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ABSTRACT

Review Article

Robotic-assisted Surgery and its Impact on
Patient Outcomes: A Narrative Review
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Robotic-assisted surgery is an advanced surgical technique that combines the skill of a surgeon with the precision and capabilities
of robotic systems. This approach has revolutionised the field of medicine by providing enhanced visualisation, improved dexterity,
and greater control during surgical procedures.The most widely used robotic system is the da Vinci surgical System, which allows
surgeons to perform minimally invasive surgeries with smaller incisions, reduced blood loss, and faster recovery time for patients.
Robotic-assisted surgery has been successfully applied in various specialities, including gynaecology, urology, general surgery,
and thoracic surgery. It offers benefits such as enhanced surgical precision, better outcomes, and improved postoperative quality
of life. However, the decision to use robotic-assisted surgery depends on factors such as patient suitability, surgeon expertise, and
the availability of robotic systems. Ongoing advancements in robotic technology continue to shape the future of surgical practice,
with the potential for further improvements in surgical techniques and patient care. Overall, robotic-assisted surgery represents a
significant milestone in surgical innovation, providing a promising approach to improve surgical outcomes and patient well-being.
The present narrative review describes the effect of robotic surgery in different disciplines and its effects on surgical outcomes.
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INTRODUCTION

Surgery is a medical speciality that has been practiced for centuries
and has evolved significantly over time with advancements in
technology, anaesthesia, and surgical techniques. The primary
goal of surgery is to improve a patient’s health or quality of life by
physically altering or repairing a part of their body. Surgeries can be
broadly categorised into two main types: elective and emergency.
Elective surgeries are planned in advance and are usually not
urgent, allowing both the patient and the surgical team to prepare
adequately [1-4]. Surgical procedures can be performed using
traditional open techniques or minimally invasive approaches.

Open Surgical Procedure

Open surgery involves making a larger incision to access the affected
area directly, while minimally invasive surgery involves making smaller
incisions and using specialised instruments, cameras, and video
monitors to guide the surgeon. Minimally invasive techniques often
result in less pain, shorter hospital stays, and faster recovery time
for patients [5]. Advancements in surgical techniques and technology
have revolutionised the field of surgery. For instance, robotic-assisted
surgery allows surgeons to perform complex procedures with
enhanced precision and control. Additionally, techniques such as
laparoscopy, endoscopy, and arthroscopy have enabled less invasive
treatment options for various conditions [4].

Minimally Invasive Surgical Procedure

A number of significant technical developments in surgery during the
past several years have revolutionised the discipline and enhanced
patient outcomes. These methods entail employing tiny incisions,
specialised tools, and cameras to carry out surgical procedures.
Robotic surgery has become increasingly popular. Surgical accuracy,
dexterity, and visualisation are improved for surgeons using robotic
devices like the da Vinci Surgical System. The surgeon may operate
from a console with a 3D image of the surgical site, and the robotic arms
are capable of performing complex motions. The surgical disciplines
of urology, gynaecology, general surgery, and cardiothoracic surgery
have all utilised this technique [5]. Image-guided surgery has been
made possible by advancements in imaging technologies, including
Computed Tomography (CT), Magnetic Resonance Imaging (MRI),
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and ultrasound. Real-time imaging allows surgeons to accurately
find and target regions of interest during operations. In neurosurgery,
orthopaedic surgery, and several cancer operations, this technology is
extremely useful. Surgical navigation systems direct surgeons through
surgeries by using computerised tracking and imaging techniques
[6]. These technologies offer immediate input on how surgical tools
are situated in relation to the anatomy of the patient. They improve
accuracy and lower the likelhood of problems in complicated
procedures like spine surgery and joint replacement. Single-Incision
Laparoscopic Surgery, often known as SILS, is a specialised type of
minimally invasive surgery that entails carrying out the whole treatment
through a single, tiny incision, frequently buried within the navel [7].
The benefit of this method is that it leaves almost no scars and
further reduces bodily damage. The development of patient-specific
models, implants, and surgical guidance is now possible because to
3D printing technology. With continual research and development,
the discipline is always changing with the goal of further advancing
surgical procedures, promoting patient safety, and improving surgical
results [8]. Robotic-assisted surgery minimises the risk of human error,
which is why it is necessary to have the in depth knowledge about
the procedure. Also, robotic-assisted surgeries are only deployed
in specific surgeries, therefore more comprehensive studies are
required for extending its usage to other unexplored medical and
surgical procedures.

DISCUSSION

Robotic-assisted Surgeries

Overall, surgery plays a critical role in modern medicine, offering
life-saving interventions, alleviating symptoms, and improving the
quality of life for countless individuals worldwide Robotic-assisted
surgery, also known as robot-assisted surgery, is an advanced
surgical technique that combines the expertise of a surgeon with
the precision and capabilities of robotic systems. It involves the
use of robotic platforms to assist surgeons in performing complex
procedures with enhanced accuracy, control, and visualisation. In
robotic-assisted surgery, the surgeon controls the robotic system
from a console, using hand and finger movements to manipulate
robotic arms equipped with surgical instruments [9]. The system
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translates the surgeon’s movements into precise actions performed
by the robotic arms, which are capable of rotating, bending, and
manoeuvring with a high degree of dexterity. The surgeon views
the surgical site in real-time through a magnified 3D high-definition
camera, providing a detailed and immersive visualisation of the
operative field. One of the key components of robotic-assisted
surgery is the surgical robot itself. The most well-known and widely
used robotic surgical system is the da Vinci Surgical System,
developed by Intuitive Surgical. The da Vinci system consists
of a console where the surgeon sits, robotic arms that hold and
manipulate the surgical instruments, and a vision system that
provides a magnified view of the surgical site [10,11].

Robotic system allows for precise and delicate movements, reducing
the risk of human errors and providing greater surgical accuracy.
The high-definition 3D camera provides a detailed view of the
surgical site, enabling the surgeon to see anatomical structures
more clearly. The robotic arms can rotate and bend with a wider
range of motion than the human hand, allowing for improved
manoeuvrability in tight spaces. Robotic-assisted surgery often
requires smaller incisions compared to traditional open surgery,
resulting in less scarring, reduced blood loss, and faster recovery
times for patients. The robotic system can reduce any human error
that may occur due to jerky or tremulous hand movement that may
arise during prolonged surgeries. Robotic-assisted surgery has the
potential for remote or telesurgery, where a surgeon can operate
on a patient in a different location using the robotic system. This
can be particularly valuable in cases where specialised expertise
is not locally available. It’'s important to note that robotic-assisted
surgery is not entirely autonomous. The robotic system is controlled
by the surgeon throughout the procedure, and the surgeon remains
in complete control of all actions performed by the robot [9].

Robotics in Urosurgery

A minimally invasive surgical approach used to treat prostate cancer
is robotic prostate surgery, more precisely robotic-assisted radical
prostatectomy. The treatment makes use of a robotic surgical
technology, such as the da Vinci Surgical technology, to help the
physician remove the prostate gland with precision and control. A
whole prostate gland, including the malignant tissue, is removed
during a robotic-assisted radical prostatectomy. During the surgery,
the robotic technology gives the surgeon better visualisation,
dexterity, and tool control. Robotic prostate surgery attempts
to reduce the possibility of developing erectile dysfunction after
surgery, hence, nerve preservation is a crucial component of the
procedure. The robotic device enhances the surgeon’s capacity
to spare the nerves while removing the prostate by enabling
accurate dissection and identification of the nerves. To determine
whether cancer has progressed beyond the prostate, a lymph node
dissection may occasionally be carried out during robotic prostate
surgery. This aids in estimating the disease’s severity and directing
future therapy choices. A thorough dissection of the lymph nodes is
made possible by the robotic system’s better visualisation and exact
instrument control [11].

Compared to open surgery, robotic prostate surgery has a number
of benefits, including smaller incisions, less blood loss, a decreased
chance of complications, shorter hospital stays, and quicker recovery
periods. The robotic technology gives the surgeon more accuracy
and manoeuvrability, enabling more precise prostate removal with
less harm to the surrounding tissues. Robotic prostate surgery
demands a surgeon with advanced training and skills. It's crucial to
remember that whether or not a patient chooses to have robotic
prostate surgery relies on a number of variables, including the
cancer’s stage and severity, the patient’s general health, and personal
preferences [12,13].
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Robotic kidney surgery, more particularly robotic-assisted radical
and partial nephrectomies, is a minimally invasive surgical technique
used to treat a variety of kidney disorders, including kidney cancer
and some benign kidney tumours. A robotic surgical device, such
as the da Vinci Surgical device, is used during the procedure to help
the physician execute precise and controlled surgery on the kidneys.
Robotic-assisted partial nephrectomy is a surgical operation used
to remove part of the kidney, while leaving the healthy kidney tissue
in place. It is frequently used to treat tiny kidney tumours or tumours
that are located in a way that avoids the need to completely remove
the kidney. Precision dissection, suturing, and preservation of the
blood arteries feeding the kidney are all made possible by the robotic
system. The main objective of partial nephrectomy is to preserve
kidney function, and robotic assistance makes it easier to remove
tumours precisely while causing the least amount of harm to healthy
kidney tissue [14,15].

In situations where kidney cancer has advanced or for bigger
tumours that cannot be adequately treated with partial nephrectomy,
robotic-assisted radical nephrectomy entails the total removal of the
kidney, along with any surrounding tissues or lymph nodes. During
the surgery, the robotic system gives the surgeon better visibility,
dexterity, and control, enabling careful dissection and removal of the
kidney and related tissues. Renal reconstruction may need difficult
reconstructive treatments, such as mending or reconstructing the
arteries or urine collecting system. The surgeon may complete
complex reconstructive procedures with the robotic system’s accuracy
and manoeuvrability while retaining maximal renal function [15].

Robotics in Surgical Gastroenterology

In situations of oesophageal cancer or serious benign diseases, a
robotic oesophagectomy is a minimally invasive surgical operation
used to remove all or a portion of the oesophagus. Compared to
conventional open surgery, the robotic technology enables accurate
oesophageal dissection and repair with a wider range of motion.
The use of robotic arms by surgeons to access difficult-to-reach
places and carry out precise suturing leads to better results and
fewer problems [16-19].

It's crucial to remember that the accessibility and suitability of robotic-
assisted treatments, such as oesophagectomy and enucleation,
might differ based on the particular medical facility, the level of
surgical skill, and patient characteristics. Based on the needs of
each patient and the advice of the surgical team, the decision to
proceed with robotic surgery is taken [20].

A minimally invasive surgical technique called robotic colorectal
surgery, or more particularly robotic-assisted colorectal surgery, is
used to treat a variety of colorectal disorders, such as colorectal
cancer, inflammatory bowel disease, and benign colorectal tumours.
A robotic surgical device, such the da Vinci Surgical device, is
used during the procedure to help the physician execute precise
and controlled surgery on the colon and rectum. Depending on the
exact problem being treated, a section of the colon or rectum may
be removed during robotic-assisted colorectal surgery. During the
surgery, the robotic technology gives the surgeon better visualisation,
dexterity, and tool control. To implant robotic arms fitted with surgical
tools and a high-definition 3D camera, small abdominal incisions are
created. Surgery using robotic assistance is becoming more common
for the treatment of colorectal cancer. It may entail techniques like
robotic-assisted Total Mesorectal Excision (TME) or robotic-assisted
low anterior resection. These procedures try to preserve as much
good intestinal tissue as they can while removing the malignant tissue.
Precision dissection and suturing are made possible by the robotic
technology, improving results and lowering problems. Robotic-
assisted surgery can be used to treat inflammatory bowel diseases
like Crohn’s disease or ulcerative colitis. To remove the diseased
colon or rectum, surgeons may use techniques like proctocolectomy
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or robotic-assisted colectomy. The features of the robotic system
enable accurate surgical manoeuvres and aid in attaining the best
results. Rectal prolapse, diverticulitis, and other benign colorectal
disorders are among the benign colorectal conditions that can be
treated using robotic surgery. The exact removal of polyps and repair
of the afflicted regions made possible by the robotic technology
enhance patient outcomes and lower hazards [21].

Robotics in Gynaecology

Robotic gynaecologic surgery is the practice of conducting different
gynaecological treatments using robotic equipment [19]. Robotic
assistance may be used during hysterectomy, a surgical procedure
to remove the uterus. The robotic technology enables a careful and
exact dissection, improving the preservation of nearby structures
and lowering the possibility of problems [20].

Myomectomy is a surgical treatment that removes uterine fibroids
while leaving the uterus intact. The robotic system’s improved vision
and dexterity make it possible to remove fibroids more precisely.
Compared to open surgery, this less invasive method has fewer
scars, quicker recovery periods, and greater fertility preservation
[21]. Endometriosis lesions can be excised or removed with robotic
assistance. The endometrial implants may be precisely dissected
and removed using the robotic system, causing the least amount
of harm to the surrounding healthy tissue. The affected person may
get excellent symptom reduction and an improvement in quality of
life after robotic endometriosis surgery [20,22-24].

A surgical treatment known as a sacrocolpopexy is performed to
treat pelvic organ prolapse, a condition in which the vagina or other
pelvic organs sink or protrude from their natural placements. The
robotic system is used in robotic-assisted sacro colpopexy to link
a synthetic mesh to the sacrum and the top of the vagina in order
to give support and restore the natural anatomy. Sacrocolpopexy
performed robotically has benefits including enhanced visualisation,
exact mesh implantation, and less postoperative discomfort [23-27].

The usage of robotic-assisted surgery is growing in the field of
gynaecologic oncology. Procedures like robotic-assisted radical
hysterectomy and lymphadenectomy for early-stage cervical cancer
or robotic-assisted staging and debulking operations for ovarian
cancer are just a few examples [28]. The features of the robotic
system allow surgeons to carry out intricate treatments with higher
accuracy and less invasiveness, improving patient outcomes.
Plan of treatment varies depending upon the stage of disease and
operability and varies from patient to patient [29-32]. Following are
some studies that show success and progress in robotic-assisted
surgeries [Table/Fig-1] [33-37].

Author Year Type Conclusion

Park JS et 2023 | Randomised | Robotic-assisted surgery did not

al., [33] controlled substantially enhance the Total Mesorectal

trial Excision (TME) quality compared to

traditional laparoscopic surgery in individuals
with intermediate or low rectal cancer.

Roh HF et 2018 | Systematic With the exception of decreased predicted

al., [34] review and blood loss, robot-assisted laparoscopic

meta-analysis | surgery does not produce statistically
superior treatment results while having
greater operating costs. With conventional
laparoscopic surgery the operating time and

overall complication rate are much better.

Zeuschner 2021 Robotic-assisted surgery demonstrated
Petal, considerably improved results, especially
[35] with intracorporeal urinary diversion, in
this large single-centre study comparing
robotic-assisted surgery with open radical
cystectomy while correcting for stage
selection bias and surgical expertise.

Cohort study

LiAetal, 2023 | Prospective
[36] cohort study

In the near term, robotic-assisted surgery
helped to enhance quality of life, with
physical health reverting to its preoperative
level and mental health improving across
specialities.
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GuZetal, | 2022 | Retrospective
[37] cohort study

Bi-port robotic-assisted lobectomy was
safe and showed potential effectiveness

in patients with early stage operable lung
cancer when compared to multi-port
Robotic-Assisted Thoracic Surgery (RATS).

[Table/Fig-1]: Robotic-assisted surgery studies [33-37].

CONCLUSION(S)
In conclusion, robotic-assisted surgery has completely changed
the way medicine is practised, benefiting both patients and doctors
in multiple ways. The introduction of robotic devices, such the da
Vinci Surgical System, has boosted surgical precision, improved
visualisation, and dexterity, enabling for the more precise and
controlled completion of difficult surgeries. Numerous specialities,
including gynaecology, urology, general surgery, thoracic surgery,
and more, have successfully used robotic-assisted surgery.
Robotic assistance has tremendously helped procedures, including
hysterectomy, prostatectomy, nephrectomy, and colorectal surgery,
resulting in smaller incisions, less blood loss, shorter hospital stays,
and quicker recovery periods for patients.

REFERENCES

[1] Fernandez-Cruz L. General surgery as education, not specialization. Ann Surg.
2004;240:932-38.

[2] Downs AR. General surgery. Arch Surg. 1982;117(7):983.

[3] Potts JR. General surgery residency: Past, present, and future. Curr Probl Surg.
2019;56:170-72.

[4] Leppéaniemi A. General surgery--a vision for the future. Scand J Surg.
2011;100:70-71.

[5] Sheetz KH, Claflin J, Dimick JB. Trends in the adoption of robotic surgery for
common surgical procedures. JAMA Netw Open. 2020;3(1):e1918911.

[6] Griffen WO. General surgery, a true specialty. Surgery. 1991;109:114-15.

[7]1 Maruthappu M, Sharma A, Shalhoub J, Davies A. General surgery: Allow its
extinction or begin its revival? Br J Hosp Med (Lond). 2011;72:304-05.

[8] Mateo Vallejo F. General surgery: Present and future. Int J Surg. 2012;10:176-77.

[9] Maza G, Sharma A. Past, present, and future of robotic surgery. Otolaryngol
Clin North Am. 2020;53:935-41.

[10] Denning NL, Kallis MP, Prince JM. Pediatric robotic surgery. Surg Clin North Am.
2020;100(2):431-43.

[11] Becker F, Morgll H, Katou S, Juratli M, Holzen JP, Pascher A, et al. Robotic
liver surgery- current standards and future perspectives. Z Gastroenterol.
2021;59(1):56-62.

[12] Khosla A, Wagner AA. Robotic surgery of the kidney, bladder, and prostate.
Surg Clin North Am. 2016;96:615-36.

[13] Davis M, Egan J, Marhamati S, Galfano A, Kowalczyk KJ. Retzius-Sparing robot-
assisted robotic prostatectomy: Past, present, and future. Urol Clin North Am.
2021;48:11-283.

[14] Van Batavia JP, Casale P. Robotic surgery of the kidney and ureter in pediatric
patients. Curr Urol Rep. 2013;14:373-78.

[15] Hameed AM, Yao J, Allen RDM, Hawthorne WJ, Pleass HC, Lau H. The
evolution of kidney transplantation surgery into the robotic era and its
prospects for obese recipients. Transplantation. 2018;102:1650-65.

[16] Jara RD, Guerrén AD, Portenier D. Complications of robotic surgery. Surg Clin
North Am. 2020;100:461-68.

[17] Wiliams MD, Grunvald MW, Skertich NJ, Hayden DM, O’'Donoghue C, Torquati
A, et al. Disruption in general surgery: Randomized controlled trials and changing
paradigms. Surgery. 2021;170:1862-66.

[18] Bass BL. Fundamental changes in general surgery residency training. Am Surg.
2007;73:109-13.

[19] Alip SL, Kim J, Rha KH, Han WK. Future platforms of robotic surgery. Urol Clin
North Am. 2022;49:23-38.

[20] Froiio C, Berlth F, Capovila G, Tagkalos E, Hadzijusufovic E, Mann C, et al.
Robotic-assisted surgery for esophageal submucosal tumors: A single-center
case series. Updates Surg. 2022;74:1043-54.

[21] Moglia A, Georgiou K, Georgiou E, Satava RM, Cuschieri A. A systematic review
on artificial intelligence in robot-assisted surgery. Int J Surg. 2021;95:106151.

[22] Siddiqui KM, Albala DM. Robotic-assisted surgery and treatment of urolithiasis.
Int J Surg. 2016;36:673-75.

[23] Micha JP, Rettenmaier MA, Bohart RD, Goldstein BH. Robotic-assisted surgery for
the treatment of breast and cervical cancers. JSLS. 2022;26(2):2022.00014.

[24] Falagario U, Veccia A, Weprin S, Albuquerque EV, Nahas WC, Carrieri G, et al.
Robotic-assisted surgery for the treatment of urologic cancers: Recent advances.
Expert Rev Med Devices. 2020;17:579-90.

[25] Bush SH, Apte SM. Robotic-assisted surgery in gynaecological oncology.
Cancer Control. 2015;22:307-13.

[26] Burton J, Wong R, Padhya T. Robotic-assisted surgery in the head and neck.
Cancer Control. 2015;22:331-34.

[27] Sandhu RS, Cheung F. Robotic-assisted surgery-a highly effective modality for
vesicovaginal fistula repairs. Curr Urol Rep. 2023;24:117-20.

[28] DunnD. Robotic-assisted surgery: A brief history to understand today’s practices.
AORN J. 2022;115(3):217-21.



Simran Chauhan et al., Use of Robotic-assisted Surgery in Surgical Procedures

[29]
[30]
[31]
[32]

[33]

[34]

Wickham JE. The new surgery. Br Med J (Clin Res Ed). 1987;295:1581-82.
Grabenwoger M. The power of surgery. Eur J Cardiothorac Surg. 2016;49:1321-23.
Devon K. The practice of surgery. Narrat Inqg Bioeth. 2015;5:E1-2.

Jones AT, Barry CL, Ibafez B, Buyske J. Using multiple modes of assessment
in general surgery for board certification. Am J Surg. 2021;222:706-08.

Park JS, Lee SM, Choi GS, Park SY, Kim HJ, Song SH, et al. Comparison of
laparoscopic versus robot-assisted surgery for rectal cancers: The COLRAR
randomized controlled trial. Ann Surg. 2023;278(1):31-38.

Roh HF, Nam SH, Kim JM. Robot-assisted laparoscopic surgery versus
conventional laparoscopic surgery in randomized controlled trials: A systematic
review and meta-analysis. PLoS One. 2018;13:e0191628.

www.jcdr.net
[35] Zeuschner P, Linxweiler J, Mohr R, van Heemskerk S, Wagenpfeil G, Wagenpfeil
S, et al. Robot-assisted versus open radical cystectomy: A cohort study
on perioperative outcomes accounting for stage selection bias and surgical
experience. Int J Med Robot. 2021;17:e2258.
Li A, Stanislaus CT, Steffens D, McBride KE, Leslie S, Thanigasalam R, et al.
Prospective cohort study investigating quality of life outcomes following multi-
speciality robotic-assisted surgery. J Minim Access Surg. 2023; Apr 13 (Online
ahead of print).
Gu Z, Huang J, Tian Y, Jiang L, Luo Q. A retrospective comparative cohort study
on the efficacy and safety of bi-port robotic-assisted lobectomy and multi-port
robotic-assisted lobectomy. J Thorac Dis. 2022;14(8):2970-76.

[36]

[37]

PARTICULARS OF CONTRIBUTORS:
Junior Resident, Department of Surgery, Jawaharlal Nehru Medical College, Datta Meghe Institute of Higher Education and Research, Wardha, Maharashtra, India.
2. Professor, Department of Surgery, Jawaharlal Nehru Medical College, Datta Meghe Institute of Higher Education and Research, Wardha, Maharashtra, India.

3. Junior Resident, Department of Surgery, Jawaharlal Nehru Medical College, Datta Meghe Institute of Higher Education and Research, Wardha, Maharashtra, India.

1.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Yashraj Jain,

Junior Resident, Department of Surgery, Jawaharlal Nehru Medical College,
Datta Meghe Institute of Higher Education and Research,

Wardha-442001, Maharashtra, India.

E-mail: jain8yashraj@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests:

None

* Was informed consent obtained from the subjects involved in the study? NA

e For any images presented appropriate consent has been obtained from the subjects.

PLAGIARISM CHECKING METHODS: Wantetal]
e Plagiarism X-checker: Jul 28, 2023

e Manual Googling: Aug 31, 2023

¢ iThenticate Software: Sep 18, 2023 (10%)

ETYMOLOGY: Author Origin

EMENDATIONS: 6

Date of Submission: Jul 28, 2023

Date of Peer Review: Aug 29, 2023

Date of Acceptance: Sep 20, 2023

NA Date of Publishing: Oct 01, 2023

Journal of Clinical and Diagnostic Research. 2023 Oct, Vol-17(10): PEO1-PEO4


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

