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Abstract
Purpose  This study aimed to compare techniques and outcomes of robotic-assisted varicocelectomy (RAV) and laparoscopic 
varicocelectomy (LV).
Methods  The medical records of 40 patients, who received RAV and LV over a 2-year period, were retrospectively ana-
lyzed. Palomo lymphatic-sparing varicocelectomy using ICG fluorescence was adopted in all cases. Three 5-mm trocars 
were placed in LV, whereas four ports, three 8-mm and one 5-mm, were placed in RAV. The spermatic vessels were ligated 
using clips in LV and ligatures in RAV. The two groups were compared regarding patient baseline and operative outcomes.
Results  All patients, with median age of 14 years (range 11–17), had left grade 3 varicocele according to Dubin–Amelar. All 
were symptomatic and 33/40 (82.5%) presented left testicular hypotrophy. All procedures were completed without conversion. 
The average operative time was significantly shorter in LV [20 min (range 11–30)] than in RAV [34.5 min (range 30–46)] 
(p = 0.001). No significant differences regarding analgesic requirement and hospitalization were observed (p = 0.55). At 
long-term follow-up (30 months), no complications occurred in both groups. The cosmetic outcome was significantly better 
in LV than RAV at 6-month and 12-month evaluations (p = 0.001). The total cost was significantly lower in LV (1.587,07 €) 
compared to RAV (5.650,31 €) (p = 0.001).
Conclusion  RAV can be safely and effectively performed in pediatric patients, with the same excellent outcomes as conven-
tional laparoscopic procedure. Laparoscopy has the advantages of faster surgery, smaller instruments, better cosmesis and 
lower cost than robotics. To date, laparoscopy remains preferable to robotics to treat pediatric varicocele.
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Introduction

The incidence of varicocele in the healthy male population 
ranges between 8 and 16% [1]. It is one the most common 
surgical diseases identified in young men being evaluated 
for infertility [2]. The negative impact of varicocele on tes-
ticular function occurs mainly due to increased oxidative 
stress within the testicular parenchyma which is thought to 
be caused by scrotal hyperthermia, testicular hypoxia, and 
blood–testis barrier disruption [3, 4].

The reduction in testicular temperature after varicocele 
ligation can improve the fertility rate of these patients. Sev-
eral studies published in the international literature have 
reported the significant benefits of surgical treatment of 
varicocele on semen parameters [5, 6].
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Several surgical techniques are available to treat vari-
cocele, using open surgery via inguinal or sub-inguinal 
approach or using minimally invasive surgery via retro-peri-
toneoscopic high ligation or laparoscopic ligation [7–11]. 
The main issue of laparoscopic approach is the high inci-
dence of postoperative hydrocele due to lymphatics injury, 
reported in up to 20% of operated patients [12, 13]. Several 
studies recently demonstrated that laparoscopic lymphatic-
sparing procedure using ICG can eliminate the risk of post-
operative hydrocele [14–17]. While risks and benefits of 
various techniques have been described, the gold standard 
for varicocele repair in adolescents has not been clearly 
defined [18].

A recent systematic review and meta-analysis reported 
that the laparoscopic lymphatic-sparing technique is charac-
terized by the lowest recurrence rate, incidence of hydrocele 
and other complications, and no reports of testicular atrophy 
[19]. In the recent years, robotic-assisted surgery is gaining 
popularity in the pediatric urology field [20]. Recently, the 
robotic approach has been described for adolescent vari-
cocelectomy [21–23]. Robotics offers several advantages 
compared with laparoscopy, including faster learning curve, 
3D-magnified vision, and better ergonomics to the surgeon 
[20].

Analyzing the international literature, no comparative 
studies between laparoscopic and robotic-assisted varico-
celectomy (RAV) using ICG lymphatic-sparing technique 
are currently available.

This study aimed to compare techniques and outcomes of 
RAV and laparoscopic varicocelectomy (LV) in the pediatric 
population.

Materials and methods

The medical records of 40 patients undergoing surgical treat-
ment of varicocele over the period June 2021 to June 2023 
were retrospectively analyzed.

Patients were grouped according to the operative tech-
nique: 20 patients receiving RAV were enrolled in G1 and 
20 patients undergoing LV in G2.

The surgical procedures were carried out by four inde-
pendent surgeons, comprising two senior surgeons and two 
resident surgeons. The senior surgeons had extensive surgi-
cal experience, with over 500 laparoscopic procedures and 
nearly 50 robotic procedures performed annually, respec-
tively. In contrast, the resident surgeons conducted approxi-
mately 100 laparoscopic procedures and fewer than 15 
robotic procedures per year. Pre-operative work-up included 
clinical examination and Doppler scrotal ultrasound (US) to 
assess the degree of varicocele and the testicular volume in 
all patients.

Patient characteristics evaluated included age and weight, 
pre-operative degree of varicocele, symptoms, and testicu-
lar hypotrophy. Surgical parameters included operative 
time, intra- and postoperative complications, analgesic 
requirement, length of stay (LOS), postoperative hydro-
cele, varicocele recurrence, testicular catch-up growth, 
cosmetic outcome, and total costs. Operative time was cal-
culated from positioning of sterile drapes till to closure of 
skin incisions. Postoperative complications were graded 
according to Clavien–Dindo classification [24]. Cosmetic 
outcome was scored at 6-month and 12-month follow-ups 
by two independent evaluating surgeons using a 5-point 
Likert-type scale (1 = worst; 2 = bad; 3 = fair; 4 = good; 
5 = excellent). Follow-up included clinical examination at 
1, 3, 6, 12 months and Doppler scrotal US at 12 months 
postoperatively.

The study received appropriate Institute Review Board 
(IRB) approval.

Operative technique

Surgical procedures were performed under general anes-
thesia with orotracheal intubation. Palomo high ligation of 
the spermatic bundle using the lymphatic-sparing technique 
with ICG fluorescence was performed either laparoscopi-
cally or robotically. Regarding ICG near-infrared fluores-
cence (NIRF), the IMAGE1 S™ Rubina® system, manufac-
tured by KARL STORZ SE & Co. KG, Tuttlingen, Germany, 
was adopted to visualize ICG-NIRF images in LV. Firefly®, 
from Novadaq imaging system, the software integrated in the 
DA VINCI Xi Robot, was used for ICG-NIRF visualization 
in RAV. Regarding ports’ number, three 5-mm trocars were 
placed in LV. Conversely, four ports, including three 8-mm 
robotic and one 5-mm assistant laparoscopic, were placed 
in RAV.

The steps of procedure were the same in both approaches. 
The only difference was that the vessel ligation was per-
formed using titanium metallic clips in LV and ligatures in 
RAV.

Video reproduces all steps of the robotic-assisted Palomo 
technique.

Statistical analysis

The two groups were compared regarding patient baseline 
and operative outcomes. Statistical analysis was carried 
out using the Statistical Package for Social Sciences (SPSS 
Inc., Chicago, Illinois, USA), version 13.0. The associations 
between qualitative variables were measured by the χ2 test 
and the quantitative variables were measured with the para-
metric Student's t test. p < 0.05 was considered statistically 
significant.



World Journal of Urology          (2024) 42:215 	 Page 3 of 6    215 

Results

Median patient age at surgery was 14 years (range 11–17) 
and median body weight was 55.7  kg (range 29–85). 
All patients had left grade 3 varicocele according to 
Dubin–Amelar classification. All were symptomatic (tes-
ticular pain and/or discomfort) and 33/40 (82.5%) presented 
left testicular hypotrophy, defined as testicular size discrep-
ancy of greater than 20% on scrotal US. No significant dif-
ferences about patient baseline were found between G1 and 
G2 (Table 1).

All procedures were completed laparoscopically or robot-
ically without any conversion or intra-operative complica-
tions. The average operative time was significantly shorter 
in G2 [20 min (range 11–30)] than in G1 [34.5 min (range 

30–46)] (p = 0.001). No technical difficulties to identify and 
isolating vessels and spare lymphatics were found in both 
approaches. No adverse local or systemic reactions to ICG 
were observed.

The median analgesic requirement was 14.2 h (range 
8–18), without significant differences between the two 
groups (p = 0.55). The median LOS was 20.6  h (range 
10–26), without significant differences between the two 
groups (p = 0.55). All patients of both groups were able to 
resume daily activities on the same day of surgery and full 
activities within 2 postoperative weeks. At long-term follow-
up (30 months), no complications or recurrence of varico-
cele occurred in both groups. No hematomas, infections, or 
hydroceles were noted. All patients reported resolution of 
pre-operative symptoms. Catch-up growth of the affected 
testicles was noted upon clinical examination and scrotal US 
in 31/33 (94%) boys who underwent surgery due to reduced 
testicular size, without significant differences between the 
two techniques (p = 0.33). The cosmetic outcome was signif-
icantly better in G2 than G1 at both 6-month and 12-month 
evaluations (p = 0.001) (Fig. 1). The total cost of the laparo-
scopic procedure was 1.587,07 euros (€) vs. 5.650,31 euros 
(€) of the robotic-assisted procedure (p = 0.001).

Operative outcomes in G1 and G2 are summarized in 
Table 2.

Discussion

Analyzing the international literature, it seems that the 
lymphatic-sparing Palomo procedure is the most adopted 
technique for treatment of adolescent varicocele [18]. Kass 
and Marcol [25] demonstrated that the Palomo technique 
resulted in a significant decrease in the operative fail-
ure rate compared to the artery sparing procedures and it 

Table 1   Patient baseline in G1 and G2

RAV robot-assisted varicocelectomy, LV laparoscopic varicocelec-
tomy

Parameter RAV (G1)
n = 20

LV (G2)
n = 20

p value

Median age, years (range) 14.4 (12.5–17) 13.6 (11–16) 0.55
Median body weight, kg 

(range)
57.5 (33–85) 53.9 (29–78) 0.66

Pre-operative varicocele 
grade

 Dubin–Amelar grade 1, 
n (%)

0 0 n/a

 Dubin–Amelar grade 2, 
n (%)

0 0 n/a

 Dubin–Amelar grade 3, 
n (%)

20 (100) 20 (100) 0.33

Pre-operative symptoms, 
n (%)

20 (100) 20 (100) 0.33

Pre-operative left testicular 
hypotrophy, n (%)

18 (90) 15 (75) 0.55

Fig. 1   Cosmetic outcome at 
1-year follow-up in RAV (a) 
and LV (b)
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should be the preferred technique for varicocele ligation in 
the adolescent.

As artery sparing varicocelectomy offered no advantage 
about catch-up growth and was associated with higher inci-
dence of varicocele recurrence, preservation of the artery 
does not appear to be routinely necessary in adolescent 
varicocelectomy [26]. Other authors also suggested that the 
number of arteries identified and preserved with meticulous 
spermatic cord dissection does not correlate with improve-
ment in semen parameters [27]. Conversely, LV with internal 
spermatic artery ligation can reduce the recurrence rate and 
results in the same catch-up growth rate in comparison with 
LV with spermatic artery preservation [28].

At beginning of experience, the main issue with laparo-
scopic Palomo procedure was the high incidence of postop-
erative hydrocele, due to non-selective ligation of the entire 
spermatic bundle, reported in up to 20% of operated patients 
[12, 13]. Anatomical studies showed that the mean number 
of lymphatics in the spermatic cord was around three on both 
sides [29]. Thus, to avoid risk of postoperative hydrocele, it 
is necessary to spare at least 1 or 2 lymphatics. Since then, 
lymphatic-sparing procedures have been adopted to decrease 
the risk of postoperative hydrocele. Different vital dyes and 
techniques have been described [17]. The most used dyes 
were isosulfan blue, first introduced by Chiarenza et al. [30] 
and indocyanine green (ICG), first described by Esposito 
et al. [14]. The method of administration of such vital dyes 
was through intratesticular injection.

In the recent years, robotic-assisted surgery using Da 
Vinci Xi robotic system has become an alternative to lapa-
roscopy to perform lymphatic-sparing Palomo procedure 
using ICG-NIRF technology [21–23].

To the best of our knowledge, this is the first compara-
tive study between robot-assisted varicocelectomy and LV 
using ICG lymphatic-sparing technique.

This analysis showed that postoperative course and out-
comes were similar in both groups. The postoperative pain 
and analgesic requirement were minimal and not signifi-
cantly different between the 2 procedures. Conversely, the 
cosmetic outcome was significantly better for laparoscopic 
procedure rather than robotic-assisted one. The scars of 
robotic ports were bigger compared to laparoscopic scars 
(8-mm vs. 5-mm). Also, the number of scars was different 
between the two techniques (3 in LV vs. 4 in RAV).

Regarding the length of surgery, it was significantly 
longer in RAV than in LV. However, we must consider 
that the total operative time of robotic-assisted procedure 
also included docking time, which ranged between 10 and 
20 min, according to the operating team’s experience.

The view of surgical field is much better in robotics, 
which provides 3-D vision and so as the ergonomics of 
the console surgeon, who is seated comfortably at robotic 
console. The ergonomics is not so equally better for the 
bedside surgeon, who fights with the robotic arms which 
cover completely the patient leaving a very small space of 
movement. Robotic platform is also an excellent training 
tool for young residents and trainees. The double console 
system allows the main surgeon to be seated at master 
control while the trainee is seated at the second console 
and performs the procedure under direct supervision. The 
findings of the study indicate that robotic surgery facili-
tated the transfer of surgical skills in minimally invasive 
techniques even to colleagues with limited laparoscopic 
and robotic experience.

Table 2   Operative outcomes in 
G1 and G2

RAV robot-assisted varicocelectomy, LV laparoscopic varicocelectomy
The bold has been used to highlight statistical significance

Parameter RAV (G1)
n = 20

LV (G2)
n = 20

p value

Median operative time, min (range) 34.5 (30–46) 20 (11–30) 0.001
Conversion, n (%) 0 0 n/a
Intra-operative complications, n (%) 0 0 n/a
Visualization of lymphatics on ICG-NIRF, n (%) 20 (100) 20 (100) 0.33
Adverse local or systemic reactions to ICG, n (%) 0 0 n/a
Median analgesic requirement, hours (range) 13.6 (8–17) 14.8 (10–18) 0.55
Median length of stay, hours (range) 21.5 (12–26) 19.7 (10–22) 0.55
Postoperative complications, n (%) 0 0 n/a
Varicocele recurrence, n (%) 0 0 n/a
Postoperative hydrocele, n (%) 0 0 n/a
6-month cosmetic score, n (range) 1.9 (1–3) 3.8 (2–4) 0.001
12-month cosmetic score, n (range) 3.1 (1–4) 4.8 (3–5) 0.001
Testicular catch-up growth, n (%) 17/18 (94.4) 14/15 (93.3) 0.33
Total cost of the procedure, euros (€) 1.587,07 5.650,31 0.001
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Both laparoscopy and robotics allow use ICG-NIRF 
technology to perform real-time lymphography and effec-
tive lymphatic-sparing. Following the intra-parenchymal 
injection of 1 mL ICG solution, the lymphatics become 
fluorescent green in a matter of 30–60 s. However, after 
10 min, we observed diffusion of ICG in spermatic veins 
and artery, making more difficult visualization of lymphat-
ics. For this reason, the lymphatics dissection and sparing 
should be completed within 10 min. Lymphatics sparing 
usually required not more than 2–3 min in our experience. 
It is worth to perform adequate sparing of lymphatic ves-
sel during ligation according to Palomo to improve surgical 
outcomes and mitigate the risk of postoperative hydrocele. 
In our experience, lymphatics sparing was achieved in all 
patients from both groups and no postoperative hydrocele 
was observed.

The main drawback of robotics remains the high cost. 
In our country, the total cost of the laparoscopic procedure 
was 1.587,07 euros (€) vs. 5.650,31 euros (€) of the robotic-
assisted procedure (p = 0.001).

The main limitation of this study is the retrospective 
design. Furthermore, semen parameters were not assessed 
as most of our patients were younger than 17 years. Further 
prospective series, including investigation of semen param-
eters on an individual basis, may help serve as a further 
incentive for surgery in cases of reduced semen quality.

In conclusion, RAV can be safely and effectively per-
formed in pediatric patients, with the same excellent out-
comes as conventional laparoscopic procedure. Robotics 
provides additional technical benefits such hand tremor fil-
tering, 3D-vision, and increased ergonomics. Laparoscopy 
has the advantages of faster surgery, smaller instruments, 
better cosmesis, and lower cost than robotics. To date, lap-
aroscopy remains preferable to robotics to treat pediatric 
varicocele. Probably soon, along with the miniaturization 
of robotic instruments and the decrease of associated costs, 
RAV may become the technique of choice to treat pediatric 
varicocele.
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