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Abstract

Over the past decade, uniportal video-assisted thoracic surgery (VATS) has evolved dramatically into a sophisticated technique capable of
performing some of the most complex thoracic procedures. The idea of operating through fewer surgical incisions and, therefore, with
potentially better cosmesis, less postoperative pain and paraesthesia, has led to uniportal VATS increasing in popularity worldwide. The
uniportal approach demands instrument design to be better suited for operating with multiple instruments through a single small incision.
Furthermore, the drive by surgeons and industry to develop novel, smaller, more specialized procedure-specific instruments for uniportal
VATS to further allow reduction in incision size is relentless. Refinement of uniportal VATS instruments, angulated and narrower endosta-
plers, and improvements in video-camera systems, including 3D systems, and 120° articulating lens will make uniportal VATS major lung re-
section easier to perform and learn. In the future, we could see the development of subcostal or e-NOTES access, endorobotic arms that
open and operate within the chest cavity, and cross-discipline imaging assistance for uniportal VATS procedures.
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INTRODUCTION

‘Intelligence is the ability to adapt to change.’
Stephen Hawking (1942–present)

Uniportal video-assisted thoracic surgery (VATS) has a history
spanning over more than a decade and, more recently, has
become an increasingly popular approach to manage thoracic
surgical diseases. The potential advantages of reduced access
trauma and better cosmesis, together with patient demand, have
seen uniportal VATS spread across the world [1, 2]. A reflection of
these trends can be appreciated in the literature, where 65% of all
publications (in the English literature) relating to uniportal VATS
were from the past 2 years, with roughly an equal representation
from institutes in the East and West. Interestingly, one of the unex-
pected effects of this change in thinking and approach to VATS is
the enormous craving for better equipment and technology to
assist uniportal surgeons in accomplishing their task through a
single small incision. This has led to rapid growth in communica-
tion and collaboration between thoracic surgeons and industry
that has not been witnessed, perhaps since the leap from open
thoracotomy to conventional VATS during the 1990s. The current
review focuses on technological innovations of the present and
those on the horizon, as well as providing a glimpse into the
future of uniportal VATS.

EQUIPMENT

Uniportal VATS started from humble beginnings, with an initial
report of uniportal VATS thoracic sympathectomy in 2000 [3].
Nevertheless, by pushing the boundaries of what might be pos-
sible with a uniportal approach, this initial report paved the way
for the development of more complex uniportal procedures for
an ever-increasing range of thoracic conditions. The development
of 5 mm or even 3 mm needlescopic endoinstruments has
allowed uniportal sympathectomy to be accomplished through a
smaller incision. Apart from simply making equipment smaller or
more slender to perform uniportal VATS, surgeons have thought
of adapting or creating new instruments to accomplish these tasks.
In the case of sympathectomy, the paediatric urological electrore-
sectoscope has been modified to improve ergonomics and
reduce fencing of instruments [4]. Along the same thinking, a
more modern version would be to perform uniportal VATS sym-
pathectomy with the Vasoview device, originally designed for
endoscopic vein harvesting [5, 6].
With the announcement to the world in 2004 by Rocco et al. of

their uniportal VATS wedge resection technique, the authors
broke taboos about the possibility of performing lung resection
through a single small incision [7]. Subsequently, the report of
uniportal VATS pleurodesis quickly followed [8, 9]. Through the
challenges associated with performing lung resection through
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Genel Bilgiler -1
• Açıktan VATS’a geçiş: 1990’lar
• Uniportal VATS’ın uygulanışı: 2000
• 5 mm ve 3 mm kamera, sempatikotomi
• Uniportal VATS wedge: 2004
• Uniportal Lobektomi:2011 (Gonzales-Rivas)
• e-NOTES (Natural orifice transluminal endoscopic 

surgery)
• Zhu ve ark (2013): e-NOTES sempatikotomi
• Fleksibl endoskopik platform (Olympus ve Storz)



The transumbilical approach used a 5-mm ultrathin flexible
gastroscope to incise through the diaphragm to reach the operat-
ing site. Hot biopsy forceps were deployed to complete the thor-
acic sympathectomy. The 35 patients who received this procedure
suffered no complications, and experienced less pain and higher
satisfaction with the aesthetic results when compared with con-
ventional needlescopic sympathectomy, without any delayed
complications in any patient [29]. Such an approach might be ad-
equate for performing simple thoracic procedures; however, a
more sophisticated endoscopic platform will be needed for more
complex thoracic surgery. Lately, flexible endoscopic platforms,
such as EndoSamurai (Olympus, Tokyo, Japan) and Anubiscope
(Karl Storz, Tuttlingen, Germany), have been developed for NOTES
[30, 31] (Fig. 2). These endoscopic platforms are usually deployed
through a steerable endoscopic overtube, and utilize three chan-
nels (two articulating, one nonarticulating) with specialized instru-
ments. In the context of NOTES, a needle cautery is used to create
a pathway through the natural orifice organ, and endoscopic gras-
pers, cautery and clips can be allowed to perform the necessary
surgery. The manoeuvrable instrument arms allow an impressive 5
DoF of movement for instruments, resulting in superb manual
dexterity and ergonomics. Compared with the standard endo-
scope, these advanced platforms provide the operator with much
greater control, and the ability to have traction and countertrac-
tion through a single endoscopic port. However, traversing the
trachea or oesophagus to enter the thoracic cavity for NOTES of
the chest might remain the territory of the most adventurous thor-
acic surgeon for a very long time.

The current DaVinci robotic system has been around for over
a decade. Despite offering excellent visual feedback and robotic
arm dexterity and precision, it is undeniable that multiple ports
are required. Although performing robotic surgery through

specialized single-incision laparoscopic surgery (SILS) ports is
possible with computer-compensated movements to overcome
the difficulties associated with instrument crossover, robotic SILS
is probably the limit for the current system design in terms of
minimizing surgical access trauma. The main reason for this limi-
tation is simple; essentially the robot is ‘outside’ of the patient.
To move forwards into a higher realm, the whole robotic ap-
proach needs to be revised. To perform complex robotic thoracic
surgery through a single small incision, the robot’s ‘shoulders’,
‘arms’ and ‘head and eyes’ must move inside the thoracic cavity.
There are currently two promising systems, the Insertable
Robotic Effector Platform (IREP) developed by Columbia
University, USA [32], and the KidsArm System developed by
MacDonald Dettwiler Space and Advanced Robotics, Ltd, in
partnership with Centre for Image-Guided Innovation and
Therapeutic Intervention (CIGITI) at Hospital for Sick Children in
Toronto (Fig. 3). The IREP has a diameter of only 15 mm and a
cylindrical profile. After entering the thoracic cavity, the device
opens up inside to reveal the head and eyes, shoulders, arms and
hands of the robot. The IREP offers dual arm dexterous operation
with submillimetre accuracy, 3D visualization and automated in-
strument tracking. The total number of actuated DoF of the IREP
is 21. These include seven actuated DoF per dexterous surgical
arm, three actuated DoF for deploying and controlling the pan/
tilt of a 3D vision module, two actuated DoF for each gripper and
two DoF are used for axial insertion of each dexterous arm.
Tissue manipulation, retraction and suturing can accurately be
done with up to 2 N of force with an amazing positional accuracy
of 0.25 mm or less, potentially allowing even microsurgical pro-
cedures to be performed. The platform has multimodal use in-
cluding energy and drug delivery and suction achieved through
the use of tubular access channels within each surgical arm. In

Figure 1: Illustrated photo of a possible future for uniportal VATS, with either single or multiple remote wireless cameras placed inside the thoracic cavity giving multi-
directional views, which can be secured or controlled by a magnetic anchoring and guidance system (MAGS). The thoracoscope and related cables might become ob-
solete (red cross).
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the IREP, certain minor technical considerations still need to be
ironed out, such as the limited 60° rotation of the wrist, which
might hinder suturing efficiency. Nevertheless, these systems will
be the next generation of surgical robots that will totally trans-
form and redefine minimally invasive single-incision thoracic
surgery.

ADJUNCTS

The minimally invasive approach of single-port VATS might result in
less surgical access trauma, and opens up opportunities to further
reduce hospital stay and fast-track patients postoperatively. In 2010,
Rocco et al. described the feasibility of performing single-port VATS

Figure 2: Flexible endoscopic platforms, (A) EndoSamurai (Olympus, Tokyo, Japan) and (B) Anubiscope (Karl Storz, Tuttlingen, Germany).

Figure 3: Insertable robotic platforms, (A) Insertable Robotic Effector Platform (IREP), (B) KidsArm system [photos by courtesy of Columbia University, and Centre for
Image-Guided Innovation and Therapeutic Intervention (CIGITI), Toronto, Canada, respectively].
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Görüntü-rehberli Cerrahi

• i-VATS: Image-guided VATS (Rapheal 
Bueno/Harvard)

• Image-guided for uniportal VATS 
(isPVATS)

• Kancalı-tel yerleştirme ve ameliyat aynı 
salonda.



middle lobe wedge resection for a pulmonary nodule in an ‘awake’,
nonintubated and non-mechanically ventilated patient. The oper-
ation was performed under mild sedation, single-shot epidural re-
gional anaesthesia, and bronchoscopically guided Fogarty balloon
placement into the middle lobe bronchus to facilitate collapse at
the target lobe [33]. The same group in the subsequent year used a
similar ‘awake’ technique to perform single-port VATS for spontan-
eous pneumothorax [34]. The concept of ambulatory thoracic
surgery, particularly facilitated by the single-port technique, might
further evolve and provide favourable cost and length of hospital-
ization implications.

One of the criticisms of uniportal VATS lung resection is the dif-
ficulty in palpating and assessing tumours through a single small
incision usually positioned at the mid-thoracic region. For small
tumours and those with low solid component, lesion identification
might prove to be even more challenging. Rocco et al. [35] recent-
ly described the successful use of intraoperative articulating ultra-
sound probe to identify small nodules during uniportal VATS lung
resection. The use of other adjuncts, such as preoperative com-
puted tomography-guided hookwire localization of the lung mass,
can help the surgeon to identify the culprit lesion. In selected
cases, hookwire localization might also allow the uniportal VATS
incision to be minimized [36]. Nevertheless, the time between
hookwire localization performed at the radiology department
and subsequent surgery should be limited because of the possibil-
ity of pneumothorax, and to decrease the risk of hookwire dis-
lodgement. The recent development of advanced multimodality
image-guided operating room (AMIGO) use in different surgical
specialties has opened up new possibilities. Although AMIGO has
been widely utilized in many medical specialties, particularly car-
diology and vascular surgery, its use in minimally invasive thoracic
surgery, also known as image-guided VATS (iVATS), was only first
reported in 2013 by Prof. Raphael Bueno’s group at Harvard
University, Brigham and Women Hospital, Boston. In the subse-
quent year, the group at The Chinese University of Hong Kong,

Hong Kong became the first to pioneer AMIGO image guidance
for uniportal (single-port) VATS (iSPVATS) (Fig. 4). Essentially, the
application of AMIGO in VATS is twofold. Firstly, the hookwire
insertion and uniportal VATS surgery can now be performed in
one room, reducing the risks associated with patient transfer and
delays, such as pneumothorax, hookwire displacement and dis-
comfort. There could also be cost benefits with less transfers and
porter use, and time savings. In addition, if the hookwire migrates
or dislodges, a DynaCT scan can rapidly and conveniently be
done to reinsert the hookwire or relocalize the lesion. Secondly,
for those lesions for which it might not be feasible to insert a
hookwire because the lesion is either too close to major thoracic
vessels or not accessible by a percutaneous approach, a real-time
on-table scan can be performed to localize the lung lesion for re-
section and potentially provide additional information on resec-
tion margins. In the future, with the development of radiolucent
instruments, it might be possible to perform thoracic imaging and
iSPVATS simultaneously in the AMIGO, further improving resec-
tion accuracy and safety.

CONCLUSION

Uniportal VATS brings with it unique challenges to overcome that
will require an evolution in surgical approach, technological rein-
ventions, technical adjuncts and perhaps advances in robotics.
The difficulties in deciding which approach or technology to
apply to a particular patient might require even more discretion.
As the great Italian Renaissance artist Michelangelo (1475–1564)
once said, ‘The greatest danger for most of us is not that our aim is
too high and we miss it, but that it is too low and we reach it.’ The
recent rapid developments in uniportal VATS have led us to re-
define the status quo and to push the boundaries of minimally in-
vasive thoracic surgery.

Figure 4: Advanced multimodality image-guided operating room used to perform image-guided video-assisted thoracic surgery (A), the adjacent control room (B)
and in this case uniportal (single-port) video-assisted thoracic lobectomy (C).
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Son Söz

• ‘Tehlikeli olan, ulaşması çok zor olan bir 
amacımız olup buna ulaşamamak değil, 
çok kolay bir amacımız olup, buna 
ulaşmamızdır’

(Mikelanj (1475-1564))



https://www.flickr.com/photos/cubagallery/3888632330/in/photolist-8CZS1C-6UkEAb-9HhtkB-dEmWgo-fKeWj8-
gWKgaH-9kRAyA-6VCfV1-9CZ27J-9vdMYe-9kNyZ4-nWGYtd-c3tB6N-cb7AmU-bTZjwV-gN1huU-5QTQN4-cYFtRG-eBWEMa-a5ENJF-
eBWz4z-87eKra-cMQzXL-npVGTT-ebVEWS-97qEtU-c6qzXh-eBWzyB-7vtMkb-cQLCsw-2ZFA9D-eePY4S-bTgFKM-a9T2rh-muWVwZ-bjY4CV-
gxhAP7-nGoktt-budWB1-8B67ns-bPdGEt-eipNpY-eBWF9K-3dUUiH-7VwPQB-a1ghhb-ayYNod-9C4fWB-hLAkk7-m6bPgZ/


