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Abstract: Thoracic surgery has undergone 
significant transformations with the 
introduction of robotic surgery, which 
stands out for its precision, reduced 
complications and faster recovery times. 
This study performed a systematic review of 
the literature to evaluate the effectiveness of 
robotic surgery in thoracic procedures. Studies 
that evaluated the effectiveness of robotic 
surgery compared to traditional and VATS 
techniques were included, analyzing clinical 
outcomes, economic and training aspects. 
The results showed that robotic surgery 
offers several clinical advantages, including a 
lower rate of conversion to open surgery, less 
intraoperative blood loss, and a significant 
reduction in hospitalization time. Additionally, 
patients reported less postoperative pain and 
a faster recovery. The rate of complications 
associated with robotic surgery was generally 
lower or equivalent to that of traditional 
techniques, with fewer infections, bleeding 
and respiratory complications. Mortality and 
morbidity associated with robotic surgery 
were comparable to or lower than those with 
conventional techniques. Despite clinical 
benefits, widespread adoption of robotic surgery 
faces challenges related to high initial costs and 
the need for specialized training. However, 
economic analyzes suggest that these costs 
may be offset by reduced hospitalization time 
and postoperative complications. Successful 
implementation of robotic surgery requires 
structured training programs that include 
simulation and supervised practice, as well as 
continuous adaptation to new technologies 
and staff experience. In conclusion, robotic 
surgery in thoracic procedures offers significant 
clinical and operational benefits. However, its 
widespread implementation will depend on 
overcoming economic and training challenges. 
With appropriate training programs and 
resource optimization, robotic surgery has 
the potential to become a standard practice in 
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thoracic surgery, providing better outcomes for 
patients and greater efficiency for healthcare 
institutions.
Keywords: thoracic robotic surgery, Clinical 
effectiveness, Postoperative recovery.

INTRODUCTION
Thoracic surgery, traditionally performed 

using open or minimally invasive techniques, 
has undergone significant transformations 
with the introduction of robotic surgery. 
Since the late 1990s, robotic surgery has 
gained prominence for its precision, 
reduced complications and faster recovery 
times for patients. The pioneering and 
widely used da Vinci robotic system offers 
expanded three-dimensional vision, greater 
dexterity and surgical control, overcoming 
some limitations of traditional approaches 
[1,2,3]. The application of robotics in 
thoracic procedures, such as pulmonary, 
mediastinal and esophageal resections, has 
shown promising clinical and operational 
results. Studies indicate a lower conversion 
rate to open surgery, less intraoperative 
blood loss and reduced hospitalization 
time, compared to conventional techniques 
[4,5,6]. Furthermore, the transition from 
multiportal to uniportal approaches has 
demonstrated significant advantages in terms 
of visualization and accuracy, driving the 
evolution towards uniportal robotic thoracic 
surgery [7,8,9]. However, the associated high 
costs and the need for specialized training 
pose significant challenges to the widespread 
adoption of this technology [10,11,12]. 
Effective training programs and optimization 
of financial resources are crucial to overcome 
these barriers and ensure the successful 
implementation of robotic surgery in different 
clinical contexts [13,14,15]. Furthermore, 
the evolution of surgical techniques and the 
development of new technologies, such as 
artificial intelligence, have the potential to 

further improve the results of robotic thoracic 
surgery. The use of these innovations can 
lead to safer and more efficient procedures, 
expanding the indications for robotic surgery 
[16,17,18]. 

OBJECTIVE
This article aims to perform a systematic 

review of the existing literature to evaluate 
the effectiveness of robotic surgery in thoracic 
surgery. We will analyze the main clinical 
outcomes, such as the rate of complications, 
postoperative recovery, associated mortality 
and morbidity, as well as economic and 
training aspects.

This review aims to provide a comprehensive 
and critical overview of the benefits and 
limitations of robotic surgery, contributing to 
clinical decision making and the implementation 
of new technologies in the field of thoracic 
surgery. 

METHODOLOGY
To conduct this systematic review on the 

effectiveness of robotic surgery in thoracic 
surgery, a comprehensive literature search 
was conducted using the PubMed, Scopus, 
and Web of Science databases. Search 
terms included “robotic thoracic surgery”, 
“efficacy”, “outcomes”, “training”, “costs”, and 
combinations thereof. The search was limited 
to articles published in English between 2000 
and 2024. The inclusion criteria were: studies 
evaluating the effectiveness of robotic surgery 
in thoracic procedures; comparative studies 
between robotic surgery and other surgical 
approaches (open and VATS); studies that 
report clinical outcomes such as complication 
rates, postoperative recovery, mortality and 
morbidity; articles that discuss economic 
and training aspects associated with robotic 
surgery; and review studies, clinical trials, 
cohort studies and case reports. Studies 
unrelated to thoracic surgery, articles that 
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do not present specific data on clinical or 
economic outcomes, duplicate studies and 
opinion articles without empirical data were 
excluded. Data collection was carried out by 
two independent reviewers who evaluated the 
titles and abstracts of the articles identified 
in the initial search. The selected articles 
were reviewed in full to confirm eligibility. 
Extracted data included information on study 
design, population, interventions, clinical 
and economic outcomes, as well as training 
aspects. The data collected was organized and 
analyzed in a descriptive way, highlighting the 
main trends and results reported. Statistical 
methods were used, when applicable, to 
compare outcomes between robotic surgery 
and other surgical techniques. The quality 
of included studies was assessed using the 
Newcastle-Ottawa scale for cohort studies and 
the Cochrane risk of bias tool for randomized 
controlled trials. Evaluation criteria included 
participant selection, group comparability, and 
adequacy of outcome measurement methods. 
The results were summarized according to 
the main clinical and economic outcomes, 
facilitating the understanding of the available 
evidence on the effectiveness of robotic surgery 
in thoracic surgery. This rigorous methodology 
aims to ensure the validity and reliability of the 
findings, providing a solid basis for discussing 
the benefits and limitations of robotic surgery 
compared to other surgical approaches. 

RESULTS
The systematic review revealed that 

robotic surgery in thoracic procedures, such 
as pulmonary and mediastinal resections, 
presented several clinical advantages compared 
to traditional techniques and VATS (Video-
Assisted Thoracic Surgery). Studies have 
indicated a lower conversion rate to open 
surgery, less intraoperative blood loss and a 
significant reduction in hospitalization time 
[1,4,5]. Furthermore, patients undergoing 

robotic surgery have reported less postoperative 
pain and a faster recovery [6,22]. The rate of 
complications associated with robotic surgery 
was generally lower than or equivalent to 
that of traditional techniques. Complications 
such as infections, bleeding and respiratory 
complications were less frequent in patients 
undergoing robotic procedures [2,7,26]. These 
results suggest that the improved precision and 
control of robotic technology may contribute 
to better surgical outcomes. Postoperative 
recovery was significantly faster in patients 
who underwent robotic surgery. Studies 
have reported that these patients resumed 
their daily activities sooner than those who 
underwent open surgery or VATS [3,9,12]. 
Less postoperative pain and reduced need for 
intensive care contributed to a more efficient 
recovery. The included studies indicated that 
mortality associated with robotic surgery in 
thoracic surgery is comparable to or lower 
than that of conventional techniques [8,17,19]. 
Morbidity, including long-term complications, 
was also lower, reflecting the benefits of a 
minimally invasive technique [10,20]. Although 
the initial costs of robotic surgery are high due 
to the sophisticated equipment and specialized 
training required, economic analyzes have 
shown that these costs can be offset by reduced 
hospital stays and postoperative complications 
[13,15,22]. Resource optimization and greater 
operative efficiency can also contribute to 
the long-term economic viability of robotic 
surgery. The successful implementation of 
robotic surgery in healthcare institutions is 
significantly dependent on effective training 
programs. Studies have highlighted the 
importance of structured training curricula, 
which include simulation and supervised 
practice, to ensure that surgeons develop 
the necessary skills [14,21,27]. Furthermore, 
the team’s experience and adaptation to new 
technologies are crucial to the success of the 
program [11,18,24]. 
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DISCUSSION
The findings of this systematic review 

indicate that robotic surgery in thoracic 
procedures offers significant advantages 
compared to traditional and VATS techniques. 
The lower conversion rate to open surgery, 
lower intraoperative blood loss and reduced 
hospitalization time observed corroborate the 
existing literature [1, 4, 5]. Furthermore, the 
reduced postoperative pain and faster recovery 
reported by patients are consistent with the 
benefits of a minimally invasive approach 
[6, 22]. Additional studies highlight that the 
improved precision and control provided 
by robotic technology contribute to better 
surgical outcomes, reducing complications 
such as infections, bleeding and respiratory 
complications [2, 7, 26]. The implementation 
of robotic surgeries, however, faces significant 
challenges, mainly related to high initial costs 
and the need for specialized training [10, 11, 
12]. Economic analyzes suggest that although 
the initial costs of robotic surgery are high, 
they can be offset by reduced hospitalization 
time and postoperative complications, making 
it a viable long-term option [13, 15, 22]. The 
studies indicate that efficient management and 
optimization of resources in day surgery units 
can further improve economic viability [23]. 
Effective training is crucial to the successful 
implementation of robotic surgery. Structured 
training curricula, including simulation and 
supervised practice, are essential to ensure that 
surgeons develop the necessary skills [14, 21, 
27]. Furthermore, the team’s experience and 
continuous adaptation to new technologies 
are fundamental to the success of the program 
[11, 18, 24]. Technological innovations, such 
as artificial intelligence, have the potential 
to further improve the results of robotic 
thoracic surgery, expanding its indications 
and increasing the safety and efficiency of the 
procedures [28]. 

CONCLUSIONS
The systematic review carried out highlights 

the significant benefits of robotic surgery in 
thoracic procedures, demonstrating clear 
advantages in terms of lower complication 
rate, faster postoperative recovery and 
lower mortality and morbidity compared 
to traditional and video-assisted surgical 
techniques. The improved precision and control 
provided by robotic technology contribute to 
these positive results, making robotic surgery 
a viable and effective alternative in thoracic 
surgery. Despite clinical benefits, widespread 
adoption of robotic surgery faces significant 
challenges related to high initial costs and 
the need for specialized training. However, 
economic analyzes suggest that reducing 
hospitalization time and postoperative 
complications can offset initial costs, especially 
with the optimization of resources and greater 
long-term operative efficiency. Successful 
implementation of robotic surgery requires 
robust, well-structured training programs that 
include simulation and supervised practice, 
ensuring that surgeons develop the skills 
needed to utilize this technology effectively. 
Furthermore, continuous adaptation to 
new technologies and staff experience are 
crucial to the success of robotic surgery 
programs. In conclusion, robotic surgery in 
thoracic procedures offers significant clinical 
and operational benefits, but widespread 
implementation will depend on overcoming 
economic and training challenges. With 
appropriate training programs and resource 
optimization, robotic surgery has the potential 
to become a standard practice in thoracic 
surgery, providing better outcomes for 
patients and greater efficiency for healthcare 
institutions



 6
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.1594622427068

REFERENCES
1. Gonzalez-Rivas D, Manolache V, Bosinceanu ML, Gallego-Poveda J, Garcia-Perez A, de la Torre M, Turna A, Motas N. 
Uniportal pure robotic-assisted thoracic surgery-technical aspects, tips and tricks. Ann Transl Med. 2023 Aug 30;11(10):362. 
doi: 10.21037/atm-22-1866. Epub 2022 Jun 24. PMID: 37675313; PMCID: PMC10477623.

2. Hompe ED, Furlow PW, Schumacher LY. Starting and Developing a Robotic Thoracic Surgery Program. Thorac Surg Clin. 
2023 Feb;33(1):11-17. doi: 10.1016/j.thorsurg.2022.07.008. PMID: 36372528.

3. Lazar JF, Hwalek AE. A Review of Robotic Thoracic Surgery Adoption and Future Innovations. Thorac Surg Clin. 2023 
Feb;33(1):1-10. doi: 10.1016/j.thorsurg.2022.07.010. PMID: 36372526.

4. Hofmann HS. Roboterassistierte Thoraxchirurgie: derzeit verfügbare Standardsysteme und künftige Entwicklungen [Robotic-
assisted Thoracic Surgery: Currently Available Standard Systems and Future Developments]. Zentralbl Chir. 2023 Aug;148(S 
01):S11-S16. German. doi: 10.1055/a-1844-0434. Epub 2022 Sep 27. PMID: 36167312.

5. Araujo PHXN, Pêgo-Fernandes PM. Robotic surgery training. Sao Paulo Med J. 2023 Oct 30;141(5):e20231415. doi: 
10.1590/1516-3180.2022.1415310823. PMID: 37909546; PMCID: PMC10619944.

6. Sutton W, O’Neill J, Strother E, Grossman DA, Hwalek AE, Margolis M. Video-assisted thoracic surgery and robotic-
assisted first-rib excision and thoracic outlet syndrome decompression. Semin Vasc Surg. 2024 Mar;37(1):82-89. doi: 10.1053/j.
semvascsurg.2024.02.003. Epub 2024 Feb 16. PMID: 38704188.

7. Sihoe ADL. Transition from multiportal video-assisted thoracic surgery to uniportal video-assisted thoracic surgery… and 
evolution to uniportal robotic-assisted thoracic surgery? Ann Cardiothorac Surg. 2023 Mar 31;12(2):82-90. doi: 10.21037/acs-
2022-urats-11. Epub 2022 Dec 30. PMID: 37035650; PMCID: PMC10080341.

8. Casiraghi M, Mariolo AV, Spaggiari L. Applications of Robotic Surgery in Thoracic Diseases. J Clin Med. 2022 Jul 
20;11(14):4201. doi: 10.3390/jcm11144201. PMID: 35887965; PMCID: PMC9317933.

9. Al Zaidi M, Wright GM, Yasufuku K. Suggested robotic-assisted thoracic surgery training curriculum. J Thorac Dis. 2023 Feb 
28;15(2):791-798. doi: 10.21037/jtd-22-598. Epub 2023 Feb 16. PMID: 36910116; PMCID: PMC9992622.

10. Linsky PL, Wei B. Training in robotic thoracic surgery. J Vis Surg. 2018 Jan 4;4:1. doi: 10.21037/jovs.2017.12.12. PMID: 
29445587; PMCID: PMC5803121.

11. Ng CSH, He JX, Rocco G. Innovations and technologies in thoracic surgery. Eur J Cardiothorac Surg. 2017 Aug 1;52(2):203-
205. doi: 10.1093/ejcts/ezx192. PMID: 28838099.

12. Yamashita S, Yoshida Y, Iwasaki A. Robotic Surgery for Thoracic Disease. Ann Thorac Cardiovasc Surg. 2016;22(1):1-5. doi: 
10.5761/atcs.ra.15-00344. Epub 2016 Jan 26. PMID: 26822625; PMCID: PMC4981773.

13. Park BJ. Robotic surgery. Thorac Surg Clin. 2014 May;24(2):ix. doi: 10.1016/j.thorsurg.2014.02.013. PMID: 24780428.

14. Alicuben ET, Wightman SC, Shemanski KA, David EA, Atay SM, Kim AW. Training residents in robotic thoracic surgery. J 
Thorac Dis. 2021 Oct;13(10):6169-6178. doi: 10.21037/jtd-2019-rts-06. PMID: 34795968; PMCID: PMC8575838.

15. Sanchez A, Herrera L, Teixeira A, Mogollon I, Inchausti C, Gibson D, Stuart M, Crespo M. Robotic surgery: financial impact 
of surgical trays optimization in bariatric and thoracic surgery. J Robot Surg. 2023 Feb;17(1):163-167. doi: 10.1007/s11701-022-
01412-x. Epub 2022 Apr 16. PMID: 35429331.

16. Oh DS. Innovations in robotic surgery and recent developments in the SP platform. Ann Cardiothorac Surg. 2023 Mar 
31;12(2):126-127. doi: 10.21037/acs-2022-urats-28. Epub 2023 Mar 2. PMID: 37035642; PMCID: PMC10080330.

17. Zirafa CC, Romano G, Key TH, Davini F, Melfi F. The evolution of robotic thoracic surgery. Ann Cardiothorac Surg. 2019 
Mar;8(2):210-217. doi: 10.21037/acs.2019.03.03. PMID: 31032204; PMCID: PMC6462549.

18. Ricciardi S, Zirafa CC, Davini F, Melfi F. How to get the best from robotic thoracic surgery. J Thorac Dis. 2018 Apr;10(Suppl 
8):S947-S950. doi: 10.21037/jtd.2018.03.157. PMID: 29744221; PMCID: PMC5934117.



 7
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.1594622427068

19. Terra RM, Leite PHC, Dela Vega AJM. Global status of the robotic thoracic surgery. J Thorac Dis. 2021 Oct;13(10):6123-
6128. doi: 10.21037/jtd-19-3271. PMID: 34795963; PMCID: PMC8575837.

20. Hameed I, Amabile A, Candelario K, Khan S, Li E, Fereydooni S, Almeida M, Latif N, Ahmed A, Dhanasopon AP, Krane 
M, Blasberg JD, Geirsson A. Assessment of online information on robotic cardiac and thoracic surgery. J Robot Surg. 2024 Jan 
17;18(1):41. doi: 10.1007/s11701-023-01794-6. PMID: 38231324.

21. Chen-Yoshikawa TF, Fukui T, Nakamura S, Ito T, Kadomatsu Y, Tsubouchi H, Ueno H, Sugiyama T, Goto M, Mori S, Ozeki 
N, Hakiri S, Kawaguchi K. Current trends in thoracic surgery. Nagoya J Med Sci. 2020 May;82(2):161-174. doi: 10.18999/
nagjms.82.2.161. PMID: 32581397; PMCID: PMC7276403.

22. Qsous G, Downes A, Carroll B, Rowe S, Manoj S, McFadyen R, Korelidis G, Tolan M, Healy DG. A Comparison of the 
Differences in Postoperative Chronic Pain Between Video-Assisted and Robotic-Assisted Approaches in Thoracic Surgery. 
Cureus. 2022 Nov 20;14(11):e31688. doi: 10.7759/cureus.31688. PMID: 36561601; PMCID: PMC9764266.

23. Li X, Liu Y, Zhou Y, Gao Y, Duan C, Zhang C. Day surgery unit robotics thoracic surgery: feasibility and management. J 
Cancer Res Clin Oncol. 2023 Aug;149(10):7831-7836. doi: 10.1007/s00432-023-04731-0. Epub 2023 Apr 10. PMID: 37037929; 
PMCID: PMC10088762.

24. Suda T. Transition from video-assisted thoracic surgery to robotic pulmonary surgery. J Vis Surg. 2017 Apr 10;3:55. doi: 
10.21037/jovs.2017.03.04. PMID: 29078618; PMCID: PMC5637952.

25. Chihara RK, Kim MP, Chan EY. Robotic surgery facilitates complex minimally invasive operations. J Thorac Dis. 2020 
Sep;12(9):4606-4607. doi: 10.21037/jtd-2020-42. PMID: 33145032; PMCID: PMC7578466.

26. Terra RM, Leite PHC, Dela Vega AJM. Robotic lobectomy: how to teach thoracic residents. J Thorac Dis. 2021 Aug;13(Suppl 
1):S8-S12. doi: 10.21037/jtd-20-1628. PMID: 34447587; PMCID: PMC8371543.

27. Dyas AR, Stuart CM, Wojcik BM, Bronsert MR, Scott CD, Meguid RA. Evaluating the implementation of robotic thoracic 
surgery on a Veterans Administration Hospital. J Robot Surg. 2023 Apr;17(2):365-374. doi: 10.1007/s11701-022-01427-4. Epub 
2022 Jun 7. PMID: 35670989; PMCID: PMC9170878.

28. Etienne H, Hamdi S, Le Roux M, Camuset J, Khalife-Hocquemiller T, Giol M, Debrosse D, Assouad J. Artificial intelligence in 
thoracic surgery: past, present, perspective and limits. Eur Respir Rev. 2020 Aug 18;29(157):200010. doi: 10.1183/16000617.0010-
2020. PMID: 32817112; PMCID: PMC9488625.


