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Introduction

Lobectomy associated to a radical lymphadenectomy is 
considered the gold standard therapy for patients with 
early stage non-small cell lung cancer (NSCLC) (1). With 
the ever-expanding screening programs as well as the 
greater attention of patients to their health, the number of 
lung cancer in the early stage is gradually increased, and 
associated to the development of new surgical techniques 
has progressively led pulmonary surgery to become less 
and less invasive. Despite minimally invasive approach in 
thoracic surgery has already proven advantages in terms 
of reduced postoperative pain, shorter immune response, 

quicker resumption of daily activities, and better aesthetic 
and functional result (2-7), video-assisted thoracic surgery 
(VATS) lobectomy is slowly becoming the standard 
approach to early-stage lung cancer treatment; this was 
probably related to technical limitations, such as two-
dimensional vision, lack of instrument flexibility with 
difficult hand-eye coordination and long-lasting learning 
curve, in particular performing radical mediastinal 
lymphadenectomy, which is the standard of care in the 
treatment of lung cancer (8-13) and highly related to 
the long-term outcome. To address the limitations of 
conventional VATS, a telesurgical system was developed 
offering surgeons the benefits of three-dimensional high-
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definition imaging, greater hand movements using wristed 
instruments, and a computer-assisted scaling down of 
motion with reduction of hand-related tremors (da Vinci 
system, Intuitive Surgical, Sunnyvale, CA, USA), offering 
surgeons an innovative approach to lung cancer resection 
and staging, with a more precise dissection and theoretically 
better oncological results.

Robot-assisted thoracic surgery (RATS) is a relatively 
new technique for minimally invasive lung lobectomy, 
introduced in the operating room for pulmonary resection 
only in 2002. The first preliminary reports on pulmonary 
resection performed by RATS were published by Melfi et al. 
in 2002 and Giulianotti et al. in 2003, showing the clinical 
feasibility of the technique with encouraging results (14,15). 
The feasibility and safety of the robotic technique were 
corroborated then by other early publications including 
those by Park et al. (16) on 34 lung cancer lobectomies 
published in 2006 and by Giulianotti et al. (17) on 38 lung 
resections published in 2010. Afterwards, Melfi et al. (18) 
was the first to describe a series of 107 robotic lobectomies 
with lymphadenectomy performed in ‘good risk’ oncologic 
patients, with good results in terms of complications, 
number of conversions and duration of surgery.

Since then, robotic resection is gaining popularity and 
acceptance among different minimally invasive techniques 
in the thoracic community. Indeed, according to the 
Nationwide Inpatient Sample (NIS) database (19) published 
by Paul et al. in 2014, the number of centers performing 
RATS lobectomy and the rate of RATS compare to all 
lobectomies per center increased dramatically in the last  
10 years. The percentage of robotic lobectomies performed 
per year in US went from 1% in 2008 to 48.8% in 2011, 
compare to a stable proportion of VATS lobectomy which 
has been maintained around 20–30% over the years. 

Robotic technology

So far, the Da Vinci Surgical System is the only robotic 
system approved and available on market for RATS. Da 
Vinci Surgical System is composed by a surgeon console, 
patient-side cart, EndoWrist instruments, and vision 
system. The surgeon operates seated comfortably at a 
console, some distance from the patient, who is positioned 
on an operating table in close proximity to the robotic 
unit. The surgeon controls the da Vinci System using his 
or her hands, via “master” instruments at the console, and 
the system seamlessly translates the surgeon’s hand, wrist 
and finger movements into precise, real-time movements 

of surgical instruments inserted into the patient’s body 
via small incisions. The EndoWrist instruments attached 
to the arms of the patient-side cart bend and rotate with 
wide range of high-precision movements (seven degrees of 
motion), which is even greater than the human wrist, and 
with the hand tremor filter. The robotic arms move around 
fixed pivot points to minimize stress on the thoracic wall 
during manipulations. The stereo-endoscope positioned 
in one of the robot arms allowed the surgeon to have a 
magnified, high-definition and three-dimensional view of 
the operating field via a console binoculars. The console 
also has foot pedals that allow the surgeon to engage and 
disengage different instrument arms, to reposition the 
console master controls without moving the instrument 
inside the patient, and to activate electric cautery.

With the introduction in 2014 of the last generation 
system (da Vinci Xi), some technical issues have been 
improved. First of all, a simpler docking due to a better 
maneuverability of the cart, improved by “port placement” 
menu and laser guidance in addition to the improved 
design of the arms, allows placement of the ports relatively 
close together reducing the risk of arm collision. Another 
important improvement is the possibility to use the 
EndoWrist Vessel Sealer as well as the EndoWrist Stapler 
(both 30 and 45 mm) entirely controlled by surgeon’s 
hands through the da Vinci Xi System, providing fully 
wristed articulation and SmartClamp feedback. Lastly, the 
thoracoscope has a lighter and digital end-mounted camera 
with autofocus for an improved crystal clear vision, and it 
could be placed on any robotic arms. 

Robotic lobectomy approaches

During the last decade, different robotic approaches have 
been described on performing a lung resection ranging from 
the use of three or four robotic arms, utility incision or CO2 
insufflation, and different port placement. To describe these 
approaches without being confusing, we decided to group 
them based on the use of utility incision (not completely 
portal lobectomy) or not [completely portal robotic lobectomy 
(CPRL)], highlighting the evolution and the changes of the 
robotic technique based on the surgeon’s experience over the 
years, as well as their short and long term results.

Not CPRL (with utility incision)

In 2006, Park (16) was the first to describe a 3-arm 
robotic approach with a non-rib-spreading utility incision, 
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usually of 3–4 cm in the 4th or 5th intercostal space on 
the mid axillary line, and the use of two other trocars 
for the camera port (7th or 8th intercostal space at the 
posterior axillary line) and for the second instrument (just 
above the diaphragm posterior to the tip of the scapula), 
respectively (Figure 1). This robotic approach mimed their 
VATS lobectomy technique in term of patient and trocars 
position, other than anterior to posterior hilar vessels 
and bronchi dissection with the completion of the fissure 
performed last, just before the removal of the specimen; 
CO2 insufflation was not needed, the robot was positioned 
at the head of the patient (45° angle with respect to the long 

axis of the patient) and 30° camera was used. The results 
of Park preliminary study demonstrated that RATS was 
feasible and safe with 12% of conversion rate, higher than 
those reported in the contemporary largest series of VATS 
lobectomy but acceptable considering the early experience, 
with 4.5 days post-operatively length of stay, and no in-
hospital or 30-day mortalities; besides, all patients had a 
R0 resection, with a median of four lymph node stations 
resected (16).

In 2010, Veronesi et al. (20) modified the 3-arm robotic 
approach described by Park introducing the use of a 4th 
robotic arm, positioned posteriorly in 7th intercostal space 
(auscultator triangle), to held the lung parenchyma in a 
fixed position, posteriorly, and have a better vision of the 
surgical field; 3 cm utility incision was performed at the 
4th or 5th intercostal space, anteriorly, the camera port was 
positioned in 7th or 8th intercostal space on the mid-axillary 
line, and another port at the 7th or 8th intercostal space 
in the posterior axillary line (Figure 2). This 4-arm robotic 
lobectomy approach, always using 3-cm utility incision, was 
investigated by Veronesi on 54 patients between 2006 and 
2008, and compare to the same number of patients having 
open lobectomy, using a propensity scores match showing 
a 13% of conversion rate, 4.5 days of post-operatively 
length of stay for RATS vs. 6 days for open surgery, and 
no difference in term of post-operative morbidity and 
mortality, and lymph nodes removed (20).

Since then, we always used the same 4-arm non-
completely portal robotic approach performing 339 
robotic anatomical lung resection (307 lobectomies, 29 
segmentectomies and 3 pneumonectomies) with 6.5% of 
conversion rate, 5 days of postoperatively length of stay, 
no in-hospital or 30-day mortalities, and a median of five 
lymph node stations removed (21). The portal placement 
did not change with the type of resection or the side, except 
for left-sided operations where the camera port was placed 
more laterally to keep the heart out of the way, and with the 
different robotic system (S, SI and XI). 

However, with the introduction of the new da Vinci 
XI robotic system in 2015, some technical changes were 
made: (I) the surgical cart was docked from the left side 
of the patient either for right or left thoracic procedures 
taking advantage of the technical innovation of this new 
robotic system to displace the four arms correctly despite its 
side position; (II) the new system allowed us to work with 
a minimum distance of 4 cm between the ports, without 
respecting a particular distance between the ports; (III) 
the camera could be moved between two different ports 

Figure 1 Port placement and patient position for the 3-arm not 
completely portal robotic approach.

Figure 2 Port placement and patient position for the 4-arm not 
completely portal robotic approach. The red circle indicates the 
3-cm utility incision.
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allowing a better view; (IV) the use of the EndoWrist 
stapler (30 vascular and 30 or 45 parenchyma) which could 
be placed through a 12-mm port (for inferior lobectomy 
and segmentectomy it was placed alternatively at the 
utility thoracotomy or posterior axillary line; for the upper 
lobectomy, it was placed at the posterior axillary line), as 
previously reported (22).

In this group of not completely portal lobectomy we 
included also the hybrid technique described by Gharagozloo 
et al. in 2008 (23). This approach involved the use of the 
Robot for the hilar and mediastinal dissection (vessels, 
bronchi and lymph nodes) and the use of VATS technique 
(when the robot is removed, and the surgeon is back to the 
operating table) for the vascular, parenchymal, and bronchial 
division; usually three 2-cm incisions were performed using 
a non-trocar technique, other than an additional 1 to 2-cm 
incision anteriorly for the endoscopic retractor and the chest 
tube at the end of the surgery (23). The author published 
100 consecutive cases in 2009 showing no conversion rate, 
a median hospitalization of 4 days, 21% of post-operative 
morbidity with 3 post-operative death (3%) during the first 
20 cases, (not due to the robotic technique but to a poor lung 
function of the patients), and concluded that robot assistance 
may facilitated nodal and vascular dissection during VATS 
lobectomy, even if increasing the complexity and the length 
of the procedure (24).

Why utility incision?
(I)	 To extract the specimens such as lymph nodes during 

the lymphadenectomy or the lung at the end of the 
surgery;

(II)	 To introduce small gauzes and suction instrument in 
case of bleeding;

(III)	 To palpate the nodule in case of wedge resection 
performed before lobectomy.

CPRL

Ninan and Dylewski in 2010 (25) reported the effectiveness 
of a completely portal robotic lobectomy using 3 arms 
(CPRL-3) without the need of utility incision. Robotic 
camera port for a 0° camera was placed in the 5th or 6th 
intercostal space along the major pulmonary fissure and two 
other ports were then placed in the same intercostal space 
anteriorly and posteriorly, to reduce intercostal neurovascular 
injuries. An utility 7-mm port was inserted anteriorly at 
the tip of the 11th rib on the anterior abdominal wall, and 
tunneled over the top of the 10th rib to place a 5-mm camera 
for the initial exploration of the thoracic cavity and for 
guiding the port placement; during surgery the utility access 
was used for suctioning and passages of staplers, and at the 
end of the surgery for removing the specimen, enlarging 
it to 3–4 cm (Figure 3). CO2 insufflation was used to move 
the diaphragm inferiorly facilitating the use of the utility 
access. In 2011, Dylewsky described 200 consecutive patients 
underwent anatomical lung resection using this completely 
portal robotic approach showing the safeness and feasibility 
of this technique: only 3 (1.5%) conversion to thoracotomy, 
a median length of hospital stay of 3 days, a 60-day mortality 
and morbidity of 2% and 26%, respectively; though, the 
number of lymph node or the lymph node station removed 
was not reported (26).

In 2011, Cerfolio et al. (27) described a new CPRL with 
4 robotic arms technique (CPRL-4). In this new approach, 
all the four ports were placed along the 7th intercostal space 
between mid-axillary line, or as anteriorly as possible, and 
2–3 cm lateral to the spinous process of the vertebral bodies 
always keeping 9–10 cm of distance between the ports; 
an access port was then place 2–3 ribs lower to give more 
working space to the assistant surgeon (Figure 4). Even in 
this CPRL-4, CO2 insufflation and 0° camera were used. 
Cerfolio demonstrated that the new CPRL-4 was safe and 
allowed R0 resection with complete lymph node removal 
(median of 5 N2, 3 N1 nodal stations, 17 lymph nodes 
removed). CPRL-4 was associated with lower post-operative 
morbidity and mortality, shorter hospital length of stay, and 
a better quality of life than rib-sparing thoracotomy, with a 

Figure 3 Port placement and patient position for CPRL-3. CPRL, 
completely portal robotic lobectomy.
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conversion rate of 12% (13/106) (27).

Why CO2 insufflation?
(I)	 To move the diaphragm inferiorly, creating more 

working space for the assistant through utility port;
(II)	 To facilitate the hilar dissection unsticking the tissue 

with the CO2 pressure;
(III)	 To squeeze the lung in case of incomplete pulmonary 

exclusion.

Oncologic outcome

One of the major criticisms of minimally invasive surgery 
is the inadequate mediastinal lymph node dissection 
compared to open surgery. Concern over inferior oncologic 
outcomes has contributed to the slow adoption of minimally 
invasive surgery techniques. However, the literature has 
already demonstrated that robotic pulmonary resection is 
oncological safe, allowing excellent lymph node removal 
(28-31). In particular, the 3D vision and the wide range of 
high-precision movements, even greater than the human 
wrist, are crucial in performing lymphadenectomy, allowing 
an excellent hilar and mediastinal lymph node dissection. 
Although different studies have demonstrated that RATS is 
associated with reduced mortality, shorter hospital stay, and 
fewer overall complications compare to open surgery, only 
few studies have evaluated oncological outcomes (28-31).

In literature, the median number of lymph nodes 
harvested by RATS range between 13.9 to 18 (28-32), 

compare to a median of 16 harvested by VATS (32) and 14.7 
resected in open surgery (33). 

Park et al. in 2012 (28) published a robotic multicenter 
experience showing an overall pathologic lymph node 
upstaging of 24% (18% N1 upstaging and 6% N2 
upstaging), with similar results compare to the larger open 
series (14.3–24.6%) and better than conventional VATS 
(10.6–11.9%) (33-35). More recently, Toosi et al. (29) 
confirmed that RATS allowed an adequate lymphadenectomy 
with detection of occult lymph node metastatic disease, with 
significant upstaging (14.8%) and equal oncologic outcomes 
compare to open radical lymphadenectomy. In a multicenter 
study published in 2017, Cerfolio et al. (31) showed a median 
number of lymph nodes resected of 13 (5 N2 stations and  
1 N1), with a cumulative incidence of local recurrence in the 
ipsilateral operated chest of 3% only.

Even in our experience, the overall median number 
of lymph node stations removed was five, with a median 
number of 15 lymph nodes harvested and an overall 
pathological lymph node upstaging of 17.6% (21). This 
highlights the excellent lymphadenectomy performed by 
robotic surgery which is comparable to open surgery and 
even better than VATS.

Cerfolio et al. (31) showed excellent 5-year stage-specific 
survival [83% for stage IA NSCLC, 77% for the stage IB, 68% 
for stage IIA, 70% for IIB, 62% for stage IIIA (N2 disease, 
73%), and 31% for stage IIIB] similar to the data previously 
published in literature (28,29). Besides, Toosi et al. highlighted 
as patients pathologically staged with robotic surgery had a 
better stage-specific survival at the earlier stages compared 
with clinical stage suggesting that staging was significantly 
improved with robotic lymphadenectomy (29). 

Conclusions

Besides the well-known short-term outcomes showing very 
low morbidity and mortality rates, it is becoming more clear 
as the adequate assesses of lymph node stations performed 
by RATS could lead to excellent and promising oncologic 
results. However, robotic surgery has still some limitations, 
including increased costs, absence of a tactile feedback, and 
the need for specialized equipment and training; beside, 
longer follow-up is still needed to have a correct vision of 
the long-term outcome.
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