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Abstract
Testicular cancer is a malignancy that impacts young men worldwide.  The modern 
treatment of testicular cancer has evolved due to innovations in medical approaches 
and surgical techniques.  The retroperitoneal lymph node dissection (RPLND) is an 
integral component in the treatment of testicular cancer. We aim to highlight the  
advances in surgical approaches and oncologic considerations noted over the past  
century.  Once recognized as a highly morbid procedure, innovations in the under-
standing of anatomy and minimally invasive approaches have greatly improved 
patient outcomes.  In addition to surgical approaches, we describe oncologic prin-
ciples associated with modern dissection templates for both non-seminomatous 
germ cell tumors as well as more recent indications for surgery in seminomatous 
germ cell tumors. The overall goal of this review is to provide a summary in the 
utility and recent advances in RPLND techniques.
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Introduction
Testicular cancer is a rare malignancy but 

remains the most common solid organ malig-
nancy in young men between the ages of 20 to 
40 years. The annual rate of new testicular cancer 
cases was estimated to be 5.9 per 100,000 men in 
the United States,1 with incidence rates ranging 
from ~7 per 100,000 in Europe and Oceania to 
< 2 per 100,000 men in Asia.2  Germ cell tumors 
(GCT) comprise 95% of all testicular malignan-
cies, further being categorized as seminomatous 
or non-seminomatous germ cell tumor (NSGCT). 
However, with a multimodal treatment approach 
including a combination of chemotherapy, radi-
ation, or surgery, 5-year survival rates can be as 

high as 95%, regardless of stage.3

When staging testicular cancer, computed 
tomography (CT) imaging has improved diagno-
sis of extragonadal spread. However, even with  
advances in CT imaging, up to 20-30% of patients 
can be understaged based on the size cutoffs 
used for lymphadenopathy (typically 1 cm in 
the short axis).4  GCT has a predictable pattern 
of metastasis which follows lymph drainage, 
with right-sided tumors initially metastasizing 
to the nodes between the aorta and the inferior 
vena cava (interaortocaval nodes) and left-sided 
tumors initially spreading to the nodes lateral 
to the aorta (para-aortic).5,6 Retroperitoneal 
lymph node dissection (RPLND) is an important  
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surgical procedure for diagnosis and treatment 
of extra-testicular disease. 

In this review, we will discuss the evolution of 
techniques for RPLND in its role for management 
in testicular cancer over time.  

 
Historical Technique 

Dr. Most in 1898 was one of the first surgeons 
to note the extragonadal lymphatic spread of 
testicular cancer up to the paraaortic nodes near 
the renal hilum.7  Surgeons then began performing 
techniques to treat these extragonadal metasta-
sis. Some of the earliest reports of the RPLND 
were described by Frank Hinman in 1914.8 He 
described RPLND being performed in France, 
England, and Italy between 1905 and 1914. His 
description of the technique involved a two-step 
procedure, starting with an inguinal incision for 
the radical orchiectomy and then extending the 
inguinal incision superiorly up towards the flank.

In the middle of the 20th century, mainly  
after World War II, there was an increasing 
number of patients treated with transabdominal 
RPLND after orchiectomy.9  Around 1950, it was 
noted that unilateral RPLND was insufficient in 
up to one third of cases, leading to implementation 
of a bilateral template. In 1985, Farley et al. des-
cribed their series of 98 patients who underwent 
extended supra-hilar RPLND through a midline 
incision.10 Interestingly, they excised the renal 
fascia, perirenal fat, and adrenal gland on the side 
of the tumor. They performed unilateral dissec-
tion down to the bifurcation of the common iliac 
vessels. Reported complications from their study 
included ileus (most common), pleural effusion, 
and pneumonia. In terms of oncologic outcome, 
16% of the 57 patients who had RPLND for stage 
I testicular cancer had relapse between 5-11 
months after surgery requiring chemotherapy.10 

The technique of the RPLND continued to 
evolve as surgeons turned their attention to vari-
ations in the surgical template.  Donahue et al.  
described the evolution of their RPLND technique 
from 1965 to 1989 for stage 1 testicular cancer.11 
Their study highlighted the progression of their 
technique starting with the traditional bilateral 
supra-hilar extended RPLND to the bilateral infra- 
hilar RPLND and then to a modified unilateral 
RPLND in an attempt to preserve ejaculatory 
function.  Almost 75% of patients who had modi- 
fied unilateral template RPLND had preserved 

ejaculation. This prompted further investigation 
into prospective nerve-sparing by pre-dissection 
identification of the lumbar postganglionic nerves 
and preservation of these nerve trunks to improve 
ejaculation outcomes. With this modification in 
technique, nerve-sparing (NS) modified tem-
plate RPLND led to 98% preserved ejaculation.11 
There was no significant difference in relapse rate 
between supra-hilar, bilateral infra-hilar, and 
modified unilateral templates for these patients, 
with around 11% of patients with stage 1 disease 
having relapse for each template.

As the RPLND has developed, it has evolved 
to serve multiple roles. The RPLND serves a 
diagnostic role by providing pathology to allow 
for confirmation of staging as well as performing 
a therapeutic role in removal of disease. It can 
potentially cure patients with N1 nodal disease 
with surgery alone, thereby avoiding chemother-
apy.12 Additionally, if chemotherapy was primary 
treatment, RPLND can be performed to remove 
residual disease.12

Full Bilateral Template RPLND
With the development of the RPLND over 

time, the variations in technique led to the develop- 
ment of the full bilateral template RPLND for 
oncologic control (Table 1).  In a retrospective 
study of 283 patients who underwent RPLND, 
the retroperitoneal spread of primary testicular 
cancer was shown to vary between right and left 
primary testicular tumors.5  Right-sided testicular 
tumors spread to the ipsilateral retroperitoneal 
lymph nodes 85% of the time, with 13% to ipsi-
lateral and contralateral lymph nodes and finally 
only to the contralateral side in ~2%.5 Left-sided 
testicular tumors had extragonadal spread to the 
ipsilateral retroperitoneum 80% of the time, with 
20% in bilateral retroperitoneal lymph nodes.5  As 
such, the standard full template RPLND involves 
dissection of the retroperitoneal lymph nodes 
between the following landmarks: renal vessels 
superiorly, ureters laterally, and the iliac vessels 
inferiorly.13 Use of the ‘split-and-roll’ technique 
allows for careful dissection of lymph node tissue 
over the IVC and aorta. The technique involves 
splitting the lymphatics on the plane over the 
adventitia of the great vessels and rolling them 
to identify other branches of the vessels.13 The 
RPLND is performed most commonly through 
a large midline incision with a transperitoneal 
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Table 1. Summary of studies over the development of the RPLND

Highlighted Papers Number of 
Patients

Key Findings

Anatomy and Templates
Ray et al. – 1973 283 Lymphatic drainage from testicles follows predictable patterns 

which set the stage for modern templates
Fraley et al. – 1985  98 Suprahilar bilateral template RPLND with chemo led to 

survival rates of 88% in stage II disease and 100% survival in 
stage I disease.

Donohoe et al. – 1993 464 Evolution from the bilateral suprahilar to infrahilar bilateral 
template with nerve sparing and introduction of unilateral 
template over 25 years with comparable rates of relapse. 
Ejaculation preserved in 98% of patients.

Extraperitoneal 
Kim et al. – 2012 12 Extraperitoneal approach had greater lymph node yield, shorter 

operative times, lower blood loss, and shorter length of stay
Syan-Bhanvadia et al. – 2017 69 The approach was safely used in post-chemotherapy patients 

and confirmed prior results. 5.7 retroperitoneal relapse rate
Robotic Assisted

Pearce et al. – 2017 47 Primary RPLND. 96% had modified unilateral template. 
Median OR time 235min, blood loss 50 mL, post-op length of 
stay 1 day. 2-year recurrence-free survival rate of 97%. Median 
of 26 nodes per patient.

Rocco et al. – 2020 58 Primary RPLND alone. Bilateral and unilateral templates used. 
Median OR times of 319 minutes, blood loss of 100 mL, and 
post-op length of stay of 2 days. 2 year recurrence-free survival 
rate of 91%. Median of 26 nodes per patient.

Ohlmann et al. – 2021 23 Bilateral and unilateral templates were feasible with appropriate 
lymph node yield. Approach can be utilized with primary and 
post-chemo patients. No recurrence at 16-month follow-up

Prospective Trials in Seminoma
Daneshmand et al. – 2023 55 SEMS Trial. Stage I relapse or newly diagnosed stage II disease 

(Lymph nodes between 1-3cm, 2 maximum). 81 % recurrence-
free survival at 2 years. 13% complication rate. 3 patients had 
long term anejaculation (all 3 did not have nerve sparing).

Hiester et al. – 2022 33 PRIMETEST Trial.  Stage I relapse or newly diagnosed staged II 
disease (lymph nodes less than 5cm, no maximum). Unilateral 
template.  Study showed progression-free survival of 70%. 
Did not meet endpoints and could not recommend primary 
RPLND for seminoma outside of clinical trial at this time

Heidenreich et al. – 2023 16 COTRIMS Trial. Stage II disease. Open or robotic approach. 
Varied template. Showed 8% recurrence-free survival. Salvaged 
with chemotherapy. No long-term complications noted.

approach. In a retrospective review of 157 patients 
who had full template bilateral primary RPLND 
for low-stage NSGCT, median total lymph node 
yield was 28 lymph nodes.14 This study suggested 
that higher lymph node yield was associated with 
lower risk of relapse, with mean 5-year recur-
rence-free survival of 91% vs 79% for yields ≥ 28 
vs < 28 nodes respectively.

Complications of RPLND include ileus, 
small bowel obstruction (SBO), venous thrombo-
embolism (VTE), chylous ascites, and ejaculatory 
dysfunction.15 Ejaculatory dysfunction is a result 
of injury to the sympathetic nerves of the hypo-
gastric plexus and lumbar post-ganglionic sympa-
thetic fibers (especially L2-L4) since these nerves 
stimulate antegrade ejaculation.16 In an effort 
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to improve nerve-sparing to reduce ejaculatory 
dysfunction, modified templates were developed 
since preservation of the ipsilateral sympathetic 
nerve trunks below the inferior mesenteric artery 
(IMA) was seen to improve antegrade ejaculation.

Modified Unilateral Template RPLND
Right

In patients with disease limited to right side 
on imaging, RPLND was performed with the  
following landmarks: right renal vessels superiorly, 
right ureter laterally, periaortic lymphatic above 
the IMA medially, and the right iliac vessels in-
feriorly.13 The nodes resected include paracaval, 
precaval, interaortocaval, and preaortic lymph 
nodes.13,17 The iliac nodes and ipsilateral gonadal 
vein are also removed.

Left
The left modified unilateral template RPLND 

involves dissection of lymph nodes between the 
following landmarks: left renal vessels superiorly, 
left ureter laterally, periaortic lymphatic above the 
inferior mesenteric artery (IMA) medially, and 
the left iliac vessels inferiorly.13 The nodes resected 
in this template include the paraaortic, preaortic, 
interaortocaval lymph nodes.17 The iliac nodes 
and ipsilateral gonadal vein are also removed.

Oncologic outcomes
However, as modified unilateral templates 

have evolved, their oncologic outcomes have 
been a key point of interest. Eggener et al. showed 
that the risk of disease outside of the modified 
unilateral templates ranged between 3 to 23% 
for patients with stage II testicular cancer.18 They 
studied 5 modified templates, 3 of which were 
open (Testicular Tumor Study Group (TTSG), 
Memorial Sloan-Kettering Cancer Center (MSK-
CC), and Indiana University), and 2 laparoscopic 
templates (The Johns Hopkins University and the 
University of Innsbruck). While extra-template 
disease was as high as 23%, they highlighted that 
if the right-sided dissection templates included 
preaortic, paraaortic and right common iliac 
nodes, residual disease outside of the right side 
template came down to 2%. For left template 
RPLND, inclusion of interaortocaval, precaval, 
paracaval and left common iliac nodes could lead 
to only 3% of missed extra-template disease.18 
The main point was that inclusion of these lymph 

nodes in the bilateral infrahilar full template 
RPLND with nerve-sparing allowed for the best 
oncologic outcomes while still preserving fertility.

In a recent study of 274 patients, 94% of whom 
had RPLND using a modified unilateral template, 
there was no difference in recurrence-free sur-
vival between modified and bilateral template.19 
They described their left modified technique as 
dissection of the preaortic, paraaortic, retro-aortic 
and left common iliac lymph nodes and their 
right modified template included dissection of the 
preaortic, interaortocaval, retro-aortic, paracaval, 
retrocaval and right common iliac nodes. This 
study included 126 patients with pathologic stage 
II disease (46%). The use of primary RPLND for 
treatment of stage II NSGCT led to 81% who were 
cured through surgery alone.  In 55 months after 
RPLND, 12% of patients had recurrence. Of these 
33 recurrences, only 1.6% of these recurrences 
occurred in the contralateral retroperitoneum. 
There was concern that 4 out of the 7 relapses 
were extra-template, which could be avoided with 
a full template bilateral nerve-sparing RPLND 
while still preserving fertility.20 Overall survival 
for the entire patient group was 98% regardless 
of surgical templates. 

The use of modified unilateral templates is 
still debated, especially considering the fact that 
use of full bilateral template with nerve-sparing 
can achieve good rates of antegrade ejaculation 
without compromising on oncologic outcomes. 
With the risk of residual extra-template disease 
with use of modified unilateral templates, there is 
risk of late relapse, need for re-operative RPLND 
and the need for additional chemotherapy.18 Im-
portantly, the most common pathology during a 
repeat procedure is teratoma, which is resistant 
to both chemotherapy and radiotherapy.21 Repeat 
RPLND increases the risks of surgical complica-
tions, which can be as high as 30% in the periop-
erative period.21 Additionally, the long term risks 
of chemotherapy are becoming increasingly 
evident, including risk of secondary malignancy, 
cardiovascular dysfunction, and impaired mental 
function.22 As such, use of modified unilateral 
templates is an area that is still being studied and 
remains controversial.

Extraperitoneal RPLND
Another modification to the standard trans-

abdominal RPLND technique is the development 
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of the extraperitoneal RPLND. The rationale for 
this technique arose from an attempt to reduce 
gastrointestinal complications such as ileus or 
small bowel obstruction as well as inadvertent 
bowel injury. A study in 2012 evaluated clinical 
outcomes of a single surgeon experience with 12 
patients who underwent midline extraperitoneal 
RPLND compared to transperitoneal RPLND.23  
In this small series of patients, the extraperitoneal 
approach had decreased blood loss (mean 305mL 
vs 517mL for transperitoneal), shorter operative 
time (292 min vs 334 min for transperitoneal) 
and greater lymph node yield (44 vs 29 lymph 
nodes for transperitoneal).23 They also showed 
statistically significant shorter return of bowel 
function (1.7 days vs 2.9 days for transperitoneal) 
and shorter length of stay (3.3 days vs 5.3 days 
for transperitoneal).23 Their described technique 
starts with a midline abdominal incision from 
xiphoid to just cephalad to the pubic symphysis. 
Careful blunt dissection was performed to keep 
the peritoneum intact and then sweep the perito-
neal contents medially. The authors emphasized 
caution with dissecting off the anterior perito-
neum due to its relative thinness. The dissection 
of the peritoneum was continued until the peri-
toneum was mobilized up to the contralateral 
renal hilum. The remainder of the lymph node 
dissection was then performed in the standard 
fashion. The authors reported no evidence of 
retroperitoneal recurrence at a median follow-up 
time of 196 days. This presentation of technique 
was however, limited by small sample size and 
limited follow-up period.

In 2017, this group expanded on their initial 
series to evaluate 69 patients who underwent 
extraperitoneal RPLND between 2010 and 2015.24 
Primary extraperitoneal RPLND had extend-
ed ipsilateral templates for resection and their 
post-chemotherapy resections underwent full 
bilateral template vs extended ipsilateral tem-
plates. In the overall cohort, 1 out of 69 patients 
required conversion to the transperitoneal 
approach due to inability to progress through 
the case. Of the remaining 68 patients who suc-
cessfully had extraperitoneal RPLND, primary 
RPLND was performed in 27 patients and 41 
had post-chemotherapy RPLND.  They showed 
a median length of stay of 3 days postoperative-
ly and median of two days for return of bowel 
function.24 They had a median yield of 36 nodes 

for their extraperitoneal approach. In this series, 
4 patients had retroperitoneal relapse, with one 
patient having relapse after post-chemotherapy 
RPLND. These patients had successful salvage 
treatment with chemotherapy and the authors felt 
that oncologic outcomes were not compromised 
with the extraperitoneal approach.

Minimally Invasive Techniques
Robotic-assisted laparoscopic RPLND

Robot-assisted laparoscopic RPLND was 
developed an effort to improve on the laparo-
scopic technique. Robotic RPLND has been 
mainly utilized in low clinical stage, low volume 
disease. While multiple studies have shown that 
factors such as blood loss, length of stay, and 
visualization are improved with robot-assisted 
RPLND,25,26 there is still debate of this technique 
regarding oncologic outcomes. In a study of 23 
patients who had robotic RPLND, with a mix of 
primary and post-chemotherapy RPLND (7 vs 
16 respectively), median lymph node yield was 
11 nodes.27 When stratified by bilateral template, 
lymph node yield was 26 nodes compared to 
12 nodes for modified unilateral template. At a 
median follow up time of 16 months, this study 
reported no recurrence or death. 

In a multicenter institution series, Pearce et 
al. studied the outcomes of 47 patients who had 
primary robotic RPLND for low-stage NSGCT 
between 2011 and 2014.28 Modified unilater-
al template was used in 96% of patients, with 
nerve-sparing performed per surgeon discre-
tion. There was a median lymph node yield of 
26 nodes per patient. Eight patients had node 
positive disease on RPLND, with 5 receiving 
adjuvant chemotherapy.28 Their reported 2-year 
recurrence-free survival rate was 97%, however 
their median follow-up time was 16 months. One 
patient had conversion to open procedure due to 
aortic injury but overall complication rate was 
found to be 9% for early complications (< 30 days; 
chyle leak, ileus) and  0% for late complications. 
All patients had preserved antegrade ejaculation. 
The authors concluded that robotic RPLND has 
promising early oncologic outcomes and compli-
cation rates but long-term data was required to 
truly evaluate its use as a therapeutic procedure. 

Rocco et al. studied the outcomes of primary 
robotic RPLND in low stage disease. In their 58 
patients, performed between 2008-2019, they had 
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a 2-year recurrence-free survival rate of 91%.29 
Of note, the authors did initially use a modified 
unilateral template, but overall, 69% of their 
patients had full bilateral template dissection. In 
terms of the logistics of their robotic technique, 
their median operative time was 319 minutes, 
median blood loss was 100 mL, and they had a 
median yield of 26 nodes per case.29 Their patients 
stayed for a median of 2 days after surgery. The 
use of a retroperitoneal ‘hammock’ is described 
in multiple studies as a method to secure the 
peritoneum to the abdominal wall.29–31 

	 Based on these studies, robotic RPLND 
is still to be considered in select patients but 
should be performed by experienced surgeons. As 
more long-term data is acquired on surgical and 
oncologic outcomes from robotic RPLND, the 
implementation of robotic RPLND may increase, 
especially as robotic techniques improve as well.

Primary RPLND for Seminoma
One area of increased interest is the use 

of RPLND as a primary mode of treatment for 
patients with seminoma. For stage I seminomas, 
EUA and AUA guidelines suggest the use of sur-
veillance or chemotherapy, while management of 
stage II seminoma consists of chemotherapy or 
radiation.32 RPLND has primarily been reserved 
in the post-chemotherapy setting for FDG-avid 
lesions.32 While highly effective, these treatments 
are often associated with significant long-term 
cardiopulmonary, renal, and reproductive con-
sequences from chemotherapy.22  Recent pro-
spective studies in stage II seminoma have shown 
utility in the use of RPLND for primary disease 
management.

The Surgery in Early Metastatic Seminoma 
(SEMS) trial looked at 55 patients across 12 sites 
between USA and Canada with isolated stage 1 
relapse between 1-3 cm or newly diagnosed stage 
II disease with no more than two 1-3 cm lymph 
nodes on staging imaging.33 These individuals un-
derwent modified ipsilateral template or bilateral 
template RPLND per surgeon discretion (35% 
had bilateral RPLND). Extraperitoneal approach 
was utilized in 27% of patients had RPLND. 
Of the total cohort, 87% of their patients had 
nerve-sparing, with overall 5% of patients having 
anejaculation (notably in patients who did not 
have nerve-sparing). With a median follow-up 
time of 33 months, the 2-year recurrence-free 

survival was noted to be 81%.  Overall survival was 
noted to be 100% at 24 months. In the 12 patients 
who had a recurrence of disease, 75% had chemo-
therapy and 25% underwent additional surgery. 

Another prospective trial, the PRIMETEST 
trial, examined outcomes of primary RPLND 
in 33 patients with stage I disease with relapse, 
or stage IIA/B disease with lymph nodes up to 
5cm in size.34 Compared to the SEMS trial, this 
study examined only unilateral templates (42% 
were open, 58% robotic approach). Their study 
showed 10 recurrences (30%), with progression 
free survival of 70%, 7 of which were outside of 
their operative field at their 32 month follow-up 
timeline.34  Their study did not meet their prima-
ry endpoint of a recurrence rate less than 30%. 
However, they concluded that surgery with a 
unilateral template shows promise in highly se-
lected patients but could not be recommended at 
this time outside of further clinical evaluations.34

The COTRIMS trial is a prospective clinical 
trial where primary nerve sparing RPLND was 
performed on 16 patients with stage II seminoma, 
where clinical stage was IIA (13 patients) or IIB 
(3 patients).35 Open nerve-sparing RPLND was 
performed in 14 patients, with 2 of 16 having 
robotic-assisted procedures. Ejaculation was 
preserved in almost 88% of the cohort and the 
study noted no high grade surgical complications 
(greater than Clavien-Dindo grade 3A). Relapse 
was found on 4 and 6 month follow up out-of-field 
in 2 of 16 patients (12.5%), which was salvaged 
with chemotherapy.35 While limited in sample size 
and long term follow-up, these trials suggest that 
nerve-sparing RPLND can be performed as a pri-
mary treatment in an effort to reduce treatment 
morbidity from chemotherapy or radiation with 
relatively low complication rate in the hands of 
experienced surgeons.

Conclusion
RPLND is a diagnostic and therapeutic 

procedure that is continuing to evolve to improve 
patient outcomes from testicular cancer. On-
cologic outcomes should be prioritized when 
determining template selection and technique 
for performing RPLND.  Advances in techniques 
such as open extraperitoneal RPLND, nerve-sparing, 
and development of robotic-assisted laparoscopic 
RPLND have aimed to reduce surgical complica-
tion, preserve antegrade ejaculation, and maintain 
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oncologic outcomes. A new promising area of 
study is the use of primary RPLND for treatment 
in select patients with low stage seminoma, with 
the goal of limiting the side effects of chemothera-
py and radiation in this young patient population. 
The indications for RPLND continue to expand, 
as it remains an integral component of the mul-
timodal management of testicular cancer.

Conflict of Interest
The authors declare no conflict of interest.

References
	 1.	 Cancer of the Testis - Cancer Stat Facts. NIH SEER 

[Internet]. [cited 2023 February 22]. Available from: 
https://seer.cancer.gov/statfacts/html/testis.html

	 2.	 Znaor A, Skakkebaek NE, Rajpert-De Meyts E, Kuliš 
T,  Laversanne M, Gurney J, et al. Global patterns in 
testicular cancer incidence and mortality in 2020. 
Int J Cancer 2022;151:692-8. 

	 3.	 Fung C, Dinh PC, Fossa SD, Travis LB. Testicular 
cancer survivorship. J Natl Compr Cancer Netw 
JNCCN 2019;17:1557-68.

	 4.	 Leibovitch L, Foster RS, Kopecky KK, Donohue JP. 
Improved accuracy of computerized tomography 
based clinical staging in low stage nonseminoma-
tous germ cell cancer using size criteria of retroper-
itoneal lymph nodes. J Urol 1995;154:1759-63.

	 5.	 Ray B, Hajdu SI, Whitmore Jr WF. Distribution of 
retroperitoneal lymph node metastases in testicular 
germinal tumors. Cancer 1974;33:340-8. 

	 6.	 Donohue JP, Zachary JM, Maynard BR. Distribution 
of nodal metastases in nonseminomatous testis 
cancer. J Urol 1982;128:315-20. 

	 7.	 Hendry WF. Retroperitoneal lymphadenectomy in 
the management of testis cancer. In: Neal DE, editor. 
Tumours in urology. Springer: London; 1994. p. 
273-92. 

	 8.	 Hinman F. The operative treatment of tumors of the 
testicle: with the report of thirty cases treated by 
orchidectomy. J Am Med Assoc 1914;LXIII:2009-15. 

	 9.	 Donohue JP. Evolution of retroperitoneal lymph-
adenectomy (RPLND) in the management of 
non-seminomatous testicular cancer (NSGCT). 
Urol Oncol 2003;21:129-32. 

	 10.	 Fraley EE, Narayan P, Vogelzang NJ, Kennedy BJ, 
Lange PH. Surgical treatment of patients with stages 
I and II nonseminomatous testicular cancer. J Urol 
1985;134:70-3.

	11.	 Donohue JP, Thornhill JA, Foster RS, Rowland RG, 
Bihrle R. Retroperitoneal lymphadenectomy for 
clinical stage A testis cancer (1965 to 1989): modi-
fications of technique and impact on ejaculation. J 

Urol 1993;149:237-23. 
	 12.	 Krege S, Rübben H. [Lymphadenectomy for tes-

ticular cancer. Diagnostic and prognostic signifi-
cance as well as therapeutic benefit]. Urol Ausg A 
2005;44:652-6. 

	 13.	 Tran V, Gibson L, Sengupta S. Retroperitoneal lymph 
node dissection for germ cell tumour. Transl Androl 
Urol 2020;9:3103-11. 

	 14.	 Nayan M, Jewett MAS, Sweet J, Anson-Cartwright 
L, Bedard PL, Moore M, et al. Lymph node yield in 
primary retroperitoneal lymph node dissection for 
nonseminoma germ cell tumors. J Urol 2015;194: 
386-91. 

	 15.	 Subramanian VS, Nguyen CT, Stephenson AJ, Klein 
EA. Complications of open primary and post-che-
motherapy retroperitoneal lymph node dissection 
for testicular cancer. Urol Oncol 2010;28:504-9. 

	 16.	 Jewett MAS, Groll RJ. Nerve-sparing retroperitoneal 
lymphadenectomy. Urol Clin North Am 2007;34: 
149-58.

	17.	 Tanaka T, Kitamura H, Kunishima Y, Takahashi 
S, Takahashi A, Masumori N, et al. Modified and 
bilateral retroperitoneal lymph node dissection for 
testicular cancer: peri- and postoperative compli-
cations and therapeutic outcome. Jpn J Clin Oncol 
2006;36:381-6. 

	 18.	 Eggener SE, Carver BS, Sharp DS, Motzer RJ, 
Bosl GJ, Sheinfeld J. Incidence of disease outside 
modified retroperitoneal lymph node dissection 
templates in clinical stage I or IIA nonseminomatous 
germ cell testicular cancer. J Urol 2007;177:937-42; 
discussion 942-43. 

	 19.	 Douglawi A, Calaway A, Tachibana I, Barboza MP, 
Speir R, Masterson T, et al. Long-term oncologic 
outcomes after primary retroperitoneal lymph 
node dissection: minimizing the need for adjuvant 
chemotherapy. J Urol 2020;204:96-103. 

	 20.	 Sheinfeld J, DiNatale RG, Carver B. Editorial com-
ment. J Urol 2020;204:101-2. 

	 21.	 McKiernan JM, Motzer RJ, Bajorin DF, Bacik J, Bosl 
GJ, Sheinfeld J. Reoperative retroperitoneal surgery 
for nonseminomatous germ cell tumor: clinical 
presentation, patterns of recurrence, and outcome. 
Urology 2003;62:732-6. 

	 22.	 Fung C, Dinh P, Ardeshir-Rouhani-Fard S, Schaffer 
K, Fossa SD, Travis LB. Toxicities associated with 
cisplatin-based chemotherapy and radiotherapy 
in long-term testicular cancer survivors. Adv Urol 
2018;2018:e8671832. 

	 23.	 Kim P, Syan-Bhanvadia S, Djaladat H, Faber K, 
Tadros NN, Nichols C, et al. Midline extraperitoneal 
approach for retroperitoneal lymph node dissection 
for testicular germ cell tumor. Urology 2012;80:941-5. 

	 24.	 Syan-Bhanvadia S, Bazargani ST, Clifford TG, Cai J, 



50 	 Insight UROLOGY : Vol. 44  No. 1  January - June 2023

Miranda G, Daneshmand S. Midline extraperitoneal 
approach to retroperitoneal lymph node dissection 
in testicular cancer: minimizing surgical morbidity. 
Eur Urol 2017;72:814-20. 

	 25.	 Davol P, Sumfest J, Rukstalis D. Robotic-assisted 
laparoscopic retroperitoneal lymph node dissection. 
Urology 2006;67:199. 

	 26.	 Williams SB, Lau CS, Josephson DY. Initial series of 
robot-assisted laparoscopic retroperitoneal lymph 
node dissection for clinical stage I nonseminoma-
tous germ cell testicular cancer. Eur Urol 2011;60: 
1299-302. 

	 27.	 Ohlmann CH, Saar M, Pierchalla LC, Zangana M, 
Bonaventura A, Stöckle M, et al. Indications, feasi-
bility and outcome of robotic retroperitoneal lymph 
node dissection for metastatic testicular germ cell 
tumours. Sci Rep 2021;11:10700. 

	 28.	 Pearce SM, Golan S, Gorin MA, Luckenbaugh AN, 
Williams SB, Ward JF, et al. Safety and early oncologic 
effectiveness of primary robotic retroperitoneal 
lymph node dissection for nonseminomatous germ 
cell testicular cancer. Eur Urol 2017;71:476-82. 

	 29.	 Rocco NR, Stroup SP, Abdul-Muhsin HM, Marshall 
MT, Santomauro M, Christman MS, et al. Primary 
robotic RLPND for nonseminomatous germ cell 
testicular cancer: a two-center analysis of interme-
diate oncologic and safety outcomes. World J Urol 
2020;38:859-67. 

	 30.	 Mittakanti HR, Porter JR. Robot-assisted laparo-
scopic retroperitoneal lymph node dissection: a 
minimally invasive surgical approach for testicular 
cancer. Transl Androl Urol 2020;9:S66-73. 

	 31.	 Santomauro MG, Stroup SP, L’Esperance AH, 
Masterson JH, Derweesh IH, Auge BK, et al. Su-
pine robotic-assisted retroperitoneal lymph node 
dissection for testicular cancer. CRSLS e2014.00326.

	32.	 Stephenson A, Eggener SE, Bass EB, Chelnick M, 
Daneshmand S, Feldman D, et al. Diagnosis and 
treatment of early stage testicular cancer: AUA 
Guideline. J Urol 2019;202:272-81. 

	 33.	 Daneshmand S, Cary C, Masterson T, Einhorn L, 
Adra N, Boorjian SA, et al. Surgery in early meta-
static seminoma: a phase II trial of retroperitoneal 
lymph node dissection for testicular seminoma with 
limited retroperitoneal lymphadenopathy. J Clin 
Oncol Off J Am Soc Clin Oncol 2023;41:3009-18.

	34.	 Hiester A, Che Y, Lusch A, Kuß O, Niegisch G, 
Lorch A, et al. Phase 2 single-arm trial of primary 
retroperitoneal lymph node dissection in patients 
with seminomatous testicular germ cell tumors 
with clinical stage IIA/B (PRIMETEST). Eur Urol 
2022;S0302-2838(22)02775-0. 

	 35.	 Heidenreich A, Paffenholz P, Nestler T, Pfister 
DA. Nerve sparing retroperitoneal lymph node 
dissection in clinical stage IIA/B seminoma: The 
COTRIMS trial. J Clin Oncol 2022;40:418. 

	

	


