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Preface

On behalf of my team and the YAU ERUS Board, it has been a pleasure to put
this book together for you. Upper tract surgery can be fraught with a myriad of
dangers. When I was a young registrar at Guys and St. Thomas Hospitals, my
trainers taught me the intricacies and technicalities of upper tract surgery, more
specifically, renal cancer surgery. The world of major surgery has changed from
open, to laparoscopic, and now to robotic.

Additionally, new robots have been developed that completely change the way
that we operate and our ergonomics have to adapt as a result. With the advent
of new robots, come new technologies, such as ICG, which again require our
application of knowledge to detail.

This book covers operative skills for robotic surgery in renal cancer, in addition
to groundbreaking work, such as IVC thrombectomy, 3D models in renal surgery,
use of ICG and how to be a left-handed surgeon, in a right-handed world. The key
is to always keep pushing your boundaries to make yourselves the very best you
can be for your patients.

Harlow, UK Sanchia S. Goonewardene
Bristol, UK Raj Persad
Syracuse, USA David Albala
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Suturing Techniques
in Robot-Asssisted Partial
Nephrectomy (RAPN)

Hannah Van Puyvelde and Ruben De Groote

1.1 Introduction

Over the years, there has been an evolution in renorrhapy techniques in minimally
invasive partial nephrectomy (MIPN). Earlier, the approach was to minimize intra-
operative complications (avoid blood loss, avoid urine leakage when opening the
collecting system). Nowadays, we try to minimize the ischaemic effect of our
renorrhaphy technique to optimize renal function [5].

Unfortunately there is no consensus about the best renorrhaphy technique.
Studies are limited, most of them without information on the tumor complexity
and only assessing the early postoperative functional outcome. In the following
content, we’ll try to summarize the variety of techniques.

1.2  Classic Renorrhaphy

A classical renorrhaphy typically consists of a double-layer technique with a
medullary suture (inner layer) and a cortical suture (outer layer).

Depending on the lesion’s growth pattern, it’s important to be aware of the
anatomy of the intraparenchymal arteries. With a deep resection, there needs to be
attention for the radial anatomy of the renal lobe (the pyramid) and its respective
interlobar arteries. The renal parenchyma will be devascularised when they have
been included in the medullary suture [5]. With a deep needle passage, you also

H. Van Puyvelde (&)
ZNA Jan Palfijn/Stuivenberg, Antwerp, Belgium
e-mail: hannah.vanpuyvelde @zna.be

R. De Groote
OLV Hospital Aalst, Aalst, Belgium
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should try to avoid the involvement of the urinary collecting system (UCS). When
the UCS is opened during tumour excision, you should use superficial sutures or
single re-absorbable clips to achieve a watertight closure of the defect [2].

The medullary suture is often performed in a knotless fashion using a running
suture fixed by clips. These clips better be re-absorbable to avoid decubitus and
potential migration into the UCS [2].

When performing the cortical suture, the orientation of the needle should be at
right angles with respect to the line of the arcuate arteries. If the suture has been
performed superficial enough in order to avoid the involvement of the arcuate
arteries: the blood supply to the medullar parenchyma by the vasa recta is spared
[5]. The cortical suture is used to re-approximate the renal defect, often performed
using a sliding-clip technique. With this techniques it’s possible to allow more
precise control and readjustment of the tension placed during suturing, reducing
both warm ischaemia time (WIT) and risk of the ‘cheese-cutting effect’ associated
with conventional parenchymal sutures [3].

1.3  Single Versus Double Layer

In the systematic review of Bertolo et al. [2], a comparison was made between
single-layer vs double-layer groups. There was a significant advantage in terms of
operating time (mean difference —11.13 min [95% CI —20.14, —2.13]) and WIT
(—3.39 min [95% CI —4.53, —2.24]) favouring the single-layer technique. Con-
versely, no significant differences were found in terms of blood loss, postoperative
complications and urinary leakages.

Renal function (pre- and postoperative estimated glomerular filtration rate
(eGFR)) was analysed, comparing single-layer versus double-layer groups. There
was a benefit in functional outcome in favor of the single-layer technique
(3.19 ml/min, 95% CI 8.09; 1.70, p = 0.2 versus —6.07 ml/min, 95% CI 10.75;
1.39, p = 0.01) [3].

Bahler et al. [1] investigated the feasibility and safety of omitting cortical ren-
orrhaphy during robot assisted partial nephrectomy (RAPN). Without differences
in postoperative complications, they found a significantly higher renal volume
loss if cortical renorrhaphy was performed (assessed by software-based volumet-
ric assessment on computed tomography scans). This finding was suggested to
be secondary to the hypoperfusion of the parenchyma that occurs during cortical
renorrhaphy.

Overall, a single-layer renorrhaphy technique appears to be feasible and safe in
selected cases of MIPN, with clear advantages in terms of reduced WIT. According
to the available evidence and expert opinion, when single-layer renorrhaphy is
attempted, the cortical rather than the medullary layer should be omitted [3].
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1.4  Running Versus Interrupted Suture

The systematic review of Bertolo et al. [2], found six studies that compared running
vs interrupted suture. The groups were comparable in terms of age, body mass
index (BMI) and tumour size. A running suture resulted in a significant advantage
in terms of operating time (mean difference —17.12 min [95% CI —24.30, —9.94]),
WIT (mean difference —8.73 min [95% CI —12.41, —5.06]) and occurrence of
postoperative complications (odds ratio 0.54 [95% CI 0.32, 0.89]) and transfusions
(odds ratio 0.30 [95%CI 0.15, 0.59]).

No significant differences were found between pre- and postoperative eGFR
in both patients who received an interrupted suture (WMD —4.88 ml/min, 95%
confidence interval [CI] —11.38; 1.63, p = 0.14) or those who received a running
suture (—3.42 ml/min, 95% CI —9.96; 3.12, p = 0.31) [3].

1.5 Barbed Versus Nonbarbed Suture

The introduction of barbed sutures further reduced operating time and WIT (as
compared with non-barbed sutures), with the added advantages of reduced blood
loss [2].

The systematic review of Zhan et al. [6], compared the use of a self-retaining
barbed suture (SRBS) with a non-SRBS for parenchymal repair during laparo-
scopic partial nephrectomy (LPN). They found a shorter WIT (P < 0.00001), a
shorter overall operative time (P < 0.00001), a lower estimated blood loss (P =
0.02) and better renal function preservation (P = 0.001) with a SRBS. There was
no significant difference between both sutures with regard to complications (P =
0.08) and length of hospital stay (P = 0.25).

Not only during cortical renorrhaphy, but also for inner-layer renorrhaphy, some
authors reported a reduced renorrhaphy time while using a SRBS [2].

1.6 Hemostatic Agents

To complete haemostasis, some surgeons prefer the use of haemostatic agents
(fibrin glues, gelatin-based sealants (i.e. FloSeal; Baxter Healthcare, i.e. Veriset;
Medtronic) or human fibrinogen and thrombin fleece (i.e. TachoSil; Nycomed). In
the early robotic experiences, surgical bolsters were used to fill the renal defect
after inner-layer renorrhapy. Nowadays they are rarely used [2].

In the systematic review of Bertolo et al. [3], there were no studies who com-
pared the differential role of renorrhaphy techniques and haemostatic agents on
PN outcomes.
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1.7  Selective Suturing—Sutureless Technique

The sutureless technique was developed to retain more renal parenchyma and pro-
tect renal function. After excision of the tumour (if possible clampless), forced
bipolar or monopolar coagulation is carried out on the tumour bed. When persis-
tent arterial bleeding is observed, a selective suturing is achieved. If not, then it is
possible to perform a sutureless technique. A hemostatic agent is then applied to
the tumour bed.

Farihna et al. [4], compared selective-suturing or sutureless RAPN (suRAPN) and
standard RAPN (stRAPN). Overall, 29 patients (31%) were treated with suRAPN.
Only one suRAPN patient experienced intraoperative complications (p = 0.9). Two
suRAPN patients (6.9%) and four stRAPN patients (13.8%) experienced 30-d postop-
erative complications (p = 0.3). Operative time (110 vs 150 min; p <0.01) and length
of stay (2 vs 3 d; p = 0.02) were shorter for sSuRAPN than for stRAPN. The trifecta
outcome (warm ischemia time < 25 min, negative surgical margins, and no periop-
erative complications) was achieved in 25 suRAPN patients (86%) and 20 stRAPN
patients (70%;p=0.1). Specifically, WIT <25 min was reported for 28 (97%) suRAPN
patients versus 25 (86%) stRAPN patients. Negative surgical margins were reported
for 28 (97%) suRAPN patients versus 28 (97%) stRAPN patients. Finally, only one
suRAPN patient (3.4%) versus five sStRAPN patients (17%) experienced postopera-
tive AKI (p = 0.2). At 6-mo follow-up, the median eGFR decrease was —5.6 (IQR: —
3.4-8.3) for the suRAPN group versus —9.1% (IQR: —7.3—11) for the stRAPN group
(p<0.01).

1.8 Conclusion

This chapter provides an overview of the different renorraphy methods during
MIPN. Over the last decade a transition from double-layer renorraphy towards
single layer and sutureless renorraphy can be noted in order to optimally pre-
serve residual kidney parenchyma. Existing evidence indicates that this might
lead to better kidney function preservation without increasing peri-operative
complications.
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Robotic-Assisted Partial
Nephrectomy

Sophie Knipper, Ruben De Groote, and Alexandre Mottrie

After dissection and control of the hilar vessels, as well as incision of the Gerota’s
facia, the tumour and the surrounding renal capsule is exposed [7]. Depending
on the anatomy of the tumour, use of intraoperative ultrasound may be help-
ful. This is particularly advantageous for neoplasms with substantial endophytic
growth and/or hilar location [6]. Here, robotic drop-in ultrasound probes, which
are directly controlled by the console surgeon, can be used, displaying the live
intraoperative images as a picture on picture display on the console screen [1,
7]. However, intraoperative ultrasound is not mandatory in the case of primarily
exophytic tumours as identification is usually easily feasible.

After clear identification of the mass, the resection margins are marked with
cautery. Depending on the tumour anatomy, there are several resection techniques
available:

1. Resection
2. Enucleoresection
3. Enucleation.

In case of resection, the tumour is excised sharply with a rim of healthy renal
parenchyma. During tumour resection, the assistant applies counter traction with
the suction to ensure adequate visualization. Ideally, mainly cold scissors are used
to better visualize the healthy parenchyma surrounding the tumour and to minimize
the risk of positive surgical margins [6].
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In case of enucleoresection, the capsule of the kidney is incised circular about
5 mm around the tumour. A pseudocapsula of compressed healthy tissue around
the tumour is found and mainly blunt dissection is done with cold scissors. At the
base of the dissection, the resection is completed sharply [5].

In case of enucleation, the kidney capsule is again sharply incised close to
the tumour, the pseudocapsula is found and the tumour is enucleated by blunt
dissection, with no visible rim of healthy parenchyma around the tumour [4].

Recently, a prospective multicentre study described the resection technique to
be an important predictor of surgical complications, early functional outcomes, as
well as positive surgical margins [3]. Here, enucleation and resection showed to
be superior in achieving the trifecta outcomes (no major complications, no acute
kidney failure, negative surgical margins) compared to enucleoresection. However,
suturing techniques for renorrhaphy were not considered in this analysis.

Since renal parenchyma preservation is one of the strongest predictors of
functional outcomes following partial nephrectomy, the amount of healthy tissue
excised during surgery should be carefully weighed by the surgeon’s judgment
based on patient and tumour characteristics [2].
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Ruben De Groote, Pietro Piazza, Rui Farinha,
and Alexandre Mottrie

3.1 Introduction

Hilum identification, isolation and control is a core step of nephron sparing
surgery. Having a proper control of the renal hilum is of utmost importance in
order to provide patients with a safer procedure. Before beginning the excision of
the tumor, the renal hilum is usually clamped. Arterial clamping is associated with
a more precise tumor resection, allowing an improved visualization of the tumor
pseudo capsule, reducing the amount of health parenchyma resected and decreas-
ing the blood loss. The role of renal ischemia on subsequent acute kidney injury
(AKI) or with development of chronic kidney disease (CKD) has been deeply
investigated and, despite being recognized as a major risk factor for renal function
loss, a significantly higher importance has been granted to preoperative kidney
function and remaining vascularized parenchyma [20]. Recent studies suggested
that renal parenchyma is able to withstand prolonged ischemia, especially in case
of healthy kidneys [1], therefore transforming the concept of a “safe ischemia
time” limited to 20-30 min into a dogma [16]. Nonetheless, ischemia remains
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one of the few modifiable factors for parenchymal preservation. Therefore, sev-
eral techniques have been developed over the course of the last two decades as an
alternative to the classical arterial only or arteriovenous clamping.

3.2 Warm-Ischemia Resection

Warm ischemia resection is defined as a renal tumorectomy performed while
actively obstructing the vascular flow to the organ. Historically, warm-ischemia
resections have been performed while clamping both main renal artery and main
renal vein. This approach provides surgeons with a bloodless surgical field, limit-
ing both the in-flow as the backflow from the renal veins. In order to try minimiz-
ing the ischemic renal damage associated with the technique, artery-only clamping
has been proposed. However, a recent systematic review and meta-analysis showed
no significant difference in renal function preservation at short term follow-up.
Despite this finding, the author suggested that arterial-only (AO) clamping might
produce less ischemia damage in a long-term setting, therefore suggesting the
use of an AO technique, considering that this approach is not associated with
an increased difficulty in performing the resection step of the procedure [7].

3.3 Off-Clamp Resection

Off clamp resection technique is characterized by a complete lack of hilar
clamping. The whole renal parenchyma, and the tumor, maintain a complete
vascularization during the entire surgery.

Several studies compared on and off clamp partial nephrectomies, still providing
controversial and contradictory results. A recent systematic review and meta-
analysis reported similar perioperative and oncological outcomes, despite a slightly
higher blood loss was described for off-clamp RAPN. The off-clamp group, how-
ever, showed a superior renal function preservation, both in the short (+7%)
as in the long-term follow-up (+4%), when compared with patient undergoing
warm-ischemia RAPN [6].

Two randomized controlled trials (RCTs) compared off-clamp partial nephrec-
tomy with the standard technique. The CLOCK trial randomized patients with
bilateral kidneys, normal kidney function and single renal tumor (RENAL
score < 10) to receive either an on-clamp or an off-clamp RAPN [2]. No signifi-
cant differences were recorder in terms of perioperative outcomes, nor in terms of
postoperative kidney function at 6, 12, 18 and 24 months. Current evidence sug-
gests that in case of healthy patients with normal preoperative renal function, the
choice between on- or off-clamp partial nephrectomy might have limited impact
on clinical outcome. However, this statement may not be applicable to patients
with a solitary kidney, complex tumors, or pre-existing CKD, since reliable data
regarding these frail patients are lacking.
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3.4  Early Unclamping

Early unclamping partial nephrectomy is characterized by the restoration of vas-
cularization of the renal parenchyma after the inner renorraphy, requiring the
completion of the double-layer renorraphy with a perfused kidney [3]. Accord-
ing to previous studies, early unclamping can provide up to 6 min less warm
ischemia time, when compared with traditional partial nephrectomy [17]. More-
over, a recent meta-analysis suggested that early unclamping is associated only
with a modest increase in blood loss, when compared with the standard of care
(+37 mL), without significant differences in transfusion rates or adverse events [6].
Finally, only one study compared changes in postoperative renal function between
the two techniques, founding no significant differences [17]. As sidenote, early
unclamping can be useful for the surgeons, hence it provides prompt feedback on
the quality of the hemostatic inner renorraphy.

3.5 Superselective Clamping

Superselective clamping, also known as the “zero-ischemia” technique, is defined
by the temporary clamping of only the tumor-feeding renal vessels. This allows
to reduce the ischemic insult to healthy parenchyma while minimizing the risk
of complications due to excessive bleeding. The technique was firstly described
by Gill et al. [11], requiring the isolation and dissection of tertiary or higher
order branches of the renal artery. One of the main drawbacks associated with
this technique is how to properly determine preoperatively which vessels need to
be clamped, and if the clamping of the expected vessels will indeed provide a dry
surgical. Gill et al. suggested that these problems could be overcome by using 3D
models [12]. Several studies, however, have shown how a purely cognitive estima-
tion does not always allow the achievement of an avascular resection [5]. Lateral
rim tumors vascularization estimation, for example, is quite challenging due to
limits in CT imaging resolution.

Several perfusion models have been proposed in the last 5 years. Porpiglia et al.
proposed a 3D based perfusion model in 2018; the major limitation of the algo-
rithm was due to the estimation that each vessel was perfusing the same volume of
parenchyma, therefore producing perfusion areas separated by straight planes [18].

Recently, De Backer et al. proposed a novel perfusion algorithm based on
mathematical models, evaluating several specific arterial features [10], showing
an higher accuracy in predicting the perfused parenchyma associated with each
vessel. Finally, the use of Near-infrared imaging and indocyanine green (ICG) as
proven a paramount role in the diffusion of “zero-ischemia” PN, allowing the sur-
geon to determine the success of the selective clamping prior to the start of the
resection [19].
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3.6 Cold Ischemia

When ischemia times >30 min are expected, cold ischemia techniques may be
applied in order to limit the renal parenchyma damage. Cold ischemia use in min-
imally invasive surgery has been limited by its complex realization [4]. Several
techniques, such as cold saline surface irrigation [15], retrograde cooling through
the ureter [9] and intra-arterial cold perfusion [14] have been proposed for laparo-
scopic surgery. These techniques, however, have never been compared in terms of
functional outcomes or kidney’s temperature.

This lack of minimally invasive ‘ideal’ cooling systems has severely limited the
adoption of cold ischemia in RAPN. The use of this technique could improve our
clinical practice, as recent studies with high level of evidence suggested that no sig-
nificant differences exist between cold and warm ischemia in terms of perioperative
outcomes, positive margins and postoperative kidney function preservation [13].

3.7 Reclamping

Reclamping during kidney conservative surgery can lead to ischaemia—reperfu-
sion syndrome. The microvascular dysfunction presents iteself as an impaired
endothelium-dependent dilation in arterioles, enhanced fluid filtration and leuko-
cyte plugging in capillaries and plasma protein extravasation in postcapillary
venules. Activated endothelial cells in all segments of the microcirculation produce
more oxygen radicals, but less nitric oxide, in the initial period following reperfu-
sion. The resulting imbalance between superoxide and nitric oxide in endothelial
cells leads to the production and release of inflammatory mediators and enhances
the biosynthesis of adhesion molecules that mediate leukocyte—endothelial cell
adhesion. Some of the known risk factors for cardiovascular disease (hyperc-
holesterolaemia, hypertension, and diabetes) appear to exaggerate many of the
microvascular alterations caused by ischaemia and reperfusion (I/R). The inflam-
matory mediators released as a consequence of reperfusion also appear to activate
endothelial cells in remote areas not exposed to the initial ischemic insult [8].

3.8 Summary

Currently, no evidence suggests the superiority of any no ischemia technique (off-
clamp, on-clamp, superselective clamping or cold ischemia) over the other.

An adequate balance between ischemia time, limited ischemic parenchymal
zone, risk of intraoperative complications and oncological safety is of paramount
importance when performing nephron sparing surgery. The use of technologi-
cal aids, such as 3D models, perfusion algorithms and augmented reality could
improve our knowledge of the case and help surgeons to choose the most suited
strategy.
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4.1 Introduction

Robot-assisted partial nephrectomy has rapidly gained popularity in urology to
treat localized renal tumours in this decade because of the improved precision and
ease of suturing compared to the laparoscopic approach. While a transperitoneal
approach allows good exposure of the kidney, it might be technically difficult in
patients with anticipated intra-abdominal adhesions. Renal tumours located poste-
riorly will also require extensive mobilisation of the kidney upon a transperitoneal
approach, and sometimes visualisation can still be difficult. Robotic retroperitoneal
partial nephrectomy has been shown to be a highly feasible surgery in treating
renal tumours. In this chapter, we shall discuss how to plan and perform robotic
retroperitoneal partial nephrectomy in a step-by-step manner, and summarize the
latest evidence that is available in the literature.
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4.2 Patient Selection

Retroperitoneal approach is ideal for posteriorly or laterally located tumours; or if
the target segmental arterial branch is posterior to the renal vein when selective
arterial clamping is contemplated; or in patients who had previous transperitoneal
surgery. On the other hand, retroperitoneal approach is not recommended for ante-
riorly located tumours, large tumour (e.g. >4 cm), or morbidly obese patients,
because of the relatively smaller working space compared to transperitoneal
approach.

4.3 Pre-operative Evaluation and Preparation

Pre-operative evaluations including a thorough workup of the tumour and renal
vascular anatomies, as well as assessment of patients’ medical fitness are neces-
sary. A computed tomography of renal angiogram (CTA) with 3D reconstruction
of tumour location and vascular anatomy is recommended (Fig. 4.1). It is impor-
tant to visualize the tumour in all three planes (axial, coronal and sagittal), as it
is often misleading by studying one plane alone. Furthermore, a 3D reconstructed
digital kidney model allows firstly a realistic tumour visualization and hence its
localization in the kidney, and secondly an accurate depiction of renal vascular
anatomy, which is crucial in situations of complex vascular anatomy and when
selective arterial clamping is planned.

All anticoagulants and antiplatelets (except low-dose aspirin) need to be with-
held before operation, the duration of which depend on the individual drug profile.
Bowel preparation is usually not needed. Informed consent is taken with patient

Fig.4.1 CT renal angiograms depicting tumour location and vascular anatomy, with the segmen-
tal artery supplying the tumours labelled
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counselled on the potential surgical complications, as well as the uncommon situa-
tions of open conversion and total nephrectomy. Prophylactic intravenous antibiotic
(e.g. penicillin class with beta-lactamase inhibitor) is administered on induction of
operation.

4.4 Patient Position

After general anaesthesia and insertion of 16 French Foley catheter, the patient is
put in full lateral position. All pressure points are carefully padded, and sequential
compression stockings are worn. The table is then broken and flexed slowly to
60° to expand the ipsilateral flank space for optimal trocar placement and hence
reduce risk of instruments collision (Fig. 4.2).

4,5 Obtaining Access

Obtaining access to the retroperitoneal space and good trocar placements are the
critical steps for robotic retroperitoneal partial nephrectomy. Five ports (with 4
robotic arms) configuration is recommended. First, a 2 cm skin incision is made
at 2 cm above the iliac crest at the mid axillary line for the camera port. External
oblique muscle is retracted, and lumbosacral fascia is punctured bluntly to enter the
retroperitoneal space, which is confirmed by palpation of psoas muscles posteriorly
and lower pole of kidney superiorly. The retroperitoneal space is dilated using a
balloon dilator (Spacemaker™ Plus Dissector System) with 700 cc of air under

Fig.4.2 Patient in lateral position with table broken
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Fig.4.3 Spacemaker™ Plus Dissector System which comprises of a balloon dilator and a balloon
trocar

laparoscopic guidance (Figs. 4.3 and 4.4). Two robotic ports are then inserted at
8 cm on either side of the camera port under finger guidance. A 12 mm assistant
port is inserted inferiorly on the abdominal side, and carbon dioxide insufflation
into the retroperitoneum follows. When the da Vinci Xi robotic system is used,
the trocar-in-trocar technique is applied for the camera port by passing a robotic
trocar into the balloon trocar. The balloon trocar helps to maximize the operative
field while avoiding slippage of robotic trocar in the relatively small retroperitoneal
space.

Utilization of the fourth robotic port is favoured, as it enables the operating sur-
geon to have self-controlled tissue retraction and hence rely less on the experience
of assistant. Before its insertion, peritoneum is dissected carefully away from the
rectus muscle by laparoscopic instruments. Subsequently, the fourth robotic port is
inserted superiorly and more medially on the abdominal side at the mid-clavicular
line, under laparoscopic visual guidance (Fig. 4.5). The five ports configuration is
shown below (Fig. 4.6).

4.6 Robot Docking

The robot docking approach depends on the model that is used. When the da Vinci
Xi robotic system is used, it is docked from the back of patient, with the overhead
boom-mounted robotic arms rotated 90° caudally (Fig. 4.7). This overhead boom
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Fig.4.5 The fourth robotic port is inserted after peritoneum is dissected away from the rectus
muscle under laparoscopic guidance
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Fig.4.6 Five ports configuration in robot-assisted retroperitoneal right partial nephrectomy
(abdominal side on the right; cranial side on top). Note the trocar-in-trocar technique for the camera
port

mount is advantageous because the endotracheal tube of patient is spared by the
da Vinci Xi robotic system, in contrast to the previous models (e.g. da Vinci S or
Si robotic systems), in which the robot would dock from the patient’s head, and
management with the endotracheal tube by the anaesthetist would be hindered.

4.7 Partial Nephrectomy: Techniques

In robotic retroperitoneal partial nephrectomy, a 30° downward-lens camera is
favoured, with the kidney oriented vertically. The robotic instruments preferred
are listed in Table 4.1.

The Gerota’s fascia is incised to expose the kidney. Posterior aspect of kidney
is then mobilized to expose the renal hilum. The fourth robotic arm helps to retract
the kidney medially (Fig. 4.8). Careful and gentle tissue handling is essential in
dissecting the renal vasculature. Identification of the renal pedicle is facilitated
by maintaining adequate retraction on kidney. As renal artery is located poste-
rior to the vein, the main renal artery is usually more readily identifiable than in
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Fig.4.7 Docked position of da Vinci Xi Robotic system in retroperitoneal right partial nephrec-

tomy

Table 4.1 Robotic instruments used in different steps of partial nephrectomy

Left arm Right arm Fourth arm
Kidney mobilization & | Maryland bipolar Monopolar curved ProGrasp™ forceps
vascular dissection forceps scissors

Tumour excision &
renorrhaphy

ProGrasp™ forceps

Monopolar curved
scissors & Large
needle driver

Maryland bipolar
forceps

transperitoneal approach (Fig. 4.9). In selected cases in which selective clamping
is contemplated, the segmental arterial branch or branches supplying the tumour
are identified. In cases where the segmental arterial branch is anterior to the renal
vein, anterior aspect of kidney is dissected to reach the target segmental arterial
branch. Renal vein mobilization is done only for hilar tumours.
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Fig.4.8 The fourth robotic arm facilitates hilar dissection by retracting the kidney medially (yel-
low arrow)

Fig.4.9 The main renal artery, which is more readily identifiable due to its posterior location to
the vein, is mobilized and slinged
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Fig.4.10 The perinephric fat surrounding the tumour at upper pole of right kidney (yellow arrow)
is excised with adequate margin for subsequent renorrhaphy

The kidney is then mobilized adequately to locate the tumour. The fourth
robotic arm is used to retract the peritoneum medially, and care should be taken
to avoid breaching the peritoneum into transperitoneal cavity. Perinephric fat
surrounding the tumour is then excised with adequate margin for renorrhaphy
(Fig. 4.10). It is not uncommon to encounter adhesive perinephric fat in particular
of that near the tumour, therefore ample time should be reserved for meticulous
fat dissection. If the perinephric fat is markedly adhesive, it is advisable to leave
a thin strip of sticky fat on the kidney surface, rather than stripping off the kidney
capsule. Intraoperative drop-in ultrasound probe is used to help define the tumour
margin, especially for endophytic tumours.

The main renal artery or the target segmental arterial branch is then clamped
by bulldog (Fig. 4.11). The perfusion deprivation of renal parenchyma surrounding
the tumour is confirmed by a 2.5 mg intravenous bolus injection of indocyanine
green (ICG) (Fig. 4.12). Clamping of renal vein is unnecessary in majority of
cases, except for hilar tumours.

The techniques used for tumour excision and renorrhaphy in retroperitoneal
partial nephrectomy are identical to transperitoneal approach. Renal tumour is
enucleo-resected with athermal scissors, with care taken not to breach the tumour,
at the same time, not to resect excessive normal renal parenchyma. The resected
tumour is inspected for gross complete resection and put in an Endo catch™ bag.
Frozen section of margin is not routinely taken unless in doubtful cases (Fig. 4.13).

After resecting the tumour, the renal defect is repaired in two layers. The renal
defect bed, which includes bleeders & collecting system, is meticulously plicated



24 J. H-M. Wong et al.

Fig.4.12 Perfusion deprivation after segmental artery clamping is confirmed by indocyanine
green (ICG), with absence of green colour on the parenchymal surface at the tumour site
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Fig.4.13 The tumour is enucleo-resected with athermal scissors

with 3-0 barbed sutures, in continuous manner, with sliding-clip compression
technique (inner layer). Absorbable clips (Absolok®) are preferred to avoid stone
formation in case of migration into collecting system, and to reduce post-operative
image artifacts. Early unclamping of renal artery is then done in most cases, which
can significantly reduce the ischaemia time. Repair of the outer renal parenchyma
subsequently follows with 2—0 barbed sutures using CT-1 needle, also in contin-
uous manner, with similar sliding-clip compression technique (outer layer). This
warm ischaemia time should be kept to minimum, to reduce ischaemia insult to the
kidney. Ureteric stent is seldom required. Haemostatic agents e.g. Tisseel is applied
to the site of repair in selected cases to reinforce haemostasis. A 12 French drain
is inserted, and the specimen is retrieved through the camera port at the end of
procedure (Figs. 4.14, 4.15 and 4.16).

4.8 Special Concerns
4.8.1 Breach of Peritoneum

If peritoneum is inadvertently opened, it should be clipped with hem-o-lok®
immediately when the defect is small to maintain the retroperitoneal space.
However, if the peritoneal defect is large, suture repair is often difficult, and
retroperitoneal space may be maintained by using the robotic fourth arm to
retract peritoneum medially, or alternatively, extend the peritoneal defect widely
to convert to a flank transperitoneal approach.



26 J. H-M. Wong et al.

Fig.4.14 Renorrhaphy is performed by two layers of barbed sutures in continuous manner. The
inner layer repair is shown here

Fig.4.15 The outer layer of parenchymal repair using barbed sutures with sliding-clips compres-
sion technique



4 Robotic Retroperitoneal Partial Nephrectomy 27

Fig.4.16 Tisseel was applied to the defect to augment haemostasis

4.8.2 Selective Artery Clamping

While segmental arterial branch clamping limits ischaemia to renal parenchyma
surrounding the tumour and helps to reduce ischaemic injury, it should be
performed only in selected cases, preferably with pre-operative CTA and intra-
operative ICG. Most suitable tumours are those small ones, or tumours that are
supplied by a single segmental artery. It is not recommended for hilar tumours
where renal vein may need to be controlled, or large tumours that are supplied by
multiple segmental arteries.

4.8.3 Parenchyma Around Tumour Lights Up with ICG

Bulldog should be checked for any trapping of tissue adjacent to the artery, and
proper clamping should be ensured. If bulldog is well positioned or fresh bleed-
ing is observed upon commencement of tumour resection, then bulldog should be
released, vascular anatomy in CTA re-studied, and additional renal artery should
be looked for. Main renal artery clamping should be considered if selective artery
clamping is initially planned. Parenchymal perfusion around the tumour may be
re-checked by administering another intravenous dose of ICG (2.5 mg) after its
washout 20 to 30 min later.
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49 Literature Review

In 2009, Patel et al. described ten cases of robotic retroperitoneal renal surgeries,
of which three of them were partial nephrectomies. For the three partial nephrec-
tomy patients, tumour size ranged from 1.8-3.6 cm. The mean warm ischemia time
was 17.3 min, and blood loss ranged from 50-100 mL only. The authors proposed
that this approach might be preferred for posterior renal tumours, or for patients
with prior abdominal surgery or on peritoneal dialysis. This report was instru-
mental in establishing the feasibility of using robotics for retroperitoneal partial
nephrectomy. The technique has gradually gained interest and popularity in the
past decade.

Recently, there was a meta-analysis comparing between robotic retroperitoneal
and transperitoneal partial nephrectomy. A total of 11 studies with 2984 patients
with localised renal tumour were included. Among them, 1715 underwent robotic
transperitoneal and 1269 underwent robotic retroperitoneal partial nephrectomy.
Among the studies, the mean tumour size ranged from 2.5 to 4.8 cm, and the
mean RENAL score ranged from 6 to 8. Need of open conversion was only 0.8%
in the patients undergoing robotic retroperitoneal partial nephrectomy. The key
findings of the meta-analysis are summarised below.

4.9.1 Operative Time and Warm Ischemia Time

Among 10 studies with 2216 patients, retroperitoneal approach was associated
with a shorter operative time than the transperitoneal approach (Mean difference
21.68 min, 95% CI 11.61-31.76, p < 0.001). Among 9 studies with 2003 patients,
there was no significant difference in the warm ischemia time (Mean difference
0.17 min, 95% —0.80-1.14, p = 0.73). Overall, the difference in the operative
time of 21.68 min may not be clinically important, especially when there was no
significant difference in the warm ischemic time between the two groups.

4.9.2 Estimated Blood Loss and Length of Hospital Stay

Among 10 studies with 2216 patients, retroperitoneal approach was associated
with lower amount of estimated blood loss (Mean difference 40.94 mL, 95%
14.87-67.01, p = 0.002). Among 9 studies with 2003 patients, the retroperitoneal
group had a shorter hospital stay than the transperitoneal group (Mean difference
0.86 days, 95% 0.35-1.37, p = <0.001). Despite the apparent advantages being
observed, we must acknowledge that the absolute differences were quite small and
they might not be clinically important.
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4,9.3 Clavien-Dindo Minor (Grade 1 to 2) and Major (Grade 3
to 5) Complications

Among 9 studies with 2113 patients, the rates of grade 1 to 2 complications were
8.1% in the retroperitoneal group and 10.8% in the transperitoneal group; the dif-
ference was statistically different (OR 1.39, 95% CI 1.01-1.91, p = 0.04). Among
10 studies with 2881 patients, the rates of grade 3 to 5 complications were 5.9%
in the retroperitoneal group and 3.7% in the transperitoneal group; the different
was not statistically different (OR 0.72, 95% CI 0.51-1.03, p = 0.07).

49.4 Decline in Estimated Glomerular Filtration Rate
and Upstaging of Chronic Kidney Disease

Among 4 studies with 923 patients, there was no significant difference in the decline
in estimated glomerular filtration rate (Mean difference —1.44 mL/min/1 73m2,95%
CI —4.96-2.08, p = 0.42) between the two groups. Among 3 studies with 809 patients,
there was also no significant difference in the risk of upstaging of chronic kidney
disease (OR 1.07, 95% CI 0.74-1.56, p = 0.72) between the two groups. Both the
retroperitoneal and transperitoneal approaches were equally effective in preserving
kidney function upon robotic partial nephrectomy.

4.9.5 Positive Surgical Margin and Overall Tumour Recurrence

Among 10 studies with 2771 patients, the positive surgical margin rates were 2.9%
in the retroperitoneal group and 2.7% in the transperitoneal group. There was no sig-
nificant difference between the two groups (OR 1.04, 95% CI 0.65-1.65, p = 0.87).
Among 3 studies with 564 patients, the tumour recurrence rates were 1.3% in the
retroperitoneal group and 0.7% in the transperitoneal group. There was again no signif-
icantdifference between the two groups (OR 0.50,95% CI10.02-10.84,p =0.66). Both
the retroperitoneal and transperitoneal approaches were equally effective in achieving
a good oncological control in robotic partial nephrectomies.

4.9.6 Summary of Evidence

Robotic retroperitoneal partial nephrectomy is a highly feasible, safe and effective
treatment for patients with localised renal tumour. Robotic retroperitoneal partial
nephrectomy could have additional benefits including a shorter operative time,
reduced estimated blood loss, and a lower rate of minor complications. Robotic



30 J. H-M. Wong et al.

retroperitoneal partial nephrectomy could achieve similar functional and onco-
logical outcomes as compared to the robotic transperitoneal partial nephrectomy.
Based on the current evidence, the retroperitoneal approach is at least equiva-
lent, if not better, than the transperitoneal approach in performing robotic partial
nephrectomy.
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Partial nephrectomy (PN) is nowadays considered as the gold standard treatment
for the management of clinical T1 renal masses [1]. Across the past decades, the
surgical techniques for PN have evolved in parallel with the diffusion and acces-
sibility to minimally-invasive approaches such laparoscopy and robotics. From the
first description of robotic-assisted partial nephrectomy (RAPN) in 2004 [2], the
wide and continuous spread of robotic platforms has led to increase the proportion
of nephron sparing surgeries (NSS) performed with such apparoach [3]. Thanks
to its 3D magnification and stereoscopic vision, as well as its extremely flexible
manipulative robotic arms robotic technology has undoubted advantages of dexter-
ity and visualization of the operative fields if compared to open and laparoscopic
surgery, improving the precision of both extirpative and reconstructive phases
of PN [4]; moreover, it has a shorter learning curve, justifying its progressive
diffusion over the other approaches, and takes advantages of new technological
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tools, such TilePro, near-infrared fluorescence imaging and three-dimensional vir-
tual models guidance, to push through the limits in treating tumors higher in
complexity and larger in size [5].

5.1 Indications

Focusing on the indications, current EAU guidelines report that PN can be
performed to treat clinical T1 tumors, either by open-, pure laparoscopic- or robot-
assisted approach, based on surgeon’s expertise and skills, underlying the last
two that are associated with shorter length of hospital stay and lower blood loss
compared to open surgery [1].

Indeed, if compared to open PN, RAPN shows decreased morbidity with lower
complications rate [6], while similar rates of local recurrence, distant metastasis
and cancer specific mortality were recorded for all the approaches [7].

Moreover, in comparison with pure laparoscopy, RAPN seems to offer lower
rate of conversion to open surgery and to radical surgery, shorter warm ischaemia
time (WIT) and smaller change in estimated glomerular filtration rate (eGFR) after
surgery [8].

At last, as demonstrated analyzing over 18.000 patients in a retrospective
study of a U.S. National Cancer Database, the prognostic outcomes of RAPN are
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impacted by the hospital volume, showing better perioperative results and positive
surgical margin rates if high-volume centers are considered [9].

More recent data, published by the Transatlantic Robotic Nephron-sparing
Surgery study group, demonstrated the efficacy of such robotic approach consider-
ing 635 patients with clinically localized kidney cancer. The surgical outcome of
RAPN, expressed as MIC score (margin, ischemia, and complication rate) reached
72%, with surgical complexity as the only independent risk factor for surgical
outcomes [10].

Even if EAU guidelines discourage to perform minimally invasive surgery in
case of risk of oncological, functional or perioperative outcomes compromission
[1], nowadays many experiences of RAPN for complex or large renal tumors are
reported in Literature [11].

A multicenter study considering 255 patients with complex renal masses with
PADUA score > 10 revealed optimal surgical outcomes (margins, ischemia, com-
plication—MIC score achieved in 62% of the cases) [5]. Similarly, another
study involving 144 RAPNs performed for renal masses with RENAL score > 10,
confirmed a Trifecta achievement rate of 61.8% [12].

In parallel with surgical complexity, also the large size of the tumor is a factor
still under scrutiny when considering robotic approach [13]. The largest series of
clinical T2 tumors treated with RAPN was reported by the ROSULA Collabora-
tive Group, that analyzed data of 298 patients [14]. In 49% of them the Trifecta
outcome was achieved, with pathological upstaging to pT3a as the only predictive
factor of recurrence/metastasis (10%).

Even more controversial, but currently under investigation, the use of RAPN
for clinical T3a renal masses. In a recent study involving 157 patients undergone
RAPN for cT3a tumors, the Trifecta outcome was achieved in 64.3%, with negative
surgical margins at final pathology in 150 patients (95.5%) and 5-yr recurrence-
free survival, cancer-specific survival, and overall survival, of 82.1%, 93.3%, and
91.3%, respectively [15].

Among the indications to RAPN, it is worth to be mentioned its use in case
of elderly patients presenting localized renal tumors. In this field of research
some studies have been published. The results of the RESURGE collaborative
database, including 216 patients aged 75 or older diagnosed with cT1-2 renal
mass, confirmed that minimally-invasive PN is associated with acceptable periop-
erative outcomes. The use of a robotic approach over standard laparoscopy should
be preferred when available, giving advantages with respect to clinically relevant
outcomes such as postoperative eGFR [16].

5.2 Techniques
5.2.1 Approaches

RAPN can be performed by either transperitoneal and retroperitoneal approaches.
Even if more often performed transabdominally, no consensus is reached about the
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best approach looking at the surgical outcomes. Transperitoneal approach has the
advantages of the larger working space and familiar anatomical landmarks for the
surgeon, whilst retroperitoneoscopy allows to avoid the incision of the peritoneum
and the opening of the abdominal cavity [17]. Data from a study of the Vattikuti
Collective Quality Initiative collaboration, showed that both the hospital length
of stay and estimated blood loss were lower in the retroperitoneal-RAPN group
as compared with the transperitoneal-RAPN group, with similar operative time,
WIT and complications rate [18]. Also other studies confirmed the advantages
of retroperitoneal approach [19], even if seems that the ultimate choice should
be based on lesion features and surgeon comfort, not being clear advantages of
an access over the other from studies specifically focused on tumor’s location
[11, 20].

The recent FDA approval of the da Vinci® SP robotic platform has led to its use
in minimally invasive approaches to urologic malignancies. There are little data on
its feasibility and safety for partial nephrectomy. One of the more recent experi-
ences published in Literature included 14 consecutive patients with localized renal
cancer who underwent SP RAPN at a single institution, with a Trifecta outcome
achievement rate of 79%, but further studies are warranted [21].

5.2.2 Pedicle Management

Although most surgeons continue to perform main renal artery clamping during
their RAPNS, producing global ischemia, recent studies evaluated the role of alter-
natives in terms of clamping technique, such as the clampless fashion (off-clamp),
the early unclamping and the selective clamping [22].

The first prospective randomized trial comparing off-clamp and on-clamp
RAPNSs [23] included 80 patients and did not find significant differences in terms
of eGFR rate or percentage split renal function between the techniques, confirming
previous results [24, 25].

Moreover, of the 152 patients randomized to the off-clamp group in the ongoing
prospective CLOCK trial [26], 40% were shifted to the on-clamp group, following
intraoperative decision. Despite the high conversion rate, no significant differences
in postoperative complications or renal function at six months follow-up were
recorded.

In parallel to the concept of clampless technique, a great innovation in the
history of clamping management during RAPN is represented by the zero-ischemia
technique, reported for the first time by Gill et al. [27] and based on the principle
of cutting the tumor with cold scissors or hemostatic instruments without clamping
the main artery.

Similarly, also early unclamping techniques, based on the removal of clamping
before the end of the renorraphy to reduce ischemic time, have been explored.
A recently published retrospective study including 463 patients support the use
of such technique, showing a 30-day complication rate of 14.7%, with 88% of
patients experiencing low grade complications [28].
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An alternative technique for the management of the renal pedicle during RAPN
is the selective arterial clamping, based on the concept of clamping single or mul-
tiple branches of the artery directed towards the tumor, avoiding global ischemia.
Even if associated with an improved postoperative renal function if compared with
the clamping of the main renal artery, it requires distal dissection of the artery
branches, increasing the risk of intraoperative bleedings [29, 30].

Recent systematic reviews and meta-analyses summarizing the available evi-
dence on ischemia techniques did not found conclusive results, leading to the
impossibility to recommend one technique over the other [22, 31].

5.2.3 Resection and Suture Techniques

Among the different techniques for the suture of the parenchyma in the setting
of RAPN, running sutures for both medullary and cortical renorrhaphy are widely
diffused, optimizing the WIT and the time of reconstructive phase of the surgery,
as well as lowering the complication rate and facilitating the procedure itself from
a technical point of view, if compared with interrupted suture [32]. Always in the
setting of the renal defect closure during RAPN, it has to be mentioned the sliding-
clip technique, described in 2009 by Benway et al. [33]. It is based on the use of of
Weck Hem-O-Lock clips that are slid into place and secured with a LapraTy clip at
the tail end, further shortening WIT and operative time. The last actor of this stage
is the barbed suture, used for both inner- and outer-layer renorraphy, that seems to
contribute in maximizing the above mentioned intraoperative outcomes [34].

5.2.4 Novel Technologies

In the last years, to improve the surgical outcomes of RAPN, novel technologies
have been implemented, especially in the field of intraoperative image guidance.
One of the most known is the administration of indocyanine green (ICG) to eval-
uate kidney perfusion intraoperatively. The results of the Transatlantic Robotic
Nephron-sparing Surgery, including 318 patients undergone ICG-guided RAPN,
confirmed the usefulness of such tool in the assessment of the vascular anatomy,
especially in challenging cases [35].

In parallel, pilot experiences are testing the intraoperative use of three-
dimensional virtual models in performing Augmented Reality (AR) procedures.
Two studies already demonstrated that the real-time overlap of these virtual models
to the in-vivo anatomy during AR-RAPN is useful for identifying vessels, com-
plex endophytic lesions and intraparenchymal structures, optimizing the pedicle
management as well as the quality of the resection phase, leading to a reduction
in postoperative complications [36, 37], with better functional recovery [38].
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53 Conclusions

Great innovations and technical improvements have been done in the last years to
optimize the outcomes of RAPN (Figs. 5.1, 5.2, 5.3 and 5.4) [39-42]. Thanks to
these efforts, indications to partial nephrectomy have expanded widely and are still
evolving. The future of such highly technological surgery is going to be character-
ized by further steps forward, with the goals of maximizing as much as possible
safety, oncological outcomes and functional recovery.

From left to right, from top to bottom: (a) Preoperative careful evaluation of
computed tomography scans, revealing a large, mostly endophytic left renal mass
involving the renal sinus; (b) Isolation of the kidney; (c) Delineation of the tumor’s
contours by means of intraoperative ultrasound; (d) clamping of the renal artery;

Fig.5.2 Overview of the main steps for renal reconstruction after robot-assisted partial nephrec-
tomy
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Fig.5.3 Use of virtual 3D models to simulate the clamping strategy before a case of robot-assisted
partial nephrectomy for a posterior, predominantly endophytic right renal mass

(e) circular nephrotomy along the tumor’s contours; (f) tumor enucleation (or
enucleoresection), following the dissection plane between the tumor and the peritu-
moral pseudocapsule (or macroscopically healthy renal parenchyma); (g) complete
excision of the tumor and placement into an endobag for subsequent retrieval.

From left to right, from top to bottom: (a) Computed tomography scans reveal-
ing a large, completely endophytic right renal mass involving the renal sinus in
a patient with a single kidney; (b) Delineation of the tumor’s contours by means
of intraoperative ultrasound; (c) tumor excision (please note the tumor resection
bed after pure tumor enucleation; (d) inner-layer renorrhaphy using a continuous
monofilament suture (sliding-clip technique); (e) use of hemostatic agents (in the
figure, Floseal) before completing the renorrhaphy with the outer-layer suture.

As shown in the figure, different clamping strategy may lead to different degrees
of ischemic insult to the renal parenchyma. As such, the surgeon may use 3D mod-
els to guide the choice of selective-clamping approaches during surgery in order
to allow clear visualization of the tumor contours during tumor excision while
minimizing the ischemic insult to the healthy renal parenchyma. In the figure,
contrast-enhanced CT scan images in DICOM format were processed by MEDICS
Srl (www.medics3d.com) using a dedicated software to achieve a Hyperaccuracy
Three-Dimensional (HA3D) Virtual Model.


http://www.medics3d.com
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Fig.5.4 Preoperative planning of robot-assisted partial nephrectomy using virtual 3D models

From left to right, from top to bottom: (a) intraoperative snapshot showing the
dissection plane during a pure tumor enucleation, which aims to follow the natural
cleavage plane between the tumor and the healthy renal parenchyma. The resection
technique during robot-assisted partial nephrectomy may be tailored to the specific
anatomical characteristics of the tumor through a comprehensive, detailed analysis
of preoperative virtual 3D models (developed by specific software using DICOM
images from computed tomography [CT] scans). 3D models allow the surgeon to
appreciate the anatomy and topographical characteristics of each tumor, and its
relationships with the urinary collecting system and renal vasculature. This allows
precise preoperative planning of both resection and reconstruction techniques
during robot-assisted partial nephrectomy. In the figure, contrast-enhanced CT
scan images in DICOM format were processed by MEDICS Srl (www.medics3d.
com) using a dedicated software to achieve a Hyperaccuracy Three-Dimensional
(HA3D) Virtual Model.
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Renal cell carcinoma (RCC) incidence increases worldwide and it is highest in
developed countries. Due to expanded use of routine imaging for many disorders,
nowadays RCC is usually diagnosed as an incidentaloma on abdominal imag-
ing. This has also caused a disease stage migration with average tumour size at
diagnosis decreasing over the years [16].
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Therefore, urologists are focusing on strategies to minimize the impact of ther-
apy in terms of overall morbidity and renal function, while maintaining optimal
oncological outcome. Minimal-invasive surgery is increasingly adopted to reduce
short-term morbidity and allow earlier convalescence. Cancer-specific survival of
T1-2 NOMO RCC is excellent, with cancer specific survival exceeding 92% while
chronic kidney disease (CKD) is associated with poor survival [34]. This led to
nephron-sparing surgery (NSS) being increasingly performed instead of radical
nephrectomy to optimize long-term renal function. European Association of Urol-
ogy (EAU) guidelines indicate a partial nephrectomy (PN) is indicated for all T1
tumours and it should be considered for T2 tumours, especially in patients with a
solitary kidney, bilateral tumours or CKD [35]. A lot of tertiary referral centres in
developed countries are currently performing robot-assisted partial nephrectomy
(RAPN) as the standard therapy for most of their patients with localized RCC.

A “traditional” RAPN includes the following surgical steps:

—_

. Development of pneumoperitoneum, placement of trocars and robot docking.
2. Reflecting of the ascending colon and duodenum and mobilization of the liver
for right-sided tumours; reflecting of the descending colon and mobilization of
pancreas tail and spleen for left-sided tumours.
3. Dissection of the renal hilum with identification of the renal artery (and possibly
extra branches).
. Dissection of the tumour and surrounding renal capsula.
. Renal artery clamping (warm ischemia).
Tumour resection.
. Renorraphy: classically a separate inner and outer renorraphy.
. Unclamping and control of hemostasis.
. Closure of Gerota’s fascia, specimen extraction and closure of the abdominal
wounds.

Increased experience with robotic surgery, technological improvements, and better
awareness of RCC’s biological behavior are allowing even more advanced RCC
cases to be safely treated with RAPN. As this is an evolving field, this chapter
highlights some of these contemporary evolutions. We will focus on preopera-
tive planning using 3D models, different techniques for hilar control and different
tumour resection strategies.

A. Minervini
Unit of Oncologic Minimally-Invasive Urology and Andrology, Careggi Hospital, Florence, Italy

A. Mottrie
Department of Urology, OLV Hospital, Aalst, Belgium
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6.1 Pre-operative Planning with 3D Models

An accurate surgical planning for renal cancer surgery is mandatory in order to achieve
the best surgical outcomes. A comprehensive evaluation of kidney tumours is non-
trivial, as tumour size, location and the relationship to the collecting system and the
vascular system have to be taken into account. In order to facilitate this process, sev-
eral nephrometry scores have been implemented in clinical practice over the last ten
years, of which PADUA and RENAL are the most widely used [21, 33]. All current
nephrometry scores have been developed, validated and calculated using bidimen-
sionalimaging. Asaconsequence, the surgeonisrequiredto create athree-dimensional
mentalimage starting by the observation of two-dimensional images in the three spatial
axes (axial, coronal and sagittal), with suboptimal results [SO]. Especially when deal-
ing with complex kidney tumours, where bidimensional imaging has been suggested
to provide inadequate assessment [59].

Thanks to its ability to overcome some limitations of established imaging
techniques [14], the use of 3D technology has widely spread in the urological
community since its first use in 2012 [65]. Moreover, 3D reconstructions have
been proven to have a stronger correlation with excised renal tumour, in terms of
both morphology and volume, when compared with conventional imaging [67].

Available studies on the usefulness of 3D reconstruction report on rather small
patient series, which remains a bottleneck in acquiring clear evidence. One key
aspect several authors investigated, is the impact on indication shift from radical
to partial nephrectomy using 3D models, both virtual and printed. Wake et al.
reported a change of 30-50% after visualization of a 3D printed kidney model
by the surgeon [68]. Bertolo et al., evaluated the role of 3D planning in highly
complex renal tumours, either regarding the size of the tumour or other anatomical
characteristics. Of the urologists involved, and regardless of their experience, 25%
changed their indication after reviewing the 3D model in favor of PN [9].

In order to overcome the limits of conventional imaging in nephrometry scor-
ing, Porpiglia et al. suggested the use of 3D reconstruction for the assessment of
nephrometry scores [49]. Using three-dimensional models, all cases experienced
a significant change in the score assigned to renal sinus involvement, urinary col-
lecting system invasion and exophytic rate, while up to 50% of the cases had
a downgrade in the PADUA and RENAL risk group. In summary, current evi-
dence suggest that 3D models provide a more accurate overall perspective on renal
cancer surgical planning, broadening the indication for nephron sparing surgery.
Moreover, these findings may imply a shift in current research trends, moving the
focus from “which is the most accurate nephrometry score” to “which is the best
imaging tool for tumour complexity evaluation”.

While 3D models can help provide anatomical insights and broaden the candi-
date selection for nephron sparing surgery, other studies have shown that use of 3D
models may also lead to reduced operative time, estimated blood loss, clamping
time and length of hospital stay [38, 58].

Also the arterial clamping strategy is shown to be altered, resulting in a higher
rates of selective and super-selective clamping without increasing intraoperative
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and postoperative complications [11, 56]. Concerning clinical outcomes of the use
of 3D models in renal surgery, the largest retrospective analysis of 3D guided
RAPN to date shows significantly higher trifecta achievement rate, lower peri-
operative transfusion rates and a shorter length of stay [38]. As such, 3D models
are expected to further impact intra-, and post-operative outcomes.

6.2 Hilum Control

In a “traditional” PN, renal artery clamping is a standard step just before tumour
resection in order to achieve a bloodless resection field. This has many advan-
tages: it allows precise tumour resection without perforation of the tumour
(pseudo)capsula, allows minimal resection of normal renal parenchyma and min-
imizes blood loss. Although prolonged ischemia is a risk factor for acute kidney
injury and CKD, the most important determinators of postoperative kidney func-
tion are the pre-operative kidney function and the remaining vascularized renal
parenchyma [63]. Recent insights learned the human kidney is more tolera-
ble to prolonged ischemia and the concept of 20 to 30 min of “safe ischemia
time” is being challenged in patients with bilateral healthy kidneys. Nevertheless,
renal ischemia is one of the factors that is surgically modifiable and there-
fore a lot of effort has been put in developing strategies to minimize healthy
renal parenchyma ischemia: off-clamp resection, early unclamping, superselective
clamping or establishment of cold ischemia.

6.2.1 Off-Clamp Resection

In an off-clamp resection, the renal hilum is never clamped and all renal
parenchyma (and the tumour) remain vascularized during the procedure. For safety,
the renal artery is isolated, so it can be clamped in case of excessive bleeding.
Retrospective observational studies comparing on- and off-clamp RAPN
demonstrated conflicting results, probably due to selection bias [30, 54]. A meta-
analysis in 2019 reported higher blood loss for off-clamp RAPN (mean difference
+ 47 mL), but similar transfusion rates, complications, and positive surgical mar-
gins. Renal function was superior for the off-clamp group both in the short-term
change in estimated glomerular filtration rate (GFR; mean difference 7%) and long
term (mean difference 4%) [13]. However, the quality of such evidence is very low.
Therefore, two randomized controlled trials (RCTs) analyzed the effect of renal
artery clamping versus off-clamp PN on renal function. The recent CLOCK trial
randomized 324 patients from several Italian centres with bilateral kidneys, normal
kidney function (GFR >60) and a solitary kidney tumour with a RENAL score <10
to receive either an on-clamp or an off-clamp RAPN [5]. In the “off-clamp” group
43% of patients were crossed over to on-clamp because of excessive bleeding
(34%) or because the surgeon desired ischemia ‘due to high complexity of the
tumour’ (9%). No significant differences were seen in terms of estimated blood
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loss, transfusion rates and postoperative complications [4]. Warm ischemia time
(WIT) was limited (median 14 min, interquartile range [IQR] 11-18). No signif-
icant difference in postoperative kidney function at 6 months was seen (median
-6.2 ml/min [IQR -18 — 0.5] on-clamp versus —5.1 ml/min [IQR -14 — 0.1] off-
clamp), nor at 12, 18 and 24 months, both in the intention-to-treat analysis and the
per protocol analysis [5].

Similarly, Anderson et al. randomized 71 patients in a single-surgeon RCT
between on- and off-clamp RAPN and found no significant difference in 3-month
postoperative GFR [3].

It seems that in most patients considered for RAPN, on- or off-clamp strategies
have limited impact on clinical outcome. However, this might not be the case for
patients with a solitary kidney, pre-existing CKD or more complex tumours with
expected longer ischemia time.

6.2.2 Early Unclamping

In early unclamping, perfusion is restored not after double-layer renorraphy but
already after internal renorraphy [6]. Some observational series demonstrated a
reduction in WIT with a median 5.6 min in RAPN [48]. A meta-analysis of a
handful observational series on laparoscopic and robotic PN calculated an increase
in mean blood loss of only 37 mL after early unclamping with no difference in
transfusion rates or complications [14]. One study assessed postoperative renal
function and found no significant difference [48]. When possible, early unclamping
is safe, diminishes WIT and provides the surgeon with feedback on hemostasis
after internal renorraphy.

6.2.3 Superselective Clamping = “zero Ischemia”

Selective arterial clamping can avoid unnecessary ischemia to healthy renal
parenchyma on one side while minimizing the risk of complications such as bleed-
ing on the other side. In superselective clamping (sometimes referred to as the
“zero-ischemia” technique), only the tumour-feeding renal vessels are temporarily
clamped, to further minimize ischemic damage to healthy tissue and approxi-
mate the off-clamp situation. In this technique dating back to 2011 [23], tertiary
or higher order branches of the renal artery are dissected. However, the main
enigma here remains how to determine up front which vessels need to be dis-
sected/clamped and if this dissection is worth the accruing risks of bleeding and
increased operative time. Gill et al. who originally proposed this technique have
been using 3D models since 2012 to facilitate this decision [24]. Near-infrared
imaging and indocyanine green (ICG) administration was also used in later stud-
ies to determine if the clamping was successful at the kidney surface level before
starting resection. This showed that a purely cognitive clamping-position estima-
tion does not always establish an avascular resection [12]. Indeed, the clamping
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strategy is solely based on the surgeon’s assessment of which vessels are perfusing
the tumour. In lateral rim tumours for instance, vessels are not always connected
to the tumour region due to limits in CT imaging resolution. Thus, perfusion needs
to be roughly estimated by a 3D ‘cognitive region fusion’ of nearby vessels.

The first simulation of perfusion regions in 3D renders can be traced back
to 2018 [52]. However, no details on the perfusion algorithm or validation are
provided and different perfusion zones are separated by straight planes. Each ves-
sel is estimated to perfuse the same perfusion volume with a subsequent linear
percentage split (Fig. 6.1).

Figure 6.1a shows how parenchymal percentages can be estimated. Figure 6.1b
shows this on a specific case. Figure 6.1c A planar cut is made to estimate which
part we need to clamp. Figure 6.1d Looking at this cut, we would estimate the
healthy parenchyma which is being clamped to be around 42% (16.6% + 16.6% +
8.3%). 1t is clear that precise estimation of ischemic volumes is unlikely. Ischemic
volumes appear non-physiologic and benefits of a certain clamping strategy are
hard to estimate.

More recently, newer perfusion algorithms are demonstrated and validated,
based on mathematical models which include several patient-specific arterial fea-
tures [19]. These models automatically predict ischemic parenchyma and tumour
volume percentages and as such objectively inform the surgeon of the risk/benefit
ratio in clamping extra vessels (Fig. 6.2).

Figure 6.2: Nearest neighbors approach taking into account arterial path and
3th generation vessels. Fig A. Virtual Model. Fig B-D: Virtual Clamping with
ischemic zones indicated in green. Fig B. Clamping of artery headed towards lower
pole—anterior view. In this specific case, clamping the inferior artery theoretically

Fig.6.2 3D perfusion model
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results in 77% tumour ischemia and 16% healthy parenchyma clamping. Anterior
view looks to be indicating a fully ischemic tumour. Fig C. However, right lateral
view reveals the tumour is most likely also perfused by a posterior branch. Fig
D. Posterior view when clamping this extra branch, just outside the parenchyma,
result in 100% ischemic tumour, however with 36% additional healthy ischemic
volume. This approach allows for a more informed clamping strategy.

As tumours are not seldom perfused by several branches, this type of perfusion
model lets the surgeon balance off the benefit of encountering a small hemorrhage
in certain areas compared to clamping a larger volume of healthy parenchyma. It
also informs the surgeon where such a hemorrhage is to be expected or where
bloodless enucleation can be started.

6.2.4 Cold Ischemia

In patients were long ischemia times (>30 min) are expected, cold ischemia may
limit renal parenchyma damage. Several techniques exist to cool the kidney. In
open PN, ice slush can be placed around the kidney. However, in minimal-invasive
surgery this is more complex and therefore has not been widely adopted. For
laparoscopic PN, cold saline surface irrigation [31], retrograde cooling through
the ureter [17] and intra-arterial cold perfusion [29] have been performed. There
are no studies comparing these different cooling techniques in terms of kidney
temperature and postoperative renal function in minimal invasive surgery. In 1980
Marberger et al. analyzed 95 patient who underwent hypothermic nephrolitho-
tomy. Sixty-three kidneys were cooled by transarterial cold perfusion and 39 were
cooled by topical ice slush. Postoperative kidney function decreased less in the per-
fused group (—19.4% at 2 weeks; —7.9% at 6 months) than in the topical group
(—30.3% at 2 weeks; —29.8% at 6 months) [36]. Possibly, intra-arterial cold perfu-
sion delivers a more homogeneous renal parenchyma cooling compared to topical
cooling.

A recent systematic review and meta-analysis found no significant difference
between cold and warm ischemia in terms of blood loss, surgical margins and postop-
erative drop inkidney function following PN. However, the number of included studies
and patients was low, as was the level of evidence (Oxford level of evidence 4) [25].

Practical considerations and lack of an ‘optimal’ cooling technique hampered
the adoption of cold ischemia in RAPN thus far. It remains an option, how-
ever, before autotransplantation and bench surgery or even radical nephrectomy
in patients with solitary kidney or CKD with very complex tumours.

In summary, two systematic reviews and meta-analyses in 2019 demonstrated
that no ischemia technique (off-clamp, on-clamp, superselective clamping or cold
ischemia) is superior over the other in patients with bilateral healthy kidneys. A
surgeon must balance between acceptable ischemia time, limited ischemia zone
and operative risk and duration, while maintaining maximal oncological control.
Additional prudence is required in patients with solitary kidneys or CKD. 3D
models can aid in choosing the best strategy.
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6.3  Tumour Resection Strategy

Resection strategies and techniques for PN are still object of great interest and
debate among urological surgeons and researchers. In fact, the most recent EAU
and American Urology Association (AUA) guidelines recommend PN as the gold-
standard treatment for patients with localized T1 renal tumours [35], making the
technique for tumour excision of great value to achieve the goals of oncologic
efficacy, maximal renal function preservation and perioperative safety.

The debate over the merits and potential limitations of different resection strate-
gies and techniques for RAPN has been reinforced by several recent studies. In
particular, as the amount of functional parenchymal mass preserved during PN has
been shown to be one of the strongest modifiable predictors of functional recov-
ery after surgery (provided that extended warm ischemia time is avoided) [37],
some authors have argued that tumour enucleation (TE) may have distinct ben-
efits over “standard” PN (i.e. enucleoresection) without compromising oncologic
safety [26]. Among these, TE may allow surgeons to excise the tumour with opti-
mal visualization of its contours (resecting only a microscopic amount of healthy
renal tissue [40] and thus reducing the risk of positive surgical margins), while
keeping the risk of damages to the urinary collecting system and/or renal sinus
to a minimum, especially in case of anatomically complex, hilar renal masses
[26]. Importantly, TE may also sponsor a “nephron-sparing” renorrhaphy, espe-
cially during RAPN. Indeed, nephron-sparing tumour excision (minimal-margin
PN or TE), following a relatively avascular dissection plane, facilitates anatomi-
cal nephron-sparing renal reconstruction; this concept is of utmost importance for
highly complex and/or hilar tumours, with potential additional benefits in terms of
renal function preservation and minimization of perioperative complications [10].

For several years the standard surgical technique PN was the excision of a 1-
cm peritumoural tissue to achieve negative margins. This surgical strategy was
not without risks, considering the amount of vascularized parenchymal volume
resected, the potential urinary collecting system injuries, and the higher risk of
prolonged warm ischemia time (WIT) [66].

Interestingly, while originally preferred for nephron-sparing surgery in case of
hereditary kidney tumours and for imperative indications, TE has gradually been
applied in elective settings for both Tla and T1b/T2 tumours by an increasing
number of surgeons [41].

From a pathologic standpoint, tumour enucleation takes advantage of the pres-
ence of a distinct fibrous pseudocapsula in most renal tumours as well as of the
histologic changes at the tumour-parenchyma interface [44]. This directly trans-
lates into the “surgical concept” of TE, which relies on the excision of the tumour
predominantly by blunt dissection following the natural cleavage plane between
the peritumoural pseudocapsula and the renal parenchyma (without removing a
visible rim of healthy renal tissue). In this regard, several studies have shown that
the incidence of positive surgical margins after TE is consistently very low, making
TE at least non-inferior to standard PN in this regard [43].
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A recent study found that, in experienced hands, robotic TE allows to excise the
tumour with negative surgical margins even in case of pseudocapsula infiltration,
by providing a “microscopic” layer of healthy renal tissue beyond the peritumoural
pseudocapsula [39], with no recurrences found in the enucleation bed at a long-
term follow-up. As such, robotic TE is oncologically safe and has the potential
to meet further essential requirements for PN, such as to widen the indications
to tumours with the most unfavourable nephrometry scores while maintaining a
low complication rate and maximizing the volume of vascularized parenchyma
preserved [44] (Figs. 6.3 and 6.4).

The cornerstones of robotic tumour enucleation are shown in detail at: https://sur
geryinmotion-school.org/v/563/. Robotic tumour enucleation has been shown not to
be a zero-margin technique but rather a microscopic- margin technique, resecting a
microscopic (<1 mm) silver of healthy renal margin in most cases [39].

An anatomic resection strategy (enucleative intent) is key to allow the sur-
geon to clearly appreciate the tumour’s contours and excise the tumour with
macroscopically negative surgical margins.

Robot-assisted partial nephrectomy with anatomic resection strategy: surgical steps
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Fig.6.3 Intraoperative snapshots showing the main steps of robotic tumour enucleation

Robot-assisted partial nephrectomy with anatomic resection strategy for tumours with venous thrombosis

Fig.6.4 Intraoperative snapshots showing a case of robotic tumour enucleation for a small renal
mass with venous thrombosis
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Despite the robust evidence confirming the oncologic safety of TE during both
open and robotic PN [39, 43], whether TE is ultimately safe for all patients
with localized renal tumours who are eligible for nephron-sparing surgery is still
debated within the Urology community [26, 42, 64]. In fact, some experts remain
sceptic about the real advantages of TE, arguing that TE may lead to insignifi-
cant differences in postoperative renal function and complications as compared to
standard PN, at the cost of a higher risk of tumour violation (Fig. 6.5).

Figure 6.5: Left side: distinct merits of tumour enucleation from a surgical
perspective include the clear visualization of the tumour contours, the possibility to
avoid positive surgical margins especially for tumours with no perfectly spherical
shape (as in the figure), maximization of the amount of healthy renal parenchyma
spared during RAPN and the opportunity for “nephron-sparing” renorrhaphy. Right
side: a potential drawback of tumour enucleation is the risk of tumour violation,
which increases the risk of true positive surgical margins (residual tumour cells in
the enucleation bed).

In a recent review on the key decision-making points in patients with localized
renal masses, the authors highlighted how the resection methodology during RAPN
should be grounded into a careful consideration of both patients’ and tumour’s
characteristics, and that a wider-margin PN (or even radical nephrectomy) may be
safer for in case of tumours with an “infiltrative” tumour growth pattern (in view
of a potentially more aggressive histology) [37].

The controversy over the pros and cons of TE versus standard PN is reflected
in the historical evolution of EAU Guidelines recommendations. While they orig-
inally recommended the removal of a “minimal tumour-free surgical margin” to
achieve oncologic efficacy, they subsequently outlined the oncologic efficacy of
TE and did not provide further recommendations to guide resection strategies and
techniques during open and robotic PN [35]. The same concept can be applied to
the AUA Guidelines, which stressed that TE may be more beneficial in patients
with familial renal cell carcinoma (RCC), multifocal disease, or severe chronic
kidney disease aiming to optimize parenchymal mass preservation [15].

Pro & Cons of pure enucleative resection strategy during robotic partial nephrectomy

Fig.6.5 Pros and cons of robotic tumour enucleation for localized renal masses
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Unfortunately, the debate over the merits and limitations of different resection
techniques has been reinforced over time by the lack of standardized reporting
of resection strategies and techniques during PN. Since the initial description
of nephron-sparing surgery, a number of technical strategies for excision of the
tumour from normal renal parenchyma have been described, including TE, enu-
cleoresection, and wedge resection. Yet, the descriptors of these techniques have
been used interchangeably, hindering a meaningful comparison of surgical series
until recently. To fill this gap, Minervini and coworkers have proposed in 2014
a standardized reporting system to communicate tumour resection technique in
PN series, the Surface-Intermediate-Base (SIB) margin score [45]. This model,
based on a visual analysis of the margin of healthy parenchyma scored at the
superficial surface, the intermediate surface, and the base of the tumour, was soon
validated from a histopathological perspective [40] and tested in a prospective,
international multicentre study aiming to assess the impact of resection techniques
on PN outcomes [41].

Of note, a more comprehensive model to catch the “whole picture” of tumour
excision during RAPN should report not only the final resection technique (accord-
ing to the SIB scoring system), but also the preoperative surgeon’s intent (named
“resection strategy”) [42]. In fact, tumour excision during PN is a complex surgi-
cal task, and the inherent characteristics of the tumour—parenchyma interface allow
definition of a constant “anatomic dissection plane” that can always be identified
and bluntly developed in close vicinity to the tumour capsule, with or without the
removal of a sliver of healthy renal tissue. As such, it is essential to clearly divide
the concept of resection strategy (anatomic vs non-anatomic) from that of resection
technique (enucleation vs enucleoresection vs resection, based on the SIB score)
(Fig. 6.6).

Different resection strategies lead to different resection technigues during RAPN

. . a7
o+ . « @ | SIB margin score

Surface Intermediate  Base L 02 =enucleation
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Fig.6.6 Graphical overview of the integrated model proposed by Minervini and colleagues for
standardized reporting of resection strategies and techniques during open and robotic PN [42]
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A detailed overview of the SIB scoring system for standardized reporting of
PN resection techniques is presented in Fig. 6.6 [45]. A step-by-step tutorial for
surgeons on SIB score assignment is available at the link: https://kidney.uroonco.
uroweb.org/video/sib-score-tutorial/.

Figure 6.6: (1) Resection strategy (the preoperative surgeon’s intent) is classi-
fied as anatomical or non-anatomical according to the surgeon intent to excise
the tumour by following the anatomical dissection plane close to the tumour or
wider non-anatomical planes, removing a macroscopic layer of healthy renal tis-
sue. (2) In contrast, the resection technique was classified as enucleation (SIB
score 0-2), enucleoresection (SIB score 3 or 4) or resection (SIB score 5) accord-
ing to the SIB score by visual analysis of the specimen performed by the surgeon
in the operating room after PN. Details on SIB score assignment are provided in
the text as well as in a step-by-step tutorial at this link: https://kidney.uroonco.uro
web.org/video/sib-score-tutorial/.

In this view, the surgeon’s preoperative intent during RAPN may be reported
in a spectrum ranging from a “pure enucleative” anatomic resection strategy (in
this case, the aim is to follow the natural cleavage plane between the tumour and
the healthy parenchyma resecting a microscopic amount of healthy renal tissue)
to a “wedge” non-anatomic resection strategy (in this case, the aim is to excise
the tumour with macroscopic margins of healthy renal tissue with no visualization
of the anatomic dissection plane). Between these two extremes lie the “minimal-
margin” anatomic resection strategy and the “macroscopic-margin” non-anatomic
resection strategy [42].

Importantly, a prospective multicentre study has distinctly shown how resec-
tion techniques do impact on perioperative and early functional and oncologic
outcomes in patients with localized renal masses [41]. In particular, the resec-
tion technique, classified after surgery according to the SIB score, was the only
significant predictor of positive surgical margins and one of the strongest predic-
tors of Clavien-Dindo grade > 2 surgical complications, postoperative acute kidney
injury and Trifecta achievement. This evidence reinforces the clinical relevance of
standardized reporting of resection methodology during RAPN.

In summary, the goal of RAPN is complete excision of the tumour with negative
margins while maximizing perioperative safety and preservation of vascularized
parenchyma. To achieve this goal, individualized tailoring of the excision plane
based on intraoperative assessment of the peritumoural tissue planes is needed
[55]. To advance this field toward the concept of “precision RAPN”, standardized
reporting of excision techniques will be key for future studies to understand the
impact of resection (and renorrhaphy) strategies and techniques (beyond that of
surgeon’s experience) on postoperative outcomes after RAPN [10, 18, 41].

6.4 Future Perspectives

6.4.1 3D Model Generation
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3D models are typically reconstructed from computed tomography scans using 4
different phases: blanco, early arterial, venous and an excretory phase [11]. MRI
scans can technically be used as well, although resolution is often lacking to recon-
struct a useful anatomical vascular reconstruction for hilar control. A dedicated
software program is to be used to reconstruct these models in a process called
‘segmentation’ as illustrated in Fig. 6.7.

This means colouring in every artery, vein, ureter, kidney and tumour that is
relevant for the final model. Next, these segmentation software packages convert
this planar information into a 3D model.

Segmentation software packages are available both open-source for free (e.g.
3DSlicer—http://www.slicer.org) as well as commercially. Segmentation remains
a cumbersome, time-consuming, manual task. The advent of artificial intelligence
is reducing the time needed for model making by automating the segmentation
process. More precisely, so-called deep learning techniques are used to predict a
3D model, which can then be double checked and altered by the physician in the
software packages stated above wherever needed [28].

After the generation of such a model, this file can be exported and viewed in
several desktop formats. Whenever needed, these files can also be used integrally
as input for 3D printing of the anatomy.

6.4.2 Virtual Models and Augmented Reality

When 3D models are viewed in desktop applications or in other purely virtual
environments, we refer to them as virtual models. The term augmented reality
(AR) refers to the real-time overlaying or superimposition of images captured by
the intraoperative field or, more typically, peroperatively, onto a patient’s actual
endoscopic video [61]. Figure 6.8 shows the difference between both approaches.

The TilePro™ technology enables the surgeon to integrate acquired imaging
(3D reconstructions, CT scans, MRI images, ultrasonography) with critical visual
information from the operational field. When just the virtual model is imported
(Fig. 6.8a), we refer to it as a virtual model. However, a cognitive fusion still needs
to take place inside the surgeon’s head. On step further (Fig. 6.8b) is to project
this 3D model in the operative field. As such, these inputs may ‘augment’ the
limited surgical field and intra-operative perception as associated with laparoscopic

Fig.6.7 Segmentation is the process where the 3D model maker goes through the entire CT scan
using a software package and indicates relevant structures for each slice
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Fig.6.8 a. Virtual model input using TilePro™, shows a partially endophytic tumour. Ultrasound
confirms the location of the tumour. Figure 8.b. Augmented reality setting in which the same 3D
model is overlapped to the endoscopic view, also showing the location of the arteries and invisi-
ble endophytic part of the tumour. It is to be noted that this is also inputted using the TilePro™
function, as the current systems do not allow to take over the main console view

surgery. In this case, the model needs to be continuously repositioned as to fit the
current operative view.

Automation of this process requires image registration, which is the alignment
of virtual models with the present intra-operative field. As such, image registration
lies at the heart of a successful clinical implementation of AR.

AR image registration can be divided into two main categories: rigid and non-
rigid. The former does not account for organ distortion as can be perceived due to
repositioning of the body or renal manipulation [57, 60]. For high-precision AR
navigation, non-rigid registration is required. However, the dynamic environment
of the abdominal cavity makes non-rigid registration incredibly challenging, espe-
cially when approaching anatomical structures such as the renal hilum. Several
deformation registrations, such as 3D splines [2], non-linear parametric models
[51], elastic finite element model (FEM), and biomechanical models [27], can be
employed to compensate this necessity.

Most laparoscopic AR navigation systems require so-called manual or semi-
automated registration. Manual registration refers to manual alignment of virtual
models with endoscopic pictures. Each time the operative view changes, the model
must be manually re-aligned using a user interface. Semi-automatic registration
necessitates human initial alignment before automatic follow-up. As such, man-
ual and semi-automated registration impair the surgical flow as they require the
surgeon or assistant to constantly or intermittently realign the model.

Automatic registration is facilitated by the use of extra sensors in the opera-
tive setup. Using electromagnetic or optical tracking sensors to rigidly localize the
laparoscope may result in automatic registration. Using fiducials into a kidney sil-
icon model, Teber and Kong et al. demonstrated completely automated augmented



6 Pushing the Boundaries in Robot—Assisted ... 57

reality navigation during laparoscopic PN with great navigation accuracy [32, 62].
Howeyver, these tools do not allow the use of a deformable model and because of
the intrusive character of the used markers, this approach is not suitable for clinical
use [60].

To avoid the use of physical markers, Wild et al. postulated the use of flu-
orescent dyes, which of course require the procedure to be performed using a
laparoscope capable of fluorescence imaging [69].

Further options include the use of stereoscopic laparoscopy to reconstruct the
intra-abdominal organ surface to accomplishing registration. In this approach, a
live 3D reconstruction is made of the intra-abdominal cavity by using both eyes of
a laparoscope with 3D vision, as is the case in robotic surgery. These reconstruc-
tions, however, frequently contains insufficient feature points. Furthermore, feature
detection may be hampered by several factors, such as texture-poor appearance,
specular reflection, and shadows. Moreover, due to the limited endoscopic view
(the angle of a laparoscope view is only 70°), only a tiny portion of the organ
surface may be rebuilt. It makes automatic registration of an entire 3D anatomical
model extremely difficult, necessitating manual initial alignment [8].

Finally, Bernhardt and colleagues proposed a registration algorithm that does
not rely on tracking devices or markers. It identifies the location of the endoscopic
camera relative to the intra-operative 3D data by incorporating the endoscope tip
inside an intra-operative 3D C-arm volume [8]. However, this requires both a setup
with a radiographic C-arm inside the operative room as well as the use of a three-
axis accelerometer integrated into the endoscopic camera.

Summarizing, to properly incorporate AR in a clinical real-life scenario, some
requirements must be fulfilled:

1. Conventional preoperative imaging must be used to easily generate 3D surgical
models.

2. The 3D model must be projected onto the live intra-operative anatomy, requir-
ing registration of the model using preferably visual cues and a deformable
model.

3. Surgical instruments must be tracked, as well as any mobility of the targeted
organs and their surrounding anatomies.

Even if great steps forward have been made in the last few years, we are still just
at the beginning of the development of this technology.
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6.5 Conclusions

RAPN is no longer a standard ‘one technique fits all’ procedure, but is con-
tinuously evolving towards precision RAPN. A surgeon should encounter every
patient with a personalized strategy for hilum control and tumour resection,
in order to minimize renal ischemia and maximize the remaining vascularized
renal parenchyma. 3D models can aid in pre-operative planning and peroperative
guidance, especially in complex cases.
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Perioperative Surgical Complications
in Robotic Partial Nephrectomy

Riccardo Tellini, Giovanni Enrico Cacciamani, Michele Marchioni,
Andrea Minervini, and Andrea Mari

7.1 Introduction

Partial nephrectomy (PN) is the mainstay of treatment for localized renal tumors
amenable of surgical excision [1, 9]. PN provides a better preservation of renal
function, when compared to radical nephrectomy (RN) [35], which translates in a
reduced risk of chronic kidney disease and cardiovascular morbidity and mortality
[2, 10]. As for other surgical procedures, minimally invasive approaches have been
proposed also for PN procedures. Firstly described in 2004 by Gettman et al. [16],
robot-assisted PN (RAPN) has increasingly gained popularity and spread among
urologists and nowadays robotic approach is predominant in PN procedures in
US and Europe [6, 36]. Indeed, the undeniable advantages of robotic platform
including the magnified tridimensional vision, the Endowrist technology and elim-
ination of hand tremor enable an accurate dissection and precise reconstruction,
thus allowing to obtain a low rate of positive surgical margins and minimizing
the injury to surrounding healthy renal parenchyma, while keeping warm ischemia
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times at safe levels. As a fact, current series report more favorable rates of “opti-
mal” perioperative outcomes (i.e., trifecta [17]) after RAPN as compared to open
and laparoscopic PN [19, 25, 44].

Moreover, robotic approach allows for a perfect integration of newer tech-
nologies in order to further improve perioperative outcomes including augmented
reality and intraoperative Indocyanine green [14, 30].

However, despite the aforementioned advantages, PN, regardless of the surgical
approach, is often a complex procedure and rate of complications, as well as their
potential severity, are not negligible.

Aim of this chapter is to describe and report incidence, predictors and features
of both intra- and post-operative complications during robotic PN as well as their
specific management.

7.2 Definition and Rates

The first issue regarding perioperative complications of RAPN is the need of
shared criteria for defining, reporting and grading the complications. In this con-
text, Cacciamani et al. found that current literature lacks of standardized definition
of intraoperative complication (IC) after RAPN and no improvement in reporting
and grading of ICs over time was observed while an improvement in outcome
reporting in terms of mortality rates and causes of death, definition of complica-
tions, severity grade and risk factors was reported for postoperative complications
after RAPN [7, 8].

Therefore, we strongly recommend the adoption of standard guidelines and def-
inition for reporting and grading complications. In this regard, the European Asso-
ciation of Urology (EAU) starting from 2012 published an ad hoc guideline about
reporting and grading of complications after urologic surgical procedures [27].

In general, IC can be defined as any medical or surgical complication occurring
between induction of anesthesia and patient awakening that could cause a potential
injury and requiring unplanned medical or surgical maneuvers, while postoperative
complications can be defined as any postoperative event caused by surgery, altering
the normal postoperative course and/or delaying discharge [26].

The rates of intra- and post-operative complications after RAPN as reported in
relevant contemporary series are reported in Table 7.1. As aforementioned, rate
and description of intra-operative complication during RAPN is often not reported
in current series and conversion rate (to open approach/radical nephrectomy) is low
(0.3-2%). Post-operative complications rate ranges from 5.1 to 24.3% among cur-
rent series with major (Clavien score>2) complications occurring in percentages
varying between 0.7 and 10.2%.

Table 7.2 provides a summary of each surgical complication and its manage-
ment according to the time to onset.
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7.3  Pre-operative Prevention of Complications

The preoperative prevention of complications is essentially based on an accurate
imaging and meticulous surgical planning. For these purposes, an abdominal CT
scan focused on kidney, tumor and vascular anatomy is indispensable. Arterial,
parenchymal, venous and excretory phases are generated for a precise evaluation.
If available, a 3D reconstruction of the tumor, intra-renal arterial tree and kidney,
and 3D-printed models can facilitate better understanding of the anatomy [21, 29].

Several kidney-, patients- and tumor-related features need a careful evalua-
tion for appropriate surgical planning. Regarding the patient features, particular
attention must be turned to body mass index (BMI), previous abdominal surgery
and perinephric fat measurements and adhesiveness [22] that could influence port
placement as well as surgical access (trans- vs retro-peritoneal).

A clear knowledge of renal vascular anatomy (including number of arteries and
veins, relation between the tumor, renal artery and renal vein) could guide the
clamping strategy and avoid vascular injuries, while a detailed comprehension of
tumor features and its boundaries could prevent tumor violation and forecast poten-
tial complications. In this light, nephrometry scores such as R.E.N.A.L, PADUA
and Contact Surface Area (CSA) are useful composite tools incorporating the most
relevant features [i.e., tumor size, clinical stage, location (anterior, posterior, lat-
eral), relation to polar lines (upper, mid or lower pole), endophytic/exophytic ratio,
proximity to the hilum, closeness to collecting system]. All these scores have
been validated in several series and were found to predict various perioperative
outcomes including post-operative complications [40].

In addition, several clinical nomograms have been proposed and validated for
the prediction of overall [24] and major [20] complications following PN.

7.4 Intraoperative Complications
7.4.1 Intraoperative Adverse Events Leading to Bleeding

Unexpected intraoperative bleeding probably represents the most frequent and
potentially more severe intraoperative complication during RAPN. Bleeding
mainly originates from the PN resection bed, renal hilar vessels or from infe-
rior vena cava (IVC) or aorta. Obviously, management of bleeding is dependent
on its location. As aforementioned, an accurate understanding of patient’s vascular
anatomy is mandatory to prevent and forecast potential complications. Importantly,
extensive medial mobilization of the colon/duodenum to expose the kidney, iden-
tification of the renal artery and vein and their tributaries is paramount. Dissection
towards to the hilum is performed from distally to proximal. The renal vein and
renal artery should be carefully isolated and vessel loops should be applied. In
these phases, prudent dissection of the tissue in layers and avoid excessive trac-
tion on vascular structures is advised. In case of bleeding due to vascular injury,
the surgeon needs to rapidly identify the source of bleeding. In these situations, a
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temporarily increase of the pneumoperitoneum pressure of 2-3 mmHg, basing on
the baseline values of pneumoperitoneum and on the anesthesiologist evaluation,
could help in reducing bleeding and identifying its origin. The role of bed-assistant
is crucial providing adequate suction and irrigation as well as feedback on patient’s
condition; moreover, the bed-assistant should be ready to place additional ports as
well as change instruments as appropriate. The use of mini-lap gauzes (5 x5 cm
or 7 x 5 cm) to compress the bleeding site and remove blood clots is usually help-
ful. After identification of the bleeding source, it should be controlled by applying
clips or suturing, as appropriate. The type of bleeding generally depends on the
source of bleeding (arterial or venous) and the dimension of the vessel injured.
The vessel injured, either arterial or venous, could be closed with a metal clip or
with a hem-o-lok. Indeed, the surgeon should carefully balance the consequences
and the risk—benefit related to the closure of each clipped vessel. In case of dam-
age of a significant venous vessel such as the renal vein or one of its segmentary
branches, the surgeon should try to manage the bleeding closing the defect with
a monofilament 3.0 suture. The vein could be closed with a clamp upstream and
downstream depending on the grade of bleeding. Generally, the venous bleeding
is higher on the right renal vein due to the downstream blood reflux from the infe-
rior vena cava. The main artery should be clamped before the renal vein to avoid
upstream bleeding from the kidney. The surgical management of arterial injury is
more complex due to the higher intensity of bleeding. The closure of the arterial
vessel is adopted as last chance only, while the closure of the arterial defect with
single sutures or a running suture is often difficult. In case of a clinically signifi-
cant arterial bleeding from the renal artery or the aorta, the apposition of a patch
could be necessary to close the defect without reducing the diameter of the ves-
sel. The intervention of vascular surgeon may be required. Despite an experienced
robotic surgeon could theoretically manage any of these accidents robotically, in
case of massive bleeding and/or hemodynamic instability or failure to identify the
source of bleeding, a prompt open conversion should be considered.

Intraoperative bleeding is a potentially significant clinical complication in the
tumor resection phase or renorraphy during partial nephrectomy. In these cases, the
surgeon could consider performing a precise electrocautery of any bleeding points
when possible or using adsorbable clips on single major bleeding vessel on tumor
resection bed or placing additional deeper stiches. Otherwise, different hemostatic
matrix sealants could be applied with adequate compression (over a gauze) of the
bleeding site.

Finally, in case of uncontrolled bleeding compromising clear vision of the
surgical field during the resection phase, some strategies could be attempted:

e In case of initial clampless approach, consider clamping the renal artery that
should have been previously identified and isolated;

e If the renal artery has already been clamped, it should be re-checked for unef-
fective clamp placement (e.g., in case of inadequate isolation the vessel from
perivascular tissue). Moreover, it should be verified that clamp has been placed
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on the main renal artery and not on a secondary branch. Similarly, the pres-
ence of multiple renal arteries should be excluded. Indeed, the preventive use
of green indocyanine before renal clamping and tumor resection could be of
great help for the surgeon [40].

e In case of persistent bleeding despite these precautions, the surgeon should con-
sider clamping also the renal vein, especially in case of right-sided endophytic
and/or hilar masses due to the possibility of relevant blood backflow coming
from the inferior vena cava.

e In case of uncontrollable/life-threatening bleeding, radical nephrectomy is
advisable.

Some surgical tips to prevent bleeding from resection bed include an effective clo-
sure of the medullary defect starting from the inner layer taking care to include
any visible source of bleeding (e.g., horizontal mattress suture technique). More-
over, the closure of cortical defect should be considered to improve the hemostatic
action of renorraphy; in this scenario, the “sliding-clip” technique is a quick and
effective strategy for renal defect closure in most cases [3].

7.4.2 Intraoperative Tumor Violation (ITV)

Since renal tumors are often frail, with a discontinuous, thin or absent pseudo-
capsule or with necrotic component, ITV may occur during PN and it should
be cautiously avoided. The occurrence of ITV could increase the risk of posi-
tive surgical margins (PSM) or lead to tumor spillage that, especially in case of
pneumoperitoneum, may jeopardize oncologic outcomes [38].

ITV during RAPN can be prevented by cautious handle of the tumor avoiding
excessive traction on it and direct grasping of its surface. It can be helpful avoid-
ing a complete de-fatting of the exophytic portion of the lesion to take advantage
this peritumoral fatty tissue for the manipulation/traction of the tumor during the
resection. Lastly, intraoperative ultrasound (US) may be used to precisely identify
tumor shape, depth and margins, especially for endophytic masses, allowing the
definition of surgical landmarks. In case of minor ITV, an immediate acknowledge-
ment allows a conservative management including a prompt suction of any spilled
tumoral material and a wider and deeper resection. In a case of major tumor viola-
tion leading to massive tumor spillage or impossibility to obtain a clear resection
plane, a radical nephrectomy may be necessary, followed by an accurate inspection
of the renal fossa and surrounding organs with removal of any tumor fragments. In
all cases of ITV, the procedure should be completed as soon as possible, and the
specimen should be placed in an endocatch bag immediately averting any further
tumor seeding.
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7.4.3 Visceral Injuries

Bowel injury rarely occurs with a incidence rate around 0.25% [34]. This compli-
cation could happen during the trocar placement or during the manipulation of the
bowel.

It is very important a prompt identification of the bowel injury to manage
intraoperatively this complication and to avoid postoperative complications due to
bowel perforation. In these cases, the injury can be extremely difficult to identify
and could be difficulty managed with a minimally invasive approach.

Trocar placing should be performed with a visual control of the access of tro-
cars. Furthermore, manipulation of the bowel during surgery should be performed
with atraumatic instruments or better avoiding a direct contact with the bowel and
manipulating only the mesenteric.

Small lacerations in the bowel (without spillage of bowel content into the
abdomen) can be sutured if immediately identified during surgery. Serosal injuries
should be repaired as it may result in a damaged bowel wall as a result of
absent anatomical support of the serosal layer with or without a localized area
of ischaemia: this condition may determine intestinal leakage or fistula formation.

Larger, full-thickness lacerations or those diagnosed postoperatively may
require resection and a general surgeon intervention. A particular attention should
be taken to avoid damage to the duodenum in case of right-sided tumors.

Splenic injuries during RAPN occur in around 0.08% of cases [34] and their
treatment depend on their severity. Electrocautery and hemostatic agents are usu-
ally used to control bleeding; however, if the bleeding does not stop, a splenectomy
can be required.

Hepatic injury is typically related to a thermal injury or laceration from
retraction. In general, thermal injuries do not require any intervention. Hepatic
lacerations can determinate relevant bleeding and should be initially addressed
with electrocautery and application of hemostatic agents. Larger lacerations with
uncontrolled bleeding or damage to the biliary system (including a laceration of
the gallbladder) should involve an hepatic surgeon.

Injury to the pancreas represents a rare occurrence (in case of left-sided tumors)
and capsular injuries can be closed primarily. However, pancreatic leaks may
require a partial pancreatectomy and patients require close postoperative moni-
toring for pancreatitis. In these cases, an abdominal drainage is usually required
to monitor post-operative pancreatic juices drain.

7.4.4 Thoracic Complications

Pleural injuries and pneumothorax can occur during port placement or during the
dissection.

Sometimes, right-sided pneumothorax happens due to the grasper used to retract
the liver.
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If it grasps the diaphragm, it can determinate diaphragmatic injuries that lead
to a CO; leakage into the thorax due to high pressure pneumoperitoneum.

Management of a pleural lesion and a pneumothorax includes an immediate
report to the anesthesiologist that can regulate airway pressure and flows to help
the surgeon to better repair the lesion. Generally, a reduction of the pneumoperi-
toneum induce a retraction of the diaphragm toward the abdomen that could help
during these complications. In case of small defects and immediate repair, no other
actions are usually required. In case of larger defects and a pneumothorax caus-
ing hemodynamic instability or respiratory compromise, an immediate chest drain
placement will be required to ensure resolution. Serial postoperative chest x-rays
are necessary to exclude eventual failures or persisting pneumothorax. In these
cases, the consultation of a thoracic surgeon is preferable.

7.5 Postoperative Complications
7.5.1 Postoperative Bleeding

Immediate or early postoperative bleeding is a relatively frequent and potentially
life-threatening complication after RAPN. Treatment of post-operative bleeding
ranges from a conservative management to blood transfusions administration till
emergency surgical exploration according to patient conditions and extent of blood
loss. Hemodynamic instability, decreasing hematocrit, low/absent urine output and
abdominal distention and pain may represent signs and symptoms of post-operative
hemorrhage and require an immediate recognition and intervention. The presence
of a bloody drain output makes hemorrhage evident and measurable. Usually, the
source of bleeding is the resection bed, however, it can originate from other areas
including renal vessels, adrenal, lumbar veins, epigastric vessels or port sites.

Once hemorrhage is suspected, hemodynamic stabilization and fluid resuscita-
tion, if necessary, represent the priorities. The execution of a CT renal angiography
often allows a correct identification of the active bleeding site and enable its
selective angioembolization (Fig. 7.1), whose efficacy as primary treatment is
high. Blood transfusions are often required in case of sever acute anemia and/or
hemodynamic instability.

In case hemodynamic instability persists or in case of failure to identify the
bleeding site or to perform an effective angioembolization, surgical exploration
is required. Usually, open exploratory laparotomy is needed for clot evacuation
and bleeding control. If the bleeding is from the PN resection bed and cannot be
properly controlled, completion nephrectomy may be required.

Late (>14 post-operative days) post-operative bleeding is likely due to renal
artery pseudo-aneurysms (RAP) or arteriovenous fistula (AVF) [34]. These compli-
cations have been reported in up to 2.3% of patients after RAPN [12]. RAP derive
from intraoperative arterial trauma resulting in communication with the extravascu-
lar space or formation of a fistula with the collecting system [18]. Patients typically
present with symptoms of hematuria and/or flank pain. AVF occur less frequently
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Fig.7.1 Renal angiography showing a bleeding from the resection bed after RAPN. Superselec-
tive embolization of bleeding branch with microcoils enabled immediate cessation of bleeding.
Post embolization angiogram showed no further bleeding from the resection bed while preserving
vascular supply in the surrounding areas

than renal artery pseudo-aneurysms [18]. Most AVF are asymptomatic but can
also present with symptoms of pain, hematuria, hypertension, or high-output car-
diac failure. Selective angio-embolization is an effective treatment for AVF and
RAP in approximately 95% of cases [18].

7.5.2 Urinary Leak

Urinary leak (UL) is a rare complication after RAPN with a reported incidence
of 0.5-4% in contemporary series [34]. UL is associated with larger, endophytic
tumors that are centrally located or near the renal collecting system. The Renal
Pelvic Score is the best predictor of UL among nephrometry scores [39, 41].
Routine intraoperative ureteral catheterization does not reduce the probability of
postoperative UL and therefore is not routinely recommended [43]. Symptoms
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and signs of a urine leak include increased drain output, fever, abdominal pain,
and peritonitis. The time at presentation is variable, with a median of 13 days
[31]. In case of evident urinary collecting system entry during the resection, a
careful closure of the defect during the renorraphy is mandatory; in case of large
defects, a ureteral catheter could be placed endoscopically (and left in place for
2-5 days) to favorite healing and permit a urine drainage in a “low-pressure” sys-
tem. Similarly, in case of ureteral damage in any stage of the procedure, a primary
repair should be performed and a JJ ureteral stent should be placed. Usually, the
placement of an abdominal drain is strongly recommended in these situations to
monitor post-operative UL and its evolution.

In case of post-operative UL and/or urinoma, the creation of a “low-pressure”
excretory system is paramount and can be achieved with ureteral stent placement
and/or nephrostomy tube placement and urethral catheterization. Percutaneous
nephrostomy in these patients can be difficult, as typically, the renal pelvis is not
dilated due to the urine leak [34].

7.5.3 Acute Kidney Injury

Acute Kidney Injury (AKI) after RAPN is a relatively frequent event and sev-
eral features including female gender, age, baseline estimated glomerular filtration
rate, pedicle clamping and tumor complexity were found to be predictors of its
occurrence [2]. AKI occurs as a result of acute tubular necrosis secondary to
global renal ischemia. Methods to reduce renal ischemia include decreasing warm
ischemia time (WIT) and reducing the effects of decreased renal perfusion by early
unclamping of the artery [34]. Traditionally, WIT should not exceed 25 min and
prolonged WIT has been shown to negatively impact post-operative renal function.
In case of expected longer WIT, cold ischemia techniques should be taken into
consideration in the preoperative setting One method for reducing the effects of
ischemia is cooling the kidney with ice; this should be considered if the anticipated
ischemic time is >25 min [32].

Treatment of postoperative AKI includes reducing further insult to the kidney
by ensuring adequate hydration, avoiding hypotension, and avoiding nephrotoxic
agents. Dialysis is usually unnecessary in patients without severe pre-operative
renal function impairment.

7.6 Conclusions

Perioperative complications after RAPN are often underreported and there is lack
adoption of standardized criteria for their reporting and grading. Most frequent
intraoperative complications are bleeding from tumor resection bed or abdominal
arterial or venous vessels, tumor violation, visceral lesions. Most frequent post-
operative complications are hemorrhagic, urinary leakage and acute kidney injury.
Despite the robot-assisted approach seems to be associated with a significantly



76

R. Tellini et al.

lower rate of postoperative complications compared to the open approach, RAPN
remains a complex major surgery that can determine intraoperative and postopera-
tive complications. Any robotic surgeon should be aware of all the adverse events
that could happen during or after RAPN and know how to better manage these
events intraoperatively avoiding whenever possible a conversion to open surgery.
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Renal Robotic Surgery
for Lefties: Left-Handedness in Upper
Tract Robotic Surgery

Mylle Toon, Challacombe Ben, Uvin Pieter, and Mottrie Alexandre

8.1 Introduction

Handedness or chirality, is a characteristic of a person defined by the unequal
distribution of fine motor skills in both hands. Although right-handedness predom-
inates, an estimated 9.3-18.1% of the global population are left-handed. Recent
publications show an increase in the reported rate of left-handedness [8]. A con-
tributing factor may be the easing of cultural pressure against this sinistrality. For
centuries, left handers have endured discrimination in a world designed for right
hand preference. Literally, ‘right’ means ‘correct’ and ‘sinister’ means ‘left’ or
‘omnious’. Left-handedness is still considered an exception and a physical devi-
ation. It may however be a potential advantage as left-handers are more likely to
be better users of their non-dominant hand and many are effectively ambidextrous.
This allows more flexibility in complex surgical tasks and the potential to change
to the better positioned but non-dominant hand.
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Every day, left-handed individuals experience difficulties with tools designed
for the right-handed persons [4]. These problems extend to instruments as sim-
ple as scissors and many other within the operating room. Surgical residents
report anxiety about their left-handedness, inconveniences during assisting, and
lack of mentorship [9] For some right-handed senior surgeons, tutoring a left-
handed trainee is an uphill task [1]. The default option is to train the left handed
surgeon to perform the operation in a right handed manner but this is disadvanta-
geous to the leftie. Surgeons and surgical trainees have indicated that difficulties
arise in both open and minimally invasive surgery [6].

With a growing rate of left-handedness, there is a need to adapt and expand
our surgical training and practice. For the moment, few teaching materials and
even less technical reports are available for left-handed surgeons. A more personal
approach, adapted for the dominant hand is needed. With a vast majority of laparo-
scopic and robotic surgeons being right-handed, proper guidelines for left-handed
surgeons are in short supply.

The goal of this chapter is to provide tips and tricks to left-handed surgeons. As
it rethinks the different possibilities in instrument usage within upper tract robotic
surgery, it could be of interest to every upper tract surgeon. To our knowledge,
no similar chapter has been written before. This chapter fills a gap that exists in
current literature and is therefore based on experience and expert opinions.

8.2 Upper Tract Robotic Surgery

The introduction of the Da Vinci Robotic Surgical System by Intuitive has
brought urological surgery into a new era. The engineering feat comes with
multiple advances in ‘minimally invasive surgery’, such as seven degrees of free-
dom, 3-dimensional view, tremor filtration and better instrument precision. The
system allows the surgeon to operate in an ergonomic non-sterile manner and
-theoretically- at a distant location [2].

The robotic system of Da Vinci got designed to allow as much degrees of
freedom as possible. Not only provides the robotic system a better range of motion
than a surgeon’s wrist and fingers, recent studies showed that it also can minimize
the innate chirality of the surgeon. Novel studies are needed to further distinguish
how big the elimination of the chirality is [2, 7]

A second advantage of the Xi system is the possibility of port hopping with the
endoscope. Allowing the surgeon to switch positions in the middle of the operation,
new possibilities arise. When using the Xi system correctly, being a leftie should
not have any impact. Left-handed surgeons can use various unique tips and tricks
to use their left-handedness in their advantage. We made them a summary of those
tips and tricks.
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8.2.1 Instruments

According to a statement Intuitive made for this chapter, all da Vinci Instruments
are meant to be used for left-handed and right-handed surgeons. Concerning the
da Vinci Instruments with curved tip design (Maryland Bipolar Forceps, Monopo-
lar Curved Scissors, Curved Bipolar Dissector), the designers consider task and
approach to tissue regardless of the dominant hand of the surgeon. The curve of
the instrument tip can be rotated tip-up or tip-down with the instrument’s roll capa-
bility to the surgeon’s preference by rolling the hand controller. This will move
the instrument tip in the direction most comfortable to the surgeon. Intuitive tests
the usability of the instrument with both left-handed and right-handed surgeons by
evaluations with engineers who observe user interaction to confirm if the device is
safe and intuitive to the user. Currently, anno 2021, Intuitive does not sell instru-
ments for left-handed or right-handed surgeons. All the instruments can be used
by both.

8.2.2 Renal Robotic Surgery: Positioning and Port Placement

The positioning of the patient during renal robotic surgery is identical as in the
right-handed procedure. Secure the patient in a modified lateral position with a
45° angle. Make sure the patient is fitted at the lateral edge of the operative table
and the ipsilateral arm is as low as possible to maximize the range motion of the
different arms of the robotic system.

Placement of the ports is different with changing handedness. First, the Hasson
technique is used to place the assisting port. After pneumoperitoneum is achieved,
a first look intra-abdominally must be undertaken to be sure the peritoneum is free
of injuries and adhesions. The four remaining ports will be placed in a straight
line at the lateral border of the rectus abdominus muscle. For left-handed sur-
geons, optimal port placement is displayed at Figs. 8.1 and 8.2. At the start of
the procedure, scissors will be placed at the most cranial port. The endoscopic
camera will be placed at the second most cranial port. In ports number 3 and 4,
respectively a ProGrasp and needle holder (or fenestrated bipolar) can be placed.

Note that right-handedness surgery on the right kidney often requires an addi-
tional 5 mm port. With the help of this additional port a liver retractor is put in
place. With left-handed surgeons, there is no need for a retractor or an extra entry.
Using the pitch degree of the robotic instrument in port 4, ProGrasp, the surgeon
can easily push aside the liver, gaining view and necessary workspace.
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Fig.8.1 Port placement at
start of procedure Da Vinci
Xi, left kidney surgery
(left-handed). C: Camera / N:
Needle holder / S: Bipolar
scissors / P: Prograsp / Blue
dot: Assisting Port

Fig.8.2 Port placement at
start of procedure Da Vinci
Xi, right kidney surgery
(left-handed). C: Camera / N:
Needle holder / S: Bipolar
scissors / P: Prograsp / Blue
dot: Assisting Port

8.2.3 Port hopping During (Partial) Nephrectomy

During a (partial) nephrectomy, the Xi Da Vinci system allows us to easily switch
the camera and the different instruments. Port hopping can provide a better view
of the kidney tumor, can facilitate manipulation of the kidney and offers a safe
access to cranial, caudal or posterior tumors. Repositioning of the ports displayed
on Figs. 8.3 and 8.4 grants the needle holder to grasp adjacent kidney tissue. Now
the kidney can be moved around freely around the pedicle.
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Fig.8.3 Port hopping during
ischemia time Da Vinci Xi,
left kidney surgery
(left-handed). C: Camera / N:
Needle holder / S: Bipolar
scissors / P: Prograsp / Blue
dot: Assisting Port

Fig.8.4 Port hopping during
ischemia time Da Vinci Xi,
right kidney surgery
(left-handed). C: Camera / N:
Needle holder / S: Bipolar
scissors / P: Prograsp / Blue
dot: Assisting Port

8.2.4 Nephro-Ureterectomy

During the nephrectomy with or without lymphadenectomy, the left-handed con-
sole surgeon may use the same setup and starting position as mentioned before
(Figs. 8.1 and 8.2).

After the completion of the first portion, ureterectomy may be performed with a
different port position. A brief undocking may be helpful for targeting the pelvis.
The boom is now rotated and the required angle differences are met. Position
the camera port more caudally so the downwards dissection of the ureter can be
achieved up to the ureterovesical junction. After the excision of the bladder cuff is
finalized, the specimen can be placed in a laparoscopic bag and removed. Repair
of cystotomy is performed using either of both hands to suture.
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Fig.8.5 Setup during upper
tract surgery in the pelvic
region. Da Vinci Xi.
Left-handed assisting port. C:
Camera / N: Needle holder /
S: Bipolar scissors / P:
Prograsp / Blue dot: Assisting
Port

8.2.5 Cystoureterostomy/Ureterovesical Junction Surgery

Setup for distal ureteral repair and upper tract surgery limited to the pelvis region
is similar to other pelvic surgery. Place the ports in a standard ‘prostatectomy’
fashion. Place the 12 mm assistant trocar at the right side if the assistant is left-
handed. Favorable placement for left-handed surgeons of the other ports is shown
at Fig. 8.5.

Our camera is placed at the umbilical port, between the monopolar scissors at
the left and the Prograsp at the right side. At the left lateral port, a needle holder
is the preferred choice. With this layout, the surgeon is capable of showing all
tissues with the both lateral instruments while operating with the left hand. The
endoscope is placed next to the bipolar scissors so that the instruments are as
lateral as possible.

8.3  Assisting Upper Tract Robotic Surgery

The success of robot assisted procedures depend on a successful team. How-
ever, the literature focuses on the performance of the console surgeons, one study
showed that the experience of the bedside assistant is of almost equal interest,
shortening the total operation time [3]. Our believe is that adaptation to the right-
or left-handedness of the assistant can be helpful, further studies are necessary to
review the impact of trocar adjustment.

In case of the upper tract surgery, adaptation of the assisting port can be useful.
For a left-handed assistant, the port has to be more cranial or caudal if the targeted
region is respectively the right and left kidney. An illustration is added to gain a
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Fig.8.6 Adaptation of the assisting port following handedness of bedside assistant [5]

better insight in the situation (Fig. 8.6). The scrub table is placed at the right side
of the left-handed assistant, so to secure a smooth and elegant transition when
changing instruments or loading clip appliers.

8.4 Epilogue

Experienced surgeons often develop their own individualized technique, rather than
using the theoretically optimal technique for their dominant hand. When trying
the “optimal” technique, it doesn’t always meet the expectations but to apply a
different technique or setup, one must leave behind standardized routines, which is
not a comfortable process. Every possible setup mentioned above can be adapted to
individual preferences. The correct technique, based on the dominant hand, should
be educated from the start of training. Therefore, not only literature on specific
procedure guidelines is necessary, training should always include the difference
between right and left-handedness and their practical consequences. They used to
say that left-handers were the only people in their right minds but, it may be that
sinister surgeons actually are in a good place for upper tract robotic surgery.
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9.1 Introduction

The introduction of robotics into the field of minimally invasive surgery marked a
significant milestone in the evolution of surgery. The formidable combination of
precision, flexibility and control helped overcome many technical challenges, par-
ticularly for operations within confined spaces. Since its inception at the turn of the
millennium, robotic-assistance has pervaded a range of surgical operations across
various subspecialties with Urologists being early adopters of the technology.
The da Vinci surgical system (Intuitive Surgical, Sunnyvale, CA, USA) was
unveiled in 1999 and received U.S. Food and Drug Administration (FDA) approval
in 2000 for human use [21]. For nearly 20 years, it has been the standard for
robot-assisted surgery. A strong patent filing including ownership of intellectual
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property on multiple component technology, constant modifications, updated reg-
ulatory approvals, an established global network of training centres, distributors
and technical support have all allowed da Vinci to maintain its dominance in the
field.

Competition is the essential catalyst for growth in any field. As patents last a
maximum duration of 20 years, the expiry of the original patent portfolio held by
Intuitive has primed its competitors and caused quite a stir of excitement in the
industry. This has resulted in many companies investing in their own research and
development in the last decade and the current emergence of various new robotic
platforms (Table 9.1). However, with a history of such strong presence from a
single robotic system, what challenges lie ahead for the generations of robotic
surgeons trained on da Vinci when they transition to the next system?

9.2 Console Concept and Display Technology

Intuitive Surgical has constructed an iconic closed console with the da Vinci sys-
tem which has advantages in reducing distractions and increasing surgeon’s focus,
as well as providing a more immersive experience. However, the lack of aware-
ness of the surgical environment may compromise communication with the rest of
the surgical and anaesthetic team. While the concept of open consoles is refresh-
ing, the design has its shortcomings which are mainly related to a difference
in the ergonomics and operative vision. Indeed, the console design is inherently
intertwined with the style of visual optics presented to the surgeon (Fig. 9.1).
The advancements in visual optics systems paved the way for realistic 3-
dimensional view of the operative field, a main attraction of robot-assisted surgery.
True stereopsis capture of the operative field is essential for the composition of a
high definition stereoptic image for the operating surgeon. A 3D operating sys-
tem comprises 2 main components: image capture and projection system. With the
traditional rod-lens laparoscope, image capture of the operative field is transmit-
ted externally to a video camera which then sends the image as electrical signals
to an image processor. This has been supplanted by “chip on the tip” technol-
ogy where miniature camera chips convert the image to electrical signals at the
tip of the laparoscope and externalizes the signals to the image processor. Single
channel systems use refraction to split a single image to provide 2 perspectives,
while dual channel systems provide 2 separate point of views and hence, offers a
true binocular vision of the operative field [29]. Projection systems on the other
hand help deliver a 3D visual field to the surgeon. There are two main 3D vision
systems. Da Vinci offers the fixed screen 3D stereoscopic design where stereop-
tic vision is achieved with separate image captures from 2 camera heads on the
endoscope delivered respectively to each eye within the console. This negates the
need for cumbersome active shuttering glasses that are required in active shuttering
projection, which is a different technique where alternate left and right views are
displayed at high frequency on a single flat display screen and polarized glasses
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Fig.9.1 Different concept of console. a Closed console and fixed screen 3D stereoscopic system
of da Vinci [7]. b Semi-closed console of Avatera [2]. ¢ Open console and 3D polarized display
of (i) Senhance (The Senhance Surgical System) (ii) Versius, standing position (iii) Versius, sitting
position (Versius For Surgeons—CMR Surgical)

help ensure each eye receives the corresponding image. This form of 3D polar-
ized display is utilized in robotic systems with open consoles offered by Senhance
(TransEnterix Surgical Inc., Morrisville, NC, USA), Versius (Cambridge Medical
Robotics Ltd., Cambridge, UK) and Hugo (Medtronic Inc, Minnesota, USA) (not
commercially available as of article).

There is abundance of evidence on the advantages of 3D vs 2D vision in opera-
tive time and errors, reduced motion, and all other comparative markers for surgical
performance [34]. Even with the leap into 3D visualization, there are significant
differences between the two modes of 3D view mentioned above. In transitioning
between robots, users have to be cognizant of these fundamental differences in
the acquisition of surgical field stereopsis between fixed (closed) console viewing
and open consoles mandating use of polarized shuttering glasses. In particular,
the latter may suffer from issues of user discomfort with the additional weight
of polarizing glasses, decreased brightness resulting from filtering of polarized
glasses and more importantly, a lower horizontal resolution compared to the 3D
stereoscopic system which boasts a higher fidelity image. In addition, with open
sided eye units, the user may not be entirely excluded from surrounding visual
stimuli which may cause headaches and neurovestibular disturbances arising from
sensory conflicts from visual input and body position.
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9.3 Ergonomics

The robotic console is essentially a bustling center of human—computer interac-
tions. There is a constant flow of visual information to the surgeon, who then
effects a change in vision or tissue control via master controllers on the console.
With this understanding, we can appreciate the importance of the interplay between
master—slave motion alignment, hand—eye coordination, ergonomics of the console
and its direct impact on surgeon comfort and sense of surgical immersion [9]. A
main tenet in the design of the robotic console is ensuring the optimal balance
between the concepts of ergonomics and master—slave motion alignment.

With the closed consoles such as da Vinci and Revo-1, the surgeon’s head is
fixed as is the eye-to-screen relationship (Fig. 9.1). While there are advantages as
mentioned above in reducing surrounding sensory distractions, remaining in this
constant posture has been shown to strain the cervical spine [31]. While open
consoles such as Versius and Senhance allow free movement, they do not nec-
essarily mitigate the musculoskeletal strain on the surgeon. Some systems which
allow eye-tracking such as Senhance may introduce similar problems with strain
on neck if the display and eye alignment is not optimal. Studies show that eye
fatigue is contributed by operator-display distance and the viewing angle of the
operator [16, 17]. Research has also shown that a downward gaze at the display is
more likely to cause cervical strain on the surgeon, an observation reported for the
da Vinci’s console as well [3, 11, 35]. In addition, the allowance of a more casual
sitting posture without resting points may also hold potential for poor posturing of
the surgeon. A unique feature of Versius is that the open console offers both stand-
ing and sitting configurations for the robotic surgeon, allowing more flexibility and
potentially more comfort as well (Fig. 9.1). These posture related nuances are con-
sidered important for the transitioning surgeon especially in crossing from a closed
console to an open concept. The awareness of these issues should prompt a proper
induction course that emphasizes on proper posturing to optimize ergonomics as
an early step in the training on a new system. The conversation on ergonomics
extends beyond the relationship of the surgeon’s posture with the robotic console
into the type of master controllers.

9.4 Master Controllers

The design of the master controllers on the robotic console is of paramount impor-
tance and a comfortable manipulator enhances surgical precision and surgeon
experience. Current robotic platforms employ 2 main types of grips—the pinch
or the power grip (Fig. 9.2). There are inherent differences between the two. The
pinch grip is optimal for precise movement but increases the tension and fatigue of
small muscles of the hand [23, 32]. In contrast, the power grip offers less muscle
tension but lacks precision, with movements effected from large group muscles of
the arm while finger movements are restricted due to their commitment to gripping
a handle. Jeong and Tadano [18] investigated the design of a combined-grip-handle
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Fig.9.2 Different types of grips for master controllers. a pinch grip in da Vinci [7]. b Power grip
in Senhance [37]. ¢ power grip (joystick) in Versius [38]

in master—slave configuration and showed better performance on the positioning
operation and provided a possibility to perform precise work at lower scale factors.

With the above in mind, a surgeon could possibly experience the biggest change
in terms of transitioning between a pinch grip and a handle grip controller. This
may form the biggest hurdle to cross. The pinch movements are more naturalistic
and approximate fine open surgery with forceps and hand-held diathermy. While
laparoscopic surgeons would have more affinity for the handle grip controllers as
they resemble laparoscopic equipment. Given the generations of robotic surgeons
that have been trained on da Vinci’s pinch grip controllers, the adopter of the
handle grip controller will have a larger learning curve to mount and possibly a
different skillset to pick up.

9.5 Haptic Feedback

One of the vexations of robotic surgical systems is the glaring lack of haptic feed-
back. The absence of this safety feature coupled with the capability of robotic
arms to exert significant amount of force over a small area explains the inher-
ent increased risk of tissue damage and surgical mishaps [10, 20, 30]. It is not
surprising therefore that newer robots endeavor to provide a solution in this space.

There has been much research done in the field of haptics in the past decade [5,
8, 26, 39] particularly in the area of kinesthetic force feedback (KFF) [4, 6, 33],
which involves activation of receptors in the muscles to create awareness of the
position and movement of the human musculoskeletal system. However, focusing
on one aspect oversimplifies the human sense of touch, which also encompasses
tactile feedback through activation of mechanoreceptors in the skin [33]. It has
been shown that a multi-modal haptic feedback system that includes synergistic
simultaneous activation of various receptors is most optimal for approximating
natural human touch and performance [1]. The da Vinci has yet to offer hap-
tic feedback and users presently rely on visual cues such as tissue deformation
and blanching for gauging tissue tension, which is not a foolproof method and
unnecessary damage can still occur with misappropriation of force. Significant
advancement has been made with Senhance and Versius which offers haptic feed-
back in the console handles however, this is at present still a single modality
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feedback and has yet to be shown to translate into better surgical and clinical out-
comes. Nonetheless, this is an exciting feature that will require transiting da Vinci
users to be recalibrated and accustomed to. Having said so, this added feature is
likely be more facilitative than disruptive and may even reduce the learning curve
of robotic surgery now that surgeons no longer have to rely solely on visual cues
for tissue tension.

9.6 Learning Pedagogy and Training from Industry

Beyond the race for technological and design supremacy, emerging robotic plat-
forms also need to devote equal attention to understanding the science of learning.
At the end of the day, a new system will require a period of training to surmount
the steepest part of the learning curve. And this is where the industry can play a
bigger role. Indeed, one may argue that how well a robotic surgeon adopts a new
system is only dependent on how well he is trained for it.

Training a new user for a robotic system can be undertaken in 2 stages. Firstly, a
dry lab simulator training is essential in acclimatizing the user to the different con-
cept, design and functionality of the system. Emerging robotic surgical systems can
differ in so many aspects as touched on earlier in this chapter and a new user will
need time to develop muscle memory and a mindset change to achieve a minimum
level of proficiency before operating on actual patients. Simulation-based learning
has changed the way we learn and the old adage of “see one, do one, teach one”
often used for surgical trainees can no longer stand up to the rigor of medical
standards today. There is strong evidence today for simulation-based training [22,
25, 40] for robotic surgeons and we can certainly draw lessons from the success
of da Vinci Skills Simulator (dVSS; Intuitive Surgical Inc., Sunnyvale, Califor-
nia, USA) in providing structured skills training for robot novices [13, 19]. New
robotic platforms should endeavor to provide a high face, content and construct
validity simulator to allow new users to surmount the early part of the learning
curve in a safe and controlled environment with the mastery of basic skillsets.
For kidney surgery in particular, the commercially available Mimic dV-Trainer
(MdVT, Mimic Technologies, Seattle, Wash., USA) offers an augmented simula-
tion of partial nephrectomy that provides 3-dimensional videos of robotic partial
nephrectomy, superimposed virtually to help learners with surgical skills and renal
anatomy at each step of the operation. It boasts a high construct validity in all
domains of the Global Evaluative Assessment of Robotic Skills (GEARS) and in
one study that included in vivo experiment, showed a high GEARS correlation of
transferability of skills from the virtual simulator compared to live tissue operation
[14]. On top of that, the dV-Trainer® also offers meaningful personalized tracking
of progress with the help of Mimics’s MScore® (Mimic Technologies, Inc, Seattle,
USA) which utilizes data from expert robotic surgeons to provide benchmarking
and objective assessment (Fig. 9.3).

Once that initial proficiency has been established with skills-based simulators,
new users can move on to operation-based training in the wet lab or on actual
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Fig.9.3 Different virtual reality robotic simulators. a da Vinci skills simulator [15]. b dV-
Trainer® [28]

patients. Many systematic reviews have been done on the learning curves for
robotic surgery and all have identified substantial differences in the length of learn-
ing curves, largely arising from lack of consensus amongst studies on the metrics
and outcomes as well as terminologies needed to construct the learning curve [27,
36]. Similar to the modular training established for robotic prostatectomies [24],
it is imperative that more research be done on establishing and validating struc-
tured training pathways and assessment metrics for kidney surgery. Progress has
been made recently in this area in validating automated performance metrics dur-
ing robotic-assisted partial nephrectomy [12] for 7 segmented steps of the surgery:
colon mobilization, identification and dissection of ureter, tumour exposure, hilar
dissection, scoring of margins with intra-operative ultrasound, tumor excision and
renorrhaphy. Such data helps establish formal metrics of assessment for training
and should be implemented in all training curriculum for robotic kidney surgery.

9.7 Summary

The training of new generations of robotic surgeons is an important agenda, how-
ever let us not forget that in the past 2 decades of the ‘da Vinci’ era, a substantial
number of robotic surgeons have come through the robotic system and have been
honed to be the experts they are today. What does it mean for a surgeon of mas-
tery level on one robotic platform when he has to transition to another robotic
platform? And will his performance on a new robotic platform be commensurate
with his experience on da Vinci? Would there necessarily be a shorter learning
curve for him? These are important considerations as we see an explosion of new
robotic platforms in the market.

Transferability of skillsets between robotic platforms is not well studied as
there has only been one dominant robotic system up to now. Dissecting robotic
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surgical skills and evaluating which skillsets have favorable pedagogical charac-
teristics such as high transferability and a milder learning curve between different
robotic platforms could provide more insight into transitioning robotic surgeons.
This may shape the design and focus of future robotic systems if they were to be
well received by the community of robotic surgeons. Emerging platforms should
reach out to current robotic surgeons to understand their needs and facilitate early
learning with simulators.

The future of robotic surgical landscape is one that is highly variable. With
different systems emerging, new robotic users face hopes of a more intuitive and
user-friendly interface while existing robotic surgeons may face more challenges
in transitioning between different platforms. More questions will arise not just on
clinical efficacy and outcomes of new robotic systems, but on training as well as
accreditation of robotic surgeons and the economic impact of this evolution. One
thing may remain certain and that is with more competition, comes progress. With
more emerging robotic platforms, robotic surgery looks set to be further refined
and enhanced in the next decades.
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has Changed Operative Technique
in Renal Cancer Surgery
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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].

C. Soliman (X)) - M. A. Furrer - N. Lawrentschuk

Department of Urology, The University of Melbourne, The Royal Melbourne Hospital, Parkville,
VIC, Australia

e-mail: chrissol1312@gmail.com

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 29
S. S. Goonewardene et al. (eds.), Robotic Surgery for Renal Cancer,
Management of Urology, https://doi.org/10.1007/978-3-031-11000-9_10


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-11000-9_10\&domain=pdf
mailto:chrissol1312@gmail.com
https://doi.org/10.1007/978-3-031-11000-9_10

100 C. Soliman et al.

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).
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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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The da Vinci Surgical System

1999 —— = da Vinci
2006 — —— daVinci S
2009 — —— da Vinci Si
2014 — —— da Vinci Xi
2017 — —— da Vinci X

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 1.5x greater workspace field than the Si—as compared
to 3x 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].
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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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Use of Indocyanine Green (ICG) 1 1
During Robotic Surgery for Renal
Cancer

Geert De Naeyer, Carlo Andrea Bravi, and Alexandre Mottrie

11.1 Introduction

Robotic technology enables the performance of complex urologic surgeries with
greater precision, miniaturization of instruments, and smaller incisions than tradi-
tional laparoscopic or open approaches. An evolution is image-guided surgery:
the principle that optical enhancements can improve visualization of internal
anatomical structures or pathological features and can facilitate surgery. Real-time
intraoperative identification of malignant versus benign tissue can help surgi-
cal outcomes by simultaneously decreasing positive surgical margin and local
recurrence rate while preventing over-aggressive resection of vital structures. A
particular enhancement in image-guided surgery that has been utilized significantly
for both oncologic and non-oncologic surgeries is the Fire-Fly technology using
indocyanine green (ICG) for near-infrared fluorescence imaging (NIRF). In con-
trast to white light, NIRF, with the addition of fluorophores, permits deeper photon
penetration, superb optical contrast, less scatter, and a high signal-to-background
ratio [7], van den [21]. Optical enhancement using ICG-NIRF has been shown to
facilitate surgical performance in both the oncologic and non-oncologic settings.
ICG received initial FDA approval in 1959 (NDA 011525). Based on the most
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recent labeling package insert submitted in 2015, the current FDA-approved indi-
cations for ICG include determination of cardiac output, hepatic function, and liver
blood flow, as well as, ophthalmic angiography.

ICG has been used off-label for urologic surgery since 2006 [19, 20]. Initially
described for open partial nephrectomy in the urologic literature, intravenous injec-
tion of ICG was utilized to clearly demarcate the vasculature and fluorescence
patterns of the tumor in 15 patients [19, 20]. The technology was later devel-
oped in a laparoscopic and robotic cohort utilizing the Endoscopic SPY Imaging
System [19, 20]. The da Vinci® surgical platform (Intuitive Surgical, Sunnyvale,
CA) equipped with Firefly technology (Novadaq Technologies, Mississauga, ON)
allows surgeon-controlled utilization of NIRF. The robotic application was first
studied in patients with suspected renal cell carcinoma [10]. Subsequently, other
urologic organs have been extensively studied including prostate, bladder, and
adrenal glands. The urologic oncologic and non-oncologic applications of ICG-
NIRF are vast [2, 3, 14]. For oncologic surgery, molecular-guided surgery can
facilitate upper, combined upper and lower, and lower tract pathologies as well as
lymph node dissection within the retroperitoneum and pelvis. For non-oncologic
surgery, specifically reconstructive surgery, ICG-NIRF allows for deeper tissue
penetration and real-time perfusion status that can aid in ureteral stricture repair,
anastomotic viability, and identification of critical vasculature. Despite its vast
applications in urology, dedicated recommendations for the use of ICG are not
available in urological guidelines.

11.2 Pharmacodynamics

ICG, a tricarbocyanine, is a water-soluble molecule with a peak spectral absorption
at 806 nm and with peak emission fluorescence at 830 nm. ICG is only visualized
with near-infrared fluorescence (found on the da Vinci Surgical Systems equipped
with Firefly® technology). After intravenous administration, ICG becomes rapidly
bound to albumin (95%) and can be near-instantaneously visualized within the
vasculature and target organs through a NIR fluorescence camera system. The
novel Firefly® system incorporates a NIR fluorescence camera system, namely the
SPY Imaging System (Novadaq Inc., Missisaugua, ON, Canada), directly into the
da Vinci Si® and Xi® and allows the surgeon to switch between visible light and
fluorescence-enhanced views in real time [11].

ICG should be handled in with generalized sterile techniques as with an intra-
venously administered agent. Common drug interactions that can reduce the peak
absorption of ICG include sodium bisulfate found in many heparin products (NDA
011525 Food and Drug Administration Suppl-27 Labeling-Packaging Insert 2021).
ICG is classified as a pregnancy category C compound and thus further research
in this area is warranted prior to administering ICG in pregnant females (NDA
011525 Food and Drug Administration Suppl-27 Labeling-Packaging Insert 2021).
According to the FDA, the usual dose for ICG varies with age with adults receiving
a maximum total dose of 5.0 mg and children and infants receiving a maximum
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Fig.11.1 On the da Vinci Xi the Fire-Fly modus can be adjusted selecting “sensitive” modus

total dose of 2.5 mg and 1.25 mg, respectively. The total dose should anyway be
<2 mg/kg, and specific dosages are recommended according to the target organ
[15]. ICG is removed from circulation exclusively by the liver to bile juice, and,
depending on liver performance, is eliminated from the body with a half-life of
about 3—4 min.

11.3 Firefly Technology

The technique of fluorescence imaging, the so-called Firefly System®, is integrated
into the robotic console, and allows the surgeon to switch to fluorescence mode on
using the fingerswitch on the surgical handles after ICG injection. As a result, the
surgical field is illuminated with a special infrared light source that is able to see
the glowing areas infused with the dye. On the da Vinci® Xi system he Fire-Fly
modus can be adjusted selecting “sensitive” modus (Fig. 11.1). This can be done
by the surgeon at the console or by anybody at the vision screen cart.

11.4 Side Effects

ICG should not be used in patients with concomitant allergy to iodides and it is
considered contraindicated for these patients. Anaphylactic deaths have occurred
after administration of ICG during cardiac procedures [4], however, no studies
have found any impact of ICG on carcinogenesis, mutagenesis, and impairment of
fertility. ICG can be used in patients with chronic kidney disease, since it is not
nephrotoxic and is cleaned by hepatic metabolism [16].
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11.5 Indications for ICG During Robotic Surgery for Renal
Cancer

11.5.1 Vasculature Identification

Renal vascular anatomy can have a lot of variations, and one of the most popular
uses of ICG technology, especially during surgery for renal cancer, is vasculature
identification [5, 6]. This application may include intra-operative identification of
vessels for selective clamping during partial nephrectomy, or the assessment of
arterial and/or venous clamping.

11.5.1.1 Identification of the Vessels

The identification of vessels in the renal hilum may be challenging, especially for
less experienced surgeons. In these cases, the use of ICG technology might be
of help, allowing for a precise description and identification of renal vessels, and
providing a helpful guide for surgical dissection.

11.5.1.2 Selective Clamping

ICG may support selective clamping and thereby minimize ischemia time of
healthy and non-tumor-bearing renal parenchyma, by improving identification of
the renal vascular anatomy and the arterial blood supply to the tumor [9]. Indeed,
when a selective clamping is planned or if an incomplete clamp is suspected, due
to the possible presence of non-diagnosed ancillary renal arteries, the exclusion of
blood supply from the target resection area can be confirmed with ICG.

In addition, ICG technology can be used to check selective blood supply to
specific parts of the kidney. From a technical standpoint, after all renal vessels
are clamped, the bulldogs are removed one by one to observe which part of the
parenchyma is perfused, with the goal to preserve kidney perfusion, especially in
patients with solitary kidney or reduced kidney function.

11.5.1.3 Check Adequate Clamping During On-Clamp Partial
Nephrectomy

In case of difficult hilar anatomy, and in absence of 3-D reconstruction, the surgeon

might be in doubt whether all arteries are identified or isolated, or whether the

target area of the kidney will be still perfused after clamping (e.g. lower pole for

lower pole tumor). In this situation, ICG can be used to assess whether the area

that has to be dissected is still receiving blood supply or not.

11.5.2 Dissection of Tumor Margins

The use of ICG may facilitate the identification of the tumor which appears
hypo-fluorescent as opposed to the highly vascularized healthy renal tissue, hence
allowing a more accurate dissection and proper preservation of renal parenchyma
[1, 12, 17, 19, 20]. This is because renal cell carcinomas lack bilitranslocase, a
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Fig.11.2 Complete parenchyma reperfusion after renorrhaphy with ICG fluorescence imaging

carrier protein of ICG present in normal proximal tubule cells [8], allowing for
clear discrimination between cancer and normal kidney tissues. By contrast, onco-
cytomas and chromophobe RCC are both known to express bilitranslocase and as
such, may appear iso-fluorescent after ICG infusion.

An extension of this application is that, after tumor resection, the surgeon can
evaluate the surgical margins and inspect whether there might be macroscopic
residuals (R2 resection). Although this use is not validated, ICG technology might
be of added value to assess the completeness of resection.

11.5.3 Check Tissue Viability After Renorrhaphy

ICG may also be used to assess the amount of remnant vital renal parenchyma
by exploring the integrity of vascularization, which might have been compro-
mised during renorrhaphy. Once the bulldog clamp is removed, and the kidney
is re-vascularized, ICG fluorescence can be used to check for tissue perfusion
(Fig. 11.2). If there is no ICG uptake on the resection margin, the surgeon can
untighten the renorrhaphy in order to restore adequate perfusion.

11.5.4 Other Indications for ICG in Robotic Renal Surgery
and New Applications

Other applications of ICG technology in partial and/or radical nephrectomy may
include sentinel lymph node dissection during partial and/or radical nephrectomy,
or super-selective infusion of ICG during partial nephrectomy for the identifi-
cation of endophytic tumors. This new technique has been developed recently,
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and includes a super-selective catheterization of tertiary and quaternary arterial
branches supplying the renal tumors [18]. Via a femoral approach, interventional
uro-radiologist selectively delivers ICG mark into the tertiary-order arteries feed-
ing the tumor, in order to mark the tumor and minimize any ischemic injury
to the surrounding parenchyma. In case of avascular renal masses, the mixture
can be delivered in close proximity to the lesion in order to obtain a peripheral
ICG-marked rim of healthy parenchyma.

11.6 Conclusions

ICG technology has now emerged as a safe and feasible tool for an enhanced sur-
gical experience. Its introduction in robotic surgery for renal cancer has changed
practice, facilitating surgical performance mainly with respect to vascular identi-
fication. Given the versatility of ICG technology, other applications are possible
but have to be further validated. Although the applications of ICG in renal surgery
are promising, the actual clinical benefit for the patient remains to be determined
and as such, further investigations are needed to improve the understanding on the
impact of ICG.
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Reality for Robot-Assisted Partial
Nephrectomy

E. Checcucci, P. Verri, G. Cacciamani, S. Pulliatti, M. Taratkin,
J. Marenco, J. Gomez Rivas, D. Veneziano, and F. Porpiglia

12.1 Introduction

Nowadays, urological surgery has been changing its prerogatives, heading towards
a patient-tailored management, especially when facing malignancies [7]. This new
approach aims to obtain an equal balance between oncological safety and func-
tional results. Focusing on renal cancer and the related surgery, the maintenance of
functional results covers a crucial role, since renal function is fundamental for the
body homeostasis and for potential medical treatment [9, 10, 22]. Because of these
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specific characteristics, the handling of renal lesions with nephron-sparing tech-
niques, even in case of complex tumors, became increasingly popular, also taking
advantage of the technological novelties, in particular robotic-surgery [11]. In order
to reach optimal oncological and functional results by creating a patient-tailored
approach, the performance of image-guided surgery is crucial [5, 8].

Amongst the different technologies available, the three-dimensional (3D) image
guided surgery is one of the most attractive ones, with very promising clinical
application.

In this chapter we will explore the universe of 3D guided surgery, starting from
the realization of the 3D models, to their application in surgical planning and
navigation.

12.2 What is a 3D Model?

A 3D-model is a virtual or physical representation of the surface of an object. It
can be obtained by using a dedicated software (virtual model) or it may also be
physically manufactured (printed model). The operator (i.e., modeller) recreates
and transforms an idea (i.e., virtual model) or a real object into a different product,
using the available technologies. In the past, the first 3D-modellers were artists:
sculptors and painters had the ability to shape different materials into the chosen
form, using various instruments, which were the most disparate, translating their
ideas (e.g., virtual models) into actual objects (i.e., printed models). The advent
of the computer and informatics brought great innovations, which allowed artists
and scientists to create and benefit from new techniques, changing the status quo
of their respective fields. A modern example is represented by the movie industry,
twisted by the advent of 3D-rendering softwares allowing to outline the human
presence from the movie-set.

In the medical field, particularly in the surgical environment, the creation of 3D
models represents one of the cornerstones of the so called “surgery 4.0 [20].

Each patient is unique, his/her anatomy is at the same time identical and differ-
ent from the other patients, so it is mandatory to study each case with the aim to
offer a tailored and personalized treatment.

Itisimportanttounderline that the correctinterpretation of the information obtained
from the standard preoperative 2D images (e.g., contrast-enhanced CT scan) requires a
thorough anatomical knowledge and clinical experience. In addition, the mental trans-
formation from 2 to 3D is not an easy process. Therefore, following this principle
and trying to overcome these problems, 3D technology finds its role, progressively
becoming an important tool in the daily clinical practice [17].
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12.3 How to Create a 3D Model?

In the framing process of the major part of urological diseases, radiological imag-
ing such as CT or MRI, represents a fundamental step in order to plan the best
treatment for each single patient. The main limit of these radiological instruments
is represented by the two-dimensionality of the images, which require an accurate
anatomical knowledge in order to avoid misinterpretations, in particular when the
operator are young urologists with limited experience [23]. In fact, the “building
in mind” process a surgeon is required to perform, needs to follow a learning
curve, which takes time to be walked. As evident as it can be, 3D reconstructions
offer immediate and intuitive information, more easily accessible when compared
to 2D CT/MRI images: proportions and relationships between nearby organs are
more understandable and the pathology itself (whether malignant or benign) can
be displayed and visualized in a different fashion.

The realization of a 3D models starts from the processing of bi-dimensional
images. Commonly, almost every DICOM viewers software provide, by default,
a 3D reconstruction, thanks to an automatic rendering process. Unfortunatly, the
quality is often poor in resolution and the model lacks many details.

Notwithstanding the quality of these models, they can add some information
and details when compared to 2D images, thanks to the organs’ visualization and
the display of the disease’s features.

However, surgeons cannot rely on poor quality models before performing a
surgical procedure and, in order to realize better reconstructions, a new specialized
figure was introduced: the bioengineer. The collaboration between surgeons and
engineers has led to the creation of more satisfying models in terms of details and
anatomical accuracy.

The interaction and communication between these two parts (doctors and engi-
neers) is fundamental: engineers must understand the surgeon’s needs and vice
versa, in order to create an accurate computer project.

Practically speaking, the realization of the models starts from the acquisition
of bidimensional images. The most useful material is obtained by CT scan (multi-
slice is preferred) or MRI images, which can be easily exported in DICOM format.

The image quality is fundamental, since it increases linearly with the precision
of the 3D reconstruction; in order to obtain good quality models, the thickness of
the single slice should not exceed 5 mm.

First of all, using DICOM images displaying softwares, the object must be
analyzed, the most useful images (e.g., arterial or late phase of a CT-scan) must
be selected and specific parameters (e.g., image contrast and luminosity) have to
be modified and regulated in accordance with the project’s needs. This phase is
named “preprocessing phase”.

Subsequently, a volume rendering is created: the software automatically gen-
erates an initial version of the 3D model, using the information included in the
image voxels. A voxel is the basic volume unit, the equivalent of a pixel in a
2D system. Thanks to this rendering, the engineer can have an overall idea of the
project, identifying the project’s critical issues.
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Afterwards, a process called “segmentation” is performed thanks to a dedicated
software. Segmentation is defined as the isolation of pixels included in regions
or objects of interest (ROIs/OOQIs), selected on the basis of a subjective similarity
criterion (e.g., color). The best method to identify different ROIs/OOIs is called
“thresholding”, which is based on the selection of a specific range of a defined
parameter (e.g., gray scale). After the range has been set, the software can conse-
quently identify all the regions with the chosen characteristics and, subsequently,
specific algorithms are generated, and other regions/objects are automatically dis-
carded. This represents a fundamental step for the realization of the 3D models: in
some cases, the software is not able to correctly identify and depict the different
features and this process needs to be done manually. The experience of the engi-
neer is particularly relevant at this stage, since the reconstruction must be precisely
tailored, almost such as a dressmaker would do in a fashion atelier.

Once this process is completed, the project can be exported and saved in.stl
(Standard Triangulation Language) format and, when needed, the operator can
perform furtherly modify the rendering, using dedicated softwares. Finally, the
virtual 3D model is completed (Fig. 12.1).

Fig.12.1 3D model processing: a CT scan; b c.e. CT scan; ¢ segmentation phase aimed to identify
the different anatomical structures; d 3D model obtained can be overlapped to the CT images; e
hyper-accurated 3D virtual model; f 3D printed model with FDM technology
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Fig.12.2 3D printing technologies: a Fused Deposition Modeling (FDM); b Stereolitography
(SLA); ¢ Multi-material Plastic Jetting (Polyjet); d Silicone mold pouring combined with FDM
printing

Once obtained, the model can be uploaded on almost any electronic devices
(see subchapter below) for its virtual three-dimensional visualization.

Alternatively, using dedicated hardware, it can be printed using different 3D
printing technologies, with different characteristics and potential applications [12,
26] (Fig. 12.2).

12.4 How to Review the 3D Models?

There are essentially two different ways to review 3D reconstructions: display
them on an electronic device (virtual models) or create a physical object (printed
models).

Nowadays, virtual models represent the most appealing tool amongst the two,
since they are accessible from any electronic device (e.g., smartphones, tablets,
laptops) and offer an intuitive experience. The chance to export.stl files in.pdf
format allows to easily send 3D models via email or via dedicated platforms (e.g.,
MyMedics—Medics Sr1©), allowing a joint teamwork between different people in
different hospitals.
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Table 12.1 Summary of the different display systems for 3D virtual models

Vision Environment Consultation Clinical application
2D flat screen 2D Real + Virtual 2D monitor (tablet, | Surgical planning
monitor smartphone)

Mixed reality 3D Virtual + Real | Head mounted Surgical planning
display (i.e., and surgical
Hololens) navigation

Virtual reality 3D Virtual Immersive head Surgical planning
mounted display and training
(i.e., Oculus Rift)

Augmented reality 2D/3D Virtual + Real | Robotic console Surgical navigation

and training

Fig.12.3 2D flat screen visualization of the 3D models during cognitive robotic partial nephrec-

tomy

3D models can be displayed variably, depending by the surgeon needs and by
the hardware’s availability (Table 12.1):

e 2D screen (e.g., TV, tablet): the virtual model is displayed on a 2D surface and
can be zoomed, tilted, rotated and translated according to the operator’s needs,

using a touch screen or a joystick/mouse.

e The model can also be variably modified (e.g., transparency, colors), compatibly
with the software used. In this setting, the absence of 3D vision represents the
main limitation (Fig. 12.3).



12 3D Virtual Models and Augmented Reality ... 125

Fig.12.4 3D mixed reality visualization of the 3D virtual model for preoperative surgical plan-
ning

e Mixed Reality (MR): in this setting, the use of dedicated devices (e.g., head
mounted displays, such as HoloLens®) allows the superimposition of virtual
elements to live images. Thanks to this instruments, three-dimensional virtual
images are merged with the real environment. This technique finds its principal
application in during preoperative planning, allowing the operator to physically
walk around the model and to interact with it through gestures. These devices
are usually equipped with broadcasting technology, so that an audience can
experience what the operator sees through the lenses, live (Fig. 12.4).

e Virtual reality (VR): this technology allows the operator, using dedicated
visors, to interact with a fully virtual environment. In this setting, surgeons are
immersed into a totally virtual reality where they have the chance to interoper-
ate, through preset gestures, with the 3D model; it must be emphasized that this
technology totally excludes the real environment from the operator’s view. VR
can alternatively be enjoyed using virtual simulators [e.g., for robotic surgery:
dV-Trainer (Mimic, Seattle, WA, USA), da Vinci Skills Simulator (Intuitive
Surgical, Sunnyvale, CA, USA)]: these machines serve as training devices for
surgeons of different levels of experience, offering the possibility to practice
particular tasks (e.g., suturing, moving objects) or entire procedures (e.g., par-
tial nephrectomy, radical prostatectomy) while being immersed in a fully virtual
environment. The most realistic devices also offer a haptic feedback, resembling
the actual intraoperative scenario.

e Augmented Reality (AR): AR can be defined as the overlay of digitally cre-
ated content into the user’s real-world environment with the aim of enhancing
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Fig.12.5 3D augmented reality image was overlapped to in-vivo anatomy during robotic partial
nephrectomy

real-word features. This technique finds its perfect application during surgical
procedures, since the surgeon can overlap virtual reconstruction to the intra-
operative images, adding important information during the surgical procedure
(e.g., tumor margins, vascular anatomy) (Fig. 12.5).

In a recently published survey [2], all of the aforementioned methods were ana-
lyzed, and surgeons of different experience level were asked to evaluate each
modality applied to different fields of interest. The most appealing technology
for intraoperative guidance and training for kidney surgery was the AR technol-
ogy, (58.3 and 40%), whilst during surgical planning and patient counselling, the
use of HoloLens device and printed models were rated as the most effective in 60
and 61.8% of the cases, respectively. Another interesting point was that, amongst
the interviewers, a poor knowledge of 3D printing costs and production times was
identified.

12.5 Applications of 3D Models for Robotic Partial
Nephrectomy

12.5.1 Patient Counselling
Patient counselling covers a fundamental role in the reaching of a globally success-

ful medical act, but the communication can sometimes be tricky and challenging,
since the surgeon must often face limits given by the patient’s scholarship and
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socio-cultural extraction. Images, on the opposite, represent a straightforward and
intuitive tool, easy to understand, with the power to communicate an idea in a
blink of an eye.

3D models (whether virtual or printed) offer a precise and comprehensive
anatomical representation of both the organ/s and lesion/s in exam, therefore
they can be used to provide patients with a more immediate visualization and
comprehension of their pathology.

As reported by Porpiglia et al. [11] and Checcucci et al. [16], patients and
surgeons find very interesting and useful the use of 3D models, whether virtual
or printed. During the 2017 Edition of Techno Urology Meeting (TUM) held in
San Luigi Gonzaga Hospital (TO), specific questionnaires were administered to
patients and operators. The results were satisfying both from the surgeon’s and
patient’s point of view.

In a work by Atalay et al. [6], the importance of 3D models in the preoperative
phase was highlighted: the author, by administering questionnaires to patients,
showed how the overall comprehension of the anatomy, disease, treatment and
related complications was improved up to 64% when compared to baseline tests.
This work proved once again the great communicative power of 3D models.

Despite the higher costs of 3D printed models respect to virtual counterpart,
this kind of fruition seems to be the most appreciated by the patients [2].

12.5.2 Surgical Training

Surgical training and simulation probably represent the most attractive field of
application of the 3D modelling technology [13, 14] according to epidemiological
studies, in fact, in the US more than 400,000 deaths by year due to medical errors
have been reported and part of these unfortunate cases are determined by surgical
errors [9]. The classic Halstedian model, based on the “see one, do one, teach one”
paradigm must be overcome in favor of new and safe approach to learn surgical
techniques. Furthermore, in order to standardize the evaluation of trainees, instru-
ments based on virtual exercises were created: in case of robot-assisted surgery,
the most known evaluating instrument is represented by the “Global Evaluative
Assessment of Robotic Skills (GEARS)” [21]. By assessing six different domains
(depth perception, bimanual dexterity, efficiency, autonomy, force sensitivity and
robotic control), the experimenters were able to validate this tool, which has also
been integrated by several institutions as a part of the curriculum.

Considering robotic-surgery simulators, the most popular and commercially
available machines are the da Vinci Skills simulator (dVSS; Intuitive Surgical,
Sunnyvale, CA, USA), the Mimic dV-Trainer (Mimic Technologies, Inc, Seattle,
WA, USA), the Robotic Surgical Simulator (RoSS; Simulated Surgical Systems,
Buffalo, NY, USA), SimSurgery Educational Platform (SEP, SimSurgery, Norway)
and RobotiX Mentor (Simbionix USA Inc., Cleveland, OH). The da Vinci Skills
simulator is the only platform which is based on the actual Da Vinci surgical con-
sole, simulating the use of the actual machinery. Thanks to all the aforementioned
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platforms, trainees can perform basic surgical skills exercises (e.g., suturing) or
entire procedures (e.g., robot-assisted radical prostatectomy, RARP) accordingly
to their experience, immersed in a fully virtual 3D environment. The technical
differences between the different platforms and their effectiveness during train-
ing represent a topic of interest, since it is fundamental for the acquired skills to
be actually useful in a real environment. All the platforms are validated, demon-
strated to offer an optimal experience for trainees and their use was significantly
associated to surgical skills improvement [12].

Portelli et al. published a meta-analysis concerning the impact of virtual training
on laparoscopic and robotic surgery, including 24 RCTs (Randomized Controlled
Trials). The Authors analyzed different parameters, such as time, path length,
instrument and tissue handling and technical skills scoring, including different sim-
ulators. The final results proved that the use of virtual training improves efficiency
in terms of surgical practice but also increases the quality of the surgical act itself,
reducing the error rates and improving tissue handling [29].

12.5.3 Surgical Planning

The most important crossroad in the path of surgeons and, consequently, patients is
represented by the treatment indication. When deciding how to approach complex
diseases, the surgeon must find the perfect balance between personal experience
and international guidelines and recommendations and, when necessary, discussing
the case in a multidisciplinary setting, in order to take the best decisions for the
patient. In this scenario, 3D reconstructions can be very important, since sur-
geons can gather together and discuss the clinical case, choosing the best treatment
(e.g., minimally invasive vs open surgery) and the most suitable surgical approach,
according to the patient’s and tumor’s characteristics [25].

In their work, Porpiglia et al. realized hyper accuracy three-dimensional
(HA3D™) reconstructions, allowing a clear visualization of the vascular anatomy
and of the intraparenchymal vessels supplying the tumor. Thanks to this precise
instrument and to dedicated algorithms, it was possible to simulate the selective
clamping phase during partial nephrectomy and to highlight the corresponding
rate of ischemized parenchyma. This instrument revealed to be particularly useful,
proving to be effective in avoiding global ischemia of the kidney [27] (Fig. 12.6).

These findings were later confirmed by a RCT demonstrating that patients
treated with the aid 3-D models had reduced operative time, estimated blood loss,
clamp time, and length of hospital stay [30].

3D virtual models, as previously described, can be visualized as holograms in a
mixed reality setting. Antonelli et al. [4] developed a mixed-reality tool using the
zSpace workstation, a Windows-based laptop connected to a stereoscopic screen
displaying virtual objects. This station was designed specifically for a mixed-
reality experience, giving the chance to visualize a simulation environment over
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Fig.12.6 Thanks to the 3D virtual model is possible to visualize the vessels feeding the tumour
and respective rate of vascularized parenchyma; then a selective clamping can be planned

the real one. Thanks to this experience, the Authors concluded that mixed real-
ity could improve preoperative planning for partial nephrectomy, since it provides
higher quality details when compared to a computer tomography scan.

The mixed realty setting was also evaluated in another work by Checcucci et al.,
which focused on the high-resolution 3D perception of the organ anatomy offered
by this technology and on the possibility to virtually interact with the model. Using
HoloLens device, several surgeons had the chance to enjoy 3D reconstructions of
complex clinical cases, displayed as 3D models “floating” in space [16]. The inter-
viewed surgeons gave a positive feedback both for surgical planning (scored 8/10)
and anatomical accuracy (9/10) on 1-10 Likert Scale. Moreover, the potential
role of this technology in surgical planning and in the understanding of surgi-
cal complexity was highlighted. The impact of this technology on the decision
making process was furtherly investigated by asking surgeons about the best sur-
gical approach for each analysed clinical case: after a firsthand experience with
HoloLens and MR, 64.4% and 44.4% of the surgeons changed their clamping and
resection approach, respectively—ompared to CT image visualization only—in
favour of a more selective one.

12.6 Surgical Navigation

Considering the increasing number of works published, only few and exploratory
clinical studies have focused on the application of AR during partial
nephrectomy [19].

In 2009 Su et al. [32] developed a markerless intraoperatory tracking system
based on preoperatory CT images, performing an AR real-time stereo-endoscopic
robot-assisted nephron sparing procedure. After calibrating the system intraop-
eratively, the 3D-to-3D registration was performed, and an error between the
superimposed images and the real surgical field of only 1 mm was recorded.
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An alternative technique was developed by Nostrati et al. [24] for the local-
ization of visible and hidden structures, during endoscopic procedures. During a
challenging robotic nephron-sparing procedures, thanks to their specifically devel-
oped method, the intraoperative accuracy of the surgical act was improved by 45%
compared to standard techniques. In this specific case, the procedure was helped
by the vascular pulsation cues registered using dedicated instruments [1].

In 2018, Wake et al. published an article, describing the step-by-step creation
of 3D printed and AR kidney models with Unity® software, used during robotic
nephron sparing surgery. These models were successively deployed to Microsoft’s
HoloLens® system. 3D models and AR were used preoperatively and intraopera-
tively to assist the surgeon. Conclusions assessed that the use of AR 3D models is
safe, feasible and that it has an impact on the surgeon’s decision-making process,
without significant changes in the procedure’s outcome [3].

In 2017 Singla et al. [31] created an AR guidance system applied during
robotic nephron-sparing procedures’ simulations, using ultrasonography for lesion
tracking during. The registered error was around 1 mm, and the authors could
consequently assess that the tested system could significantly reduce the excised
volume of peritumoral healthy tissue during surgery (30.6 vs. 17.5 cm?).

A pioneering experience was published by Porpiglia et al. [27, 28]. The
Authors merged hyper-accuracy models (HA3D™) with the DaVinci software
using Tile-Pro® and tested their use during partial nephrectomy. Concerning selec-
tive ischemia, AR guidance proved to be as valid as the cognitive guidance while
offering the surgeon the chance to stay constantly focused on the surgical field,
avoiding distraction errors. This preliminary experience implied the use of rigid
3D virtual models, unsuitable to simulate intraoperative tissue deformations. For
this reason, the same group, collaborating with the engineers of Politecnico of
Turin, consequently developed a dedicated software, introducing elastic AR. This
system proved to be particularly useful during the identification and resection of
hidden, endophytic tumors, especially when they were located in the posterior
face of the kidney. During the procedure, in order to prove the 3D-overlapping
accuracy, endoscopic ultrasonography was used, showing a perfect match between
the virtual model and the lesion. Moreover, the AR images allowed to visualize
intraparenchymal structures, such as vessels and calyxes, invisible with the aid of
ultrasound only [28] (Fig. 12.7).

However, at current times, AR still remains a newborn and emerging technology
with consequent limitations that need to be overcome [15]. The major limitation is
represented by the manual overlapping process, performed by an expert assistant
who needs to help the operator during the procedure. To overcome this limit, two
main strategies have been theorized. The first one implies the identification of
endoscopic landmarks, which can be consequently detected by the AR system [4,
24]. The second strategy, more challenging and expensive, involves a markerless
approach.

Again, the group directed by professor Porpiglia, firstly start to explore this
innovative approach [3] Thanks to a constant collaboration with the engineers, they
created an algorithm-based computer vision dedicated software, with the objective
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P Dissecting Forceps - Prograsp Forceps

Fig.12.7 3D augmented reality images perfectly correspond to the real time ultrasound ones

to automatize 3D virtual and endoscopic images co-registration. In particular, by
leveraging the enhanced vision provided by indocyanine green (ICG), the software
allowed a precise intraoperative kidney identification and a consequent automatic
overlap of the 3D mesh with live intraoperative images was successfully per-
formed (Fig. 12.8). In a pilot study, ten patients were enrolled: in all the cases,
the automatic tracking was successful, allowing to perform an enucleoresection
of the lesion without damaging the pseudocapsule and avoiding the occurrence of
positive surgical margins.

Notwithstanding these encouraging findings, this approach was not devoid of
limitations: in fact, when the kidney is rotated in order to approach posterior
lesions, the shape of the organ changes dramatically, and the software is therefore
unable to overlap the images. To overcome this problem, it will probably be essen-
tial the development of artificial intelligence with deep learning algorithms [18,
19], which will train the software to recognize the kidney’s features and texture,
reaching a more precise and stable automatic tracking during the whole procedure.

12.7 Conclusions

In an even more tailored surgery era, the image guided surgery plays a fundamental
role especially during complex procedures such as partial nephrectomy. Nowadays,
a paradigm shift is happening thanks to the advent of 3D models. The possibility to
visualize the patient’s specific anatomy three-dimensionally offers an unprecedent
comprehension of the surgical complexity with a subsequent more patient-specific
surgical planning. Moreover, by using augmented reality systems, these virtual 3D
reconstructions can be the virtual eyes of the surgeon guiding him during the entire
procedure.
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Fig.

12.8 Thanks the enhanced vision provided by indocyanine green (ICG) the computer-vision

based software was able to recognize the kidney shape and automatically anchor the 3D virtual
images of the kidney
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Partial nephrectomy (PN) is recommended as standard treatment for technically fea-
sible all clinical T1 renal tumors, by the guidelines [1, 2]. Since its first description at
the beginning of 1950s, open partial nephrectomy (OPN) has been widely used in the
treatment of localized renal cancer for more than seven decades [3]. In parallel with
technological improvements, almost all steps of OPN were successfully adapted in

R. Campi (X)) - A. Pecoraro

Unit of Urological Robotic Surgery and Renal Transplantation, University of Florence, Careggi
Hospital, Florence, Italy

e-mail: riccardo.campi @unifi.it

R. Campi
Department of Experimental and Clinical Medicine, University of Florence, Florence, Italy

S. Erdem
Division of Urologic Oncology, Department of Urology, Istanbul University Istanbul Faculty of
Medicine, Istanbul, Turkey

O. Kara
Department of Urology, Kocaeli University School of Medicine, Kocaeli, Turkey

U. Carbonara
Department of Emergency and Organ Transplantation-Urology, Andrology and Kidney
Transplantation Unit, University of Bari, Bari, Italy

M. Marchioni
Department of Medical, Oral and Biotechnological Sciences, Laboratory of Biostatistics,
University “G. D’ Annunzio” Chieti-Pescara, Chieti, Italy

Department of Urology, SS Annunziata Hospital, “G. D’ Annunzio” University of Chieti, Chieti,
Italy

R. Bertolo
Department of Urology, San Carlo Di Nancy Hospital, Rome, Italy

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 135
S. S. Goonewardene et al. (eds.), Robotic Surgery for Renal Cancer,
Management of Urology, https://doi.org/10.1007/978-3-031-11000-9_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-11000-9_13\&domain=pdf
mailto:riccardo.campi@unifi.it
https://doi.org/10.1007/978-3-031-11000-9_13

136 R. Campi et al.

laparoscopic PN (LPN) and robotic-assisted PN after their first description at 1993
and 2004, respectively [4, 5].

Despite a rising trend on minimal invasive PN (MIPN) preference which is pri-
marily attributed the increased use of RAPN, especially in developed countries with
available technologies and surgical experience, there still exists windows for perform-
ing OPN whichis still considered as standard of care [6—8]. In parallel, the statement of
European Association of Urology (EAU) Guideline with strong recommendation ( ‘Do
not perform minimally invasive radical nephrectomy in patients with T1 tumours for
whom a PN is feasible by any approach, including open’), specifically highlighted
the role and importance of OPN in minimal invasive era [1].

Accordingly, this chapter will particularly focus on indications, critical technical
details, and oncological and functional outcomes of OPN, on the basis of the
comparison with MIPNs.

13.1 Indications

Patients with solitary kidney, high complexity tumors, preexisting chronic kid-
ney disease (CKD), and multiple renal tumors in hereditary genetic kidney
cancer syndromes should be considered as optimal candidates for open partial
nephrectomy.
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Renal tumor in anatomically or functionally solitary kidney is one of the
imperative indication for performing PN. Recently, EAU Guideline on Renal Cell
Carcinoma recommended PN for solitary kidney even in patients with T2 renal
tumor [1]. Although it is not determined with only clinical staging, tumor com-
plexity is often associated with increased T stage [9, 10]. From this point of view,
managing more complex tumor in partial nephrectomy might be more feasible
in open technique with compared to minimal invasive ones. A multi-institutional
retrospective study found that the proportions of OPN were higher than RAPN
(61.2% vs. 25%, p = 0.001) in more complex tumor (R.E.N.A.L. Nephrometry
Scores of 9-12) in patients with solitary kidney [11]. Furthermore, there were no
difference between two techniques with regard to trifecta outcomes including over-
all intraoperative/postoperative complications, positive surgical margin rates and
renal function at postoperative 1 month. Similar results favoring OPN for more
complex tumor in solitary kidney were reported when compared to LPN [12].
It might be interpreted that OPN provides feasibility in high complex tumor for
achieving similar trifecta outcomes obtained via MIPN in relatively low complex
tumors.

Patients with preexisting CKD are the special population those more bene-
fit from PN. Despite nephron sparing advantage of PN, prolonged intraoperative
ischemia may threaten kidney for irreversible functional damage [13]. In a recent
analysis, OPN is reported to be the preferred treatment approach in patients
with CKD, despite an overall increase on use of RAPN which was shown to
significantly decrease ischemia time with compared to LPN [14]. Interestingly,
surgeons with high volume of RAPN experience also showed similar tendency
toward OPN preference in CKD patients. The application of intraoperative cooling
and parenchymal compression, those will be discussed in technical points, might
encourage surgeons to prefer OPN more, with the intent of minimizing ischemia
time and maximizing renal perfusion.

Hereditary genetic kidney cancer syndromes might be another main area of
subject for OPN [15]. Von Hippel-Lindau (VHL) Syndrome, Tuberosclerosis, Birt-
Hugg-Dube Syndrome are well known familial genetic kidney cancer syndromes
[16, 17]. Bilateral, synchronous and multiple renal tumors are typical manifesta-
tion of these syndromes. The decision of surgical treatment in hereditary genetic
kidney cancers is generally based on the size of index tumor. If the size of index
tumor is 3 cm or greater, performing PN is recommended not only for index tumor
but also for all tumors smaller than 3 cm in ipsilateral kidney [18]. In addition to
renal tumors, renal cysts those have malign potential for developing renal cancer
in the future is suggested to be removed and/or decorticated at the same surgery.
In the vast majority of cases, there are a lot of renal tumors and cysts those need
to be treated, especially in index cases of syndromic family or in syndromic indi-
viduals those are not under regular follow-up. Open technique make more easier
the control of affected kidney in cases with such higher number of renal tumors
and cysts, with compared to MIPNs. It was reported that a median of 27 (up to
70) tumors and cysts were removed via open technique in patients with hereditary
genetic kidney cancer syndromes [19].
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Even the vast majority of cases are successfully completed via minimal invasive
approach in experienced centers, conversion to open surgery and/or necessity on
finalizing the operation via open approach should always be kept in mind, regard-
less from surgical experience on MIPN. The open conversion rate at MIPN was
reported to vary from 3 to 13%, despite a decreasing trend exists with the contem-
porary use of robotics [20-25]. Intraoperative complications, technical problems
on the devices and equipments used in MIPNs, patient intolerance against con-
tinuous pneumoperitoneum in elongated operative times, or any other unexpected
circumstances during MIPNs might cause inevitable necessity of conversion to
open surgery [23]. Therefore, the basic principles of OPN should be recommended
to be learned and utilized by all urologists performing MIPN.

13.2 Technical Points

Open partial nephrectomy has several technical points in each steps (Fig. 13.1).
Herein, some of these technical details differing OPN from MIPN will be
highlighted.

Flank incision has been traditionally accepted approach in OPN. Direct access
to kidney and being feasible for obese patients and patients with prior abdominal
surgeries are advantages attributed to flank incision [26]. Furthermore, it is more
preferable as because surgical complications such as urine leakage, abscesses,
bleeding and hematoma are confined into the extraperitoneal space [27]. A mini-
flank incision might be utilized to decrease postoperative analgesic requirements
and flank bulging after surgery [28, 29]. Non-flank incisions (subcostal, midline
and thoracoabdominal) might be considered as alternatives of flank incision, in
some extraordinary circumstances such as larger tumor size, prior flank incision,
renal anomalies such as horseshoe kidney, vascular variations and abnormalities,
physical disability for flank position (such as scoliosis), and require of simul-
taneous surgery [30, 31]. In a large retrospective analysis of Cleveland Clinic,
2671 (97.2%) OPN were reported to be done via flank incision while only
76 ones (2.8%) were performed via non-flank incision at same period due to
above-mentioned extraordinary circumstances [31].

Renal hypothermia with intraoperative cooling reduces the risk of irreversible
ischemic damage in kidney [32]. Open technique allows routine application of
intraoperative cooling by using ice slush easily, which might be considered as
another advantage of OPN with compared to MIPN. Despite the feasibility of
several methods were suggested for intraoperative cooling in both LPN and RAPN,
their use could not be generalized as routinely performed in OPN [33-35].

Parenchymal compression in OPN is the other technical point needs to be men-
tioned. Although several compression modifications and tourniquet methods were
defined in MIPN, it is more feasible with a full parenchymal control of whole kid-
ney in OPN [36-38]. Renal parenchymal compression may be considered in OPN
as it allows to minimize ischemia related renal dysfunction in remaining renal
remnant tissue. A few studies with limited cohort showed a marginal benefit on
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preserving postoperative renal function in cases with parenchymal compression,
with compared to renal hilar clamping [39, 40].

Open surgery has been accepted as standard of care and the optimization of
MIPN techniques is primarily measured by how the basic principles defined via
open technique were successfully duplicated and standardized. However, open
surgery and minimal invasive surgeries are in relation with an ongoing interactions.
For example, several surgical technologies those were developed as response to
needs of MIPN, such as self-retaining sutures, clips, hemostatic agents have been
successfully adapted into OPN [41-43].

13.3 Open Versus Minimally-Invasive Partial Nephrectomy:
Comparison of Oncological, Functional
and Perioperative Outcomes

Briefly, no obvious superiority might be attributed to OPN or MIPNS, in terms of
positive surgical margins, oncological and survival outcomes [44, 45].

Similarly, renal functional preservation on long term do not differ between OPN
and MIPN, although there exists controversial outcomes particularly in early renal
functions, those probably vary due to heterogeneity of the studies [46].

The outcomes on perioperative either overall- or major- complications are com-
parable between OPN and MIPNSs, even if slight increased tendency was reported
in LPNs series [47-50].

On the other hand, there is a large consensus supported by great amount of
evidences on the association between OPN and increased postoperative analgesic
requirements and longer hospital stay [47-49, 51]. However, a significant lower
costs is generally associated with OPN, with compared to LPN and RAPN [52].

In minimal invasive technology era, OPN still remains as standard of care
especially in centers where MIPN can not routinely been performed. Despite its
disadvantages on postoperative convalescence, OPN should strongly be kept in
mind in anywhere it serves with its nephron sparing advantages. Patients with
solitary kidney, high complex tumor, preexisting CKD and hereditary genetic
kidney cancer syndromes are more proned to be managed via OPN. Confin-
ing perioperative complications into extraperitoneal space, optimal intraoperative
renal hypothermia and feasible renal parenchymal compression might be shown as
technical advantages (Fig. 13.1).

Case 1: 40 years old male with a horseshoe kidney anomaly, 5.8 cm kidney
tumor at left sided parenchyma, open partial nephrectomy via mid-line inci-
sion, tumor excision and renorraphy under cold ischemia (32 min) and renal
parenchymal compression on isthmus of horsehoe kidney, histopathology: pTl1b,
chromophobe renal cell carcinoma, negative surgical margin; Case 2: 48 years old
male, a member of family with Von Hippel-Lindau Syndrome, previous left par-
tial nephrectomy (clear cell RCC, WHO/ISUP Grade 2), a numerous number of
renal tumors and cysts at right kidney, open partial nephrectomy via right flank
incision, a total of 8 tumor excision and 18 cysts decortication and fulgaration
under cold ischemia (42 min), histopathology: pT1la, clear cell RCC, WHO/ISUP
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Fig.13.1 Graphical overview of the main steps of open partial nephrectomy

Grade 2, negative surgical margin; Case 3: 46 years old male, previous left radical
nephrectomy 13 years ago (11 cm, pT3a, clear cell RCC, Fuhrmann Grade 3),
5.1 cm perihilar high complex tumor at right kidney (PADUA: 12, REN.A.L.:
10), Tru-Cut biopsy: clear cell RCC, pazopanib treatment for 6 months before
surgery, 4.1 cm (PADUA: 12, RENAL: 10, 2nd CT image) tumor at 3rd months
of pazopanib treatment, 3.6 cm (PADUA: 10, RENAL: 9, 3rd CT image) tumor
at 6th months of pazopanib treatment, open partial nephrectomy via right flank
incision, tumor excision and renorraphy under cold ischemia (30 min) histopathol-
ogy: 3.8 cm, pT3a (pericapsular invasion), clear cell carcinoma, WHO/ISUP Grade
2, negative surgical margin; Case 4: 53 years old female, insidentally detected
sporadic left renal mass, 5.2 cm high complex tumor (PADUA: 12, REN.A.L.:
10), open partial nephrectomy via left flank incision, tumor excision and renorra-
phy under cold ischemia (29 min), histopathology: pT1b, chromophobe renal cell
carcinoma, negative surgical margin.
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Renal cell carcinoma (RCC) represents approximately 2% of all diagnosed cancers
and is the third most common genitourinary malignancy following prostate and
bladder cancer [1].

The increased use of cross-sectional imaging has led to an increased inci-
dence of incidentally detected localized renal masses, making personalized
decision-making a compelling priority for clinicians, multidisciplinary teams and
researchers [2].
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Importantly, the epidemiological signature of RCC shows a sustained increase
in incidence coupled with stable mortality [3], suggesting overdetection of renal
cancers not destined to cause death superimposed on stable occurrence. In addition,
while new imaging and other diagnostic methods allow earlier diagnosis with sub-
sequent stage migration [4], they may also reveal benign renal masses and cancers
that would otherwise not become clinically evident. Lastly, up to one-third of small
tumours after nephrectomy are benign [5] and the vast majority of patients with
localised renal masses pursue management without knowledge of histology [6].

While the gold standard for RCC diagnosis remains histopathological analysis
of surgical or biopsy specimens, to date, a recent systematic review found that no
serum or urinary biomarkers or innovative imaging modalities (including radiomics
and deep-learning algorithms) have been validated or have shown clinical utility
to better diagnose renal cancer (discriminating it from benign renal masses at the
time of the decision-making process regarding the right treatment for the right
patient).

In this scenario, pursuing an individualized decision-making algorithm in
patients with localized renal masses is becoming increasingly important for urol-
ogists, given its potential consequences on the ultimate goals of care, namely
oncologic efficacy, nephron preservation, and minimization of treatment-related
morbidity. Localized RCC, often defined as clinical TI-2NOMO RCC, is a disease
that has indeed historically been managed with surgery. Of note, Chandrasekar
et al. [1] recently provided a comprehensive overview of the influence of patient,
kidney, tumour, and provider factors on three key decision points in the contempo-
rary management of localized renal masses (LRM): (1) the decision on AS versus
treatment; (2) the decision on treatment modality (tumour ablation [TA], partial
nephrectomy [PN], or radical nephrectomy [RN]); and (3) the decision on surgical
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approach. Overall, this review unveils the inherent complexity of the decision-
making schemes, grounded in the uncertainty regarding the biology of renal masses
and patients, and traces the path to highlight the steps required to improve on
value towards a patient-centered model of care for LRMs [7]. In reality, treatment
decisions for patients with LRMs must balance several, often competing, priori-
ties, and are grounded into a careful assessment of several patient-, tumor- and
provider-related factors (Fig. 14.1).

Among patient-related factors, age remains an important consideration in the
decision for treatment of patients with LRMs. Active surveillance (AS) with
delayed intervention (DI) is a safe treatment option, especially for older patients,
given the relatively low risk of metastatic progression in appropriately selected
patients [8]. Yet, multiple studies confirmed the feasibility and safety of surgery
(partial or radical nephrectomy) or ablation in older patients, if performed by expe-
rienced teams [1]. In recent years, patient comorbidity burden (assessed using
established comorbidity indices, such as the Charlson Comorbidity Index and
American Society of Anesthesiologists physical status) and patient frailty (defined
as “a state of vulnerability to stressors”) have also been increasingly recognized
as important predictors of cancer treatment outcomes, with highly comorbid/frail
patients considered candidates for AS or less aggressive treatment options such
as ablation [1]. Additional relevant patient-related factors impacting on the key
decision-points in patients with LRMs include: presence of familial/genetic syn-
dromes (that may warrant modification to treatment and surveillance approaches
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Fig.14.1 Overview of the patient-, tumor- and provider-related factors influencing treatment
decisions (active surveillance vs. treatment; ablation vs. surgery; partial vs. radical nephrectomy)
for patients with localized renal masses
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given the lower patient age and higher risk of tumor multifocality); anticoagu-
lation/antiplatelet agent dependence and coagulopathy (e.g. patient utilization of
anticoagulants and antiplatelet agents); history of previous surgery, and risk of
COVID-19 morbidity. Notably, patient preferences and values regarding the goals
of treatment also play a key role in shared decision-making.

Among kidney-related factors, the status of the contralateral kidney and the
patient’s baseline estimated (or measured) glomerular filtration rate may sig-
nificantly influence on several decision-points in patients with LRMs. In fact,
long-term preservation of kidney function is a critical consideration in the manage-
ment of patients with localized RCC [1], and even patients on AS can experience
a decline in the estimated glomerular filtration rate (eGFR). Importantly, the
concept of surgical chronic kidney disease (CKD) has been introduced, suggesting
that surgically induced renal dysfunction may have a different long-term prognosis
than medically induced CKD. Overall, the risks of long-term harm related to CKD
from surgical resection are controversial and must be balanced against immediate
risks of more complex surgery (i.e. partial versus radical nephrectomy), especially
among older/frailer patients or in patients with anatomically complex renal masses
[1]. Lastly, even in patients with normal baseline eGFR, consideration should be
given to future eGFR decline in those with concomitant medical comorbidities (i.e.
favoring partial nephrectomy, AS or tumor ablation over radical nephrectomy).

Among tumor-related factors, tumor size, characterized by clinical T stage,
tumor location and anatomic complexity (as objectified by the various proposed
nephrometry scoring systems) and tumor growth pattern and kinetics remain crit-
ical factors contributing to treatment choice. This concept is well reported in
the most recent Guidelines by the European Association of Urology (EAU) and
American Urological Association (AUA) [9, 10].

Notably, tumor growth is not associated with the risk of malignancy, as (benign)
oncocytomas may also demonstrate lesion growth. Tumor growth kinetics should
be incorporated into the decision for a patient to remain on AS or proceed to DI,
as it may be a predictor for metastatic progression [6]. Moreover, an infiltrative
tumor growth pattern may point to more aggressive histology, and therefore favor
more aggressive therapy [1]. Finally, tumor multifocality and bilateral renal lesions
may significantly influence the decision-making strategy toward a careful balance
between oncologic efficacy and renal function preservation.

It is important to stress that renal tumor biopsy may significantly influence on
treatment decisions, despite its role in routine clinical practice is still controversial
[11]. Percutaneous renal tumor biopsy can indeed help to reduce overtreatment
and has been shown to be a safe and effective technique to sample indeterminate
renal masses for which histology may impact treatment choice [1]. Nevertheless,
in patients for whom AS is the only treatment choice, its impact on treatment
decisions is still object of debate.

Aiming to solve the “biopsy always” versus “biopsy never” debate, liquid
biomarkers and artificial intelligence (Al)-based imaging have been proposed to
implement noninvasive diagnosis of RCC [11].
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Beyond patient-, kidney- and tumor-related factors, the contemporary decision-
making schemes for patients with LRMs are also highly influenced by healthcare
system models, surgeons’ and medical Centers’ characteristics (such as experience,
skills, and volume), as well as the availability and expertise of multidisciplinary
tumour boards [1]. In particular, it has been shown that there is significant between-
surgeon variability in outcomes after partial nephrectomy, even after adjusting
for patient characteristics [12], and that the decisions regarding radical vs partial
nephrectomy or open vs minimally-invasive surgical approach for highly complex
or larger (cT1b-cT2) renal masses are often dependent on the surgeon’s training
and skills set.

Of note, medical care is increasingly being centralized to centers of excellence,
based on robust evidence showing a volume-outcome relationship [13]. The data
in RCC similarly support centralization [1].

In conclusion, treatment decision-making for patients with localized solid renal
tumors has become complex and nuanced. To optimize treatment decisions and
to realize the paradigm of precision oncology in patients with LRMs, integration
of several patient-, kidney, tumor- and provider-related variables is mandatory and
should be the goal of multidisciplinary tumour boards. Development of stronger
predictive models, increased adoption of patient decision-aids and incorporation of
patient preferences and values into routine decision-making schemes may improve
care delivery in the future, toward the mission of patient-centered care for renal
cancer [1, 11].
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According to the European Association of Urology (EAU), American Urology
Association (AUA) and American Society of Clinical Oncology (ASCO) Guide-
lines, the contemporary management options for patients with localized renal
masses include: active surveillance, partial nephrectomy, radical nephrectomy, and
thermal ablation.
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A detailed overview of the most recent Guidelines recommendations on the
management of localized renal masses (LMR) is shown in Fig. 15.1.

Active surveillance is reported as a safety and effective option for small renal
masses in well-selected patients [1, 2]. Particularly, in frail or comorbid patients
with a limited life expectancy, physicians should prefer active surveillance when
the potential risks of intervention outweigh the oncological benefits of interven-
tion. Clearly, in case of clinical progression during follow-up, patients should be
reassessed for potential delayed active treatment.

As such, all Guidelines underline that active surveillance should be considered
for specific patient and/or tumour populations (Fig. 15.1).

Regarding surgical treatment of LRMs, all Guidelines recognize the pivotal
role of partial nephrectomy as the gold standard treatment of all cT1 renal masses,
if technically feasible and oncologically safe, given its advantages over radical
nephrectomy in terms of renal function preservation [3, 4].

Furthermore, the latest EAU Guidelines also recommended to consider partial
nephrectomy for selected patients with cT2 renal masses if affected by chronic
kidney disease or with a solitary kidney [5]. Of note, the latest AUA Guide-
lines stress that clinicians should prioritize nephron-sparing approaches for patients
with solid or Bosniak 3/4 complex cystic renal masses and an anatomic or func-
tionally solitary kidney, bilateral tumors, known familial RCC, preexisting CKD,
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ommendations on the management of localized renal masses

or proteinuria, as well as for those who are young, have multifocal masses, or
comorbidities that are likely to impact renal function in the future.

While radical nephrectomy has still a valuable role for specific patient char-
acteristics, especially when partial nephrectomy is not technically feasible, it is
however associated with a detrimental impact on postoperative renal function and
a potential risk of overtreatment [6]. A detailed overview of the contemporary
decision-making schemes regarding partial versus radical nephrectomy in patients
is discussed in the previous sub-chapter. Regardless from the indication to perform
radical nephrectomy, all Guidelines coherently recommend to perform a mini-
mally invasive (laparoscopic or robotic) procedure, provided that this approach
does not jeopardize perioperative, functional or oncological outcomes [7]. Yet, the
well-known possible advantages of robotic-assisted and laparoscopic approaches
for partial and radical nephrectomy in terms of hospital stay and blood loss (as
compared to the open counterpart) are recognized by all Guideline panels. If pre-
operative imaging and intraoperative findings suggest an organ-confined disease,
ipsilateral adrenalectomy and extended lymph node dissection should be avoided
at the time of nephrectomy.

Notably, all international Guidelines recognize a role for percutaneous tumor
ablation in select patients with LRMs (Fig. 15.1). In detail, while clinicians may
offered thermal ablation to frail/comorbid patients with small renal masses, the
EAU Guidelines strongly recommend to perform renal tumor biopsy before the
procedure to optimize decision-making, and to avoid tumor ablation for tumours
>3 cm and cryoablation for tumours >4 cm. Both radiofrequency ablation (RFA)
and cryoablation may be offered as options for patients who elect TA. Of note,
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counseling about tumor ablation should include information regarding an increased
likelihood of tumor persistence or local recurrence after relative to surgical exci-
sion [8]. According to EAU and AUA guidelines, when thermal ablation is
planned, physicians should discuss with patients all potential benefits and harms of
the procedure, considering the results of renal mass biopsy previously performed.
Patients must be informed about oncological outcomes, especially about the higher
risk of recurrence and persistence of tumor compared to partial nephrectomy [9].

In conclusion, the management of LRMs is an evolving field and is object of
increasing interest among clinicians, surgeons, and researchers. Although differ-
ent therapeutic strategies are available, the ultimate goal of treatment is to achieve
the Trifecta (oncologic efficacy, renal function preservation, and minimization of
treatment-related morbidity) while improving patient’s quality of life. The current
Guidelines from the major international Urological Associations reflect this con-
cept and provide a framework to pursue a patient-centered, value-based model of
care in routine clinical practice.
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Due to the diffusion and large use of abdominal imaging small renal masses are
more frequently diagnosed in the last few years [1]. However, a not negligible
proportion of these lesions represent pathologically benign tumors (up to 30%) or
tumors with low malignant potential [1, 2]. Indeed, even in presence of malignant
histology large population-based studies showed that in presence of localized renal
cell carcinoma the 5-year overall survival rates exceed 90% [3].
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In these specific group of patients overdiagnosis and overtreatment should be
considered as dangerous as wrong treatment choice. Indeed, even when nephron
sparing surgery is used, these patients might undergo unnecessary care, psycho-
logical stress, surgical complications, superfluous financial expenses and loss of
kidney function with no reasonable survival benefit [1]. This scenario is even worse
when considering that more than half of patients with pT1a tumors are treated with
radical nephrectomy [4].

Considering that, new strategies have been proposed and tested to reduce the
overdiagnosis and overtreatment of small renal masses. Such strategies include a
limitation of superfluous imaging in order to reduce the overdiagnosis and a com-
bination of treatments to reduce the overtreatment. Alternative strategies to surgery
(radical or partial nephrectomy as well as tumor ablation) are represented by active
surveillance and delayed treatment or watchful waiting. These approaches could be
used in combination with renal biopsy in order to improve patient’s selection [1].

Active surveillance and delayed treatment have been prospectively explored by the
Johns Hopkins’s group within the Delayed Intervention and Surveillance for Small
Renal Masses (DISSRM) registry. Authors developed a diagnostic and therapeutic
algorithm where all adult patients with asymptomatic small renal cortical tumors
(<4 cm) at axial imaging were proposed to be enrolled in the DISSRM. Patients could
either be treated with intervention (partial nephrectomy or tumor ablation) or undergo
surveillance. The observational protocol included ultrasound every 6 months for the
first two years and every 12 months for the subsequent 3 years. Patients who experi-
enced a mass growth rate >0.5 cm/year or with a mass >4 cm or developed hematuria
were differed to delayed intervention [5]. At5 years 223 patients were followed in the
active surveillance arm and only the 9% crossed over to delayed treatment. Cancer
specific survival was approximately 100% in both groups and overall survival rates at
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Syear were similar too (92% vs. 75% in the primary intervention vs. active surveillance
arm, respectively; p=0.06) [5]. For those treated with delayed intervention the median
time on active surveillance is about 12 months [2]. Main reasons for switching to inter-
vention were growthrate >0.5 cm/year (50%) and patients’ choice (47.8%). Moreover,
aradical nephrectomy was necessary only in 10.9% of patients, confirming the feasi-
bility of a nephron sparing approach also when treatment is delayed [2]. In addition,
none of the included patient died for the cancer or had a metastatic progression [2].
Similar results were reported by Uzzo’s group [6]. Authors also showed no associa-
tion with differed treatment and overall survival when compared to active surveillance
(HR:1.34;p=0.3)[6]. More important cancer specific mortality rates were reported to
be about 1.2% in the examined cohort with no difference in terms of treatment choice
[6]. Previous studies showed that active surveillance patients are generally older or
with higher comorbidity burden [7]. Even DISSRM group suggested a tool based on
comorbidities and age to select patients most suitable for active surveillance [8]. Such
strategies are justified by the results of various studies showing no detrimental effect of
active surveillance in elderly when compared to active treatments [9]. However, most
recent evidence from the DISSRM support the use of active surveillance as primary
strategy also in younger patients [10]. Indeed, in 60 or younger delayed intervention
is necessary only in about one third of cases [10]. Overall survival also exceeds 90%
with no meaningful or statistically significant differences between the groups (Met-
calf MR). In addition, cancer specific survival remains 100% independently from the
treatment approach (Metcalf MR).

The cornerstones for active surveillance strategies remain patients’ selection
and follow-up strategies. For patients’ selection the DISSRM tool seems to offer
a handful help to clinicians, however it is our opinion that, for patients who are
candidate to active surveillance renal mass biopsy should be recommended since
the low complication rates (<0.4%) [11]. On the other hand, the follow-up of
these patients is still matter of debate. However, ultrasound seems to be a good
choice, considering its safety profile and that no radiations are employed. Even
though approximately 5% of small renal masses on active surveillance might not
be optimally followed by ultrasound and could “disappear” [12]. This is the case
in particular with really small renal masses (<1 cm), but after considering the
indolent nature of these lesions it seems reasonable to not change the therapeutic
and diagnostic approach even in those with “phantom lesions” [12]. The timing for
delayed treatment is also of importance. Growth rate is the suggested parameter
in several cases, however linear growth rate has shown low accuracy in predicting
overall survival [6]. So new studies should be designed to find the best predictor
of progression and survival in order to tailor the treatment choice on patients’
characteristics.
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Finally, an approach that do not include any possible differed or primary treat-

ment or surveillance protocol, such as watchful waiting, should be used only in
patients that are not eligible for any curative approach, such as those with short
life expectancy. Indeed, even if small a certain probability of metastases or local
spreading is possible also for renal masses <4 cm.
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Current guidelines by the American Urological Association (AUA), Euro-
pean Association for Urology (EAU), National Comprehensive Cancer Network
(NCCN) for the small renal masses (SRMs) recommend partial nephrectomy (PN)
as the standard-of-care, compared to radical nephrectomy (RN) [1-3]. Neverthe-
less, in the last decades, ablative techniques have been increasing as an alternative
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Table 17.1 EAU versus NCCN versus AUA guidelines for ablative techniques

EAU 2021

NCCN V1.2021

AUA 2017

Offer thermal ablation or
cryoablation to frail and/or
comorbid patients with small
renal masses

Thermal ablation is an option
for c¢T1 renal mass<3 cm

Consider thermal ablation as
an alternate approach for cTla
renal masses<3 cm

When thermal ablation and
cryoablation are offered,
inform patients about the
higher risk of local recurrence
and/or tumour progression

May also be an option for
masses >3 cm, but higher risk
of local recurrence or
persistence and complications

Both radiofrequency ablation
and cryoablation are options.
A percutaneous technique is

preferred

Do not routinely offer thermal
ablation for tumours >3 cm
and cryoablation for

tumours >4 cm

Biopsy confirms a diagnosis
for malignancy

A renal mass biopsy should be
performed prior to ablation

Biopsy is recommended
before ablative therapies

Higher local recurrence rates
than conventional surgery and
may require multiple
treatments to achieve the same
oncological outcomes

Inform on the likelihood of
tumor persistence or local
recurrence after thermal
ablation relative to surgical
extirpation, which may be
addressed with repeat ablation

to surgical approaches, especially in patients who are unfit for surgery or with the

low probability of aggressive malignancy (Table 17.1).

The most widely used ablation therapies consist of radiofrequency ablation
(RFA), cryoablation (CRA) and microwave ablation (MVA).
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17.1 Radiofrequency

Percutaneous RFA is the direct placement of one or more radiofrequency elec-
trodes into the tumour tissue by using ultrasound, computed tomography (CT) or
magnetic resonance guidance. RFA relies on radiofrequency energy that creates
tissue heating. High-frequency (375-400 kHz) alternating electric current induces
oscillation of ions within the tissue with a 5-20 min process repeated until the
impedance threshold is reached twice. Ions oscillation results in molecular friction
and heat production up to temperatures of 60-90 °C [4].

17.2 Microwave Ablation

Like RFA, MWA uses electromagnetic waves to generate heat and also kills cells
by mechanisms of direct hyperthermic injury. An electromagnetic field, which is
typically between 900-2500 MHz, is created through an intratumorally placed
antenna. This causes polar molecules (e.g., water) to realign, which increases
kinetic energy in the tissue surrounding the probe. The resulting increase in tem-
perature ultimately causes coagulation necrosis of the target tissue. Compared to
RFA, the potential size of the ablation zone is larger due to a faster tissue necro-
sis (10 min), limited impact of tissue impedance on energy deposition and higher
temperatures created with secondary increased passive heating [5]. However, the
high heat generated by MWA can lead to significant urothelial injury.

17.3 Cryoablation

In contrast to the hyperthermic techniques, CRA uses cold injury to kill tumours.
CRA uses liquefied gases that cool as they expand, such as argon and relies on
low temperature (between —20 and —40 °C) to induce cell death. Argon-based
cryoprobes are used to cool the tumor through the Joule-Thomson principle tissue
destruction occurs through both freezing and thawing (double freeze—thaw cycle)
[4]. Usually, a laparoscopic approach is preferred because it allows accurate punc-
ture of tumor with cryoprobes under direct vision [6]. Relative to RFA, CRA
is less harmful to the renal collecting system and can be monitoring during the
ablation with imaging (US) and it is potentially more effective for larger tumors.
However, RFA has a shorter procedure time, lower bleeding complications and
lower costs. The success of ablation generally is measured radiologically (as lack
of contrast enhancement). However, the definition of technical success/efficacy is
variable and not standardized. Overall complication rates, metastases free survival
(MFS), cancer specific survival (CSS) and overall survival (OS) are similar for
the two techniques. Serial axial CT or MRI imaging most commonly used during
follow-up [7].
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17.4 Ablation Planning

ABLATE (Table 17.2) is a practical algorithm for ablation planning based on
renal tumor characteristics identifiable on pre-ablation cross-sectional imaging.
By utilizing this system, it is possible to identify potential technical challenges
of ablation for a specific renal mass and thereby plan the procedure accordingly
to increase the odds of a successful outcome and decrease the risk of compli-
cations. This includes identification of renal tumor characteristics and locations
that may require protective ablation techniques, such as hydro-displacement, ret-
rograde pyelo-perfusion via an externalized ureteral stent, or pre-ablation arterial
tumor embolization [8].

Table 17.2 The Ablate Algorithm for ablation planning

A (Axial tumor diameter)

Local treatment failures increase with increasing tumor size

Ablation-related bleeding complications increase with increasing tumor size

If the tumor is >3 cm in diameter, consider cryoablation

If the tumor is >5 cm in diameter, consider pre-ablation tumor embolization

B (Bowel proximity)

Ablation-related bowel injury may result in long-term catheter drainage or surgery

If the tumor is <1 cm from the colon or small bowel, patient repositioning or bowel
displacement manoeuvres will likely be necessary

L (Location within kidney)

Ablation can be performed safely and effectively in locations other than just the posterior and
lateral kidney

If the tumor is in the anterior kidney, hydro displacement will likely be necessary to protect
adjacent bowel

If the tumor is in the anterolateral upper pole of the right kidney, a transhepatic approach may
be necessary

If the tumor is in the anteromedial upper pole of the kidney near the adrenal gland, close blood
pressure monitoring and even pre-ablation a-receptor blockade may be necessary

If the tumor is in the medial lower pole of the kidney, displacement techniques may be required
to protect the nerves that run along the anterior surface of the psoas muscle

A (Adjacency to ureter)

Ablation-related ureteral injuries may require long-term stenting or surgery

If the tumor is <1 cm from the ureter, retrograde pyelo-perfusion via an externalized ureteral
stent or ureteral displacement manoeuvres will likely be necessary

T (Touching renal sinus fat)

Local treatment failures are more common with treatment of central tumors (those that touch
renal sinus fat)

Ablation-related renal collecting system injuries and major bleeding complications are more
frequent with treatment of tumours that touch renal sinus fat

If the tumor touches renal sinus fat, consider cryoablation
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Table 17.3 Complications

post ablation Post-ablation syndrome (9%) | Fever and flu-like symptoms
i

(myalgia, malaise, mild pain)

Bleeding Hematoma formation (6%)

Transfusion rate (<1%)

Non-target thermal Injury Ureter (urinary fistula, ureteral
obstruction)

Bowel (perforation, fistula)

Genitofemoral nerve (chronic
pain)

Psoas muscle (impairment of
hip flexion)

Adrenal gland (hypertensive
crisis)

Less frequent complications | Tumor seeding

Grounding pad burns

Infection

Pneumothorax

Cryoshock (theoretical)

17.5 Complications

Overall complication rate 7.8-12.9% with most complications Clavien grade
<3. Tumor size, location and medical comorbidities are important predictors of
complications. The main complications are reported in Table 17.3 [9].

17.6 Ablative Techniques Versus Surgery

To date, no randomized clinical trials exist on ablative techniques and surgery. Two
recorded clinical trials completed the recruitment in 2015 (NCT01608165) and
in 2016 (NCT02850809), but never published their results. A recent systematic
review of the literature [10] compared oncologic and functional outcomes after
PN and ablation for treating clinical T1a renal masses. Perioperative complications
were fewer in the ablation group than in the PN group (OR = 0.76; 95% CI:0.60-
0.97; p = 0.025), but ablation group was associated with increased risk of local
recurrence (OR = 1.88; 95% CI:1.29-2.72; p = 0.001) and lower OS (HR = 1.53;
95% CI:1.16-2.00; p = 0.002). CSS and DFS were comparable in two groups.
Decline of renal function at 6-month follow up was lower in ablation than PN
(WMD = 3.32; 95% CI:0.04-6.60; p = 0.047). Besides, ablation had a trend
towards lower reduction of renal function of long-term follow up (WMD = 3.06;
95% CI:2.13-8.25; p = 0.247).
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Another systematic review examined current evidence for cryoablation,
radiofrequency ablation, and microwave ablation of T1b renal masses. They found
that CRA and MWA likely yield the best opportunity for durable oncologic effi-
cacy, notwithstanding current evidence is heterogeneous and limited by thermal
modality utilized, number of probes/antennae used, and operator technique (laparo-
scopic versus percutaneous, method of intraprocedural monitoring) [5]. However,
as reported in a large population-based study, cryoablation should not be recom-
mended outside of clinical trial or institutional protocols in T1b RCC patients,
because of a 2.5-fold increase in CSM relative to PN [11].

Finally, the EAU Renal Cell Carcinoma (RCC) Guideline Panel performed a
protocol driven systematic review on thermal ablation (TA) compared with PN for
TINOMO renal masses, in order to provide evidence to support its recommenda-
tions. They found that the current data are inadequate to make any strong and clear
conclusions regarding the clinical effectiveness of TA for treating TINOMO renal
masses compared with PN. Therefore, TA may be cautiously considered an alter-
native to PN for TINOMO renal masses, but patients must be counselled carefully
regarding the prevailing uncertainties. We recommend specific steps to improve
the evidence base based on robust primary and secondary studies [12].
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Open radical nephrectomy (ORN), first described by Frederic Foley in 1952 [1],
includes the early ligation of the renal artery and vein, removal of the ipsilateral
adrenal gland and the Gerota’s fascia surrounding the kidney, and removal of the
paraaortic/paracaval lymph nodes extending from the diaphragm crus to the infe-
rior mesenteric artery [2]. Adrenalectomy is recommended in patients with large
tumors and adrenal involvement on preoperative imaging [3]. Although initially
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identified as a component of RN, the routine application of ipsilateral adrenalec-
tomy in local or locally advanced disease is not recommended [4]. This is because
patients who undergo ipsilateral adrenalectomy have lower adrenal involvement
rates [5] and do not have a survival benefit compared with those who do not
[6-8]. Regional lymphadenectomy is not necessary in every radical nephrectomy
case, considering the overall incidence of lymph node disease is about 5% [9, 10].
Guidelines continue to recommend lymph node dissection for patients with visi-
ble lymphadenopathy on preoperative imaging, although there is no evidence of
benefit [11].

Indications for ORN include locally advanced kidney tumors with invasion of
the perirenal fat and adrenal gland (T3a), tumors with invasion of the renal vein
or vena cava (T3b and c), tumors that extend to adjacent organs (T4), and tumors
that will likely undergo a wide lymph node dissection [12, 13].

18.1 Surgical Technique

The surgical site can be reached retroperitoneally by flank incision and transperi-
toneally by midline or subcostal incision (Fig. 18.1). The thoracoabdominal
approach may be preferred for large upper-pole tumors. Briefly, the kidney is
released from the surrounding organs and tissues along with its fascia, then the
artery and vein are cut after the ligation. The lengths of the renal vein on the
right (shorter) and left (Ionger) sides should be considered. The gonadal, adrenal,
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Fig.18.1 Graphical overview of possible skin incisions for open partial nephrectomy. 1: Right
flank incision; 2: Left anterior subcostal incision; 3: Right modified flank incision (Incision started
from the posterior edge of 12th rib); 4: Left thoracoabdominal incision line (9th intercostal space)

and lumbar veins should also be ligated and the ureter should be ligated and cut
distally to the extent possible and removed along with the Gerota’s fascia of the
kidney. Performing RN involving perirenal tissues as described [2] is important in
preventing local recurrence because perinephric fat invasion is observed in about
25% of RN specimens [14].

18.2 Flank Approach

This approach provides easy access to the kidney and renal hilum prevents peri-
toneal cavity involvement, and reduces the risk of bowel injury, especially in
patients with a previous history of abdominal surgery. Nevertheless, approach-
ing the renal artery and vein is more difficult. The retroperitoneal flank approach
may not provide sufficient surgical space in large tumors, upper-pole tumors, or in
patients with thrombus in the inferior vena cava (IVC). It may also not be appro-
priate in cases where lymphadenectomy is planned. With this approach, although
subcostal access may be sufficient in most cases, the subsequent division and
removal of the 11th and 12th ribs may be required in tumors located in the upper
pole and when the adrenal glands need to be evaluated. In this case, the rib to
be removed is selected, the incision is started over that rib, and if necessary, the
incision can be extended to end at the lateral edge of the rectus abdominis.
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18.3 Anterior Subcostal Approach

The anterior subcostal approach provides good exposure to the renal hilum. The
incision is started in front of the 12th rib and, at approximately 2 cm below the
costal arch, is extended in the cranial direction along the costal arch and termi-
nated at the level of the xiphoid bone. In tumors that are medially located and
require meticulous pedicle dissection or aorta and IVC dissection, the incision
can be passed to the opposite side in a “Chevron” fashion without ending at the
xiphoid level. When necessary, lymphadenectomy can be performed easily, and
even the opposite side can be evaluated and improved if needed by entering the
retroperitoneum. In the modified approach we implement at our clinic, we perform
the incision in the 45-degree lateral decubitus position, a little more forward than
the classical flank approach, starting from the front of the 12th rib and extending
slightly longer medially. This way, not only can we continue operating retroperi-
toneally but also reduce the likelihood of incisional hernia by preventing subcostal
nerve injury in most patients.

18.4 Thoracoabdominal Approach

The thoracoabdominal approach reveals the upper abdomen, retroperitoneal struc-
tures, and thoracic cavity. It is used in large kidney tumors or when a mass or
metastasis in the ipsilateral lung needs to be removed. The patient is placed in
a semi-oblique position, and an incision is made between the 8th and 10th ribs.
The incision can be made between the ribs or over the ribs, allowing them to
be removed. The incision starts from the posterior axillary line, continues from
the costal cartilage edge, and is advanced from the midline to the umbilicus. Per-
forming intercostal nerve blockage while closing the surgical incision may reduce
postoperative pain.
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Alireza Ghoreifi, Hooman Djaladat, and Andre Luis Abreu

19.1 Introduction

Robotic partial/radical nephrectomy has become increasingly utilized for renal
cancer due to the equivalent oncologic and functional outcomes and decreased
morbidity when compared to open surgery [1-3]. It can be performed through dif-
ferent approaches, including transperitoneal and retroperitoneal, and using single
or multi port techniques [4]. The choice of surgical approach should be selected
based on the availability of resources, surgeon’s experience, and patient/disease
characteristics. Performing robotic renal surgery utilizing each of these approaches
needs its own considerations including patient positioning, access obtaining, and
port placement. This chapter presents an overview of access obtaining and port
placement in different robotic renal surgery approaches. Furthermore, specific con-
siderations are highlighted for the da Vinci Si® and Xi® robotic platforms. Renal
sugery via single-port approach will be addressed in a different chapter.
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19.2 General Principles of Pneumoperitoneum Obtaining

There are general considerations regarding pneumoperitoneum obtaining in robotic
renal surgeries that share common principles with different robotic approaches and
platforms. The main techniques include closed, open, and optical.

19.2.1 Closed Technique and Creating Pneumoperitoneum

This is the most common technique of pneumoperitoneum obtaining that is performed
with the Veress needle [5]. This needle is a blunt-tipped, spring-loaded inner stylet
with sharp outer needle that has 12—15 cm length and 2 mm external diameter. The
most common insertion site for the Veress needle is the right/left lower quadrant, away
from the epigastric vessels. Once the peritoneum is entered, the surgeon usually feels
or hears the protective sheath clicking when it recoils, indicating that the cavity has
been entered. Other techniques such as the aspiration test and the saline drop test are
also performed to confirm the appropriate placement of the needle [6]. After the Ver-
ess needle is in place, it can be connected to an AirSeal® device, and then CO5 gasis
injected through the needle to create a pneumoperitoneum. It’s imperative to ensure
low pneumoperitneum pressure (1-4 mmHg) on AirSeal® at the begning of insufla-
tion, and that the pressure is slowly increasing to a pre-set desidred pressure. In our
practice we use a 15 mmHg for the pneumoperitoneum pressure.

19.2.2 Open (Hasson) Technique

In this technique, an incision is made through the abdominal wall under direct
vision, passing through each of the layers until the peritoneal cavity is reached.
The advantages of this technique include establishing a pneumoperitoneum and
correct anatomical repair of the abdominal wall incision [5, 6]. The open technique
can potentially reduce in vascular and bowel injuries related to the initial access.
However, a recent Cochrane systematic review demonstrated that although open
entry technique is associated with a significant reduction of failed entry compared
to the closed technique, the incidence of visceral or vascular injury was similar
between these two techniques [7]. Nevetheless, this techinique is recommended
for patients with prior abdominal sugery in the vicinity of, or in the area/organ of
interest.

19.2.3 Optical Technique

In the optical access or direct vision technique, access to the abdominal cavity
is obtained with a specialized optical port that has a transparent tip, allowing
each layer of the abdominal wall to be seen with a 5 mm 0-degree laparoscope.
These devices are typically used for primary port placement after Veress needle
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abdominal insufflation or secondary port placement after establishing the pneu-
moperitoneum [5, 6]. This is also recommended in case of prior abdominal surgery
for safety.

19.3 Robotic Nephrectomy: Transperitoneal Approach

Transperitoneal approach is the most common and widely used surgical approach
for robotic partial/radical nephrectomy. It can be performed with the da Vinci Si®
or Xi® robotic platforms using 3- or 4-arm techniques. Given the availability of
both Si® and Xi® robotic systems in current market, we will present both plaforms
in details.

19.3.1 Operative Room Setup and Patient Positioning

Under general anesthesia with endotracheal intubation, a naso- or orogastric tube is
placed to decompress the stomach and avoid gastric injury during ports placement.
An 18 French urethral catheter is inserted. The patient is then placed in a modified
(60-70 degree) lateral decubitus position (Fig. 19.1). Care is taken to adequately
pad all pressure points and place all limbs in a neutral position to minimize posi-
tioning injuries. For this purpose, an axillary roll is placed, and appropriate padding
is used to support the hip and flank. Pillows are placed between the flexed lower
and straight upper leg. The upper arm rests on a well-padded arm board without
tension on the brachial plexus. To secure the patient, tape is used around the hips,
shoulders, and thighs to ensure stability when rolling the table.

USC Institute of Urology

Assistant P
Q‘aﬁ
Scrub tech

Fig.19.1 Room setup and patient positioning for transperitoneal robotic nephrectomy using Si®
robotic platform
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The operative setup may vary based on surgeon preference and the type of robot
used (i.e., daVinci Si® vs. Xi®). The assistant is positioned facing the patient’s
abdomen; the scrub technician is positioned behind the assistant. Video monitors
are placed at the head and foot end of the patient on the side of the robot for easy
viewing by the surgical team.

19.3.2 Port Placement for Da Vinci Xi’

Port placement is started once four-quadrant pneumoperitoneum is achieved. We
prefer using the Xi® robotic platform with a 4-arm technique. There are few
described techniques; however, we routinely place trocars in a “smile” fashion
(Figs. 19.2 and 19.3). Trocar type and configuration may change to some extent in
case of adhesions encountered and the patient’s body habitus. Extra-long trocars
can be used to decrease the likelihood of clashing in obese patients.

Robotic camera port: the first § mm trocar is inserted lateral and superior to
the umbilicus, at the para-rectus line. Ideally, this trocar is placed to achieve a
proper view of the kidney and tumor. The robotic camera is inserted and the peri-
toneal cavity inspected to ensure safe entry. Other trocars are inserted under direct
visualization.

Robotic instrument trocars: an 8 mm trocar is placed at the same line but
about 6 cm cephalad to the camera port. Two 8 mm trocars are placed caudal
and slightly lateral to the camera port, toward the anterior superior iliac spine. All
robotic trocars are palced, at least, 6 cm apart from each to avoid colisions. For the
right tumors, these trocars will be hooked to the right, left, and 4th robotic arms,
respectively.

=) ® &mm @
Robotic
® Camera ®
& mm
Robatic
e Instrurment b
Trocar

@ Assistant

Trocar/
AirSeal

Robot
Robot

Fig.19.2 Trocar placement for left A and right B partial/radical nephrectomy using Xi® robotic
platform
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Fig.19.3 Trocar placement and arm configuration for right nephrectomy in a patient with right
renal mass using Xi® robotic platform

Assistant trocars: One or two 5—-12 mm assistant ports can be placed according
to the surgeon’s discretion in the midline approximately 2-3 cm cranial and caudal
to the umbilicus (i.e., between the camera and right/left robotic arm). We routinely
use a 12 cm AirSeal® (SurgiQuest Inc, Milford, CT) as one of the assistant ports.

Liver retractor: Usually, a 5 mm trocar will need to be placed below the xiphoid
sternum for right-sided procedures in order to aid with liver retraction.

19.3.3 Port Placement for Da Vinci Si°

With the Si® robotic platform, few modifications in the port placement should
be considered. Firstly, a 12 mm trocar is used for the robotic camera. Secondly,
the two 8 mm instrument trocars are placed more laterally (compared to the Xi®
configuration) in such a configurtion that they form a broad-based triangle with
the kidney/tumor, in which the tumor forms the apex of this triangle. Finally, if
the surgeon decides to use the 4th arm, it will be placed through a trocar located
lateral, midway from the camera and the most distal robotic trocar (Figs. 19.4 and
19.5). Also, in Si® system to expand the arms as much as possible, we recommend
using long trocars for right and left arms.
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Fig.19.4 Trocar placement for left A and right B partial/radical nephrectomy using Si® robotic
platform
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Fig.19.5 Trocar placement and arm configuration for right nephrectomy in a patient with right
renal mass using Si® robotic platform
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19.3.4 Robot Docking

After completion of the port placement, the robot is docked. With the Si® platform,
the robot is brought towards to the operating table at an approximately 45-degree
oblique angle over the patient’s shoulder. The da Vinci Xi® robot allows more
flexibility than the Si® robot and can be docked from many different angles due
to its unique rotating boom design. To keep the operative setup as consistent as
possible, we routinely dock the Xi® robot posterior to the patient with the camera
arm coming into the patient at an angle of 15-degree in line with the camera port.
Robotic instruments are then inserted into the peritoneal cavity under direct vision
following completion of targeting.

19.4 Robotic Nephrectomy: Retroperitoneal Approach

The retroperitoneal approach for robotic nephrectomy is suitable for two group
of patients. First, patients with prior abdominal surgery in whom exposure of the
kidney and retroperitoneum may be more difficult due to adhesions and/or dis-
torted anatomy. Second, patients with posterior renal masses located in whom
getting access to the tumor would require significantly more mobilization of the
kidney with transperitoneal approach [8]. The retroperitoneal approach allows for
direct and rapid access to the retroperitoneum and renal hilum. Nevertheless, the
limitations of this approach are the smaller working space as well as limited
anatomic landmarks that may cause potential disorientation and inadvertent vascu-
lar injury requiring open conversion. Contraindications of retroperitoneal approach
include prior major retroperitoneal surgery, dense perirenal inflammation/fibrosis
(e.g., xanthogranulomatous pyelonephritis), musculoskeletal limitations that pre-
clude proper positioning, large tumors with extensive collaterals, and abundant
perinephric fat with extensive stranding [8—10].

19.4.1 Operative Room Setup and Patient Positioning

Retroperitoneal approach in not utilized as routine as the transperitoneal approach.
Increased familiarity of the operating team with the operative setup and process
can potentially minimize the perioperative morbidity. Similar to the transperitoneal
approach, 3- and 4-arm techniques can be used in this setting, according to the
surgeon preference [11]. We prefer to use the 4-arm technique.

After induction of general endotracheal anesthesia, an 18 French urethral
catheter is inserted and the patient is placed in full 90-degree flank position
with the side of the renal mass up. Of note, no orogastric or nasogastric tube
is required in this appraoch. After appropriate padding and securing the patient
(similar to what we discussed for transperitoneal approach), the bed is fully flexed
to maximize the space between the 12th rib and iliac crest.
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19.4.2 Retroperitoneal Access

An open access is obtained through a transverse incision that is made in the midax-
illary line, between the tip of 12th rib and iliac crest. Performing an incision too
anterior or posterior can be associated with an increased risk of peritoneotomy
or clashing with the posterior port, respectively. Blunt dissection is performed to
penetrate the external and internal oblique as well as the transversalis fascia. The
index finger is then entered the retroperitoneal space to gently sweep the peri-
toneum away and the surgeon should be able to feel the psoas muscle posteriorly.
The balloon-dilating device is then placed into this space with the goal of achiev-
ing maximal expansion along the cranial-caudal axis posterior to the kidney. A
30-degree laparoscope is inserted into the balloon dissector, and 40 pumps are
performed under direct vision. At this point, the anatomical landmarks are identi-
fied including: the transversus abdominis muscle and anterior layer of peritoneum
superiorly, Gerota’s fascia as it is pushed off the psoas muscle posteriorly, and
the ureter inferiorly [12]. The balloon is then deflated and replaced by the 12 mm
camera trocar.

19.4.3 Trocar Placement for Da Vinci Si°

Once pneumo-retroperitoneum is established and the 12 mm camera is inserted,
the remaining trocars are marked and inserted under direct vision (Fig. 19.6A).

Robotic instrument trocars: an 8 mm trocar is placed along the posterior axil-
lary line at the apex formed by the erector spinae muscles and 12th rib. Another
8 mm trocar is placed medially along the anterior axillary line, 7-8 cm away from
the camera trocar toward the umbilicus. Another 8 mm trocar is placed 7-8 cm
medially. For the right tumors, these trocars will be hooked to the left, right, and
4th arms, respectively (Fig. 19.6B).

Assistant trocar: a 12 mm assistant port or AirSeal® is placed in the anterior
axillary line above the anterior superior iliac spine, and 7-8 cm caudal to the
medial robotic trocar.

19.4.4 Trocar Placement for Da Vinci Xi®

Trocar placement can be performed similar to the Si® template with few modifi-
cations. An 8 mm trocar is used for the robotic camera throught the balloon trocar
in “port in port” fashion. The instrument trocars are placed in a line as shown in
Fig. 19.7. The assistant port/AirSeal® is placed at the posterior axillary line above
the iliac crest.
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Fig.19.6 Port planning A and trocar placement B for right nephrectomy in a patient with right
renal mass using Si® robotic platform and retroperitoneal approach

19.4.5 Robot Docking

Once the port placement is completed, the robot is docked. For DaVinci Si®, the
robot is docked over the patient’s head, parallel to the spine. When using DaVinci
Xi®, the robot is docked posteriorly to the patient, perpendicular or parallel to the
bed. Robotic instruments are then inserted under direct vision.
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Fig.19.7 Trocar placement for left A and right B partial/radical nephrectomy using Xi® robotic
platform and retroperitoneal approach

19.5 Complications of the Port Placement

Complications related to port placement are uncommon yet can be associated with
a high morbidity. Several patient- and surgeon-related risk factors can contribute
to the development of these complications. Obesity and prior abdominal surgery
are the main patient-related factors. The experience of the surgeon is an impor-
tant factor in this context with the higher rates of complications reported in the
beginners compared to experienced hands [13, 14].

In order to prevent possible injuries during port placement, different points can
be considered. The use of open (Hasson) technique as well as the optic trocar
can be helpful, especially in obese patient or those with a history of abdominal
surgeries [5—7]. In patients with prior abdominal surgeries, initial access through
the Palmer’s point can also reduce the likelihood of intra-abdominal injuries. This
point is located at midclavicular line, 3 cm distal to the costal rib in left upper
quadrant. It has been shown that the probability of abdominal adhesions is consid-
erably lower at this point compared to the other abdominal areas [15]. Placement
of nasogastric tube and Foley catheter can decrease the risk of gastrointestinal and
bladder injuries.

The most common complications during port placement include vascular and
bowel injuries.

Vascular injury: These types of injuries may involve abdominal wall, retroperi-
toneal, or intra-abdominal vessels. Epigastric vessels are the most common site of
abdominal wall vascular injuries. The abdominal wall injuries can be controlled
with insertion and inflation of a Foley catheter to tamponade the site of injury.
Other options include U stiches and rarely extending the incision to control the
bleeding under direct vision. In case of intraabdominal major vascular injury (e.g.,
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iliac vein, inferior vena cava) or retroperitoneal expanding hematoma, immediate
open conversion is usually necessary [16, 17].

Bowel injury: These injuries should be addressed as soon as diagnosed. Depend-
ing on the extent of the injury and segment type (small vs. large bowel) they
can be managed with primary repair or secondarily following ostomy creation.
Unfortunately, up to 50% of the bowel injuries are not diagnosed intraoperatively.
Abdominal exploration and repair of the site of injury is usually recommended in
these situations [17].

Other: Liver and spleen injuries can rarely happen during port placement.
Management includes direct compression and increasing the pneumoperitoneal
pressure. Bladder injuries are usually managed conservatively by keeping the Foley
catheter for 7-14 days after surgery. Major bladder injuries may require primary
repair.
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20.1 Introduction

Surgical resection remains the mainstay of treatment for localized renal cell carci-
noma (RCC), either via radical or partial nephrectomy. The first reported laparo-
scopic nephrectomy was performed by Clayman and colleagues using transperi-
toneal access to the kidney [1]. Subsequently Gaur and Colleagues reported
successful retroperitoneoscopic nephrectomy a few years later [2]. Laparoscopic
renal surgery became the mainstay of care for localised RCC with benefits
of lower postoperative complications, decreased blood loss, decreased blood
transfusion rate, improved time to oral intake, and shorter hospital stays and
time to convalescence when compared to an open approach [3-6]. Within
the past 20 years, robotic-assisted laparoscopic platforms have supplemented stan-
dard laparoscopy for renal surgery, starting with the first reported robot-assisted
radical nephrectomy reported in 2001 by Guillonneau et al. [5] who performed
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a retroperitoneal right radical nephrectomy whilst utilising the Zeus robotic
surgical system with two arms and the Aesop robotic arm to control the
camera [5]. The robotic-assisted platforms overcome the ergonomic and techni-
cal challenges that accompany standard laparoscopy and allow for completion
of more technically challenging cases radical [6] and partial nephrectomy cases [4].

Cacciamani et al. [3] found that when compared to laparoscopic partial nephrec-
tomies, robot-assisted surgery had a decrease in ischemia time, conversion rate,
intraoperative outcomes, postoperative outcomes, positive margins, percentage
decrease of estimated glomerular filtration rates and overall mortality. The different
approaches for robotic nephrectomy are a constantly evolving area of study where
additional data are needed to make any conclusions between the two techniques.
The majority of robotic-assisted renal surgeries are performed transperitoneal
according to multi-centre studies [4, 7, 8], but the retroperitoneoscopic approach to
the kidney described in 1993 is still widely utilised and increasing in popu-
larity. Herein we discuss the merits and considerations for the transperitoneal
and retroperitoneoscopic approaches with respect to robotic-assisted surgery.

20.1.1 Indications: Transperitoneal and Retroperitoneal Robotic
Surgery

Transperitoneal and retroperitoneal access are both indicated in robotic renal
surgery, and the choice between them is often surgeon and patient specific.

20.2 Transperitoneal Indications

There are several factors to take into consideration when selecting a transperitoneal
or retroperitoneal approach to robotic-assisted renal surgery, including location
and size of tumour, training and preference of the surgeon, obliteration of surgi-
cal planes from prior procedures, and patient factors that may compromise each
approach.

20.2.1 Larger Working Volume

Most cases of robotic nephrectomy are transperitoneal, owing to a shorter learning
curve, larger working space, and surgeons’ greater familiarity with the anatomical
landmarks surrounding the kidney [4, 7, 8]. Insufflation of the peritoneal cavity
offers a larger working space, typically 5-7 L of carbon dioxide insufflation vol-
ume in an adult, compared to only 1-2 L in the retroperitoneal cavity [9]. The large
insufflation volume of the transperitoneal cavity allows early visualisation of sur-
rounding organs including the colon, duodenum and liver on the right, and spleen
on the left. The larger insufflation volume also allows for wider port placements to
facilitate additional dexterity offered by robotic systems [10] and additional space
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Fig.20.1 Typical left transperitoneal view upon entry into the abdomen. Note the kidney is rarely
on view on the left side

for a third robotic arm, particularly in the older generation robotic systems which
utilised wider platforms. Figure 20.1 shows the large working volume, typically
5-7 L of CO?, and familiar anatomy of the transperitoneal approach.

20.2.2 Stage 3 Tumours

The larger peritoneal working space provided by the transabdominal approach is
useful in the event of very large tumours, including tumours with adhesions to
the colon or surrounding organs, highly vascular tumours with parasitic vessels,
and tumours with vein thrombus. Transperitoneal robot-assisted partial and radical
nephrectomy has been utilised in stage 1-3 [4, 11, 12] tumours including tumours
requiring renal vein or vena cava thrombectomy. The outcomes of robotic-assisted
laparoscopic radical nephrectomy for stage T3 tumours are comparable with the
open approach, with studies suggesting lower perioperative complication rates [13—
16]. The transperitoneal robotic approach provides direct and clear visualisation of
the renal vein in the event of renal vein thrombus, and multiple cases of transperi-
toneal robotic assisted nephrectomy with vena cava thrombectomy are described
[17, 18]. The psoas muscle typically provides a safe anatomical landmark and
dissection plane, and utilisation of the 4th arm or assistant port of robot allows
lifting the large kidney from the psoas to provide safe passage to the hilum [19].
The larger working space of the peritoneal cavity allows for significant elevation
of the large kidney and mass laterally. Robotic assistance in advanced renal cell
carcinoma cases has shown benefits over traditional laparoscopy since it provides
greater mobility and greater ease of intracorporeal suturing [10]. Although there
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Fig.20.2 Large Right RCC, Stage 3, in a thin 30 year old male removed via a right robotic
assisted transperitoneal nephrectomy to avoid parasitic vessels and gain additional working space

is no consensus on the optimal surgical technique in the management of renal cell
carcinoma with IVC thrombus [20], robotic renal surgery has enabled surgeons
to remove advanced renal cell carcinomas with the benefits of minimally inva-
sive surgery [21]. Figure 20.2 shows a large right renal tumour, removed via right
transperitoneal right robotic assisted approach. Figure 20.3 demonstrates an easily
visualised small renal vein thrombus.

20.2.3 Anterior and Lower Pole Tumours

Transperitoneal insufflation and port placement provides easy access to the ante-
rior surface of the kidney, which is particularly helpful in the event of anterior
tumours suitable for partial nephrectomy [9], since it allows for minimal manip-
ulation of the kidney [22]. Lower pole tumours are also particularly suited for
an transperitoneal approach, due to the natural rotation and mobility of the lower
pole anteriorly. There is also lack of conflict with the anterior superior iliac spine
(ASIS) which can sometimes clash with robotic instruments during a retroperi-
toneal approach with older and larger robotic platforms such as the DaVinci S.
Figure 20.4 shows a right anterior renal tumour amenable to transperitoneal right
partial nephrectomy.
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Fig.20.4 Right anterior renal mass with transperitoneal exposure
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20.2.4 Posterior Tumours

Conventionally it has been taught that posterior tumours should be resected
through a retroperitoneal approach during partial nephrectomy. This is true in
terms of immediate access to posterior tumours without mobilisation of the kid-
ney [4, 7, 23], but, numerous studies have shown that posterior tumours can be
safely resected via a transperitoneal robotic approach with complete mobilisation
of the kidney and comparable outcomes to a retroperitoneal approach. Mclean
et al. [23] suggests that the most suitable approach depends on surgeon experi-
ence and familiarity with the technique, in addition to employing a risk stratified
approach depending on patient characteristics. Many surgeons will opt to perform
a transperitoneal resection of posterior tumours due to familiarity and comfort with
the approach [24]. Posterior tumours are subject to the surgeon’s clinical judge-
ment. Posterior tumours located in the lower and upper poles of the kidney are
easy to access from an anterior approach by mobilising and rotating the desired
pole anteriorly with the fourth arm of the robot or surgical assistant. Posterior
tumours in the mid-zone and hilar region of the kidney (See Photo) are also acces-
sible anteriorly, but they require complete mobilisation of the posterior surface of
the kidney to flip the kidney medially to provide expose to the posterior surface of
the kidney. This can be accomplished with a transperitoneal approach, but requires
additional surgical time and kidney mobilisation (Fig. 20.5).

Fig.20.5 A 6 cm papillary RCC in the posterior upper pole approached via a transperitoneal par-
tial nephrectomy by rotating the upper pole medially on its axis, based on surgeon preference in
large tumours
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20.2.5 Prior Surgeries and Percutaneous Procedures

A transperitoneal approach may be beneficial in situations where the retroperi-
toneal plane has been obliterated or severely scarred. This includes cases of
prior retroperitoneal renal surgery such as partial nephrectomy, prior percutaneous
nephrolithotomy, prior nephrostomy tracts, and prior open flank incisions [19, 25,
26]. A past history of percutaneous procedures on the kidney must also be con-
sidered and may favour a transperitoneal approach. Prior percutaneous renal mass
ablation [27, 28], prior nephrostomy tracts, and prior renal biopsy can cause peri-
renal fibrosis of the soft adipose tissue of the retroperitoneum making posterior
dissection difficult during retroperitoneal surgery, and favouring a transperitoneal
robotic approach, especially during a surgeons learning curve.

The transperitoneal approach can be used cautiously in patients with a history
of previous abdominal surgery, however the transperitoneal robotic surgeon must
be aware that prior major abdominal surgery significantly increases the chance
of visceral organ injury, and prolongs operating times due to bowel adhesions,
adhesiolysis, bleeding, and overall operative difficulty [29]. Many authors advocate
that retroperitoneal surgery should be considered in these cases when possible, and
we would agree. Figure 20.6 shows minor adhesions from peritoneal dialysis and
a prior renal surgery. These can easily be taken down sharply under vision.

Fig.20.6 Surgical adhesions between small bowel and the left flank wall from prior left flank inci-
sion in a patient on peritoneal dialysis. Entry into the abdomen at a site away from the incision
under open Hassan technique provides safe entry into the abdomen, and the adhesions can easily
be divided sharply to expose the descending colon and left kidney
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20.2.6 Xanthogranulomatous Pyelonephritis

The optimal approach to xanthogranulomatous pyelonephritis is never ideal, since
these kidneys can be severely inflamed and adherent to surrounding organs and
vicera, with obliteration of the Gerota’s planes. They are often very challenging.
A transabdominal approach provides greater visibility of the local adherent organs
and greater working space. Although a retrospective study by Asali and Tsivian
[30] demonstrated retroperitoneal laparoscopic nephrectomy for xanthogranuloma-
tous pyelonephritis is feasible and should be considered [30].

20.3 Retroperitoneal Indications

Retroperitoneal robotic-assisted renal surgery is easily performed for radical
nephrectomy and partial nephrectomy [6, 23, 24, 31-33]. The retroperitoneal
approach offers the advantage of immediate access to the renal artery (Fig. 20.7)
and has been shown to decrease overall operating time and estimated blood
loss with no difference in warm ischemia time, conversion to open surgery and
perioperative complications [7, 8].

Fig.20.7 Early exposure of the renal artery and vein with the retroperitoneal approach
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20.3.1 Surgeon Experience

The retroperitoneal approach to robot-assisted laparoscopic nephrectomy is gaining
popularity amongst urologists [4] coinciding with the increasing technical ability
of the surgeons performing robotic surgery. Retroperitoneal access is considered
more surgically challenging due to the limited working space and unconven-
tional anatomical visability with unclear landmarks [7-9, 34-36]. In developing
the retroperitoneal space with a balloon dilator, Gerota’s fascia will be pushed
off the psoas muscle [37]. It is key to keep the psoas muscle horizontal during
the entire operation to ensure correct anatomical plane. The landmarks in the
retroperitoneum is the transversus abdominus and peritoneum anteriorly, psoas
tendon, ureter, vena cava posteriorly, posterior Gerota’s fascia laterally and the
renal artery which should be encountered before the renal vein [19]. The uncon-
ventional anatomical view has led to inadvertent injuries including breaching of
the peritoneum [4], vena cava injury [34], pancreas during left partial or radical
nephrectomy [38], duodenum for right sided procedures [39] since these organs
are difficult to visualise and it is quite disorienting for surgeons unfamiliar to this
approach particularly since they are working in a tighter environment. The aware-
ness of these pitfalls is paramount for surgeons starting to adopt the retroperitoneal
approach for robotic partial and radical nephrectomy (Fig. 20.8).

Abaza et al. assessed the feasibility of adopting a retroperitoneal approach to
robotic partial nephrectomy in urologists trained in the transperitoneal approach.
They found that there were no clinically significant operative outcomes when com-
paring estimated blood loss, warm ischemia time and operative time. As such they

Fenestrated Bipolar Forceps

Fig.20.8 Initial inspection of the retroperitoneal space after balloon dissection and entry can be
disorientating due to the small working space and lack of visible landmarks
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posit that there is no identifiable learning curve [40]. Therefore, training urolo-
gists should consider starting off with the transperitoneal approach which is more
accessible due to the wider working space and more identifiable landmarks, then
utilising the retroperitoneal approach in suitable situations. The use of robotics
has minimised the impacts of the tight working space with the enhanced three-
dimensional view of the operating field and the augmented manoeuvrability of
instruments such as EndoWrist technology which simplifies complex tasks such
as intracorporeal suturing while providing an ergonomic position for the surgeon

[4].

20.3.2 Small Tumours (Stage T1-2)

Retroperitoneal approach is often limited to stage T2 tumours or less due to the
smaller working space [6, 8], although T3 tumour resection and large radical
nephrectomies have been successfully reported in the literature [6, 41, 42]. The
RECORD 2 study is a large multi-centre cohort study that evaluated outcomes
of T1 renal tumours across 26 Italian centres comparing a transperitoneal and
retroperitoneal approach for minimally invasive partial nephrectomy found that
retroperitoneal had a significantly lower rate of overall and surgical intraoperative
complications, lower time of drain maintenance and postoperative stay compared
to those treated with transperitoneal approach [4]. It is worth noting that there was
a significant element of selection bias in the position of the tumour. The ROSULA
collaborative group analysed the outcomes of stage T1-2 tumours with robot-
assisted laparoscopic partial nephrectomy using both a transperitoneal approach
and retroperitoneal approach over 19 sites and found that robot-assisted laparo-
scopic partial nephrectomy is safe with acceptable outcomes [6]. However, only
8% of the partial nephrectomies performed by this group were retroperitoneal. The
outcomes of each approach will be discussed in greater depth later in the chapter.

20.3.3 Posterior Tumours

A retroperitoneal approach is the preferred approach for posterior central tumours
suitable for partial nephrectomy due to the immediate access to the renal artery
and the tumour above [4, 12, 22, 43-46]. The direct access to the posterior hilum
has been reported to lower operation time and decrease the risk of injury dur-
ing its isolation [4]. Most studies comparing transperitoneal and retroperitoneal
approaches have a strong selection bias where the posterior tumours are excised
through a retroperitoneal approach (Fig. 20.9).
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Fig.20.9 A 30 year old female with a 3 cm RCC for partial nephrectomy. The mid pole posterior
location makes this tumour suitable for retroperitoneal partial nephrectomy

20.3.4 Anterior Tumours

Numerous studies have demonstrated the feasibility of retroperitoneal robotic-assisted
approaches to anterior renal tumours suitable for partial nephrectomy [12, 32].
Dell’Oglio et al. reject the hypothesis of superior outcomes when a surgical approach
is chosen based on a tumour’s location, and as such say that it is equally as safe and
feasible to perform a retroperitoneal robot assisted partial nephrectomy for anterior
tumour [32]. During retroperitoneoscopic approaches, the kidney can be completely
mobilised and flipped on its hilar axis to provide exposure to the anterior surface when
required. Some authors advocate this approach should be used selectively with anterior
hilar tumours since the smaller working space and stripping away of the thin peritoneal
membrane along the anterior surface of Gerota’s fascia can lead to inadvertent peri-
toneal cavity entry during mobilisation, which can complicate retroperitoneoscopy
due to the deterioration of the working space [4]. The retroperitoneal approach to ante-
rior central tumours is technically challenging and is at higher risk of the inadvertent
injuries to organs and peritoneum. Entry into the peritoneal cavity is common with
large anterior tumours since the peritoneum is usually adherent. However, with appro-
priate clinical judgement by the surgeon, a retroperitoneal approach can be utilised
safely and efficaciously even for large anterior tumours.
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20.3.5 Prior Major Abdominal Surgery

The retroperitoneal approach has the benefit of avoiding the visceral contents of the
peritoneal cavity [7]. This has significant implications for patients with prior peri-
toneal adhesions [47], prior peritoneal dialysis complications, and inflammatory
bowel disease. In this cases avoiding entry into the peritoneum reduces the risk of
iatrogenic visceral injury, particularly at initial port placement [43]. Patients with
large sheets of abdominal mesh in-situ, such as ventral hernia repair, are increas-
ing in prevalence and best served with the retroperitoneal approach. In addition,
there has been some claim of an advantage of the enclosed retroperitoneal space to
tamponade surgical bleeding [19] and containing urine leaks to the retroperitoneal
space [48], although these claims are theoretical thus far. These complications are
relatively rare in the modern era with the enhanced vision and increased suturing
dexterity provided by robotic technique [49, 50].

20.4 Technical Considerations:
Transperitoneal and Retroperitoneal Robotic Surgery

20.4.1 Positioning and Docking

Positioning of the patient in transperitoneal compared to a retroperitoneal approach
is mostly similar [51]. While various techniques are described, in transperitoneal
robotic surgery the patient is often in the flank position at 60-90 ° [52] with the
table moderately flexed. In the retroperitoneal approach, the patient is typically in
the full flank position with the table fully flexed to open up the small working
space between the ASIS and ribs as much as possible [19]. During retroperito-
neoscopic renal surgery, the robot docks over the head or shoulder with the larger
DaVinci models [53], however with the da Vinci Xi it can dock from the back
and pivot if the surgeon prefers [37]. Transperitoneal robotic procedures are usu-
ally docked laterally along the patients back without difficulty, regardless of the
surgical platform.

20.4.2 Robotic Platform and Ports

Transperitoneal and retroperitoneal robotic renal surgery can be performed with
three or four robotic ports, and typically 1-2 assistant ports. Transperitoneal
robotic renal surgery can easily accommodate 4 robotic arms due to the large 5-7
L working space of the peritoneum previously discussed. Triangulation, freedom
of movement, and instrument clashing may be more difficult in retroperitoneo-
scopic approaches, particularly when a fourth robotic arm is utilised [19]. The
small working volume of 1-2 L of the retroperitoneum and proximity to the ASIS
bone reduces the surface area available for retroperitoneal port placement, partic-
ularly during utilisation of the wider robotic platforms such as the da Vinci S and
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Si (Intuitive surgical, Sunnyvale, California). The da Vinci S and Si and X benefit
from 8 to 11 cm of port separation to accommodate the wider wingspan of the
robotic arms, whereas smaller platforms such as the da Vinci Xi, the ports can
be as close as 4-5 cm if required. With larger platforms such as the da Vinci S
and Si, the majority of retroperitoneal surgeries are performed with three robotic
ports [19, 54], often referred to as “one-handed surgery” since the other robotic
arm is used to retract the kidney, with the surgeon switching between the 2 arms
as required. Recent uptake of smaller platforms such as the da Vinci Xi has made
4 arm retroperitoneal renal surgery easier and more popular [54]. The da Vinci
Xi also allows for more space for surgical assistant on abdominal side. Mar-
coni et al. suggests that the space limitations of retroperitoneal port placement
have contributed to the resistance in uptake of the retroperitoneal approach, as
the transperitoneal approach has a wide working space and is more suitable for
surgical assistants [7].

20.4.3 Obesity

Elevated BMI is associated with several comorbidities that are associated with
poor surgical outcomes and increase peri-operative morbidity [55-57]. The topic
of obesity and robotic partial nephrectomy is perplexing to the effect that Kott
et al. discuss a BMI paradox [55] where better outcomes are seen in patients who
are overweight and mildly obese as compared to “normal” weight patients, with
the point of inflection being a BMI of 30 kg/m?. It is thought that an increase in
BMI increases the excess retroperitoneal adipose tissue which increases surgical
technical complexity, leading to longer trocars and decreasing the already limited
space of the retroperitoneal cavity [3, 19]. In addition, excess perinephric fat in
Gerota’s fascia can extend medially obscuring anatomic landmarks such as the
origin of the renal vessels causing a longer period of dissection and excess lateral
retraction during robotic nephrectomy [58]. Some authors argue that an increase in
BMI could potentially cause an increase in estimated blood loss and operation time
[59], however a multi-centre centre study by Abdullah et al. has found that obesity
was not an independent predictor of higher estimated blood loss and operative time
with robotic partial nephrectomies, rather a consequence of higher nephrometry
score and tumour size [29].

Transperitoneal access and pneumoperitoneum for robotic renal surgery is sig-
nificantly more difficult in obese patients. However, once access is gained into
the abdominal cavity, obesity is not prohibitive to transperitoneal robotic surgery
[58]. Kapoor et al. [60] performed a study on transperitoneal laparoscopic rad-
ical nephrectomy and found a comparable complication rate between obese and
non-obese patients with a longer operative time for the obese cohort. These find-
ings were similar to those of Fugita et al. who also reported no difference in
nephrectomy outcomes in obese patients [61].

Retroperitoneoscopic robotic surgery in obese patients provides the advantage
of easier camera and port placement compared to transperitoneal surgery, since
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obese patients are often thinner on their flanks, and their landmarks of ASIS and
12 rib usually palpable [62, 63]. Additionally, the retroperitoneal adipose tissue is
easy to separate during retroperitoneoscopic balloon insufflation in obese patients.
However, once retroperitoneoscopy is obtained, the excessive adipose tissue of the
rectoperineal space may be overwhelming and disorientating.

A study by Ng et al. demonstrated that transperitoneal access was associated
with a longer operative time and hospital stay than retroperitoneoscopic approach,
which the authors state was probably a result of the larger tumour size and com-
plex pelvicalyceal reconstruction in the transperitoneal group [9]. Colombo et al.
demonstrated a shorter stay in hospital for the retroperitoneal group, although
subject to the same selection biases in tumour characteristics. The use of robot-
assisted renal surgery appears to have exaggerated the differences between the
two approaches. Malki et al. demonstrated a significantly shorter operating time,
fewer postoperative complications, a shorter hospital stay, less blood loss, lower
rates of blood transfusion with the retroperitoneal approach [64]. Ultimately, both
approaches appear feasible in the obese patient, and more data is required from
large cohort or controlled trials to make any genuine conclusions. It is up to the
judgement of the clinician as to which approach is appropriate in each patient.

20.4.4 Paediatric and Petite Patients

The use of robot-assisted renal surgery is an evolving field in paediatric surgery,
with very few cases of robotic management of renal tumours reported in the litera-
ture to date [65]. The small working space in petite patients, both retroperitoneally
and transperitoneally, extends the debate of transperitoneal versus retroperitoneal
access to paediatric urology. For radical nephrectomy, both the transperitoneal
and retroperitoneal approach have been utilised with similar complication rates.
Retroperitoneal approach has the added advantage, or disadvantage, of using two
trocars instead of three [66]. The transperitoneal approach is more suitable for
bilateral nephrectomies [67]. For partial nephrectomies, the results show a pref-
erence for transperitoneal approach due to technical difficulties. Esposito et al.
compared the two approaches and found significant differences in operative time,
length of stay, and complication rates, and concluded transperitoneal approach was
superior [68]. Ultimately, it appears that both approaches are feasible for a radical
nephrectomy, and a transperitoneal approach is favoured in partial nephrectomies.

20.4.5 Laterality of Lesion

Right transabdominal robotic renal surgery is often easier than left transabdominal
renal surgery. The colonic reflection diverges lower on the right side than the left,
usually providing direct visualisation of the right kidney, and sometimes the right
renal vein in thin patients. On the left side, the renal vein and artery lay hidden
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behind the splenic flexure of the colon, requiring additional colonic reflection dur-
ing left transabdominal renal surgery. Inadvertent dissection and ligation of the tail
of the pancreas and the superior mesenteric artery can occur during this dissection
if the colonic mesentery is not reflected properly.

Conversely, during retroperitoneal surgery, the left kidney is easier to dissect
than the right kidneys. Retroperitoneoscopy on the left provides immediate visu-
alisation of the left renal artery. Retroperitoneoscopy on the right side provides
immediate exposure to the IVC and its numerous small lumbar tributaries, which
can be a source of bleeding or disorientation for inexperienced surgeons.

20.4.6 Redo Surgeries

Repeat partial nephrectomy is a surgically complex treatment option in someone who
has developed a new or recurrent tumour in the same kidney [69]. Repeat surgery is
complicated by fibrosis and obliteration of normal peri-renal planes [70]. Although
radical nephrectomy is possible [71], partial nephrectomy has its advantages in pre-
serving renal function. This is emphasised by the recurrence of tumours thought due
to the bilateral nature and multifocality of the disease, in addition to patients with soli-
tary kidneys, salvage partial nephrectomies and post-ablation surgery [25, 69]. The use
of robotic surgery in repeat partial nephrectomies is undergoing continuous develop-
ment. The intense perinephric fibrosis obscures the tissue planes in a repeat procedure
and can increase operation time, blood loss, hospital stay, postoperative urine leak,
greater need for postoperative dialysis (pertinent to solitary kidneys) and intraoper-
ative injury to adjacent structures [69, 70, 72, 73]. Autorino et al. [69] removed 12
tumours in 9 patients with a transabdominal approach and found that robot-assisted
partial nephrectomy is safe and feasible for repeat partial nephrectomies with two
complications. Although the approach is more technically demanding, the robotic
platform facilitate key steps in the partial nephrectomy procedure, improving surgical
outcomes. Watson et al. [74] found an overall complication rate of 58% and 19% rate
of urinary leakage over 26 patients who underwent repeat robotic partial nephrectomy.
Martini et al. [75] performed 24 radical salvage nephrectomies and 8 salvage partial
nephrectomy and found a 0% complication rate, ascribed to be a reflection of surgical
experience and patient selection, as salvage surgery is likely to be offered to the most
fit patients and in case of high chance of success.

Repeat surgeries for isolated recurrence of disease has been shown to be safe
and feasible for robotic surgery with a retroperitoneal robot-assisted approach [76]
and a transabdominal approach [77]. Robotic transabdominal approach has allowed
the opportunity to do surgeries that have not been able to be performed laparoscop-
ically [77]. Ghandour et al. [76] demonstrated no positive margins and lack of
surgical related admissions within ninety days of the surgery in twelve patients
who underwent retroperitoneal robotic excision surgery for retroperitoneal iso-
lated recurrence. This is an evolving field needs further research to declare which
approach is appropriate for the management of recurrences and further clarify
the role of robotic surgery in the management of simple and complicated tumour
recurrences.
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During robotic renal surgery following partial nephrectomy, special attention
needs to be made preoperatively to the presence and location of surgical sealants,
particularly permanent adhesives such as Acrylic glues such as Glubran (GEM
surgical, Italy). Permanent sealants can obliterate the surgical planes and create
permanent adhesions to the flank side wall or critical organs. We do not advocate
these adhesives for this reason, but in the event a redo surgery following renal
adhesives is required, we advocate a transabdominal approach in the event of local
recurrence so that the kidney can be adequately mobilised and inspected.

20.5 Outcomes of Robotic Transperitoneal Versus Robotic
Retroperitoneal Approaches

Transperitoneal and retroperitoneal robotic access in renal surgery may influence
perioperative and postoperative outcomes for the patient [4, 8, 36]. The choice of
transperitoneal or retroperitoneal access in robotic renal surgery and the proposed
advantages and outcomes associated with each approach is an issue of ongoing
debate.

In recent times, large, matched pair multi-institutional studies and international
multicentre studies have attempted to evaluate both transperitoneal and retroperi-
toneal approaches and compare the intraoperative outcomes, post-operative out-
comes, and oncological outcomes, with an aim to demonstrate objective difference
in outcomes between the two surgical techniques [4, 7, 23, 31, 33, 36, 78-80].

20.6 Intraoperative Outcomes

The main intraoperative parameters evaluated in current literature are operative
time, time to vascular control, warm ischemia time and estimated blood loss.

20.6.1 Operative Time

Retroperitoneal approach allows for a prompt and direct access to renal hilum,
allowing for a shorter intraoperative time in comparison to the transperitoneal
approach while also reducing the chance of renal pedicle injury [4, 7, 23, 31,
33, 36, 78]. Current literature have shown a shorter operation time associated
with retroperitoneal when compared with transperitoneal, with a mean weighted
difference ranging from 13 to 48 min [4, 7, 8, 23, 31, 36, 37, 79, 80].

A metanalysis by Fan et al. reported difference of 48 min between retroperi-
toneal and transperitoneal partial nephrectomy but did not demonstrate any clin-
ically significant difference in operating time with retroperitoneal and transperi-
toneal approach for radical nephrectomy [36]. Similarly, multiple systematic
reviews and meta-analyses all reported significantly shorter operating time with
retroperitoneal approach when compared with transperitoneal approach [7, 8, 23,
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78, 79]. Analysis by Xia et al. demonstrated a shorter operating time for retroperi-
toneal surgery with a mean weighted difference of 28 min. Zhu et al. [7, 79] also
demonstrated the same with a mean weighted difference 21 min. Contrary to this,
a multicentre study by Porpiglia et al. which compared 413 patients that were
propensity matched in each group, reported a significantly shorter operative time
in the transperitoneal approach (115 min) when compared with retroperitoneal
approach (150 min) [81]. This could be because the creation of a virtual retroperi-
toneal space can sometimes be performed laparoscopically to create a working
space for robotic trocars [4]. Meanwhile, some single centre studies reported
no difference in mean operating time between retroperitoneal and transperitoneal
Techniques [40, 82].

It has also been demonstrated that renal artery and vein control were achieved
in a significantly shorter time with the retroperitoneal approach when compared
with transperitoneal technique with a weighted mean difference of 68 and 53 min
respectively [36]. This can be explained by the transperitoneal approach requir-
ing considerable mobilisation of the renal hilum while retroperitoneal approach
offering direct and rapid access to the renal hilum.

20.6.2 Estimated Blood Loss and Warm Ischemia Time

Renal surgery via retroperitoneal access has been proposed to have lower esti-
mated blood loss when compared with transperitoneal approach [37, 40, 83, 84].
This is theorised due to the easier identification and control of the renal hilum
and less surgical dissection involved in the retroperitoneal approach and the use
of early unclamping technique often used in the transperitoneal procedure [40,
79, 84]. However, numerous large multicentre observational studies have demon-
strated no statistically significant difference in estimated blood loss between the
transperitoneal and retroperitoneal approaches [4, 7, 23, 31, 33, 36, 37, 40, 78,
79, 82—-84]. A meta-analyses demonstrated estimated blood loss is no different
between retroperitoneal and transperitoneal robotic renal surgery.

Similarly, there is no significant difference in warm ischemia time in both
retroperitoneal and transperitoneal surgical techniques. There were also no signif-
icant differences were found in simple enucleation rates and clampless procedures

[4].

20.6.3 Operative Duration

Retroperitoneal robotic renal surgery provides a direct and rapid access to the
kidney and renal hilum and does not need extensive mobilisation of the bowel or
kidney. This can contribute to the shorter time to vascular control and shorter oper-
ating time reported in literature. Transperitoneal approaches for posterior tumours
are feasible, but require additional time to access the posterolateral surface of the
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lesion and increase the operative times for transperitoneal surgery [23, 36, 37, 40,
79, 83]. Anterior tumours are rarely addressed by a retroperitoneal approach due
to the small working space and possibility of entry into the peritoneal membrane
along the anterior renal border, which is another factor why retroperitoneal surgery
may be quicker overall.

20.6.4 Intraoperative Injuries

Intraoperative complications are reported to be lower in retroperitoneal robotic
surgery compared to transperitoneal [23, 83, 85, 86]. This may be due to the imme-
diate access to the renal pedicle and the avoidance of the intraperitoneal organs
associated with transperitoneal approach [4, 36]. Some authors point out there may
be a selection bias accounting for the differences in complications, since studies
show retroperitoneal robotic surgery is more commonly performed by more expe-
rienced surgeons with prior transabdominal robotic experience, and on patients
with smaller tumours.

20.7 Postoperative Outcomes
20.7.1 Length of Hospital Stay

Retroperitoneal robotic renal surgery is reported to have a shorter drain dura-
tion and earlier return of the bowel function [31, 78, 86]. with a mean weighted
difference of 0.8—1 day [36, 37, 79, 83, 86]. Additional analysis by Fan et al.
demonstrated a significant difference in length of stay for partial nephrectomy with
a mean weighted difference of 1 day between retroperitoneal and transperitoneal
approaches but the same study did not demonstrate statistical difference in length
of stay for radical nephrectomies [36]. It is however important to note that this
particular analysis was limited due to it being observational, having varying proto-
cols, differing levels of surgical expertise and lack of random sequence generation.
The lower time of drain maintenance and post-operative hospital stay associated
with retroperitoneal surgery may lead to less post-operative analgesic require-
ments. However most large multi-centre studies and meta-analysis did not show
clinically or statistically significant difference in post-operative pain or analgesic
requirements [4, 31, 36, 85, 86].

Several studies have shown that transperitoneal renal surgery results in signifi-
cantly longer length of stays compared to the retroperitoneal approach [4, 37, 40,
79, 82, 83, 86]. It is believed that manipulation of the bowel increases the rates
of post-operative ileus. However, there is lack of strong evidence to suggest that
this is the cause [85], to the extent that the opposite effect has been cited in some
literature [24]. The time to first oral intake is not significantly different between
retroperitoneal and transperitoneal techniques [36, 82]. A multivariate analysis by
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Kim et al. predicted surgical approach to be an independent predictor of post-
operative length of stay [87]. Meanwhile, other studies like Carbonara et al. [78]
failed to show significant difference in post operative length of stay between the
two approaches [78].

20.7.2 Post-Operative Renal Function

Studies have not demonstrated a difference in serum creatinine in the early post-
operative period when contrasting the two approaches [4, 7, 31, 36, 37, 40, 79,
82, 83]. Furthermore, there is no significant difference in median variation of
eGFR between baseline levels and in the subsequent follow up time between the
retroperitoneal and transperitoneal patient groups [4, 7, 31, 36, 37, 40, 78, 79,
81-83, 87].

20.7.3 Post-Operative Complications

Some authors have reported transperitoneal renal surgery associated with higher
surgical complications, and Clavien-Dindo two and above complications when
compared with retroperitoneal [4]. However, the majority of the available data
report no significant differences in surgical outcomes between transperitoneal and
retroperitoneal approaches [7, 8, 23, 31, 33, 78, 79]. Both approaches have shown
to have comparable postoperative and overall complication rates [4, 7, 31, 33,
36, 78, 83, 85, 86]. An analysis by Dell’Oglio et al. observed no differences in
warm ischemia time, estimated blood loss, postoperative complication rate, post
operative eGFR and positive surgical margins in the two surgical techniques.
Interestingly, in this analysis the patients had equivalent outcomes after either
transperitoneal or retroperitoneal technique regardless of the tumour location [32].
The study also observed no advantage with the different tumour position (anterior
versus posterior) and the approach (transperitoneal versus retroperitoneal) used to
resect the lesion [32].

20.7.4 Post-Operative Intraabdominal Adhesions

There is no consensus as to when a retroperitoneal approach or a transperitoneal
approach should be employed in robot-assisted laparoscopic nephrectomy or par-
tial nephrectomy. However, adhesions in the abdomen appear to be a relative
contraindication for some surgeons. It is thought that adhesions due to previ-
ous abdominal surgery leads to increase in operation time, estimated blood loss
and general increase complications such as longer stay in hospital and conversion
to open surgery. However, Abdullah et al. [29] conducted a prospective multi-
centre study with 1686 patients and compared patients undergoing robot-assisted
laparoscopic partial nephrectomy with and without a history of previous major
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abdominal surgery. They found that there was no difference in operation time,
warm ischemia time, length of stay, positive margins, and other perioperative com-
plications between the two groups excluding an increase in estimated blood loss in
the prior surgery group that did not translate to higher rates of transfusion [29]. A
particular strength of this study was that the two groups were found to not have a
statistically significant difference in RENAL nephrometry score, Charlson comor-
bidities index, tumour size and pre-operative eGFR. These findings were supported
by Zargar et al. [88] in their single centre study with 627 patients [88]. Moreover,
a study that investigated non-robotic transperitoneal laparoscopic radical nephrec-
tomies shared similar results to the robotic partial nephrectomies although these
findings are limited by being a retrospective single centre study with selection
bias [89]. However, these studies are observational in nature, and as such limits
the conclusions. Ultimately, it appears that prior abdominal surgery and adhesions
have a less significant effect on perioperative and intraoperative outcomes than
conventionally thought.

20.8 Oncological Outcomes
20.8.1 Local and Distant Recurrence

Robotic renal surgery provides excellent cancer control and high cure rate for treat-
ing renal masses [90, 91]. The five-year survival rate after robotic laparoscopic
surgery for malignant renal masses has been reported to be 91% [91]. Overall
recurrence rate post robotic nephrectomy at 72 months was reported to be at 2.9%
[91] No clear difference exists in the overall recurrence rate, local recurrence rate,
or distant recurrence rate between transperitoneal and retroperitoneal surgical tech-
niques and both approaches had comparable long-term survival rates [4, 36, 37].
There are no differences recorded in rates of positive surgical margins between
transperitoneal or retroperitoneal approach [4, 39, 40, 78-80, 82, 83, 85, 86].

20.8.2 Port Site Recurrence and Crepitus

The incidence of port site recurrence is not well defined in robotic renal can-
cer surgery, but majority of available literature describe the incidence as rare
after laparoscopic resection of renal cell carcinomas, with overall estimated inci-
dence ranging from 0.03 to 0.35% [37, 92-96]. The incidence is higher following
robotic surgery for upper tract urothelial cell carcinoma and with retroperitoneal
laparoscopic surgery [92, 93, 95, 96]. Risk factors for port site recurrence include
positive surgical margins, high grade tumours, ruptured tumours, and no wrap
removal [92-94, 96, 97]. Other risks include retroperitoneoscopy, port site air leak,
high CO? insufflation pressure, aerosolization of tumour cells, and contamination
of operative field or port sites [98—101].
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Rassweiler et al. demonstrated 1.6% of its 377-patient cohort developed post
site recurrence within 12 months after laparoscopic nephroureterectomy. The
authors recommended open surgery for patients with advanced tumours of pT3
and higher as a result [93]. A study by Kang et al. reported that air leak during
retroperitoneal renal surgery increases the potential risk of port site recurrence in
patients with upper tract urothelial carcinoma [92]. The incidence of port site recur-
rence was 2.8% in patients with renal pelvic tumours and and 0.7% in patients with
ureteral tumours in their series, with overall incidence of 1.7% [92]. They stipu-
lated that constant leakage of large volumes of CO? alongside the poorly seated
retroperitoneal ports increases the concentration of aerosolized tumour cells within
the subcutaneous tissue surrounding the ports [92]. Studies by Bouvy et al. [98]
reported CO? insufflation as a major factor leading to port site recurrences. Some
authors also report that subcutaneous emphysema and crepitus are increased fol-
lowing retroperitoneal robotic renal surgery, due to the small working space and
larger degree of air leaks around the ports, but studies are still underway. Many
retroperitoneoscopic surgeons advocate utilisation of lower insufflation pressures
in the retroperitoneum, typically 7-10 cm H?0 pressure in the retroperitoneum,
as opposed to 12-15 cm H?0 in the peritoneum, since the retroperitoneal space
requires less working volume. Other studies found no significant difference in
tumour seeding between the CO? pressures and a gasless surgery group [91,
98, 102]. We advocate that port sites should be examined during surveillance
follow up and wide local excision considered where appropriate [91]. Recom-
mendations to reduce the incidence include avoiding air leakage, abiding by strict
guidelines for proper tumour resection without spillage or aerolisation, and always
removing the specimen under direct vision with the use of impermeable specimen
bags [91, 92, 103, 104].

20.9 Conclusions

Transperitoneal and retroperitoneal approaches are equally excellent approaches
for performing robotic assisted renal surgery. Transperitoneal and retroperitoneal
approaches have comparable intraoperative, post-operative outcomes and both
approaches have their own merits in select cases [4, 7, 31, 33, 36, 37, 78].
Transperitoneal robotic surgery remains more popular due to the familiar anatomy
and larger working volume of the peritoneum. Retroperitoneal robotic renal
surgery continues to grow in popularity, particularly for small posterior tumours
in the hands of experienced surgeons with access to smaller robotic platforms
that can accommodate the smaller working space of the retroperitoneum It is
important for surgeons to be confident in both transperitoneal and retroperitoneal
approaches, so that they can modulate the choice of approach appropriately to
each individual case. The final choice of approach should reflect surgeon experi-
ence, tumour anatomy, and the surgeon’s understanding of competing advantages
and disadvantages of each [4, 24, 39, 105].
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Radical nephrectomy is an established surgical procedure with evolving indica-
tions. Current guidelines recommend radical nephrectomy as the treatment of
choice for larger and/or locally advanced renal tumors not amenable to nephron-
sparing surgery. The European Association of Urology (EAU) guidelines is the
only one to encourage the use of laparoscopic over open approach for radi-
cal nephrectomy owing to similar oncological outcomes but lower perioperative
morbidity [1].

R. Campi (X)) - A. Pecoraro

Unit of Urological Robotic Surgery and Renal Transplantation, University of Florence, Careggi
Hospital, Florence, Italy

e-mail: riccardo.campi @ gmail.com; riccardo.campi @unifi.it

R. Campi
Department of Experimental and Clinical Medicine, University of Florence, Florence, Italy

S. Erdem
Division of Urologic Oncology, Faculty of Medicine, Department of Urology, Istanbul University,
Istanbul, Turkey

0. Kara
School of Medicine, Department of Urology, Kocaeli University, Kocaeli, Turkey

U. Carbonara
Andrology and Kidney Transplantation Unit, Department of Emergency and Organ
Transplantation-Urology, University of Bari, Bari, Italy

M. Marchioni
Laboratory of Biostatistics, Department of Medical, Oral and Biotechnological Sciences,
D’ Annunzio University of Chieti-Pescara, Chieti, Italy

Department of Urology, SS Annunziata Hospital, D’ Annunzio University of Chieti-Pescara,
Chieti, Italy

R. Bertolo
Department of Urology, San Carlo Di Nancy Hospital, Rome, Italy

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 213
S. S. Goonewardene et al. (eds.), Robotic Surgery for Renal Cancer,
Management of Urology, https://doi.org/10.1007/978-3-031-11000-9_21


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-11000-9_21\&domain=pdf
mailto:riccardo.campi@gmail.com
mailto:riccardo.campi@unifi.it
https://doi.org/10.1007/978-3-031-11000-9_21

214 R. Campi et al.

Technological advances of minimally-invasive techniques with the introduc-
tion of the robotic platform arouse early controversy regarding whether or not
the robotic is appropriate for performing radical nephrectomy. However, robotic
radical nephrectomy showed encouraging outcomes in tackling demanding proce-
dures such as the management of large tumors, aberrant anatomy, or higher tumor
stages involving contiguous organ invasion [2]. In 2021, a systematic review of
literature and meta-analysis involving 12 studies and a total of 64.221 patients
investigated the current role of robotic radical nephrectomy in the management
of renal cell carcinoma [3]. Notably, robotic radical nephrectomy seems to offer
several advantages compared to open radical nephrectomy, including shorter hospi-
talization length of stay, and fewer complications. In addition, the robotic approach
reported a shorter hospitalization time even compared to laparoscopic radical
prostatectomy with no differences in terms of postoperative complications. More-
over, long-term outcomes indicate that minimally invasive and open approaches
have equivalent cancer-specific survival [3]. In this scenario, the robotic radical
nephrectomy could represent a valid option for the management of renal masses
not suitable for nephron-sparing surgery. The higher cost of the robotic is the main
limiting factor that encourages the detractors to avoid the spread and the evolving
of this surgical approach for radical nephrectomy [4]. Nevertheless, robotic rad-
ical nephrectomy might be deemed cost-effective if it can reduce complications,
transfusions, conversions, and hospitalization time.

The removal of the entire kidney including Gerota’s fascia and regional lymph
nodes, as well as the ipsilateral adrenal gland (if the adrenal-sparing approach is
not indicated) represent the main steps of the radical nephrectomy even with the
robotic approach (Fig. 21.1). Advantages of the robotic radical nephrectomy such
as 3D vision, articulated instruments, and a better suture-step compared to laparo-
scopic surgery allow more thorough retroperitoneal node dissection in appropriate
patients, as well as management of complex scenarios such that include vena cava
tumor thrombus, invasion of contiguous organs like the liver or pancreas, or for
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Fig.21.1 Intraoperative snapshots during robotic right radical nephrectomy. A Identification of
the psoas muscle plane. B Hilar control with 4th arm retraction of the kidney. C Dissection with
Hem-o0-Lok® (Weck Closure Systems, Research Triangle Park, NC, USA) of the renal artery
before clipping and dividing the renal vein. D Completion of robotic radical nephrectomy and
mobilization of the upper pole of the kidney leaving the adrenal gland “in situ”

extremely large tumors over 20 cm or larger [4]. The major challenges of laparo-
scopic radical nephrectomy for large renal masses are the limited working space,
neovascularity requiring extreme care to prevent injury, and difficult access to the
renal hilum due to the tumor drooping over the hilum and often the great ves-
sels themselves [4]. The dexterity of the robotic instruments, as well as surgeon
control of the scope, allowed to overcome these surgical challenges. The initial
robotic experience was mainly based on the use of the da Vinci S® or Si® Surgical
Systems (Intuitive Surgical®, Sunnyvale, CA, USA) that would typically require
a meticulous robotic and assistance port-placement (as triangulation around the
kidney of the ports in the upper quadrant particularly) where this can be critical
to avoid arm collisions. More recently, the introduction of the Xi® robotic plat-
form further facilitated this approach to minimize instrument clashing, which was
certainly a limitation during radical nephrectomy [4].
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22.1 Introduction

Between 4 and 10% of renal cancers are associated with tumor thrombus in
the inferior vena cava (IVC) [1]. Traditional open IVC thrombectomy remains
a physically challenging and technically demanding surgery with significant peri-
operative morbidity and mortality [2]. However, as robotic techniques continue to
evolve, carefully selected patients may have the opportunity to undergo robotic
IVC thrombectomy (RIVCT). As a relatively new procedure, RIVCT techniques
are growing and improving rapidly. Beginning in 2011, groups began report-
ing outcomes for level I or I RIVCTs [3]. The first series of robotic level III
thrombectomy cases was reported by Gill et al. in 2015, demonstrating the safety
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and feasibility of the procedure [4]. Only a few years later, the first robotic IVC
thrombectomy for a level IV thrombus with a mini-thoracotomy for cardiac control
was successfully performed [5].

To date, there have not been any prospective randomized trials comparing out-
comes of RIVCT to open surgery. However, several series have been published
confirming the efficacy of RIVCT. While sample sizes are relatively small due
to strict patient selection, the procedure has been generally standardized, creating
a uniform and reproducible technique [6]. The approach hinges on minimizing
manipulation of the IVC, dissecting tissue away from the great vessel [7]. This
“IVC-first, kidney-last” approach has worked to minimize thrombus embolism and
major hemorrhage.

For patients without metastatic disease, surgical excision of the tumor and
thrombus is the first-line treatment. This provides a 5-year cancer-specific survival
of up to 65% [4]. While surgical technique and skill is important, preoperative
planning is paramount, and heavily influences RIVCT outcomes. Careful patient
selection and evaluation must precede a surgical approach that is tailored to each
patient. Preoperative considerations include a battery of testing, imaging, consulta-
tions, tumor staging, and preoperative procedures. Strict adhesion to standardized
preoperative procedure minimizes complication rate and can drastically improve
outcomes.

22.2 Patient Selection
22.2.1 Clinical Staging

Careful patient selection is the cornerstone of successful RIVCT. Perhaps the most
important part of preoperative workup involves staging of the tumor thrombus,
which should be performed less than a week before surgery. Staging may be
performed either by computed tomography (CT) or magnetic resonance imaging
(MRI), both of which have excellent sensitivity and specificity for assessing extent
of tumor thrombus [8]. The most used staging system was developed by Neves and
Zincke at the Mayo Clinic in 1987 [9, 10]. This system describes four levels of
tumor thrombus based on cephalad extent within the IVC (Table 22.1). The staging
system was modified by Ciancio et al. in 2002 to subdivide a level III thrombus
into a further four categories [11].

This staging system may be used in conjunction with the American Joint Com-
mittee on Cancer (AJCC) system, which uses the familiar tumor-node-metastases
(TNM) method. Regarding tumor thrombus, the AJCC TNM system is classified
as follows [12]:

e T3a—Tumor extends into the renal vein, but not beyond Gerota’s fascia

e T3b—Tumor extends into the IVC inferior to the diaphragm

e T3c—Tumor extends into the IVC superior to the diaphragm or invades the
wall of the IVC.
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Table 22.1 Mayo staging system of vena caval thrombectomy

Mayo staging system | Criteria

Level 0 Thrombus extending into the renal vein

Level I Thrombus extending into the IVC no more than 2 cm superior the
renal vein

Level I Thrombus extending into the IVC more than 2 cm superior to the
renal vein, but not to the hepatic vein

Level Illa Thrombus extending into the retrohepatic IVC, but inferior to the
major hepatic veins

Level I1Ib Thrombus extending into the retrohepatic IVC, reaching the ostia of
the major hepatic vessels

Level Illc Thrombus extending into the retrohepatic IVC superior to the major
hepatic vessels, but inferior to the diaphragm

Level I1Id Supradiaphragmatic thrombus, but inferior to the right atrium

Level IV Supradiaphragmatic thrombus that extends into the right atrium

Additionally, the degree of IVC lumenal occlusion may be described by the follow-
ing system proposed by Blute et al. [13], which may be helpful with preoperative
surgical planning:

A—IVC with no occlusion

B—IVC is partially occluded, distal bland thrombus limited to the pelvis
C—IVC is partially occluded by tumor thrombus, associated bland thrombus
D—IVC is completely occluded by tumor thrombus, associated bland thrombus.

22.3 Patient Evaluation
22.3.1 Imaging

Abdominopelvic imaging is vital to surgical approach and technique. Thrombus
anatomy should be carefully studied including length, diameter, vessel involve-
ment, arterialization, and bland thrombus presence/extent. Assessment of IVC
anatomy should involve diameter, presence of blood flow, wall invasion, and the
locations of bilateral renal vasculature. An assessment of hepatic anatomy should
include the number and location of short and main hepatic veins, liver size, and
involvement as suggested by congestion. Renal anatomy study should include
number of renal arteries and veins, venous flow and collaterals, and renal tumor
size/stage. Finally, the retroperitoneal anatomy should be carefully considered to
assess adenopathy and venous collaterals [4].

As mentioned prior, MRI or CT imaging should be performed less than a week
before surgery [8]. If the patient has acceptable renal function, CT is commonly
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performed. A multi-phasic CT is generally preferred, providing imaging at mul-
tiple different times following contrast administration. This method has a high
sensitivity (93%) and specificity (97%) for detecting tumor thrombus [14, 15].
Patients with contrast allergies or borderline renal function may receive an MRI
with contrast allowing for multi-planar reformatting. CT and MRI imaging is pre-
ferred as it describes the extent of the renal tumor into the peri-renal fat, adrenal
involvement, intra-abdominal adenopathy, caval flow characteristics, and vascular-
ity of the kidney, including any collateral vessels [16]. A multiplanar review of
the multiphase images on a workstation by an experienced abdominal radiologist
often leads to a more detailed nuanced mapping of the vasculature. Multiplanar
review is important as a single plane review may miss crucial details such as
focal IVC wall involvement and variant anatomy. A direct consultation between
the urological team and radiologist is critical for surgical planning. Additionally,
for patients with level IIId or IV thrombi, a transesophageal echocardiogram is
generally warranted to assess involvement of the right atrium.

Occasionally, neither CT nor MRI may be possible, either due to availabil-
ity or patient intolerance. In such cases, inferior vena cavography may be used
for assessment and staging. However, this imaging modality is limited due to its
invasive nature, high contrast load, and risk of complications [10, 17]. Abdomi-
nal ultrasound may also be used, but results are highly dependent on the position
of the thrombus and skill of the ultrasonographer [18]. Studies have shown that
ultrasonography has a sensitivity of 68% when detecting thrombi below the level
of insertion of the hepatic vein. Additionally, in more than 40% of cases, the IVC
is not fully visualized by ultrasound imaging [19].

22.3.2 Additional Pertinent Testing

All patients should receive metastatic workup within 30 days prior to surgery.
This should include pertinent laboratory testing such as a complete blood count,
comprehensive metabolic panel, serum calcium, liver function tests, and urinalysis
[20]. If urothelial carcinoma is within the differential diagnosis or if urinalysis
reveals gross or microscopic hematuria, urine cytology or cystoscopy should be
considered. Additionally, patients should have a chest CT, bone scan, and brain
MRI if possible. If necessary, a pet-CT should be ordered to assess potentially
metastatic lesions [16].

Renal function should be assessed prior to surgery. Radionuclide mercapto-
acetyltriglycine-3 renal scan and 24-hour urine collection for creatinine clearance,
protein excretion, and estimated glomerular filtration rate may be considered as
needed [16]. Cardio-pulmonary clearance and lower extremity duplex Doppler
ultrasonography should be ordered prior to surgery.
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22.4 Preoperative Procedures
22.4.1 Angioembolization

Reliable preoperative renal artery angioembolization (RAE) is immensely helpful
for RIVCT, particularly for left-sided thrombi. This is because intraoperatively the
left renal vein is ligated well before control of the left renal artery is achieved.
Therefore, RAE helps to minimize blood control and allows for early ligation of
the renal vein [4].

Studies have shown that the efficacy of RAE varies by the tumor size, tumor
vascularity, and the completeness of embolization [21, 22]. In patients with large,
high level tumor thrombi, RAE may help downsize or partially regress the tumor
thrombus prior to surgery, which can optimize surgical approach and outcomes
[2, 23]. Additionally, preoperative RAE can induce local edema that can improve
cleavage between the infarcted kidney and other surrounding tissues [24]. This
may help with plane dissection, and the effect appears to be most pronounced at 72
hours following RAE [25]. However, this improved dissection must be weighted
against the risk of collateral vessel development. As a result, the recommended
time between RAE and surgery is less than 24 hours to 2 days [1, 26-29].

It has also been suggested that delaying the time between RAE and surgery may
stimulate the production of tumor antibodies as a result of extensive tumor necrosis
[24, 30]. This delay is suggested to act as a kind of autovaccination to provide
specific active immunotherapy that may be protective against metastases. Though
studies have shown mixed results, this hypothesis is far from proven [31-33].

22.4.2 Placement of IVC Filter

An additional consideration involves consulting interventional radiology to place
a preoperative IVC Greenfield filter. Preoperative placement may be useful in
patients who present with pulmonary emboli despite administration of anticoag-
ulation or in patients for whom anticoagulation is contraindicated. Additionally,
if the IVC is completely and chronically occluded prior to surgery, placement of
a filter may be indicated. Due to the risk of decreased flow caused by collateral
vessels, the IVC should be placed inferior to the contralateral vessel [34]. If an
IVC filter must be placed, it should be done less than 48 hours before surgery [17,
35]. It should also be placed suprarenal through a superior approach [35].1t should
be noted that if a patient presents with an IVC thrombus presents following a pul-
monary embolism, the appropriate treatment is often urgent nephrectomy rather
than placement of an IVC filter. Filters are often avoided because the thrombus
often incorporates the filter into itself as it grows [13, 34]. This can unnecessar-
ily complicate surgical complexity and adversely affect outcomes. Intraoperatively,
placement of a filter may be considered if distal bland thrombus exists that is not
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associated with tumor thrombus. This may be indicated to prevent the propaga-
tion of bland thrombus, achieve negative surgical margins, or clear vena cava wall
invasion [13].

22.5 Preoperative Considerations
22.5.1 Preoperative Medical Therapy

Generally, RIVCT patients are referred for surgical therapy without prior medical
therapy [8]. There has been little success with systemic immunotherapy trials [36].
Recently however, there has been growing interest in the use of systemic kinase
inhibitors to downsize tumor thrombus level prior to surgery [8, 28]. Several retro-
spective studies have produced variable results, showing decreased thrombus levels
in between 7 and 19% of cases [37-39].

It should be noted that—though it is possible to decrease tumor level with
targeted medical therapy—this does not always change surgical approach. Addi-
tionally, some tumor thrombi may continue to grow despite medical therapy.
Therefore, if a tumor thrombus is resectable at presentation, it may be prudent
to refer for surgery rather than administer systemic medical therapy.

22.5.2 Anti-coagulation

In the setting of RIVTC, anti-coagulation is sometimes given as treat-
ment/prophylaxis for pulmonary embolism. Tumor thrombi generally consist of
non-friable tumor tissue that is unlikely to cause a pulmonary embolism [8].
However, when a pulmonary embolism occurs mortality is immensely high. An
assessment of eight series of a total of 803 IVC thrombectomy patients showed
that despite an incidence of 1.49%, overall mortality from preoperative pulmonary
embolism was 75% [40—45]. Therefore, in cases of preoperative pulmonary
embolism, anti-coagulation may be administered. Anti-coagulation may also be
appropriate if preoperative imaging reveals significant bland thrombus.

22.5.3 Consultations

Prior to surgery various consultations may be appropriate based on patient circum-
stances and characteristics. Anesthesia and cardiothoracic surgical consultations
are recommended for patients older than 50 years of age as well as patients who
will receive cardiopulmonary bypass [20, 35]. An anesthesiologist familiar with
rapid fluid shift, cardiopulmonary bypass, and transesophageal echocardiogram is
preferred [10]. Particularly for level II to IV thrombi, transesophageal echocardio-
gram (TEE) monitoring can be immensely helpful. It is recommended that such
patients receive TEE preoperatively following induction of anesthesia [46]. The
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TEE may be performed as a continuous intraoperative monitoring measure at the
discretion of the surgeon and the anesthesiologist. This can be helpful to assist in
dissection, monitor patient volume responsiveness and cardiac performance, assess
intraoperative complications (such as intraoperative embolism) in real-time, and
ensure complete resection of tumor thrombus.

Hepatobiliary consultation is warranted for tumor thrombi particularly of level
IIT and IV. A skilled hepatobiliary team typically assists with mobilization of the
liver intraoperatively. This involves disconnection of the perihepatic ligaments,
including the falciform ligaments, the right and left triangular ligaments, and the
coronary ligaments [47]. This allows for the vessel tourniquet to be placed in the
suprahepatic and infradiaphragmatic IVC, superior to the proximal IVC thrombus.

Cardiology should be consulted if the patient has two or more risk fac-
tors for coronary artery disease [35]. Consultation with vascular surgery may
also be warranted if the surgeon does not have expertise with complex vascu-
lar reconstruction. An experienced hospitalist or intensivist should be consulted
for perioperative management. Finally, a skilled surgical oncologist should be
consulted and prepared in the case of conversion to open surgery.

Given the potential medical complexity of renal tumors with caval involvement,
the involvement of medical hospitalists or intensivists teams in the coordination of
multi-disciplinary care is recommended. Patients with high level tumor thrombi are
at risk for sudden conversion to a variety of medical maladies, including sudden
onset hepatopathy and Budd-Chiari Syndrome, with resultant coagulopathy and a
classical clinical triad of pain, ascites, and hepatomegaly. Such medical sequelae
are often poor prognostic harbingers, and a vigilant eye for the development of
these must be maintained. The post-operative recovery of these patients is also
often challenging, and intensivist care in the acute post-operative setting, followed
by hospitalist involvement as the patient transitions to the ward, remains critical.

Bland thrombus distal to the tumor thrombus may develop from the venous
stasis secondary to chronic luminal occlusion of the IVC and the hypercoagu-
lability of malignancy. As such, and evaluation of the extent of bland thrombus
burden in the lower extremities using duplex ultrasonography of the bilateral
lower extremities starting from the groin and extending distally may guide pre-
operative, intra-operative, and post-operative strategies. For instance, the utilization
and extent of pre-operative anticoagulation may be in part guided by the extent of
distal bland thrombus. Intraoperatively, both tumor involvement within the wall
of the IVC firstly, and extent of distal bland thrombus, secondly, may guide the
decision to perform inferior vena cavectomy. Lastly, extent of bland thrombus will
certainly play a role in the anticoagulation approach in the post-operative setting.
One study recommended intraoperative placement of a IVC filter in patients with
evidence of distal tumor thrombus that is not associated with tumor thrombus. The
same study stated that IVC filters must never be placed superior to tumor thrombus
due to the possibility of tumor incorporating into the filter [13]. In such a case, it
may be worth consulting with an experienced vascular surgeon or interventional
radiologist.
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Lastly, even within the urologic team in charge of the patient’s care, the active
participation of specialists with both minimally invasive and open surgical skills is
a must. The potential for catastrophic intraoperative complications such as tumor
embolism increases with the extent of IVC involvement and the risk of conversion
to open surgery has a similar correlation. As such, we recommend that surgi-
cal teams discuss the possibility of open conversion well in advance, and have a
practiced, set plan for rapid undocking and open conversion should the need arise.
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23.1 Introduction

Renal cell carcinoma (RCC) is estimated to account for 4.1% of all new cancer
diagnoses and 2.4% of all cancer deaths in 2020 according to the National Cancer
Institute SEER database. This will likely total 73,000 new cases and 15,000 deaths
[1]. RCC is one of the most lethal of the common cancers urologists will encounter
with a 5-year relative survival of 75.2% [1]. Renal cell carcinoma is one of a
small subset of malignancies that are associated with tumor thrombus formation,
which is tumor extension into a blood vessel. An estimated 4—10% of patients with
RCC will have some degree of tumor thrombus extending into the renal vein or
inferior vena cava at the time of diagnosis [2]. Tumor thrombi change the staging
of RCC and therefore are an important part of initial patient workup. It is known
that such tumors are more aggressive with higher Fuhrman grades, N+ or M+
at time of surgery and have higher probability of recurrence with lower cancer-
specific survival [3]. Aggressive surgical intervention with radical nephrectomy
and thrombectomy can be performed with survival benefits. Therefore, a thorough
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understanding of the surgical anatomy and approaches for varying levels of RCC
tumor thrombus is of utmost importance when treating these patients.

RCC tumor thrombi are classified according to the extent to which they invade
the inferior vena cava. The Mayo Clinic RCC Tumor Thrombus Classification
System divides tumor thrombi into four categories ranging from level one to level
four.

Level zero thrombi are limited to the renal vein. Level one thrombi extend into
the inferior vena cava but less than two centimeters above the renal vein orifice.
Level two thrombi are more than two centimeters above the orifice but below
the hepatic vein. Level three thrombi extend above the hepatic vein but below the
diaphragm, and finally level four thrombi are above the diaphragm [4]. Classifying
the level of the tumor thrombus becomes vitally important in surgical planning as it
will dictate the surgical approach. Level zero thrombi may be amenable to simple
renal vein ligation while level four can require thoracotomy and possible open
heart surgery with coordination of many surgical teams.

Here we will review the anatomy associated with each level of tumor thrombus
and attempt to construct an outline for surgical techniques that may be used. We
aim to give a concise overview so that general urologists may use it to understand
these potentially complicated cases.

23.2 Anatomy of the IVC and Tributaries Related to Renal
Surgery

Adequate knowledge of the normal anatomy of the inferior vena cava, its tribu-
taries relevant to renal surgery, and common variations is essential in minimizing
adverse events associated with complex radical nephrectomies and thrombectomy.
The inferior vena cava ascends along the anterolateral border of the vertebral col-
umn to the right of the abdominal aorta where it enters the thoracic cavity at the
level of T8 through the vena caval foramen of the central tendon of the diaphragm.

It is sometimes accompanied by the phrenic nerve through its foramen [5].
Cases of left-sided IVC and bilateral IVCs have been reported and should be iden-
tified pre-operatively [6]. Other important relations include the duodenum and head
of the pancreas anteriorly at the level of the kidney, the hepatoduodenal ligament
anteriorly at the level of the liver, the right renal artery passing posteriorly, and the
root of the mesentery and right gonadal artery anteriorly [7].

The IVC tributaries relevant to renal surgery and classification of invasion of
thromboses include right and left renal veins, right suprarenal vein, hepatic veins,
and right and left inferior phrenic veins [8]. The renal veins drain into the IVC
laterally at the level of L2. Thromboses of the renal veins constitute a level zero
invasion [4]. The right suprarenal vein empties into the IVC laterally and slightly
superior to the right renal vein also at L2 [9]. It formed an anastomosis with an
accessory hepatic vein before emptying into the IVC in 20% of 440 patients in a
study performed by Omura et al. [10]. The accepted normal anatomy of hepatic
drainage is that the left, middle, and right hepatic veins empty into the IVC at the
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level of T8 immediately before the IVC enters the thorax [9]. However, a study by
Fang et al. found that 61% of 200 cadavers’ middle and left hepatic veins combined
to form a common trunk that then emptied into the IVC. Additionally, it was not
uncommon for additional, accessory veins to be present [11]. The hepatic veins
also separate levels one and two from level three thrombotic invasions. Lastly, the
inferior phrenic veins travel along the inferior aspect of the diaphragm and empty
into the IVC as the IVC enters the vena caval foramen at T8 [9].

They are also highly variant in their course. The right inferior phrenic vein
emptied into the right hepatic vein in 8% of cadavers in a 2005 study by Loukas
et al. The left inferior phrenic vein was more highly variable being found emptying
into the IVC (37%), left suprarenal vein (25%), left renal vein (15%), and left
hepatic vein (14%) [12].

The kidneys are typically drained solely by the renal veins. However, there
are many clinically significant variations in course and anastomoses [13]. The
right renal vein is typically shorter in length at 2-2.5 cm and less commonly
has anastomoses as compared to the left renal vein, but it still drains the right
suprarenal vein in 6% of cases and the ascending lumbar vein in 3% of cases.

The left renal vein is typically 8.5 cm in length and drains the left suprarenal
vein and left gonadal vein. It also commonly has additional tributaries from lum-
bar veins or the ascending lumbar vein. As it courses medially towards the IVC, it
passes anteriorly to the aorta and inferiorly to the superior mesenteric artery, which
creates a possible site of constriction commonly leading to a left-sided varicocele.
Invasion of RCC into the left renal vein can also cause a left-sided varicocele if
it obstructs the drainage of the left gonadal vein [14]. Cases of right-sided varic-
oceles caused by RCC invasion into the right renal vein have also been reported
[15]. Other common variations of renal veins include multiple renal veins and a
circumaortic left renal vein.

23.3 Kidney and Liver Venous Drainage and Anatomy

As mentioned previously, the kidneys are drained solely by the renal veins, but
can have variations in course and anatomy [13]. The renal venous system has
what is called a “free anastomosis” system in place due to extensive collateral
communication through venous collars around minor calyceal infundibula, which
allows venous blood to communicate and flow freely throughout all segments of
the kidney [13, 16]. Venous drainage in the kidney begins as the interlobular veins
that progresses as the arcuate, interlobar, lobar, and segmental veins.

A group of segmental veins then unite to form a tributary that becomes the renal
vein. Having a group of segmental veins uniting to form the renal vein allows for
extensive collateral venous drainage of the kidney, and occlusion of a segmental
venous branch will have little effect on venous outflow [16]. The right and left
renal veins lie anterior to their respective renal arteries as they drain into the IVC.
An important anatomical difference to consider between the renal veins is the fact
that the right renal vein measures approximately 2 to 4 cm long while the left renal
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vein is 6 to 10 cm [16]. The left renal vein receives drainage superiorly from the
left suprarenal (adrenal) vein and drainage inferiorly from the left gonadal (tes-
ticular or ovarian) vein. In approximately 75% of the population, the left renal
vein has the possibility of also receiving additional tributaries that can be clini-
cally significant in size and are highly variable [13]. These anatomical variants
are important considerations due to possibility of avulsion during a surgical proce-
dure. The left renal vein exits the kidney and travels medially traversing the angle
formed between the superior mesenteric artery anteriorly and the aorta posteriorly.
The left renal vein can be compressed between these two structures, known as
nutcracker syndrome. The right renal vein differs from the left in its course as it
travels towards the IVC, as well as the fact that it does not have extrarenal vessels
join its course before it enters the IVC [13].

Large RCC tumor thrombi have the potential to extend cephalically to a sub-
hepatic level interfering with venous drainage from the liver; therefore, knowledge
of hepatic venous drainage proves important role. Hepatic venous blood is returned
to the IVC via the hepatic veins.

There are three major hepatic veins: the right, middle (central), and left hepatic
vein that pass in a posterosuperior direction through the liver to empty into the
IVC which lies posterior to the surface of the liver [17]. A variable number of
small, accessory veins run from the liver directly into the IVC below the level
of the main hepatic veins [17]. During the course of radical nephrectomies with
subdiaphragmatic or intrathoracic tumor thrombus, it may be necessary to use liver
transplant techniques to mobilize the right lobe of the liver and access the retro-
hepatic vena cava [18]. Knowledge of the anatomical relationships among these
short hepato-caval vessels is key to assure optimal vascular control and prevent
uncontrolled bleeding.

23.4 Supra-Diaphragmatic Vena Cava Anatomical Relations

An important surgical consideration for RCC tumor extending into the inferior
vena cava is control of the distal end of the tumor thrombus [19]. For surgi-
cal removal of tumor thrombi extending above the level of the diaphragm, the
suptradiaphragmatic vena cava must be exposed. On average the length of the
supradiaphragmatic IVC (from right atrial appendage to diaphragm) was 20.6 mm
and width 28.7 mm [19]. Relevant vascular anatomy in relation to the supradi-
aphragmatic IVC includes the phrenic veins, diaphragmatic veins, and the right
phrenic nerve. The diaphragmatic veins and their location for insertion into the
supradiaphragmatic vena cava, as well as the phrenic veins and right phrenic nerve
in relation to the supradiaphragmatic IVC are important surgical considerations.
Different approaches have been elucidated to gain access to the supradiagphrag-
matic IVC when performing a thrombectomy. Careful consideration must be taken
with the abdominal approach as to not transect any of the important vasculature
encountered when dissecting the IVC from the diaphragm.
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23.5 Key Retroperitoneal Anatomical Landmarks Relevant
to Renal Surgery (Diaphragm, Cysterna Chili, Lymph
Nodes, Pleura)

The cisterna chyli is a saccular lymphatic structure located at the L1-L2 vertebral
body level in an area known as the retrocrural space, located just beneath the
abdominal aorta [20].

The cisterna chyli receives lymphatic drainage from intestines and lower body
structures and anastomoses with other lumbar and intestinal lymphatics as it con-
tinues in the cephalic direction as the thoracic duct [21, 22]. Anatomical variations
of the cisterna chyli are highly prevalent, and complex variations can result in a
plexus configuration as opposed to a single identifiable duct [22]. This is a large
ductal system that carries a significant amount of lymphatic fluid, and inadver-
tent intraoperative injury to this structure could potentially lead to postoperative
chylous fistuli, chylothoraces, and refractory chylous leakage.

Therefore, identification and preservation of the cisterna chyli is critical during
RCC tumor thrombus removal and lymph node dissection.

23.6 Modern Imaging, Role of CT, MRI, and US in RCC
with Vein Thrombus

Imaging plays a vital role in the management of RCC from diagnosis, to stag-
ing of disease, as well as assessment of response to medical or surgical therapy.
Evaluation of the proximal extent, volume of tumor thrombus, and potential caval
wall invasion are all necessary information for pre-operative planning considera-
tions [23]. A clear pre-operative understanding of the tumor burden and thrombus
may also direct the need for multidisciplinary surgical approaches [23]. Histori-
cally, Inferior Vena Cavography was used for the detection and evaluation of tumor
thrombi, however, this procedure was limited by its invasive nature and procedu-
ral complications [23], Rossi 2018. Revolutions in imaging throughout the past
decade have had a significant impact on the ability to manage kidney cancer; con-
versely, new surveillance protocols combined with serial imaging and advances in
cross-sectional imaging have enhanced the ability to grade and stage kidney can-
cer [24]. With respect to RCC with venous thrombus, the imaging modality used
must reliably identify any infra- or suprahepatic as well as intra-cardial extension
of the thrombus [25]. Pre-operative determination of the tumor thrombus stage
and the cranial extent of the thrombus is used to guide pre-operative planning
for surgical approach to resection [25]. Different modalities that are currently
used for pre-operative planning include MRI, CT, and ultrasound. CT remains
the most appropriate imaging modality for classification of RCC thrombus. While
RCC can appear as iso-, hyper-, and hypodense lesions on non-contrast CT, it
usually demonstrates significant contrast enhancement and areas of necrosis fol-
lowing intravenous contrast application [25]. When compared to CT, MRI has
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superior soft tissue contrast resolution and ultrasound has found increasing uti-
lization for repeated scanning and surveillance of tumors. While ultrasound is a
non-invasive and commonly used way to evaluate patients with RCC, this method
is largely dependent on the ultrasonographer and the position of the thrombus. It
has been shown that the use of ultrasound to detect tumor thrombus location below
the level of the insertion of the hepatic vein has a sensitivity of 68% [23]. Sev-
eral studies have shown that a multiparametric imaging approach is most likely to
yield the highest diagnostic accuracy [25]. While perioperative imaging for tumor
thrombus removal is essential, intraoperative imaging can also be performed with
transesophageal echocardiography (TEE), which gives the surgeon a real-time view
of the tumor. The use of TEE has been studied and has proved effective as a
technique to monitor the tumor thrombus position intra-operatively. This imaging
modality is used most often as a way to delineate the uppermost rim of the tumor
thrombus for higher stage tumors, such as those that extend into the atrium of the
heart [26].

23.7 Surgical Approaches

After determining the level of tumor thrombus, the surgeon should begin to formu-
late a surgical plan. One of the first decisions the surgeon will make is the approach
the he or she will take for the operation. This decision should not be overlooked
as there are many described approaches and advantages and disadvantages to con-
sider for each. Here we will discuss different incision types and the appropriate
times for their use. The most commonly used incisions in renal surgery, including
IVC thrombectomy, are flank, subcostal, midline, and thoracoabdominal.

The flank incision, while commonly used for access and exposure of the kidney
and renal hilum in nephrectomies and partial nephrectomies may be inadequate in
providing exposure to the IVC, thus, its utility in these operations is limited [23].
The subcostal incision is a popular approach as it gives excellent exposure to the
renal hilum and the IVC. The incision can be extended laterally (chevron incision)
in the case of bilateral disease and can also be extended superiorly for a sternotomy
in the case of level IV thrombi. Subcostal incisions are associated with a high
degree of postoperative pain [27]. The midline incision is an attractive approach
for these complex surgeries as it also provides excellent IVC exposure as well as
access to bilateral kidneys and renal hila. The midline incision can be extended
cephalad for sternotomy. The disadvantage to this approach is that it may limit
the ability to manipulate the liver and have access to the retrohepatic IVC should
this be necessary [27]. The thoracoabdominal incision can also be considered. This
incision may provide the best exposure to the hepatic vessels and retrohepatic IVC,
however, this advantage must be balanced with the possible complications. These
include severe post-operative pain, pneumothroax, phrenic nerve injury, impairing
diaphragmatic function, splenic injury, as well as requirement of a chest tube post-
operatively [28].
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23.8 Liver Transplant Techniques

When a tumor thrombus extends into the inferior vena cava above the hepatic ves-
sels (level IIT and IV tumor thrombus), liver transplant surgical techniques will
likely need to be employed for proper control. Mobilization of the liver (Langen-
buch maneuver) is necessary to obtain access to the retrohepatic IVC. This begins
with dividing the triangular ligamentous attachments as well as the falciform
ligament.

The small hepatic veins draining the caudate lobe are also ligated. This tech-
nique will allow for excellent visualization of the retrohepatic IVC [27]. Care
must be taken to preserve the left, right, and middle hepatic veins as these are the
primary venous drainage sources of the liver and cannot be sacrificed [29].

During liver mobilization, a Pringle maneuver may also be performed to
decrease the amount of vascular congestion and bleeding from the liver. This is
only necessary when a vascular clamp is placed above the hepatic vessels. In the
pringle maneuver, the surgeon first identifies the Foramen of Winslow and then
the hepatoduodenal ligament, which includes the hepatic artery, portal vein and
the common bile duct. The hepatoduodenal ligament is then clamped.

Care must be taken to minimize the amount of time the hepatoduodenal liga-
ment is clamped as splenic congestion, portal vein thrombosis, and ischemic liver
injury can occur if the clamp times exceeds 60 min [30].

In some instances, tumors of the left kidney may require further exposure to the
left retroperitoneum. To do this, the surgeon may perform the Mattox maneuver,
which is commonly used in trauma surgery to control bleeding in the left retroperi-
toneum. Interestingly, this technique was first described by a chief surgery resident,
Dr. Kenneth Mattox, working with a second year urology resident during a trauma
case at Baylor College of Medicine. During the case, they needed to quickly mobi-
lize the viscera to obtain access to the retroperitoneum as the patient was bleeding
and the source was suspected to be either the aorta or IVC. Since that time, the
maneuver has carried his name [31]. The maneuver begins by incising the peri-
toneum along the White Line of Toldt from the splenic flexure to the sigmoid
colon. Once this is done, the spleen, tail of pancreas, left kidney, and the stomach
may be mobilized.

239 Extracorporeal Circulation and Combined Cardiothoracic
Approaches

When the IVC is completely occluded, a bypass mechanism must be used to ensure
venous return to the heart. This has historically been done with two different
methods: cardiopulmonary bypass (CPB) and venovenous bypass (VVB). If these
techniques must be used, it is important to have assistance from a cardiothoracic
surgeon and anesthesia team with experience in these cases. The level of extension
of the tumor thrombus will dictate the bypass technique that is used. For level IV
thrombi, a CPB will be necessary prior to atriotomy. During a CPB, the femoral
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vein and superior vena cava are cannulated as well as the right subclavian artery.
An oxygenator is utilized to return oxygenated blood back to the arterial system.

The patient will require systemic heparinization as well as deep hypothermic
circulatory arrest (DHCA), which allows the bypass circuit and heart to be stopped
once hypothermia is achieved. CPB carries a high risk of stroke and perioperative
mortality [27].

Venovenous bypass (VVB) can be used when the tumor thrombus extends above
the diaphragm but not into the right atrium. During this procedure, the IVC is
controlled above the level of the tumor thrombus, possible in the intracaval section,
and the inferiorly below the renal veins. The IVC, or more commonly the femoral
vein, is the cannulated as well as the SVC. This allows venous bypass around the
clamped IVC.

23.10 Robotic RCC Thrombus Removal

As discussed in previous sections, traditionally surgery for renal cell carcinoma
with tumor thrombus has been performed via an open approach requiring large
thoracoabdominal incisions. However, in recent years there have been advances in
the use of laparoscopic and robotic-assisted approaches for these complex cases,
including level III thrombi. In 2000, Savage and Gill reported the first case report
of a planned laparoscopic nephrectomy and tumor thrombectomy extending into
the renal vein (level I thrombus) with good success [32]. Following this report,
Desai et al. published a case series in 2003 showing the feasibility of a laparo-
scopic approach in patients with level I tumor thrombi [33]. In 2014, Shao et al.
published a report of successful laparoscopic radical nephrectomy and thrombec-
tomy in 11 patients with right-sided RCC, including six with level II thrombi and
five with level IV thrombi. No major intraoperative or postoperative complications
occurred showing the feasibility of a minimally invasive technique even in the
most difficult patients.

Since that time, some major advancements have been made in the field of
minimally invasive surgery including the widespread implementation of robotic-
assisted laparoscopic surgery. Urologists were among the earliest adopters of
robotic surgery and in 2000 the first procedure performed on the da Vinci system
in the USA was a prostatectomy [34]. The robot has continued to be an impor-
tant tool utilized in urologic procedures and is now commonplace in renal cancer
surgery. In 2011, Abaza published the first case series involving robotic-assisted
nephrectomy with tumor thrombectomy. In this series, five patients had this proce-
dure with a mean operative time of 327 min, mean estimated blood loss of 170 cc,
and mean length of stay of 1.2 days. The tumor thrombi extended into the IVC
1, 2, 4, and 5 cm as well as one patient that had two tumor thrombi extending 3
and 2 cm. The tumor thrombi extending 5 cm into the IVC reached the level of
the liver, which would classify this as level III, however, this classification was
not noted in the paper. There were no complications, transfusions or readmissions
for these patients and all patients required opening of the IVC as well as either
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tangential clamp or cross clamp of the IVC [35]. In 2015, Gill et al. published the
first case series reporting nine patients that underwent level III tumor thombec-
tomy. They were able to perform the entire procedure, including intrahepatic IVC
control, IVC repair, radical nephrectomy, retroperitoneal lymphadenectomy com-
pletely intracoporeal utilizing a 7-port technique. The median operative time was
4.9 h, average estimated blood loss was 375 cc, and average hospital stay was
4.5 days. There were no intraoperative complications and 1 Clavien 3b postoper-
ative complication [36]. Other groups have been able to replicate this procedure
with good outcomes [37] and it seems that the robot may be poised to play a
bigger role in RCC with tumor thrombus in the coming years.
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in Metastatic Renal Cell Carcinoma

Roser Vives Dilme, Juan Gémez Rivas, Riccardo Campi,
Javier Puente, and Jesus Moreno Sierra

24.1 Introduction

Renal cell carcinoma (RCC) is responsible for more than 30,000 deaths per year
in Europe, accounting for 3% of all cancer diagnoses and 2% of all cancer deaths
worldwide [12, 20]. Approximately, 15-18% of patients present with metastatic
disease at the time of diagnosis and up to 40% of patients with initially localized
disease will develop metastases during follow-up [40].

Cytoreductive nephrectomy (CN) is the surgical removal of the kidney and pri-
mary tumour in the setting of metastatic disease. CN was considered the gold
standard treatment for metastatic RCC (mRCC) during the cytokine therapy era
based on two randomized phase 3 trials comparing CN plus interferon alfa-2b
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(IFNa-2b) versus IFNa-2b alone in treatment of mRCC, showing an increase in
median overall survival (OS) for patients who underwent CN (13.6 vs. 7.8 months)
[13, 14, 28].

Subsequently, since the advent of systemic targeted therapies in 2005, the role
of CN in the treatment of mRCC has been questioned. Several retrospective studies
demonstrated an overall survival benefit in patients treated with targeted therapy
who underwent CN [5], whereas the recent randomized phase 3 CARMENA trial
showed the noninferiority of systemic tyrosine kinase inhibitors (TKI) therapy
alone compared to upfront CN plus systemic TKI therapy in intermediate-risk and
poor-risk mRCC patients [27]. Moreover, current advances have shown improved
oncological outcomes from immune checkpoint inhibitors (ICI) as compared to
standard TKI monotherapy [31, 32, 37].

However, despite recent developments in systemic therapies, surgery remains
a key component in mRCC treatment. According to the rapidly changing mRCC
treatment scenario, patient selection, surgical approach and treatment sequence are
some of the aspects currently under evaluation. In this context, recent studies intro-
duce the use of a minimally invasive approach for CN with the aim of reducing
the morbidity associated with this procedure.

24.2 Evidence for Cytoreductive Nephrectomy in the New Era
of Systemic Therapy

CN was adopted as the standard of care in mRCC treatment in the cytokine era. In
2001, two randomized clinical trials (EORTC 30,947, SWOG 8949) demonstrated the
therapeutic benefitof CNin mRCC patients [ 13,28]. Later, acombined analysis of both
trials (n=331) showed an overall survival (OS) of 13.6 months for patients undergoing
CN prior to IFNa versus 7.8 months for patients receiving systemic treatment with
IFNa alone (HR 0.69; 95% CI1 0.55-0.87, p = 0.002) [14].

Inrecent years, the introduction of the new targeted therapies replacing the standard
systemic cytokine treatment led to question the role of CN. Several retrospective stud-
ies were conducted to evaluate the benefit of CN in mRCC treatment, demonstrating
improved OS associated with surgery in these patients [7, 17, 19]. Interestingly, when
patients were stratified according to the International Metastatic Renal Cell Carcinoma
Database Consortium (IMDC) prognostic factors [18], the subgroup analysis showed
the absence of significant benefitin OS in those patients belonging to the poor progno-
sis risk group who underwent CN (HR 0.67, 95% C10.44-1.01, p = 0.06) [7] and OS
6 versus 5.4 months (p > 0.1) [19]. Recently, Bhindi et al. [5] performed a systematic
review of the current available evidence, which demonstrated improved OS associated
with CN in mRCC patients (HR ranged from 0.39 to 0.68) and identified good perfor-
mance status (PS) and good/intermediate IMDC or Memorial Sloan Kettering Cancer
Center (MSKCC) [30] risk classification as the most important predictive factors of
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OS benefit with CN. In this regard, careful patient selection appears to be a key factor
to identify those mRCC patients who may benefit from surgery.

On the other hand, recent prospective randomized trials have challenged this
evidence. The CARMENA trial [27] compared upfront CN followed by sunitinib
therapy (226 patients) to sunitinib therapy alone (224 patients) in 450 intermediate-
risk and poor-risk mRCC patients according to MSKCC criteria. Noninferiority of
sunitinib therapy alone compared to CN plus sunitinib was demonstrated (OS 18.4
vs. 13.9 months, HR 0.89). However, the trial had some limitations such as sig-
nificant crossover, with 17% of patients in the sunitinib alone arm undergoing
subsequent CN and 7% of patients in the CN plus sunitinib arm not receiving
surgery, and the inclusion of only poor-risk MSKCC (43%) and intermediate-risk
MSKCC (57%) patients when previous studies had already shown the absence of
OS benefit from CN in these subgroups of mRCC patients [7, 19]. Furthermore, in
the setting of new and more effective systemic therapies for mRCC treatment, it is
being questioned whether surgery could delay the initiation of these therapies in
mRCC patients. The SURTIME trial [4] compared 50 patients receiving immediate
CN followed by sunitinib therapy to 49 patients who received sunitinib followed
by deferred CN, showing a significant increased median OS in patients who under-
went deferred CN after initial systemic treatment (32.4 vs. 15 months, HR 0.57,
p < 0.03). While being underpowered according to poor accrual, the SURTIME
trial demonstrated a survival benefit of deferred CN in intermediate-risk patients
in whom initial systemic therapy is essential and who were candidates to undergo
surgery. These results supported the finding from the CARMENA trial related to
the absence of benefit of immediate CN in intermediate-risk patients requiring
systemic treatment.

More recently, immune checkpoint inhibitors (ICI) have been established as
first-line therapy in mRCC patients [23]. The CheckMate-214 (nivolumab plus
ipilimumab vs. sunitinib), KEYNOTE-426 (pembrolizumab plus axitinib vs. suni-
tinib) and JAVELIN Renal 101 (avelumab plus axitinib vs. sunitinib) trials have
demonstrated improved oncological outcomes of ICI combined therapy compared
to standard TKI monotherapy [31, 32, 37]. As a noteworthy fact, more than 80%
of mRCC patients included in these randomized trials underwent prior nephrec-
tomy [6]. In this setting, Singla et al. [39] presented a retrospective study of a
National Cancer Database cohort (n = 391) comparing 221 patients treated with
immunotherapy plus CN and 170 patients who received immunotherapy alone,
showing an improved OS of the ICI therapy plus CN compared to the ICI therapy
alone (HR 0.23, p < 0.001). At the present time, three randomized prospective
trials are ongoing (NORDIC-SUN, SWOG1931 and PROBE), designed with the
aim of reassessing the role of CN in the new immunotherapy era.

In summary, given the rapidly evolution of systemic therapies, the role of CN
needs to be redefined. Currently, CN should be considered as a component of
the multimodal mRCC treatment in carefully selected patients. Surgical treatment
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still has a role in mRCC patients with good risk prognosis and good PS, patients
with favourable response after systemic therapy and patients requiring palliation
of symptoms [5]. Future prospective studies are needed to assess the optimal
treatment sequence and to evaluate the CN benefit in the era of immunotherapy.

24,3 Patient Selection for Cytoreductive Nephrectomy

In the current targeted therapy era, patient selection for CN has become of
paramount importance. In the setting of mRCC, two prognostic models allow
patient risk stratification: Memorial Sloan Kettering Cancer Center (MSKCC) and
International mRCC Database Consortium (IMDC) risk scores [18, 30].

Firstly, the MSKCC score classifies mRCC patients in favourable (MSKCC
score 0), intermediate (MSKCC score 1-2) and poor (MSKCC score > 3) risk
categories related to following criteria: Karnofsky PS < 80%, time from diag-
nosis to systemic treatment, hemoglobin concentration below the lower limit of
normal, calcium > 10 mg/dl and lactate dehydrogenase (LDH) > 1.5 times the
upper limit of normal. On the other hand, the IMDC risk score classifies mRCC
patients in favourable (IMDC score 0), intermediate (IMDC score 1-2) and poor
(IMDC score > 3) risk categories according to the same criteria presented in the
MSKCC prognostic model except for increased LDH and adding two new prognos-
tic variables: neutrophils and platelets above the upper limit of normal. However,
although these prognostic scores are used to predict OS in mRCC patients, they
were not originally designed for this purpose and are limited by the lack of con-
trol of tumour burden [41]. In this regard, some retrospective studies have been
conducted to identify potential preoperative predictor factors of improved survival
after CN, although all of them currently require external validation [9, 24, 26].
Other authors have evaluated independent risk factors, identifying sarcomatoid his-
tology, high metastatic burden, high neutrophil/lymphocyte ratio, high C-reactive
protein and progression on presurgical targeted therapies as poor prognostic vari-
ables [21]. Abel et al. [1] analyzed a retrospective series of 466 mRCC patients
with tumor thrombus undergoing CN and thrombectomy, showing no CN bene-
fit in patients with supradiaphragmatic involvement. Finally, CN in symptomatic
patients has been associated with an improvement of local symptoms or signs in
95% of cases [21, 22].

In summary, the new targeted therapy era establishes the need to define val-
idated prognostic scores to optimize the process of patient selection. Currently,
based on the available evidence, poor MSKCC/IMDC risk patients, poor PS
patients and patients with high metastatic burden appear not to benefit from upfront
CN and should be candidates for systemic treatment (Fig. 24.1).
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Fig.24.1 Patient selection for cytoreductive nephrectomy or systematic treatment

24.4 Minimally Invasive Surgery for Cytoreductive
Nephrectomy

Minimally invasive surgery is well-established for the treatment of localized RCC.
In the setting of mRCC, laparoscopic and robotic surgical approaches have been
recently evaluated with the aim of reducing the morbidity related to CN. CN is
associated with non-negligible morbidity and mortality rates in mRCC patients,
with a perioperative mortality risk of 0-13%, an overall postoperative complication
rate of 12-55% and a major complication rate of 3-36% [21, 38].

Several retrospective studies analyzed perioperative outcomes of minimally inva-
sive CN compared to open surgery. Rabets et al. [36], compared laparoscopic CN (22
patients) versus open CN (42 patients), showing benefit of laparoscopic CN in length
of hospital stay (2.3 versus 6.1 days, p < 0.001) and operative blood loss (288 versus
1228 ml, p < 0.001). These findings were corroborated in a subsequent retrospective
analysis by Matin et al. [25], including 38 patients who underwent laparoscopic CN.
Ganeshappa et al. [15], presented a retrospective series (n = 43) comparing laparo-
scopic and open CN showing decreased blood loss (277 vs. 816 ml, p < 0.001) and
length of hospital stay (3.2 vs. 5.1 days, p = 0.001) in the laparoscopic CN group.
Finally, the largest retrospective series (n = 120) analyzing laparoscopic CN outcomes
showed a postoperative complication rate of 23.3, 28.6% of which were classified as
major complications (Clavien-Dindo > 3), and a blood transfusion rate of 9.2% [33].
Therefore, based on the reported studies laparoscopic CN is considered a safe and fea-
sible surgical technique in selected patients, although no prospective data are available
to date.

The increasing use of robotic surgery in the last decade has led to consider the poten-
tial benefit of this surgical technique in the treatment of advanced or mRCC. Robotics
provides advantages such as wristed instruments, tremor suppression, 3D vision and a
less demanding learning curve compared to laparoscopic CN [3]. In this setting, Anele
etal. [2] performed a multi-institutional retrospective study comparing robotic radical
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nephrectomy (RN) with laparoscopic RN in large renal masses. The analysis showed
longer operative duration (185 vs. 126 min, p < 0.001) and shorter length of stay (3
vs. 5 days, p < 0.001) for robotic RN, with no significant differences in perioperative
complications (p = 0.2). Remarkably, the robotic RN group presented more advanced
disease (>pT3), histologic grade and nodal involvement, suggesting that surgeons pre-
ferred robotic surgery in more complex and surgically challenging cases. Therefore,
although studies evaluating the role of robotic CN in the mRCC scenario are needed,
recent evidence outline its potential benefit in the treatment of complex RCC cases
such as locally advanced RCC or inferior vena cava thrombosis.

Moreover, in the current targeted therapy era, significant postoperative morbid-
ity may delay the initiation of systemic treatment with a consequent detrimental
effect on patient management. About 13-30% of patients who underwent upfront
CN do not receive systemic therapy due to disease progression or periopera-
tive complications [5, 16]. Gershman et al. [16] conducted a retrospective study
of a series of 294 mRCC patients undergoing CN, showing on the multivari-
able analysis a significant association between laparoscopic approach and earlier
administration of systemic therapy (HR 5.05, p < 0.001).

Furthermore, the safety of targeted therapies and ICI prior to surgery needs to
be assessed. The SURTIME trial [4] showed no differences in surgical complica-
tions between immediate and deferred CN arms in a post-hoc analysis [11]. Pignot
et al. [35] presented the first retrospective series (n = 11) evaluating surgical char-
acteristics of mRCC patients undergoing delayed CN after systemic treatment with
ICI. The authors described the presence of adhesions and inflammatory tissue reac-
tion in 81.8% of patients. Recently, a retrospective study of a series of 391 mRCC
patients receiving ICI plus CN or ICI alone [39] evaluated the safety of performing
CN after ICI therapy, showing no prolonged length of stay, 30-day readmissions
and positive surgical margins in patients undergoing surgery.

In summary, prospective studies are needed to assess the benefit of minimally
invasive CN in the setting of mRCC, although its role appears to be relevant
in reducing perioperative morbidity in these patients. Moreover, the impact on
perioperative outcomes of new systemic treatments prior to CN needs further
evaluation.

24,5 Metastasectomy

Distant metastases in RCC occur most often in the lungs (60-75%), lymph nodes
(60-65%), liver (19-40%), bone (40%) and brain (5—7%) [7]. Surgical resection of
metastatic sites has been associated with improved outcomes in patients undergo-
ing CN. Although no prospective data are available, retrospective studies showed
better cancer-specific and overall survival in patients who underwent complete
metastasectomy [29].

Dabestani et al. [10] performed a systematic review of the available evidence,
including 16 retrospective studies which demonstrated a survival benefit associ-
ated with complete metastasectomy and better symptom control related to local
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treatment (including pain relief in bone metastases) compared to patients treated
with either incomplete or no metastasectomy. Later, a systematic review and meta-
analysis were conducted by Zaid et al. [42], analyzing eight cohort studies which
showed an improved median OS (36.5-142 vs. 8.4-27 months) and reduced risk of
all-cause mortality (HR 2.37, 95% CI 2.03-2.87, p < 0.001) in patients undergoing
complete surgical metastasectomy compared to those receiving incomplete or no
metastasectomy. Finally, Ouzaid et al. [34] presented a systematic review corrob-
orating these findings. The authors analyzed eight comparative studies identifying
complete surgical metastasectomy as a significant predictor of overall survival in
mRCC patients (HR 0.66, 95% CI 0.46-0.95, p = 0.03). Surgical candidates for
metastasectomy were those with good PS, limited burden of metastatic disease,
metachronous metastases with long interval of disease-free survival and feasible
total removal of metastatic disease.

Therefore, in light of the lack of prospective studies, complete metastasectomy
remains the appropriate local treatment in selected mRCC patients who are surgical
candidates, given the improved overall and cancer-specific survival associated with
this procedure.

24.6 Conclusions

The role of CN on mRCC treatment is still object of debate. In carefully selected
patients, CN remains an important option as a component of a multimodal thera-
peutic approach. Recent advances in systemic therapy have challenged the benefits
of surgery in mRCC patients. In this setting, future studies are needed to define
the optimal sequence of treatment, validated prognostic models to better select
patients for CN, benefits of minimally invasive surgery in the mRCC scenario and
the therapeutic role of CN in the new immunotherapy era.
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