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Abstract Objective: To perform a narrative review about the role of robot-assisted retroper-
itoneal lymphadenectomy (R-RPLND) in the management of testicular cancer.
Methods: A PubMed search for all relevant publications regarding the R-RPLND series up until
August 2019 was performed. The largest series were identified, and weighted means calculated
for outcomes using the number of patients included in each study as the weighting factor.
Results: Fifty-six articles of R-RPLND were identified and eight series with more than 10 pa-
tients in each were included. The weighted mean age was 31.12 years; primary and post
chemotherapy R-RPLND were performed in 50.59% and 49.41% of patients. The clinical stage
was I, II and III in 47.20%, 39.57% and 13.23% of patients. A modified R-RPLND template was
used in 78.02% of patients, while 21.98% underwent bilateral full template. The weighted
mean node yield, operative time and estimated blood loss were, respectively, 22.15 nodes,
277.35 min and 131.94 mL. The weighted mean length of hospital stay was 2 days and ante-
grade ejaculation was preserved in 92.12% of patients. Major post-operative complications
(Clavien III or IV) occurred in 5.34%. Positive pathological nodes were detected in 24.54%, while
the recurrence free survival was 95.77% with a follow-up of 21.81 months.
Conclusion: R-RPLND has proven to be a reproducible and safe approach in experienced cen-
ters; short-term oncologic outcomes are similar to the open approach with less morbidity
and shorter convalescence related to its minimal invasiveness. However, longer follow-up
and new trials comparing head-to-head both techniques are expected.
ª 2021 Editorial Office of Asian Journal 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/).
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1. Introduction

Testicular germ-cell tumor (GCT) is the most common solid
neoplasms in young male adults between 20 and 44 years
old [1]. Although sometimes only the orchiectomy itself is
sufficient for cure when there are risk factors associated
with occult metastatic disease in clinical stage (CS) I,
possible subsequent treatments may be required [2].

After the properly evolution of multimodal treatments,
the overall survival rate achieved 98% [1]. Therefore, ef-
forts have to be made in reducing morbidity and long-term
toxicity for testicular cancer survivors [3].

Retroperitoneal lymph node dissection (RPLND) remains
a complex and potentially morbid treatment option in the
primary setting for low-stage (CS I and II) diseases and
especially in residual masses after chemotherapy [2]. Open
RPLND (O-RPLND) has been considered classically the gold
standard for surgical management of the retroperitoneum,
however, as in the other fields in urology, recently mini-
mally invasive approaches have been described aiming to
decrease the morbidity related to the procedure, especially
in high experienced centers [4,5].

The first laparoscopic RPLND (L-RPLND) was performed
in 1992, by Rukstalis and Chodak [6], and advantages in
terms of peri-operative outcomes were described. Never-
theless, an extended learning curve and technically chal-
lenging procedure resulted in the limited adoption of L-
RPLND worldwide [6,7]. Since the development of the ro-
botic platform in the early 2000s and the improvement in
movement freedom owing to the flexibility of the wristed
instruments, in 2006, the first robot-assisted RPLND (R-
RPLND) was described by Davol et al. at Geisinger Medical
Center, Pennsylvania [8].

The rationale for a robotic-assisted approach to RPLND
was the shortening of the learning curve, improvement in
safety and reproducibility for this challenging procedure in
high volume centers with experienced surgeons [8e10].
After this first description, both series of R-RPLND even in
the primary R-RPLND (pR-RPLND) or post-chemotherapy
setting (PC-R-RPLND) have already been published from
experienced groups, showing its feasibility and safety by
high volume and well-trained robotic surgeons [7,11e13].

A narrative review of R-RPLND outcomes is described
next, focusing on the largest reports published so far.

2. Methods

We performed an electronic PubMed search for all relevant
publications regarding outcomes and techniques of the R-
RPLND up to August 2019. We used the keywords “robotic”,
“retroperitoneal lymph node dissection”, and “testicular
cancer”. All single and multi-institutional R-RPLND studies
in adults with testicular cancer were included and reviewed
in addition to studies comparing outcomes from O-RPLND
and L-RPLND. Eleven articles were excluded, as illustrated
below in the diagram (Fig. 1).

After properly identification of the eight largest series
reported up to date, which included more than 10 patients
in each, the weighted means were calculated. Series from
non-adult patients, R-RPLND from primary sites other than
GCT were excluded. Although collaborative efforts be-
tween institutions may have occurred in different papers
analyzed herein, we couldn’t find out and split exactly the
number of patients possible mixed in each series, which
may represent a limitation of this review.

3. Results

3.1. Characteristics of patients, scenario and
operative outcomes

We identified 56 articles regarding R-RPLND; detailed peri-
operative outcomes from the eight largest series (>10 pa-
tients) are described next and are summarized in Tables 1
and 2. Of note, the weighted means age was 31.12 years;
primary and post-chemotherapy RPLNDs were performed in
50.59%, and 49.41% of patients analyzed in this review. The
clinical stage was I, II, and III in 47.20%, 39.57%, and 13.23%
of patients. A modified RPLND template was used in 78.02%
of patients, while 21.98% underwent a full bilateral tem-
plate. The weighted mean node yield, operative time (OT),
and estimated blood loss (EBL) were, respectively, 22.15
nodes, 277.35 min, and 131.94 mL.

In the exclusively pR-RPLND setting, there were only two
series that fulfilled the criteria inclusions. Pearce et al. [13]
reported 47 patients submitted to pR-RPLND, while Harris
et al. [14] described 16 consecutive pR-RPLND patients.
Most of them were CS I and were mainly positioned in the
flank; the robot was docked laterally during surgery; a
modified template was performed in most pR-RPLND cases,
even though achieving a median node yield of 26 and 30,
respectively in these two series. Bleeding was minimal,
median OT was 235 min, and 271 min; Pearce et al. [13]
reported a median length of stay (LOS) of 1 day.

Mixed series by Stepanian et al. [10] and Cheney et al.
[15] reported 16 (75%) and 11 (36%) from their patients
submitted to pR-RPLND. While the first author changed
patient position during surgery throughout the learning
curve (resulting in more than half of his patients performing
surgery in flank position), the second author carried out all
procedures in the supine position with robot docked
cranially. Stepanian et al. [10] performed a modified tem-
plate in 14 (70%) of his patients, achieving a median node
yield of 20, and Cheney et al. [15] did it in 7 (39%) of his
patients, resulting in a mean node yield of 22. Bleeding was
minimal in both series and the median OT reported was 293
min by the first author and 329 min by the last. While the
first author presented a median LOS of 1 day, the second
refereed a mean of 3 days.

Regarding the PC-R-RPLND scenario, there were four
published series included herein, which were described by
Overs et al. [16], Kamel et al. [17], Singh et al. [11] and Li
et al. [18]. They reported, respectively, 11, 12, 13 and 30
patients in this setting, mainly in CS II (91%), 6 (50%), 13
(100%) and 19 (63%) patients. The remaining patients were
all CS III. Patient position adopted was mostly flanked with
robot docked laterally. Overs et al. [16] performed a
modified template for all the patients, resulting in a



Figure 1 PRISMA 2009 Flow Diagram. R-RPLND, robot-assisted retroperitoneal lymphadenectomy; L-RPLND, laparoscopic retro-
peritoneal lymph node dissection; PRISMA, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses. From: Moher
D, Liberati A, Tetzlaff J, Altman DG, the PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6 (7): e1000097. https://doi.org/10.1371/journal.pmed1000097. For more
information, visit http://www.prisma-statement.org/.
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median node yield of 7; similarly, the remaining three se-
ries used a full bilateral template in less than half of
patients.

Kamel et al. [17] reported a mean node yield of 12, while
Singh et al. [11] and Li et al. [18] reported a median of 20 and
24, respectively. The first author explained that in half of the
patients, a lymph node matted �5 cm was excised, and the
pathologist referred difficult on counting, reporting it as
lymph node mass. The mean OT reported by Overs et al. [16]
and by Kamel et al. [17] was 150 min and 312 min, respec-
tively, while Singh et al. [11] and Li et al. [18] reported me-
dian OT of 200 min and 372 min. Kamel et al. [17] recorded
mean EBL of 475 mL, while Overs et al. [16], Singh et al. [11]
and Li et al. [18] presentedmedian EBL of 120mL, 120mL and
235 mL. Kamel et al. [17] reported mean LOS of three days.
Overs et al. [16], Singh et al. [11], and Li et al. [18] presented
median LOS of three, four and two days, respectively.

3.2. Complications

Combining the data of all eight series included in this review,
the overall intra-operative and post-operative complications
rates were 23.92%, 8.31%, and 15.19% (Table 3). In general,
the most common complications were Clavien I-II, account-
ing eight cases of ileus, followed by three chylous ascites
and two wound infection. From the Clavien III-IV complica-
tions, the most prevalent was chylous ascites (five cases).
3.2.1. Intra-operative complications
In the two largest series of pR-RPLND presented in this
paper, there was only one patient in each that needed to be
converted to open surgery due to aortic injury.

Considering the cohorts in both scenarios, pR-RPLND and
PC-R-RPLND, Stepanian et al. [10] reported no conversion
to open surgery at all; the authors reported a ureteral
transection, which was immediately perceived and
repaired robotically with a ureteroureterostomy over a
double-J ureteral stent. This patient was properly fol-
lowed, and a diuretic renogram was obtained at 6 weeks
during the post-operative period demonstrated patency,
with no evidence of obstruction. Cheney et al. [15] had
three conversions. In two of them, the surgery was in the
post-chemotherapy scenario, and the one pR-RPLND
needed to be converted due to poor visualizations issues.

Finally, in the last four series that included only patients
in a more challenging scenario of PC-R-RPLND, only Overs
et al. [16] didn’t report any intra-operative complication. Li
et al. [18] reported one diaphragmatic lesion successfully
managed robotically, one conversion to O-RPLND due to
vascular injury, and the other two patients due to visuali-
zation issues. Singh et al. [11] presented one aortic injury
managed with no conversion. Kamel et al. [17] also had one
aortic injury fixed robotically, but also had one inferior
mesenteric artery injury that required conversion to the
open approach.

https://doi.org/10.1371/journal.pmed1000097
http://www.prisma-statement.org/


Table 1 Characteristics of patients and scenario from the largest series of R-RPLND with the weighted means calculated.

Scenario Pearce
et al.,
2017 [13]

Harris
et al.,
2015 [14]

Stepanian
et al.,
2016 [10]

Cheney
et al.,
2015 [15]

Li et al.,
2019 [18]

Singh
et al.,
2017 [11]

Kamel
et al.,
2016 [17]

Overs
et al.,
2018 [16]

Weighted
means

pR-RPLND pR-RPLND and PC-R-RPLND PC-R-RPLND

Median age,
years (IQR)

30
(26e38)

30
(25e38)

31 35
(23e39)

30
(26e36)

26
(21e37)

38
(20e55)

33
(22e49)

31.12

Number of
patients

47 16 20 18 30 13 12 11 27.08

pR-RPLND n (%) 47 (100) 16 (100) 16 (75) 11 (36) 0 0 0 0 50.59%
PC-R-RPLND, n (%) 0 0 4 (25) 7 (64) 30 (100) 13 (100) 12 (100) 11 (100) 49.41%
cTNM Stage n (%)
I 42 (89) 16 (100) 11 (55) 10 (56) 0 0 0 0 47.20%
II 5 (11) 0 6 (30) 7 (39) 19 (63) 13 (100) 6 (50) 10 (91) 39.57%
III 0 0 3 (15) 1 (6) 11 (37) 0 6 (50) 1 (9) 13.23%

IQR, interquartile range; RPLND, retroperitoneal lymph node dissection; PC-R-RPLND, post chemotherapy robotic RPLND; pR-RPLND,
primary robotic RPLND; R-RPLND, robot-assisted RPLND.

Table 2 Operative outcomes from the eight largest series of R-RPLND with the weighted means calculated.

Scenario Pearce
et al.,
2017 [13]

Harris
et al.,
2015 [14]

Stepanian
et al.,
2016 [10]

Cheney
et al.,
2015 [15]

Li
et al.,
2019 [18]

Singh
et al.,
2017 [11]

Kamel
et al.,
2016 [17]

Overs
et al.,
2018 [16]

Weighted
means

pR-RPLND pR-RPLND and PC-R-RPLND PC-R-RPLND

Patient positioning-robot docking, n (%)
Flank-lateral 42 (89) 16 (100) 11 (55) 0 30 (100) 12 (92) 6 (50) 11 (100) 76.52%
Supine-cranial 5 (11)a 0 9 (45) 18 (100) 0 1 (8) 6 (50) 0 23.48%

RPLND
template, n (%)
Modified 45 (96) 16 (100) 14 (70) 7 (39) 17 (57) 11 (85) 9 (75) 11 (100) 78.02%
Bilateral 2 (4) 0 6 (30) 11 (61) 13 (43) 2 (15) 3 (25) 0 21.98%

Node yield 26 (18e32)b 30 (23e36)b 20 (14e27)b 22 (10)c 24 (17e30)b 20d 12 (5e21)e 7 (1; 24)f 22.15
Operative

time, min
235
(214e258)b

271
(236e299)b

293
(258e317)b

329 (40)c 372
(329e437)b

200d 312
(205e408)e

150
(45e300)e

277.35

Estimated
blood loss,
mL,

50
(50e100)b

75
(50e100)b

50
(50e100)b

103 (78)c 235
(160e300)b

120d 475
(50e1 800)e

120
(5e300)f

131.94

Length of
stay, day

1 (1e1)b NR 1 (1e2)b 3 (2.3)c 2d 4 (3e5)b 3 (2e5)e 3 (2e4)f 2.00

RPLND, retroperitoneal lymph node dissection; PC-R-RPLND, post chemotherapy robotic RPLND; pR-RPLND, primary robotic RPLND; R-
RPLND, robot-assisted RPLND; NR, not reported.

a Over left shoulder.
b Median (interquartile range).
c Mean (standard deviation).
d Only median reported.
e Mean and range.
f Median and range.
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3.2.2. Post-operative complications
In the pR-RPLND series, Pearce et al. [13] reported 2 (4%)
major post-operative complications (Clavien III-IV), one of
them with body wall hematoma that required intervention
and the other with chylous ascites that needed to be
drained by a single paracentesis.

In the PC-R-RPLND series, Li et al. [18] described 3
(10%) patients that required intervention: One case of
chylous ascites, one pneumothorax, and another one
that evolved with colon ischemia, perforation, and
multiple organ failure attributed to the inferior mesen-
teric artery ligation. No deaths were reported. Singh
et al. [11] highlighted their higher incidence of chylous
ascites and speculated two possible explanations. First,
authors argued that they didn’t leave the patients on a
low-fat diet in the immediate post-operative period;
second, the higher incidence could be because of less
use of suture and clip during lymphatic dissection,



Table 3 Complications from the largest series of R-RPLND with the weighted means calculated.

Scenario Pearce
et al.,
2017 [13]

Harris
et al.,
2015 [14]

Stepanian
et al.,
2016 [10]

Cheney
et al.,
2015 [15]

Li et al.,
2019 [18]

Singh
et al.,
2017 [11]

Kamel
et al.,
2016 [17]

Overs
et al.,
2018 [16]

Weighted
means

pR-RPLND pR-RPLND and PC-R-RPLND PC-R-RPLND

Complications
Overall, n (%) 6 (13) 1 (6) 1 (5) 6 (33) 10 (33) 10 (77) 5 (42) 1 (9) 23.92%
Trans-operative,
n (%)

2 (4) 1 (6) 1 (5) 3 (17) 4 (13) 1 (8) 2 (17) 0 8.31%

Injury, no
conversion

1 pancreatic 0 1 ureter 0 1 diaphragmatic 1 aortic 1 aortic 0 NA

Conversion, n (%) 1 (2) 1 (6) 0 3 (17) 3 (10) 0 1 (8) 0 5.34%
Reason 1 aortic injury 1 aortic injury 0 1 robotic

malfunction
1 poor exposure
1 risk of bleeding

2 poor visualization
1 vascular injury

0 1 inferior
mesenteric
artery injury

0 NA

Post-operative, �90
day, n (%)

4 (9) 0 0 3 (17) 6 (20) 9 (69) 3 (25) 1 (9) 15.19%

Clavien-Dindo IeII 1 chylous ascites
1 ileus

0 0 1 ileus
1 transfusion
1 hyperkalemia

2 wound infection
1 delirium tremens

5 ileus
1 chylous ascites

1 ileus
1 neuropathy in the
upper limb

1 chylous
ascites

9.80%

Clavien-Dindo IIIeIV 1 chylous ascites
1 body
wall hematoma

0 0 0 1 chylous ascites
1 colon perforation
leading to multiple
organ failure

1 pneumothorax

3 chylous ascites 1 aortic
pseudoaneurysm
repaired by
endovascular
technique

0 5.39%

NA, not applicable; RPLND, retroperitoneal lymph node dissection; PC-R-RPLND, post chemotherapy robotic RPLND; pR-RPLND, primary robotic RPLND; R-RPLND, robot-assisted RPLND.
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Table 4 Functional and oncological outcomes from the largest series of R-RPLND with the weighted means calculated.

Scenario Pearce
et al., 2017 [13]

Harris
et al., 2015 [14]

Stepanian
et al., 2016 [10]

Cheney
et al., 2015 [15]

Li et al.,
2019 [18]

Singh et al.,
2017 [11]

Kamel
et al., 2016 [17]

Overs
et al., 2018 [16]

Weighted
means

pR-RPLND pR-RPLND and
PC-R-RPLND

PC-R-RPLND

Antegrade ejaculation, n (%)
No 0 0 2 (10) 1 (9)d 0 2 (15) 1 (10)f 1 (11)f NA
Yes 44 (94) 16 (100) 18 (90) 10 (91)d 0 11 (85) 9 (90)f 8 (89)f 92.12%
Unknown 3 (6) 0 0 0 30 (100) 0 2 (17) 2 (18) NA

Patients pNþa,
n (%)

8 (17) 2 (13) 8 (42) 8 (44) 5 (17) 3 (23) 5 (46) 1 (9)g 24.54%

Adjuvant chemotherapy (if pNþ), n (%)
No 3 (38) NR 18 (90) 16 (89) 3 (17) 13 (100) 0 11 (100) NA
Yes 5 (62) NR 2 (10) 2 (11) 2 (7) 0 1 (8) 0 23.96%

Recurrence
In-field

recurrence, n
0 NR 0 0 0 0 0 0 NA

RFSb, % 97 NR 100 89 90 100 100 100 95.77
Follow-up, month 16 (9e23)c NR 49 (37e71)c 22 (1e58)c 15 (1e51)e 23 (3e58)e 31 (5e39)e 4 (1e48)e 21.81

NA, not applicable; NR, not reported; RPLND, retroperitoneal lymph node dissection; PC-R-RPLND, post chemotherapy robotic RPLND; pR-RPLND, primary robotic RPLND; R-RPLND, robot-
assisted RPLND.

a Patients with positive nodes in final pathology.
b Recurrence free survival.
c Median (interquartile range).
d There were only 11 patients submitted to nerve sparing.
e Median (range).
f Rates in the patients whose ejaculation status was assessed.
g Authors didn’t consider teratoma as pNt in this paper.
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Figure 2 Supine position and docking and flank position and
docking. (A) Trocar placement; (B) Patient positioning; (C)
Robot docking; (D) Supine; (E) Flank decubitus; (F) The doctors
were performing R-RPLND. R-RPLND, robot-assisted retroperi-
toneal lymphadenectomy.
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besides the difficulties of proper identification of
lymphatic channels in the post-chemotherapy scenario.
Kamel et al. [17] described a Clavien III in the post-
operative period. It was a patient with residual mass
from a seminoma that, during the surgery, had an aortic
injury. He evolved with an aortic pseudoaneurysm in the
post-operative period that needed to be endovascular
repaired. Overs et al. [16] reported no major
complications.

3.3. Functional and oncological outcomes

Functional and oncological outcomes are illustrated in
Table 4. The antegrade ejaculation rates, pathological
positive nodes rates (pNþ), the performance of adjuvant
chemotherapy, recurrence-free survival (RFS), and
follow-up were, respectively, 92.12%, 24.54%, 23.96%,
95.77% in 21.81 months. Of note, pNþ detailing between
teratoma or other GCT wasn’t always recorded specif-
ically by all the authors, whenever described we
explained into the text.

In the setting of pR-RPLND, Pearce et al. [13] informed
that nerve sparing was based on surgeon preference and
achieved antegrade ejaculation in 44 (94%) patients, while
the remaining three could not be assessed. Adjuvant
chemotherapy was performed in 5 of 8 (62%) patients with
pNþ; the three other patients were managed with surveil-
lance, and none had recurred up to a median follow-up of 6
months. No great details about the histology of pNþ were
recorded, besides that one patient pN2 managed with sur-
veillance had embryonal carcinoma with the largest node
2.1 cm. Only one patient that was receiving adjuvant
chemotherapy had a pelvic relapse, outside of the template
of dissection, 8 months after the pR-RPLND. It was resected
(teratoma), and the patient remained disease-free up to 9
months after the last surgery. Harris et al. [14] employed
nerve sparing surgery for all their patients and reached
100% of their patients with no issues regarding ejaculation.
Also, they found 2 (13%) with pNþ, one embryonal and one
teratoma. They didn’t report any data regarding adjuvant
chemotherapy, neither oncological outcomes.

Mixed series (pR-RPLND and PC RPLND) by Stepanian
et al. [10] and Cheney et al. [15] reported nerve sparing
surgery in 20 (100%) and 11 (61%) of their patients,
achieving antegrade ejaculation, respectively in 18 (90%)
and 10 (91%) patients. Both series presented eight patients
with pNþ; the first author presented three patients with
teratoma and five with embryonal carcinoma, while the
second author didn’t recorded details regarding the his-
tology of the nodes. Only two patients in each series were
managed with adjuvant chemotherapy, Stepanian et al.
[10] referred one patient due to pathological stage IIC and
the other developed lung recurrence at 4 months after
surgery. Cheney et al. [15] referred both patients with lung
recurrence to four cycles of bleomycin, etoposide and
cisplatin, with complete response. The first author re-
ported RFS of 100% in a median follow-up of 49 months,
while the second 89% in 22 months.

Regarding the PC-R-RPLND series, Li et al. [18] and
Kamel et al. [17] didn’t reported the rates from nerve
sparing technique, although the last author recorded
modified template in 9 (75%) patients and antegrade ejac-
ulation in 9 (90%). Similarly, Overs et al. [16] reported only
modified template in their series, achieving antegrade
ejaculation in 8 (89%) patients. While Singh et al. [11]
performed nerve sparing in all their patients independently
of template with antegrade ejaculation in 11 (85%). Pa-
tients presenting pNþ by Li et al. [18] were 5 (17%), how-
ever no histology details were reported. Singh et al. [11]
reported 3 (23%) patients with teratoma. Kamel et al. [17]
reported 5 (46%) patients, 4 with teratoma and 1 with
viable GCT; and finally Overs et al. [16] reported only 1 (9%)
patient with GCT. From the patients presenting
pNþdHighlighting that some authors didn’t differentiated
teratoma from other viable GCT tumordOnly 2 (7%) pa-
tients from Li et al. [18] series and 1 (8%) from Kamel et al.
[17] required additional cycles of chemotherapy. Li et al.
[18] reported two of three patients presenting distant
recurrence after a desperation PC-RPLND that revealed
viable GCT in the retroperitoneum. The other patient pre-
sented pulmonary recurrence despite being submitted
initially to lobectomy at the same time as the PC-R-RPLND.
Rates from RFS in these series were reported as follows,
90% in a median of 15 months, 100% in 23 months, 100% in
31 months, and 100% in 4 months, respectively.



Figure 3 Trans-operative relevant moments of RPLND in su-
pine position. (A) Peritoneum suspension in abdominal wall to
begin dissection and access the retroperitoneum; (B) Beginning
of paracaval template, above the ureter cross the right iliac
artery; (C) Precaval, preaortic, interaortocaval and retrocaval
template with identification and sparing of postganglionic
sympathetic nerve fibers (crossing between the IVC and AO);
(D) Interaortocaval and retrocaval dissection reaching the right
superior boundaries of the template (right renal hilum); (E)
Preaortic and paraortic superior boundaries reaching the left
renal hilum; (F) Final template showing the retroperitoneum
vessels. AO, aorta; IVC, inferior vena cava; RPLND, retroperi-
toneal lymph node dissection.
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Besides all these encouraging results presented in this
paper, there was one recent report of adverse oncologic
outcomes of five patients submitted to R-RPLND. One pa-
tient had an in-field recurrence located beside undivided
lumber vessel while the four others presented with
abnormal patterns such as invading sigmoid colon, perito-
neal carcinomatosis with perinephric mass, large-volume
liver lesions with suprahilar disease extending into retro-
crural space, and lymph nodes in the celiac axis. All of them
were managed with different chemotherapy regimens and
three of them required additional surgeries. One patient
died from the disease progression despite all the efforts
[19]. However, we believe that those adverse outcomes are
related to poor surgical technique; those procedures were
performed by low volume surgeons in low volume centers.
If the oncological principles are followed during surgery,
including adequate templates and removal of nodal masses
without violation, the outcomes of robotic RPLND are
similar to the open counterpart, as shown by the series
included in this paper.
4. Discussion

The pure laparoscopic approach to RPLND has been corre-
lated, since its first description, with clear benefits in terms
of peri-operative recovery. However, widespread adoption
of this approach, even in the other fields of urology, has
limited due to the technical challenges and the need for
extensive training in laparoscopic surgery [19e22].

The robotic approach to RPLND was subsequently
described to reach the same oncologic efficacy of O-RPLND
while minimizing the morbidity associated with the pro-
cedure and decreasing the long learning curve related to
the pure laparoscopic technique [6,8e10]. The robotic
approach, with better ability from the wristed instruments,
facilitates the control and suturing of the great vessels in
case of injury, clearly improving the safety of the proced-
ure [1]. As a result, multiple series of R-RPLND have been
successfully reported recently in multiple experienced
centers around the world, showing the potential of this
surgical approach to increase the number of well-trained
surgeons performing minimally invasive RPLND
[10,11,13e18]. Even challenging cases as bulky CS III dis-
ease with concomitant inferior vena cava thrombectomy
for metastatic GCT have already been managed success-
fully with a robotic approach by high-volume surgeons
[23e27]. With regards to patient positioning, the initial
series described the R-RPLND approach with the patient in
flank position and trocar placement and docking similar to a
partial nephrectomy [4]. The most important benefit of this
position includes the familiarity of most urologists with the
retroperitoneal anatomy using this lateral approach. How-
ever, in most patients this positioning only allows the per-
formance of modified template which is not adequate
especially in the post chemotherapy setting; the patient
usually has to be repositioned in order to remove the
contralateral nodes while preserving the postganglionic
sympathetic fibers.

Stepanian et al. [10] and Cheney et al. [15] described a
modification of the technique; in this approach, the patient
is placed on a supine position, and trocars are placed in the
lower abdomen. A peritoneal incision is performed, and the
retroperitoneal space is exposed, similar to an open RPLND.
The major advantage of this approach is the possibility to
perform a full bilateral dissection with no need to reposi-
tion the patient neither redock the robot. However, it is the
author’s opinion that for masses around the renal hilum,
especially in the postchemotherapy setting, a flank
approach allows better exposure and control of the renal
vessels. Multiple series adopting the supine approach have
been recently published with encouraging results
[11,13,15,17,28]. Of note, the removal of the ipsilateral
spermatic cord can be easily done with the da Vinci Xi using
the supine technique without the need of redocking the
robot [10,29]. For illustration purpose, we report herein
patient position, trocar placement and robot docking from
a patient who was submitted to R-RPLND due to a NSGCT
(non-seminoma GCT) by the last author from this paper, a
very experienced and large volume robotic surgeon. The
procedure was initiated in supine position and posteriorly
repositioned in right flank decubitus to complete the tumor
resection that extended largely to the left supra-hilar re-
gion (Fig. 2). Also, trans-operative photos from this surgery
are recorded in Fig. 3 and a schematic illustration of the
templates are depicted in Fig. 4.

pR-RPLND is an option for patients with a high risk of
microscopic metastases or patients who are at risk of



Figure 4 Schematic templates and boundaries for retroper-
itoneal lymphadenectomy. 1. Boundaries of paracaval tem-
plate (superior: Right renal hilum including dissection of renal
arteries; lateral: Right ureter; medial: Interaortocaval tem-
plate; inferior: Right ureter crossing the right iliac vessels. 2.
Boundaries of interaortocaval, precaval, retrocaval, preaortic
and retroaortic templates (superior: Renal vessels; lateral:
Paracaval and paraortic templates; inferior: Aorta bifurcation.
3. Boundaries of paraaortic template (superior: Left renal
hilum including dissection of renal arteries; lateral: Left ure-
ter; inferior: Left ureter crossing the left iliac vessels
[laterally]).
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noncompliance with the follow-up [30]. While it can be
overtreatment for some patients, around 25%e35% of pa-
tients will harbor occult metastatic disease in retro-
peritoneum without radiographic evidence [31]. However,
in many reference centers around the world, RPLND has
been replaced by chemotherapy in high-risk NSGCT due to
the high morbidity of open RPLND, including blood trans-
fusion, injuries of adjacent organs, ileus, chylous ascites
and long convalescence period [32]. Since the randomized
phase III trial comparing p-RPLND as the primary treatment
versus BEPx1, the role of surgery in this setting has dimin-
ished due to better RFS (99.5% vs. 91.0%) provided by the
clinical treatment with lower rates of complications [33].
Besides that, surgery could avoid the long-term toxicities of
chemotherapy such as nephrotoxicity and cardiotoxicity,
decrease infertility and even the risk of second malig-
nancies [34e39]. Still, surveillance is another option that
prevents adverse effects and can be offered to select pa-
tients who are compliant with the treatment, since salvage
treatment in those who relapse presents high cancer spe-
cific survival [2]. R-RPLND has the potential to rescue the
role of surgery in the primary treatment of high-risk NSGCT
by minimizing complications and shortening the recovery
period, but it should be considered to be done in high-
volume centers by experienced surgeons [40,41].

Peri-operative outcomes described in Table 2 showed
weighted means regarding EBL and LOS of 131.94 mL and 2
days, respectively, while reports from a contemporary O-
RPLND series recorded mean EBL of 294 mL and LOS of 4
days [42]. Those results illustrate perhaps the most notable
advantages of R-RPLND, which are the shorter convales-
cence period, less bleeding, less ileus, and less post-
operative pain at higher costs and OT [12,43]. Of note,
oncologic outcomes do not seem to be compromised by the
minimally invasive technique. Also, the node yield, which
usually reflects the effectiveness of oncologic surgery,
presented a weighted mean of 22.15 nodes in our review
and was comparable with recent publications on the O-
RPLND series that reported a median 28 [19e38] nodes
removed [41,44].

Complications from RPLND vary according to scenario
(primary or post-chemo) and are distributed in Table 3.
Surgery in the PC-RPLND setting is far more complex
because of the high adhesions of tissues due to desmo-
plastic reactions induced by chemotherapy, with no clear
dissection plan. Generally, bleeding and complications are
higher. Therefore, it is not unusual to perform adjunctive
procedures in these patients, such as organ (kidney,
bowel, and spleen) resections or vascular (inferior vena
cava and aorta) reconstructions [16,32,45]. It was
observed inadvertent injuries in three from the four
largest series included in this setting, although almost all
of them were repaired robotically. The conversion was
needed only in 4 from these 66 patients (6%), while one of
the largest series of L-RPLND in this setting reported a
rate of 12% [46]. Of note, complications Clavien IIIeIV
occurred in only 7 (11%) patients in PC-R-RPLND, similarly
reported previously in the same laparoscopic series in this
context with a rate of 8% and with 6% in an open series
[32]. However, high volume centers already reported
much lower of complications from RPLND, such as a British
multicenter series with 162 patients who underwent
mostly to O-RPLND [47]. The highest complication grade
reported was IIIb (no patient died within 30 days from
surgery) in only 1.5% of patients, while the overall
complication rate was 9%. One possible explanation to
these better outcomes is that very well-trained surgeons
in high volume centers tend to present greater outcomes,
independently of the technique employed [48].

As demonstrated in Table 4, antegrade ejaculation with
pR-RPLND was preserved in almost all patients (97%)
included in this review; in the post-chemotherapy sce-
nario, R-RPLND could preserve rates around 90% also from
the series that reported it. Similar results were reported in
one extraperitoneal O-RPLND series with more than 90% of
patients presenting antegrade ejaculation and in another
series through the classical open technique preserving it in
80% of the patients [49,50]. However, in a large recent O-
RPLND series, which included near 100 patients in each
pre- and post-chemotherapy setting, antegrade ejacula-
tion was preserved in 80% and 41% only, respectively [32].
These findings call attention to better results when the
procedure is done by high volume centers with very
experienced surgeons. An alternative to achieve even
better functional results is to perform modified templates,
which also carries out lower complications rates, as
showed recently even with O-RPLND in the post-
chemotherapy setting, reaching 94% of patients with
antegrade ejaculation [51]. Therefore, possibly the
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magnification of the robotic approach may facilitate the
identification and preservation of the postganglionic
sympathetic fibers. Finally, the weighted means of RFS
was 95.77% in a short follow-up of 21.81 months. Data
from a large series of O-RPLND including more than 700
patients in the post-chemotherapy scenario showed RFS of
87%. Therefore, with short to intermediate follow-up, R-
RPLND seems to have similar results to its open
counterpart.

The robotic approach should unquestionably mimic the
O-RPLND classic steps respecting the oncologic principles.
Mainly in the PC-R-RPLND setting, it is crucial to follow the
boundaries of dissection. Therefore, this approach should
be performed only by well-trained robotic surgeons in this
challenging scenario. When done correctly, it’s possible to
expect such good oncologic outcomes as the open approach
with even better results in terms of EBL and LOS [12,43].
Analysis of a more extensive follow-up from these series
and head-to-head trials are expected to determine the role
of robotic in this pathology.
5. Conclusion

R-RPLND has proven to be a reproducible and safe
approach in the treatment of testicular cancer by expe-
rienced surgeons; short-term oncologic outcomes are
similar to the open counterpart, with less morbidity and
shorter convalescence period due to minimally invasive-
ness, improved tridimensional image and dexterity affor-
ded by the robotic system. However, longer follow-up and
new trials comparing head-to-head with O-RPLDN are
expected.
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