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Video-assisted thoracoscopic surgery (VATS) is widely 
accepted as a standard approach for the surgical treatment 
of stages I and II non-small cell lung cancers (NSCLC) (1). 
Two meta-analyses (2,3), four large United States database 
studies (4-7), and several retrospective single-institution 
studies (8-13) have demonstrated that VATS lobectomy 
is associated with fewer complications (pulmonary, atrial 
fibrillation), transfusion rate, pain, and length of hospital 
stay without compromising oncologic outcomes when 
matched for stage. Despite the benefits of VATS compared 
to thoracotomy, the adoption of this technique has 
progressed slowly, with only 44% of lobectomies being 
performed by VATS in the U.S. in 2014 (14) and only 27% 
in Europe (15). 

As noted in Divisi et al.’s review (16), the hesitation 
for practicing surgeons to adopt VATS likely stems from 
reticence in transitioning out of the standard open technique 
due to preconceived notions of the complexity, length of 
the procedure, and difficulty in managing catastrophic 
complications. In addition, one could argue that learning a 
new surgical technique is not worth the lost time and pay for 
surgeons whose skill and practice have afforded their patients 
good outcomes already. Thus, in the face of increasingly 
favorable evidence and urgency for practicing thoracic 
surgeons to develop minimally-invasive techniques, there has 
been considerable effort in developing ways to shorten the 
learning curve to perform VATS lobectomy proficiently for 
practicing surgeons and surgical trainees. 

McKenna suggests the length of the learning curve 
consists of 50 lobectomies to achieve proficiency (17). 
Included in this learning curve are cognitive and manual 
skill development. The ability to reliably correlate the two-
dimensional VATS image with prior knowledge of three-
dimensional anatomy from the open technique is essential 
to safe and effective VATS surgery. For the practicing open 
surgeon, already having this mastery of anatomy is a clear 
advantage, but the translation of images from two- to three-
dimensional anatomy, then making decisions within a two-
dimensional space is a major part of the cognitive learning 
curve. 

The manual skills of the learning curve include port 
placement, tissue retraction and handling, and dissection, 
energy, and stapling techniques. Many atlases (18) and 
online resources (19) are available that detail how to perform 
the operation. Additionally, there are courses offered by 
professional societies and industry. Case observation with a 
surgeon regularly performing VATS lobectomy is likely the 
most beneficial and time-efficient. Once these manual skills 
are learned, case volume and case frequency are essential in 
the maintenance and progression of the learning curve. To 
this end, there has been considerable development of VATS 
lobectomy simulators.

The introduction of VATS lobectomy simulators has 
theoretical advantage of shortening the time required to 
attain the cognitive and manual skills required for learning 
curve. In 2010, Meyerson et al. reported on a simple, 
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low cost porcine heart-lung tissue block that allowed 
participants to identify vessel injuries or other errors, 
though the vessels were inherently easier to identify due to 
the absence of significant lymph nodes (20). In formal VATS 
courses sponsored by industry, high fidelity simulations 
using anesthetized pigs are used which are effective for 
procedural learning, but are limited by high cost and are 
single-use. 

Virtual reality (VR) simulators are increasingly becoming 
a popular tool in surgical education (21). In the U.S., 
there is ongoing discussion about whether the instituted 
reduction in work hours of surgical trainees will correlate 
with reduction in clinical experience and cases. VR 
simulators would allow trainees to practice before surgery 
to improve the cognitive and procedural skills that will 
make their time in the operating room more effective and 
efficient learning environment, potentially leading to better 
patient safety as well. In 2014, Jensen et al. (22) included 
28 surgical trainees with minimal experience in VATS (less 
than three supervised procedures) and randomized them 
into black-box (porcine) vs. VR groups. All participants 
trained to a predefined scenario in an abdominal model 
without any time limit. After procedural completion, 
overall skill acquisition was evaluated according to time and 
errors. Surprisingly, the black-box group was significantly 
faster than VR group both with and without time penalty 
(26.6 vs. 32.7 min, P=0.032 and 29.6 vs. 35.5 min, P=0.043, 
respectively). In addition, no difference in bleeding and 
anatomical errors were found. The authors concluded that 
the lack of tactile feedback in VR simulation group, i.e., 
the lack of ability to feel tissue with real instruments and 
apply the correct required forces, was a significant drawback 
to the VR simulator. Today, the only dedicated VATS VR 
simulator (LapSim®, Surgical Science, Göteborg, Sweden) 
provides simulated practice with hilum dissection, vessel 
identification, vascular and bronchial stapling, and bleeding 
control (and thus dexterity acquisition) but it only simulates 
a right upper lobectomy, and its cost and maintenance limit 
its adoption.

While simulators reinforce the cognitive and manual 
skills required to progress on the learning curve, other 
less tangible elements are equally important in developing 
a VATS practice. Judgement in knowing when and how 
to convert to open thoracotomy and when to call for 
assistance, are essential to keeping the patient safe. Having 
partners in practice who also perform VATS lobectomy 
allows the surgeon to mature these skills in a VATS-
supportive environment. 

The advent of robotic-assisted thoracoscopic surgery 
adds another complexity to the development of the thoracic 
surgeon. Robotic technology is an evolution of VATS, 
developed to overcome some of the limitations of VATS 
including bi-dimensional vision, camera and retraction 
being under the assistant’s control, and limited range of 
motion (23). The robotic da Vinci system® (Sunnyvale, 
CA, USA) consists of a master console used by the surgeon 
that connects via optic fibers and electrical cables to a 
patient cart with three instrument arms and a camera arm. 
The 3D high definition camera gives to the surgeon a 
much-improved vision compared to VATS. The surgeon’s 
movements and any physiologic tremors (6-Hz motion 
filter) are transmitted to the patient cart to manipulate the 
instruments. The robotic instruments, with seven degrees 
of freedom, allow the replication of the human wrist 
movement. However, it remains to be seen if there are any 
clinically relevant advantages of robotic-assisted lobectomies 
over VATS. Unless in specialized centers with expert 
robotic surgeons, at this time most robotic lobectomies 
have longer operative times and higher costs with similar 
patient-centered outcomes. There is some evidence that the 
robotic platform provides a reduced learning curve from 
open surgery, compared to VATS, however, the data is still 
premature (24). 

Regardless of the acquired minimally-invasive technique, 
the pendulum has clearly moved away from open 
lobectomies, given the wealth of evidence for improved 
patient outcomes with VATS lobectomy. Learning curves 
in the acquisition and maintenance of cognitive and manual 
skills required for VATS lobectomy can be reduced with the 
assistance of course instruction, case observations, and even 
simulators, but ultimately, requires the commitment of the 
surgeon and his/her practice environment.
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