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Chapter 25
Robotics and the Avant-Garde Role
of Urologic Surgery

Tomas Bernardo Costa Moretti, Ricardo Miyaoka, and Wilmar Azal Neto

25.1 Introduction

Robot-assisted surgery is a consequence of the technological evolution of mini-
mally invasive surgery and consists of the coupling of a robotic interface between
the laparoscopic instruments and the main surgeon. This technology brought
together characteristics such as precision, range of motion, strength, resistance and
a privileged three-dimensional view of the operative field. Until now, robotic tech-
nology only interprets the surgeon’s movements applied in a unit called “console”
and projects them onto dedicated instruments with articulations capable of faith-
fully reproducing them (Fig. 25.1).

These characteristics allowed us to revisit the conventional surgical technique, as
the capacity for more delicate and precise dissections forced urologists to improve
their previous anatomical and functional knowledge. With this, it was possible to
change the paradigm where the objective is not only to cure the disease but also to
reduce surgical damage to the urinary tract, preserving its function.
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Fig. 25.1 DaVinci™
robotic operating system.
(a) Surgeon console where
the movements are
performed and sent to the
unit attached to the patient.
(b) Robotic unit that
performs the surgeon’s
movements, consisting of
articulated robotic arms
with instruments
introduced into trocars
located in the abdominal
wall under supervision of
an assistant. (Photo: with
permission from Ricardo
Miyaoka, 2021)
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From the point of view of optimizing surgical techniques, robotic surgery is at
the forefront and is the main representative of an inevitable path in the development
of urology. It is noteworthy that it is not only a natural consequence of the evolution
of diagnostic methods but also responsible for boosting the development of other
areas in patient care, adding various technologies in care.

As robotic devices can become costly in many scenarios around the world and
because they are at the frontier of knowledge along with other technologies, their
acceptance and proof of effectiveness by the scientific community takes time. The
evidence slowly becomes more robust and can prove the cost-effectiveness of
robotic surgery.

In this chapter we will describe the main innovations in robotic surgery in urol-
ogy and consequently in nephrology, as well as the prospects for the future. Thus,
the focus will be on the description of techniques that impact the maintenance of
renal function, whether preserving the renal parenchyma, restoring the functionality
of the urinary tract or even in renal replacement therapies.

25.2 Nephron Sparing Robotic Surgery

The development and greater access to imaging methods has increased the inci-
dence of small kidney lesions called incidentalomas, which are generally smaller
than 4 cm in diameter and can be endophytic, exophytic, solid, or cystic.

The main concern of the urological community is to preserve renal parenchyma
without compromising oncological safety. Solid and cystic lesions, until proven
otherwise, should be evaluated for the possibility of resection with preservation of
the affected kidney called partial nephrectomy [1].

The innovations of partial nephrectomy are moving toward achieving the follow-
ing goals: preserving the renal parenchyma and reducing the time of warm ischemia
in the intraoperative period, all these predictors of postoperative renal function.

25.2.1 Preservation of Renal Parenchyma

Partial nephrectomy is the gold standard technique for the treatment of localized
renal cell carcinoma smaller than 7 cm (T1) and involves resection of the tumor with
a safety margin, where it may be necessary to remove extensive areas of remaining



402 T. B. C. Moretti et al.

renal parenchyma [2]. However, as many lesions have a pseudocapsule, enucleores-
ection of the renal lesion is currently being sought without compromising nephrons
with oncological safety. Surgery that respects this precept and uses methods to do
so is known as nephron-sparing surgery.

Even in a setting with larger tumors (>4 cm), close to the renal hilum and endo-
phytic, robot assisted partial nephrectomy (RAPN) had similar positive surgical margin
(PSM) and estimated glomerular filtration (eGFR) rates when compared to open and
laparoscopic surgery [3]. Although robotic surgery is more costly, recent studies have
shown no differences in other outcomes such as PSM, estimated blood loss (EBL),
warm ischemia time (WIT), postoperative complications, and length of stay [4-6]
when compared to other techniques. In another analysis, Choi et al. analyzed 2240
patients in a meta-analysis where no difference was found between EBL, operative
time, PSM, but RAPN had lower WIT, conversion to open surgery and change in post-
operative eGFR [7]. These results are attributed to the facilitation that the robot allows
during dissection and reconstruction movements as well as the magnification of the 3D
image and the tremor filter which optimizes time at a crucial moment in the surgery [8].

Several resources were being used to achieve the goal of preserving the greatest
amount of healthy kidney tissue and robotic surgery is a consequence of this tech-
nological development that involves both pre- and intraoperatively.

Preoperatively, the correct staging allows for a more adequate operative planning
allowing for a more precise and detailed approach. At this point, robotic surgery
stands out as it allows the surgeon to more faithfully reproduce the previously
planned tactic within a minimally invasive context.

The characteristics of solid lesions and their relationship with the rest of the kid-
ney can be previously evaluated with scores that classify their complexity. Several
methods of nephrometry have been described (R.E.N.A.L., PADUA score, c-index
score, ABC scoring system) and are widely used in urological surgery studies as well
as in clinical practice. These classifications aim to predict the chance of unfavorable
outcomes in an attempt to preserve the organ such as PSM, perioperative complica-
tions, and prolonged WIT, as well as the volume of renal preservation [9, 10].

Still in the context of operative planning there are image reconstruction tech-
niques to facilitate tumor lesion classification and surgical planning. Among the
technologies used we have 3D printing models with representation of the main and
segmental renal vessels [11] (Fig. 25.2), as well as the use of holograms with 3D
vision, both capable of providing greater understanding and application of neph-
rometry described above [11, 12].

These reconstruction technologies can also be used during surgeries. Currently,
robotic surgeons use ultrasound probes coupled with the robot’s vision to facilitate



25 Robotics and the Avant-Garde Role of Urologic Surgery 403

Fig. 25.2 Examples of reconstructions in 3D printed models of kidneys with renal tumors and
their vascularization. (Photo: with permission from Francesco Porpiglia, 2021)

the location of lesions (Fig. 25.3). A trend for the future is to couple the image of the
3D reconstruction with the intraoperative image of the robot, and through the aug-
mented reality with stereotaxic synchronization of the kidney, it allows real-time
visualization of the renal vascularization and the tumor even for more complex
cases [13] (Fig. 25.4).
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Fig. 25.3 Intraoperative image of robotic partial nephrectomy. (a) Real-time intraoperative ultra-
sound of right kidney upper pole lesion. (b) Demarcation of the resection area after identifying the
extent of the lesion. Solid arrows: exophytic portion of renal tumor; asterisk: endophytic portion of
the renal tumor. (Photo: with permission from Tomas B. C. Moretti, 2020)
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Fig. 25.4 Intraoperative image of robotic partial nephrectomy with augmented 3D reconstruction
performed. (a) Intraoperative image fusion, 3D reconstruction, and intraoperative ultrasonography
with renal vascularization. (b) Evidence of endophytic renal lesion on the renal surface with ste-
reotaxic synchronization in augmented reality. In detail, image of a surgeon with 3D glasses for
viewing a hologram for preoperative planning. Solid arrows: endophytic renal lesion. (Photo: with
permission from Francesco Porpiglia, 2021)
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25.2.2 Reduction of Warm Ischemia Time

Such pre- and intraoperative planning technologies, in addition to allowing a more
precise resection of the lesion and preserving nephrons, enable the understanding of
tumor vascularization, which, associated with the precision and delicacy of the
robot’s movements, allow for better dissection of the renal hilum and super-selective
clamping of the affected renal area.

Segmental vascularization can be confirmed using perfusion markers such as
indocyanine green. This substance is injected intravenously after clamping the
artery and the camera with a fluorescence filter indicates the real area of ischemia
confirming the tumor area to be resected and maintaining kidney perfusion
(Fig. 25.5). Super selective clamping of secondary or tertiary branches of the
renal artery is useful in patients with chronic kidney disease who have an earlier
return of glomerular function postoperatively when compared to total clamp-
ing [14].

The preoperative study can allow the dissection of lesions without clamping the
renal artery or vein since the ease of dissection with robotic technology allows bet-
ter visualization of the dissection bed, reducing bleeding and maintaining renal per-
fusion, called off-clamp partial nephrectomy. For more complex tumors, total
interruption of circulation has a better benefit, however, patients with smaller and
superficial lesions can benefit from off-clamp surgery by reducing the WIT and with
early recovery of renal function [15]. In a meta-analysis of late evaluation after
5 years, no difference was found in eGFR between the total clamping and off-clamp
techniques [16].

Another approach is a mix between the total clamping technique and the off-
clamp called partial clamp. Two suture planes are usually performed, one for the
medullary layer and collecting system and the other for the cortical (Fig. 25.6). As
usually the largest vessels are in the medullary layer, after suturing it, the renal
artery can be unclamped and the cortical layer can be sutured without excessive
bleeding, preserving the vitality of the kidney and less WIT. Pneumoperitoneum can
cause kidney damage and the stability of the robot’s arms, associated with devices
that were developed with laminar gas injection flow as well as continuous aspiration
of smoke from the electrocautery, allows the use of intra-abdominal pressures of
less than 12 mmHg, which reduces exposure to CO, as well as less renal damage
[17,18].

For the future, robotic surgery finds itself in an era where new devices are in
development making the technology more accessible. In addition, the emergence of
new data transmission technologies, such as 5G, may allow remote surgeries to be
performed, unifying practices and techniques around the world, as well as the fusion
of technologies.
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Fig. 25.5 Intraoperative robotic partial nephrectomy with study of renal perfusion with intrave-
nous indocyanine green and fluorescence imaging. (a) Renal hilum dissected with clamping of
veins and renal artery. (b) Fluorescence filter after indocyanine green with liver showing high
uptake and kidney without perfusion after hilum clamping. Solid arrow: clamped renal hilum.
Asterisk: kidney without indocyanine green uptake. (Photo: with permission from Tomads
B. C. Moretti, 2020)
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Fig. 25.6 Intraoperative image of robotic partial nephrectomy after tumor resection. (a)
Appearance after tumor resection in the upper pole of the right kidney. (b) Final appearance after
suturing and closing the defect with clips and hemostatic foam. (Photo: with permission from
Tomas B. C. Moretti, 2020)
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25.3 Robotic-Assisted Kidney Transplantation

Kidney transplantation is the gold standard treatment in patients with end-stage
kidney disease. Robot-assisted laparoscopic surgery has been able to overcome
many restrictions of classical laparoscopy, particularly in complex and demand-
ing surgical procedures [19]. In 2016, the first robotic-assisted kidney transplant
(RAKT) was performed in Europe, which is considered one of most challenging
urological procedures due to its technical aspect [20]. Thanks to this robotic assis-
tance, minimally invasive surgery in kidney transplantation growing progres-
sively, not only in the most common living donor, but also in deceased donor
scenario [21].

25.3.1 Surgical Technique

The patient is positioned in supine Trendelenburg and the robot is docked between
the parted legs of the patient. Peritoneal flaps are raised, creating a peritoneal pouch
over the psoas muscle. A small Pfannenstiel incision is made to insert the previously
wrapped in an ice-packed gauze kidney allograft. The graft renal vein anastomosis
is performed in an end-to-side continuous manner to the external iliac vein.
Afterwards, the arterial anastomosis is accomplished in the same way to the external
iliac artery (Fig. 25.7). Then, reperfusion of the graft is carried out followed by the
ureteroneocystostomy (usually in a Lich-Gregoir technique) [22].

In order to reduce the vascular anastomosis complications, urologists prefer to
implant left kidneys (longer vein) and single artery ones. However, some series
report RAKT using right and multiple artery kidneys varying from 12.2 to 15.4%
[23, 24].

Different techniques from the previously described, however, are possible. Felip
et al. in 2021, published the first five cases of a robotic transvaginal-assisted living
donor kidney transplantation. They describe the insertion of the graft through the
vagina and, since they had no complications and a good median operative time
(220 min), conclude that this new technique is feasible and safe [25]. Moreover,
Adiyat et al. described a series of 34 RAKT with total extraperitonealization of the
graft, reproducing closely the technique of the open renal transplantation, with good
graft function [26].

25.3.2 Comparison to Open Kidney Transplantation

Open kidney transplantation is still the gold standard for renal transplant. However,
as the number of RAKT grows, an increasing number of studies comparing both
techniques emerge and some already conclude that the robotic operation is not
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Fig. 25.7 Intraoperative imaging of robotic-assisted kidney transplantation. (a) Aspect of the arte-
rial and venous anastomosis with the graft wrapped in a wet compress. (b) Aspect of the arterial
and venous anastomosis with the perfused graft. Continuous arrows: arterial anastomosis; discon-
tinued arrows: venous anastomosis; asterisk: graft. (Photo: with permission from Rafael
F. Coelho, 2020)
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inferior to the open approach [20]. A systematic review published in the European
Urology evidenced not only no difference in graft or patient survival but also that
minimally invasive surgery had lower site infection and incisional hernia rates; nev-
ertheless, showed a prolonged cold and warm ischemia time, as well as total opera-
tion time [27].

A meta-analysis coordinated by Liu in 2020 demonstrated similar results: RAKT
had significant higher rewarming time and total ischemia time compared to conven-
tional operation, with a lower rate of surgical site infection. Furthermore, on an
average follow-up of 31 months, patients had similar functional and clinical effi-
cacy, besides similar all-cause mortality [28].

Moreover, other publications report similar outcomes. Mean total operation time
was higher, as well as lesser lymphocele and wound healing disorders in RAKT
than in open access; besides, they observe excellent short- and midterm results in
graft function [20, 29, 30].

25.3.3 Learning Curve

Since RAKT is a relatively new procedure, there are no papers specifically about its
learning curve. However, some authors do comment about their experience and
results toward time.

Musquera et al. after analyzing 82 living donor RAKT published about the “les-
son learned.” They noticed a significant reduction in time between the first 20 cases
versus the following ones (248 vs. 189 min, p < 0.05) [23].

The European Robotic Urologic Section (ERUS) published in 2021 a multicenter
prospective observational study with 291 living-donor patients, in which the groups
concluded that the learning curve for RAKT is relatively short. They compared the
first 120 cases versus the following 171 and reported a significant reduction in surgi-
cal time (265 vs. 230 min, p < 0.05) [24].

25.3.4 Surgical and Functional Results

Regarding the functional outcomes of RAKT, studies report that it can already be
considered an attractive minimally invasive method for kidney transplantation,
but that further investigation must be done to consider it the standard approach.
Recent paper observed a mean creatinine of 1.52 mg/dL and a renal graft survival
of 98% after an average time of 1.8 years [23]. The ERUS publication, above
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mentioned, concluded that RAKT performed in wide experienced centers have
good surgical and functional results, competitive with open kidney transplanta-
tion [24].

Several studies evaluate robotic renal transplant’s surgical complications.
Musquera et al. after 82 RAKTs, reported five conversions to open surgery due to
abnormal graft vascularization, two embolizations for subcapsular and a hypogas-
tric artery bleeding without repercussion, and one venous thrombosis leading to loss
of kidney [23]. Moreover, the groups that participated in the ERUS series, with a
total of 291 living-donor RAKT, observed 17 cases of postoperative bleeding (six
required re-exploration due to hematoma), while one patient presented venous
thrombosis, two arterial stenosis, three incisional hernias, six ureteric stenosis and
nine lymphoceles [24].

25.3.5 Pediatric RAKT

Kidney transplantation (KT) is the gold-standard treatment for end-stage renal dis-
ease (ESRD) in children [31]. Applying techniques of minimally invasive surgery
may contribute to the improvement of clinical outcomes for the pediatric transplant
patient’s population and help mitigate the morbidity of KT.

However, many challenges remain ahead. Minimally invasive surgery has been
consistently shown to produce improved clinical outcomes as compared to open
surgery equivalents. Despite the presence of these improvements, many challenges
lie ahead, such as: anesthesia aspects (tolerance for cavity insufflation), robotic
instruments specific for adults, anatomic aspects (small abdominal cavity) and no
standard trocar placement (need to adapt to each child) [19]. Cost-effectiveness still
is a barrier to overcome.

Finally, in this scenario, RAKT should be performed by a multidisciplinary
experienced team, supported by a pediatric nephrologist, urologist and anesthesiol-
ogy team. And although data on this procedure in children is still scarce, it seems a
safe and feasible surgery, with excellent results in graft function [31]. Further stud-
ies to better determine the benefits of the robotic approach as compared to the lapa-
roscopic and open approach are necessary.

25.4 Reconstructive Urology

Reconstructive urology can be defined as a subspecialty field that manages and
treats genitourinary conditions that affect normal voiding and sexual function [32].
The principles of robotic reconstructive surgery are similar to open surgery whilst
offering the advantages of reduced tremor, better visualization and ergonomics,
unlimited freedom of movement with improved dexterity and longer reach with
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better access to structures, and an assumed less steep learning curve than the one
required for pure laparoscopy [32, 33].

There are multiple conditions that may require a reconstructive intervention.
From a nephrological perspective, the main goal of any intervention would be main-
tenance of renal function which can be jeopardized by recurrent urinary tract infec-
tions (caused by urinary stasis following urethral stenosis, bladder neck stenosis or
VUR), complete or partial obstruction of the upper urinary tract (ureteral stenosis,
UPJ obstruction, ureteral compression by endometriosis, oncological pelvic pathol-
ogies or postsurgical adherences, etc.), or both.

We will review the main robotic surgical approaches to address these situations.

25.4.1 Pyeloplasty

Ureteropelvic junction (UPJ) obstruction consists in a congenital obstruction of the
ureteral transition segment between the renal pelvis and proximal portion of the ure-
ter. Regardless of the exact etiology, UPJ obstruction is most commonly treated with
a dismembered technique (Anderson-Hynes). In this technique, UPJ is fully dissected
off the surrounding tissue until it is clearly visible. If a crossing vessel is identified, it
should be spared and ureter transposed anteriorly before anastomosis is performed
(Fig. 25.8). The approach is exact the same of the one used for laparoscopy but offer-
ing the advantage of a more intuitive, ergonomic and easy-to-perform suture.

The first robotic pyeloplasty was described in 2002 by Gettman et al. [34]. There
are no prospective studies comparing open, laparoscopic, and robotic approaches in
adults, only case series suggesting very similar outcomes equally very effective
with success rates over 93% even for beginners [35, 36].

Fig. 25.8 Intraoperative
image of robotic
pyeloplasty for correction
of ureteropelvic junction
obstruction. The surgery is
at the time of
reconstruction with an
anastomosis between the
ureter and the renal pelvis.
Solid arrow: ureter.
Discontinued arrow: renal
pelvis wall; asterisk: lumen
of the renal pelvis. (Photo:
with permission from
Ricardo Miyaoka, 2021)
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25.4.2 Ureteral Reimplantation

Ureteral reimplantation is required in cases of ureterovesical reflux, distal ureteral
stenosis or trauma. Open approaches have historically been associated with high
success rates (95-99%) but robotic technique offers a less invasive approach with
comparable outcomes with decreased morbidity [37]. The first robotic reimplant
was reported by Patil et al. in 2008 [38]. A small case series by Muffarij et al.
reported 100% success for robotic ureteral reimplantation after a mean follow up of
31.5 months [39]. Stricture-free rate and operative time seem to be very similar for
open, laparoscopic, and robotic techniques, although minimally invasive techniques
are associated with a shorter hospital stay and reduced blood loss [40].

25.4.3 Boari Flap

The Boari flap technique consists in using a flap of the bladder to repair longer seg-
ment distal ureteral strictures which may be as lengthy as 15 cm. The first robotic
procedure was described by Stolzenburg who reported on 8 cases with 100% suc-
cess rate with 12-months follow up [41]. Although these initial results are promis-
ing, further studies with larger cohorts and long term follow up are needed comparing
robotic versus open and laparoscopic approaches.

25.4.4 Ureteroureterostony

End-to-end anastomosis may be an alternative to repair short (<3 cm) proximal or
middle ureteral stenosis that fail endoscopic treatment (Fig. 25.9). Results are com-
parable for open, laparoscopic, and robotic approaches regarding outcomes, surgi-
cal time, and complications, both in pediatric and adult series. There may be a trend
toward shorter OR time and less blood loss for the robotic approach, but data is still
very scarce [42, 43].

25.4.5 Buccal Ureteroplasty

The buccal ureteroplasty is a resource for those with longer or multifocal strictures
of the proximal or middle ureter that cannot be repaired with primary ureteroure-
teral anastomosis. Buccal mucosa is an excellent alternative when blood supply to
the reconstruction site is at risk.

Recently, Lee and Zhao reported on a multi-institutional experience with a suc-
cess rate of over 90% at a median follow-up of 24 months for robotic ureteroplasty
with buccal mucosa [44].
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Fig. 25.9 Intraoperative image of robotic ureteroureterostomy for correction of short ureter steno-
sis. (a) Isolation of the ureteral stumps (continuous arrows) over a ureteral catheter. (b) Final
appearance after anastomosis (discontinued arrow). (Photo: with permission from Ricardo
Miyaoka, 2021)
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25.4.6 Appendiceal Flap

Appendiceal flap ureteroplasty provides some advantages including relatively easy
appendiceal mobilization, well-defined blood supply through the mesentery of the
appendix, negligible absorption of urine, ability to replace totally obliterated ure-
teral segments, and lack of donor site morbidity (when compared with buccal
mucosa graft). A case series from Reggio et al. [45] reported on six patients with no
recurrences at 16 months of follow-up. All cases were right-sided with strictures
averaging 2.5 cm.

25.4.7 Ileal Ureter

Ileal ureter should be used as a last attempt to replace an irreversibly damaged ureter
when all previously described techniques do not apply or fail. Technique consists in
interposing an ileal segment harvested approximately 20 cm before the ileocecal
valve and attaching distally to the bladder or spatulated distal ureter and proximally
to the proximal ureter, renal pelvis, or lower calyx as feasible [46].

Robotic ileal ureter was first described in 2008 by Wagner et al. [47], but to date,
only few small case series with short follow-up are reported. Most reported cases
provide encouraging satisfying outcomes.

25.4.8 Augmentation Cystoplasty

Augmentation cystoplasty (AC) was first described in 2008 in children by Gundeti
et al. [48]. Since then, there have been description of only few case reports and one
small case series involving 19 patients who underwent AC for different indications
including low compliance, refractory detrusor hyperactivity and bladder pain syn-
drome. This series reported on no major complications and very good long-term
outcomes [49]. The technique seems safe and feasible. Prospective comparative
series are desirable but very difficult to become a reality as botulinum toxin and
electrical nerve stimulation can resolve a significant number of cases that might
have an indication for AC otherwise.

25.4.9 Bladder Neck Reconstruction

Bladder neck reconstruction is devoted to resolve bladder neck contracture (BNC)
which usually develops after a radical prostatectomy for prostate cancer treatment
but may also derive from simple prostatectomy for benign prostatic hyperplasia,
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transurethral resection of the prostate (TURP), thermal ablation by high intensity
focused ultrasound (HIFU), or pelvic trauma. Robotic Y-V plasty consists in identi-
fying the lesioned segment, incising it ventrally and creating a Y-V advancement
flap on the anterior surface of the bladder.

The Kroepfl group reported on a series of consecutive adult male patients who
underwent robotic Y-V plasty for recurrent BNC. At a median follow-up of
23 months, 10 patients (83%) had clinical success and no evidence of recurrence [50].

25.5 Conclusion

Since its inception, robotic surgery has remained at the forefront of technological
development in urology. The reproducibility of robotic techniques is becoming
more and more acceptable, with the economic barrier as a brake on this develop-
ment. With the emergence of new robotic platforms, this technology becomes more
accessible and allows its application in different settings.

The cost-effectiveness becomes more evident in more prevalent pathologies,
such as partial nephrectomy and thus, allowed greater acceptance in the urological
community and allowed better results to be achieved in a shorter time. In the case of
reconstructive urology, as it has a lower incidence, it still needs more studies and
greater volume to overcome costs, as well as kidney transplantation.

Thus, robotic surgery is an important technological link that brings together a
common interest of urologists and nephrologists, preserving renal function.

References

1. Li M, Cheng L, Zhang H, Ma L, Wang Y, Niu W, et al. Laparoscopic and robotic-assisted par-
tial nephrectomy: an overview of hot issues. Urol Int. 2020;104(9-10):669-77.

2. MacLennan S, Imamura M, Lapitan MC, Omar MI, Lam TB, Hilvano-Cabungcal AM, et al.
Systematic review of oncological outcomes following surgical management of localised renal
cancer. Eur Urol. 2012;61(5):972-93.

3. Pavan N, Derweesh IH, Mir CM, Novara G, Hampton LJ, Ferro M, et al. Outcomes of lapa-
roscopic and robotic partial nephrectomy for large (>4 cm) kidney tumors: systematic review
and meta-analysis. Ann Surg Oncol. 2017;24(8):2420-8.

4. Gu L, Liu K, Shen D, Li H, Gao Y, Huang Q, et al. Comparison of robot-assisted and lapa-
roscopic partial nephrectomy for completely endophytic renal tumors: a high-volume center
experience. J Endourol. 2020;34(5):581-7.

5. Froghi S, Ahmed K, Khan MS, Dasgupta P, Challacombe B. Evaluation of robotic and lapa-
roscopic partial nephrectomy for small renal tumours (T1a). BJU Int. 2013;112(4):E322-33.

6. Aboumarzouk OM, Stein RJ, Eyraud R, Haber GP, Chlosta PL, Somani BK, et al. Robotic
versus laparoscopic partial nephrectomy: a systematic review and meta-analysis. Eur Urol.
2012;62(6):1023-33.

7. Choi JE, You JH, Kim DK, Rha KH, Lee SH. Comparison of perioperative outcomes between
robotic and laparoscopic partial nephrectomy: a systematic review and meta-analysis. Eur
Urol. 2015;67(5):891-901.



418 T. B. C. Moretti et al.

8. Thiel DD, Winfield HN. Robotics in urology: past, present, and future. J Endourol.
2008;22(4):825-30.

9. Kutikov A, Uzzo RG. The R.E.N.A.L. nephrometry score: a comprehensive standardized sys-
tem for quantitating renal tumor size, location and depth. J Urol. 2009;182(3):844-53.

10. Ficarra V, Novara G, Secco S, Macchi V, Porzionato A, De Caro R, et al. Preoperative aspects
and dimensions used for an anatomical (PADUA) classification of renal tumours in patients
who are candidates for nephron-sparing surgery. Eur Urol. 2009;56(5):786-93.

11. Porpiglia F, Amparore D, Checcucci E, Manfredi M, Stura I, Migliaretti G, et al. Three-
dimensional virtual imaging of renal tumours: a new tool to improve the accuracy of nephrom-
etry scores. BJU Int. 2019;124(6):945-54.

12. Checcucci E, Amparore D, Pecoraro A, Peretti D, Aimar R, Sabrina DEC, et al. 3D mixed
reality holograms for preoperative surgical planning of nephron-sparing surgery: evaluation of
surgeons’ perception. Minerva Urol Nephrol. 2021;73(3):367-75.

13. Porpiglia F, Checcucci E, Amparore D, Piramide F, Volpi G, Granato S, et al. Three-
dimensional augmented reality robot-assisted partial nephrectomy in case of complex tumours
(PADUA >10): a new intraoperative tool overcoming the ultrasound guidance. Eur Urol.
2020;78(2):229-38.

14. Mattevi D, Luciani LG, Mantovani W, Cai T, Chiodini S, Vattovani V, et al. Fluorescence-
guided selective arterial clamping during RAPN provides better early functional outcomes
based on renal scan compared to standard clamping. J Robot Surg. 2019;13(3):391-6.

15. Rais-Bahrami S, George AK, Herati AS, Srinivasan AK, Richstone L, Kavoussi LR. Off-clamp
versus complete hilar control laparoscopic partial nephrectomy: comparison by clinical stage.
BJU Int. 2012;109(9):1376-8]1.

16. Shah PH, George AK, Moreira DM, Alom M, Okhunov Z, Salami S, et al. To clamp or not to
clamp? Long-term functional outcomes for elective off-clamp laparoscopic partial nephrec-
tomy. BJU Int. 2016;117(2):293-9.

17. Desroches B, Porter J, Bhayani S, Figenshau R, Liu PY, Stifelman M. Comparison of the
safety and efficacy of valveless and standard insufflation during robotic partial nephrectomy: a
prospective, randomized, multi-institutional trial. Urology. 2021;153:185-91.

18. de Lacy FB, Taura P, Arroyave MC, Trépanier JS, Rios J, Bravo R, et al. Impact of pneu-
moperitoneum on intra-abdominal microcirculation blood flow: an experimental random-
ized controlled study of two insufflator models during transanal total mesorectal excision:
an experimental randomized multi-arm trial with parallel treatment design. Surg Endosc.
2020;34(10):4494-503.

19. Grammens J, Schechter MY, Desender L, Claeys T, Sinatti C, VandeWalle J, et al. Pediatric
challenges in robot-assisted kidney transplantation. Front Surg. 2021;8:649418.

20. Zeuschner P, Siemer S, Stockle M. Roboterassistierte Nierentransplantation [Robot-assisted
kidney transplantation]. Urologe A. 2020;59(1):3-9.

21. Vignolini G, Campi R, Sessa F, Greco I, Larti A, Giancane S, et al. Development of a robot-
assisted kidney transplantation programme from deceased donors in a referral academic cen-
tre: technical nuances and preliminary results. BJU Int. 2019;123(3):474-84.

22. Lim SJ, KoY, Kim DH, Jung JH, Kwon H, Kim YH, et al. Robot-assisted kidney transplanta-
tion. J Vis Exp. 2021;173:€62220.

23. Musquera M, Peri L, Ajami T, Revuelta I, Izquierdo L, Mercader C, et al. Results and lessons
learned on robotic assisted kidney transplantation. Biomed Res Int. 2020;2020:8687907.

24. Musquera M, Peri L, Ajami T, Campi R, Tugcu V, Decaestecker K, et al. Robot-assisted kidney
transplantation: update from the European Robotic Urology Section (ERUS) series. BJU Int.
2021;127(2):222-8.

25. Musquera Felip M, Ajami Fardoun T, Peri Cusi L, Alcaraz AA. Technique description and
outcomes of robotic transvaginal-assisted living donor kidney transplantation. Urol Int.
2021;105(1-2):148-54.

26. Adiyat KT, Vinod KK, Vishnu R, Ramaprasad MK, Unni VN, John RP. Robotic-assisted renal
transplantation with total extraperitonealization of the graft: experience of 34 cases. J Robot
Surg. 2018;12(3):535-40.



25

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Robotics and the Avant-Garde Role of Urologic Surgery 419

Wagenaar S, Nederhoed JH, Hoksbergen AWJ, Bonjer HJ, Wisselink W, van Ramshorst
GH. Minimally invasive, laparoscopic, and robotic-assisted techniques versus open techniques
for kidney transplant recipients: a systematic review. Eur Urol. 2017;72(2):205-17.

Liu G, Deng Y, Zhang S, Lin T, Guo H. Robot-assisted versus conventional open kidney trans-
plantation: a meta-analysis. Biomed Res Int. 2020;2020:2358028.

Pein U, Girndt M, Markau S, Fritz A, Breda A, Stockle M, et al. Minimally invasive robotic ver-
sus conventional open living donor kidney transplantation. World J Urol. 2020;38(3):795-802.
Maheshwari R, Qadri SY, Rakhul LR, Chaturvedi S, Desai P, Grover R, et al. Prospective
nonrandomized comparison between open and robot-assisted kidney transplantation: analysis
of midterm functional outcomes. J Endourol. 2020;34(9):939-45.

Spinoit AF, Moreels N, Raes A, Prytula A, De Groote R, Ploumidis A, et al. Single-setting
robot-assisted kidney transplantation consecutive to single-port laparoscopic nephrectomy in a
child and robot-assisted living-related donor nephrectomy: initial Ghent experience. J Pediatr
Urol. 2019;15(5):578-9.

Sun JY, Granieri MA, Zhao LC. Robotics and urologic reconstructive surgery. Transl Androl
Urol. 2018;7(4):545-57.

Osman NI, Mangir N, Mironska E, Chapple CR. Robotic surgery as applied to functional and
reconstructive urology. Eur Urol Focus. 2019;5(3):322-8.

Gettman MT, Neururer R, Bartsch G, Peschel R. Anderson-Hynes dismembered pyeloplasty
performed using the da Vinci robotic system. Urology. 2002;60(3):509-13.

Bird VG, Leveillee RJ, Eldefrawy A, Bracho J, Aziz MS. Comparison of robot-assisted versus
conventional laparoscopic transperitoneal pyeloplasty for patients with ureteropelvic junction
obstruction: a single-center study. Urology. 2011;77(3):730-4.

Kumar S, Bhirud DP, Mittal A, Navriya SC, Ranjan SK, Mammen KJ. Robot-assisted laparo-
scopic pyeloplasty: a retrospective case series review. J Minim Access Surg. 2021;17(2):202-7.
Fonseca FF, Tanno FY, Nguyen HT. Current options in the management of primary vesicoure-
teral reflux in children. Pediatr Clin North Am. 2012;59(4):819-34.

Patil NN, Mottrie A, Sundaram B, Patel VR. Robotic-assisted laparoscopic ureteral reim-
plantation with psoas hitch: a multi-institutional, multinational evaluation. Urology.
2008;72(1):47-50.

Mufarrij PW, Shah OD, Berger AD, Stifelman MD. Robotic reconstruction of the upper uri-
nary tract. J Urol. 2007;178(5):2002-5.

Elsamra SE, Theckumparampil N, Garden B, Alom M, Waingankar N, Leavitt DA, et al. Open,
laparoscopic, and robotic ureteroneocystostomy for benign and malignant ureteral lesions: a
comparison of over 100 minimally invasive cases. J] Endourol. 2014;28(12):1455-9.

Do M, Kallidonis P, Qazi H, Liatsikos E, Ho Thi P, Dietel A, et al. Robot-assisted tech-
nique for boari flap ureteral reimplantation: is robot assistance beneficial? J Endourol.
2014;28(6):679-85.

Elbers JR, Rodriguez Socarras M, Rivas JG, Autran AM, Esperto F, Tortolero L, et al. Robotic
repair of ureteral strictures: techniques and review. Curr Urol Rep. 2021;22(8):39.

Wang Q, Lu 'Y, Hu H, Zhang J, Qin B, Zhu J, et al. Management of recurrent ureteral stric-
ture: a retrospectively comparative study with robot-assisted laparoscopic surgery versus open
approach. PeerJ. 2019;7:e8166.

Zhao LC, Weinberg AC, Lee Z, Ferretti MJ, Koo HP, Metro MJ, et al. Robotic ureteral
reconstruction using buccal mucosa grafts: a multi-institutional experience. Eur Urol.
2018;73(3):419-26.

Duty BD, Kreshover JE, Richstone L, Kavoussi LR. Review of appendiceal on lay flap in the
management of complex ureteric strictures in six patients. BJU Int. 2015;115(2):282-7.
Martini A, Villari D, Nicita G. Long-term complications arising from bowel interposition in
the urinary tract. Int J Surg. 2017;44:278-80.

Wagner JR, Schimpf MO, Cohen JL. Robot-assisted laparoscopic ileal ureter.
JSLS. 2008;12(3):306-9.



420 T. B. C. Moretti et al.

48. Gundeti MS, Eng MK, Reynolds WS, Zagaja GP. Pediatric robotic-assisted laparoscopic aug-
mentation ileocystoplasty and Mitrofanoff appendicovesicostomy: complete intracorporeal—
initial case report. Urology. 2008;72(5):1144-7.

49. Madec FX, Hedhli O, Perrouin-Verbe MA, Levesque A, Le Normand L, Rigaud J. Feasibility,
morbidity, and functional results of supratrigonal cystectomy with augmentation ileocysto-
plasty by combined robot-assisted laparoscopy and mini-laparotomy approach. J Endourol.
2017;31(7):655-60.

50. Musch M, Hohenhorst JL, Vogel A, Loewen H, Krege S, Kroepfl D. Robot-assisted lapa-
roscopic Y-V plasty in 12 patients with refractory bladder neck contracture. J] Robot Surg.
2018;12(1):139-45.



	Chapter 25: Robotics and the Avant-Garde Role of Urologic Surgery
	25.1 Introduction
	25.2 Nephron Sparing Robotic Surgery
	25.2.1 Preservation of Renal Parenchyma
	25.2.2 Reduction of Warm Ischemia Time

	25.3 Robotic-Assisted Kidney Transplantation
	25.3.1 Surgical Technique
	25.3.2 Comparison to Open Kidney Transplantation
	25.3.3 Learning Curve
	25.3.4 Surgical and Functional Results
	25.3.5 Pediatric RAKT

	25.4 Reconstructive Urology
	25.4.1 Pyeloplasty
	25.4.2 Ureteral Reimplantation
	25.4.3 Boari Flap
	25.4.4 Ureteroureterostomy
	25.4.5 Buccal Ureteroplasty
	25.4.6 Appendiceal Flap
	25.4.7 Ileal Ureter
	25.4.8 Augmentation Cystoplasty
	25.4.9 Bladder Neck Reconstruction

	25.5 Conclusion
	References


