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Introduction

The application of robotic technology to thoracic surgical 
procedures has been shown to be safe and possibly with 
equivalent oncologic outcomes (1-5). Paralleling the 
increasing adoption in various disciplines across the world, 
use of the robotic platform in thoracic surgery suggests 
that it is becoming a more permanent fixture (6-8). As 
comfort levels have grown, cases typically approached via 
thoracotomy have been successfully performed robotically, 
thereby giving patients the benefits of minimally invasive 
surgery (5). Education in robotics is a challenging topic to 

wrap the proverbial surgeon’s arms around as the collective 
experience is relatively early and growing. Furthermore, 
at the individual level, many surgeons have yet to become 
facile with this platform. Thoracic surgeons must first 
learn the robot themselves prior to teaching it, thereby 
complicating the ease of educating trainees. Nevertheless, 
it is necessary to elucidate a training curriculum which 
adequately prepares residents for independent practice. This 
task must be achieved while also acknowledging a known 
robotic learning curve. Including robotic training in an 
already busy resident curriculum is an additional challenge 
for surgical program directors nationwide.
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Fundamental differences of the robotic versus 
the thoracoscopic approach

The use of robotic technology in thoracic surgery is 
fundamentally different from robotic utilization in other 
surgical specialties. The differences in robotic surgery 
from standard thoracic surgery include lung retraction, 
dissection, carbon dioxide insufflation, camera adjustment, 
lack of tactile feedback, and limited maneuverability within 
the chest. These differences translate into additional 
challenges to overcome when teaching the robot to an 
early user. Traditionally, training in thoracic surgery has 
been a pursuit that has required a fundamental skillset in 
general surgery. Classical pathways as well as the relatively 
newer integrated thoracic training paradigms still warrant 
establishing fundamental skills prior to pursuit of thoracic 
training. Consequently, this required training hints at a 
different level of necessary teaching especially as it pertains 
to training in robotic thoracic surgery.

In robotic thoracic surgery anatomic resections, 
lung retraction is fundamentally different from video-
assisted thoracoscopic surgery (VATS). Owing to the 
lack of haptic feedback, the concept of “visual haptic” 
feedback requires a degree of attention to be paid toward 
the visualization of avoiding traumatic retraction injuries 
rather than feeling the force feedback in thoracoscopic 
surgery that can allow for more intuitive movements. This 
understanding may translate into subtler movements that 
include pushing the lung laterally aside to expose the hilum 
rather than retracting the lung away from the hilum as in a 
thoracoscopic case. In this regard, traction injuries from a 
“drift” phenomenon give way to increased pushing of tissue 
which ostensibly do not result in significant injury. This 
exposure strategy may change the angle of visualization 
appreciated with the thoracoscopic approach and thus, 
introduce, visualization challenges. Fortunately, some of this 
difficulty is ameliorated by a unique and arguably improved 
visualization and also attenuates with greater experience as 
it becomes the new standard. 

Additionally, the absence of tactile feedback further 
translates into a requirement for a different dissection 
strategy from that of a thoracoscopic approach. The ability 
to sense the resistance of tissue during a thoracoscopic 
dissection lends itself to blunt probing and entry into 
planes around delicate structures, such as veins or arteries. 
During a thoracoscopic case a surgeon can receive tactile 
feedback, while not always via direct palpation, through the 
instruments inserted into the chest. During a robotic case, 

the surgeon is removed from the patient and stationed at 
the console. The console surgeon does not experience any 
direct tactile feedback, but only appreciates the limitations 
in an instrument’s movement; therefore, the surgeon must 
rely on visual cues for feedback. Furthermore, while an 
understanding of the anatomy is a sine qua non of being a 
qualified surgeon, the lack of a reliance on tactile feedback 
mandates a greater understanding of where the dissecting 
instrument, and more importantly, important structures, are 
located.

While carbon dioxide insufflation can be used during 
thoracoscopy, it typically is not utilized in the majority of 
cases. In part, the use of an access or utility incision during 
the VATS approach does not lend itself to the creation of 
a route that will allow for the needed degrees of freedom 
while maintaining a sealed system to retain carbon dioxide. 
A fully robotic approach using only ports allows for a closed 
system that will retain insufflated carbon dioxide. This 
added component, routinely utilized for robotic cases results 
in a “push” of the diaphragm inferiorly and “compression” 
of the mediastinum to the contralateral side. This latter 
effect has the ability to minimize the mediastinal shifting 
during ventilation of the contralateral lung. While the CO2 
insufflation increases the working space within the chest, 
it also causes potential tension pneumothorax physiology. 
Ultimately, for the purposes of teaching, the use of CO2 
diminishes the need for retraction to a certain extent but 
comes at the expense of further limiting direct access to 
the pleural cavity due to the need for the aforementioned 
sealed state (Figure 1). Although rare, this access issue can 
be problematic with bedside assisting or, less commonly, 
during the need to address an urgent or emergent situation, 
such as retracting at specific angles so that utilization of the 
robotic arms for a specific movement can be performed or 
even to apply pressure for bleeding. 

Three-dimensional (3D) visualization can fortunately 
offset some of the challenges associated with the robotic 
platform. A fundamental difference between the dual 
lens 3D camera and the two dimensional (2D) single lens 
thoracoscopic camera is that most thoracoscopic cases are 
done in a broad view for all participants to see. The robotic 
approach requires that there is frequent toggling between a 
broad and a close-up view. For a bedside assistant, a close-
up view can create a situation in which identifying locations 
of instruments in the chest placed through an assistant 
port may be difficult. Many times this requires a surgically 
competent assistant who can maneuver independently as 
the console surgeon is unable to direct all movements at 
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the bedside. For the console surgeon, a broad view leads to 
the inability to dissect delicate structures with the much-
needed visual feedback. Furthermore, the close-up view can 
lead to a situation where there is a loss of understanding 
of the role or activity of the arms that are outside of the 
visual field. Without the aforementioned tactile feedback 
and the potential for drift, injury to intrathoracic structures 
may occur. Finally, in this regard, a subtle but exacerbating 
feature of the robotic approach is the fact that for robotic 
operations, owing to the need to have optimal visualization, 
the trocar incision site selection is critical and very specific 
to the target anatomy. As an example, if performing a 
lobectomy, the ports are placed lower in the chest than 

where traditional thoracoscopic incisions are placed. This 
is contrary to a thoracoscopic incision strategy where 
much of the chest can be explored and operated within 
through the same incisions. The robotic incision strategy 
requires an understanding that the camera and instruments 
are arriving from a more caudal approach, and thus, the 
visualization is different than what would be seen with a 
thoracoscopic approach (Figure 2). Additional challenges 
can be found in the fact that the thoracic cavity represents 
a fixed space limiting the mobility of the robotic arms 
especially compared to the abdomen. This fact underscores 
the importance of proper incision locations for trocar 
placement at the beginning of an operation as there is little 

Figure 1 Difference in visualization afforded (A) without and (B) with carbon dioxide insufflation.

A B

Figure 2 Differences in visualization of the inferior pulmonary vein during right lower lobectomy viewed (A) anterolaterally afforded by 
thoracoscopic approach and (B) caudally afforded by robotic approach.

A B
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forgiveness due to the rigidity of the rib cage. 
When compared to intra-abdominal surgery, the 

proximity of intrathoracic surgery to the lungs and heart 
cause the operative field to be in constant motion (Video 1). 
This moving target adds complexity to thoracic operations. 
This proximity to the heart and major vasculature also 
distinguishes itself from intra-abdominal operations in 
that any injury has a greater degree of lethality and often 
has a zero margin of error during an operation. Given the 
lack of ability of the vasculature to constrict once injured 
such as with a peripheral artery, emergent conversions to 
address pulmonary vascular injuries can become a necessity. 
Some degree of vascular injury can be controlled while 
remaining with the robotic approach (9,10). Again, this 
requires a bedside assistant with surgical competence who 
can help gain control of or at least temporize the situation. 
Additionally, augmenting experience suggesting increased 
exposure and utilization of the robotic platform may 
decrease the need for conversions (11). 

Cumulatively, it is due to many of these challenges that 
the adoption, implementation, and mastery of the robot 
in thoracic surgery is associated with an increased level 
of complexity. In general, the use of the robotic platform 
in thoracic surgery is fundamentally different than its use 
in many other surgical disciplines. These challenges not 
only must be considered by anyone utilizing the robot 
for thoracic surgery but also specifically adds a layer of 
complexity when educating trainees on the robot.

Learning robotic thoracic surgery

The acceptance of the robotic platform in thoracic surgery 
parallels that of VATS historically. As the thoracoscopic 
approach to various thoracic surgical diseases grew in 
popularity, its limitations were also identified. These 
limitations primarily included the specific need for well-
trained, facile surgeons who could maneuver safely and 
deal with potential complications within the closed 
chest. Logically, this resulted in initial training targeting 
experienced surgeons (12,13). Eventually, the development 
of standardized training programs demonstrated that 
surgeons of varied experience levels could be trained in 
procedures such as VATS lobectomy without compromising 
patient care (14). Presently, the routine utilization of the 
thoracoscopic approach by many institutions has translated 
into many trainees becoming facile with this approach 
following their standard training (15). There still remains 
a number of other formal advanced training opportunities 
in which skills with thoracoscopic surgery can be further 
honed. This similar approach was taken with those learning 
robotic surgery with development of structured training 
programs also resulting in safe performance of similar 
operations (12,13,16,17). Similarly, there are opportunities 
that exist to receive additional training in robotic thoracic 
surgery beyond standard board certification requirements. 
Presently, the current scientific data support the success of 
learning and training robotic thoracic surgery. Most of the 
earliest reports highlighting patient safety emerged from 
large academic programs, with experienced thoracoscopic 
surgeons (12,18). Eventually this expanded to smaller 
centers demonstrating similar outcomes (13). European and 
Asian centers with limited experience have relied on these 
large programs to successfully expand into the area (17,19). 
Currently, surgeons in training are also being trained in 
robotic procedures.

Additional data has emerged identifying the time 
required for proficiency in robotic thoracic procedures. 
Collectively, these studies have identified the performance of 
approximately 20 lobectomies (range: 15–60) as a marker for 
technical facility with the robotic platform (20-27). In one of 
the more statistically rigorous determinations of this learning 
curve, Arnold et al. utilized a cumulative sum (CUSUM) 
analysis of operating time to identify a 22-case learning 
curve with mastery achieved after 63 cases (28). However, 
this study acknowledged that the operating surgeon had 
significant thoracoscopic experience prior to transitioning 
into robotic technology. In aggregate, these studies have 

Video 1 Video demonstrating different phases of developing 
the fissure for left upper lobectomy. The beating of the heart, 
motion of the pulmonary artery, and the respiratory motion 
of the mediastinum from the ventilation of the contralateral 
lung illustrate the constant motion that is encountered during 
pulmonary lobectomy.



6173Journal of Thoracic Disease, Vol 13, No 10 October 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(10):6169-6178 | http://dx.doi.org/10.21037/jtd-2019-rts-06

focused on surgeons in practice, with suggestion that those 
with more thoracoscopic experience will have a shorter 
learning curve (20-22,27,28). None have examined the 
differing requirements for those in training with little to 
no experience and even more so those actively learning 
general surgical principles concurrently. Defining this 
learning curve will be an important aspect of a standardized 
curriculum (Figure 3). 

Teaching robotic thoracic surgery

There is a demand among trainees to learn the robot 
during residency (29,30). This was a similar finding to other 
specialties (31). Gynecology and urology were the early-
adopting specialties with robotic implementation. Presently, 
robotic techniques are widely recognized as a minimally 
invasive modality for their respective curricula and board 
certification requirements (32,33). For thoracic surgery, while 
robotic education is not incorporated into every residency, 
there has been a notable increase in its integration. 

Residents are already mandated to learn open and video-
assisted techniques by the American Board of Thoracic 
Surgery. The addition of robotic education has added a 
layer of complexity to an already crowded curriculum for 
resident training. Resident education in robotic surgery is of 
paramount importance to trainees themselves (29). Recent 
graduates of thoracic surgery training programs completed 
a voluntary survey with the goal of identifying areas where 
they felt more instruction was needed (34). A significant 
percentage of respondents reported discomfort with robotic 
procedures including cardiac (55.8%), pulmonary (55.8%) 
and esophageal (61.5%) operations. The fact that the 

majority of graduates indicated a lack of confidence in these 
robotic procedures highlights the importance of quickly 
modifying current training programs (34).

In a meticulously designed system, Cerfolio and 
colleagues were able to demonstrate the effectiveness of 
their system in resident training (35). They divided robotic 
lobectomy into 19 distinct steps each encompassing a 
different technical maneuver with assigned time goals. If a 
resident was able to perform a step, scores of 100% were 
recorded. The system also accounted for performance 
across multiple sequential operations allowing for scores 
between 0 and 100%. Following the operation, formal 
review was held between resident and attending surgeon 
with focus on areas unable to be performed by the trainee. 
Over 5 years, 520 operations were performed with a 
significant increase in the percentages of the operation 
accomplished. Some steps increased to over 90–100% 
completion by the resident. Importantly, patient outcomes 
including mortality and major morbidity were unchanged. 
In fact, need for conversion to thoracotomy (15% to 
2.5%, P=0.042) and major vascular injury (3% to 0%, 
P=0.018) significantly decreased (35). This success was 
demonstrated elsewhere in over 100 robotic cases again 
resulting in no difference in operative outcomes with the 
trainee as the primary surgeon (36).

In total, these studies demonstrate a significant need for 
increased robotic training and a system that is not currently 
meeting the need. Concerns of patient safety are not well 
founded and should not preclude trainee participation in 
operations. A well described step by step approach has been 
developed and validated. Similar protocols should be made 
for other thoracic operations.

The study performed by Cerfolio et al. demonstrated 
safety in robotic education. This differs from other 
surgical teaching where both attending and trainee are 
operating simultaneously. With robotic teaching, even if 
a dual console is utilized, only one surgeon is interacting 
with the patient at a time; often requiring the attending 
surgeon to give up more control during robotic cases to 
the trainee.

Robotic education in thoracic surgery is distinctly 
different from that in other more integrated robotic fields 
like urology and gynecology. Specific and intentional focus 
is required in thoracic surgery to provide appropriate 
training to learners. In urology and gynecology, since the 
tool of the robot is more widely accepted, those trainees are 
more adept and likely to graduate their training program 
comfortable using the robot independently.

Figure 3 Cardinal arrow depicts the end of the first phase of the 
Cumulative Sum (CUSUM) analysis where the operator is deemed 
to have come off the initial learning curve and is plateauing into 
the expert competence portion of the learning curve. The gold 
arrow indicates the end of the second phase where the operator is 
deemed to have entered the mastery phase of the learning curve.
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Robotic thoracic surgery training curriculum

Currently there is no standardized or widely accepted 
curriculum for the training of thoracic surgery residents 
sponsored by the American Association of Thoracic 
Surgery (AATS) or the Society of Thoracic Surgeons 
(STS), nor is any robotic experience required to sit for the 
American Board of Thoracic Surgery exam. Additionally, 
no case minimums exist from the Accreditation Council 
for Graduate Medical Education to determine proficiency 
during training. These curricula are currently under 
independent development by training programs (17). While 
some curricula already exist for surgeons in practice, most 
have identified residents as having different requirements for 
training in robotic technology (37). The AATS does sponsor 
a surgical robotics fellowship providing opportunities for 
senior trainees and their attending surgeons to participate in 
a two-day intensive course at a designated Intuitive Surgical 
Inc. (Sunnyvale, CA, USA) training facility followed by 
an advanced course. Didactic lectures are integrated with 
hands-on porcine and cadaveric labs exposing participants 
to robotic technology and its surgical applications. This 
training parallels that of a practicing attending surgeon who 
desires to be trained appropriately and credentialed using 
the robotic system.

Raad and colleagues recently have proposed a program 
based on survey responses from 17 cardiothoracic 
integrated program directors and a review of urological, 
gynecological, and general surgical robotic surgery training 
curricula published in the literature (38). Their program 
was divided into two stages: pre-clinical (PGY 2 and 3) 
and clinical (PGY 4-6). In the pre-clinical years, residents 
complete online modules via the Fundamentals of Robotic 
Surgery or Intuitive Surgical Inc. da Vinci Surgery Online 
Community (Sunnyvale, CA, USA) to learn elements of 
utilizing the robot and its safety features. Additionally, 
completion of carefully selected simulation modules is 
required with demonstration of mastery of each. Lastly, 
hands-on workshops are held to emphasize and review 
key principles. In the clinical years, residents serve as 
both beside assistants and console surgeons in a graduated 
fashion. Importantly the role of the bedside assistant is 
clearly defined with the trainee demonstrating proficiency 
in trocar insertion, instrument insertion, and assistance 
with retraction and suctioning. Each surgical procedure 
is broken down into steps of varying difficulty with a 
formalized assessment of the resident’s performance of these 

steps. Only when residents demonstrate proficiency of these 
steps can they progress to more complex components (38). 
This curriculum would include all of the recommended 
components for a robotics training program outlined by 
the Society of American Gastrointestinal and Endoscopic 
Surgeons (SAGES) consensus document (39). There have 
been efforts made to codify an international structured 
training program, but presently these have yet to be 
published and recognized by professional organizations.

The role of simulation technology has become an 
essential component in preparing to perform robotic 
procedures (40,41). With the currently available programs, 
learners complete specially designed tasks on a robotic 
console identical to that which an actual operation is 
performed. These tasks progress in difficulty and translate 
directly to required operative skills. In fact, use of the 
simulator has been shown to result in more significant 
skill improvement compared to training using the surgical 
system on inanimate objects (42). Creation of user accounts 
allows for the tracking of performance over time with 
specific improvement targeted feedback on aspects such 
as economy of motion, tissue handling, and time. These 
metrics can help educators gauge when a learner may 
be ready to take control of an operation. The use of the 
simulator also was found to translate into performance 
improvement (42-45). While the simulator is demonstrated 
to be an effective tool, there still lies an inherent leap of 
faith when moving from the simulator to a human patient. 
This clearly demonstrates a need for more cadaveric or 
animal tissue laboratory sessions in training to provide the 
proverbial “tissue touches”.

Emphasis on the dual console has further evolved 
education with the robotic platform. Prior to its 
implementation, there was a high threshold to switch the 
operator between the attending surgeon and the bedside 
trainee as this involves scrubbing and rescrubbing into the 
sterile field. With the dual console, a third person, who 
is presumably a facile assistant, is required to function as 
bedside assistant. This, in turn, allows the teaching surgeon 
to switch from being the observer to operator easier at the 
console by making the toggling of the operation back to 
the trainee relatively seamless. Additionally, the attending 
surgeon can use the robotic controls to maneuver a pointer 
across the screen, providing precise visual and verbal 
direction to trainees. The importance of the dual console 
was further emphasized in a recent survey of general surgery 
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residents where all participants indicated that having 
this technology was necessary for maximal learning (30). 
Most importantly, use of the dual console formalizes the 
educational aspect of the operation and has been shown 
to be safe with equivalent outcomes (46). A possible 
limitation of the dual console is the increased emphasis 
on verbal instruction required given the inability to share 
control of an instrument as would be possible with open or 
laparoscopic surgery (47).

A formalized, detailed, thoracic surgery specific 
curriculum needs to be accepted and made available for 
training programs to adopt easily. This should include 
clearly defined graduated responsibilities within operations 
that will allow for efficient advancement once competency 
has been reached. Integration of simulation and dual 
console technology is essential, and every effort should be 
made on making these available to trainees if not easily 
accessible currently. Our institution has developed a 
robotics training curriculum utilizing these principles for 
general surgery residents (Figure 4).

Other challenges associated with teaching 
robotic thoracic surgery

The integration of new technology into patient care is 
fraught with challenges. Early on in a surgeon’s robotic 
utilization, appropriate patient selection for successful 
robotic cases can be challenging. Scheduling cases can be 
difficult due to limited availability and multiple surgeons’ 
desire to take advantage of this limited resource. The added 

concern that robot use may cost more than performing the 
case VATS may deter its use (48,49). However, it should be 
noted that other studies have demonstrated equivalent cost 
between the two approaches when a propensity adjusted 
comparison was performed (50). Lastly in this regard, 
there currently is one large robotic provider of surgical 
technology. This lack of competition may, to some degree, 
stifle the advancement of innovative robotic technology.

The final challenge of robotic training is the same for 
all aspects of surgical training. The skill sets of surgical 
trainees are not always equal and some may be more facile 
in their use of the robot and therefore catch on more 
quickly. Constant assessment of skills acquisition is crucial 
and predicting performance level with robotic technology is 
difficult (51). One study has demonstrated that laparoscopic 
skill level may correlate with robotic ability (52). However, 
with the increasing integration of robotics into surgical 
curriculum, there are likely trainees who will learn the 
robotic approach as their first minimally invasive modality. 
This may not be an issue as some have suggested that 
robotic surgery more closely mimics open approaches given 
the similar hand and wrist movements (47). Taken in total, 
this requires the instructor to individualize teaching style to 
the learner (53). 

In the current economic climate, a hospital’s position 
emphasizing rapid throughput or a medical practice’s desires 
to generate more relative value units in the operating room 
may not be aligned with the time and effort necessary to 
teach a technically demanding operation. These concerns 
warrant a rethinking among all invested parties to revalue 

Figure 4 University of Southern California Robotics Curriculum: trainees complete each phase with graduated responsibilities. Most phases 
are completed by the end of PGY 2 years and simultaneously fulfills requirements to achieve certification by the end of residency training.

Phase 1: Self Study
Prior to PGY 2-year

• Online modules (Fundamentals of 
Robotic Surgery)

• Required quiz showing completion

Phase 2: Bootcamp
Beginning of PGY 2 year

• Introduction to console 
(docking, console, 
instrument exchange)

• Simulation exercises

Phase 3: MIS Service 
PGY 2-year

 Required simulatordrills
• Score >80%

 Case participation
• 2 as observer
• 2 as bedside assistant
• 2 as console assist
• 2 as console surgeon

Phase 4: Subspecialty Services
PGY 4,5 years

 Required simulatordrills
• Score >90%

 Case participation
• 2 as bedside assistant
• 2 as console assist
• 2 as console surgeon

Phase 5: Certification (optional)

 Case participation
• At least 10 as bedside assistant
• At least 20 as console surgeon
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the importance of teaching trainees on this platform. 

Conclusions

Trainee interest in robotic thoracic surgery has never 
been stronger, with most graduates indicating the need 
for additional training. Integrating the robot into surgical 
training is challenging but must be intentional. This intent 
also requires that the trainee understands the obvious and 
nuanced challenges associated with thoracic surgery that 
is unique to this discipline. It also demands a structured 
curriculum incorporating simulation technology and 
expectations for trainees as they progress through thoracic 
robotic cases and increase their involvement. While the 
professional organizations have begun to prioritize robotic 
training integration, this has yet to permeate to every 
thoracic training program. And while additional studies are 
still needed to determine the ideal program, it is incumbent 
upon practicing robotic surgeons to put forth the required 
effort now to train residents in this technology.
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