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Abstract Objectives: To evaluate the recent developments in robotic urological
surgery, as the introduction of robotic technology has overcome many of the diffi-
culties of pure laparoscopic surgery enabling surgeons to perform complex mini-
mally invasive procedures with a shorter learning curve. Robot-assisted surgery
(RAS) is now offered as the standard for various surgical procedures across multiple
specialities.

Methods: A systematic search of MEDLINE, PubMed and EMBASE databases
was performed to identify studies evaluating robot-assisted simple prostatectomy,
salvage radical prostatectomy, surgery for urolithiasis, distal ureteric reconstruction,
retroperitoneal lymph node dissection, augmentation ileocystoplasty, and artificial
urinary sphincter insertion. Article titles, abstracts, and full text manuscripts were
screened to identify relevant studies, which then underwent data extraction and anal-
ysis.

Results: In all, 72 studies evaluating the above techniques were identified. Almost
all studies were retrospective single-arm case series. RAS appears to be associated
with reduced morbidity, less blood loss, reduced length of stay, and comparable clin-
ical outcomes in comparison to the corresponding open procedures, whilst having a
shorter operative duration and learning curve compared to the equivalent laparo-
scopic techniques.
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PCNL, percutaneous
nephrolithotomy;
(L-)(O-)(R-) RPLND,
(laparoscopic)(open)(r
obot-assisted) retro-
peritoneal lymph node
dissection;
(L)(RA) PN,
(laparoscopic)(robot-
assisted) partial
nephrectomy;
PRISMA, Preferred
Reporting Items for
Systematic Reviews
and Meta-Analyses;
RAI, robot-assisted
augmentation ileocys-
toplasty;
(s)RALP, (salvage)
robot-assisted laparo-
scopic prostatectomy;
RAS, robot-assisted
surgery;
(RA)RC, (robot-
assisted) radical
cystectomy;
RCT, randomised
controlled trial;
(L)(R)RP, (laparo
scopic)(retropubic)radi
cal prostatectomy;
sRRP, salvage RRP;
RNL, robot-assisted
nephrolithotomy;
RPL, robot-assisted
pyelolithotomy;
(O)(L)(RA)SP, (open)(
laparoscopic)(robot-as
sisted)simple prosta-
tectomy;
(S)UI, (stress) urinary
incontinence
Conclusion: Emerging data demonstrate that the breadth and complexity of uro-
logical procedures performed using the da Vinci� platform (Intuitive Surgical Inc.,
Sunnyvale, CA, USA) is continually expanding. There is a gaining consensus that
RAS is producing promising surgical results in a wide range of procedures. A major
limitation of the current literature is the sparsity of comparative trials evaluating
these procedures.

� 2018 Production and hosting by Elsevier B.V. on behalf of Arab Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The introduction of the da Vinci� Surgical System
(Intuitive Surgical Inc., Sunnyvale, CA, USA) has dra-
matically transformed the landscape of minimally inva-
sive surgery (MIS). This surgical platform, whilst
maintaining the benefits of standard laparoscopy, pro-
vides the surgeon with additional advantages of greater
dexterity, a wider range of movement, tremor filtration,
three-dimensional vision, and primary surgeon camera
control. These benefits are useful, especially when there
is a deep and narrow field and when intracorporeal
suturing and fine tissue dissection are required, as is
the case for pelvic and retroperitoneal surgery [1,2]. This
technology has therefore enabled surgeons to replicate
complex open procedures using MIS with a much faster
learning curve than standard laparoscopy and the
potential to supersede the results of open surgery.

Robot-assisted surgery (RAS) has now become the
contemporary ‘gold standard’ treatment modality for
many urological conditions. Perhaps the most estab-
lished procedure being robot-assisted laparoscopic
prostatectomy (RALP) [3]. After first being described
by Menon et al. [4], RALP has now replaced open
retropubic radical prostatectomy (RRP) and laparo-
scopic RP (LRP) in most modern healthcare systems

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 List of terms used for relevant database searches.

Procedure Search terms

Robot-assisted simple

prostatectomy (RASP)

‘robotic’ or ‘robot’ or ‘robot-

assisted’ AND ‘prostatectomy’

AND ‘benign’ or ‘simple’

Salvage robot-assisted radical

prostatectomy (sRALP)

‘salvage’ or ‘salvage therapy’ AND

‘prostatectomy’ or ‘surgery’ AND

‘robotic’ or ‘robot’ or ‘robot-

assisted’

Robot-assisted surgery (RAS)

for urolithiasis

‘robotic’ or ‘robot’ or ‘robot-

assisted’ AND ‘urolithiasis’ or

‘pyelolithotomy’ or

‘nephrolithotomy’ or ‘stones’ or

ureterolithotomy’

Robot-assisted distal ureteric

reconstruction

‘robotic’ or ‘robot’ or ‘robot-

assisted’ AND ‘Boari’ or ‘Psoas’ or

‘reimplant’ or ‘uretero-

ureterostomy’ or

‘ureteroureterostomy’ or

‘ureteroneocystostomy’ or ‘uretero-

neocystostomy’

Robot-assisted

retroperitoneal lymph node

dissection (R-RPLND)

‘robotic’ or ‘robot’ or ‘robot-

assisted’ AND ‘testicular’ or

‘retroperitoneal’ or ‘RPLND’

Robot-assisted augmentation

ileocystoplasty (RAI)

‘robotic’ or ‘robot’ or ‘robot-

assisted’ AND ‘ileocystoplasty’ or

‘enetrocystoplasty’ or

‘augmentation’

Robot-assisted artificial

urinary sphincter (AUS)

insertion

‘robotic’ or ‘robot’ or ‘robot-

assisted’ AND ‘sphincter’ or ‘AUS’

or ‘artificial urinary’
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[3]. Despite the lack of high-quality randomised con-
trolled trials (RCTs) showing a benefit over open RRP
[5], there is an abundance of non-randomised data that
have shown clear advantages for intraoperative blood
loss, transfusion rates, duration of catheterisation,
length of hospital stay (LOS), positive margins, potency,
continence, and readmission rates [6,7].

Since its first report, again by Menon et al. [8] in
2003, robot-assisted radical cystectomy (RARC) has
likewise been adopted by several large institutions. A
recent systematic review comparing RARC (with mainly
extracorporeal urinary diversion) with open RC showed
that RARC benefited from fewer perioperative compli-
cations, greater lymph node yield, lower blood loss,
and a shorter LOS [9]. With many units now routinely
performing intracorporeal urinary diversion (ICUD),
further benefits can be derived by a reduction in incision
size, postoperative pain, and bowel-related complica-
tions [10]. A recent study demonstrated that introduc-
tion of RARC and ICUD represented the principal
factor leading to the benefits of a RC enhanced-
recovery programme [11], and furthermore cost-
efficiency analyses have shown promising results even
when factoring in purchase, consumable and mainte-
nance expenses [12,13].

A robot-assisted approach for partial nephrectomy
(RAPN) has also yielded benefits including reduced
blood loss, postoperative pain and LOS [14]. A system-
atic review comparing RAPN and laparoscopic PN
(LPN) showed RAPN to have shorter ischaemia times
and a lower overall complication rate than the LPN
[15]. RAPN also has a shorter learning curve than
LPN and enables more complex cases (>4 cm, multifo-
cal, central location, solitary kidney) to be carried out
[16,17]. These benefits are mirrored in other upper tract
procedures including robot-assisted pyeloplasty, where
authors present the case for RAS becoming the standard
of care [18,19].

With the widespread uptake of RAS in urology, the
aim of the present review was to evaluate its expanding
role within the speciality.

Methods

We identified several RAS procedures, which have
recently gained attention in the contemporary literature.
A systematic review was performed for several urologi-
cal procedures, with an endeavour to adhere to Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [19]. For each pro-
cedure, we performed a structured, comprehensive liter-
ature review searching MEDLINE, PubMed and
EMBASE databases. We retrieved citations using the
described search combinations (Table 1) for the relevant
procedure. Article titles, abstracts and full text manu-
scripts were then screened to identify relevant studies
(Fig. 1). We excluded single case reports and case series
with less than three patients. As the majority of relevant
articles were case series, risk-of-bias assessment was not
performed.

Robot-assisted simple prostatectomy (RASP)

Surgical treatment options for benign prostatic obstruc-
tion have expanded considerably over the last 20 years.
Whereas TURP for <80 mL glands, and open SP
(OSP) for larger prostates was considered the ‘gold stan-
dard’ [20], the development of laser technologies and
MIS has provided treatment alternatives with many
potential benefits over traditional modalities [21,22].

With the intent of replicating the equivalent open
procedure, whilst negating the technical challenges of
laparoscopic surgery, RASP was first described in 2008
[23]. Subsequently, 18 case series have been reported,
of which, there are three non-randomised comparative
studies [24–41]. Table 2 summarises data from studies
evaluating RASP [24–41].

Several surgical techniques for RASP are described.
Patients are initially positioned as for RALP and in all
but two studies a transperitoneal approach is described.
Authors perform adenoma excision either through an
anterior transcapsular incision (as for a Millen’s OSP),



Fig. 1 PRISMA diagram showing study acquisition.
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an anterior horizontal cystotomy in proximity to the
prostate–vesical junction (as for a Freyer’s OSP), or
through a vertical incision at the dome of the bladder.
For the two former approaches the space of Retzius is
initially developed, whereas for the latter the bladder
remains attached to the abdominal wall. For both
transvesical approaches, once the bladder neck is
exposed, an incision over the mucosa overlying the ade-
noma is made, and the circumferential plane between
the adenoma and the capsule is developed towards the
apex, at which point the adenoma is divided from the
urethra.

Despite an abundance of RASP cases being
described, the literature is limited by the lack of any ran-
domised trial evaluating RASP. In comparison to the
contemporary literature on OSP [42], a systematic
review of case series evaluating RASP tend to report a
longer operative time but benefits include reduced blood
loss, rate of transfusion, LOS, need for irrigation,
catheterisation time, and incision size (Table 2) [20,23–
41]. Overall complication rates (Clavien–Dindo Grade
>II) appear to be similar for both OSP and RASP, as
are functional outcomes [20,23–42]. All studies report
on significant improvement in IPSS and uroflowmetry
parameters after RASP, similar to that obtained for
OSP. These findings were also confirmed by the one
non-randomised comparative study of RASP vs OSP
[41].

Further non-randomised comparative studies
between laparoscopic SP (LSP) and holmium laser enu-
cleation of the prostate (HoLEP) have been performed.
In a single comparative study, outcomes following



Table 2 Clinico-demographic data and surgical outcomes from case series/studies evaluating RASP.

Mean/median:

Reference Number

of

patients

Age,

years

Preoperative

TRUS

volume,

mL

Operative

time, min

Blood

loss,

mL

Resection

weight, g

LOS,

days

Duration of

catheterisation,

days

Surgical

technique

Transfusion,

n

Sotelo et al. [23] 7 65 77 195 382 52 1.3 7.5 TP

TV

1

Yuh et al. [24] 3 77 323 211 558 301 1.3 NR TP 1

John et al. [25] 13 70 NR 210 500 82 6 6 EP 0

Uffort et al. [26] 15 66 71 128 140 46 2.5 4.6 TP

TV

0

Matei et al. [27] 15 66 98 180 50 103 2.7 7 TP

TV

0

Sutherland et al. [28] 9 68 166 183 206 112 1.3 13 TP

TC

0

Vora et al. [29] 13 67 NR 179 219 163 2.7 8.8 TP

TV

0

Matei et al. [30] 35 65 107 186 121 87 3.2 7.4 TP

TV

0

Coelho et al. [31] 6 69 157 90 208 145 1 4.8 TP

TV

0

Clavijo et al. [32] 10 71 81 106 375 81 1 9 TP

TV

1

Banapour et al. [33] 16 68 142 228 197 94 1.3 8 TP

TC or TV

0

Leslie et al. [34] 25 73 149 214 143 NR 4 9 TP

TV

1

Pokorny et al. [35] 67 69 129 97 200 84 4 3 TP

TV

1

Autorino et al. [36] 487 67 110 145 200 75 2 7 TP

TC or TV

5

Patel et al. [37] 20 70.8 NR NR NR 134 NR 3–5 TP

TV

0

Garzon et al. [38] 79 69 80 152 390 68 NR 9 TP

TC

5

Umari et al. [39] 81 69 130 105 NR 89 2 2 TP

TV

1

Stolzenburg et al. [40] 10 63 143 122 228 102 8 7 EP

TV

0

Sorokin et al. [41] 63 69 136 160 327 81 1.5 5.7 TP

TV

2

TP, transperitoneal; EP, extraperitoneal; TV, transvesical; TC, transcapsular; NR, not reported.
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RASP and LSP were similar but one could conclude
that the qualities and widespread availability of robotic
surgical systems are likely to favour RASP if minimally-
invasive SP is to become widely adopted [36,38]. A
recent retrospective non-randomised study evaluated
RASP vs HoLEP and reported that operative times,
blood loss, functional outcomes, and complications
rates were similar in both groups, despite patients under-
going RASP having greater co-morbidity and a higher
IPSS [39]. However, the LOS and catheterisation time
were less in HoLEP, due to the avoidance of a cysto-
tomy incision.

Cost-effective analyses of RASP have shown a
favourable economic profile against OSP due to reduced
LOS, irrigation, and transfusion requirements [30].
Additionally, the cost of RASP has been shown to be
equivalent to bipolar-TURP, but this was based on
bipolar-TURP having a longer hospitalisation period
than RASP [30].

Further limitations of the existing literature are pre-
sent. Feasibility of RASP on very large prostate glands
has only been truly demonstrated in select studies, as
only three (18 patients) have evaluated mean preopera-
tive prostate volumes of >150 mL [24,28,31]. The
majority of studies had mean prostate volumes of
<150 mL and five studies were in glands of <100 mL
[24,26,27,32,38]. Studies evaluating RASP in smaller
prostate glands are of questionable value given the min-
imal morbidity and good functional outcomes of trans-
urethral surgery in this cohort.

RASP may achieve better adenoma clearance than
standard endoscopic procedures potentially having
superior durable effects. Furthermore, in established
robotic surgical units were laser technology for benign
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prostatic obstruction are not available, RASP may pro-
vide an excellent treatment alternative for larger glands.
However, further randomised studies with long-term
follow-up and cost-efficiency assessment are required
to determine if RASP has a role in routine clinical
practice.

Salvage RALP (sRALP)

Although many consider radiotherapy after surgery for
prostate cancer to be a routinely offered second-line
treatment modality in appropriate patients, the converse
cannot be said. Salvage RRP (sRRP) for radio-recurrent
prostate cancer, in addition to having high biochemical
relapse rates, has traditionally been associated with sig-
nificant morbidity. In a systematic review by Chade
et al. [43], rectal injury was reported in up to 19% of
patients, urinary incontinence (UI) in up to 80%, and
stricture disease in as many as 40%. Therefore, the view
that open surgery carried a low chance of cure with sig-
nificant associated morbidity has deterred many clini-
cians from offering sRRP routinely.

The first report of a sRALP was published in 2008
[44], and subsequently nine further case series have fol-
lowed reporting on a total of 197 patients (Table 3)
[44–53]. As for sRRP, oncological outcomes after
sRALP are worse than in men undergoing primary
RALP, this being indicative of the increased risk of
micrometastatic disease in the men with radio-
recurrent prostate cancer [54]. In stage-matched cohorts,
although positive surgical margin rates are equivalent
between primary and sRALP, relapse rates are higher
Table 3 Clinico-demographic data and surgical outcomes from cas

Reference

Variable Jamal

et al. [44]

Kaouk

et al. [45]

Boris

et al. [46]

Strope

et al. [47

Number of patients 1 4 11 6

Age, years, mean/median 50 – 65 –

Blood loss, mL, mean/median 100 117 113 280

Operative time, min,

mean/median

150 125 183 356

Duration of catheterisation,

days, mean/median

14 15 10 –

LOS, days, mean/median 1 3 1 2

Clavien–Dindo Grade > II

complications, n

0 0 1 1

Rectal injury, n 0 0 0 0

Follow-up, months,

mean/median

3 5 21 12

Time to salvage treatment,

months, mean/median

NR NR NR NR

PSM, n 0 2 3 1

Incontinent, n 0 1 3 6

BCR, n 0 NR 3 2

Stricture, n NR 0 1 1

BCR, biochemical recurrence; NR not reported.
after sRALP despite shorter reported follow-up periods
[54]. A recent systematic review showed that with a
mean of 18 months follow-up, 56/193 of the reported
cases of sRALP had biochemical recurrence [54].

Additionally, functional outcomes after sRALP
remain worse than for primary RALP [52]. However,
the morbidity after sRALP seems less and functional
outcomes better than sRRP [43,54]. Almost 40% of
patients undergoing sRALP will experience significant
stress UI (SUI), up to 15% will require surgery for this
[54,50]. Comparing continence rates between studies is
difficult due to differing definitions used, but at first
glance, these rates of UI appear to be better following
sRALP in comparison to data on sRRP, where the
majority of series report UI rates of >40% [43,54]. Fur-
thermore, the reported stricture rate of 8% after sRALP
appears far less than that reported for open surgery (7–
41%). Blood loss is less in sRALP than in sRRP, as is
the incidence of rectal injury (0.5% sRALP vs 2–19%
for sRRP) [43,54]. Additionally, the incidence of Cal-
vien–Dindo Grade >II complications appears to be
lower for sRALP [43,54].

Whether the seemingly reduced morbidity and com-
plication rate after sRALP in comparison to sRRP is
due to advantages of robotic surgery or technical
innovations in contemporary radiation delivery, is
not clear. Although UI rates remain high after
sRALP, and longer term outcome data are required
to establish its oncological value, the technical feasibil-
ity and safety of sRALP shown in these studies ren-
ders this treatment a viable oncological option for
well-selected patients.
e series/studies evaluating sRALP.

]

Eandi

et al. [48]

Zugor

et al. [49]

Yuh

et al. [50]

Kaffenberger

et al. [51]

Bates

et al. [52]

Vora

et al. [53]

18 13 51 34 53 6

67 63 68 61 65 65

150 130 175 192 120 –

156 154 179 176 130 –

14 6 – – 11 –

2 6 2 1 2 –

3 0 8 3 0 0

0 0 1 1 0 0

18 23 36 16 27 7

NR 48 68 48 NR NR

5 0 16 9 10 NR

12 3 28 21 12 1

6 8 22 6 8 1

3 0 8 3 0 NR
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RAS for urolithiasis

Although endoscopic surgery has largely displaced open
surgery in the management of urolithiasis, MIS has the
potential to be a useful modality for treatment in
selected cases. Whilst avoiding the morbidity of open
surgery, MIS could be used in the management of com-
plex stone disease not amenable to endoscopic or stan-
dard minimally-invasive management strategies. In a
meta-analysis comparing laparoscopic pyelolithotomy
with percutaneous nephrolithotomy (PCNL), laparo-
scopy had significantly lower rates of bleeding and sep-
sis, whilst displaying a trend towards higher stone-free
rates [55]. More recently, robot-assisted pyelolithotomy
(RPL) and robot-assisted nephrolithotomy (RNL) have
been reported as possible management options in the
treatment of renal stones.

To date seven case series have reported on 78 patients
undergoing either RNL or RPL (Table 4) [56–62].
Although anatomical and stone characteristics play a
crucial role in case selection, RPL appears to be the
technique most widely used, conceivably as parenchy-
mal bleeding and potential nephron loss are avoided.
Therefore, renal pelvic rather than calyceal stones may
be more amenable to RAS.

RPL and RNL are performed using either transperi-
toneal or retroperitoneal approaches. Surgical position-
ing and initial renal mobilisation are similar to RAPN.
For RPL, once the stone within the collecting system
has been identified, a vertical pyelotomy is made in the
pelvis, exposing the stone, which is removed with Pro-
Grasp forceps. The pyelotomy is closed using a contin-
uous absorbable suture. The technique described for
RNL replicates that for open surgery. After identifica-
tion of the stone with intraoperative ultrasonography,
the renal parenchyma is cleared from renal fat. A
nephrotomy is made, if possible, where the parenchyma
is thinnest, often without the need for renal ischaemia.
En bloc stone removal is performed, and the incised par-
Table 4 Clinico-demographic data and surgical outcomes from cas

Reference

Variable Atug et al.

[56]

Badani et al.

[57]

Lee e

[58]

Number of patients 8 13 5

Technique RPL RPL RPL

Stone size, cm, mean/median 10.8 4.2 3.8

Operative time, min, mean/median 275 158 315

Blood loss, mL, mean/median 48 100 19

LOS, days, mean/median 1 NR 3.8

Clavien–Dindo Grade � III

complications, n

0 0 NR

Stone-free after surgery, n/N (%) 8/8 12/13 3/5

Follow-up, months, mean/median 13 1 18

NR, not reported.
enchyma is closed using sliding clip renorrhaphy tech-
nique as for RAPN.

Characteristics of these case series evaluating RPL
and RNL are shown in Table 4. The mean stone size
treated varies significantly between studies, from 2.7 to
10.8 cm [56–62]. All studies report low blood loss, a
short LOS (usually �3 days), and only three Clavien–
Dindo Grade �III complications have been reported
in 78 patients. The majority of studies report high
stone-free rates, largely with the avoidance of stone frag-
mentation. However, no comparative studies evaluating
robot-assisted stone surgery to standard contemporary
treatments exist [56–62]. A key advantage of RPL or
RNL over PCNL is complete stone removal avoiding
longer-term morbidity and the need for further surgical
treatment.

Interestingly, the perception that RPL/RNL is
more expensive than standard stone treatments may
be erroneous. Studies in the USA have reported that
a PCNL costs $19 845. Data on the expense of nei-
ther RPL nor RNL have been presented, but if using
RAPN ($11 962 per case) as a surrogate for the cost
of RPL/RNL, the anticipated cost of robotic-assisted
stone surgery may justify its future routine use
[63,64].

The feasibility and outcomes of robot-assisted
laparoscopic ureterolithotomy for large, impacted,
lower ureteric stones have also been explored. Dogra
et al. [65] presented data from a series of 16 cases under-
going robot-assisted laparoscopic ureterolithotomy for
stones not amenable to endoscopic management. The
mean console time was only 20 min and stone clearance
rates were 100%, due to en bloc removal. LOS, interval
to drain removal, and complication rates, were signifi-
cantly shorter than for comparative laparoscopic series.
At 20 months follow-up no ureteric strictures were evi-
dent [65].

Although many authors acknowledge that
endourology remains the standard of care, with falling
e series/studies evaluating RAS for urolithiasis.

t al. Mufarrji et al.

[59]

Ghani et al.

[60]

King et al.

[61]

Swaringen et al.

[62]

13 4 7 28

RPL RPL/RNL RNL RPL/RNL

NR NR NR 2.74

235 216 222 182

60 37 121 38

2 2 3 1.7

0 0 0 2

13/13 4/4 2/7 27/28 (96)

28 NR 5 9
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anticipated costs and rising experience, RAS has the
potential to displace procedures such as PCNL in
selected cases. However, prospective RCTs evaluating
its short- and long-term safety and efficacy against
standard treatment modalities are required prior to
implementation.
Robot-assisted distal ureteric reconstruction

The surgical management of both benign and malignant
ureteric pathology often requires simultaneous recon-
struction to restore normal renal drainage. Increasingly,
authors are demonstrating that this is becoming techni-
cally feasible with RAS.

On review of the literature we identified 17 studies
(Table 5 [66–82]) evaluating distal ureteric reconstruc-
tive surgery, with institutions presenting their experience
using a number of differing techniques including
uretero-ureterostomy and uretero-neocystostomy (often
with adjunct procedures such as Boari flap formation or
Psoas hitch).

Standardising data from these studies is challenging
due to the heterogeneity of the type of pathology, loca-
tion and length of the diseased ureteric segment, patient
comorbidity, preoperative evaluation, and surgical pro-
cedure described.

Most authors describe use of a dorsal lithotomy posi-
tion (particularly for distal lesions). Adhesiolysis and
colonic mobilisation are performed to allow longitudi-
nal mobilisation of the ureter. RAS techniques follow
the same principles of ureteric reconstruction as for
open surgery; mobilisation of the ureter to healthy tissue
avoiding direct ureteric handling and devascularisation,
spatulation of the ureter, a water-tight tension-free anas-
tomosis with absorbable sutures over a ureteric stent,
placement of a bladder catheter and tube drain overly-
ing the anastomosis, and if feasible an omental wrap is
performed.

Comparisons with laparoscopic and open ureteric
reconstruction have been made. Baldie et al. [73] and
Schiavina et al. [82], both performed non-randomised
comparisons of pure laparoscopic against robot-
assisted ureteric reconstruction. Using similar recon-
structive techniques, short- and long-term complications
were similar between both groups, although RAS was
associated with a lower operative time, blood loss, and
LOS [73,82]. In similar retrospective non-randomised
comparisons of RAS vs open surgery, RAS was associ-
ated with less blood loss and LOS, whilst operative
durations, and short- and long-term complication rates
were similar in both groups [72,74]. Additionally stric-
ture rates after robot-assisted ureteric re-implantation
appear low. Therefore, the current evidence shows that
robot-assisted ureteric excision and reconstruction can
be safely performed.
Robot-assisted retroperitoneal lymph node dissection (R-

RPLND)

Laparoscopic RPLND (L-RPLND) is associated with
improved cosmesis, reduced complication rate, lower
morbidity, and shorter LOS compared to open RPLND
(O-RPLND) [83]. However, L-RPLND has a steep
learning curve and may have inferior oncological out-
comes to O-RPLND due to the associated difficulties
of retroaortic and retrocaval dissection, often necessitat-
ing patients to have routine adjuvant chemotherapy [84].

R-RPLND was first described in 2006 [85], and sub-
sequent to this there have been a further eight case series
of R-RPLND. Two of these case series were in less than
three patients. Data summarised from the remaining six
larger case series are presented in Table 6 [86–91].

R-RPLND is most commonly performed using a
transperitoneal technique, with most patients in a left
lateral decubitus position [86–88], although a supine
dorsal lithotomy technique with a Trendelenburg tilt is
also described [90]. Unilateral templates have been pre-
ferred in chemotherapy naı̈ve patients, whereas bilateral
templates have been described in surgery for post-
chemotherapy residual masses. Boundaries of dissection
are analogous with open surgery, with sparing of the
hypogastric plexus similarly feasible.

The data show acceptable operative durations and all
studies report a mean blood loss of <500 mL with most
studies describing a LOS of �3 days (Table 6). Of the
126 cases described, there were nine open conversions
and only five Clavien–Dindo Grade �III complications.
The node yield following R-RPLND appears equivalent
to open surgery, and oncological outcomes, although
limited by the immature follow-up periods, appear
acceptable [92]. Morbidity appears to be less in compar-
ison to O-RPLND, with a lower reported incidence of
postoperative ileus, respiratory and wound complica-
tions, and anejaculation [92]. The one study performing
a comparative analysis of R-RPLND vs L-RPLND,
showed no clear benefit in favour of R-RPLND [87].
Whereas three-dimensional vision, improved dexterity,
reduced hand tremor and surgeon fatigue would poten-
tially favour R-RPLND over L-RPLND, the lack of
tactile feedback and the time consuming de-docking
process should open conversion be required due to vas-
cular injury make L-RPLND a more attractive option.

One limitation of the existing literature is the bias in
studies including mainly chemotherapy naı̈ve Stage I
patients. In the largest series of 47 patients (all
chemotherapy naı̈ve), Pearce et al. [89] performed R-
RPLND in 42 patients with clinical Stage I disease.
Although R-RPLND in post-chemotherapy patients
has been described, this is only in 37 of the 126 reported
cases [86–91]. The preference to perform R-RPLND in
chemo-naı̈ve clinical Stage I patients is not consistent
with contemporary practice [93]. The majority of Stage



Table 5 Clinico-demographic data and surgical outcomes from case series/studies evaluating robot-assisted distal ureteric reconstruction.

Reference Number

of

patients

Age, years,

mean/median

Aetiology,

n

Procedure,

n

Operative time,

min,

mean/median

Blood loss, mL,

mean/median

LOS, days,

mean/median

Follow-up,

months,

mean/median

Clavian–Dindo Grade

� III complication, n

Type of study Stenosis

during follow-

up, n

Williams

et al. [66]

9 44 Benign 9 URI 9 247 110 2 18 1 Case series 1

Schimpf

et al. [67]

11 66 Benign 3

Cancer 8

PH 3

BF 2

URI 6

189 82 2.4 12 1 Case series NR

Glinianski

et al. [68]

9 78 Cancer 9 PH 6

URI 1

UU 1

252 44 1.5 23 0 Case series 1

Hemal et al.

[69]

30 NR Benign 24

Cancer 6

UU 12

PH 5

URI 13

137 98 2.4 13.5 1 Case series 0

Patil et al.

[70]

12 43 Benign 12 PH 12 208 48 4.3 15.5 0 Case series 2

McClain

et al. [71]

6 68 Cancer 6 UU 2

PH 2

URI 2

268 72.5 1.8 33 0 Case series 0

Kozinn

et al. [72]

10 53 Benign 10 URI 4

PH 4

BF 2

306 30 2.4 30 NR Comparative non-RCT

vs open surgery

0

Baldie et al.

[73]

16 44 Benign 16 PH 8

URI 4

UU 3

BF 1

258 171 2.5 4.4 1 Comparative non-RCT

vs laparoscopic surgery

0

Isac et al.

[74]

25 49 Benign 25 URI 11

PH 4

BF 10

279 100 7.5 NR 2 Comparative non-RCT

vs open surgery

2

Musch et al.

[75]

16 63 Benign 12

Cancer 4

URI 7

PH 4

BF 5

260 NR 2.4 10 2 Case series 1

Gellhaus

et al. [76]

37 52 Benign 37 UU 15

PH 22

219 89 2.3 14 2 Case series 2

Fifer et al.

[77]

55 52 Benign 45

Cancer 10

UU 5

URI/PH

45

BF 9

UL 5

Other 3

233 50 1.6 6 2 Case series 3

Slater et al.

[78]

14 39 Benign 9

Congen. 4

UU 1

URI 10

BF 3

286 40 2.3 20.7 0 Case series 0

Wason et al.

[79]

13 46 Benign 9 URI 8

PH 6

282 123 2.5 9.8 2 Case series 0
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I patients managed conservatively will not relapse,
chemotherapy in this stage of the disease has improved
disease-free survival in comparison to surgery, and con-
temporary practice would suggest that most O-RPLND
are performed in post-chemotherapy patients with clini-
cal Stage II disease [93,94]. In those studies that do com-
pare outcomes in pre- and post-chemotherapy, post-
chemotherapy surgery appears to be associated with
an increased operative duration, higher conversion
rates, and increased blood loss [86,90]. Proponents argue
that if R-RPLND can establish durable long-term
response in Stage I patients, it may offer an equitable
compromise between the side-effects of chemotherapy,
morbidity of an O-RPLND, and the recurrence rates
of observation, but this opinion deviates from recom-
mendations by international authorities [93] and there-
fore future studies need to focus on selecting post-
chemotherapy patients.

Robot-assisted augmentation ileocystoplasty (RAI)

Augmentation enterocystoplasty is typically reserved for
treatment-refractory cases of detrusor overactivity and
neuropathic bladder dysfunction. The surgical complex-
ity of the procedure carries significant surgical morbid-
ity, particularly in the neuropathic population in
whom it is frequently performed. The increasing use of
RARC with ICUD has reinforced the feasibility of per-
forming intracorporeal bowel division and re-
anastomosis with associated reduced morbidity and
bowel-related complications [10], and has opened the
door for other such procedures such as augmentation
enterocystoplasty to be performed by RAS.

Following the first case report of RAI by Gundeti
et al. [95] in 2008, 64 cases have subsequently been
reported in the literature in 13 publications. Seven of
these were single case reports and of the remaining six
articles, five were published from the same group
encompassing similar time periods [96–101].

The solitary adult case series evaluating RAI reported
by Madec et al. [96] comprised 19 patients undergoing
supra-trigonal RC followed by RAI. In this series, indi-
cations for surgery included treatment-refractory detru-
sor overactivity, low bladder compliance, and painful
bladder syndrome. Although robot-assisted intracorpo-
real supra-trigonal RC was performed in all cases, bowel
segment isolation, anastomosis and de-tubularisation
were all performed extracorporeally, with a subsequent
robot-assisted intracorporeal ileal graft anastomosis
performed onto the bladder in the sagittal plane. There
were no Clavien–Dindo Grade >II complications and
the authors report on a rapid learning curve, even for
surgeons less experienced in robotic surgery, and long-
term functional results were quoted as excellent. How-
ever, a limitation of this study was the need for extracor-
poreal bowel division and re-anastomosis.



Table 6 Clinico-demographic data and surgical outcomes from case series/studies evaluating R-RPLND.

Reference

Variable Cheney et al.

[86]

Harris et al. [87] Kamel et al.

[88]

Pearce et al.

[89]

Stepanien

et al. [90]

Singh et al.

[91]

Number of patients 18 16 12 47 20 13

Article type Case series Non-randomised comparative study

vs L-RPLND

Case series Case series Case series Case series

Age, years, mean/median 32 29.8 (median) 37.8 30 31 26

TNM stage, n

I 10 14 0 42 11 0

II 8 2 5 5 6 3

III 0 0 6 0 3 10

Prior chemotherapy, n

Yes 8 0 12 0 4 13

No 10 16 0 47 16 0

Histology, n

NSGCT 18 16 9 47 20 13

Seminoma 0 0 3 0 0 0

Operative time, min,

mean/median

343 271 312 235 293 200

Blood loss, mL, mean/median 172 75 475 50 50 120

Clavien–Dindo Grade � III

complications, n

0 1 1 0 1 2

LOS, days, mean/median 2.4 – 3.6 1 1 4

Conversion, n 3 1 2 1 0 0

Node yield, mean/median 20 30 12 26 19.5 20

Follow up, months, mean/median – 13.5 31 22 49 23

Retroperitoneal recurrence, n 0 0 0 0 0 0

NSGCT, non-seminomatous germ cell tumour.
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Murthy et al. [97] reported outcomes from a cohort
of 15 paediatric patients undergoing a RAI, performing
a non-randomised retrospective comparison against
open augmentation enterocystoplasty. Indications for
surgery included neuropathic bladder dysfunction (poor
compliance, detrusor overactivity refractory to medical
treatment, high detrusor leak point pressure) or bladder
dysfunction secondary to posterior urethral valves.
Most cases also had a concomitant robotic procedure
(Mitrofanoff appendicovesicostomy, antegrade colonic
enema channel, bladder neck closure). The RAI tech-
nique involved intracorporeal isolation bowel division
and end-to-end anastomosis, and then bi-valving the
bladder with a coronal cystotomy and a subsequent ileal
graft continuous anastomosis (all performed intracorpo-
really). Although the authors report a shorter median
LOS with RAI (6 vs 8 days; P = 0.01), there were no
differences in median blood loss, opiate requirement,
and return to full diet, although epidural usage was less
in the robotic cohort [97]. Functional outcomes and
complications were similar in both groups. The opera-
tive duration for RAI in this study was 623 min (vs
265 min for open) indicating this procedure remains in
its infancy [97].

Therefore, based on the limited data available,
although being a safe and technically feasible procedure
the benefits of RAI over open surgery remain to be
confirmed. Further studies expanding on the case num-
bers currently described are required before transition
into routine clinical practice occurs.

Robot-assisted artificial urinary sphincter insertion (AUS)

The most common indication of AUS insertion in con-
temporary practice is for post-prostatectomy UI, where
the AUS cuff is placed around the bulbar urethra. How-
ever, bladder neck cuff placement is the preferred site in
men with neurogenic SUI (in order to minimise device
erosion) and women with SUI with prior unsuccessful
conservative and surgical treatments. Traditionally
bladder neck AUS insertion has been performed via
an open incision, but recent studies have shown that a
RAS approach is feasible.

Six publications were identified reporting on a RAS
approach for AUS implantation. Two case series in
men have been reported [102,106], a further three publi-
cations were case series in women with SUI (103–105),
and one paediatric case report, have been published.

Yates et al. [102] reported on six men with neurogenic
(spinal cord injury) sphincter incompetence causing
refractory SUI. Patients underwent bladder neck AUS
(AMS 800, American Medical Systems) placement using
a robot-assisted transperitoneal approach. Posterior
bladder neck dissection was initially performed via a
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posterior peritoneal incision overlying the seminal vesi-
cles/vas deferens. Subsequently, the space of Retzius
was developed, and lateral prostate dissection was per-
formed to identify the precise location of the bladder
neck circumferentially. Tape measurement of the blad-
der neck preceded intracorporeal placement of the
AUS at this site. Device tubing, pump and reservoir
were all inserted via a small right iliac fossa incision,
with the reservoir placed intra-abdominally in the lateral
vesicular space, and pump placed in the scrotum, before
the device was connected and pressurised. The authors
report good functional outcomes, with no Clavien–
Dindo Grade �II complications and blood loss of
>150 mL in only one patient. However, in a series of
four male patients with neurogenic SUI undergoing
bladder neck AUS cuff placement, Hervé et al. [106]
reported ongoing UI in two patients due to insufficient
traction of the cuff around the bladder neck.

Three studies have reported on 25 female patients
with intrinsic sphincter deficiency causing SUI treated
with robot-assisted AUS insertion [103–105]. In these
studies all patients had multiple failed previous proce-
dures for SUI. All authors used a similar surgical
approach. The space of Retzius was developed down
to the bladder neck, endopelvic fascia incised bilaterally,
and the bladder neck dissected from the vagina below
the periurethral fascia. Subsequently, tape measurement
and subsequent bladder neck cuff placement was per-
formed. The reservoir was placed in the pre-vesical or
lateral para-vesical space and the pump placed in the
labia majora. All authors describe use of a planned cys-
totomy in selected patients to aid dissection around the
bladder neck in an attempt to avoid bladder or vaginal
injury.

In one study a non-randomised comparison against
open AUS insertion was performed demonstrating a
reduced operative duration, blood loss, LOS, and over-
all complication rate with RAS, but with no significant
difference in functional outcomes in comparison to open
surgery [105].

However, complication rates following robot-assisted
AUS insertion appear high. Peyronnet et al. [105]
reported that two of eight patients in the RAS group
had intraoperative vaginal injuries, although this was
equivalent to a comparative cohort undergoing open
surgery. However, the incidence of bladder injury was
lower in the RAS group [one of eight patients vs seven
of 16 (44%)]. Biardeau et al. [104] also reported a high
incidence (four of 11 patients) of visceral injury (two
vaginal and two bladder) with robot-assisted AUS inser-
tion. Although the authors’ state patient factors heavily
contributed to visceral injuries, with such high intraop-
erative complications [104,105], clearly other prospec-
tive studies comparing RAS vs open/laparoscopic
insertion are required to assess its safety and benefit over
open surgery.
Conclusions

The role of RAS continues to develop within the field of
urological surgery. Here we present the growing evi-
dence demonstrating that the breadth and complexity
of surgical procedures performed using the da Vinci
platform is continually expanding. There is a gaining
consensus that RAS is producing promising surgical
results in wide range of procedures and with accumulat-
ing expertise will continue to do so. However, a major
limitation of the current literature evaluating urological
RAS is the sparsity of comparative trials, in particular
those randomising patients to RAS and conventional
approaches. This is not only for emerging RAS tech-
niques, but also for more established oncological RAS
procedures, which are now routinely used.

The foremost controversy concerning the use of RAS
lies in the associated capital and running costs of this
technology. Therefore it is essential that future studies
should not only assess the potential clinical advantages
of RAS, but also the cost-effectiveness.
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