Uro-Technology Journal 2024; 8(4): 52-64 52
DOI: 10.31491/UTJ.2024.12.025

Creative Commons 4.0

Robot-assisted surgery vs. laparoscopic surgery in urology: a
critical review

Anant Kumar®, Vivek Vasudeo™

“ Department of Urology, UroOncology, Robotics and Kidney Transplant, Max Superspeciality Hospital, Saket, New Delhi,
110017, India.

This article belongs to the Special Issue: Robot-assisted surgery vs. laparoscopy surgery; which is better?

Abstract

The increasing use of robotic platforms in urology requires a thorough examination of their financial implica-
tions and advantages over conventional laparoscopic methods, especially in the context of a developing coun-
try. A review, albeit non-systematic, of the relevant literature spanning the last three decades was undertaken
to shed light on the advantages and disadvantages of robot-assisted and traditional laparoscopic urological
surgery. This review covered a variety of procedures including but not limited to radical prostatectomy, partial
and radical nephrectomy, radical cystectomy, retroperitoneal and inguinal lymph node dissection and kidney
transplantation. Recent advances in laparoscopic or robotic urology are also presented. The review showed
almost parallel outcomes between robotic and conventional laparoscopic urological surgery for these pro-
cedures. However, robotic procedures were found to be significantly more expensive than their laparoscopic
counterparts. Given the lack of definitive advantages of robotic procedures over traditional laparoscopy,
coupled with the limited availability and significant costs associated with robotic technologies, laparoscopic
surgery remains an important part of the medical landscape in developing countries.
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of motion, reliance on two-dimensional imaging, trans-
mission of physiological tremor and fulcrum effect, longer
learning curve and surgeon fatigue. The advent of robotic
surgical techniques has addressed many of these issues.
However, robotic surgery is not without its own limita-
tions, yet it has been widely adopted both domestically
and internationally. Due to the high initial and recurring
costs, robotic surgery has not been widely adopted in
many developing countries. It is important to ensure that
these technological advances are based on scientific evi-
dence so that informed decisions can be made about their
risks and benefits. Therefore, this review aims to sum-
marize the latest research on the effectiveness and status
of laparoscopic and robotic surgery for various urological
procedures.

Introduction

Since its inception, surgery has undergone significant ad-
vances. Among these, minimally invasive surgery (MIS) is
a notable development [1], with laparoscopy establishing
itself as the preferred method for a wide range of urologi-
cal procedures in the fields of uro-oncology, ablative urol-
ogy and reconstructive urology [2, 3]. The applicability
of laparoscopy continues to expand and is often preferred
over traditional open surgical approaches due to its advan-
tages such as reduced pain, shorter recovery times, faster
return to normal activities, improved aesthetic outcomes
and lower complication rates [4]. However, conventional
laparoscopy presents challenges including limited range
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and specific procedures such as radical prostatectomy,
radical and partial nephrectomy, radical cystectomy,
neobladder, pyeloplasty, retroperitoneal and inguinal
lymph node dissection, donor nephrectomy, and kidney
transplantation. Appropriate MeSH terms and appropri-
ate nesting and Boolean operators were used to modify
the search. From January 1990 to March 2024, the search
yielded 2061 articles. All comparative studies of lap and
robotic surgery were selected. Reviews and meta-analyses
were also included. Editorials, commentaries and letters
to the editor were excluded. Case reports/series were only
included if they were deemed necessary and contained
relevant information. Additional studies were identified
by cross-referencing, resulting in 152 articles that were
considered relevant and subsequently analyzed (Figure 1).
Some older publications were also referenced to provide
historical context. Publications were excluded from the re-
view if they were not accessible via PubMed or were not
written in English. Additional searches were conducted
for advances in laparoscopy and robotic surgery. Informa-
tion from company websites and catalogues was used to
describe newer or upcoming surgical tools or devices.

Result

Prostate cancer

The open perineal approach to radical prostatectomy (RP),
first introduced by Young in 1904, remained the preferred
surgical route for almost one hundred years until Walsh
revolutionized practice by introducing open retropubic RP
in 1982 [5]. The advent of laparoscopic RP (LRP) in 1997
marked a significant advance, followed by the pioneering
introduction of robot-assisted RP (RARP) using the da
Vinci Surgical System® by Binder in 2002 [6]. Due to its
complexity and steep learning curve, LRP was limited to

those with extensive laparoscopic experience.

The integration of robotics is thought to make this com-
plex procedure easier to perform. The number of random-
ized controlled trials (RCTs) directly comparing these
techniques is limited. Observational studies suggest that
RARP and LRP result in less estimated blood loss (EBL)
and fewer transfusions than open RP, with comparable
or better complication rates [6]. In addition, analyses of
observational studies suggest improved urinary and sexual
function outcomes after RARP compared with open RP
[7]. RARP has also been reported to be less stressful for
surgeons than traditional open RP [8].

Three randomized prospective trials of LRP versus RARP
have been published. Two of these have published their
extended follow-ups, making a total of five. Of the three,
one is a multicenter and patient-blinded study conducted
in four centers in Germany [9]. The other two are single-
center studies from Italy [10, 11]. There is a recent meta-
analysis that includes the three trials [12]. In terms of
functional outcomes, RARP performed better than LRP
in terms of overall recovery of continence (OR = 1.60,
95%CI 1.16-2.20, P = 0.004), overall recovery of erectile
function (OR = 4.07, 95%CI 2.51-6.60, P < 0.001). This
was also true for recovery of continence and potency at 3
months (OR = 1.51 and 4.25), 6 months (OR = 2.66 and
3.52) and 12 months (OR = 3.52 and 3.59). Both groups
were similar in terms of blood loss, catheter indwelling
time, overall complication rate, overall positive surgi-
cal margin and biochemical recurrence rate. Advances in
surgical techniques such as the development of the hood
technique, Retzius sparing, efc. have also contributed to
the improved results with RARP [13, 14].

According to current global standards, no single surgical
technique is recommended as superior [3], suggesting that
surgeon expertise and hospital volume are more critical
factors in optimizing functional and oncological outcomes

[6].

Figure 1. Preferred reporting items for systematic review and meta-analysis (PRISMA) flow diagram.
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Kidney cancer

For localized kidney cancer, laparoscopic radical nephrec-
tomy is considered the standard of care [2]. Studies have
shown that the robotic approach to radical nephrectomy
offers no clear advantage over conventional laparoscopy
and is not cost-effective [15].

The most recent global standard [2] advocates partial ne-
phrectomy (PN) as the preferred treatment for T1 renal
tumors, citing its improved oncologic outcomes for T2
tumors in certain cases [16]. The initial introduction of
laparoscopic partial nephrectomy (LPN) by Winfield and
colleagues in 1993 was a major advance, offering signifi-
cant advantages over traditional open PN (OPN) by reduc-
ing wound complications, decreasing postoperative pain,
and facilitating earlier hospital discharge [2]. The long-
term oncologic efficacy of LPN has been confirmed [17],
establishing it as first-line therapy for Tla renal tumors.
However, performing LPN poses a significant challenge
to surgeons, both mentally and physically, due to the de-
manding nature of intricate laparoscopic procedures that
require intracorporeal suturing within a limited time frame
to prevent ischemic damage to the kidney while maintain-
ing effective hemostasis [18].

Gettman and colleagues first introduced robot-assisted
partial nephrectomy (RAPN) in 2004 [19]. This surgical
technique increases the precision of tumor removal and
simplifies suturing within the body [18]. However, the ev-
idence supporting RAPN comes from observational stud-
ies, and there are no head-to-head RCTs comparing RAPN
with LPN. The success of these surgical options for partial
nephrectomy is evaluated based on triple outcomes, in-
cluding clear surgical margins, minimal reduction in renal
function, and perioperative safety [20].

In a comprehensive meta-analysis by Cacciamani et al.
[21], which included 98 studies and 20,282 patients,
RAPN patients were more likely to have hilar tumors
and higher RENAL scores. RAPN outperformed LPN in
several areas: warm ischemia time (WIT) was reduced
(OR =4.21, 95% CI 2.24-6.17, P < 0.00001), there was
less need for transfusion (OR = 1.37, 95% CI 2.23-7.20,
P < 0.00001), fewer operative complications (OR = 2.05,
95%CI 1.51-2.80, P < 0.00001), and lower rates of con-
version to OPN (OR =2.61, 95% CI 1.11-6.15, P = 0.03)
and radical nephrectomy (OR = 4.00, 95% CI 2.23-7.20,
P < 0.00001). Furthermore, RAPN was associated with
a lower positive surgical margin (PSM) rate (OR = 2.01,
95%CI 1.52-2.66, P < 0.00001) and a lower percentage
decline in estimated glomerular filtration rate (¢GFR) (OR
=-1.97, 95% CI -3.57- 0.36, P = 0.02), indicating a ben-
efit over LPN. Operative time, estimated blood loss (EBL),
30-day readmission rates, cancer recurrence and cancer-
related mortality did not differ significantly between the
two cohorts.

A separate meta-analysis by Leow and colleagues [22]
found a reduction in complications, WIT and PSM rates
with RAPN compared to LPN. In addition, the learning
curve for RAPN has been reported to be shorter than for
LPN [23], and RAPN has facilitated the introduction of
innovative renorrhaphy techniques, such as the sliding

clip technique [24], which have contributed to a reduction
in WIT. However, RAPN is significantly more expensive
than LPN [25], which limits its widespread use, especially
in resource-limited settings. In addition, the long-term on-
cologic safety of RAPN has not been fully evaluated, and
existing studies have had limited follow-up [2].

In a recent systematic review, robotic partial nephrectomy
was associated with lower WIT, longer operative time, and
no difference in Clavein III and IV complications. RAPN
also appears to improve oncologic control and surgeon er-
gonomics without increasing postoperative complications
[26]. However, there are no completed or ongoing RCTs
to provide high-level evidence in favor of either approach.
Off-clamp minimally invasive PN is not new, initially
performed under controlled hypotension and later mainly
by “super-selective microdissection” and control prior to
tumor excision. It eliminates the possibility of ischemic
renal injury. Long-term results for off-clamp lap PN are
reported from a single high-volume center [27]. There are
many studies comparing on- versus off-clamp PN, but the
data are conflicting. A randomized trial comparing on-
versus off-clamp laparoscopic PN found no difference
in perioperative and early functional outcomes [28]. A
multicenter study found no difference in preservation of
renal function, but off-clamp RAPN was associated with
increased conversion to radical nephrectomy and blood
transfusion [29]. A recent review and meta-analysis con-
cluded that off-clamp RAPN may offer better renal func-
tion preservation and lower margin positivity rates [30].
We could not find any study comparing laparoscopic and
robotic off-clamp PN.

Urinary bladder and upper tract urothelial carcinoma

The advent of laparoscopic radical cystectomy (LRC) was
first documented by Sanchez and colleagues in 1993 [31],
followed a decade later by the introduction of robot-assist-
ed radical cystectomy (RARC) by Menon and colleagues
in 2003 [32]. Initially supported by limited series and
single center reports, the body of evidence for LRC and
RARC has expanded to include a growing corpus of RCTs
and meta-analyses, facilitating direct comparisons with
open radical cystectomy (ORC) and among themselves
[33, 34]. The evaluation of LRC and RARC versus ORC
involves a tripartite analysis of outcomes: perioperative
surgical performance, completeness of the surgical proce-
dure, and long-term cancer control. Perioperative metrics
include operative time, EBL, need for transfusion, rate of
perioperative complications, and length of hospital stay
(LOS). Surgical thoroughness is measured by the PSM
rate, which ranges from 1% to 6.3% in ORC [35, 36], and
lymph node (LN) sampling, with an optimal number of 10
to 14 nodes required for accurate disease staging [37].

A direct comparison between RARC and LRC was per-
formed in a meta-analysis by Feng et al. [34], which
included 2 RCTs and 8 observational studies. This study
found that RARC had better outcomes in terms of LOS,
complication rate, and LN yield compared to LRC, al-
though LRC was associated with reduced EBL. The rate
of PSM was comparable between the two groups. Long-
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term oncologic outcomes over a 5-year period were re-
cently reported in the CORAL trial [38], which showed no
significant differences between ORC, LRC, and RARC in
these metrics. The study was limited by its small sample
size and single-center design.

Kowalewski et al. performed a systematic review and
network meta-analysis of RCTs comparing the three ap-
proaches with the primary outcomes of overall survival
(OS) and relapse-free survival (RFS), which would only
be performed if there was sufficient evidence to compare
all three approaches [39]. There was insufficient evidence
to perform a network meta-analysis of all three approach-
es for the primary outcomes. Although the data showed no
significant differences in OS between RARC and ORC,
there was insufficient evidence to make a comparison with
LRC. This indirectly shows the trend towards increased
use of RARC for minimally invasive radical cystectomy.
Regarding total intracorporeal urinary diversion, we could
not find a head-to-head comparison between laparoscopic
and robotic intracorporeal diversion. Although laparo-
scopic intracorporeal ileal neobladder was introduced
more than 20 years ago [40], it has not become routine
due to the complexity of the procedure as evidenced by
the limited number of small series [41]. At the same time,
robotic cystectomy came later, but robotic intracorporeal
diversion continued to increase, probably because of
easier and less time-consuming suturing with the robot [42,
43].

Radical nephroureterectomy (RNU) with bladder cuff
excision (BCE) and lymphadenectomy is the standard of
care for localized high-risk upper tract urothelial carci-
noma (UTUC). The evidence for this rare condition comes
only from retrospective/prospective observational studies.
Studies comparing laparoscopic RNU + BCE with robotic
RNU suggest that the robotic approach has better lymph-
adenectomy rates and probably better cancer-specific sur-
vival rates [44-46]. The better survival may be attributed
to better staging and receipt of adjuvant therapy due to
better lymphadenectomy rates. Another advantage of the
robotic approach is the ability to perform partial bladder
cuff excision robotically. It is not that it cannot be done
laparoscopically, but the literature shows few studies that
have done total laparoscopic RNU and BCE [47], while
the majority go with a mixed approach of laparoscopic
RNU and open BCE [48, 49].

Testicular cancer

The primary scenarios in which retroperitoneal lymph
node dissection (RPLND) is currently recommended for
Ca Testis include stage 2A and early stages of stage 2B
disease, as well as its use as a salvage treatment after che-
motherapy in cases where tumor markers have returned to
normal [50]. In this context, open RPLND is the bench-
mark procedure. However, it is associated with significant
adverse effects and a prolonged recovery period, leading
to the exploration of less invasive techniques for RPLND.
The concept of laparoscopic RPLND (L-RPLND) was
introduced in 1992 [51]. Despite initial skepticism regard-
ing its efficacy, the comprehensive review by Rassweiler

and colleagues, which included data from more than 800
individuals, established the efficacy of L-RPLND [52].
This review showed that performing lymph node dissec-
tion using modified templates resulted in an average of
16 lymph nodes retrieved, with a range of 5 to 36 nodes.
When compared with the traditional open technique, no
significant differences were observed between laparo-
scopic retroperitoneal lymph node dissection (L-RPLND)
in terms of recurrence rates, the proportion of patients
receiving chemotherapy (29% for L-RPLND vs. 31% for
open surgery), and the frequency of subsequent salvage
surgery (1.2% for L-RPLND vs. 1.5% for open surgery).
Nevertheless, L-RPLND presents a significant learning
curve and challenges such as management of bleeding
near the major vessels, in addition to its limited applicabil-
ity in cases requiring bilateral template RPLND and sur-
gery after chemotherapy [53]. Therefore, the widespread
adoption of L-RPLND awaits further validation, and it
is currently recommended only for specialists in whom
it demonstrates equivalent efficacy to open RPLND with
less morbidity [50].

The introduction of robot-assisted RPLND (RA-RPLND)
represents the forefront of innovation in the field, driven
by the benefits of enhanced three-dimensional visualiza-
tion and improved robotic dexterity [53]. However, the
evidence supporting RA-RPLND comes primarily from
case studies and limited retrospective analyses [54]. A
review by Tselos et al. of retrospective studies involving
116 patients found that outcomes for RA-RPLND were
similar to those for L-RPLND, including a median lymph
node count of 22.3, an overall positive detection rate of
26%, and a complication rate of 8% [55].

Direct comparisons between L-RPLND and RA-RPLND
are rare, but a study by Harris et al. showed comparable
results in terms of perioperative morbidity and short-term
cancer control [56]. However, notable disadvantages of
robotic surgery include significantly higher costs and po-
tential delays in bleeding control for significant vascular
injury as the lead surgeon operates remotely from the pa-
tient [56].

Robotic and laparoscopic RPLND for testicular cancer in
the post-chemotherapy setting is also safe and feasible.
These laparoscopic cases should be appropriately planned
and performed in low to moderate volume residual mass-
es. Similarly, RA RPLND in the post-chemotherapy set-
ting should be limited to surgeons with good experience in
robotic surgery and a well-accessible location and limited
volume of residual tumor [57-59].

Penile cancer

Although rare, penile cancer typically requires removal
of the penile tumor and dissection of the inguinal lymph
nodes as the primary treatment strategy. The traditional
method of open inguinal lymph node dissection carries a
morbidity risk of approximately 50%, including compli-
cations such as lymphedema (21%), lymphocele (21%),
wound infection (26%), and flap necrosis (41%) [60]. The
introduction of video endoscopic inguinal lymphadenec-
tomy (VEIL) using conventional laparoscopic instruments
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in 2005 has shown a decrease in surgical morbidity while
maintaining the integrity of cancer treatment outcomes
[61]. Despite these advances, VEIL remains a complicated
and physically demanding procedure. The introduction
of robot-assisted VEIL (RA VEIL) by Josephson and
colleagues in 2009 marked a significant milestone [62].
Initial observations have validated the feasibility of RA
VEIL, suggesting a reduction in complications and length
of hospital stay [63]. However, comparative analyses of
VEIL and RA VEIL are scarce and mostly retrospective.
A retrospective evaluation by Russel and his team showed
that the results of VEIL and RA VEIL are similar [64].
Currently, there is no clear advantage of robotic surgery
over laparoscopic surgery for lymph node dissection in
penile cancer, highlighting the critical need for further re-
search in this area.

Benign conditions: ureteropelvic junction obstruction

The surgical technique known as Anderson-Hynes dis-
membered pyeloplasty was originally introduced in 1949
as a method to treat obstructions at the ureteropelvic junc-
tion (UPJ). It was first described in a case of a retrocaval
ureter [65]. Initially performed through an open surgical
approach, this method has significant disadvantages, in-
cluding the significant discomfort and potential complica-
tions of a flank incision, as well as postoperative pain [66].
These challenges have paved the way for the introduction
of laparoscopic pyeloplasty (LP), which represents a sig-
nificant improvement by reducing morbidity, decreasing
the need for postoperative pain management, and facilitat-
ing faster hospital discharge, although it requires longer
operative times [67]. However, the laparoscopic approach
requires a high level of proficiency in laparoscopic sutur-
ing techniques and involves a significant learning curve
[68]. With the growing interest in robotic surgery due to
its precision, minimized tremor, and increased surgical
flexibility, an increasing number of centers are now offer-
ing robot-assisted pyeloplasty (RAP) for both adults and
children.

While most studies comparing LP and RAP are obser-
vational [69], there are a limited number of randomized
trials directly comparing the two methods [70]. Previ-
ous reviews and analyses comparing LP with RAP have
yielded mixed results [71]. However, a recent network
meta-analysis by Uhlig and colleagues, focusing primarily
on adult patients diagnosed with UPJO, analyzed the out-
comes of open pyeloplasty, LP, RAP, and endopyelotomy
[70]. This study found that RAP had a significantly higher
rate of surgical success than LP, although the likelihood of
perioperative problems, instances of urine leakage, need
for additional surgeries, frequency of blood transfusions,
and length of hospital stay (LOS) were similar between
the two methods. When the analysis was limited to stud-
ies that included 1-year follow-up (13 of 24 studies), LP
and RAP showed no difference in success rates. The ma-
jority of these studies were retrospective, and only one
randomized trial was included. The analysis also showed
that RAP was significantly more expensive than LP. In ad-
dition, another meta-analysis of 14 observational studies

comparing LP and RAP in pediatric patients found that
RAP not only had a higher success rate but also a shorter
LOS [72].

Ureteric reconstruction

Traditional open ureteral reimplantation remains the stan-
dard of care for benign conditions such as vesicoureteral
reflux (VUR), megaureter, or obstruction. Laparoscopic
ureteral reimplantation (LUR) has been shown to reduce
EBL, hospital LOS, and patient discomfort compared to
the traditional open approach [73]. Robot-assisted ureteral
reimplantation (RAUR), introduced in 2003, has been the
subject of several observational studies. These studies
typically find no significant differences in mean operative
time, EBL, and LOS when comparing RAUR to LUR,
with both methods achieving success rates close to 100%
[73]. However, RAUR has a shorter follow-up period
in these studies compared to LUR. In pediatric cases of
VUR, RAUR has been studied, but there is no consensus,
with some reports suggesting that it has higher complica-
tion rates and less favorable outcomes than open surgery
[74].

Simple prostatectomy (SP) is another urological proce-
dure where MIS has become increasingly common. A
large multi-institutional study of laparoscopic and robotic
SP evaluated the factors associated with favorable trifecta
outcomes (International Prostate Symptom Score (IPSS) <
8, maximum flow rate (Q,,,,) > 15 mL/s, and no periopera-
tive complications). They found that the trifecta outcome
was not significantly influenced by the two approaches
[75]. A recent systematic review and meta-analysis aimed
to perform a pooled analysis to compare the safety and ef-
ficacy profiles of laparoscopic and robotic SP. They found
that robotic SP had a higher Q,,,, (WMD = 2.15 mL/s,
95%CI 3.75-0.55, P = 0.0009) and comparable IPSS and
sexual health inventory (SHIM) compared to laparoscopic
SP [76].

Donor nephrectomy and kidney transplantation

Laparoscopic donor nephrectomy (LDN) has become the
preferred method for harvesting kidneys for transplanta-
tion, offering advantages such as reduced blood loss, less
postoperative pain, and faster hospital discharge [77].
However, LDN requires considerable skill due to its
complex nature [78]. Robot-assisted donor nephrectomy
(RADN), introduced by Horgan and colleagues [79], is
currently performed in a limited number of centers world-
wide. However, the definitive advantage of RADN over
LDN remains to be proven. Comparative RCTs are scarce
[80] and often involve small numbers of participants. A
meta-analysis by Wang ef al. [81], which included 2 RCTs
and 5 retrospective studies with 514 patients, showed
that LDN was associated with significantly shorter opera-
tive time, lower estimated blood loss, and shorter warm
ischemia time. Factors such as removal of the kidney
by an assisting surgeon and removal of the robotic arms
prior to extraction may increase warm ischemia time in
RADN procedures. In addition, RADN has been reported
to be associated with higher costs [82]. We do not see any
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advantage of RADN over LDN. RADN is just a more ex-
pensive way to do the same procedure.

The first laparoscopic kidney transplant (LKT) from a
living related donor was performed in April 2009 [83].
Modi et al. further demonstrated the safety and efficacy
of LKT in 2011, and subsequent studies have confirmed
these findings, indicating that LKT outcomes, including
eGFR at both 1 month and 1 year, are comparable to those
of open kidney transplantation (OKT) [84]. However, the
LKT literature is limited to a few case reports.

In 2014, Menon et al. presented a detailed account of
robot-assisted kidney transplantation (RAKT) using re-
gional hypothermia and found that creatinine clearance
rates from the first postoperative day were comparable to
OKT in cases performed by surgeons experienced in ro-
botic procedures [61]. Bansal ef al. described an indepen-
dent analysis of the learning curve and some key modi-
fications to the RAKT technique. The learning curve for
technical outcome (total anastomosis time) was 24 cases
and for functional outcome (serum creatinine at days 7
and 30) was 15 to 25 cases. Major technical modifications
included arterial and ureteral spatulation on the table, use
of polypropylene 50 suture in the graft vessels to facilitate
intraoperative handling, keeping the anterior arterial wall
smaller to visualize the posterior arterial wall anastomo-
sis, and leaving a small amount of fatty tissue on the su-
pero-lateral surface of the kidney for handling after jacket
removal [85]. The same group also reported the results of
robot-assisted pediatric renal transplantation. They found
it to be safe and had similar outcomes with less pain and
better cosmesis compared to the open technique [86].
Although the adoption of RAKT has increased nationally,
the complexity and sensitivity of the surgical process,
particularly the vascular anastomosis, has limited the
expansion of minimally invasive renal transplantation
techniques. Since RAKT’s inception, no significant new
research on LKT has emerged post-2014. Nevertheless,
OKT remains the benchmark procedure, even as the clini-
cal indications for choosing RAKT continue to grow.

Advances in robotics

Advances in MIS include the use of single port laparos-
copy and robotic technology. The first reports of single
port laparoscopic urologic surgery were found in 2008
[87]. The technique is better known as laparoendoscopic
single site (LESS) surgery. Despite reports of improved
perioperative and cosmetic benefits, LESS surgery with a
purely laparoscopic approach never became popular and
was not adopted by many centers. This was primarily due
to the long learning curve and inherent instrumentation
limitations. Eventually, a dedicated single-port robotic
system was developed with the da Vinci SP robotic sys-
tem, which received FDA clearance for use in urologic
surgery in 2018. The SP da Vinci system has been used
for radical prostatectomy, nephrectomy and cystectomy,
and reconstructive surgery [88]. Recently, a dedicated
single-port robotic system, the SHURUI Robotic Surgical
System (SHURUI Robotics, Beijing, China), has reported
its safety and feasibility in radical prostatectomy and ret-

roperitoneal partial nephrectomy [89, 90]. It has a dual-
continuum structure instead of cable-driven wrists, which
they claim has a higher payload capacity and greater reli-
ability. It also has the shortest insertion length. Finally, the
cost is as low as laparoscopic surgery.

The latest multiport system from intuitive surgical is
the da Vinci 5 robotic system. This claims to provide an
enhanced surgical sensation by enabling force feedback
technology, further improved vision system and improved
ergonomics and will be an exciting development to watch
in the future [91]. Following the 20-year dominance of
the da Vinci robotic platform, numerous multiport robotic
surgical systems have been developed and introduced into
clinical practice over the past decade. These platforms
include the Senhance robotic system, the CMR-Versius
robotic system, and the Hugo RAS, Avatera, Hinotori,
Mantra, and Dexter [92].

The Hinotori Surgical Robot System (Medicaroid, Japan)
has multiple robotic arms extending from a single bedside
patient cart and an enclosed surgeon’s console like a da
Vinci robot. The robotic arms have eight axes of opera-
tion, which is expected to reduce inter-arm or arm-to-
assistant interference and provide a smoother operation.
Another feature is its dockless design, in which the pivot
(instrument support point) is set by software. This results
in a clear workspace around the trocar. The surgeon’s con-
sole is also said to be more ergonomic [93]. The Avatera
system (Avateramedical GmbH, Germany), also a multi-
arm surgical robot, is particularly space saving. The surgi-
cal robot has four arms with slender instruments (5 mm
diameter). The control unit has a slim eyepiece and does
not obstruct the surgeon’s mouth or ears, improving com-
munication between the surgeon and the team. They have
a strict single-use concept for instruments, so surgeons al-
ways work with new, reliable instruments, eliminating the
risk of cross-contamination and the need for cleaning and
sterilization procedure [94].

Other multiport robotic systems such as Hugo, Versius,
Senhance, SSI Mantra and Dexter have independent arm
carriages, unlike the systems mentioned above. The Hu-
go'™ Robotic Assisted Surgery (RAS) system (Medtronic,
Minneapolis, USA) is designed to provide a more ergo-
nomic and personalized working environment. Notable
benefits include superior dexterity and range of motion,
HD 3D visualization, open console, haptic feedback and
remote telemetry. Advanced safety features include force
sensing, collision avoidance and joint lockout [95]. The
Versius surgical robotic system was introduced by Cam-
bridge Medical Robotics (CMR, UK). It features an open
console that allows the surgeon to operate in a sitting or
standing position, reducing stress and fatigue. Up to five
lightweight robotic arms can be used as separate units. V-
Wrist technology provides 360 degrees of wrist motion,
7 DOF and haptic feedback [96]. The Senhance Surgi-
cal System (Ascensus Surgical, NC, USA), uses familiar
laparoscopic surgical techniques to improve safety and ef-
ficiency without a steep learning curve. It also has an open
console architecture with hand controls similar to laparo-
scopic instrument handles. It is equipped with haptic sens-
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ing, eye-tracking camera control, a 3 and 5 mm reusable
instrument portfolio, and a digital fulcrum to minimize
torque at the incision site [97]. The Swiss Dexter robotic
system (Distalmotion Switzerland) features a compact,
modular and mobile design that allows it to be easily
moved and shared between operating rooms. It is compat-
ible with all OR equipment, including imaging systems
and energy devices. Thus, the system integrates into the
intraoperative workflow and protects existing investments
[98]. Another low-cost surgical robot comes from India.
The SSi Mantra 3 (SS Innovations, India) has a surgeon
command center, patient-side robotic arm carts, and a vi-
sion cart. The surgeon command center has an open con-
sole design and is equipped with a large 4K 3D monitor,
2D touch monitor system controls, an ergonomic hand
control device, and a head tracking safety feature. The
vision cart has the same monitor as the command center,
providing the same 3D vision to the bedside assistant. The
articulating endoscope is used for different levels of vi-
sion without changing the scope [92]. The development of
these robotic platforms will definitely bring down the cost
and gain wide acceptance.

Advances in laparoscopy

The biggest challenge in conventional laparoscopy is
hand-eye coordination in a three-dimensional (3D) field
observed on a 2D display. The introduction of 3D laparo-
scopic vision improves surgical precision and hand-eye
coordination, making laparoscopy more acceptable, safe
and cost-effective. It has low investment and maintenance
costs and reduces the learning curve. The 3D feature of
laparoscopy brings it closer to robotic systems [93].

The next limitation of laparoscopy is the need for the as-
sistant to hold the camera and its inherent problems such
as tremors and improper direction and angle. The endo-
scope holders/manipulators solve this problem to a large
extent, where the control of the camera is only with the
operating surgeon. SOLOASSIST II (Aktormed GmbH,
Germany) provides stable and precise positioning of the
endoscope for a steady image with unique range of mo-
tion with unobstructed access to the patient site with
manual or voice control [94]. Emaro (Riverfield, Japan)
is a pneumatic endoscope manipulator that moves with
the surgeon’s head. An inertial measurement unit (IMU)
is mounted on the surgeon’s head to detect movement
[95]. Freehand has developed two collaborative robots
(cobots)—Vista and Panorama—for different types of
surgery. Vista was developed for urological surgery. The
camera is held by a 3-joint modular arm that provides
a stable platform. It also consists of Instinctive Motion
Control (IMC) through a headset to select the direction of
movement based on the surgeon’s head movement [96].
Laparoscopic surgery is made easier and more precise
with the use of articulating instruments. These offer great-
er dexterity and degrees of freedom compared to conven-
tional instruments. ArtiSenial (LIVSMED, Republic of
Korea) is one such instrument that allows intuitive move-
ment of the endoscope to match the surgeon’s fingers and
wrist. There is also a “hold” mode in which the end effec-

tor can be frozen at any desired angle. The difficult task of
laparoscopic suturing can be made as easy as robotics with
this tool [97]. HandX from Human Xtensions (Meril Life,
India) is a handheld, fully articulating, software-driven
laparoscopic tool that translates basic hand movements
into complex movements within the surgical field. It has
an interchangeable articulating head that fits through 5
mm ports. The tool is quick to set up and offers ergonomic
advantages [98].

The Levita™ Magnetic Surgical System (LMSS) (MAR-
S™ from Levita Magnetics) is another recent addition. It
is a first-of-its-kind device that uses magnets to assist in
trocarless retraction, reducing the number of ports in lapa-
roscopic and robotic procedures. Initially used in lapa-
roscopic cholecystectomy and bariatric surgery, its first
application in urology was robotic radical prostatectomy.
Fulla and colleagues published their initial clinical experi-
ence in patients undergoing either laparoscopic or robotic
(da Vinci Xi or single port) renal surgery. The first pro-
spective, multicenter, single-arm, open-label study of the
safety and feasibility of the robotic magnetic surgical sys-
tem was published in November 2022. The study included
30 patients undergoing laparoscopic cholecystectomy and
laparoscopic bariatric surgery and found the system to be
safe and feasible with reduced incisions and increased sur-
geon control [92].

The future

The future of minimally invasive surgery is very exciting
and will see many new developments. The penetration of
various robotic systems is increasing and is likely to con-
tinue to increase due to lower costs and widespread avail-
ability. The integration of virtual reality (VR), augmented
reality (AR) and mixed reality into surgery is already un-
derway. Artificial intelligence and machine learning will
come in a big way. The latest generation da Vinci 5 has
10,000 times the processing power of the previous genera-
tion. It is designed to enable the future of Al and machine
learning in surgery. The next game changer could be
tele-mentoring in surgery. There are many ethical issues
associated with tele-surgery. With advances in telecom-
munications and the internet, tele-mentoring can be a vi-
able option where the trainee’s console is connected to the
proctor’s console, even if both consoles are in different
locations. This allows the proctor to train many trainees
without having to travel to his hospital. Finally, in the fu-
ture, biochemical, molecular, or isotopic imaging will be
available to preferentially illuminate the lesion and help
the surgeon perform a precise dissection.

Discussion

When evaluating traditional laparoscopy versus robot-
assisted surgical approaches, it’s important to consider
their impact from three critical perspectives: the nature of
the surgery, the patient’s outlook, and the surgeon’s expe-
rience. Robot-assisted techniques offer several significant
technological improvements over conventional laparos-
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copy. Equipped with a sophisticated dual 3-chip camera,
these systems provide a three-dimensional image coupled
with a magnification range of 10-12X, significantly im-
proving depth perception. In addition, the integration of
Endo Wrist” technology into robotic instruments introduc-
es an innovative pivot point near the tip of the instrument,
which significantly enhances movement flexibility. The
tremor filtering and motion scaling capabilities, which
can reach a ratio of up to 3:1, are critical for performing
intricate maneuvers within the surgical field [99]. These
advancements are particularly beneficial for surgeries per-
formed in confined spaces such as the pelvis, leading to
the predominant use of robotic surgery in procedures such
as radical prostatectomy (RP) and various gynecologic
surgeries. The addition of 4K and 3D vision and the use of
Firefly technology in laparoscopic surgery has improved
laparoscopic surgery and brought it closer to robotic sur-
gery.

However, despite the accumulation of more than three
decades of research data, there remains a noticeable lack
of clear benefits of robotic assistance on key surgical out-
comes such as operative time (OT), EBL, PSM rates, and
LOS. In addition, the lack of tactile feedback is a notable
limitation of the robotic platform.

The use of robotic techniques in nearly all aspects of
urologic surgery has been shown to be feasible; however,
feasibility should not be confused with superiority. The
desire for robotic procedures is largely driven by patient
preference, a trend strongly influenced by direct-to-con-
sumer advertising and the absence of competing technolo-
gies, which may lead to inflated expectations of robotic
efficacy. An increasing number of patients are requesting
robotic surgery; many hospitals are adopting and promot-
ing robotic surgery even though its benefits have not been
conclusively demonstrated. An Italian group evaluated the
rate of lost patents due to the absence of a robotic platform
at their center. They found that the presence of a robotic
platform would have increased the surgical volume of
radical prostatectomy by 49%, as these patients chose to
undergo robotic surgery elsewhere. Despite no technique
showing superiority in terms of oncologic or functional
outcomes, eligible patients choose to be operated on else-
where due to the lack of a robotic system [100].

The da Vinci surgical system (Intuitive Surgical Inc.,
Sunnyvale, CA) has an initial price tag of about $2 mil-
lion, with annual maintenance costs of about $100,000
and disposable costs of about $1,500 per case [101-103].
Few hospitals can afford such costs without increasing
the volume and cost of robotic surgery, which is a critical
issue, especially in developing countries. In addition, the
cost of robotic surgery is not covered by all health insur-
ance plans. The investment for a single robotic unit is
comparable to the cost of establishing 15-20 laparoscopic
centers, which may be a more economical approach.
Given the backlog of urologic patients awaiting surgery,
judicious resource allocation is prudent. New technologies
must meet five criteria for widespread adoption: afford-
ability, acceptability, accessibility, availability, and appro-
priateness for the general population. In addition, compre-

hensive long-term safety and efficiency data for robotic
systems in urologic oncology procedures compared to
conventional laparoscopy remain elusive. It’s important to
remember that robots, as mechanical entities, are prone to
operational failures that are significantly underreported. In
emergencies, the time required to switch from robotic to
laparoscopic or open surgery could be critically delayed
[102].

Robotic systems have been highlighted as beneficial to
surgeons. When surgeons operate from a master con-
sole away from the patient, the surgical process is ergo-
nomically improved and less stressful for the surgeon.
However, there are conflicting reports, with over 50%
of surgeons surveyed experiencing symptoms such as
neck stiffness and fatigue in the fingers and eyes, which
correlate with the amount of time spent at the console.
In addition, surgeons who perform a greater number of
robotic procedures per year report increased low back
stiffness [101]. The ergonomic benefits of robotic surgery
for surgeons are still under investigation and require thor-
ough evaluation using standardized questionnaires and
metrics. While robotic assistance may shorten the learning
curve for certain procedures, its benefits must be weighed
against the costs associated with health care and patient
expenses, particularly in developing countries. In addition,
shortening the learning curve for laparoscopy could also
be achieved through adequate training in residency pro-
grams from the outset. Dependence on technology should
not replace the need for expertise. High patient volumes in
developing countries, such as India, can help surgeons im-
prove their skills, increase their proficiency, and achieve
better outcomes in laparoscopic procedures [103]. Ongo-
ing advances in laparoscopic technology, including the
introduction of 4K ultra-high-definition systems with 3D
vision, sophisticated sealing tools, robotic laparoscopic
instruments, and ergonomically designed platforms with
chest supports, armrests, and camera mounts, may provide
a cost-effective alternative that achieves comparable ef-
ficacy to robotic technologies [1, 104].

Current guidelines within the field of urology do not favor
the use of robotic surgery over laparoscopic techniques
and vice versa. This view is shared by specialties outside
of urology as well as several governmental organizations.
The National Health Service in England has stated that
there is insufficient evidence to justify the expenditure
on robot-assisted radical cystectomy [101]. Similarly, the
American College of Obstetricians and Gynecologists
has stated in a committee opinion that the effectiveness of
robotic assistance in performing hysterectomies for non-
malignant conditions remains equivocal, indicating a need
for additional research to support its adoption [105]. In
addition, a safety and effectiveness analysis conducted
by the Society of American Gastrointestinal and Endo-
scopic Surgeons found that although robotic assistance in
gastrointestinal surgery is considered safe and provides
outcomes comparable to traditional laparoscopic methods,
it does not necessarily provide better outcomes and may
result in increased costs for certain gastrointestinal proce-
dures [106].
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In developing countries with limited availability of ro-
botics in centers and long waiting lists, surgeons need to
acquire adequate laparoscopic skills to perform cases in a
minimally invasive manner for the greater benefit of the
poor population. Therefore, the adoption of laparoscopic
surgery by such urologists is important even in the era of
robotic surgery.

Conclusions

This review aims to critically evaluate the comparative
studies between laparoscopy and robotic surgical tech-
niques, especially in the context of developing countries
where access to robotic surgery remains limited. Current
evidence suggests that outcomes for patients undergoing
laparoscopic surgery are broadly comparable to those of
robot-assisted surgery for a variety of urologic procedures.
While robotic surgery offers improved visualization, ergo-
nomic advantages, and the ability to perform more precise
maneuvers, it remains unclear whether these advantages
translate into significantly better outcomes in clinical prac-
tice and further comprehensive studies are needed. Despite
the clear advantages of robotic surgery over conventional
laparoscopy, the high cost of robotic systems limits their
widespread adoption. Innovations in laparoscopic technol-
ogy, such as wristed instruments and 3D imaging, may
address some of laparoscopy’s shortcomings at a fraction
of the cost of robotic alternatives. Currently, laparoscopic
approaches to urological surgery are gaining popularity,
especially in developing countries with limited resources.
Investment in new surgical technologies should be guided
by critical analysis and evidence-based decision making.
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