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Abstract

It is an ongoing task to keep exploring and applying the best available tech-
nology to alleviate the pain and sufferings of the cancer patients. Since the
discovery of robotic surgery, da Vinci surgical systems have played a special
and significant role in cancer surgeries worldwide, however, surgeons are still
skeptical with the clinical and oncological outcomes which are almost com-
parable to the laparoscopic approach in several cancers. Many meta-analyses
using mostly retrospective studies indicated significant advantage of robotic
surgery over laparoscopic or open surgery approaches for various cancers,
however, scarcity of technically sound robot savvy surgeons and quality mul-
ticentered, multinational, coordinated, random clinical trials had not done
justice to the positives of robotic surgery which were quite often suppressed
by the negative factors like operative cost and oncological outcomes. Never-
theless, robotic surgery approach has been clinically accepted for hysterecto-
my and prostatectomy. This overview briefly discusses the comparative ap-
proaches (open, laparoscopic, robotic assisted) and their clinical outcomes in
the surgery of various cancers.
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1. Introduction

Traditional Surgery (TS) where surgeons make large incisions on the body of the
patient and perform surgery using surgical instruments and a certified proce-
dure to investigate or treat a pathological condition is still practiced for most
clinical cases. This was transformed later into Minimally Invasive Surgery (MIS),

a practice of performing surgery through small incisions using specialized sur-
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gical instruments assisted by a laparoscopic camera for various surgeries. Con-
trary to the TS, the reduced incision size, less wound trauma, discomfort, recov-
ery time and cost in MIS received tremendous popularity within the surgical
community towards these techniques. At the same time, MIS is technically dif-
ficult and poses the risk of surgical complications mainly due to lack of precision
and availability of instrument technology. While finding solutions as to how
surgical precision can be attained, many researchers started finding a way to use
robots to assist surgeons in performing surgeries.

In the past three decades, there have been many different versions and types
of robots in performing Robotic Surgery (RS) that were introduced and applied
for surgery of various cancers and other types of surgeries. In this review, we will
discuss the development and transformation journey of various robotic systems
mainly da Vinci robots and their significance in the surgery of a few prominent

cancers.

2. Method

This systematic review includes selective search for relevant original articles and
reviews, case reports, randomized and non-randomized controlled trials, cohort
studies from 2010-2020 using Pubmed and Google Scholar. We used the follow-
ing keywords: history of robotic surgery, da Vinci robots, laparoscopic surgery,
robotic surgery in lung, liver, colorectal, gastric, breast, prostate and gynecolog-

ical cancer. Articles were restricted to English.

3. Results

Our search resulted in total of 918 publications and after the removal of dupli-
cate studies by browsing the titles subsequently reduced the numbers to 300
(Figure 1). After assessing the abstracts for duplicate, and irrelevant data to our
review scope, an additional 145 were excluded. Out of 120 full length articles, 10
were further excluded due to overlapping and inconclusive data. Thirty-nine
references were replaced with the respective original references. Finally, 110 re-

levant studies were included in the final review.

3.1. Development and Transformation of Robots

RS dates to 1985 when Kwoh and colleagues performed neurosurgical biopsies
with greater precision [1]. Three years later, Davies et al [2] used a PUMA 560
to perform a transurethral resection of the prostate. Their success led to the de-
velopment of the PROBOT which was designed specifically for transurethral re-
section of the prostate. However, almost simultaneously, the ROBODOC was
being developed by Integrated Surgical Supplies Ltd. (USA), aiming to maneuver
the femur in the hip replacement surgeries with greater precision [3] [4].

The Stanford Research Institute (SRI, USA) was joined by several scientists
from the NASA-Ames team and they together developed a dexterous telemani-

pulator for hand surgery [5]. It offered the surgeon the impression of directly
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA)
flow diagram for selection of relevant studies.

working on the patient, rather than across the bed. As these robots were being
developed, the engineering team along with general surgeons and endoscopists
recognized the potential of these devices in improving the limitations of tradi-
tional laparoscopic operations. The US Army later developed a system whereby a
surgeon could operate a wounded soldier remotely hoping to reduce wartime
casualties by precluding exsanguinating wounded soldiers until they entered the
hospital. The device, however, has been successfully demonstrated on animal
models but has yet to be applied for actual treatment of casualties on the battle-
field [6] [7] [8] [9] [10].

3.2. Types of Robotic Systems

In the surgical arena, three major types of robotic systems are currently in oper-

ation ie. active, semi-active, and master-slave. Active systems operate largely
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autonomously under the operative surgeon’s control and execute pre-programmed
tasks. PROBOT and ROBODOC platforms are good examples of the Active sys-
tems. Semi-active systems allow complementing the pre-programmed compo-
nent of these robot systems with a component controlled by a surgeon. Lastly,
formal master-slave systems lack any of the pre-programmed or autonomous
components. They depend entirely on the operation of the surgeons. Hand
movements of the surgeon are transmitted to laparoscopic surgical instruments
that faithfully replicate the manual operation of the surgeon-but intracorporeal-
ly. The master-slave robot systems have been tested on many different forms of
surgery.

In 1992, Computer Motion (USA) developed an Automated Endoscopic Sys-
tem for Optimal Positioning (AESOP), the first voice-controlled surgical robot
to obtain USFDA approval for use in the operating room (OR) [4] [10]. Later, in
1996, Computer Motion unveiled HERMES with an integrated voice control and
feedback into other OR components [9]. In the same year, Computer Motion
quickly manufactured the first complete robotic surgery platform, ZEUS which
had the same software and platform as the robotic arm of AESOP but was
equipped with laparoscopic instrumentation [9]. Early models of ZEUS only had
6 degrees of freedom (DOFs) but later models were made equipped with 7
DOFs. In addition, the stabilization of motion and the removal of tremor were
the main features of the latest ZEUS models [9]. ZEUS received the USFDA ap-
proval in 2001 [10].

Computer Motion originally targeted the cardiothoracic surgery for ZEUS,
with a specific focus on creating a minimally invasive Coronary Artery Bypass
Graft surgery (CABG) technique. However, robotic CABG procedures faced
several difficulties including insufficient space to place instruments appropriate-
ly besides the effectiveness which was found to be comparable with the catheter
procedures. Moreover, ZEUS also found a niche in urological surgery, but ZEUS
was discontinued in 2003 following the merger of Computer Motion with its ri-
val Intuitive Surgical (USA).

Later, Massachusetts Institute of Technology (MIT, USA) developed its first
prototype, the Silver Falcon powered with the haptic interface device PHAN-
ToM [11]. The Silver Falcon had 7 DOFs: 3 inside the base positioner, 3 inside
the wrist, plus the distal grasper. However, several drawbacks were observed in
the Silver Falcon such as weak structural rigidity, inadequate grip strength to
handle large needles, and counterbalancing gravitational compensation which
was rectified in the next version, the Black Falcon, with an addition of another
DOF to the wrist and detachable the end effector [11]. It had 8 DOF cable driven
teleoperator slave which uses a detachable 4 DOF wrist plus a 1 DOF gripper in-
tegrated with a 3 DOF base positioner.

The Black Falcon was equipped with the force input from the surgical mani-
pulator to the surgeon through PHANToM. It was later found out that the re-

presentation of force presented more barriers than support for certain activities,
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such as suturing. There were also some concerns about incorporating haptics
into a clinical application system. The haptic technology was found to have visu-
alizing deflection in soft tissues that occurred before force became a factor.
However, the perception from the mirror and stereoscopic vision system com-
pensated for the dismissal of force feedback [11] [12].

3.3. Da Vinci Robotic Surgical Systems

Da Vinci Surgical System developed by Intuitive Surgical (USA) was approved
by FDA in 2000 for prostatectomies, cardiac valve repair and gynecological sur-
geries [13] [14]. Despite high cost and software issues, there are 5582 installed
bases of da Vinci Surgical Systems worldwide till 2019-2020 including 3531 in
USA, 977 in Europe, 780 in Asia and remaining 294 in the rest of the world [15].
Using da Vinci Surgical Systems, an estimated >1.2 million surgeries have been
performed worldwide [15]. Da Vinci Surgical Systems have been applied in
many surgical procedures such as gynecological (hysterectomy, sacrocolpopexy),
urologic (prostatectomy, partial nephrectomy), cardiothoracic (thoracic surgery,
mitral valve repair), hernia repair, colorectal, cholecystectomy, bariatric and
transoral surgeries [15]. In the United States, da Vinci surgeries are the #1 op-
tion chosen by women with gynecologic cancer while 86% with prostate cancer
opted for prostatectomy in 2009 [13].

Da Vinci has four-generational platforms which include the first generation
da Vinci standard Surgical System, second generation da Vinci S Surgical Sys-
tem, third generation da Vinci Si Surgical System and the fourth generation da
Vinci X, Xi and SP Surgical Systems. Da Vinci Surgical Systems provide immer-
sive 3DHD (3-dimensional high density) visualization, precise tremor-free en-
doscope control, advanced instruments of stapler and energy, scaled and tremor
filtered instrument movement, improved surgeon ergonomics and mul-
ti-specialty surgical platforms [15].

Two exclusive features of da Vinci Xi device worth mentioning include an
EndoWrist One Sealer tube and EndoWrist Stapler 45. The EndoWrist Sealer is
a completely wristed instrument designed for sealing and cutting vessels up to 7
mm in bundles of diameter and tissue which fit in the instrument’s jaws. While
the EndoWrist Stapler is fully operated by the surgeon using da Vinci Xi System,
receives wristed articulation and input from SmartClamp, which senses if the
stapler jaws are tightly closed on the tissue before firing. The EndoWrist Stapler
is intended for gynecological, general, urological and thoracic surgeries to resect,
transect, and/or create anastomoses.

Further, da Vinci Xi System is designed to be compliant with the Firefly Fluo-
rescence Imaging System of Intuitive Surgical. During minimally invasive pro-
cedures, the Firefly device allows surgeons to switch between normal, visible
light and near-infrared imaging. When a surgeon uses the Firefly System in
conjunction with an injectable fluorescent dye, tissue with blood flow is hig-

hlighted in green color, and tissue without blood flow appears gray in the
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surgeon’s view. Moreover, da Vinci Surgical Systems provide an extraordinary
seven DOF to have greater operational control for surgeons which is one of the

best-selling features for da Vinci systems.

3.4. Clinical Applications of Da Vinci Robots in Cancer Surgery

The advancement of robotics has been implemented in various clinical instru-
ments and its specific applications in different cancer surgeries and cardiotho-
racic surgery are noticeable. With several advantages like precision over the tra-
ditional surgeries, robotic surgeries have also shown certain disadvantages for
various cancers and cardiac surgeries. Below, we have discussed the application

of da Vinci robots in the surgery of some of the major cancers.

3.4.1. Lung Cancer

With the advent of minimally invasive Video-Assisted Thoracoscopic Surgery
(VATS) for lung cancer, a reduction in postoperative discomfort, decreased cy-
tokine responses, quicker resumption of daily activities, better esthetic and func-
tional outcomes were reported when compared to the traditional thoracotomy
[16]-[21]. Nevertheless, most thoracic surgeons have not approved VATS and
approached thoracotomy for pulmonary lobectomy in lung cancer patients [22]
Further, possible difficulties in performing a routine full mediastinal lymphade-
nectomy for lung cancer surgery, technological challenges and steep learning
curve for VATS made it less favorable for the thoracic surgeons [23] [24].

Overcoming many shortcomings of VATS, da Vinci Xi robot-assisted surgery
has provided many benefits including better 3DHD visualization and better er-
gonomics with greater freedom of movement [25]-[31]. In addition, as ro-
bot-assisted surgery and VATS are associated with quicker recovery than open
surgery (OS). Minimally invasive resections of the lungs for early-stage lung
cancer (stages I or II) with robot-assisted lung resection resulted in low bleeding
conversion rate and low mortality thereby indicating it a safe and efficient ro-
botic approach to locally advanced lung cancer [26]-[31].

Most of the comparative studies between thoracotomy, VATS and ro-
bot-assisted thoracic surgery (RATS) were done retrospectively and need for
randomized controlled studies evaluating the different operations, modalities
and extent of resection is still required [32]. Park et al [33] reported using the
State Inpatient Databases (2008-2010) to analyze and compare 33,095 patients
who underwent lobectomy. The distribution of patients for the procedures was
for open (20,238), VATS (12,427) and RATS (430). In propensity-matched anal-
ysis, RATS showed significant reductions in mortality, length of stay, and overall
complication rates when compared with open thoracotomy or VATS. However,
when compared with VATS, these differences were not statistically significant
[33].

3.4.2. Liver Cancer
Minimally invasive hepatobiliary surgery began in 1987 with the first laparos-
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copic cholecystectomy [34] [35]. Since the introduction of robotic liver resec-
tion, both minor and major operations such as hepatectomies and robot-
ic-assisted hepatic interventions and liver donation for liver transplantation by
living humans have been successfully performed [36] [37] [38]. Although the
first series of robotic-assisted laparoscopic liver resections were reported by Gi-
ulianotti and colleagues [2003], almost every meta-analysis has rightly pointed
towards the lack of randomized controlled trials to compare robotic with lapa-
roscopic liver surgeries [36] [37] [38] [39]. However, Lafaro et al [38] has re-
cently reported comparative analysis of several high-quality nonrandomized as
well as meta-analyses studies. A retrospective study while evaluating 97 patients
who underwent robotic liver resections (13 major resections; 84 minor resec-
tions; 51 inferior segmentectomia; 33 posterosuperior segment ectomies) re-
ported that 66% of the patients were discharged within 3 days of the robotic
procedure [40]. However, hospital stays longer than 3 days predicted possible
extent of resection, occurrence of complications and operative time greater than
3.5 hours [40].

Later, Nota and colleagues [41] performed a multinational, retrospective,
study of 51 robotic and 145 open posterosuperior liver resections between 2009
and 2016. Propensity-matched analysis of 31 robotic and 31 open resections of
posterosuperior segments showed no differences in median operative time, es-
timated blood loss, major complications rates or readmission rates.

Further, multinational, multicenter, retrospective study of robotic-assisted
surgery for hepatocellular carcinoma, cholangiocarcinoma, or gallbladder cancer
on the patients between 2006 and 2016 was conducted [42]. The study included
61 major and minor resections (56% for hepatocellular carcinoma, 26% for cho-
langiocarcinoma, and 18% for gallbladder cancer) with a median follow-up time
of 75 months achieved five-year overall survival of 56% of the patients [42].

Another meta-analysis with 938 patients (435 robotic hepatectomies vs 503
laparoscopic hepatectomies) performed by Guan and colleagues [43] examined
13 nonrandomized control studies, which included patients diagnosed with mul-
tiple types of liver lesions reported that the robotic hepatectomy group had de-
creased intraoperative blood loss by an average of 69.9 mL. However, it also re-
sulted in longer operative times otherwise there were no significant differences
between the two procedures in the other perioperative outcomes.

Moreover, Fruscione et al [44] ultimately reported improved outcomes with
less frequent postoperative ICU admissions and decreased 90-day readmission
rates from a recent large, single-center, retrospective analysis of 173 major mi-
nimally invasive hepatectomies (57 robotic-assisted vs 116 laparoscopic). Fur-
ther, they showed no significant difference in blood loss, operative times, or
length of stay between the two groups.

Expert laparoscopic surgery has similar outcomes to expert robotic surgery.
However, the major advantages include ease of adoption, ergonomics, enabling

minimally invasive surgery, safe, feasible and facilitating indocyanine green im-
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aging. However, robotic-assisted liver surgeries encountered with inability to
palpate the liver, increased incision size for larger specimen removal, additional
operative time to dock and undock, potential of argon gas vascular embolism
and high cost. Nevertheless, large, multicenter, randomized and prospective
clinical trials are needed to analyze the exact role of robotic liver surgery in pa-
tients with complex and malignant liver tumors and to formulate the insurance

coverage policies for future application of the robotic surgery [36] [37] [38] [39].

3.4.3. Colorectal Cancer

Since the first laparoscopic colon resections in 1991 by several groups, has estab-
lished that this approach is technically feasible [45] [46] [47], however, the safety
of this approach remains a question for both the surgeons and patients. Several
randomized controlled trials and a meta-analysis demonstrated decreased time
to flatus, postoperative pain, and length of hospital stay for laparoscopic patients
compared to the open colectomy [48] [49] [50] One of the major drawbacks of
the laparoscopic approach is relatively higher conversion rate of 14.6% to open
colectomy, largely due to its inability to visualize advanced disease or critical
structures which increases morbidity, mortality, need of blood transfusion and
length of hospital stay [51] [52] [53] [54].

Further, to overcome the inherent limitations in the laparoscopic surgical in-
struments, a switch to Robotic-assisted Laparoscopic Surgery (RALS) was made
and several studies have shown it to be secure and feasible for different colorec-
tal procedures. Unfortunately, relatively higher cost and the need of expert ro-
botic surgeons have limited its application in the colorectal surgeries. A non-
randomized prospective study with 378 patients having stage I-III colorectal
cancer who underwent the robotic or laparoscopic resection showed statistically
no significant difference in the number of nodes or locoregional recurrence rates
between the robotic and laparoscopic groups [55]. Similar results were also re-
ported in a comparative study using open, laparoscopic, and robotic approaches
for right-sided colon cancer [56]. A meta-analysis study further showed longer
RALS operating time due to docking and undocking of a robotic cart which has
been rectified in da Vinci Xi system [57]. These studies suggest that despite
comparable oncologic outcomes by the robotic approach, large and prospective
randomized controlled trials are absolutely required to draw a definite conclu-
sion.

Obesity is an important area of interest, and clinically demanding treatment of
obese patients. Fung et al [58] has systematically reviewed that rectal cancer la-
paroscopic surgery in obese patients is clinically difficult mainly because of
longer operating times, higher risk of postoperative complications and higher
conversion rates to open surgery. In other case-control retrospective studies,
when compared obese versus non-obese patients undergoing robotic colorectal
surgery frequently reported insignificant differences in conversion rate, circum-
ferential resection margin rate, intraoperative or postoperative complications,

estimated blood loss, operating time and length of hospital stay [59]-[64].
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In the rectal cancer treatment, surgeons wish to maintain postoperative uri-
nary and sexual function while achieving total tumor resection to retain the
quality of life for rectal cancer surgery patients. A few studies addressed the
urogenital complications for rectal cancer following RALS to maintain urinary
and sexual function after Total Mesorectal Excision (TME) [65]. In several co-
hort studies, a substantially lower rate of urinary retention following rectal can-
cer surgery in RALS than conventional laparoscopic surgery was probably due to
retention of the neural component with precision [66] [67] [68].

Comparative study on the surgery cost by RALS versus laparoscopic was al-
most insignificant mainly because of a 50% less conversion case to open in RALS
[69]. Subsequently, the reduced conversion costs and decreased hospital stay
might offset the installation and maintenance cost of a new robotic surgical sys-

tem in the long term.

3.4.4. Gastric Cancer

Gastrectomy is the ultimate treatment for gastric cancer. Since Kitano ef a/ [70]
reported the first laparoscopic gastrectomy (LG) followed by the first robot-
ic-assisted gastrectomy (RAG) in 2002, both in Japan, minimally invasive ga-
strectomy has gained momentum for gastrectomy in gastric cancer patients [71].
The use of RAG has further increased since it was approved in 2008 for national
medical insurance coverage in Japan [72]. However, after almost two decades of
RAG application for gastric cancer surgery, only limited conclusions can be
drawn from several retrospective studies [73]. To date, no randomized clinical
trials have been performed comparing RAG, LG or Open Gastrectomy (OG)
[74]. However, some cohort studies reported the same oncological outcomes as
survival and lymph node yield. The noticeable difference for RAG was reduction
in intraoperative blood loss [75] and the risk of pancreatic fistula formation
during dissection and D2 lymphadenectomy with RAG compared to LG [74].
However, higher costs and longer operating times are associated with RAG [75].
Overall, the mortality rate and number of harvested lymph nodes for RAG and
LG did not differ, but due to less intraoperative blood loss, RAG and LG resulted
in a shorter postoperative hospital stay than OG [72] [76] [77]. RAG, however,
was associated with longer operating time and higher costs [72]. Although sur-
vival data of RAG were like OG, studies on long-term outcomes are needed to

confirm these results [78].

3.4.5. Breast Cancer

In an esthetic sense, endoscopic breast operation is a need to achieve full cancer
clearance while preserving the patient’s physique [79]. However, limited ma-
neuverability (due to inflexible endoscopic equipment) and insufficient repre-
sentation of the operating field (due to 2-dimensional cameras) are disadvantag-
es of this technique [80]. Lately, few studies tried the feasibility and safety of ro-
bot-assisted Nipple-sparing Mastectomy (RANSM) followed by immediate
breast reconstruction (IBR) to treat breast cancer [79] [80]. It was found that for
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early breast cancer and benign conditions, RANSM along with IBR is surgically
safe and feasible. According to a study, RANSM followed by IBR has relatively
better results and considerably better patient satisfaction compared to the Con-
ventional Nipple-sparing Mastectomy (CNSM) followed by IBR [81]. The only
drawback is being longer operation time and higher cost.

3.4.6. Prostate Cancer

The removal of the prostate gland requires extreme surgical precision due to the
prostate blood vessels, muscles, and nerve bundles being in very close proximity
to each other in addition to the same nerve bundles innervating the erectile and
bladder functions resulting in a very delicate structure. Prostatectomy is gener-
ally recommended if cancer has not yet spread to the other regions persisting in
this area. A robot-assisted procedure is minimally invasive while the traditional
open surgery will require an incision from the navel to the pubic bone to access
the prostate gland resulting in a huge scar. There are several approaches to pros-
tatectomy, one of which is Radical Prostatectomy (RP) which is being imple-
mented in robotic surgery and named Robot-Assisted Radical Prostatectomy
(RARP). Possible negative outcomes of this procedure are erectile dysfunction
and Postoperative Prostatectomy Incontinence (PPI) [82]. There are many sur-
gical approaches to implement RARP [83], however not enough evidence to
support that these procedures are oncologically safe. The commonly used ap-
proaches are Retzius-sparing RARP which has been efficient in earlier recovery
from urinary incontinence, a side effect of the surgical treatment of prostate
cancer [83] [84]. Nevertheless, RARP is opted by 86% of prostate cancer patients
in the United States [13].

As there has been a lack of well-controlled randomized clinical trials to com-
pare, there is no high-quality evidence to inform the comparative effectiveness of
LRP or RARP compared to Open Radical Prostatectomy (ORP) for oncological
outcomes. Few meta-analysis studies reported that RARP results in better overall
short term outcomes compared to LRP or ORP as it is being oncologically safe,
reducing hospital stay, less blood loss, nerve-sparing, as well as earlier recovery
from urinary incontinence and erectile dysfunction [85] [86] [87]. Moreover, in
an earlier study, in addition to the similar short-term outcomes, they reported
no difference in urinary and sexual quality of life in RARP, LRP or ORP, howev-
er more evidence and randomized controlled trials are necessary to confirm the

safety of this approach [88].

3.4.7. Gynecological Cancers

Gynecologic cancers are one of the more prominent cancers for females after
breast cancer which includes cancers of ovary, uterine, cervical, vulvar and va-
ginal. Hysterectomy is one of the widely implemented surgical procedures per-
formed in these cancers depending on the stage of cancer, the localization of the
tumor, and which other organs have cancer affected in the pelvic cavity. Surgical

treatment for gynecological cancers implementing OS has been the standard ap-
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proach until the introduction of MIS using laparoscopy in 1992 [89] [90] al-
though the first Total Laparoscopic Radical Hysterectomy (TLRH) was per-
formed by Nezhat and colleagues in 1989 [90]. Compared to the OS approach,
Laparoscopic Radical Hysterectomy (LRH) proved to have some benefits over
the traditional open abdominal approach like lower blood loss, preservation of
soft tissues, faster wound healing, less recovery time [91] [92]. To these benefits
of LRH, there are inherent ergonomic drawbacks like the posture of the surgeon
performing the surgery, the 2D visuals of the surgical site, and the maneuvera-
bility of the laparoscopic instruments [93] [94]. The learning curve for LRH or
laparoscopic surgeries, in general, is notably long as it might be difficult for
surgeons who are experienced in open surgeries to train expertly in laparoscopic
surgery. Moreover, the patient survival and successful procedure rate was almost
the same in both methods, cost being the differential factor for patients who
opted for LRH [95].

Following Da Vinci surgical system approval by the USFDA, the Ro-
bot-Assisted Radical Hysterectomy (RARH) for gynecological surgeries was in-
troduced in 2005 [96] [97]. Da Vinci Xi surgical system was opted by many
surgeons due to its superior maneuverability, 3D visualization of the target site,
relatively easy learning curve and better ergonomics compared to the laparos-
copic methods [14] [98] [99]. Some randomized controlled trials have reported
that the RARH is superior to LRH with minor differences recorded in blood loss,
operative time, maneuverability, hospital stay, postoperative complications [100]
[101] [102].

In addition, the RARH and LRH approaches require small incisions to per-
form a hysterectomy [103] as compared to the OS approach which requires a
large vertical incision from the navel to the pubic bone or a horizontal incision
in the lower abdomen to access the uterus, depending on the procedure opted by
surgeons. Several recent studies have also found promising results concerning
the use of minimally invasive procedures (RARH and LRH) for the treatment of
gynecological cancers to be safe and feasible with comparatively less postopera-

tive complications and better quality of life post-surgery [104]-[110].

4. Advantages and Disadvantages of Da Vinci Surgical
System

Being a man-made machine, da Vinci surgical robot ought to have some advan-

tages as well as disadvantages which are summarized below.

4.1. Advantages

4.1.1. Smaller Incisions and Less Trauma

The essence of robotic surgery is less invasive which means less discomfort and
quicker recovery time for the patient. The surgical arms are often pneumatic to
control the operation, powered by compressed air and electricity. The “hands” of

each arm, containing each of the necessary surgical instruments, are often
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smaller than human hands, reducing the need for large incisions. Surgeries that
normally result in a postoperative hospital stay lasting for a week may potential-
ly become outpatient procedures. For example, a liver resection after a conven-
tional procedure will hold a patient hospital-bound for a week or more. The use

of a robot reduces the stay in the hospital to only one or two days.

4.1.2. Higher Surgical Accuracy

Many operations—from orthopedic surgery to neurological procedures—need a
high degree of precision. One slip of the scalpel or misplaced collection of for-
ceps can injure the patient or even lead to death. In Robot surgery, robots aren’t
susceptible to a human surgeon’s shaking or other strain-related motions. When
the hands of the controller shake, the software of the system compensates for the

shaking, and this does not affect the operation.

4.1.3. Reduced Surgeon Fatigue

Surgeries, particularly those which take many hours, are exhausting for the
surgeon in attendance. The staff will be on their feet for hours at a time, finish-
ing the surgery, and taking care of the patient. Surgical robots allow the surgeon
to sit comfortably while conducting operations. This could help keep surgeons
fresh and conscious for the duration of their surgery, prevent fatigue-related er-

rors, and reduce the potential for medical malpractice.

4.2. Disadvantages

4.2.1. Expense of Surgery

Surgery is an expensive process at best. The high cost of installing a robotic op-
erating system can increase the cost of surgery. Surgical robots are costly to
maintain, and additional training is needed for their service, which is also costly.
Precise figures are hard to come by, however, in general, surgery using a da Vin-
ci surgery robot will cost between $3000 and $6000 more than a traditional la-

paroscopic procedure.

4.2.2. Movement Latency

One of the most important robotic surgery issues is the question of latency—the
time it takes for the robot to perform the surgeon’s commands. It takes the ma-
chine several moments to connect with the robotic arms. Although this is not a
regular surgery concern, surgeons find it difficult to respond quickly to prob-

lems that arise during the surgery.

5. Conclusions and Future Perspectives

Since its introduction in 1985, robotic surgery has been widely used in various
fields, due to its several incomparable advantages. High-resolution, 10-fold im-
age magnification and 3-dimensional optics enable delicate structures like in-
tercostal perforators and lymphatics to be accurately visualized and differen-

tiated. The complex and intuitive motion of the robotic arms allows for micro-
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scale manipulation, and even in a small operating area, surgeons can accurately
perform delicate tasks. Therefore, robotic surgery scores over laparoscopic sur-
gery and is commonly used in many intracorporeal procedures. However, except
the high precision, shorter hospital stays, less intraoperative blood loss, robotic
surgery with da Vinci surgical systems are associated with high cost and longer
operative time but delivered similar oncological outcomes as laparoscopic sur-
gery. Almost all types of cancer surgeries reviewed here were based on retros-
pective studies and everyone cited lack of quality randomized controlled trials to
compare the robotic versus laparoscopic versus open approaches. Going by the
expensive set up and recurring costs, it might be the best option for the Intuitive
Surgical (USA) to coordinate multicentered international clinical trials for vari-
ous cancers to stay afloat in the intense future competition in the robotic surgery
market.

Further, it is also a fact that not all the surgical procedures can be performed
on da Vinci Surgical Systems, several specific robots are being developed such as
PRECEYES Surgical System (Preceyes B.V, The Netherlands) and Versius Sur-
gical Systems (CMR Surgical Ltd, UK). With the advancing technology many
more robots aimed towards robot assisted surgery are expected to be developed

soon.
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