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Introduction

Posterolateral thoracotomy has been considered the 
gold standard for pulmonary lobectomy. However, with 
minimally invasive approaches gaining popularity given 
their equivocal oncologic outcomes, the question becomes 
which technique is superior: video-assisted thoracic 
surgery (VATS) versus robotic-assisted thoracic surgery 
(RATS). It has been well established in the literature that 
VATS and RATS do not compromise oncologic principles 
when compared to open thoracotomy (1-3). In addition, 
they offer the benefits of shorter length of stay, less post-
operative pain, and decreased mortality (2,4-10). While 
both approaches are associated with a steep learning curve, 
they are cheaper than standard thoracotomy (5-6,8). RATS 
has several benefits to the surgeon including an improved 
depth perception and instrument articulation, but the issue 

with its use has been centered around increased cost. This 
increased robotic cost has been evaluated by multiple studies 
without a general consensus given the varying definitions of 
cost (2,4,6,10,11). 

Robotic assisted versus video assisted thoracic 
surgery: the pros and cons

An increasing number of anatomic lung resections are being 
undertaken with VATS; however, with the introduction 
of the da Vinci robot there is now a second minimally 
invasive option for patients (2,11). While VATS is the more 
common minimally invasive approach, it is not without 
its limitations. Non-articulating instruments and a two-
dimensional view are two factors that contribute to its steep 
learning curve. In addition, the limited range of motion 
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afforded by the stiff instruments can make it difficult to 
control emergent bleeding (9). In contrast, the robot offers 
better depth perception and wrist articulation which can 
make difficult dissections more manageable. The benefits 
and difficulties of RATS and VATS approaches have been 
extensively studied in the literature. Some studies have 
described decreased conversion to open thoracotomy, 
improved lymph node retrieval, and reduction in mortality 
(7,9,12). The most significant hurdle to a RATS approach is 
the steep learning curve in addition to cost.

Cost

Generally speaking, indirect cost is associated with overhead 
expense while direct cost is associated with materials used 
in the care of a patient; however, the exact definitions 
varied by institution (2,10). Thus, the total cost of a robotic 
lobectomy ranged anywhere from $15,440 to $22,582 
(2,10). The cost of the robot itself was also inconsistent 
with hospital facilities quoting prices anywhere from $1 
to $2 million. Teaching institutions usually purchased an 
additional console for residents and fellows which cost 
$450,000. Furthermore, the maintenance cost of each 
robotic system is $140,000 per year (10). Deen et al. found 
that the statistically significant difference in cost between 
RATS and VATS disappeared when capital depreciation 
and the cost of robotic supplies were taken out of the  
equation (5). The exact cause of increased robotic costs 
varied by study with the majority citing prolonged operating 
room (OR) time as the cause while others cited robotic 
supplies as the main culprit. Kneuertz et al. found similar 
total cost between RATS and VATS lobectomy with VATS 
lobectomy costing only $36 more but these results were not 
statistically significant. In their study, the decreased cost of 
the robot was associated with decreased ward and nursing 
costs (8). The majority of other studies did not appreciate 
a difference in postoperative care costs or length of stay 
between RATS and VATS lobectomies (1,3-5,7,11). 

Prolonged OR time appears to be the main contributor 
to increased robotic cost with times ranging anywhere from 
88 to 324 minutes. Deen et al. concluded that if RATS and 
VATS were to become equivocal from a cost perspective, 
then a RATS lobectomy would need to decrease its OR 
time by 68 minutes or its length of stay by 1.68 days both 
of which were deemed unreasonable by the authors (5). Lee  
et al. went as far as to differentiate the operative time 
between upper and lower lobectomies. There was no 
difference in OR time between RATS and VATS with lower 

lobectomies; however, there was a statistically significant 
prolonged OR time with a RATS upper lobectomy  
(172 vs. 134 minutes) (1). The steep learning curve is 
believed to be the root cause of prolonged OR times; 
however, Mungo et al. argues that the learning curve 
from VATS to RATS should be easier given the benefits 
of dexterity and visualization (9). It takes at least twenty 
cases to establish a baseline mastery of the robot (11,13). 
Veronesi et al. found that OR times decreased from 220 to 
190 minutes after the first twenty cases and then from 190 
to 150 minutes after ninety cases (13). Kaur et al. noted 
a difference of 71 minutes between the first 20 RATS 
procedures compared to the following 22 cases which 
equated to approximately $883.38 in cost difference (11). 
Thus, with increasing experience with RATS lobectomies 
resulting in shorter OR times, the difference in cost may 
become irrelevant when compared to VATS. In addition, 
RATS are more likely to be cost effective at high volume 
centers where surgeons are more facile with robotic 
techniques. 

In addition to OR time, the higher cost of specific 
robotic supplies contributes to the overall increased cost 
of RATS procedures when compared to VATS. Augustin 
et al. estimated an additional 770.55€ for robotic drapes 
and instruments (4). Likewise, Deen et al. found robotic 
specific supplies and equipment costs would need to be 
decreased by $1,601 in order to be comparable to VATS (5). 
An additional study noted an increased cost of $3,981 when 
compared to VATS of which $730 was attributed to robotic 
instruments (13). Singer et al. argues that the increased 
operative cost can be resorbed in the post-operative period 
given shorter length of stays (2).

Discussion

RATS has its clear advantages over VATS given its 
improved visualization, depth perception and range of 
movement. While operative times tend to be longer than 
VATS lobectomies, many studies evaluated RATS during 
the early stages of their robotics programs which could 
contribute to their significantly prolonged OR times  
(3-5,9,11). As surgeons and trainees become more facile 
with robotics, one would expect to see a downward trend in 
OR time which would then lead to a decline in overall cost. 
The use of the robot will inherently add some operative 
time due to docking and positioning after port placement 
but this additional time should have minimal effect on 
cost. Furthermore, the setup time should decrease with 
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experience but some authors would argue that robotic 
setup will consistently be longer than VATS despite 
increased surgeon proficiency (6). Supplies such as robotic 
specific equipment was the other major cause of increased 
intraoperative cost. Intuitive’s da Vinci robotic system is 
the only available robotic device on the market leading to 
complete control of pricing. With the development of other 
robotic systems, one can expect a decrease in cost with 
competition. 

With comparable oncologic outcomes, length of stay and 
mortality, the decision for RATS versus VATS lobectomies 
should be based on surgeon preference. The claim of 
increased cost remains inconsistent across multiple studies 
given the varying definitions (2,4,6,10,11). In addition, the 
cost of the robot is affected by capital depreciation which 
decreases with the volume of cases; thus, further supporting 
that robotics are more cost effective at high volume centers (5). 

Although cost is an important factor when considering 
a surgical approach, we are far from knowing exactly what 
the difference is between different techniques, and more 
so among different hospitals. In the setting of similar cost, 
the focus should be on excellent surgical outcomes without 
compromising oncologic principles, and in addition, 
allowing comfort for the operating surgeon.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned 
by the Guest Editors (Natalie S. Lui and Sean C. 
Wightman) for the series “Robotic Surgery for Lung 
Cancer” published in Video-Assisted Thoracic Surgery. The 
article has undergone external peer review. 

Conflicts of Interest: Both authors have completed the 
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/vats.2019.12.02). The series “Robotic Surgery 
for Lung Cancer” was commissioned by the editorial office 
without any funding or sponsorship. The authors have no 
other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Lee BE, Korst RJ, Kletsman E, et al. Transitioning from 
video-assisted thoracic surgical lobectomy to robotics for 
lung cancer: are there outcomes advantages? J Thorac 
Cardiovasc Surg 2014;147:724-9. 

2.	 Singer E, Kneuertz PJ, D’Souza DM, et al. Understanding 
the financial cost of robotic lobectomy: calculating the value 
of innovation? Ann Cardiothorac Surg 2019;8:194-201.

3.	 Worrell SG, Dedhia P, Gilbert C, et al. The cost and 
quality of life outcomes in developing a robotic lobectomy 
program. J Robot Surg 2019;13:239-43.

4.	 Augustin F, Boner J, Maier H, et al. Robotic-assisted 
minimally invasive vs. thoracoscopic lung lobectomy: 
comparison of perioperative results in a learning curve 
setting. Langenbecks Arch Surg 2013;398:895-901.

5.	 Deen SA, Wilson JL, Wilshire CL, et al. Defining the cost 
of care for lobectomy and segmentectomy: a comparison of 
open video-assisted thoracoscopic, and robotic approaches. 
Ann Thorac Surg 2014;97:1000-7. 

6.	 Gondé H, Laurent M, Gillibert A, et al. The affordability 
of minimally invasive procedures in major lung resection: 
a prospective study. Interact Cardiovasc Thorac Surg 
2017;25:469-75. 

7.	 Kent M, Wang T, Whyte R, et al. Open, video-assisted 
thoracic surgery and robotic lobectomy: review of a 
national database. Ann Thorac Surg 2014;97:236-42.

8.	 Kneuertz P, Singer E, D’Souza D, et al. Hospital cost 
and clinical effectiveness of robotic-assisted versus video-
assisted thoracoscopic and open lobectomy: a propensity 
score-weighted comparison. J Thorac Cardiovasc Surg 
2019;157:2018-2026.e2.

9.	 Mungo B, Hooker CM, Ho JSY, et al. Robotic versus 
thoracoscopic resection for lung cancer: early results of a 
new robotic program. J Laparoendosc Adv Surg Tech A 
2016;26:243-48.

10.	 Nasir BS, Bryant AS, Minnich DJ, et al. Performing 
robotic lobectomy and segmentectomy: cost, profitability, 

http://dx.doi.org/10.21037/vats.2019.12.02
http://dx.doi.org/10.21037/vats.2019.12.02


Video-Assisted Thoracic Surgery, 2020Page 4 of 4

© Video-Assisted Thoracic Surgery. All rights reserved. Video-assist Thorac Surg 2020;5:5 | http://dx.doi.org/10.21037/vats.2019.12.02

and outcomes. Ann Thorac Surg 2014;98:203-8.
11.	 Kaur MN, Xie F, Shiwcharan A, et al. Robotic versus 

video-assisted thoracoscopic lung resection during 
early program development. Ann Thorac Surg 
2018;105:1050-7.

12.	 Wilson JL, Louie BE, Cerfolio RJ, et al. The prevalence 

of nodal upstaging during robotic lung resection in 
early stage non-small cell lung cancer. Ann Thorac Surg 
2014;97:1901-6.

13.	 Veronesi G, Novellis P, Voulaz E, et al. Robot-assisted 
surgery for lung cancer: state of the art and perspectives. 
Lung Cancer 2016;28-34. 

doi: 10.21037/vats.2019.12.02
Cite this article as: Coleman C, Tapias L. Cost in video-
assisted thoracic surgery versus robotic-assisted thoracic surgery 
for lung cancer: should we focus on other metrics? Video-assist 
Thorac Surg 2020;5:5.


