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10.1 Introduction 

Since the 1990s, laparoscopic surgery has undergone unprecedented change and 
expansion. The benefit and attraction of minimally invasive surgery to both patients 
and surgeons alike forced this growth and a necessity to perform more and more 
complex operations laparoscopically [1, 2]. Predictably, a threshold was reached, 
and surgical advancement plateaued. In response, robotic surgery was introduced, 
and since then its evolution has transformed minimally invasive surgery (MIS) 
worldwide [3]. This bourgeoning field of robotics has redefined the gold standard 
of surgical care for many staple uro-oncological procedures. The introduction of 
the da Vinci Surgical System in 2000 changed the face of modern MIS [4]. 

Distinct advantages of the robotic approach, compared to laparoscopic surgery, 
include a surgeon-controlled camera, three-dimensional high-definition magnified 
surgical vision, and EndoWrist enhanced manoeuvrability with seven degrees of 
freedom and 90° articulation [5]. Moreover, providing natural movements conse-
quently enhances dexterity and dissection, precise coordination of hands and eyes, 
filtration of physiological tremor, and motion scaling [6] which allows for pre-
cise tissue dissection and suturing [7, 8]. These advantages enable surgeons to 
perform more complex MIS procedures and extend the feasibility, and therefore 
benefits, of MIS to more specialists by reducing the learning curve [9, 10]. Con-
sequently, robotic surgery continues to be rapidly adopted in renal and prostate 
surgery worldwide [11].
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10.2 Background 

10.2.1 The Origin of Robotic Surgery and Intuitive Surgical 

Although Intuitive Surgical, Inc. was founded in 1995, the current Da Vinci plat-
form is an amalgamation of research and innovation that originated prior in the late 
1980s at the non-profit Stanford Research Institute (SRI) International. Through 
combined efforts, Phil Green and Richard Satava pioneered the prototype robotic 
surgical system. During its evolution, the “telepresence surgery system” caught 
the attention of the Defence Advanced Research Projects Agency (DARPA), 
whose focus under the Advanced Biomedical Technologies (ABMT) program was 
directed toward improving emergency surgical care to combat casualties [12, 13]. 
The incorporation of telepresence into medical forward advanced surgical treat-
ment (MEDFAST), in conjunction with key technologies from IBM and MIT, 
would revolutionise the idea of specialised remote operating and was a landmark 
inspiration for John Freund, Frederick Moll, and Rob Younge to collectively form 
Intuitive Surgical, Inc. [12–14]. 

After several prototypes, the landmark da Vinci Surgical System was created 
in 1999, and by 2000 it was approved by the U.S. Food and Drug Administration 
(FDA) for use in general laparoscopic surgery. In 2001, the FDA approved use of 
the system for prostate surgery; and since then has revolutionised Uro-oncological 
surgical procedures and completely changed operative techniques in renal cancer 
surgery [15]. 

Shortly before its public release, Intuitive Surgical was sued for patent infringe-
ment by Computer Motion, Inc. Computer Motion had already released the ZEUS 
Robotic Surgical System (ZRSS), which was approved in Europe although not yet 
so by the FDA. After generating uncertainty for several years and stifling each 
company’s growth, Intuitive Surgical and Computer Motion agreed to merge in 
2003, and the ZEUS system was subsequently phased out in favour of the da 
Vinci system [12, 13] (see Fig. 10.1). 

Fig. 10.1 Timeline of selected company milestones [14]
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10.3 The Da Vinci Robotic Surgical System 

Since the initial public release of the da Vinci Surgical System in 2000, four fur-
ther generations of da Vinci systems have been introduced to the market: the 
da Vinci S platform, da Vinci Si platform, da Vinci Xi platform, and da Vinci 
X platform (see Fig. 10.2). Each generation platform has distinct technological 
upgrades to optimise surgical techniques and performance. In addition, with each 
design, the Intuitive market has expanded with rapid succession of innovation 
from instruments and accessories to systems and services, heralding with it global 
dissemination, acceptance, and integration of robotic-assisted surgery. At present, 
5989 da Vinci systems are in use across 67 different countries, performing over 
8.5 million procedures through 2020 [16].

At its foundation, compared to prototypes and the ZEUS platform, the origi-
nal ‘Classic’ da Vinci Surgical System displayed significant enhancements. The 
robotic system was composed of 3 components—a surgeon console, a patient cart, 
and a vision cart. All robotic arms originated from a single patient cart, alleviat-
ing the need to mount individual arms to the operating table, while providing a 
solution for optimal table position. The surgeons console provided an innovative 
three-dimensional visual display with the trademark binocular visualisation which 
allowed greater optical accommodation and focus, resulting in improved con-
centration, and reducing surgical fatigue. Additionally, complimentary EndoWrist 
instrumentation with seven degrees of freedom and two degrees of axial rotation 
combined with intuitive motion and superior ergonomics culminated in advanced 
surgical precision. The Classic platform patient cart was originally composed of 
one endoscope port and two instruments. However, before long, in 2003 a fourth 
arm was added to overcome exposure limitations. The fourth arm allowed the sur-
geon greater control of retraction, improved exposure of the surgical field, and 
reduced dependence on surgical assistance [17]. 

By 2006, Intuitive Surgical introduced their first generational upgrade in the 
form on the da Vinci S platform. The new platform offered modest improvements 
in the form of high-definition (HD) camera vision with an interactive touch display 
and a more streamlined set-up. In 2009, not satisfied with the previous model, the 
da Vinci Si platform was released, offering a dual console to optimise collaborative 
operating and training. Additionally, the incorporation of TilePro software mod-
ernised the imaging system, allowing real-time fluorescence imaging with Firefly 
technology. The Si would become one of the most worldwide distributed platforms 
for Intuitive since creation. Although remarkable in its time, the Si system had dis-
tinct structural limitations. A single, large, vertical column exoskeleton meant that 
reachable workspace was highly dependent on the orientation of the cart and, com-
bined with bulky robotic arms, frequent external clashing was highly troublesome. 
Furthermore, multi-quadrant surgery required complete repositioning of the patient 
cart and redocking of the robotic arms intraoperatively, increasing overall surgical 
and anaesthetic time.
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Fig. 10.2 Five generations of the da Vinci Surgical System [14]

It wouldn’t be until 5 years later that Intuitive Surgical developed the da Vinci 
Xi system, which currently still resides today as the flagship platform and most 
capable system yet. In 2014, the Xi model reinvented the concept of the patient 
cart design with tremendous mobility, flexibility, and versatility. It introduced new,
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advanced instrumentation, vision, cart design, table motion and setup automation 
which almost completely resolved patient cart and arm limitations in previous pro-
totypes. The Xi’s boom-mounted architectural design allows complete rotational 
all-quadrant access with docking from any angle. This remodelled gantry posi-
tions instrument arms directly over operating table, making positioning of the cart 
base largely independent from workspace orientation, providing overall greater 
internal range of motion, improving patient access, and minimising external col-
lisions. Additionally, the redesigned flex joints permit robotic arms to be slimmer 
and compact, unlike earlier da Vinci system generations which required widely 
spaced external arms to maximise working space. Furthermore, docking of the Xi 
is streamlined and semi-automated, simple targeting of the surgical field with the 
endoscope disposes the robotic arms effortlessly into optimal position with appro-
priate patient clearance. In conjunction with significant upgrades to the patient 
cart, the surgeon console was modernised with ergonomic refinement, precision 
control, and improved visualisation technology. Endoscope size was reduced to an 
8 mm from previous models, making it less bulky, while providing higher resolu-
tion three-dimensional high-definition view, brighter and more immersive images, 
and longer scope length. Additionally, the Xi 30° camera could be inverted from 
the surgeon console without bedside assistance. The four now identical robotic 
arms allowed for versatility and positioning of any instrument in any port at 
any given time. Moreover, integrated FireFly fluorescence imaging technology, 
with the administration of indocyanine green, allowed for real-time intraoperative 
decision-making (e.g., tissue perfusion). Finally, additional instruments were made 
available (e.g., robotic suction, irrigation, and clip application) and current energy 
device performance were amplified (e.g., Vessel Sealer Extend) [18, 19]. 

Most recently, in 2017, Intuitive Surgical released the da Vinci X Surgical 
System in an expansion bid to provide a financial economical solution to global 
customers in which cost was a limiting factor. This lower-fee platform offered 
several key innovative developments taken from the da Vinci Xi system. Although 
the patient cart is structurally more similar to the Si platform, and despite the lack 
of a gantry, it boasts a 1.5×greater workspace field than the Si—as compared 
to 3× greater workspace of the Xi (see Fig. 10.3). This enables the X to provide 
a more optimised, quadrant-focused surgery (e.g., prostatectomy, partial nephrec-
tomy) and allows the use of finer surgical instruments. Furthermore, the X uses 
the same vision cart, surgeon console, many of the same advanced instruments and 
accessories as the Xi, thus providing customers with an upgrade pathway should 
they desire [14].



104 C. Soliman et al.

Fig. 10.3 Worspace comparison between the three latest da Vinci Surgical System generations. 
Credit Intuitive Surgical, Inc. 

10.4 New Robots in Renal Cancer Surgery 

Robot-assisted procedures have become a staple in renal surgery, gaining robust 
clinical status reflected by the current literature. However, the focus and favour of 
robotic renal surgery lies in technically demanding procedures (i.e., complex and 
partial nephrectomy, nephroureterectomy, with or without vena cava thrombus, 
complex transplant surgery, and difficult anatomy as in patients with obesity or 
adhesions) rather than simple uncomplicated nephrectomies. As described above, 
the latest generations of leading surgical robots (i.e., da Vinci Xi Surgical System) 
offer countless mechanical advantages to aid these technical demands, such as (1) 
three-dimensional high-definition stereoscopic vision, (2) fine-motor tissue manip-
ulation with higher quality instrumentation, (3) ability to perform multi-quadrant 
surgical procedures (i.e., nephroureterectomy) without the need to re-dock the 
patient console and thus reduce operative time, (4) easily accessible and inte-
grated FireFly fluorescence imaging technology to assess perfusion and assist with 
tumour resection [19]. These advancements have been clearly shown to accelerate 
the learning curve for non-laparoscopic surgeons [20]. 

Laparoscopic approaches are limited by the challenges of tumour dissection and 
intracorporal suturing, and in non-robotic institutions open surgery, which carries a 
longer hospital stay and increased estimated blood loss, may be the only alternative 
[21]. At present, cost, longer set-up time, and longer overall operative time remain 
the greatest criticisms for robotic surgery. The role of routine robotic-assisted rad-
ical nephrectomy (RARN) is still debatable, primarily due these disparagements 
of cost and time, versus laparoscopic nephrectomy (LN) [22]. In contrast, a review 
of 150 nephrectomies revealed that costs of RARN are comparable to LN when 
a robot is already present [23]. Furthermore, a retrospective single centre review 
demonstrated that costs of disposable instruments used in LN were comparable to 
the disposables used in RARN, concluding that robotic surgery for nephrectomy
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Fig. 10.4 CMR Surgical’s Versius® surgical Robotic System. Credit CMR surgical 

does not always correlate with greater costs [24]. Whether or not these studies 
are currently widely applicable is unclear; however, if issues of cost are somewhat 
mitigated in future, then robotic surgery for renal cancer will undeniably become 
the baseline gold standard approach. 

In addition, the Versius Surgical Robotic System (CMR Surgical, Cambridge, 
UK) is a new tele-operated robotic surgical system designed to assist surgeons in 
performing MIS and overcome some of the challenges associated with available 
surgical robots mentioned above (see Fig. 10.4). The Versius System mimics the 
articulation of the human arm, and with V-wrist technology, the wristed instru-
ment tip provides seven degrees of freedom inside the patient, allowing for even 
greater surgical access. Instruments and visualisation arms are attached to their 
own discrete wheeled cart to form a compact and mobile bedside unit. The sur-
geon interacts with the system via the “game controller” handgrip and visual 
feedback from the surgeon console. The consoles head-up display relays the three-
dimensional video from the endoscopic camera together with a display overlay. Its 
open design allows surgeons to sit or stand for optimal ergonomics, ensures patient 
accessibility at all times, and permits easier communication between the surgeon 
and the team, facilitating training and teaching. The operating room team accesses 
controls and feedback on the visualisation bedside unit and up to three instrument 
bedside units, while viewing a two-dimensional version of the endoscope feed and 
display overlay on an auxiliary display. The systems modular design increases its 
potential for flexible use, as the bedside units are small enough to be used in a 
standard operating room and can easily be moved within a single operating room 
or between operating rooms. The safety and effectiveness of the system in renal 
cancer surgery have been demonstrated in a feasibility study of 24 procedures 
successfully completed in cadavers [25].
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The main clinical advantages of the robot, compared to a laparoscopic approach, 
remain the shorter learning curve and more efficient renorrhaphy. Rapid suturing 
shortens ischemia time associated with renal artery clamping and crucially max-
imises preservation of renal parenchyma. Hence, the robotic approach sanctions 
operations of larger and more complex renal masses, especially in the presence of 
a solitary kidney [26–28]. 

Notably, refinement and development of the da Vinci systems have facilitated 
optimisation of robotic arm positioning, allowing for a more flexible port place-
ment in renal surgery. This positioning permits multi-quadrant surgery with a wider 
range of motion of the robotic instruments, while preventing clashing and mak-
ing several surgical steps such as bowel mobilisation easier. These advantages 
become even more evident in complex renal cancer surgery (e.g., when perform-
ing retroperitoneal lymph node dissection for upper tract urothelial cancer, or more 
complex surgeries such as cava thrombectomy or renal transplants). 

With regards to port placement for renal surgery, the da Vinci X and Xi sys-
tems allow for a straight line (‘in-line’) placement of the ports rather than a 
L-shaped line. In comparison, the S and Si systems narrow range of port place-
ment configurations may make access to the bedside difficult or uncomfortable. 
Furthermore, the newer da Vinci generation allows for camera targeting, cam-
era hopping, better spatial awareness, and therefore more flexibility to expose the 
operative field. 

Below is a review of the current literature evidence for comparing clinical 
outcomes of robot-assisted RN and PN versus open and laparoscopic techniques. 

10.5 Current Evidence 

10.5.1 Radical Nephrectomy (RN)—Robotic Versus Laparoscopic 
Approach 

Data from a large retrospective cohort study on robot-assisted RN (RARN) 
versus laparoscopic RN (LRN) revealed that RARN was not associated with 
increased risk of any or major complications; but, had longer operative times and 
higher hospital costs as compared to LRN [29]. While a systematic review on 
RARN versus LRN showed no substantial differences in local recurrence rates, 
or all-cause cancer-specific mortality [30]. The improved dexterity of the robotic 
nephroureterectomy has clear benefit compared to the laparoscopic approach by 
improving distal ureteric dissection, excision of bladder cuff and bladder closure. 
However, the advantages of the robotic approach for nephrectomy, compared to the 
laparoscopic procedure, are not evident from a pure surgical perspective. This is 
because the extirpative procedure is technically less challenging. Despite the lack 
of proven benefit for robotic compared to laparoscopic radical nephrectomy, use of 
the robot has increased over the last decade. This trend primarily results from the 
surgeon endeavour to gain experience in hilar dissection during radical nephrec-
tomy to complement the learning curve for partial nephrectomies. Additionally,
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these skills are essential before adopting more complex renal surgery such as donor 
nephrectomies or radical nephrectomy with inferior vena cava thrombectomy. 

10.5.2 Partial Nephrectomy (PN)—Robotic Versus Open Approach 

Data from a prospective, single-surgeon study which compared peri-operative out-
comes of robot-assisted PN versus open PN reported lower estimated blood loss 
and shorter hospital stay in the RAPN group. Complications, operative time, warm 
ischaemia time, variation in creatinine levels and positive margins were similar in 
both groups [31]. While a multicentre French prospective database compared out-
comes of 1800 patients who underwent RAPN and OPN, and found that the RAPN 
cohort had lower morbidity with less transfusions, less major complications, less 
overall complications, and a much shorter hospital stay [32]. 

10.5.3 Partial Nephrectomy (PN)—Robotic Versus Laparoscopic 
Approach 

Data from a retrospective propensity-score-matched study, comparing RAPN, LPN 
and OPN demonstrated similar rates of local recurrence, distant metastasis, and 
cancer-related death rates after 5-year median follow-up [33]. While a meta-
analysis compared peri-operative outcomes of RAPN versus LPN, and found that 
the RARP arm had significantly lower rate of conversion to open surgery and 
to radical surgery, shorter warm ischaemia time, smaller change in eGFR post-
operatively, and shorter length of hospital stay. No significant differences were 
observed between the two groups regarding complications, change of serum cre-
atinine post-operatively, operative time, estimated blood loss and positive surgical 
margins [34]. 

10.5.4 Surgical Volume, Positive Margins and RAPN 

Data from a retrospective US study of 18,724 patients which the evaluated 
prognostic impact of hospital volume on outcomes post-RAPN revealed that 
undergoing higher-volume hospitals may have better peri-operative outcomes (con-
version to open and length of hospital stay) and lower positive surgical margin 
rates [35]. While a French study of 1222 RAPN patients showed that hospital vol-
ume was the main predictive factor of the trifecta achievement (warm ischaemia 
time <25 min, no complications, and a negative surgical margins) [36].
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10.6 Future Challenges 

Of course, future challenges remain. Improved identification of key anatomic struc-
tures remains paramount for a successful outcome. This can be facilitated by 
technological advancements offered by robotics such as Indocyanine green (ICG) 
[administered intravenously or through an extracorporeal access point (i.e., percu-
taneous nephrostomy or indwelling catheter)] to identify vascular perfusion [37]. 

The next very challenging step in robotic surgery, which is facilitated by refine-
ment of da Vinci systems, will be the standardised implementation of radical 
nephrectomy with inferior vena cava thrombectomy. In highly specialised centres 
this operation has been performed up to a level III thrombus [38]. Given the large 
incision required for the open approach the robotic management is assumed to 
significantly reduce morbidity, length of hospital stay and hence, economic burden. 

Further procedures which are assumed to be adopted robotically include renal 
transplant surgeries. The evolution of this technique is in progress. Importantly, 
not only kidney transplantation but also donor nephrectomy, which require opti-
mal operative conditions, can be performed safely. Evidence in the literature 
show that robotic kidney transplantation is feasible, reducing complications while 
maintaining the functional results achieved by the open approach [39]. 

It is expected that both urologic surgeons and robotic systems will steadily 
continue to advance as experience evolves. Consequently, technically challenging 
robotic procedures will likely be reserved for tertiary referral centres, whereas 
lower-volume and less experienced centres will perform common and less complex 
procedures. 

10.7 Conclusion 

The current robotic era has already shown huge impact in the field of Uro-oncology 
and renal cancer surgery. It’s worldwide dissemination and integration has made 
it clear that robotic surgery will continue to shape and play a significant role in 
the natural evolution of future minimally invasive surgery. Latest generation da 
Vinci Surgical Systems, and potentially other innovations such as the Versius Sur-
gical System, have marched forth as the pinnacle of surgical technology, having 
overcome the intrinsic limitations of laparoscopy years ago, they now provide 
enticement for experienced surgeons to push the barrier for more and more com-
plex upper tract procedures. Cost remains the rate-limiting factor for these devices, 
and likely will continue for several years to come; however, similar to any previ-
ous innovation or technological advancement, initially thought to be unaffordable, 
it is possible that further analysis reports will prove cost-effective.
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