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Foreword

Uniportal VATS is one of the innovative procedures that have revolutionized the field of minimally invasive thoracic
surgery in the past 10 years. In spite of the lack of definitive and much awaited evidence of its role in the thoracic surgical
armamentarium compared to traditional three port VATS or open surgery, surgeons are increasingly attracted to this
approach and the trend is not subsiding. From the maintenance of bodily psycho-somatic integrity (ie, Chi) to the prompt
return to the daily activities in the pain-free scenario provided by one small incision, uniportal VATS is being taught and
learnt with an unprecedented rapidity given its undoubted safety and feasibility. Indeed, the concept of single port VAT'S was
initially generated bearing in mind the supreme patient interest by fast-tracking him or her through the hospitalization. In
fact, the most recent evolution of the uniportal VAT'S technique implies performing diagnostic or therapeutic procedures in a
non-intubated or even awake patient. This book on Uniportal VATS -edited by Drs, Tan, Sihoe and Liu - comes at the right
time to carve in stone the theoretical principles, the technical tips and the current indications of uniportal VATS. The number
of experts involved is per se a demonstration of the worldwide interest that this technique has evoked to the point that, today,
there is not one routine thoracic surgical procedure which has not been described by uniportal VATS surgeons. The current
thoracic surgical armamentarium cannot ignore the role that uniportal VAT is progressively gaining and books like this one
— along with the scientifically rigorous outcome analysis soon to be published — will contribute to the transfer of the single
port philosophy to the generations to come.

Gaetano Rocco, MD, FRCSEd, FETCS, FCCP

Department of Thoracic Surgical and Medical Oncology, Division of Thoracic Surgery,
Istituto Nazionale Tumori, Fondazione Pascale, IRCCS, Naples, Italy

Phone: +390815903262

Fax: +390815903823

Email: g.rocco@istitutotumori.na.it
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Preface

“Those who say it cannot be done should not interrupt those who are already doing it.”
(Famous proverb often attributed to George Bernard Shaw)

In Thoracic Surgery, futile interruptions are common. Those who insist on using two chest drains after a lung resection
have failed to interrupt those who have only been using one — or even none — for many years. Those advocating lymph node
sampling only for lung cancer have failed to interrupt those who have demonstrated the safety and advantages of systematic
nodal dissection. More recently, those who assert the supremacy of lobectomy for lung cancer have failed to interrupt those
showing emerging evidence for the efficacy of sublobar resection in selected patients.

Perhaps the greatest futile interruption in our specialty has been the attempt to quash the usurping of the once-mighty
open thoracotomy by the brash upstart Video-Assisted Thoracic Surgery (VATS). For many surgeons who have made
their careers on the use of the thoracotomy, the VATS revolution that erupted in the last decade of the 20" Century was a
nasty shock. The minimally invasive approach overturned many deeply-held paradigms about how thoracic surgery should
be performed. Unsurprisingly, there was a maelstrom of fierce criticism thrown at VATS by many conservative voices. It
took many years of dedicated and innovative clinical research to generate the data proving the value of VATS. Nowadays,
conventional multi-port VATS has become a major element in our specialty, and is even recognized as the preferred surgical
approach for a great variety of thoracic disease — including early stage lung cancer.

Today, a new battle has now arrived as conservative forces seek to ‘interrupt’ the latest change to the status quo: Uniportal
VATS.

If the change from the hefty physical injury of thoracotomy to the reduced trauma of VATS is good, then it seems logical
that a further minimization of surgical access using a Uniportal approach should be even better. This novel evolution of the
VATS technique using only a single port has become the most talked-about subject in Thoracic Surgery today. Over the last
decade or so, it has rapidly developed from a niche approach for minor procedures, to a sound alternative approach for major
lung cancer resections, to even complex operations such as sleeve resections.

However, following tradition, the upstart is not universally welcome by followers of the old master. Not only has Uniportal
VAT'S been viewed with scepticism by proponents of open thoracotomy, but it has also been questioned by some practitioners
of multi-port VATS. It is perhaps ironic that those performing conventional VATS today are voicing the same doubts
against Uniportal VATS that they themselves previously faced from disciples of open thoracotomy. Whatever the motivation
behind their voices of caution, the upshot is that such voices force Uniportal surgeons to provide objective, sound clinical
data to dispel the doubts over the approach — and this is fair to both patients and the specialty. To overcome the attempted
interruption, advocates of Uniportal VATS will need to undergo the same trials as the pioneers of conventional multi-port
VATS two decades ago: demonstrating the safety, feasibility, efficacy, and advantages of their single port method through the
accumulation of hard clinical data.

This book does not contain that definitive data that will establish the role of Uniportal VATS in Thoracic Surgery. This
approach is simply far too new. There is not enough data yet — at the time of this writing — to say that Uniportal VATS “should
be performed”.

Instead, this book is an emphatic statement that Uniportal VATS “can be performed” — and that it can be performed safely!

In the pages of this book, the world’s leading experts in the Uniportal VATS approach share their wealth of experience.
Its contents range from philosophical considerations on the development and theoretical advantages of using a single port,
to highly practical instructions on how to perform the technique. The use of Uniportal VATS from minor procedures, to
essential lung cancer surgery, to difficult operations and beyond are covered. Moreover, it assembles a montage of experience
with this technique from all corners of the globe — demonstrating that the Uniportal approach is not a flash-in-the-pan
phenomenon only possible in the hands of a few magically skilled surgeons, but a teachable and reproducible method that can
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be mastered by thoracic surgeons around the world.

This book aims to provide readers with the basic knowledge and skills to start learning the Uniportal VATS approach.
Reading and understanding the authors’ experience should help readers to plan safe, systematic surgery for their patients. By
collating the know-how of the current leading Uniportal experts in one volume, this book also serves to set a benchmark for
what Uniportal VAT should be — a standard to which future practitioners should meet or surpass.

Finally, it is hoped that this book will entice more thoracic surgeons to learn and practice the Uniportal approach. When
there are many already safely ‘doing it’, those who say ‘it cannot be done’ may finally have to quit interrupting!

Lijie Tan, MD
Department of Thoracic Surgery, Zhongshan Hospital, Fudan University, Shanghai, China

Alan D. L. Sihoe, MBBChir, MA (Cantab), FRCSEd (CTh), FCSHK, FHKAM (Surgery), FCCP
Division of Cardiothoracic Surgery, Department of Surgery, The Li Ka Shing Faculty of Medicine,
The University of Hong Kong, Queen Mary Hospital, Hong Kong, China

Lunxu Liu, MD
Department of Thoracic Surgery, West China Hospital, Sichuan University, Chengdu, China

Diego Gonzalez-Rivas, MD, FECTS
Department of Thoracic Surgery, Coruita University Hospita, Xubias, Coruiia, Spain
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Abstract: The history of Minimally Invasive Surgery in the thorax is one of evolution, not revolution. The

concept of video-assisted thoracic surgery (VATS) to greatly reduce the trauma of chest operations was born

over two decades ago. Since then, it has undergone a series of step-wise modifications and improvement.

The original practice of three access ports in a ‘baseball diamond’ pattern was modified to suit operational

needs, and gradually developed into ‘next generation’ approaches, including Needlescopic and 2-port VATS.

The logical, incremental progression has culminated in the Uniportal VATS approach which has stirred

considerable interest within the field of Thoracic Surgery in recent years. This measured, evolutionary

process has significant implications on how the surgeon should approach, master and realize the full potential

of the Uniportal technique. This article gives a précis of the evolutionary history of minimally invasive

thoracic surgery, and highlights the lessons it provides about its future.
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Evolution, not revolution

Without doubt, the single greatest advance in Thoracic
Surgery of this generation has been the advent of video
assisted thoracic surgery (VATS) (1,2). Over the past
20 years since its birth, VATS has been demonstrated
to significantly reduce pain, hasten recovery, minimize
complications, and improve post-operative quality of life
for patients requiring Thoracic Surgery when compared to
open thoracotomy (3,4). VATS is now so well established
around the world that it is no longer correct to describe
it as an ‘emerging’ or ‘new’ approach. It is in fact now the
‘conventional’ approach for almost every common thoracic
operation in a number of centers around the world.

Since the birth of VATS, however, the pace of progress
appears to have slowed (4). Although much fine work has
produced incremental improvement in surgery in the chest,
the search for the ‘next big breakthrough’ of the scale of
VATS has been in vain for many years. It was wondered
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whether minimally invasive thoracic surgery had reached a
zenith beyond which no further great advance was possible.

The recent emergence of Uniportal VATS has now
promised a breath of fresh air to purge the stagnation (5,6).
The change from conventional multi-port VAT to the use
of just a single port seems like such a radical step that many
have viewed it as perhaps the single greatest leap forward in
minimally invasive thoracic surgery since the birth of VATS
itself. Indeed, many have described it as ‘revolutionary’.

The truth is, though, that this description is wrong. Far
from being a sudden revolution, Uniportal VATS is actually
simply the next step in the evolution of minimally invasive
thoracic surgery itself. When viewed in the context of the
history of VAT over the last two decades, Uniportal VATS
is technically still just another step forwards—though a very
exciting step forwards at that.

The use of the word ‘evolution’ has become very much
clichéd in the medical literature in recent years. However,
the distinction between revolution and evolution is far
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more than an issue of pedantic semantics. The fact that this
is a process of evolution has very important implications
for the practice of Uniportal VATS. This article aims to
summarize the evolutionary history of minimally invasive
thoracic surgery culminating in Uniportal VATS, and to
demonstrate how the lessons from that evolution should
guide surgeons learning this technique.

A brief history of minimally invasive thoracic
surgery

To operate in the human thorax, a surgeon must place
three things into it: a right hand; a left hand; and a pair
of eyes to look inside (4). To place these in between the
tight intercostal spaces, one must forcibly retract the ribs
for up to several hours for a major operation. This causes
significant trauma, pain and potential peri-operative
morbidity. VATS actually does not deviate from the
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Figure 1 Schematic of the right thorax, showing approximate

relative locations of the main hilar structures.

Posterior port
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principle of placing these same three things into the chest.
However, surgical instruments are used to replace the right
and left hands, and a video-thoracoscope is used to replace
direct vision through the wound. All of this is done using
three small ports without rib-spreading. VATS therefore
allows the same complex operations to be performed, but
the avoidance of forcible rib-spreading means that surgical
trauma is greatly reduced (1,2). In this way, VATS achieves
the good post-operative outcomes so well documented in
the literature (1-3).

Early 3-port VATS

When VATS was first described some 20 years ago, the
approach typically used three small ports without rib-
spreading (1,2). For a VATS lobectomy, this typically
meant two 10 mm ports plus one 3-6 cm ‘utility’ port for
delivery of the resected lobe of lung. The strategy for
ports placement was described in the early literature as
the ‘baseball diamond’ (Figures 1,2). The surgeon typically
stands at the ‘home base’ like a baseball batter looking out
towards the pitcher and the baseball field—and therefore
the camera port representing the surgeon’s eyes are placed
at the ‘home base’ position of the diamond. The target
lesion being faced by the surgeon is at ‘second base’
opposite the surgeon. The other two ports are placed at
the ‘first base’ and ‘third base’ positions to allow the right
and left hand instruments to be placed and triangulated
forwards towards the target at ‘second base’. Using this
strategy, the camera port was typically in about the 7" or 8"
intercostal space in the mid-axillary line, and the posterior
port just anterior the tip of the scapula. The utility port was

Utility port

Camera port

Figure 2 The ‘classic’ 3-port VATS lobectomy. In a right-side operation, the ‘baseball diamond’ (dotted blue line) has a 10 cmm camera

port at ‘home base’, a 3-5 c¢m utility port at ‘first base’, and a 10 mm posterior port at ‘third base’. The axis of the operation (red arrow) is

a straight line from ‘home base’ through the ‘second base’—and in this classic early VATS approach the axis is essentially in a hip-to-head

direction along the patient’s body’s longitudinal axis. VAT, video-assisted thoracic surgery.
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Uniportal VATS

Figure 3 The ‘modified’ 3-port VATS lobectomy. The ‘baseball diamond’ (dotted blue line) and axis of the operation (red arrow) have

essentially been rotated in a posterior direction—and the axis direction is now umbilicus-to-shoulder, better reflecting the fact that in reality

the surgeon stands anterior to the patient (rather than sits on the patient’s hip!). VATS, video-assisted thoracic surgery.

usually placed in the anterior axillary line to take advantage
of the naturally wider intercostal space towards the front of
the chest to facilitate specimen retrieval. The utility port
was typically sited in the 4" intercostal space for an upper
lobectomy or 5" intercostal space for a lower lobectomy,
and was at the ‘first base’ for right-side operations and at
‘third base’ for left side operations.

This strategy of port placement allowed the ‘axis’ of the
operation—a straight line from the ‘home base’ through the
‘second base’—to follow the natural longitudinal axis of the
patient from feet towards the head. The right and left hands
(“first and third bases’) straddled this axis on both sides and
reduced fencing between instruments and camera.

The above reflects the early approach of conventional
VATS in Hong Kong, and there are of course many
variations described (4).

Modified 3-port VATS

The problem with the conventional 3-port VATS approach
as described above was that the port placement did not
reflect the reality of how surgeons and assistants stood
around the operating table. No surgeon can really stand
at the patient’s feet (or hip) where the ‘home base’ is. In
reality, to facilitate principal instrumentation via the utility
port, many surgeons would stand anterior to the lateral-
lying patient. The actual axis of the operation is actually
not from the hip to the head of the patient, but from the
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umbilicus towards the back of the shoulder (i.e., from
an anterior-to-posterior as well as inferior-to-superior
direction). Adhering to the port placement in the classic
‘baseball diamond’ strategy above would therefore mean the
posterior port would be too far ‘superior’ along the axis and
the surgeon would have to reach uncomfortably far to effect
instrumentation there. In addition, if the camera-holding
assistant stands on the opposite side of the operating table
from the surgeon (as per classic open surgery), the assistant’s
visual axis would be completely different to the surgeon’s—
running from the patient’s sacrum towards the chin. This
is one of the key reasons for ‘mirror imaging’ and fencing
between camera and the surgeon’s instruments commonly
noted in the early experience with VATS.

To remedy this, the 3-port VATS port placement
strategy was modified slightly (Figure 3). The camera port
was brought more anterior to the anterior axillary line. The
posterior port was lowered from anterior to the scapula
tip to a lower intercostal level. The utility port position
is unchanged. The end result of this modification was a
posterior rotation of the ‘baseball diamond’ (4). Although
the diamond shape was preserved, the axis now reflected
the umbilicus-towards-shoulder direction and was more
comfortable for the surgeon. The camera-holding assistant
now stands on the same side of the operating table as the
surgeon and slightly behind. The assistant thus shares the
same axis as the surgeon, improving surgeon-assistant co-
ordination. The lower posterior port also means that for
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upper lobectomies, a stapling device placed via that port
approaches hilar vessels from a slightly posterior-to-anterior
direction and can more easily negotiate around those vessels
without the anvil being impeded by other structures behind.
For the author, this has become the standard port
placement strategy for ‘conventional’ 3-port VATS
lobectomy in Hong Kong. Again, it is acknowledged that
myriad detail differences in technique exist in different
centers around the world, but the basic principles remain.
However, although conventional multi-port VATS
greatly reduces morbidity, it does not completely eliminate
it. Studies have shown that even with conventional VATS,
up to 32% of patients still have some residual discomfort
for up to years after surgery (7). We have also found that
53% of patients still feel chest wall paresthesia distinct from
nociceptive wound pain at 19 months after VAT'S (8). Even
though such complaints cannot detract from the need to
perform curative surgery for lung cancer, there is clearly
room for improvement to improve the lot for our patients.

Robot-assisted thoracic surgery

One of the developments causing the most excitement soon
after the turn of the Century was the introduction of robotic
surgical systems to Thoracic Surgery. Initially, the robot
was used to help perform simple mediastinal operations,
but today some are routinely using it even for lung cancer
resections (9,10). Nonetheless, the overall narrative of the
robot story in the last 10 years has been one of relatively
slow and limited acceptance globally.

There are a number of reasons for the missed
opportunity for the robot system to become established
in Thoracic Surgery. The upfront costs of purchasing the
system and—more importantly—the costs of the surgical
consumables remains daunting, often prohibitively so
in the many countries. The cost in terms of prolonged
preparation times for each operation taking up valuable
operating theatre time is another important cost issue.
The robotic system’s promises of 3D vision, greater intra-
thoracic dexterity and steadier instrumentation have also
not fully compensated for the loss of tactile feedback so
crucial to the thoracic surgeon (11). In terms of wounds,
the robot required the same number and sizes of wounds as
conventional 3-port VATS, and indeed sometimes required
an extra fourth one.

There is no doubt that robotic system has a niche role
for delicate mediastinal surgery, but for most Thoracic
Surgeons its place in mainstream practice remains
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limited. Instead, trends over the last several years have
showed clearly that the evolution of minimally invasive
thoracic surgery has taken a different direction: towards
an upgrading of fine surgical technique over the influx of
expensive technology.

Needlescopic VATS

Needlescopic VAT is the use of very fine thoracoscopes
(2-3 mm diameter) and instruments (3-5 mm diameter)
to replace the 10mm versions used in conventional VATS
equipment (12). Needlescopic VATS was first used for
sympathectomy surgery to treat palmar hyperhidrosis and
sympathectomy disorders (13). The small wounds ensured
not only reduced pain, but excellent cosmesis with the
incisions becoming virtually completely invisible within
a few weeks after surgery. From this, we have further
extended its use to treating pneumothorax with considerable
success (14).

The next step was of course to apply the Needlescopic
VATS approach to lung cancer surgery (4). Using the same
ports positions as the modified 3-port strategy above, the
posterior port is reduced from 10 to 3 mm, although the
utility port has to remain at 3-5 cm purely for the purposes
of extracting the resected lobe of lung (Figure 4). The
camera port is made by using a No. 11 scalpel blade to stab
and create a 3 mm skin puncture. A 3 mm trocar is pushed
through and the 3 mm 30° video-thoracoscope placed
through that. Alternatively, a tract is created into the pleural
space by pushing a small mosquito forceps through the skin
stab incision, and a 5 mm 30° video-thoracoscope is placed
directly through this tract without a trocoar. The lens tip
can be wiped within the chest using a pledget held on a
Roberts forceps, lightly soaked with anti-fogging solution
and inserted via the chest tube thoracostomy wound. The
reduction in ports sizes may not sound like much, but in
reality the difference is noticeable. Given the narrowness
of the human intercostal space, a conventional 10 mm
thoracoscope, for example, can lever against and cause blunt
trauma to the intercostal bundles during manipulations to
look up and down during the operation. By using a much
finer thoracoscope and instruments, this torquing at the
wound is intuitively reduced. Cosmesis is of course much
better. At the same time, because three ports are still being
used, the conduct of the operation is essentially the same
as with conventional VATS—making it much easier for the
experienced VATS surgeon to master. Complete lymph
node dissection is also eminently feasible.
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3 mm posterior port

3-5 mm camera port

Figure 4 The Needlescopic VATS lobectomy. The ports positions (purple) and axis of the operation (red arrow) are the same as for the

‘modified” 3-port VATS approach. However, the posterior and camera ports have been reduced in size to 3 mm in diameter only. VATS,

video-assisted thoracic surgery.

(posterior port eliminated)

Figure 5 The 2-port VATS lobectomy. The utility and camera ports are identical to the Needlescopic approach, but the posterior port has

been eliminated. VATS, video-assisted thoracic surgery.

The author routinely uses a 3 mm (or sometimes a 5 mm)
30° video-thoracoscope. A commonly voiced concern
about the use of such fine thoracosocopes is regarding the
brightness and resolution of the video image produced.
Thankfully, modern high-definition surgical video cameras
have such good light sensitivity and superb resolution that
this is in practice never a noticeable problem.

2-port VATS

After gaining experience with a 3-port Needlescopic VATS
approach, it was soon realized that the posterior 3 mm port
was not always essential. The added retraction using a 3 mm
instrument through that port did not contribute greatly, and
in fact it was possible to deliver such surgical retraction and
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manipulation using another instrument via the utility port.
The natural progression was therefore to omit that posterior
port altogether—resulting in a 2-port VATS technique
(Figure 5). This delivers all the advantages of Needlescopic
VATS, but with one fewer port. If the patient’s lung has no
air leak at the end of a lobectomy operation, sometimes a
chest tube as small as 16F can be placed via the camera port,
further reducing post-operative discomfort and enhancing
the cosmetic appeal. The downside is that using only one
utility port for all the instrumentation during 2-port VATS
requires considerably more VAT experience on the part of
the surgeon. Having said that, this approach is now rapidly
gaining in popularity, and many large centers in mainland
China are already using this technique routinely.

At the University of Hong Kong, the author has
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(camera port eliminated)
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Figure 6 The Uniportal VATS lobectomy. Compared to the 2-port approach, the camera port has been eliminated. The Uniport is in the

5™ intercostal space and is largely unchanged from the utility port of all previous iterations of VATS lobectomies. VATS, video-assisted

thoracic surgery.

switched completely from using conventional 3-port
VATS for routine lung cancer surgery to using these
‘Next Generation’ approaches of Needlescopic and 2-port
VATS. The median length of stay after lobectomy is now
3 days. Although in Asia there is less pressure for early
discharge home after surgery, unlike in many Western
countries, this outcome serves as a useful indicator of the
excellent recovery experienced by patients using these ‘Next
Generation’ techniques.

Compared to robot assisted surgery, these newer VATS
evolutions require no expensive equipment (most hospitals
already have needlescopic instruments), take no longer
than conventional VATS, and can be quickly learned by
experienced VAT'S surgeons by further honing their skills.

Uniportal VATS

From the above progression from conventional VATS to
Needlescopic VATS to 2-port VATS, it was merely logical
to try to simply forego the separate camera port altogether
and have the video-thoracoscope placed through the utility
port as well (5). The concept of Uniportal VATS was
actually first pioneered by Dr Gaetano Rocco for simpler
intra-thoracic procedures over a decade ago (15,16).
However, as with so many innovative ideas in surgery,
the gestation period of Uniportal VATS prior to global
acceptance has been a long one. It was eventually developed
in more recent years to allow major lung resections by
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Dr. Diego Gonzalez-Rivas of A Coruna, Spain (5,6).
His extensive experience now includes a few hundred
lobectomies, and has extended to complex procedures such
as sleeve lobectomies and pulmonary artery reconstructions.

The author typically uses a single 3-5 cm incision
in the anterior axillary line for Uniportal VATS major
lung resections, essentially in the same place as with
Needlescopic and 2-port VATS (Figure 6). The only minor
difference in port strategy is that the 5" intercostal space is
preferred for both upper and lower lobectomies. A 5 mm
diameter 30° video-thoracoscope is placed alongside the
instruments used by the surgeon’s right and left hands. This
‘shared port’ technique makes for a very ‘cosy’ operating
environment, and requires a degree of skill not only from
the surgeon but from the assistant.

Another significant challenge for the conventional
VATS surgeon converting to the Uniportal approach is the
further rotation of the whole axis of the operation towards
a posterior direction. With Needlescopic and 2-port VAT,
the visual axis is the same as with the modified 3-port VATS
approach, and hence very easy to get used to. But with the
Uniportal approach, the axis is changed from an umbilicus-
to-shoulder direction to a nipple-to-scapula tip direction.
Furthermore, instead of the ‘looking across a baseball field’
horizontal perspective offered by multi-port, Needlescopic
and 2-port VATS, the perspective in Uniportal VATS
is more vertical and more like looking down a tunnel.
Consequently, the surgeon and the assistant must to some
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Table 1 Outcomes for the author’s first 15 consecutive patients receiving Uniportal VATS lobectomy

Characteristic/Outcome First 5 patients Next 10 patients P value
Mean pre-op predicted FEV1 (%) 110.0+11.0 88.0+11.0 <0.01
Upper lobectomy 1.0 (20%) 8.0 (80%) 0.03
Mean operation time (min) 161.0+32.0 204.0+£62.0 0.10
Mean blood loss (mL) 101.0+£122.0 161.0£152.0 0.43
Mean tumor diameter (mm) 16.0 (range, 9-35) 25.0 (range, 13-40) 0.15
Mean NO. of lymph node stations dissected 4.4+1.8 5.4+1.0 0.30
Mean chest drain duration (days) 2.4+0.5 2.4+0.9 0.89
Mean length of stay (days) 3.4+0.5 3.7£1.3 0.45
Post-op minor complications 1.0 (20%) 2.0 (20%) 1.00

extent re-learn the hand-eye co-ordination.

Nevertheless, potential benefits for patients are promised
by Uniportal VATS. In the author’s experience, the safety
profile has been excellent and the conversion rate has
been less than 5%. Patients have had a median length of
stay post-operatively of 3 days. Critics are not incorrectly
in pointing out that there has so far been no evidence to
unequivocally prove the superiority of Uniportal VATS
over other forms of minimally invasive Thoracic Surgery.
However, there has been enough clinical data to show
that the approach can be performed with equal levels of
safety and oncological adequacy as conventional VATS.
It is therefore not unreasonable to further develop and
accumulate experience with it in the hope that patients may
ultimately benefit.

Lessons from history

What is clear from the above history is that Uniportal
VATS is a product of a gradual evolution of minimally
invasive thoracic surgery: from classical 3-port VATS,
through Needlescopic and 2-port VATS, to eventually
Uniportal VATS. The evolution has primarily involved a
gradual rotation of the axis of the operation as well as a
step-wise reduction in the size and number of the incisions.

This evolution has taught the author a number of very
important lessons that should be shared with any surgeon
approaching the Uniportal VATS approach. These lessons
can be summarized thusly:

(I)  Single-port instrumentation;

(II) Coping without the posterior port;

(III) Axis and perspective;

(IV) Troubleshooting;

(V)  Peri-operative care;
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(VI) Dealing with the rookie.

Single-port instrumentation

To the beginner starting to learn Uniportal VATS, it may
feel very uncomfortable having to place the instruments
from both right and left hands through the same port,
and furthermore having to share that port with a video-
thoracoscope. One would think that this is a technique that
required considerable time to master. However, in reality,
the author’s learning curve was surprisingly short. Table 1
summarizes only the very first 15 consecutive lobectomies
performed by the author using the Uniportal VATS
approach. Although the operations in the latter 10 patients
were technically more challenging than in the first 5 patients
(poorer lung function, more upper lobectomies), results
in terms of operation times, blood loss and post-operative
recovery were no worse. In all of these outcome measures,
the results achieved even with these first 15 operations
were already equivalent to those being obtained with
conventional VATS. The key to obtaining good results so
quickly was not in the personal skill of the author, but in
the fact that Uniportal VATS was indeed simply a natural
evolution of minimally invasive thoracic surgery.

As the author progressed from conventional and
Needlescopic 3-port VATS to 2-port VATS, the lesson
learned was that all instrumentation could be accomplished
readily via a single utility port. Maintaining the camera in
the classic lower position of conventional and Needlescopic
3-port VATS made it easy for the assistant to provide a
familiar, orthodox view of the operative field while the
surgeon experimented with placing right and left hand
instruments via the utility port only during 2-port VATS.
During this time, a greater appreciation of using curved
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or right-angled instruments (such as long curved ring
forceps, or simply Roberts and Rumel forceps) to facilitate
dissection through a shared port is quickly gained. Because
the utility port is in the same place as with conventional
and Needlescopic 3-port VATS, most of the very same
instruments could also be used—including standard
Metzenbaum scissors, Debakey forceps, hand-control
diathermy devices with long-tip extensions, and so on. This
proved invaluable by allowing a familiar set of instruments
to be maintained without the surgeon having to learn to use
new ones alongside learning a new technique.

Once one has mastered using right and left hand
instruments via the same shared utility port, proceeding
to a Uniportal VATS approach merely becomes the
transferral of the video-thoracoscope to the same port.
By breaking down VATS into the manual and visual
elements, and then learning the manual element before the
visual element, it was quite easy for the author to acquire
proficiency of Uniportal VATS. As the video-thoracoscope
is brought up to the utility port, the same right and left
hand instrumentation is preserved as before with 2-port
VATS, and that allows the surgeon the comfort of a familiar
manual element whilst only having to focus on learning the
visual element.

This author highly recommends that learning Uniportal
VATS should take this step-wise approach. For the
surgeon familiar only with open surgery, it is advised
that experience first be acquired with 3-port VATS. After
mastering that, it is advised that some time is spent with
2-port VATS. Only when that has been accomplished
should the surgeon proceed to Uniportal VATS. It is
understandable that the number of operations performed
using 3-ports and then 2-ports before going on to
Uniportal VATS will vary greatly from surgeon-to-
surgeon depending on prior experience with conventional
VAT and other factors. The author appreciates that there
are a number of surgeons who have successfully gone from
performing open surgery straight to Uniportal VATS.
Nonetheless, in general, the technical challenges posed by
Uniportal VATS should never be underestimated, and the
safety of the patient must come first. A step-wise approach
to acquiring the manual and visual skills is intuitively
more cautious and theoretically safer. It should never
be considered (at present anyway) that Needlescopic,
2-port or even 3-port VATS is ‘inferior’ to Uniportal
VATS. Evidence for that does not currently exist. Hence,
the surgeon should rest assured that when providing
these other forms of VATS he/she is giving the patient
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virtually equally good care—even as he/she is learning to
eventually perform Uniportal VATS. Furthermore and by
the same logic, Needlescopic and 2-port VATS need not
be merely considered ‘stepping stones’ along the path to
Uniportal VATS, but as the destination in their own right.
If a surgeon feels that Uniportal VATS is not the right
approach for him/her for any reason, there is nothing
wrong with sticking to Needlescopic and 2-port VATS.

Another point to make about the evolution of sharing
a port is the fact that using familiar instruments and
techniques is important. When changing from 3-ports
to 2-ports, the instruments via the utility port can stay
the same as with 3-ports. When changing from 2-ports
to Uniportal and only the video-thoracoscope position is
changed, again the instruments used in 2-ports VATS can
be kept unchanged. The implication of this is that it is not
necessary to purchase any expensive new instruments to
‘allow’ one to start performing Uniportal VATS. Instead,
it is better to approach the new technique using familiar
instruments. Not only will this make it easier to learn, but
it will allow the surgeon to gradually understand exactly
where the old instruments may or may not be deficient
when performing Uniportal VATS. There are many so-
called ‘dedicated for Uniportal’ instruments available,
some of which are very good but many of which are quite
expensive. It is advised that the surgeon should gain some
experience with the technique and understand the specific
areas where an expensive new instrument may help before
splurging on a new purchase.

Coping without the posterior port

When transitioning from a conventional 3-port VATS
approach to a Needlescopic and then a 2-port approach,
it becomes evident what the posterior port is used for.
Primarily, it is a port for retraction. A grasping instrument
(such as a Rampley forceps) is used to distract the lung
allowing instrument(s) from the anterior utility port to
approach the targets for dissection. The second most
common use is for introduction of the staple-resection
device (or ‘stapler’ for short). As mentioned above
in relation to the modified 3-port VATS approach,
introduction of the stapler from a posterior-to-anterior and
inferior-to-superior direction has advantages, particularly
in avoiding impingement of the anvil against other hilar
structures as the stapler is passed around vessels. A third (less
common) use is placement of the video-thoracoscope to
look behind or above the lung hilum during certain points
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A

Impingement

here

Figure 7 Example of manoeuvring the lung to enable the correct angulation for stapling. (A) If the lung is simply retracted upwards (green

arrow) or towards the Uniport (yellow ring), the stapler is inserted downwards near-vertically (blue arrow) and even with reticulation of the

stapler head the stapler tip will impinge against the mediastinal or hilar structures, impeding passage of the stapler around the vessel branch;

(B) if the lung is instead distracted away (green arrow) from the Uniport (yellow ring), the target vessel branch is better displayed, allowing the

reticulated stapler to approach perpendicularly at a ‘flatter’ angle (blue arrow) and avoid impingement against any structures on the far side.

of the dissection. Therefore, when progressing to 2-port
and Uniportal VATS, the surgeon must compensate for the
loss of these three uses of the posterior port.

Distracting the lung from the area of dissection can be
accomplished to some degree by greater use of rotation of
the operating table. Approaching the anterior hilum can be
facilitated by tilting the table posteriorly, and approaching
the upper mediastinum by tilting it ‘head up’, for example.
More importantly, experience with 2-port VATS shows that
effective retraction can be easily provided using curved lung
clamps—such as curved ring forceps or Harken clamps.
These are usually completely sufficient, and there is no
need for more fanciful endoscopic rectractors. However,
the surgeon may find that an ability to hold more than
one retractor with the fingers of the non-dominant hand
while performing intricate dissection with the dominant
hand is an invaluable skill. This is because with a 2-port or
Uniportal VATS technique, there is little or no room for an
extra assistant to reach in and help with retraction.

The loss of the posterior port for introduction of the
stapler is compensated for by better understanding of
how to manoeuvre the lung (Figure 7). Simple ‘pulling
up’ retraction of the lung can result in the wrong angle of
approach for the stapler, with medial or posterior structures
impeding the passage of the anvil. For example, this is often
the problem when beginners find it difficult to pass the
stapler around a superior pulmonary vein during Uniportal

© AME Publishing Company. All rights reserved.

VATS. Because the port is sited immediately over the
vein, passing a stapler straight into the wound means that
the near-vertical direction causes the anvil to be blocked
against the hilum posteriorly. Instead, the retraction should
aim to lift the lung in such a way as to allow the stapler
to approach a vessel in a perpendicular direction. Using
the above example, retracting the lung in a cephalad and
slightly anterior direction allows the stapler placed via the
uniport to approach the superior vein in a more horizontal
direction without hitting the hilar structures behind the
vein. It goes without saying that a reticulating stapler is a
must to facilitate stapling during Uniportal VATS. The use
of curved tip reloads also greatly helps to negotiate vessels
in the absence of the posterior port for staler introduction.
It should also be noted that the use of the 5" intercostal
space for upper lobectomies is also because it allows a more
horizontal angle for the stapler to approach the superior
pulmonary vein.

The lack of the posterior port to allow the video-
thoracoscope to look ‘behind’ or ‘above’ the hilum is
actually not the problem it first appears to be during
Uniportal VATS. The simple reason is that the scope is
now placed via the utility port anyway, which is already at
a higher level than the posterior port. Using a 30° video-
thoracoscope via the Uniport already gives at least as good a
view over the hilum as would have been obtained via the old
posterior port.
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Axis and perspective

The evolution of the VATS approaches has highlighted the
concepts of the operative axis and of the visual perspective
during surgery. The axis is that imaginary straight line from
the surgeon (or camera port) through the point of dissection
to the video monitor. Using the ‘baseball diamond’ imagery,
this is the line from the ‘home base’ to the ‘second base’
and beyond. If the ports at ‘first and third bases’ are on
a line perpendicular to this axis, then the left and right
hand instruments will triangulate towards ‘second base’
and fencing between instruments with each other and with
the camera is theoretically reduced. Also, the closer line
between the surgeon and the monitor is to the line between
the ‘home base’ camera port and the monitor (‘second
base’), less discrepancy there is between the visual axis and
the actual operative axis—and consequently the easier the
hand-eye co-ordination will be.

Understanding the role of this axis explains why the
modification of the classic 3-port VATS ports placement
was necessary, and why it is relatively easy transitioning
from 3-port VAT to Needlescopic VAT'S. When changing
to a 2-port VATS approach, the axis is maintained as
for Needlescopic VATS, but essentially the dissection is
now done exclusively from ‘first base’. When changing
to Uniportal VATS, the axis is rotated posteriorly as
already described earlier. A grasp of this evolution of
the axis direction-coupled with knowledge of the hilar
anatomy-helps in understanding how to visualize the
surgery during Uniportal VATS and to negotiate the
dissection.

The concept of perspective is different from that of
the axis (Figure 8). With 3-port, Needlescopic and 2-port
VATS, the surgeon’s perspective of the operative field is
exactly that of the ‘baseball diamond’. Namely, the surgeon’s
view is that of a batter standing at ‘home base’ and looking
out across a flat horizontal baseball field towards ‘second
base” with ‘first and third base’ on the same horizontal
plane to the right and left respectively. Because this same
perspective of looking out across a field is the same between
these approaches, it is relatively easy to switch between
these approaches. It also makes sense that the ‘first and
third base’ ports are ‘above’ the level of the camera port.
With Uniportal VATS, the camera looks down the same
wound as the instruments, and the perspective is instantly
changed (17). This calls for a bit of adaptation of the usual
hand-eye co-ordination to get used to. It also means that
the surgeon looks into the wound from the perspective of a
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standing human looking down into a mine-shaft instead of
across a horizontal field. In this position of a human looking
downwards, the eyes are actually ‘above’ the right and left
hands. Therefore in the uniport (assuming the surgeon
stands anterior to the patient), if the camera is placed at
the lower or more anterior part of the wound and the right
and left hand instruments enter the wound ‘above’ the
camera at the more posterior part of the wound, it becomes
disorientating for the surgeon. Instead, to maintain the
normal perspective of a human looking down a mine-
shaft, the camera should be kept at the posterior end of the
wound and the right and left hand instruments should enter
anterior (‘below’) to the camera or ‘eyes’. Obviously, this
rule may sometimes be overruled for certain situations, but
keeping to it makes Uniportal VAT less disorientating for
most of the time.

Troubleshooting

The realization that Uniportal VAT is part of the evolution
of minimally invasive thoracic surgery means that whenever
difficulties are encountered, the same solutions that are
used in other forms of VATS can also be applied just as
effectively (1,2). Some examples include:
% Bleeding: mild bleeding can be effectively controlled
with topical hemostats and compression. More severe
bleeding can be amenable to endoscopic suturing.
It is again emphasized that experience with 3-port
and 2-port VATS may be invaluable in providing
proficiency with endoscopic suturing and hemostatic
techniques prior to embarking on Uniportal VATS;

¢ Fused interlobar fissure: the ‘fissure-less’ (or ‘fissure
last’) approach to a lobectomy is now commonly used
in conventional VATS (18), and remains perfectly
applicable for dealing with fused fissures during
Uniportal VATS;

% Air leaks detected on-table: as with conventional
VAT, major air leaks can be repaired by endoscopic
suturing. Minor air leaks are effectively treated with
the application of topical sealants. In the author’s
experience, aerosolized fibrin sealant sprayed onto
areas of small air leaks can reduce both chest drain
durations and lengths of stay after VATS lung surgery.
The cost of the sealant is usually more than offset
by the reduced costs in post-operative hospital stay.
If in doubt, the degree of air leak can be assessed by
connecting a portable digital chest drain system whilst
the patient is still on-table, and the digital reading
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1

Figure 8 The issue of perspective. (A) With classic 3-port VAT, the surgeon looks out onto a flat, horizontal baseball field. With the surgeon at
‘home base’, the right and left hand instruments at ‘first and third bases’ are in front of the surgeon and farther along that flat field. This translates

into a camera port positioned ‘lower’ (closer to the surgeon) than the right and left ports; (B) with Uniportal VAT, the view is more like looking

downwards into a mine shaft. As the surgeon looks into the mine shaft, the eyes are naturally at a higher level than the right and left hands. This

translates into the camera placed in the Uniport ‘higher’ (father from the surgeon) than the right and left hand instruments. For a surgeon standing

anterior to the patient, this means the camera is placed towards the posterior end of the wound. VATS, video-assisted thoracic surgery.

of how much air flow is coming out can help guide
whether further on-table intervention is required. It
is the author’s preference to always deal aggressively
with air leaks, because a prolonged air leak can negate
the advantages of any form of VATS in reducing
patient lengths of stay and allowing faster recovery;

Large tumors: it is frustrating for the surgeon
to complete a major resection and then find that
the resected specimen is too large to deliver via
the patient’s intercostal space. Converting to a
thoracotomy or use of forcible rib-spreading would
negate the advantages of any form of VATS in

© AME Publishing Company. All rights reserved.

reducing pain. In such situations, the author uses a
technique of controlled cutting of a rib anteriorly
to allow the intercostal space to be widened with
minimal force (19). This technique was developed for
multi-port VAT, but has proved useful in 2-port and
Uniportal VATS.

Peri-operative care

One of the more important lessons learned during the
evolution of VATS was that how the patient is managed
outside the operating room is just as important as how well
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he/she is managed inside it. In the early days of VATS,
patients receiving a VATS procedure were nursed and
rehabilitated exactly the same as a patient who received the
same procedure via an open thoracotomy. The result was
that such patients recovered or were mobilized so slowly
that they did not enjoy the full potential benefits of having
received Minimally Invasive Surgery.

With all VATS patients in the author’s institute today,
a bespoke Clinical Pathway is used to guide their peri-
operative care from all clinical disciplines (4). The Pathway
(equivalents are also referred to as ‘fast track’ or ‘expedited
recovery’ in other centers) covers every aspect of nursing,
physiotherapy, mobilization schedules, peri-operative
investigations, pain management, chest drain management,
nutrition, communication with the family, and so on. Goals
for each day are set and monitored. Using this Pathway
has already reaped significant benefits in terms of: pre-
and post-operation lengths of stay; morbidity; readmission
rates; and so on. Consistent, objective care is also ensured
for all patients regardless of which member of the surgical
team sees each patient. The Pathway has been updated to
complement the increasing use of Needlescopic and 2-port
VATS in recent years, and further updating is planned to
take advantage of Uniportal VATS. Any center planning to
introduce ‘next generation’ VATS approaches is urged to
first plan a Clinical Pathway, lest the advantages of good
operating become squandered.

Another area where peri-operative care is augmented
to complement VATS is the infusion of cost-effective
new technology. A prime example is the use of the
aforementioned portable digital chest drainage system (20).
"This system is a small, portable box connected to a patient’s
chest tube that has an internal suction mechanism delivering
any level of negative pressure set by the clinician. The
negative pressure level is regulated very precisely, avoiding
variations that may prolong post-operative air leaks. The
mechanism is also completely internal (it runs on internal
rechargeable batteries like a mobile phone) and does not
require connection to any outside contraption such as wall
suction. The advantage is that even with negative pressure
applied, the patient is not tied down and can freely mobilize
even on the day of surgery. this complements VATS—and
especially our ‘Next Generation’ and Uniportal VATS—
perfectly, allowing the faster physical recovery expected of
such techniques. The ‘digital’ part of the system refers to an
in-built digital air flow monitor that accurately displays in
real-time the flow of air coming out of the chest tube from
the patient’s thorax, providing an objective quantification
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of any air leak after surgery. This avoids the inherent
uncertainty in identifying air leaks using a water seal system,
which can lead to hesitancy in chest drain removal or air
leak interventions, and hence in turn to prolonged lengths
of stay. We have previously reported significantly reduced
chest drain durations and lengths of stay for our patients
using the new digital chest drain systems (20). When
developing a Uniportal or ‘next generation’ VAT'S program,
it is therefore advised that one should look out for peri-
operative technology that can complement the operation
and help it fulfill its potential for patients.

Dealing with the rookie

One lesson from natural history is that evolution does not
occur at the same pace for everyone. Even within a surgical
team, different individuals may have evolved to different
degrees. In the author’s unit, the surgeon may have acquired
advanced VATS skills in the step-wise fashion as described
above, but the assistants are often very inexperienced—often
barely out of internship. The frustration is that regardless
of how good a surgeon’s manual dexterity is, if the
assistant is unable to deliver a decent view with the video-
thoracoscope then visual element of the surgery will impede
the performance of the operation. The rookie assistant
therefore becomes the rate-limiting step. The evolution of
VAT has taught us three simple lessons on how to help the
rookie deliver a better performance.

First, the rookie assistant may need to undergo the same
step-wise progression through the various incarnations of
VATS. The classical 3-port VATS uses a fixed camera port
with a trocar and is perhaps the easiest for the beginner
camera-assistant to cope with. The fixed port reduces camera
wandering and the trocar protects the lens from becoming
easily smeared when introducing the video-thoracoscope
into the chest. On the other end of the spectrum, Uniportal
VATS is the greatest challenge for the camera-assistant. The
video-thoracoscope is not held in a snug port but is actually
free to wander around the entire 3-5 cm length, and the
lack of a trocar means the lens can be easily smeared. This
is made even worse by the fact that the wound is only a
short distance from the point of dissection with performing
Uniportal VATS (as opposed to the camera coming in
from a distance via a low camera port with other types of
VATS). With inexperienced camera-assistants, therefore,
it may always be a good idea to start with 3-port or 2-port
VAT before moving on to a Uniportal operation. It does
not matter how experienced the surgeon is: if the camera-
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assistant cannot cope with handling a Uniportal VATS
procedure, then for the sake of patient safety, it is best to
fall back to 3-port or 2-port VATS without hesitation. The
rookie can then be trained up from there.

Second, a system of effective verbal instructions must be
developed. The surgeon’s hands during Uniportal VATS
are often ‘busier’ than with 3-port or 2-port VATS, because
retraction is so much more critical to exposure of the site of
interest or dissection. As said before, each hand may hold
more than one retractor in order to adequately expose the
site. The surgeon therefore cannot reach out to physically
correct a badly positioned video-thoracoscope. Verbal
instructions to the rookie are all-important. For example,
even seemingly simple commands as ‘higher/lower’ must
be clarified before starting: does this mean to look up/down
or to go more cephalad/caudal? More importantly when
using a 30° video-thoracoscope, the inexperienced camera-
assistant needs to be told how to use the angled view. The
author uses the clock face to tell the assistant how to do this
when using a conventional video-thoracoscope setup with
both a video-camera and a separate light cable attached. A
‘12 o’clock’ view means to hold the light cable at the top
side of the video-thoracoscope, so that the 30°is from the
top looking downwards. A ‘3 o’clock view’ means to hold
the light cable at the right side of the video-thoracoscope,
so that the 30°is from the right looking leftwards.

Third, the lesson about perspective above is employed:
the inexperienced camera-assistant is given a simple
instruction to keep the video-thoracoscope lightly pressed at
the posterior end of the Uniport throughout the procedure.
This allows a steadier view as the scope rests against the
posterior edge of the wound, whilst maintaining the ‘eyes-
above-hands, looking down into a mine-shaft’ perspective.
A simple instruction like this is much easier for the rookie
to follow than more complex ones.

What evolution means for VATS

The fact that the development of minimally invasive
thoracic surgery is an evolutionary process has implications
for those looking to learn and practice Uniportal VATS as
discussed above. To summarize, the take home message for
surgeons is threefold:

() Uniportal VATS is not an ‘all-or-nothing’
proposition. There are many steps between open
thoracotomy and Uniportal VATS. These are not
only steps along the path of training, but legitimate
alternative approaches in their own right;
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(I) For the surgeon with experience in conventional
VATS, there is no need to be intimidated. Because
Uniportal VATS is ‘just’ another step in the
evolutionary process, the same basic principles
and techniques of conventional VATS are all
applicable-including instruments, methods for
trouble-shooting, and so on. This reassurance of
familiarity should help guide the learning of the
Uniportal approach;

(III) The surgeon is not the only one evolving. As
with the evolution of any species, a change in
one individual can perpetuate if it can be shared
with the population. In VATS, a skilled surgeon
alone cannot sustain a new approach or technique.
It is necessary to train the assistant, involve the
multi-disciplinary team in a Clinical Pathway, and
introduce appropriate complementary technology,
and so on.

Looking ahead, the evolution of VATS holds another
message for the future—and that is that evolution never
stops. It is an ongoing process. That means that even
Uniportal VATS is not the end of the road, and future
advances great or small are inevitable. This in turn means
that each new surgical technique must not only be mastered,
but very well studied and analyzed for its strengths and
weaknesses. Just as the analysis of classical 3-port VATS,
Needlescopic VATS and 2-port VATS over the years have
provided vital lessons about how to perform Uniportal
VATS today, a close study of the practice of Uniportal
VAT'S may provide invaluable experience to help nurture
future generations of minimally invasive thoracic surgery.
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Introduction

During the last fifteen years, we have seen a substantial
change of course in the scenario of thoracic surgery. The
minimally invasive video-assisted surgical approach has
spread in a gradually wider and more rapid way, being
nowadays the treatment of choice for many thoracic disease
traditionally managed by open surgery.

This is the result caused by a growing scientific evidence
demonstrating the effectiveness of the video-assisted
thoracic surgery (VATS) at various levels: reduction of
tissue damage, postoperative pain and immunological
impact, lower postoperative complications rate, shortening
of length of stay, more rapid postoperative recovery of
physical, emotional and social role, cost containment.

In this context, the uni-portal VATS plays a prominent
role, representing the VATS with the least possible trauma
for thoracic operations.

It has been performed a literature search using the
following MeSH terms: “lung resection” AND “uni-portal
VATS” AND “single port VATS”). The obtained papers

© AME Publishing Company. All rights reserved.

were examined by both authors, which selected those to
retrieve considering the titles (first exclusion process)
and then the abstracts of the remaining studies (second
exclusion process). Review papers were also searched for
cross-references (Figure 1). We decided of considering
exclusively those papers in English language and the search
was carried out in March 2014.

Brief technique description

In 2004 Rocco et al. described for the first time a novel
technique to perform pulmonary wedge resections
through a single thoracic incision, with the assistance of a
5 millimeter thoracoscope (1). The theoretical and practical
aspects of the so-called uni-portal VATS were more widely
explained in two other papers published in 2005 (2,3) by the
same group of authors.

The uni-portal approach for the treatment of thoracic
diseases implies a substantial mindset change in comparison
to the three-portal VATS, with consequent technical
implications.
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Titles found by literature search N Excluded by title
N=126 N=60

\

Abstract read N Excluded by abstract
N=66 N=22

\

Full papers retrieved and read Excluded after reading
N=44 N=21

\/

Papers used in the review Papers from other sources
N=25 N=2

Figure 1 Literature search method.

A

Figure 2 (A) Different approach to the target lesion in three-portal
uni-portal (B) VATS. VATS, video-assisted thoracic surgery.

The single incision of the chest has a variable extent
between 1 and 2.5 centimeters in relation to the different
indications for the operation and eventually to the extent
of resection. In any case the operative instruments as well
as the videocamera lies in the same hole of the intercostal
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space, representing the fulcrum where they mutually
move in. This fulcrum and the target lesion settle a
unique plane, within which the surgical instrument and
the thoracoscope operate. Changing the fulcrum point
(varying the intercostal space, or the location in the same
intercostal space) dependently to the target, it is possible to
create infinite planes, able to reach virtually all the positions
and lesions inside the chest cavity (1-4). As a result, this
approach offers a considerable freedom of movement in
spite of only one access point, that is further increased by
the use of reticulating instruments and videocamera with 30
degrees vision. Figure 2 shows the different working planes
and the strategy to reach the target lesion for the uni-portal
and traditional three-portal VATS.

The geometrical and optical benefits of the uni-portal
VATS have been recently described by Bertolaccini et a/. (5).
In 2013 they published a paper that describes the advantage
of the uni-portal approach, offering a projective plane
with a cranio-caudal perspective that maintain the depth
of intraoperative visualization and a more intuitive
instrumentation movement.

Literature revision

The first paper published by Rocco et /. about the use uni-
portal VATS in 2004, described the feasibility of wedge
pulmonary resection (1). The authors reported fifteen cases
performed by a single port approach without complication
intra- or postoperatively, and without any conversion to
three-port VATS or thoracotomy.

Since then the indications of this technique have
increased considerably.

In 2007 Rocco described the use of this technique for
the sympathectomy in the treatment of hyperhidrosis (6).
Chen er al. published in 2009 the results of a comparison
between 20 patients submitted to video-assisted thoracoscopic
sympathectomy by a single port and 25 treated by a bi-portal
approach (7). For both groups the treatment was effective
(hands warm and dry for all patients), without any conversion
to a more invasive procedure for the uni-portal patients.
Moreover the authors found a reduction of the operative
time (uni-portal 39.5 min vs. bi-portal 49.7, P=0.02) and
inpatient pain scores (uni-portal 0.8 vs. bi-portal 1.6, P=0.02)
in favor of the uni-portal approach, with comparable results
in terms of mean hospital stay, compensatory sweating, and
patient satisfaction.

The uni-portal VATS was then used for performing
wedge lung biopsy in order to obtain specific diagnosis in
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patients affected by interstitial lung disease, as reported
by Rocco et al. in 2005 (3). They were able to perform
a median of two lung biopsies for each of the 20 patient
treated, obtaining a diagnosis that altered the therapeutic
management in 14 of them.

In 2005 and 2008 two different papers assessed the
advantages of the uni-portal VATS for the treatment of
primary spontaneous pneumothorax in comparison to
the traditional three-portal approach (8,9). Jutley et al.
compared 16 pneumothorax patients submitted to surgery
using the uni-portal approach to 19 patients treated by
the three-portal VATS. They found similar drainage
time, length of stay and recurrence rate but a lower post-
operative pain and paraesthesia incidence in favor to the
uni-portal group. In 2008 Salati ez 4/. reported the clinical
and economic results of the use of uni-portal VATS versus
the traditional three-portal approach for the treatment of
primary spontaneous pneumothorax (uni-portal group:
28 patients vs. three-portal group: 23 patients). All the
patients were submitted to bullectomy and pleural abrasion.
The uni-portal group experienced a faster hospital stay
(3.8 vs. 4.9 days, P=0.03) and a lower incidence of
paraesthesia (35% wvs. 94%, P<0.0001). Moreover the
authors found an overall cost reduction for the uni-portal
technique (1,407 Euros vs. 1,793 Euros, P=0.03).

In 2006 Rocco er al. reported the feasibility of
pericardial window using an uni-portal approach (10). They
described the technique to perform this procedure in four
patients with malignant pericardial effusion, underlining
the possibility of performing concomitant procedures
(as mediastinal nodes biopsies) and the minimization of the
patient discomfort.

In a paper of 2006 the uni-portal VATS was presented as a
valuable technique supplementary to the conventional approach
(mediastinoscopy, anterior mediastinotomy, three-port
VATS) for the mediastinal nodes diagnosis (11). The
authors described 13 patients operated by a single video-
assisted access: the diagnosis was obtained in all cases
(primary malignant nodal disease—S5, secondary malignant
nodal disease—06, granulomatous systemic disease—2), with
a median postoperative hospital stay of 1 day.

The versatility of the uni-portal VATS technique made
possible its use for the treatment of a patient affected by
penetrating chest trauma (shotgun) (12). The authors
reported the possibility of performing the procedure
through the same incision of the chest tube inserted to
evacuate the hemothorax. They were able to explore the
entire thoracic cavity and remove the bullet situated in the
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costophrenic recess.

The last frontiers of implementation of the uni-portal
VAT have made possible its use in the treatment of patients
in an ambulatory setting without general anesthesia and in
the execution of major anatomic pulmonary resections.

In 2010 and 2011 Rocco et 4l. described two different
cases of pulmonary wedge resection performed through a
video-assisted single access (13,14). Both patients received a
mild sedation and an epidural anesthesia, moreover an intra-
bronchial ballon catheter, bronchoscopically positioned,
excluded from ventilation the lobe containing the target
lesion. The authors performed the pulmonary resection
using multiple endo staplers firings (resection of pulmonary
nodule—first case and bullectomy for pneumothorax—
second case), and they were able to discharge the patients
the day after the surgical procedure. In 2014 Galvez er al.
(15) confirmed the feasibility of the procedure, performing a
metastasectomy of the left upper lobe without the necessity
of endoscopic procedure for lobar collapse. It should be
underline that the surgical incision was 5 cm long in this
case.

In 2011 Gonzalez er al. reported a case of left lower
lobectomy performed by a video-assisted single-port
incision (16). This novel technique adopted several
methodological aspects clearly stated by the uni-portal
VATS and modulated them to perform anatomic major
lung resection. The single access is 4 cm long and allows
inserting all the operative instruments as well as the
videocamera (usually 10-mm thoracoscope, 30-degrees),
that is placed at the tail of the incision. The methodology
and the operative steps of this novel technique were
extensively described in a paper published in 2012, with
specific annotation for each type of lobar resection (17).
In the same year, Gonzalez-Rivas et a/. published their
initial experience of 23 patients treated by the uni-portal
VATS lobectomy (18), showing a success rate of 87% with
no mortality and a postoperative length of stay of about
3 days. Parallel with the refinement of the technique
and the evolution of the operative armamentarium, the
uni-portal VATS for major lung resection was applied for
performing progressively more challenging operation, as
anatomic segmentectomy (19), pneumonectomy (20), sleeve
lobectomy (21) and pulmonary artery reconstruction (22).

Conclusions

From the first report published 10 years ago, the uni-portal
VATS has greatly expanded its scope. The progressive
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refinement of the technique associated with a broader range
of surgical instruments made possible the treatment of the
vast majority of the pathologic intra-thoracic conditions (23),
including the major anatomic pulmonary resections for
primary lung malignancy (24).

Neverthless, due to its relatively recent description and
implementation, this minimally invasive approach has the
potential and the urgency to expand the scientific evidence
about its benefits as well as to explore new areas of use.

In this sense, some papers have already demonstrated
the advantage of the uni-portal VATS in comparison to
the traditional multi-portal techniques. The reduction in
postoperative pain and neurologic complaints was showed
by more than one study which verified the uni-portal VATS
outcomes in patients treated for primary spontaneous
pneumothorax (4,8). Moreover it has been documented
a faster postoperative hospital stay and recovery of daily
life activities as well as a clear cost reduction in the same
group of patients (4). At the same time, there is lack of
large comparative or randomized studies aimed at verifying
a reasonable positive effect of this minimally invasive
approach on the above-mentioned outcomes and on the
immunologic status of the patients, particularly in those
submitted to major lung resection for neoplasm.

Finally, reflecting a constant evolution of the uni-portal
VATS, this approach was also adopted to identify and resect
peripheral lung nodules with the help of an articulating
endoscopic ultrasound (25). This opens another scenario
where the uni-portal VATS could play a prominent role,
contributing at the identification and diagnosis of lung or
mediastinal lesion not reached until now.

At the same time, it is desirable the growth of solid
scientific evidence to confirm the advantages of this
technique over the traditional approaches.
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Diego Gonzalez-Rivas personal experience: how
the idea of uniportal VATS lobectomy was born

“Humans are allergic to change. They love to say, we’ve

always done it this way. I try to fight that. That’s why 1

bave a clock on my wall that runs counter-clockwise.”
—Grace Hopper

When I started my training in thoracic surgery in 1999,
I realized that the post-operative period for patients were
very painful and hard because the incision we used to operate
was very large, about 15 cm with rib spreading. So very often
I thought of ways on how to improve this post operational
period of our sick patients. In short, what could we do to
reduce this pain and facilitate a better quality of life?

“There is always a way to do it better, so find it.”
—Thomas Edison

So I started to study the origins of thoracoscopic surgery
and this approach started to fascinate me. In the year
1910, Jacobaeus, described the first thoracoscopy to
release adherences in patients suffering from tuberculosis.
Before him, Kelling had done this in 1901 in dogs but
not in humans. He did not publish this though and
therefore Jacobaeus is claimed to be the first surgeon to
use thoracoscopy in 1910. For many years this procedure
was relegated to diagnostics and therapeutic procedures
up till 1992 when Giancarlo Roviaro decides to do the
first lung resection to surgically treat lung cancer through
small incisions, looking at a screen and no rib spreading.

© AME Publishing Company. All rights reserved.

He went from an aggressive open surgery to a minimally
invasive surgery by using only three small incisions
enabling the patient to a better postoperative recovery.
This revolutionized the world of thoracic surgery. He was
criticized for many years by the more traditional surgeons
who considered themselves more prestigious than him by
claiming that this procedure was not a total oncological
procedure.

Time proved him right. Giancarlo Roviaro believed in
his idea that the post-operative period of his patients could
be improved by doing surgery with small incisions. His
experience doing surgery through small incisions showed
him this was not only possible but that his patients had
much less pain and faster recovery after surgery.

The medical community did not see it this way and many
years had to go by before he was recognized for his work.
This is the story of medicine and in general of mankind.

I decided I had to learn this technique so I searched which
hospital in the world had the most video surgery experience.
So, in 2007 I went to Los Angeles in the United States and
learned the surgical technique through 3-4 incisions with
one of the most expert surgeons of the world (Dr. Robert
Mckenna) and I put to it practice at my hospital. When we
gathered enough experience I decided I had to improve
my technique further, so I went back again to New York.
By chance, I met a person there who changed my way of
thinking. I had gone to New York to improve my three
incisions technique and this person told me they were
doing two incisions at Duke University Medical Center
in North Carolina. This thought really confused me as I
couldn’t understand how surgery could be done through
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Figure 1 Drawing showing the double port technique from Duke

medical center, US.

two incisions only. In my head I had the concept that three
incisions were necessary: utility incision for instrumentation,
inferior port for the camera and posterior incision for
holding the lung. I wasn’t able to think differently so I asked
this person to draw it on a piece of paper (Figure I).

After I returned to Spain this piece of paper kept me
thinking and rethinking about how this could be done.
I couldn’t understand it. I decided then to go to Duke. I
contacted the chief surgeon at Duke and he answered that
he didn’t accept people whom he did not know so you can
imagine my disappointment. I couldn’t accept a “no” for
an answer so I persisted. I had to meet him. I decided to
go to a congress that he would attend so I could meet him
in person. I attended the annual meeting of the American
Thoracic Society to meet Dr. Damico, and after an
unforgettable conversation I asked him about the possibility
to visit his institution and then I was accepted. Thanks to
persistence Dr. D’Amico and I are very good friends and
we organize courses together. Thanks to the persistence of
an idea. If I wouldn’t have believed in this I would’ve never
met him and I wouldn’t be where I am nowadays.

So it is important to never stop thinking and to never let
your ideas go if you believe they are important.

However, thinking differently has produced a lot
of troubles to those who came up with new ideas or
innovations. A clear example of this was Galileo—Galileo
during his time dared to say that the world was round and
as a consequence was sentenced to be arrested for a long
time at home. In order escape from this punishment he had
to reject his idea and say all was a lie.

Another example of innovation and ideas, this time
in relation to medicine, was Semmelweis. This person
discovered asepsis. He tried to convince his colleagues that
if people washed their hands their patients would have
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less post-operative infections. He was expelled from the
international scientific community and finally died from an
infection (after cutting himself during an autopsy).

Obviously, people who think differently, who are
visionaries are the ones who change the world. The founder
of Apple, Steve Jobs was a visionary and he became a genius.
He pronounced these words:

“Here’s to the crazy ones, the misfits, the rebels, the
troublemakers, the round pegs in the square holes the ones who see
things differently—they’re not fond of rules. You can quote them,
disagree with them, glorify or vilify them, but the only thing you
can’t do is ignore them because they change things, they push the
buman race forward, and while some may see them as the crazy
ones, we see genius, because the ones who are crazy enough to
think that they can change the world, are the ones who do”.

But think differently especially in the medical world can
be very risky because we are affecting the most valuable
asset human beings have, health. I knew though, that I had
to think differently because I was a restless person and I
liked to innovate.

During the double port technique I was working most
of the time with the camera located through the utility
incision because I realized that I had a better direct view.
So I thought: for lower lobes, all instruments and staplers
are inserted through the utility incision but the view came
from another perspective, not anatomic. Why not have
the same view as we have during an open thoracotomy
approach? Thus, in June 2010 after thinking a lot I decided
to do the first lobe resection through one single port. I
placed all instrumentation and the camera through the
same utility incision. I realized during the surgery that I
felt comfortable, with a better view and was able to finish
it completely very fast. The evolution of the patient was
excellent, discharged on the second postoperative day with
no pain. This motivated me to continue further with this
approach. When I first published it in an international
journal the conclusion I drew was that this surgery was only
meant for tumors in the lower lobes. For the upper lobes I
thought we needed new technology to access them due to
angulation a physical problem. Nothing further from reality.
In time, with the evolution I realized that if we thought
differently and we exposed the lung in a different way, no
new technology was needed. Thus, all surgery could be done,
and so we did. We published all our cases and results in the
most important journals and textbook of thoracic surgery.
Thanks to team work, we could teach our technique to our
colleagues and residents who were starting.

In 2012, in an international congress, an Italian surgeon
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Figure 2 Geometric concept of uniportal VATS. VATS, video-

assisted thoracoscopic surgery.

called Luca Bertolaccini with a background in physics
and fascinated by our technique made a physical and
mathematical demonstration with equations of why our
uniportal technique (through one incision) was better than
other techniques which were being used by some of the best
surgeons in the world. The advantage of using the camera
in coordination with the instruments is that the vision is
directed to the target tissue, bringing the instruments to
address the target lesion from a straight perspective, thus
we can obtain similar angle of view as for open surgery
(Figure 2). Conventional three port triangulation makes a
forward motion of video-assisted thoracic surgery (VATS)
camera to the vanishing point. This triangulation creates a
new optical plane with genesis of dihedral or torsional angle
that is not favorable with standard two-dimension monitors.
Instruments inserted parallel to the videothoracoscope
also mimic inside the chest maneuvers performed during
open surgery. This mathematic explanation made me
understand many things, such as why I felt so comfortable
that first time, why were we able to teach the technique and
reproduce it successfully in other parts of the world.

We were invited to many different countries to give
conferences: China, Taiwan, Korea, Rusia, Israel, Indonesia,
Brazil, Chile, Colombia, Turkey, United States, France,
Italy, Germany. What first started as a curiosity, a special
ability of one surgeon—I heard this thousands of times—in
time it became a reproducible technique which all members
of my department performed. This created even more
interest. The uniportal technique was adopted in other
parts of the world and we received even more demand.
It’s not because the technique was interesting for being a
unique thing, but it’s being applied all over the world and its
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expansion continues.

During all this time we’ve had many obstacles. It hasn’t
been a walk through the park. Because when you’re doing a
new technique, you need to design many new things in your
head. You need to learn how to expose the lung properly,
you need to search for strategies, how to teach these and
not only that—the obstacles posed by people, surgeons
of prestige who see themselves threatened by this novel
technique because they are unable to learn it. Then critics
and envies happen opposition takes place.

Because every innovation comes with restriction.
Therefore, these obstacles made us grow and all critics from
other colleagues we heard predicting the future such as:
you’re not going to reach anywhere; this technique doesn’t
have any future ended in nothing.

Life is full of erroneous predictions—In 1913 the
president of the Michigan bank advised Henry Ford’s
lawyer not to invest in Ford Motor Company arguing that
the horse was here to stay and the automobile was just a fad.
Luckily this person didn’t listen to the advice. He invested
and became a multimillionaire.

We’ve always followed the philosophy of never be
intimidated by the obstacles and be always open to progress.
Because we never know what the future will bring. The
next generation will be with the robotic technology, single
port devices, wireless cameras. We are sure of this because
the future will be the minimum invasiveness. This is why
we believed in our idea. Who knows if in the future we will
have devices of robotic surgery at home? What we can’t
do is close ourselves to evolution and make predictions on
things that won’t work.

I’ve learned that in life if you walk alone, you will get
there faster but if you walk in company you will get further.
And without the support of the people who love you and a
good team, we would’ve never been able to reach where we
are now. Who would’ve told us that from a small corner of
Spain, with the several colleagues against our innovation,
after a lot of work, dedication and confidence we would do
something that was going to bring revolution to surgery in
the world.

This is why the key is to think differently, measure risks,
be innovative, believe in an idea, fight for it and overcome
obstacles, because “Impossible is nothing”.

“Intelligence is the ability to adapt to change.”
—Stephen Hawking
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Figure 3 Video-Conference during international symposium
on uniportal VATS held in Coruiia (7). VATS, video-assisted
thoracoscopic surgery.

Available online: http://www.asvide.com/articles/317

Coruna University and Minimally Invasive
Thoracic Surgery Unit (UCTMI) experience: a
coordinated teamwork

We started to perform VATS lobectomies in our
department in 2007 after learning the technique at Cedars
Sinai, LA (1). After performing over 80 lobectomies with
three ports, we eliminated the posterior incision, and
subsequently performed most lobectomies through only two
ports according to the technique described by D’Amico (2).
But the final step of the surgical evolution in our unit, to
minimize chest wall trauma, was the uniportal approach for
major lung resections.

We developed the technique to perform major
pulmonary resections by uniportal approach in June 2010 (3)
thanks to the previous experience in double-port VATS for
lobectomy and single-port technique for minor procedures
(wedge resections, pneumothorax, etc). Initially only lower
lobes cases were selected.

"This evolution in the approach from three ports to single
port technique required a new learning curve: different lung
exposure and learning how to coordinate the instruments
and the camera with no interference during surgery.
As with all new surgical procedures, there was a certain
learning curve component but not comparable to the one
experienced when starting a VATS program (4).

For double port VATS lower lobectomies all the
instrumentation and stapler insertion are performed
through the utility incision. Therefore we decided to
insert the optic through the utility incision working in
coordination with instruments to perform a single incision
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lobectomy. The first case we performed was accomplished
in 90 minutes and the patient was discharged on the
second postoperative day with no complications (3).
When several lower lobes cases were performed with
good results, the upper lobes were attempted (5). With
gained experience the more complex resections were

accomplished (6) (Figure 3).

Results (4 years’ experience)

® June 2010-April 2014: 362 uniportal lobectomies (>900
total uniportal VATS);

* 2.4% conversion rate;

* Most frequent resection: RUL;

® Mean surgical time: 150.62 [40-310] min;

* Mean number of lymph nodes: 14.8 [5-38];

* Mean nodal stations: 4.7 [3-8];

* Median chest tube: 2 days;

* Median hospital stay: 3 days;

¢ Complications: 69 patients.

Tips and tricks: the uniportal approach can be
adopted following two different ways

(I) Learning from conventional VATS to uniportal (our
evolution)

* Remove the posterior port;

¢ Adopt the double port technique;

* For lower lobectomies place the camera at the
posterior part of utility incision;

¢ Use bimanual instrumentation with curved
instruments;

* For upper lobectomies place the camera through
utility incision and use inferior port only for stapler
insertion or for instrumentation;

e Use the inferior port only to expose the lung
(camera, staplers and instrumentation through the
incision);

* Remove the inferior port;

® Use vascular clips when no angle for staplers;

* Always insert the staplers with angulation for
vascular division;

e Start with lower lobectomies (female and thin
patients preferably).

(II) Learning from open approach to uniportal (uniportal
mimics the open maneuvers)

* Adopt the Anterior small thoracotomy approach
(10-12 c¢m incision);
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* Add the thoracoscope to thoracotomy (use monitor
view and open direct view during surgery);
* Remove rib spreader (same incision). Move
instruments and camera along the 10 cm incision;
* Reduce progressively the size of incision after
gained experience.
Future

The future of the thoracic surgery is to reduce the surgical
and anesthetic trauma. We truly believe on the use of the
single port technique for major pulmonary resections
because we understand that the future goes in that
direction, i.e., robotics and single-port. We expect further
development of new technologies like sealing devices for
all vessels and fissure, robotic arms that open inside the
thorax and wireless cameras, which will probably allow
the uniportal approach to become the standard surgical
procedure for major pulmonary resections in most
thoracic departments. The combination of nonintubated
or awake thoracoscopic surgery and single-port VATS
technique is promising because it represents the least
invasive procedure for pulmonary resections (8). Thanks
to avoidance of intubation, mechanical ventilation and
muscle relaxants the anesthetic side effects are minimal
allowing to most of the patients to be included in a fast
protocol avoiding the stay in an intensive care unit.
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Abstract: In terms of accuracy and efficacy Uniportal Video-Assisted Thoracic Surgery (VATYS) resections

are comparable to standard VATS. In standard three-ports VATS, the geometric configuration of a

parallelogram generates interference with the optical source, creating a plane with a torsion angle not

favorable on the flat two-dimensional vision of currently available monitors. The potential advantages of

single-port VAT'S approach include not only the one intercostal space incision (reduction of postoperative

pain) but also a translational approach of VAT instruments along a sagittal plane. Accordingly, the Uniportal

approach enables VAT instruments to draw two parallel lines on the plane, bringing them to approach the

target lesion from a caudo-cranial perspective thus achieving a projective plane. As a consequence, taking

advantage of the unique spatial features specific to uniportal VATS, the surgeon is enabled to bring the

operative fulcrum inside the chest to address the target lesion in a fashion similar to open surgery.
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Introduction

The surgical technique and current indications of Uniportal
Video-Assisted Thoracic Surgery (VATS) have already been
described in detail (1,2). Nevertheless, thoracic surgeons do
not completely understand the potential use of Uniportal
VATS because they do not completely understand the
advantages of the geometrical uniportal approach.

Notes of geometry

The geometric construction of VATS is almost similar to
the real word since there is a profound interplay between
the natural world and the laws (3) of thought. The most
fundamental and firmly accepted parts of our general
scientific knowledge of the world involve mathematical
models. Geometry is the field of mathematics whose main
source of intuition is human visual perception. Vision is
one of our most important senses giving contact with the
world outside of us. In other words, visual perception is the
construction, inspired by images recorded by early vision,

© AME Publishing Company. All rights reserved.

of hypotheses which produce visual images that match
physical reality in accordance with our previously acquired
experience of the same reality.

According to Herodotus, geometry developed first in
Egypt: “They say that king Sesostri (2000 B.C.) distributed the
land among all of the Egyptians, each one having an equal lot
in a square shape, and from these subdivisions obtained tribute,
baving imposed an annual payment. If the river bore away a
part, the owner announced the loss, and officials were sent to
observe the extent to which the plot had been diminished for the
purpose of adjusting the tribute payment. It is my feeling that this
indicates the invention of geometry here, prior to its passing to
Greece”.

Since the primary school, we are familiar with Euclidean
geometry and with its well description of our world. Euclid
of Alexandria was the most prominent mathematician of
antiquity best known for his treatise on mathematics “The
Elements”, a compilation of knowledge that became the
core of mathematical teaching for 2000 years. In “The
Elements” the building blocks of geometry are described,
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Figure 1 In the three-port access VATS the geometric
configuration of lozenge interferes with optical source creating a
new optical plane with the genesis of torsion angle () that is not
favorable with standard two-dimensional monitors.

such as points (figures without size, a location in space), lines
(a set of infinitely many points, with one dimension and no
thickness that goes on forever in both directions), planes
(with a length, a width and without thickness, that extends
infinitely in two-dimensions), and rays (a part of a line that
starts at a point that extends infinitely in one direction).
Also, five postulates are described in “The Elements”. The
fifth postulate, so-called parallel, states that one and only
one line can be drawn through a point parallel to a given
line. It was not until the 19" century that this postulate
was dropped and non-Euclidean geometries were studied.
In Euclidean geometry, the sides of objects have lengths,
intersecting lines determine angles between them, and two
lines are said to be parallel if they lie in the same plane and
never meet (1).

Geometry of three port access thoracoscopy

When we consider the imaging during a VATS operation,
it becomes clear that Euclidean geometry is insufficient:
lengths and angles are no longer preserved, and parallel lines
may intersect. Lobacevskian geometry discards Euclid’s 5"
postulate replacing it with the following one: given a line and
a point not on in, there are infinitely lines going through the
given point that is parallel to the given line.

Therefore, the classic three-port approach, in which
the lozenge geometric configuration allows maximal
convergence of operative instruments from each side of

© AME Publishing Company. All rights reserved.
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target lesion, produces an interference with the optical
source. In coordinate geometry, a lozenge is similar to an
ordinary parallelogram with the addition that its position on
the coordinate plane is known (Figure I).

Geometry of single access thoracoscopy

Projective geometry well reflects the imaging process
of VATS, because it allows a much larger class of
transformations than just translations and rotations, a
class which includes perspective projections. We must
start from Euclidean geometry to understand the reason
why knowledge of projective geometry is required to
appreciate the optical advantages of Uniportal VATS.
Two lines (two-dimensional geometry) almost always
meet in a point. A common linguistic artifact for getting
around this is to say that parallel lines meet “ar infinity”
enhancing the Euclidean plane by the addition of these
points at infinity where parallel lines meet, and resolving
the difficulty with infinity by calling them “ideal” points.
By adding these points at infinity, the familiar Euclidean
space is transformed into a new type of geometric object,
the projective space. The projective space is an extension of
Euclidean space in which two lines always meet in a point,
at infinity. It turns out that the point at infinity in the
two-dimensional projective space form a line, usually
called the line at infinity. In the three-dimension vision
they form the plane at infinity. In the real world, there are
no points at infinity, namely the line at infinity in the flat
image and the plane at infinity in the world (4). For this
reason, although we usually work with projective spaces,
we are aware that the line and plane at infinity are in
some way special. Generally, we try to have it both ways
by treating all points in projective space as equals when it
suits us, and singling out the line at infinity in space or the
plane at infinity in the image when that becomes necessary.
The Uniportal approach requires the translation of the
thoracoscope instruments 90° along a sagittal plane, thus
bringing the operative instruments to address the target
lesion from a vertical, caudo-cranial perspective. To avoid
mutual interference, the use of reticulating instruments
is of paramount importance for their ability to rotate the
stem and the jaws independently on different planes and
with multiple angles. The shift from three-dimensional
world to a two-dimensional image is a projection process in
which we lose one dimension. The usual way of modeling
this process is by central projection in which a ray from
a point in space is drawn from a three-dimensional
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Figure 2 The Uniportal VATS approach is along a sagittal plane
that reaches the target lesion from caudo-cranial perspective in a
projective plane preserving the depth of intraoperative visualization

(Image courtesy of Dr. Diego Gonzalez Rivas).

world point through a fixed point in space, the so-
called “centre of projection”. This ray will intersect a
specific plane in space chosen as the image plane. The
intersection of the ray with the image plane represents
the image of the point. If the three-dimensional
structure lies on a plane then there is no drop in dimension.
For the purposes of image projection, it is possible to
consider all points along such a ray as being equal. We
can go one step further, and think of the ray through the
projection centre as representing the image point. Thus, the
set of all image points is the same as the set of rays through
the camera centre. Thus two images taken from the same
point in space are projectively equivalent (5).

Therefore, Uniportal VATS technique is based on a
completely different geometric concept compared with
conventional three-port VATS (6). In fact, the approach to the
target lesion in the lung is substantially similar to the approach
that the surgeon would use in open surgery (2). Because the
visualization of the target lesion occurs along the same
axis, the target lesion in the lung would be elevated with
forceps perpendicularly from the parenchymal profile
and resected by applying a stapler (or a curved clamp and
overseen) at the base of this newly created, cone-shaped
parenchymal area (1). The instruments inserted parallel to
videothoracoscope mimic inside the chest the maneuvers
performed during open surgery (6). In the Uniportal VATS
approach, the target lesion is located in a projective plane
with homogeneous coordinates and represents the point at
infinity (Figure 2). The epipolar geometric explanation of

© AME Publishing Company. All rights reserved.

27

the advantages of Uniportal VAT is that, in the projective
plane, the sagittal approach to target lesion preserves
the depth of intraoperative visualization provided by the
currently available two-dimensional video monitors (6).

Conclusions

Standard three-port VATS has a geometric configuration of
lozenge that interfere with optical source with a creation of
a new optical plane for the genesis of a dihedral or torsion
angle not favorable with monitors. On the contrary, the
Uniportal VATS approach the lesion along a sagittal plane;
the target lesion is reached forma a caudo-cranial perspectives
that realize a projective plane that preserve the depth of
intraoperative visualization. In Uniportal VATS instruments
are parallel lines drawn on the plane that enables surgeon to
bring operative fulcrum inside the chest.
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Abstract: Lymphadenectomy is an important part of lung cancer surgery. At the moment, video-assisted

thoracoscopic (VATYS) is the most common approach to remove these tumors, when it is technically possible.

With our current experience in VATS in major resections we have obtained a radical videothoracoscopic

mediastinal lymphadenectomy, and single-port provides us with the best anatomic instrumentation and a

direct view.
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Introduction

Lymphadenectomy is important to identify the N, because
it has a direct relationship to the prognosis after a lung
tumor resection. For this reason, during the surgery, we
have to be very careful with the N2 stations.

We have to distinguish between: (I) lymph node biopsy;
obtaining a fragment (II) sampling: to obtain a node from
each station and (III) the standard mediastinal dissection:
which is to remove all the lymph nodes from at least three
mediastinal stations from the affected side.

One of the principal concerns that appeared with video-
assisted thoracic surgery (VATS) lobectomy was whether we
could perform the same lymphadenectomy with VATS as
we could perform with thoracotomy.

At present, with our current experience using VATS in
many groups, we have achieved the same lymphadenectomy
results with VATS as was previously obtained by a
thoracotomy with even better results.

© AME Publishing Company. All rights reserved.

Thereby D’amico TA supports the view that
videothoracoscopic mediastinal lymphadenectomy is just as
feasable as conventional surgery, with similar results (1).

Watanabe A et al. analyzed a group of patients with lung
tumor diagnosis and clinical NO, but with pathological
N2 following lung resection by VATS or thoracotomy:
they did not find any differences between groups in: (I)
number of nodes, (I) number of nodal metastasis and (III)
the 3- and 5-year recurrence-free survival. The authors
concluded that it is unnecessary to convert the VATS
approach to thoracotomy to do a radical mediastinal
lymphadenectomy (2).

Wang W et al. compare the differences between VATS
group and thoracotomy group in VATS lymphadenectomy
results for 5,620 patients. They perform a systematic lymph
node dissection with a greater number of nodes in VATS
group, in addition to the known advantages of the VATS
approach (3).
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Figure 1 Paratracheal lymph node dissection (5).

Available online: http://www.asvide.com/articles/336

Figure 2 Energy device for paratracheal lymph node dissection (6).

Available online: http://www.asvide.com/articles/337

Operative techniques

We analyzed our experience in VATS for major resections
for over a 3-year period [2007-2010] involving 200 cases,
and we compared the differences between the three periods
of time. We started performing VATS lobectomies with
three ports (99 cases in the first year) and after that with
only two ports or even the first single port lobectomy in the
third year (4).

We observed improvements with the experience; we
reduced the conversion rate, the mean surgical time, the
number of lymph nodes as well as the explored nodal
stations.

We must bear in mind the importance of the surgical
material, which helps us to improve the lymphadenectomy.
Especially with regards to:

@ 10 mm thoracoscope (HD 30 degree);

(II)  High definition monitor screen;

© AME Publishing Company. All rights reserved.
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(III) Long, short and double-jointed curved ring

forceps;

(IV)  Long and double-jointed Metzenbaum scissors;

(V)  Curved suction;

(VI) Long and double jointed thoracoscopic dissector;

(VII) Endopath 5 mm endoscopic peanut (x2);

(VIII) Energy devices;

(IX) Sponge stick.

Curved ring forceps are very useful to dissect and to pull
the lymph nodes. We use the curved suction and sponge
stick to dissect and to expose the structures. The Harmonic
scalpel makes the haemostasis easier. To sum up, we give
more than one use to the different instruments.

Instrumentation in VATS lymphadenectomy is vital
because the surgeon works in a reduced space: in single port
the camera goes into the posterior part of the incision. We
obtain a direct view which makes the instrumentation easier
since the view of the camera and the surgeon moving are in
parallel.

The technical aspects in mediastinal spaces are:

(I) Right paratraqueal space: we remove all the
mediastinal nodes and fat between trachea and cava
vein (Figure I). Usually it is not necessary to open
the mediastinal pleura, we dissect going under the
azygos vein, the result is a tunnel view (Figure 2).
A long endothoracoscopic peanut is very useful to
separate the join between azygos and cava vein. The
use of energy devices facilitate the dissection and
reduce the rate of postoperative bleeding.

(II)  Subcarinal space: the most difficult lymphadenectomy
is left subcarinal lymphadenectomy, because it is the
deepest area. You have to retract the aorta on the
left side and the oesophagus on both sides. That is
possible with a sponge stick or another instrument
like curved suction. With single port VATS you can
even see the main contralateral bronchus, and the
contralateral lower vein (Figure 3).

([II) Aortopulmonary window space: For this procedure
lymph nodes should be removed from the aorta
and the pulmonary artery and usually it is necessary
to retract the phrenic nerve to better expose the
prevascular area (Figure 4). Sometimes even with
single port you can perform a left paratraqueal
lymphadenectomy under the aortic arch (Figure 5).

The key for a correct lymphadenectomy in single-port
VATS is good exposition and bimanual instrumentation.
Moving the surgical table allows for better results thus
improving the lung exposition; moving the table anteriorly
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Figure 3 Left subcarinal lymph node dissection (7).

Available online: http://www.asvide.com/articles/338

Figure 4 Aortopulmonary window lymph node dissection (awake
patient) (8).

Available online: http://www.asvide.com/articles/339

Figure 5 Left paratracheal lymph node dissection (9).

Available online: http://www.asvide.com/articles/340

© AME Publishing Company. All rights reserved.
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exposes the subcarinal space and the anti-trendelenburg
position which exposes the paratraqueal area.

Comments

We currently perform a complete and radical lymph
node dissection by VATS. In our experience the
lymphadenectomy achieved by uniportal VATS can be even
better than open approach thanks to the high definition. As
more cases are treated with the single-port approach, the
number of lymph nodes removed increases—thus reflecting
improvement in the surgical technique. In our uniportal
series, the mean number of lymph nodes resected is greater
than the mean number we reported by two or three port
VATS (14.5+7 vs. 11.96.7) (10).

If we divide the period into two years, we observe more
lymph node dissection performed during the second period:
12.2+4.7 vs.16+8 (P=0.055).

Conclusions

() Lymphadenectomy is an important part of the lung
cancer surgery.

(II) To perform a standard lymphadenectomy by single
port approach is possible and represents the best view
if we compare with three and two ports.

(TIT) We can use conventional material, but it is easier with
double-jointed and long instruments.

(IV) Do not forget the importance of the learning curve.
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Abstract: Since the video-assisted thoracoscopic surgery (VATS) anatomic lobectomy for lung cancer
was described two decades ago, many units have successfully adopted this technique. VATS lobectomy is a
safe and effective approach for the treatment not only of early stage lung cancer but also for more advanced
disease. It represents a technical challenge. As the surgeon’s experience grows, more complex or advanced
cases are approached using the VATS approach. However, as VATS lobectomy has been applied to more
advanced cases, the rate of conversion to open thoracotomy has increased, particularly early in the surgeon’s
learning curve, mostly due to the occurrence of complications. The best strategy for facing complications
of VATS lobectomy is to prevent them from happening. Avoiding complications is subject to an appropriate
preoperative workup and patient selection. Planning for a VAT resection as safely as possible involves the
consideration of the patient’s characteristics and the anticipated technical aspects of the case. Awareness
of the possibility of intraoperative complications of VATS lobectomy is mandatory to avoid them, and the

development of management strategies is necessary to limit morbidity if they occur.
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Introduction the radiographic appearance of the area of the lung to be

removed and the anticipated technical aspects of the case (1).

The video-assisted thoracoscopic surgery (VATS) lobectomy Our objective is to describe how to solve intraoperative

is a safe and effective approach for the treatment, not S - . S
complications and avoiding catastrophic complications.

only of early stage lung cancer but also for more advanced Catastrophic complication is defined as an event that results

disease. in an additional unplanned major surgical procedure other

It represents a technical challenge, perhaps due to than the intended lobectomy (2).

perceived technical challenges when compared to the

more conventional open approach and because of the

intraoperative complications, particularly early in the
surgeon’s learning curve.

The best strategy for facing the complications of VATS
lobectomy is to prevent them from happening. Avoiding
complications is subject to an appropriate preoperative
workup and patient selection (1).

Planning for a VATS resection to be as safely as possible
involves the consideration of the patient’s characteristics,

© AME Publishing Company. All rights reserved.

Operative technique

There are different causes of complications that could
lead us to convert to open thoracotomy. Generally, we can
classify the reasons for conversion into four categories:

« Technical problems;

% Bleeding;

% Airway injury;

% Oncological reasons.
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Technical problems

These are some of the technical problems that can lead us
to have intraoperative complications.

A fused or complex fissure or true pleural symphysis
present a technical challenge to VATS lobectomy. The key
to an adequate detachment is to find the correct plane in the
pleural cavity and to create a space; then we can perform
the adhesiolysis using a combination of sharp and blunt
dissection (1). With the uniportal approach we have the
advantage in visualizing, with high resolution for details, the
apex and the base of the hemithorax (Figures 1,2).

Complex artery/vein or bronchus dissection or a difficult
anatomy can also lead to abandonment of the VATS
approach, although with improving surgeon experience
and comfort with VATS lobectomy, these cases can be
accomplished. The presence of calcified hilar and/or
periarterial lymph nodes can likewise complicate vascular
dissection. Regarding complex hilar structures dissection,
the key is to find the adventicial plane (Figure 3). In the
video, we see an artery fused to the vein and to the lymph
node. Note the utility of the bimanual instrumentation
and how we can perform the dissection with simple
instruments (curved ring forceps, long scissors, suction and
a conventional dissector).

A previous ipsilateral surgery is also no longer a
contraindication as Redo-VAT'S surgery had been reported.

Another reasons for conversion could be emphysematous
lung or the absence of lung collapse, due to the small space
available to perform the surgery. The difficulty for digital
palpation or identification of the target lesion (mostly, small
nodules) is another cause of conversion.

The uses of high doses of prior chemo-radiotherapy have
previously been considered a relative contraindication, but
VATS lobectomy can be performed safely and effectively for
these patients (1).

Finally, chest involvement requires thoracotomy for
resection, but VAT can be used to perform the lobectomy
and allow placement of the better incision to the chest wall
removal.

Bleeding

Without doubt the most dangerous intraoperative
complication is major bleeding. The uniportal VATS
approach usually offers excellent visibility of the operative
field, thus intrathoracic hemorrhage is rare.

If bleeding occurs, a sponge stick should be available to

© AME Publishing Company. All rights reserved.
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apply pressure immediately to control the hemorrhage; it
is always important to remain calm and not to panic. With
the bleeding temporarily controlled, a decision must be
made promptly as to whether thoracotomy is needed (3) or
if it can be solved through the VATS approach. This will
depend mostly on the surgeon’s experience.

Focusing on the artery bleeding, care must be taken
during the vascular dissection as well as to the lung traction,
especially if an advanced case is performed. Dissection of
the vessels can be difficult due to a wide variety of causes
and bleeding can be high even by thoracotomy depending
on the complexity of the procedure. For example, during the
approach of the artery from the hilum, a bleeding can occur
(Figures 4,5). In this case, we did not know exactly where it
was coming from. So, the first step in order to achieve any
bleeding control was made: compression with a sponge stick
and consideration of the appropriate strategy. Then, the
anterior arterial trunk was divided and the anterior portion
of the minor fissure completed; these steps allowed us to
reduce tractions and improve the vascular control. Then the
posterior ascending arterial branch to the right upper lobe
could be identified and also another arterial branch (which
probably was the one that caused the bleeding). At last, the
bleeding was controlled with a proximal vascular clip.

Regarding the correct planning of the VAT lobectomy,
consideration of the patient’s characteristics is very
important. Furthermore, certain vascular anomalies resulting
in conversion are often visible on preoperative enhanced
CT. Care must be taken to avoid injuring unexpected small
branches (Figure 6). In this case a left upper lobectomy was
performed. After the bronchus transection, a bleeding was
caused. Again, the first step must be to remain calm and think
of a new strategy. “Are we able to control the bleeding?”
“Is the bleeding very important?” Once these questions
were answered, we placed a vascular clip using bimanual
instrumentation and the complication was solved through
VATS.

Nevertheless, the use of several developments to avoid
the bleeding problems or even to the vascular division can
also be the cause of bleeding. For example, an unexpected
displaced clip can cause a bleeding (Figure 7). Looking
at the top left corner we can identify the source of the
bleeding: an accidental displacement of the proximal
vascular clip during the lung retraction. We proceed to
stem the bleeding with compression. Then, the change of
the lung exposure allowed us to identify the source of the
bleeding and finally reclipping the artery.

Another key point to take into consideration occurs
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Figure 1 Adhesiolysis (3).

Available online: http://www.asvide.com/articles/341

Figure 2 Adhesiolysis (4).

Available online: http://www.asvide.com/articles/342

Figure 3 Complex hilar structures dissection (5).

Available online: http://www.asvide.com/articles/343

during the lymphadenectomy, due to the major vascular
structures nearby. As in this situation, while the right
paratracheal lymphadenectomy was being performed
(Figure 8), the azygos vein was injured in its proximal aspect

© AME Publishing Company. All rights reserved.

Figure 4 Arterial branch bleeding (7).

Available online: http://www.asvide.com/articles/344

Figure 5 Arterial branch bleeding (8).

Available online: http://www.asvide.com/articles/345

Figure 6 Unexpected bleeding (9).
Available online: http://www.asvide.com/articles/346

without us noticing. The bleeding was controlled with a
vascular clamp and by stapling the azygos vein.
With advanced skill and experience in VATS surgery, in

the event of minor to moderate bleeding, conversion can
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Figure 7 Bleeding after unexpected displaced clip (10).
Available online: http://www.asvide.com/articles/347

Figure 8 Azygos vein bleeding (11).

Available online: http://www.asvide.com/articles/348

Figure 9 Bleeding control with suture (12).

Available online: http://www.asvide.com/articles/349

often be avoided. For example, during the performance of
an upper lobectomy, one of the branches can be injured
(Figure 9). After compression, the mediastinal trunk was
dissected and controlled, so the tear was sutured.

© AME Publishing Company. All rights reserved.
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Figure 10 Left upper lobectomy. Bleeding control (13).
Awailable online: http://www.asvide.com/articles/350

Figure 11 Airway injury (14).

Available online: http://www.asvide.com/articles/351

Finally, the last example of bleeding control: a left upper
lobectomy performed on a patient who had received prior
induction chemotherapy. During the arterial dissection,
a branch was damaged. Then we dissected one of the
branches of the vein in order to get obtain a good angle
to control the mediastinal trunk of the artery. Once the
mediastinal trunk was controlled, the arterial branch was
clipped in the proximal and distal aspect (Figure 10).

Airway injury

Although this is not the most common cause of conversion,
it has to be taken into consideration. The failure of the
stapler or a major air leak after performing a lobectomy on
a patient with severe emphysema or a complex/fused fissure,
can lead to conversion in order to repair the air leak.
Another cause would be the bronchus or trachea injury
by the endotracheal tube. As in the video (Figure 11),
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after a uniportal VATS left lower lobectomy, small
bubbles were identified deep down in the subcarinal
space during the dissection of the subcarinal station.
Also, mediastinal emphysema and air leak from the
aortopulmonary window were noticed. There was no
air leak from the bronchus stump, nor at the anesthetic
monitor, so the patient was extubated. When the
patient was at the ICU, a CT scan was performed due
to subcutaneous emphysema, where a right tracheal
wall disruption caused by the double lumen tube was
observed. Suturing the wall of the trachea through a right
thoracotomy repaired the problem.

Comments

During VATS lobectomy the most important aspect is to
prevent complications. Avoidance is enhanced by a solid
knowledge of the anatomic relationships, careful dissection,
awareness of the potential complications and the judicious
conversion to thoracotomy when appropriate (2). If a
complication occurs, we have to consider the management
strategy. It is essential to have a good preoperative workup,
the bimanual instrumentation and a good exposure of
the lung or the target area. Ultimately, the decision for
conversion is left to each surgeon’s skills and patience. The
surgeon has to feel comfortable with the approach, whatever
it is. Finally the most important consideration above all is
never panic and always keep calm.
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General Consideration

VATS biopsy for undetermined interstitial lung disease under non-
general anesthesia: comparison between uniportal approach
under intercostal block vs. three-ports in epidural anesthesia
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Objective: Video-assisted thoracoscopic (VATS) biopsy is the gold standard to achieve diagnosis in
undetermined interstitial lung disease (ILD). VATS lung biopsy can be performed under thoracic epidural
anesthesia (TEA), or more recently under simple intercostal block. Comparative merits of the two
procedures were analyzed.

Methods: From January 2002 onwards, a total of 40 consecutive patients with undetermined ILD
underwent VATS biopsy under non-general anesthesia. In the first 20 patients, the procedures were
performed under TEA and in the last 20 with intercostal block through a unique access. Intraoperative and
postoperative variables were retrospectively matched.

Results: Two patients, one from each group, required shift to general anesthesia. There was no 30-day
postoperative mortality and two cases of major morbidity, one for each group. Global operative time was
shorter for operations performed under intercostal block (P=0.041). End-operation parameters significantly
diverged between groups with better values in intercostal block group: one-second forced expiratory flow
(P=0.026), forced vital capacity (P=0.017), oxygenation (P=0.038), PaCO, (P=0.041) and central venous
pressure (P=0.045). Intraoperative pain coverage was similar. Significant differences with better values in
intercostal block group were also experienced in 24-hour postoperative quality of recovery-40 questionnaire
(P=0.038), hospital stay (P=0.033) and economic expenses (P=0.038). Histology was concordant with
radiologic diagnosis in 82.5% (33/40) of patients. Therapy was adjusted or modified in 21 patients (52.5%).
Conclusions: Uniportal VATS biopsies under intercostal block can provide better intraoperative and
postoperative outcomes compared to TEA. They allow the indications for VATS biopsy in patients with

undetermined ILD to be extended.

Keywords: Interstitial lung disease (ILD); lung biopsy; video-assisted thoracic surgery (VAT'S)
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Introduction

Despite the advent of high-resolution computed tomography
(HRCT) or fine needle biopsy surgical lung biopsy is still
considered the gold standard to achieve a definitive diagnosis
in undetermined interstitial lung disease (ILD) in order to
establish a correct therapy and to predict a reliable prognosis
(1-3). These procedures have successfully been accomplished
via video-assisted thoracic surgery (VATS) with a lower

© AME Publishing Company. All rights reserved.

morbidity, less pain and a shorter hospital stay (4-7) in
comparison with traditional open accesses. However, one
of the major risks during surgical biopsy is still represented
by the general anesthesia under one-lung ventilation, which
may precipitate altered respiratory function, pulmonary
hypertension and infections (8,9). Current guidelines by the
American Thoracic Society/European Respiratory Society
(10,11) recommend surgical biopsy only for those ILD
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TEA (n=20) IB (n=20)

Oxygen support (n, pts)

6 (30%)

7 (35%) 0.122

Azathioprine user (n, pts) 4 (20%) 3 (15%) 0.327

6-minute walking test [%, pred] 62 [54-69] 60 [53-71] 0.312

Forced vital capacity [%, pred] 66 [54-76] 64 [56-75] 0.327

PaO, [mmHg] 82 [78-95] 84 [76-92] 0.645

American Society of Anesthesiology score [1-4]

2[1-3] 2[1-3] 1

TEA, thoracic epidural anesthesia; IB, intercostal block. Data are expressed as median (interquartile range).

patients who are at acceptable risk to tolerate the procedure
and this has severely limited the use of this precious
diagnostic device.

To avoid potential complications we initially introduced
awake VATS biopsy under thoracic epidural anesthesia
(TEA), but more recently we established a new procedure
through a unique access under a simple intercostal block
in non-general anesthesia (12). Hereby we analyzed

comparative merits of this procedure in comparison to
VATS biopsy under TEA.

Methods

This investigation is a branch of the mainstay program

© AME Publishing Company. All rights reserved.

started in 2001, previously referred to as “awake thoracic
surgery” and now more widely defined as “thoracic surgery
under monitored anesthesia care” (13).

Patients

From January 2002 onwards a total of 40 consecutive
patients with an undetermined ILD underwent VATS
biopsy under non-general anesthesia. In the first 20
patients the VATS biopsy was performed under TEA
and in the last 20 with intercostal block through a unique
access. Demographics variables and histologic findings are
summarized in Table 1. Patients were selected according to
clinical and radiologic findings by a multidisciplinary panel

Wwww.amegroups.com
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formed by one pulmonologist, one thoracic surgeon, one
anesthesiologist experienced in non-intubated procedures
and one radiologist dedicated to ILD. Patients routinely
underwent HRCT (General Electric Medical Systems,
Milwaukee, WI, USA) and evaluation included the pattern
of parenchymal abnormality (i.e., consolidation, ground-
glass opacity, reticular pattern), anatomic distribution
and presence of associated pathologies (i.e., mediastinal
lymphadenopathy).

Imaging of diffuse honeycombing pattern was considered
by itself a criteria for excluding lung biopsy. Other exclusion
criteria were age >75 years, end-stage disease with need of
mechanical ventilation, BMI >22 and <30, diffusing lung
capacity for carbon monoxide (DLCO) <30% predicted,
basal room air PaO, <50 mmHg, PaCO, >50 mmHg,
American Society of Anesthesiology score <3 and presence
of immunodeficiency status or active cancer. We considered
tenacious pleura-pulmonary adhesions or patient’s anxiety
common contraindication for a non-general anesthesia
procedure.

All patients gave their written informed consent. Local
institutional review board approval was obtained for study
(ref #CT0013-7268). Respiratory assessments included
timed spirometry and plethysmography with single-breath
DLCO (V,.. 22; Sensor Medics, Yorba Linda, CA, USA)
and arterial blood gas analysis. Exercise tolerance was
assessed with the standard 6-minute walk test. Quality of life
was assessed with the St. George Respiratory Questionnaire
(SGRQ) general score (best =0, worst =100) (14,15). In
addition all patients underwent preoperative fiberoptic
bronchoscopy with bronchoalveolar lavage and cardiac
evaluation including color Doppler echocardiography for
pulmonary artery pressure non-invasive estimation. Right
heart catheterism was performed in selected cases only.
Laboratory tests entailed complete blood cell count with
differential leukocyte counts, renal and liver function tests,
and urinalysis.

Technique

Lung areas suitable for biopsy were chosen after panel
discussion. We preferentially chose the middle lobe and
the lingula, which are the lung areas most suited to surgical
biopsy. The other most targeted areas were the apical
segment of the lower lobe or the ventral of the right upper
lobe. All these regions easily provided a large quantity of
tissue, with a relatively short and straight suture line. The
ultimate decision of the area targeted for biopsy was taken

© AME Publishing Company. All rights reserved.
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intraoperatively according to the most diagnostic site and
the most reachable area in a breathing lung. Generally,
target areas appeared as cobblestone road with subpleural
nodularity, covered by thick and greyish visceral pleura with
evidence of neoangiogenesis. These visible findings were
usually coupled by the palpatory sensation of an anelastic
parenchyma with increased resistance.

A resection volume greater than 1 mL (1 cm’) was usually
considered satisfactory and we routinely collected two or
more biopsies without creating supplementary incisions.

Patients were continuously monitored by electrocardiogram,
pulse oxymeter, systemic and central venous blood pressure,
body temperature, arterial blood gases, and end-tidal CO,
by insertion of one detector into a nostril. Forced expiratory
volume in one second (FEV1) and forced vital capacity (FVC)
were re-assessed immediately pre and postoperatively by a
portable spirometer (V,,,, Encore 29, Sensor Medics, Yorba
Linda, CA, USA).

Intraoperative monitoring included assessment of all
these parameters at different standardized times: before
incision, at pneumothorax induction, at chest closure
and 1-hour postoperatively. Evaluation of acute pain was
assessed using a visual analogue scale (VAS) (0= absent, to
10= most severe imaginable pain) (16). Procedures took
place in a calm and cooperative setting with a low-volume
classical or melodic music played in the background.
During the procedure, a venturi mask was used to keep
oxygen saturation greater than 90%. Hypercapnia was well
tolerated and correction was performed only when PH
decreased to less than 7.2.

A chest drain with an underwater seal or a simple
endoscopic suction device system was always kept ready
to rapidly contrast a discomfort secondary to iatrogenic
pneumothorax. Mild sedation with midazolam or
propofol was useful to control the discomfort induced by
pneumothorax or panic attacks. Shift to general anesthesia
was allowed only in the following conditions: irritation or
intolerance of the patient before the accomplishment of
the biopsy, elevated level of PaCO, (50 mmHg), operation
technically difficult or hemorrhagic complications.

VATS biopsy under TEA

After insertion of venous and radial artery catheters, an
epidural catheter was positioned at T4-T5 level through
which a bolus of 5 mg ropivacaine plus 5 pg sufentanyl was
injected. Continuous infusion of ropivacaine 2 mg/mL
(5 mL/hour) was then started 20 minutes prior to operation
with the patient lying on the side targeted for biopsy. After
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achievement of satisfactory anesthesia the patient was
turned on the other side ready for the operation.

The procedure was classically carried out through three
ports. Usually the camera port was placed in the eighth
intercostal space along the midaxillary line, the operating
ports were usually placed in the fifth intercostal space,
anterior and posterior axillary lines. In the case of biopsies
located in the posterior segments of the lower lobes,
theoperative port was set more caudally than the camera
port and the monitor was positioned at the bottom of
the patient to avoid mirror image effect. The biopsy was
preferentially performed along a straight line an endostapler
endopath® 30 or 45 with staples of 4.5 mm suturing with
as less number of bites as possible in order to decrease the
risk of bleeding. Blood and air leakage from the resection
line were carefully controlled both at the time of suture
completion and at chest closure. A 28 CH chest tube was
inserted through the lowest incision. At end-procedure,
lung re-expansion was achieved under thoracoscopic
vision by asking the patient to breathe deeply and cough
repeatedly. The epidural catheter was usually removed on
postoperative day one.

Uniport VATS biopsy under intercostal block

After insertion of venous and radial artery catheters, an
aerosolized 5 mL solution of 2% lidocaine was administered
for 5 minutes in order to avoid cough reflex. The intercostal
block was accomplished by local injection of 20-30 mL
solution of 2% lidocaine and 7.5% ropivacaine, for achieving
a rapid onset with a long duration of the analgesic effect.
Site of inoculation was done along the space selected for
uniportal VATS and included subcutaneous layers, intercostal
nerves and parietal pleura. The grade of local anesthesia was
always adequate. In a few cases benzodiazepine (midazolam
0.03-0.1 mgrkg) or opioids (remifentanil 15 pg/kg/min) were
intravenously supplemented during lung manipulation or
stapling manoeuvres.

All VATS biopsies were carried out from a single
small 30-40 mm uniport skin incision carried out along
the space judged the most suitable to reach the foreseen
area. In the case of lingula or middle lobe biopsy incision
was usually performed along the fourth intercostal space
medially from the anterior axillary line, whereas posterior
segments were biopsied through an eighth intercostal space
posterior incisions. Rib spreading by retractor was always
avoided. Through the incision we introduced the operative
thoracoscope, the articulated stapler and incidentally a
gauze pad mounted on a ring-forceps in order to contrast

© AME Publishing Company. All rights reserved.

lung movements during breathing or coughing. In many
instances we were able to exteriorize the most distal target
area and accomplish the resection outside from the chest.
At the end of the procedure one 28 CH chest tube was
collocated through the posterior end of the incision. No
trans-intercostal suture was necessary. Muscle sutures were
tightened after asking the patient to breathe deeply or
cough to achieve maximal lung re-expansion.

Postoperative care

Postoperative care was similar after both procedures. After a
short stage in the weaning areas the patient was directly sent
to the ward. Liquids infusion was stopped immediately and
drinking, meal intake and ambulation were started on the
same day of surgery. Chest X-ray was routinely performed
at 24 hours from the procedure to confirm adequate lung
expansion.

State of consciousness and postoperative recovery was
evaluated by the quality of recovery (QoR-40), which is a
40-item self-administered questionnaire (17). Each item
is linked to a S-point Likert scale [1-5] with a minimum
cumulative score of 5 (maximal impairment) and maximum
of 200 (no impairment). Time of discharge was determined
by chest tube removal, which generally took place in the
absence of air leak and with a daily fluid leakage less than
150 mL.

The biopsy samples were sent fresh and reviewed by the
institutional pathologist with a hub on ILD. A fragment was
also sent for microorganism cultures.

Statistics

All data was statistically analyzed using the SPSS (SPSS® 9.05
for Windows, SPSS Inc., Chicago, 1998). Interdependence
among factors and group comparisons were prudentially
assessed by non-parametric tests. Data were expressed with
median and interquartile range deviation. P values <0.05 were
regarded as statistically significant in two tailed tests.

Results

Two patients, one from each group, required the shift
to general anesthesia with intubation and single lung
ventilation. No patient needed conversion to open
thoracotomy.

A total of 95 biopsies were performed: 48 (2.4 per patient)
in TEA group and 47 (2.35 per patient) in intercostal block
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Figure 1 Intraoperative measurements of patients undergoing intercostal block (gray line) and thoracic epidural anesthesia (black line).

group, respectively. No 30-day postoperative mortality was
experienced. We reported one case of acute respiratory
insufficiency resolved by non-invasive ventilation in the
TEA group and one acute pneumonia in the intercostal
block group. We also recorded minor complications related
to TEA: hypotension antagonized by noradrenalin infusion
(n=2) and urinary block (n=3) requiring catheterization.

Global operative time was significantly shorter for
operations performed under intercostal block {61 [53-68]
vs. 70 [62-78]; P=0.041} and this was mainly due to the lack
of epidural catheter introduction and time for the onset of
anesthesia.

Intraoperative findings of main physiologic parameters
are shown in Figure 1. FEV1 and FVC presented a
significant decrement in both groups at end-operation, but
the fall was lesser in the intercostal one, with a significant
difference at intergroup analysis (FEV1, P=0.026 and
FVC, P=0.017). As a result, oxygenation (FiO,/Pa0,) and
PaCO, were significantly different between groups at end-
operation (P=0.038 and P=0.041, respectively) and at 1
hour postoperatively (P=0.035 and P=0.033, respectively).

© AME Publishing Company. All rights reserved.

Interestingly, the values of central venous pressure were
significantly less elevated during intercostal block at the
end of the procedure (P=0.041) and after 1 hour from
the procedure (P=0.032). Pain coverage was satisfactory
throughout the procedure and without significant
differences in both groups (Figure 1). Similarly, there was
no difference in basal and under cough VAS at 24 and
48 hours, respectively. Postoperative QoR was significantly
better in intercostal group after 24 (P=0.038) hours from
the operation, whereas quality of life at 7 and 30 days was
similar between groups. Hospital stay was significantly
shorter in patients undergoing intercostal block (P=0.033)
and this also impacted the economic expenses (P=0.038)
(Tible 2).

A reliable pathologic specimen was obtained by surgical
biopsy 97.5% (39/40) of the patients, and in 94.7% (90/95)
of biopsies. The biopsy specimens were concordant in
82.5% (33/40) of patients and in 68.4% (65/95) of the
biopsies. No differences were found between groups
(Table 2). On the basis of histopathology findings, therapy
was adjusted or modified in 21 patients (52.5%).
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Patients TEA (n=20) IB (n=20) P value

Operative time [min]

38 [32-48]

40 [31-49] 0.082

Biopsy cumulative volume (cm?) 6.4 (5.3-6.9) 6.1 (5.6-7.3) 0.831

HRCT/histology concordance per lesion [%] 32/48 [67] 33/47 [70] 0.710

24-hour postop basal VAS 4.4 [2-6] 4.3 [2-6] 0.621

48-hour postop QoR40 [5-200] 156 [122-194] 164 [131-183] 0.054

48-hour postop cough VAS 4.4 [2-6] 4.3 [2-6] 0.212

Major morbidity n [%] 1[5] 1[5] 1

30-day mortality rate [%] 0 0 1

Estimated costs [euro] 3,124 [2,334-4,190] 2,632 [2,088-3,253] 0.038

Discussion

The use of intercostal block associated with intravenous
sedation during thoracoscopy for diagnostic and therapeutic
purposes has already been described in different thoracic
pathologies with satisfactory results (18-21). In this personal
series we presented the additional advantages of intercostal
block compared to TEA during VATS lung biopsy in
patients with ILD undetermined lesions.

In our study we experienced that intercostal block may
significantly attenuate intraoperative lung-volumes fall as
well as hypoxia (FiO,/Pa0,) and hypercapnia respect to
same procedures under TEA.

It has been reported that TEA causes a significant
decrement of inspiratory capacity (22) as a probable
blockade of efferent or afferent pathways of the intercostal
nerve roots resulting in a decreased contribution of the
rib cage to tidal breathing (23). TEA may also produce
a wide adrenergic tone fall with prevalence of bronchus-
constriction as evidenced by FEV1 decrement (24). The
documented increment of the central venous pressure in

© AME Publishing Company. All rights reserved.

TEA could be a consequence of lung flow reduction as well
as of the impairment of ventricle sympathetic outflow due
to the adrenergic block (25-27).

These effects are absent or minimal under intercostal
block, which leaves normal adrenergic tone without
interfering on skeletal, bronchus and cardiac muscle
motility (12) also avoiding the intrinsic risks and unpleasant
side-effects related to TEA.

The risk of coughing is high when stapling the lung
under intercostal block but it can be minimized by the use
of aerosolized 2% lidocaine with transitory side effects.
As far as the expected lesser duration of pain coverage is
concerned, we found it more useful to have pain control with
intravenous drugs rather than the prolonged and fastidious
disturbances following TEA. Furthermore, the QoR-40
questionnaire clearly documented a significant greater and
faster postoperative recovery after the intercostal block.

"This study is retrospective and non-randomized and the
results need to be interpreted as such. Another potential
limitation is represented by the reliability of respiratory
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functional tests performed during a surgical operation, which
can be altered by patient fatigue, lack of cooperation and
iatrogenic pneumothorax. However these potential artifacts
were homogeneous between groups and do not appear to
interfere with the global trend of the measurements.

Conclusions

We would suggest that uniportal VATS biopsies under
intercostal block can provide better intraoperative and
postoperative outcomes compared to TEA, thus increasing
the safety as well as enlarging the indication of VAT biopsy
in presently not-eligible patients. These results stimulate
our interest in thoracic surgery under monitored anesthesia
care (12), which permits a quicker postoperative recovery as
well as lower morbidity, hospital stay and economical costs
with satisfaction of patients, surgeons, pneumologists and
administrators.
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