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KEYWORDS Abstract  Objective: To conduct a systematic review of comparative studies of
laparoscopic nephroureterectomy (LNU), the standard management for upper

Neph 1 t ;
SPLronrelerectofys urothelial tumours, and robot-assisted NU (RANU) that has emerged as a viable

Robotic; .
Laparoscopic; alternative.
‘ p Methods: MEDLINE, EMBASE and the Cochrane Library were searched
Ureteric neoplasm . . . .
ureter according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to identify all studies reporting on both LNU and
RANU for upper urothelial tract tumours.
ABBREVIATIONS
Results: In all, 1630 patients were included, of which 838 underwent LNU and
CEBM, Centre for 792 RANU. Three studies reported on mean operative time and found it to be less
Evidence-Based Medi- in LNU, with two reporting this to be significant (RANU 298 vs LNU 251 min,
cine; P = 0.03; 306 vs 234 min, respectively, P < 0.001). Both studies reporting on med-
EBL, estimated blood ian node count found this to be higher in the robotic groups: RANU 5.5 vs LNU 1.0
loss; and RANU 21 vs LNU 11. Positive surgical margins (RANU 1.69% vs LNU

* Corresponding author at: Princess Alexandra Hospital, Hemstal
Road, Harlow, Essex CM20 1QX, UK.
E-mail address: Tomstonier(@gmail.com (T. Stonier).

Peer review under responsibility of Arab Association of Urology.

FLSEVIER Production and hosting by Elsevier

http://dx.doi.org/10.1016/j.aju.2017.05.002
2090-598X © 2017 Arab Association of Urology. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.aju.2017.05.002&domain=pdf
mailto:Tomstonier@gmail.com
http://dx.doi.org/10.1016/j.aju.2017.05.002
http://www.sciencedirect.com/science/journal/2090598X
http://dx.doi.org/10.1016/j.aju.2017.05.002
http://creativecommons.org/licenses/by-nc-nd/4.0/

178

Stonier et al.

LND, lymph node dis-
section;

MeSH, Medical Sub-
ject Heading;

OT, operative time;
PRISMA, Preferred
Reporting Items for
Systematic Reviews
and Meta-Analyses;
PSM, positive surgical
margins;

(L)Y(RA)NU, (laparo-
scopic) (robot-assisted)
nephroureterectomy;
VAS, visual analogue
scale

7.06%, P = 0.18), bladder recurrence (24.6% vs 36.89%, P = 0.09), and distant
metastases (27.50% vs 17.50%, P = 0.29) were not significantly different between
the two techniques. Disease-specific mortality did not differ between the two tech-
niques (RANU 7.5% vs LNU 12.5%, P = 0.46), but postoperative mortality was
reduced in RANU (0.14% vs 1.32%, P = 0.03). Overall complication rates were sta-
tistically lower in RANU, at 12.5% vs 18.8% (P < 0.001).

Conclusions: This review suggests these techniques are equivalent in terms of peri-
operative and oncological performance. Furthermore, there may be a lower overall
complication rate, as well as postoperative mortality in the robotic group. Further
research in the form of a randomised controlled trial is warranted.

© 2017 Arab Association of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.

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

Introduction

Upper urothelial tumours are rare but aggressive
tumours and comprise only 5-10% of all urothelial
malignancies [1-3]. The ‘gold standard’ for localised dis-
ease is radical nephroureterectomy (NU), with the
laparoscopic technique considered the established stan-
dard [4,5]. However, this is still a challenging procedure
laparoscopically due to the need for distal ureter dissec-
tion and bladder cuff excision. Many centres adopt a
combined approach with laparoscopic NU (LNU) and
an open ureterectomy and bladder cuff excision [6-8].

The introduction of robotic surgery with three-
dimensional magnified vision and wrist action with a
greater degree of freedom has the potential to offer a
technically less challenging procedure and better recon-
struction of the distal end [9]. Whether this translates
into improved oncological or bladder recurrence out-
comes are as yet unknown. Current literature on open
NU and LNU suggests the technique used for the distal
ureter and bladder cuff does not influence bladder recur-
rence or other oncological outcomes [10].

Therefore, we aimed to conduct a systematic review
comparing LNU and robot-assisted NU (RANU) for
the efficacy and safety of these two techniques.

Material and methods

The search strategy was conducted in accordance with
Cochrane guidelines and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [11]. A search strategy was conducted in
MEDLINE, EMBASE and the Cochrane electronic
databases (from 2000 to present) to identify studies that
included both LNU and RANU. The search was con-
ducted using the following keywords; ‘robotic’, ‘robot-
assisted’, ‘laparoscopic’, ‘laparoendoscopic’, ‘nephroure
terectomy’ and ‘urothelial carcinoma’. Medical Subject
Heading (MeSH) phrases included: (‘Ureteral Neo-

plasms’[MeSH]) AND (‘Laparoscopy’[MeSH]), (‘Uret-
eral Neoplasms’[Mesh]) AND (‘Robotics’[MeSH]),
(‘Ureteral Neoplasms’[MeSH]) AND (‘Robotics’[
MeSH]) AND (‘Laparoscopy’[MeSH]).

The list of generated articles was screened by title and
abstract by three authors independently (T.S., S-M.L, 1.
R.) and then relevant full papers were scrutinised.
Review articles and bibliographies were also searched
to find additional relevant papers. Data were extracted
independently by two authors (T.S. and N.S.). A senior
author independently (O.A.) cross checked findings to
verify end results.

Articles were excluded if the procedure was not per-
formed for a urothelial malignancy, if the patients were
aged <18 years, and if the study did not include both
LNU and RNU techniques.

The outcomes of interest were; surgical technique,
surgical outcomes [e.g. as estimated blood loss (EBL),
operative time (OT), lymph node dissection (LND)],
oncological outcome [e.g. positive surgical margins
(PSM), positive lymph nodes, tumour recurrence, distant
metastases], and perioperative outcomes (e.g. hospital
length of stay, complications, mortality). Furthermore,
we included studies comparing the differences in cost.

Where data were similar a cumulative comparison
analysis was conducted to better represent the compar-
ison between the two groups. Each study was assessed
for quality in accordance with the Levels of Evidence
published by Centre for Evidence-Based Medicine
(CEBM), Oxford, UK [12].

Results

Literature search

The search strategy yielded 273 articles, with 259
excluded on the basis of title and/or abstract. The

remaining 14 articles were screened, with four identified
that met the inclusion criteria (Fig. 1) [9,13—15]. This
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included two matched-comparison studies [9,13], one
cohort study [14], and one population-based study
[15]. In all, 1630 patients were included, of which 838
underwent LNU and 792 RANU. The patient charac-
teristics for each study are given in Table 1 [9,13-15].

Of note, one study was excluded as it compared LNU
and RANU in a paediatric population [16], and two
studies were excluded as case series included LNU and
RANU but the individual data for each were not extrac-
table [17,18]. The remaining seven studies excluded did
not compare or report on LNU and RANU, but
reported case series of one procedure or the other, or
review papers. No randomised controlled trials were
identified.

Three studies compared between the two procedures
with significant heterogeneity on reporting outcomes,
and one study looked at cost comparison. Where possi-
ble a cumulative comparative analysis was done.

Surgical outcomes

Tables 2-4 summarise the findings of the review.

or

All three studies found the mean OT to be less for LNU
[9,13,14], with two reporting this to be statistically sig-
nificant [13,14].

EBL

Ambani et al. [13] found LNU to have significantly less
EBL. While the remaining two studies found a lesser
EBL with RANU [9,14], with Hu et al. [9] finding this
to be statistically significant.

PSM rate

There was no difference between the two groups for
PSM rates. Ambani et al. [13] and Melquist et al. [14]

Medline, EMBASE,
Cochrane Database

>273 papers identified

found LNU PSM rates of 5% and 6%, respectively;
and RANU PSM rates of 9% and 0%, respectively. Nei-
ther found the difference to be statistically significant.
Cumulative analysis found no difference between the
two groups.

LND

The median node count was found to be higher in
RANU in both studies that recorded this (5.5 vs 1.0 in
Ambani et al. [13]; 21 vs 11 in Melquist et al. [14]).
The positive node count was also higher in RANU
(29% vs 17% in Ambani et al. [13]; 21% vs 5% in Mel-
quist et al. [14]).

Postoperative complications

Postoperative outcomes were reported heterogeneously
across the four studies.

Ambani et al. [13] and Melquist et al. [14] used the
Clavien—Dindo classification system. These studies
found minor complications (Clavien-Dindo grade < III)
to be 18.2% and 19% in LNU, and 27.2% and 3% in
RANU. For major complications, Ambani et al. [13]
reported one Clavien—Dindo grade > Illa in the LNU
group (a fascial dehiscence of the hand port site). Mel-
quist et al. [14] reported a major complication rate of
4.7% in LNU vs 7.0% in RANU (P > 0.05).

Hu et al. [9] did not report Clavien—Dindo complica-
tions, but found a faster return to oral intake after
RANU compared with LNU (1.59 vs 2.17 days,
P = 0.043), but there was an improved visual analogue
scale (VAS) pain score in LNU (3.93 vs 6.22,
P = 0.043).

Trudeau et al. [15], in the largest reported series,
reported a significantly lower overall complication rate
in RANU (11.9% vs 18.2%, P < 0.001).

Overall complication rates were statistically lower in
the RANU group (12.5%) vs the LNU group (18.8%)

Relevant references

14 full text scrutinised

4 papers included in
qualitative synthesis

Fig. 1

259 papers excluded on
title/abstract

11 excluded:
1 only laparoscopic in case series
3 reviews
3 only robotic in case series
2 individual data to extract able

1 paedatric patients

PRISMA flowchart of search.



Table 1 Characteristics of studies included in the systematic review.
Reference Country Number of Years data RANU/ No. of Age, years mean % Male Follow-up, Co-morbidities
Institutions collected LNU patients (SD) or mean months, median
(range) (range)
Ambani USA Single 20092011 LNU 22 70.8 (2.2) 72.7 15 Mean (SD) CCI 2.8 (0.5)
et al. [13]
RANU 22 70.1 (2.2) 63.6 10 Mean (SD) CCI 2.1 (2.1)
P =024
Hu et al. Taiwan Single 20112013 LNU 18 69.6 (5.7) 27.7 47.8 (11.9-156.5)  ASA-PS 1 = 0, ASA-PS 2 = 3 (16.7%), ASA-PS 3 = 10 (55.6%),
[9] ASA-PS 4 = 2 (11.1%). Hydronephrosis 11 (61.1%), previous
abdominal surgery 4 (22.2%), ESRD 2 (11.1%), CKD 16 (88.9%),
simultaneous bladder UC 4 (22.2%)
RANU 18 70.4 (6.3) 27.7 6.1 (0.6-30.3) P > 0.05 for all. ASA-PS 1 = 0, ASA-PS 2 = 8 (44.4%), ASA-PS
3 = 6(33.3%), ASA-PS 4 = 0. Hydronephrosis 12 (66.7%),
previous abdominal surgery 5 (27.8%), ESRD 3 (16.7%), CKD 15
(83.3%), simultaneous bladder UC 4 (22.2%)
P = 0.646
Melquist USA Single 2011-2014 LNU 63 72.6 (65.8-81.8) 57.1 30.9 (16.1-48.3) -
et al. [14]
RANU 37 68.0 (63.6-73.6) 70.2 8.5 (1.8-15.3) -
P = 0.06
Trudeau  Canada Multiple 2008-2010 LNU 735 70.6 59.9 - CCI 0 = 58.1%, 1 = 31.7%,>2 = 10.2%
et al. [15]
RANU 715 70.7 63.0 - CCI 0 = 60.7%, 1 = 31.0%,>2 = 83%
P = 0.951 P =0215 P = 0.376

ASA-PS, American Society of Anesthesiologists Physical Status; CCI, Charlson Comorbidity Index (measure of comorbidity severity and risk of mortality); CKD, chronic kidney disease; ESRD,
end-stage renal disease; UC, urothelial cancer.
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Table 2 Operative details of studies included in the systematic review.

Reference LNU/  Approach Position LNU approach for  No. Tumours Pathological Chemo, n OT, min, EBL,mL, PSM,n Node Positive
RANU distal ureter of location, n  status, n (%) (%) mean mean (%) count, nodes, n
ports (%) (SD) or (SD) or median (%)
mean mean (IQR)
(range) (range)
Ambani LNU Low Lap or hand- - 14 renal, 6  TO, 1 0 (0) 251 (14) 233 (27) 1(5) 1.0 2 (29)
et al. [13] lithotomy assisted. Bladder cuff ureter: 3 Tis, 1
+ partial excision endoscopic proximal, 3 Ta, 6
flank 14 patients, open 6 distal, 2 T1, 4
position (60°  patients. mixed T2, 2
to table) T3NO, 6
T3N2, 2
RANU N/a - 14 renal, 6  TO, 1 3 (14) 298 (12) 380 (42) 2(9) 5.5 2 (17)
ureter:1 Tis, 1 neoadjuvant
proximal, 5 Ta, 6
distal, 2 T1, 4
mixed T2, 2
T3NO, 6
T3N2, 2
P=0.03 P=0.02 P=056
Huet al. LNU 7-cm Gibson Hand-assisted - 10 renal Ta, 7 (38.9) - 250.17 358.33 - - -
2015 [9] incision for 5 ureter T1, 2 (11.1) (140-410)  (50-2000)
hand port 3 mixed T2, 2(11.1)
T3, 7 (38.9)
NO, 16 (88.9)N1,
2 (11.1)
RANU Robot re- Lateral flank N/a 5 10 renal5 Ta, 3 (16.7)T1, 5 — 255.17 68.89 (10— - - -
docked after position ureter3 (27.8)T2, 6 (33.3) (110-540)  350)
nephrectomy. (diseased mixed T3, 4 (22.2)NO,
Patient not side up) 17 (94.4)N1, 1
repositioned. (5.56)
P = 0.333 P < 0.001
Melquist LNU Transperitoneal Extraperitoneal via  — 29 renal TO = 6Tis, 3 (5) 34 (54) 234 (204~ 200 (125- 4 (6) 11 (5.5~ 13 (1)
et al. for dissection Gibson excision (46)23 Ta, 16 (25)T1, 10 neoadjuvant 288) 375) 21)
2016 [14] kidney/ureter/ ureter (37)  (16)T2, 8 (13)T3/
LN. 11 mixed 4,20 (32)
a7
RANU Robot over N/a 5 21 renal TO, 5Tis, 2 (5)Ta, 19 (51) 306 (234- 150 (100— 0 (0) 21 (16— 2 (5)
patient hip at (57)9 ureter 9 (24)T1, 12 (32) neoadjuvant 354) 300) 30)
45°, facing 2419 T2, 2 (5)pT3/4, 7
contralateral mixed (51) (19)
shoulder.
P > 0.05 P > 0.05 P > 0.05 P <0.001 P=013 P=029

Chemo, chemotherapy; IQR, interquartile range.
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Table 3 Postoperative outcomes of studies included in the systematic review.

Study LNU/ Hospital Other information Complications, 7 (%) Transfusion Follow- Mortality, Intravesical Local Distant Disease
RANU stay, days rate, n (%) up, n (%) recurrence, recurrence, metastasis, free at
months n/N (%) n (%) n (%) follow-
up,
n (%)
Ambani LNU 3.1 - 1 intraoperative (not stated) 0 (0) 15 Overall, 2 7/19 (37), 2 had 5(23) 16 (73)
et al. Clavien I, 2 ©.1) previously had
2014 [13] Clavien II, 2 Cancer cystectomy
Clavien IIIb, 1 (fascial specific, 2
dehiscence of hand port site ©.1)
requiring surgical intervention)
RANU 3.1 - 1 intraoperative (haemorrhage 2 (9.1) 10 Overall, 4 (18) §/24 (36) 7 (32) 11 (52)
requiring transfusion) Cancer
Clavien I, 4 specific, 2
Clavien II, 2 9.1)
Clavien IIIb, 0
Clavien V, 1 postop. death due
to haematemesis after
discharge
P =093 P =041 P =0.08
Huetal. LNU 9.61 (3-6) Ileus O/resumption oral - - 47.8 Overall, 5 6 (33.3) Renal 2 (11.1) -
2015 [9] intake 2.17 (1-3) days/VAS (11.9- (27.8) fossa 2
pain score 3.93 (3-6) 156.5) Cancer (11.1)
specific, 3
(16.7)
RANU 6.22 (3— Ileus 0/resumption oral - - 6.1 Overall, 2 2 (11.1) 0 (0) 4(22.2) -
10) intake 1.59 (0.5-3) days/ (0.6— (11.1)
VAS pain score 6.22 (3-10) 30.3) Cancer
specific, 1
(5.6)
P =0.043 P > 0.05/P = 0.043/ P = 0.781/ P = 0.849 P = 0.093
P =0.043 P =0.729
Melquist LNU 3254 - Clavien II, 12 (19) 19 (30) 30.9 — 25 (40) DSS (94)
et al. Clavien Illa, 1 (2) (16.1- at 1 year
2016 [14] Clavien IIIb, 1 (2) 48.3)
Clavien IVa, 1 (2)
RANU 5 (4.6 - Clavien II, 1 (3) 3(8) 8.5 - 9 (24) DSS (94)
6.3) Clavien Illa, 0 (0) (1.8— at 1 year
Clavien IIIb, 2 (5) 15.3)
Clavien IVa, 2 (5).
P > 0.05 P =0.012
Trudeau LNU 5.83 Overall complications (18.2) 104 (14.1) In-hospital
et al. mortality
2014 [15] (1.4
RANU 5.7 Overall complications (11.9) 93 (13.0) In-hospital
mortality (0)
P > 0.05 P < 0.001 P > 0.05 P = 0.002

DSS, disease-specific survival; Clavien, Clavien-Dindo classification of complications.
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Table 4 Cumulative comparison analysis.
Outcome RANU, n/N LNU, n/N P
Overall complications 97/774 154/820 < 0.001
Clavien—Dindo complications
I 4/59 2/85 0.21
I1 3/59 14/85 0.05
111 2/59 3/85 0.96
v 2/59 1/85 0.38
\% 1/59 0/85 0.20
PSM 1/59 6/85 0.18
Follow-up median range across studies, months 6-30 12-48
Bladder recurrence 19/77 38/103 0.09
Distant metastasis 11/40 7/40 0.29
Disease-specific mortality 3/40 5/40 0.46
Overall survival 69/77 92/103 0.95
Postoperative mortality (in-hospital death) 1/737 10/757 0.03

(P < 0.001). However, subclassifying complications to
Clavien—Dindo classification yielded no difference
between the two groups.

Mortality

Trudeau et al. [15] reported a significant increase in in-
hospital mortality in the LNU group (1.4% vs 0.0%,
P = 0.002). While Ambani et al. [13] had one postoper-
ative death in the RANU group. A cumulative analysis
found postoperative death rates to be statistically less in
the RANU group (Table 4) (P = 0.03).

Oncological outcomes

Hu et al. [9] reported better overall and cancer-specific
survival in LNU; however this was not statistically sig-
nificance (overall 27.8% vs 11.1%, P = 0.781; cancer-
specific 16.7% vs 5.6%, P = 0.729). Melquist et al.
[14] found no difference in disease-specific survival at
1 year (94% vs 94%). Ambani et al. [13] found overall
mortality was higher in the RANU group (18% vs
9.1%), but cancer-specific mortality was the same across
the groups (9.1% vs 9.1%).

There was no statistically significant difference
between the groups for bladder recurrences (P = 0.09),
at 24.7% in the RANU group vs 36.9% in the LNU
group, despite the slight increase in the LNU group
[9,13,14].

Local recurrence was only reported in one study,
which found no cases in the RANU group but two
(11.1%) in LNU group, both recurrences were found
in the renal fossa [14].

There was a trend towards a higher rate of distant
metastases in the RANU groups (27.5%) vs the LNU
groups (17.5%); however, this was not statistically sig-
nificant (P = 0.29) [9,13].

Ambani et al. [13] reported on disease-free survival
and found a trend favouring LNU over RANU at a

median follow-up of 15 months and 10 months, respec-
tively (73% vs 52%, P = 0.08).

Cost

Trudeau et al. [15] reported on comparative costs, in
their USA-based study. They found the mean cost to
be significantly higher in RANU ($23 235 vs $17 637,
P < 0.001).

Quality assessment of studies

The general quality of the studies was poor, with no ran-
domised trials included. The three comparative trials
and the population-based study were all retrospective
in nature. This included two level 2b studies [14,15],
and two level 3b studies [9,13], according to the CEBM
levels of evidence [12].

Discussion

Overall summary

Although the RANU is emerging, this is the first system-
atic review to evaluate the outcomes of comparative
studies between LNU and RANU. Minimally invasive
NU has become increasingly popular, with reported
improved perioperative outcomes and comparable
oncological results to open NU [10]. However, there
remains a paucity of good data available in the litera-
ture. There is currently no randomised controlled trial
Level 1 evidence, and as found in the present review a
paucity of data comparing LNU and RANU. With this
is in mind, the present evidence suggests that these two
techniques are currently equivocal in terms of perioper-
ative and oncological performance for this technique;
however, there seems to be lower overall complication
rates, as well as postoperative mortality in the RANU

group.
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Operative outcomes

All the studies reporting on OTs found them to be
higher in RANU cases [9,13,14]. However, the data
reported by Ambani et al. [13] represent their initial
experience with the robot for this procedure, while Mel-
quist et al. [14] performed more complete LNDs in their
RANU cases. Furthermore, Ambani et al. [13] and Hu
et al. [9] ‘re-docked’ the robot during their procedure,
which Melquist et al. [14], in the more recent paper,
showed to be avoidable step. Indeed, in published
RANU case series in which the patient or robot are
not repositioned the mean OT is consistently
<200 min [19-21], while in those studies that re-
docked the mean OTs were in concordance with those
seen here at ~300 min [22,23].

EBL was reduced in RANU in two papers [9,14], with
Hu et al. [9] finding this to be significant (358.33 vs
68.89 mL, P < 0.001). Ambani et al. [13] found a trend
towards higher EBL and transfusion rates in RANU
patients, but again this was attributed to a learning-
curve effect, and their results do not reflect other pub-
lished RANU series, such as Hemal et al. [20] and Lee
et al. [21], who reported an EBL of 103 and 99 mL,
respectively. Melquist et al. [14] reported a significantly
lower transfusion rates in RANU (8% vs 30%,
P = 0.012) and this trend was supported in the largest
study in the literature (13.0% vs 14.1%, p > 0.05) [15].

LND should be performed in all patients with >T2
tumours, with radiologically or operative lymph node
enlargements, it provides key diagnostic information
and may be curative in patients with either known lim-
ited nodal spread or unseen metastases [24]. Melquist
et al. [14] performed a retrospective cohort study with
the primary outcome to assess LND in LNU and
RANU. That paper, and Hu et al. [9], found RANU
to yield a higher median lymph node count. In both
cases LNU had a higher positive node count.

Taken together, these findings suggest that with expe-
rience and the adoption of RANU without repositioning
or re-docking, that RANU could become a more effi-
cient technique in terms of OT and EBL, and a more
effective procedure in terms of ability to yield lymph
nodes as required.

Complications and mortality

Overall complications were higher in LNU in all but one
study [13]. Trudeau et al. [15] found no significant differ-
ence in postoperative length of stay; however, overall
complications were reduced from 18.2% to 11.9% in
RANU procedures (P < 0.001). No other series
reported a significant difference in complication rates.
This was reflective in the cumulative analysis, whereby
the RANU group had less complications overall, but
is heavily weighed by the large Trudeau et al. [15] study.

Mortality rates were reportedly inconsistently across
the studies. In the largest series, there is a significantly
increased in-hospital mortality in LNU (1.4% vs 0%,
P = 0.002) [15]. The other two studies that reported
on mortality found no significant difference in both
overall and cancer-specific mortality [9,13].

Oncological outcomes

Bladder recurrence rates ranged from 33 to 40% in
LNU, which was in agreement with the range of 19—
43% reported in a meta-analysis by Ribal et al. [25].
Recurrence rates in RANU cases reported here ranged
from 11% to 36%. Lim et al. [26], in a cumulative anal-
ysis of RANU series, reported a recurrence rate of 0—
44.4%. Although no statistically significant difference
was found, there is a suggestion of a trend towards
improved recurrence rates with RANU. The ‘gold stan-
dard’ for bladder cuff excision is extravesical or
transvesical excision of the distal ureter; Lim et al. [20]
hypothesised that the technical challenge this poses
laparoscopically, in comparison to more advanced dex-
terity offered by robotics may explain the trend towards
improved recurrence rates.

Local recurrences are considered rare after NU, with
rates of 4-15% in LNU, and 2.4% in a pooled analysis
of RANU [26]. Only one study in the present series
reported on local recurrence, finding a rate of 0% in
RANU compared with 11.1% in LNU [14]. These
should be interpreted with caution given the small sam-
ple size, but suggest that local recurrence rates are at
least comparable between the two techniques.

Both studies reporting distant metastases found a
trend towards improved rates in LNU, although neither
found significance [9,13]. In RANU, Ambani et al. [13]
reported a recurrence rate of 32% and Hu et al. [9]
reported a recurrence rate of 22%. In a meta-analysis
by Rai et al. [10] the pooled rate of distant metastasis
for LNU across 16 studies was found to be 11.0%,
and 14.7% in open NU.

Cost

Concern over cost in robotics is often raised. Trudeau
et al. [15] reported RANU to be a more costly procedure
($17 637 vs $23 235, P < 0.001). However, the general-
isability of this to other populations is questionable.
Furthermore as robotics continues to increase in popu-
larity and availability of equipment these costs are likely
to decrease.

Limitations

Firm conclusions from the available literature are lim-
ited in three of the studies by small cohort sizes
[9,13,14]. In the Trudeau et al. [15] study, although
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large, it is a population-based study and so should be
interpreted with caution. Secondly, the quality of evi-
dence is low, with all available data from retrospective
studies with no randomisation, which has an inherent
risk of bias. Thirdly, all the studies reviewed use differ-
ent techniques in both LNU and RANU cases, this
again makes them hard to interpret and compare fairly.
With all results reported differently between the studies.
Finally, there is a limited follow-up period, in particular
in RANU with the longest follow-up being only
10 months [13], this makes meaningful interpretation
of oncological and survival outcomes difficult.

Implications for practice and research

The available literature suggests outcomes from RANU
are at least comparable to LNU; however, firmer con-
clusions cannot be made given the limitations discussed.
Results from other case series suggest that with
increased experience RANU may provide favourable
performance in terms of OT, EBL, complications, and
mortality [19-21]. Furthermore, both Hu et al. [9] and
Melquist et al. [14] report increased lymph node yield,
which is an added benefit of RANU indicating that this
is an option and is comparable with open surgery.

The present review supports the continued use of
both techniques with equipoise. Further research should
look to address the limitations discussed — preferably in
the form of a large randomised controlled trial. Given
the rarity of upper urothelial tumours this may be hard
to achieve in a single institution and may need a multi-
institutional, multi-national study.

Conclusions

Despite the paucity of current comparative evidence on
RANU and LNU, the present systematic review suggests
they are equivalent in terms of perioperative and oncolog-
ical performance. Furthermore, there may be a lower
overall complication rate, as well as postoperative mor-
tality in the RANU group. We await further comparative
data to add to this field, preferably in the form of a ran-
domised controlled trial, which would be appropriate.

Conflicts of interest
None.

Acknowledgement

Mr Omar M. Aboumarzouk would like to thank Dr Isra Ahsi
for her support.

References

[1] Jemal A, Tiwari RC, Murray T, Ghafoor A, Samuels A, Ward E,
et al. Cancer statistics. CA Cancer J Clin 2004;54:8-29.

[2] Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Cancer J
Clin 2015;65:5-29.

[3] Munoz JJ, Ellison LM. Upper tract urothelial neoplasms:
incidence and survival during the last 2 decades. J Urol
2000;164:1523-5.

[4] Clayman RV, Kavoussi LR, Figenshau RS, Chandhoke PS,

Albala DM. Laparoscopic nephroureterectomy: initial clinical

case report. J Laparoendosc Surg 1991;1:343-9.

Rassweiler JJ, Schulze M, Marrero R, Frede T, Palou Redorta J,

Bassi P. Laparoscopic nephroureterectomy for upper urinary

tract transitional cell carcinoma: is it better than open surgery?

Eur Urol 2004;46:690-7.

Ariane MM, Colin P, Ouzzane A, Pignot G, Audouin M, Cornu

JN, et al. Assessment of oncologic control obtained after open

versus laparoscopic nephroureterectomy for upper urinary tract

urothelial carcinomas (UUT-UCs): results from a large French
multicenter collaborative study. 4nn Surg Oncol 2012;19:301-8.

Waldert M, Remzi M, Klingler HC, Mueller L, Marberger M.

The oncological results of laparoscopic nephroureterectomy for

upper urinary tract transitional cell cancer are equal to those of

open nephroureterectomy. BJU Int 2009;103:66-70.

Hemal AK, Kumar A, Gupta NP, Seth A. Retroperitoneal

nephroureterectomy with excision of cuff of the bladder for upper

urinary tract transitional cell carcinoma: comparison of laparo-
scopic and open surgery with long-term follow-up. World J Urol
2008;26:381-6.

[9] Hu CY, Yang CK, Huang CY, Ou YC, Hung SF, Chung SD,
et al. Robot-Assisted laparoscopic nephroureterectomy versus
hand-assisted laparoscopic nephroureterectomy for upper urinary
tract urothelial carcinoma: a matched comparison study. BioMed
Res Int 2015;2015:918486.

[10] Rai BP, Shelley M, Coles B, Somani B, Nabi G. Surgical
management for upper urinary tract transitional cell carcinoma
(UUT-TCCQ): a systematic review. BJU Int 2012;110:1426-35.

[11] Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. Int J Surg 2010;8:336-41.

[12] Oxford Centre for Evidence-based Medicine (CEBM). Levels of

Evidence (March 2009). Available at: http://www.cebm.net/

oxford-centre-evidence-based-medicine-levels-evidence-march-

2009/. Accessed 4 April 2017.

Ambani SN, Weizer AZ, Wolf Jr JS, He C, Miller DC,

Montgomery JS. Matched comparison of robotic vs laparoscopic

nephroureterectomy: an initial experience. Urology

2014:83:345-9.

Melquist JJ, Redrow G, Delacroix S, Park A, Faria EE, Karam

JA, et al. Comparison of single-docking robotic-assisted and

traditional laparoscopy for retroperitoneal lymph node dissection

during nephroureterectomy with bladder cuff excision for upper-
tract urothelial carcinoma. Urology 2016;87:216-23.

[15] Trudeau V, Gandaglia G, Shiffmann J, Popa I, Shariat SF,
Montorsi F, et al. Robot-assisted versus laparoscopic
nephroureterectomy for upper-tract urothelial cancer: A popula-
tion-based assessment of costs and perioperative outcomes. Can
Urol Assoc J 2014:8:E695-701.

[16] Bansal D, Cost NG, Bean CM, Riachy E, Defoor Jr WR, Reddy

PP, et al. Comparison of pediatric robotic-assisted laparoscopic

nephroureterectomy and laparoendoscopic single-site

nephroureterectomy. Urology 2014;83:438-42.

Park SY, Rha KH, Autorino R, Derweesh I, Liastikos E, Tsai

YC, et al. Laparoendoscopic single-site nephroureterectomy for

upper urinary tract urothelial carcinoma: outcomes of an inter-

national multi-institutional study of 101 patients. BJU Int
2013;112:610-5.

[18] Choi KH, Ham WS, Rha KH, Lee JW, Jeon HG, Arkoncel FR,
et al. Laparoendoscopic single-site surgeries: a single-center
experience of 171 consecutive cases. Korean J Urol 2011;52:31-8.

[5

[

[6

—_

[7

—

8

[t

[13

[14

[17


http://refhub.elsevier.com/S2090-598X(17)30067-0/h0005
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0005
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0010
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0010
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0015
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0015
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0015
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0020
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0020
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0020
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0025
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0025
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0025
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0025
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0030
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0030
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0030
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0030
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0030
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0035
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0035
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0035
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0035
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0040
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0040
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0040
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0040
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0040
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0045
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0045
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0045
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0045
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0045
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0050
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0050
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0050
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0055
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0055
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0055
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0065
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0065
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0065
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0065
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0070
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0070
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0070
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0070
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0070
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0075
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0075
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0075
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0075
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0075
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0080
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0080
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0080
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0080
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0085
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0085
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0085
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0085
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0085
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0090
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0090
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0090

186

Stonier et al.

[19] Park SY, Jeong W, Ham WS, Kim WT, Rha KH. Initial
experience of robotic nephroureterectomy: a hybrid-port tech-
nique. BJU Int 2009;104:1718-21.

[20] Hemal AK, Stansel I, Babbar P, Patel M. Robotic-assisted
nephroureterectomy and bladder cuff excision without intraoper-
ative repositioning. Urology 2011;78:357-64.

[21] Lee Z, Cadillo-Chavez R, Lee DI, Llukani E, Eun D. The
technique of single stage pure robotic nephroureterectomy. J
Endourol 2013;27:189-95.

[22] Hu JC, Silletti JP, Williams SB. Initial experience with robot-
assisted minimally-invasive nephroureterectomy. J Endourol
2008;22:699-704.

[23] Eandi JA, Nelson RA, Wilson TG, Josephson DY. Oncologic
outcomes for complete robot-assisted laparoscopic management

[24]

(23]

[26]

of upper-tract transitional cell carcinoma. J Endourol
2010;24:969-75.

Roscigno M, Brausi M, Heidenreich A, Lotan Y, Margulis V,
Shariat SF, et al. Lymphadenectomy at the time of
nephroureterectomy for upper tract urothelial cancer. Eur Urol
2011;60:776-83.

Ribal MJ, Huguet J, Alcaraz A. Oncologic outcomes obtained
after laparoscopic, robotic and/or single port nephroureterectomy
for upper urinary tract tumours. World J Urol 2013;31:93-107.
Lim SK, Shin TY, Rha KH. Current status of robot assisted
laparoscopic radical nephroureterectomy for management of

upper tract urothelial carcinoma. Curr Urol Rep 2013;14:138-46.


http://refhub.elsevier.com/S2090-598X(17)30067-0/h0095
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0095
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0095
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0100
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0100
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0100
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0105
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0105
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0105
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0110
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0110
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0110
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0115
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0115
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0115
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0115
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0120
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0120
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0120
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0120
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0125
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0125
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0125
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0130
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0130
http://refhub.elsevier.com/S2090-598X(17)30067-0/h0130

	Laparoscopic vs robotic nephroureterectomy:�Is it time to re-establish the standard? Evidence from a systematic review
	Introduction
	Material and methods
	Results
	Literature search
	Surgical outcomes
	OT
	EBL
	PSM rate
	LND

	Postoperative complications
	Mortality
	Oncological outcomes
	Cost
	Quality assessment of studies

	Discussion
	Overall summary
	Operative outcomes
	Complications and mortality
	Oncological outcomes
	Cost
	Limitations
	Implications for practice and research

	Conclusions
	Conflicts of interest
	Acknowledgement
	References


