue (20,21).

We routinely utilize absorbable hemostatic agents
in helping minimize blood loss during complex VATS
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Figure 3 Low profile retractors useful for enhanced exposure
of tumors that require tedious dissection. External view (A) and

thoracoscopic view of instruments from same port in action (B).

resections. For small, low volume bleeding, cellulose based
agents in the form of sponges, cloth, or powders are very
effective at temporizing slow, low pressure bleeding. For
larger more significant hemorrhage, such as that from a
pulmonary artery, fibrin sealant patches such as Evarrest
(Ethicon, Cincinnati, OH, United States) or TachoSil
(Baxter, Deerfield, IL, United States) can be directly applied
to control bleeding while alternative plans are made for
proceeding (conversion, resuscitation, achieving proximal
control of the main pulmonary artery at the hilum, etc.).

Tirouble shooting tips

A useful trouble shooting checklist that can apply to any
VATS case involves the following seven “F’s”.
(I)  Free all adhesions, all lobes.
(II) Find Somewhere else to work or view the target.
% Pleurae and lymphatic tissue.
% Divide more distally.
(IIT) Fissure division (also opens camera angles).
% Partially (outside in).
% Completely (blunt clamp technique).
(IV) Flip order of anatomical divisions (e.g., change to
fissure last technique).

© Video-Assisted Thoracic Surgery. All rights reserved.

vats.amegroups.com

Video-Assisted Thoracic Surgery, 2018

(V) Fill the port/access incisions (“fers”) with extra
instrument to aid exposure.
% Traction—counter-traction to define anatomy (e.g.,
“Two-fer” and vessel loops).
(VI) Fresh planes (e.g., open pericardium).
(VIL) Flatten the diaphragm.

Large specimen management

Difficulties in retracting large tumors during thoracoscopic
dissection can be overcome effectively utilizing multiple
low profile VAT instruments retracting tissue or specimen
from multiple angles. As many as five low profile graspers/
retractors can be placed through a single thoracoscopic
incision to allow retraction from multiple angles and
grasping points on the specimen. Our experience has relied
heavily on 5 mm thoracoscopic instruments (Figure 3,
Sontec Instruments, CO, United States), but multiple
producers exist for low profile thoracoscopic surgical
instruments. Non-thoracic instruments can be very helpful
in providing retraction during thoracoscopy. A laparoscopic
flexible liver retractor (Figure 4, Diamond-Flex , McKesson,
Jacksonville, FL) can be used to effectively retract a large
tumor by tightening the retractor around the base of the
tumor applying leverage. This retractor is also very effective
for retracting the diaphragm downwards, and when anchored
by a videoscope holder attached to the operating table side
bar, can provide additional freedom for working.

If tumor bulk is preventing safe dissection of hilar or
fissure structures, separating tumor from the hilum utilizing
a deep wedge resection can facilitate much easier dissection
of the remaining structures for the lung resection.
Extracting large tumors through small VAT incisions can
be problematic. Typically specimen extraction is performed
through a 4 cm access incision which is created in the fourth
intercostal space. Generous division of the intercostal
musculature and the parietal pleura allows for increased
flex of the intercostal space. Positioning the incision more
anteriorly where the intercostal space widens is also helpful.
Another option involves extending the anterior/inferior
VATS incision to create an extraction site where ribs can
flex the most.

Large extraction sacs made from tear resistant material
such as the Anchor tissue retrieval bag (Figure 5, Con-med,
Utica, NY, USA) allow for easier placement of tumor into
the sac, as well as pulling the specimen through incisions.
The largest tumor resections often require an 8x10” sac
(Cook Medical, Bloomington, IN, USA). A common
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Figure 4 Five millimeter shaft retractor that can be coiled
around hilum of lobe or entire lung to lift bulky tissues away
from the mediastinum to ease dissection. External view (A) and
thoracoscopic view of instruments in action (B, around hilum and C,

close up of bronchus).

pitfall when extracting large specimens is the potential
rib fracture that can occur despite all measures taken to
prevent it. In anticipation of this, it is reasonable to divide
a rib in a controlled fashion (notching the rib) to prevent
fracture. If rib fracture does occur, stabilizing the fracture
with absorbable rib plates such as the BioBridge (Acute
Innovations, Hillsboro, OR, United States) is very helpful
in minimizing postoperative pain and improving respiratory
mechanics.

Options for removing large tumors without having to
spread or divide the ribs in any way have been reported
and include non-traditional incision sites such as a midline
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Figure 5 Retrieval bags for large specimens (A, Anchor™ system
and B, LapSac™).

subxiphoid incision. Kato ez a/. reported on five patients
with T2 and T3 tumors who underwent complete VATS
resection with tumor extraction performed through a retro-
sternal, extraperitoneal subxiphoid upper abdominal midline
incision (22). Postoperative pain management was reported
as excellent, presumably due to minimized rib trauma or
intercostal nerve irritation.

Vascular management

Large, central tumors create complexity for pulmonary
vasculature control by limiting the available vascular length
for division and crowding dissection spaces. This effect is
worsened by induction therapies that can create additional
hilar perivascular fibrosis. To compensate for these issues,
minimally invasive techniques that mimic open surgical
adaptions are useful.

Exploring the pericardial space often yields additional
room for determining resectability and this was described
in 2002 (23). Furthermore, this space is often free of
adhesions and allows stapling on the proximal pulmonary
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Figure 6 Thoracoscopic view of an extra-long double silicone sling
surrounding the main right pulmonary artery. External view (A),

before snaring (B) and partially snared (C).

artery or vein and even a limited portion of the left atrium
so long as a thicker load is used. While occasionally
needed for lobectomy, this is common for thoracoscopic
pneumonectomy (24).

Large tumor anatomy can often disrupt the customary
steps preferred by a minimally invasive lung surgeon. Better
assessment of the proximal vessel and enabling of distal
vascular control is also enabled by opening the interlobar
fissure. Thus, if surgeons who prefer a fissure-last approach
for routine lobectomy occasionally practice a tunnel-
technique or similar method to open fissures they will be
better prepared. Likewise, surgeons who like to finish with
the bronchus need know how to divide the bronchus early

to improve exposure when required.
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Finally, central PA dissection for the purpose of rapid
clamping in the event of severe hemorrhage was a tenet
of open surgery for chronic inflammatory conditions like
tuberculosis resections. In a similar way, bleeding can be
arrested by placing a vascular control device around the
main pulmonary artery when dealing with tumors or other
pathologies abutting the central vessels. This was described
using a heavy silk double loop snare with a secondary loop
to release the snare (25). Our technique is similar except
that we prefer a silicone sling of extra length (762 mm,
Aspen Surgical, Caledonia, MI) so that it can be doubled to
distribute the occlusion forces more uniformly (Figure 6).
The ends of this sling can exit one of the ports or be left
intracorporeally with retrieval sutures in place for rapid
control if hemorrhage occurs suddenly during tedious
dissection.

T3 options
T3 tumors as defined by the AJCC 8" Edition are greater

than 5 cm but less than 7 cm, involve chest wall, pericardium,
phrenic nerve, or have separate satellite nodules in the
same lobe. Tumors that are T3 based on satellite tumor
nodules in the same lobe will not be discussed. Resection
of tumors involving the chest wall is covered in a separate
article. It should be noted that some carefully selected high-
risk patients with chest wall invasion have been treated
successfully at our center with preoperative radiation
followed by intraoperative brachytherapy in order to avoid
rib resection which generally increases operative risks close
to that of pneumonectomy (26).

For tumors that are T3 based purely on size criteria,
detaching the tumor from the hilar structures by
performing a wedge resection if possible as previously
described can facilitate dissection of more critical structures.
Often this scenario will dictate stapling through very thick
parenchymal tissue, requiring the thickest stapler load
available.

Pericardium

For tumors invading the pericardium, thoracoscopic
division of the pericardium is feasible and often presents
fresh tissue planes not affected by tumor or adhesions.
Thoracoscopic approaches for managing pericardial
effusions have been reported dating back to the early
1990’s, and applying these techniques to open the
pericardium when resecting a tumor is straightforward,
with the exception that with oncologic resections
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there likely will be less pericardial fluid present (27).
Care must also be taken to minimize the extent of
pericardial resection, as reconstruction will be necessary
to prevent catastrophic cardiac herniation which can result
from a large pericardial defect.

Phrenic nerve

When tumor involves the phrenic nerve and requires ez bloc
resection, diaphragm paralysis will result and can increase
postoperative morbidity from respiratory impairment.
Published reports for thoracoscopic diaphragm plication for
diaphragm paralysis and eventration describe suturing the
diaphragm with interrupted or continuous sutures, or using
stapling devices (28-30). These techniques can be applied at
the time of resection, and have been described recently (31).

T4 options

With the 8" addition of the AJCC staging system, T4
tumors based on size >7 cm and nodules in ipsilateral
lobes can be approached more easily using bilobectomy
or pneumonectomy methods or the techniques described
earlier in this article. On the other hand, minimally
techniques for anatomically complex T4 tumors need
schemes like that employed open and have been reported
infrequently. The section will describe the major T4
challenges by type of anatomic invasion. In cases where
there have been few reports of minimal invasive resections
of these related organs for lung malignancy, reports of
resections for other indications will be provided.

Two types of T4 classification will not be discussed in
detail. First, the generic term of “Mediastinal” invasion
has been difficult to classify because it can range from
simple invasion of the fatty anterior mediastinal tissues to
integral vascular, airway and spinal structures which will be
addressed. Because it is a vague term and used infrequently,
removal of “mediastinal pleural invasion” from the staging
system has been adopted (32). Second is esophageal invasion
which can be a superficial problem of the muscle treated by
en bloc removal of the muscle leaving the mucosa intact.
However, even this has a poor prognosis and a formal open
or minimally invasive esophagectomy, while feasible in
some circumstances, is rarely indicated because morbidity
and mortality risks (33).

Diaphragm

Diaphragm resection for limited lung cancer invasion is
relatively easy and can be performed with primary repair in
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many circumstances. Unfortunately, the depth of invasion
relates to prognosis so wide areas of resection for lung
cancer are unlikely to lead to long-term survival and should
be avoided (34). Thoracoscopic diaphragm resection has
been reported for the management of secondary thoracic
malignancies and for mesothelioma (35-37).

Generally a running or interrupted permanent suture is
used. A heavy braided non-absorbable stitch can be placed
through the diaphragm and buttressed with absorbable or
permanent pledgets if desired. Sutures can be placed with a
standard laparoscopic needle holder or a suture enhancing
device like the Endo-Stitch™ (Medtronic, Minneapolis,
Minnesota, USA). Also, a knot enhancing device like the Ti-
Knot (LSI Solutions, Victor, New York, USA) can also be
helpful for anchoring sutures or patch material in difficult
to tie locations like near the chest wall. Alternatively, a
wound closing suture passer like the Carter-Thomason
(CooperSurgical Inc., Trumbull, Connecticut, USA) can be
used to deliver anchoring sutures through the chest wall to
be tied extracorporeally allowing the knots to retract under
the skin (37).

Spine

While not applied regularly for lung malignancy, there
has been growing interest in the use of minimally invasive
approaches to insert spine instrumentation to avoid the
morbidity of thoracotomy. In some circumstances, VATS
can be used to disconnect the lobe from it hilar attachments
allowing it to be removed en bloc with the spine specimen.
"This can be done before or after the posterior laminectomy or
limited posterior thoracotomy or other approach to remove
the vertebral body and other spinal elements (38). Depending
on the complexity and time required, sometimes a staged
strategy is optimal with the neurosurgical team performing
their work beforehand on another day of that hospitalization.

Central airway

Because suturing the airway for sleeve resections has been
established for some time, the main impediment for more
central airway tumors has been providing for cross field
ventilation. This can be accomplished by delivering an
airway through the utility port or through a separate stab
incision. In situations where a carinal pneumonectomy
has been required, a hybrid approach has been reported
where the airway dissection, division, and reconstruction
is performed using a thoracotomy and then the patient is
flipped to allow a thoracoscopic pneumonectomy on the
opposite side (39).
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Figure 7 Extra-long 7 mm endotracheal tube fabricated from
standard tubes. Before assembly (A) and after (B). b, balloon
constrained with 3.0 polypropylene suture; ¢, connector; f,

adherent film.

Figure 8 Three-dimensional reconstruction image of descending
thoracic aortic stent graft placed to prevent bleeding or rupture

during resection or ablative radiation therapy. T, tumor; G, graft.

Limited distal tracheal resections have also been
performed by thoracoscopic techniques (40). While
the experience with such resections are limited, several
technical points deserve mentioning. There needs to an
endotracheal tube with sufficient length to ventilate the
distal airways. Some authors have used a nasotracheal tube
in the orotracheal position to achieve this length. We have
fabricated a useful tube by starting with a standard 7 mm
endotracheal tube. Another 7 mm tube cut just before the
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pilot tube can be used to increase the length sufficiently to
intubate distal airways. Both tubes are connected by cutting
off the internal flange of the circuit connector and reversing
for a secure fit. Semipermeable intravenous catheter
barrier film applied across the external connection provides
additional security. Finally, a monofilament polypropylene
suture can be wound around the distal balloon to reduce the
balloon to a smaller size appropriate to a bronchus (Figure 7).
Airways are reconstructed as in open operations with
traction sutures such as 2.0 polypropylene and running
barbed teless sutures (3.0 for tracheal work) are increasing
in popularity for minimally invasive approaches.

Cardiac and great vessel

Central vascular and heart invasions by tumors can
be grouped depending whether or not they require
cardiopulmonary support perfusion services during the key
elements of the procedures. Recurrent nerve involvement
generally means that there has been vascular invasion
making reconstruction difficult or unlikely to augment
survival, particularly when the aortic arch is involved. There
may be some rare cases, however, where the preoperative
imaging does not support that diagnosis and thoracoscopic
inspection is reasonable to confirm vascular invasion.

Cardiopulmonary bypass (CPB) may be avoided in some
circumstances for certain T4 situations although it may be
useful to have it available. The use of CPB, per se, does
not seem to adversely affect long-term survival (41). Also,
cell-saver technology is useful when severe bleeding is a
reasonable possibility. Thoracic Endovascular Aortic Repair
(TEVAR) is employed for situations where only a small
portion of the thoracic aorta is vulnerable for injury during
thoracoscopic resection. In those cases, a stent graft can be
deployed preoperatively excluding the area that might be
damaged during resection (42). Provided that there is no
endoleak, a small portion of the aortic wall can be resected
safely exposing the wall of the stent during the process.
This technique has also been used to protect aortic integrity
before delivering ablative high radiation doses to tumors
juxtaposed to the vascular walls (Figure §).

Similarly, if only a small portion of the left atrium is
involved by tumors invading to the base of the pulmonary
veins, an endoscopic surgical stapler can be used to remove
this small portion of the heart (43). Generally, a size thicker
than that used on vessels is chosen (3.5 mm or greater
such as blue or purple). Limited invasion of the superior
vena cava or the brachiocephalic vein can be managed
by temporary occlusion if tolerated by the patient using
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maneuvers like head elevation to reduce cerebral edema (44).
During occlusion the tumor can be resected and the vessel
repaired by patch plasty performed through the utility
incision. Vascular clamps, needle drivers and other useful
instruments that are available in many operating rooms for
endoscopic cardiac surgery can also be used for this type of
repair.

In centers that are adept at both minimally invasive
cardiac surgery and advance thoracoscopic lung tumor
resection, it may be appropriate to combine the two with
CPB strategies. Such indications may be limited particularly
when there are well established competing approaches like
median sternotomy that may be more practical (45). That
stated, there are many frail patients in whom standard
open approaches pose sufficient risks to consider adopting
and adapting other new technologies provided oncology
principles are maintained. In circumstances where there
is tumor thrombus extending into the left atrium, total
CPB may be needed to prevent catastrophic embolic
complications. Anesthesiology team is critical in such cases
to monitor factors like cannulation, cardiac performance
and proper de-airing maneuvers.

Conclusions

Minimally invasive lung resections for tumors with
advanced T-status are becoming more common as
experience is accrued within centers of excellence and their
reliabilities avoiding open surgery approaches 100%. As
long as oncologic principles are followed, there probably are
few absolute contraindications to attempt such resections.
Conversion rates of 25% or more are to be expected but
should be controlled without severe blood loss. Accordingly,
proximal sling control of the main PA when it is at higher
risk should be comfortable maneuver for surgeons. Tumors
so large that a thoracotomy will be necessary for specimen
extraction are a relative contraindication. In such cases,
VAT may still be useful to establish resectability or provide
additional useful vantage points for dissection if the tumor
blocks the line of sight through the thoracotomy. Thus far,
there have not been reports of increased local or systemic
recurrences. That being said, operations that become
prolonged because of tedious dissection or have needs for
advanced support like cardiopulmonary bypass may be
impractical. In our experience, the use of multiple retractors
to set up exposure of bulky tissue, 3D camera optics, energy
devices to control oozing and divide vessels too encumbered
for stapling, and ability to adapt order of dissection with
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fissure opening as necessary are key aspects for success.
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