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microsurgical vasectomy reversals and varicocelectomy.23,24 Advantages 
of robotics include elimination of tremor, retraction with third arm, and 
stable immersive 3D microscopic vision, all contributing to precision 
of surgery. One of the earliest experiences by Shu et al.23 demonstrated 
successful robotic‑assisted microscopic varicocelectomy  (RAMV) 
without complications in eight patients. Operative times were similar 
to those of traditional microscopic varicocelectomy (TMV). In another 
study, RAMV improved sperm counts in 76% of oligospermic patients 
and converted 18% of azoospermic patients to oligospermic with low 
failure and low complication rates.24

In this study, we aim to describe our outcomes for RAMV in men 
with infertility. To date, this is the largest series reported for RAMV.

PATIENTS AND METHODS
We retrospectively reviewed charts of 140 patients who underwent 
RAMV from March 2012 to July 2014 presenting for symptomatic 
hypogonadism, testicular atrophy, infertility, or orchialgia. The study 
was conducted in accordance with the Declaration of Helsinki and was 
approved by the local ethics committee of the Albany Medical College. 
This retrospective study was not deemed to require patient consents.

All patients were referred to our men’s health clinic for infertility, 
hypogonadism, and/or symptomatic varicocele. All men had an initial 
history and physical by a urologist (Andrew McCullough). A morning 
hormone panel including T, free testosterone  (Tfree), estradiol  (E2), 
follicle‑stimulating hormone (FSH), luteinizing hormone (LH), and 

INTRODUCTION
A varicocele is a pathologic dilation of the testicular veins within 
the spermatic cord. Varicoceles can be found in 15% of the adult 
male population and in over  35% of men presenting for infertility 
evaluation.1,2 Varicoceles can also contribute to low testosterone (T), 
orchialgia, and testicular atrophy.3

Many explanations for the pathophysiology have been described 
to account for testicular dysfunction due to varicoceles. Reflux of 
adrenal metabolites and increased testicular hypoxia have been 
demonstrated.4,5 Contralateral testicular dysfunction has also been 
shown with histological studies and unilateral varicoceles.6 Varicoceles 
are known to disrupt the temperature countercurrent regulation of the 
testicles, disrupting key enzymes involved in spermatogenesis.7 DNA 
damage in spermatids from reactive oxygen species (ROS) is also more 
prominent with varicoceles.8–11

Numerous studies have shown the benefits from varicocele 
ligation. Improvements in semen analyses with male factor infertility, 
improvements in orchialgia, increasing T levels, and growth in testicular 
size have all been reported.12–21 Recent meta‑analyses have confirmed that 
subinguinal traditional microsurgical varicocele repair has the highest 
success rate and lowest complication rate as compared to macroscopic 
inguinal or laparoscopic abdominal approaches.22 This approach has 
become the gold standard for varicocelectomy.

Recently, the da Vinci® robot  (DR; Intuitive Surgical, Inc., 
Sunnyvale, CA, USA) has been used to successfully perform 
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sex hormone binding globulin (SHBG) was obtained. The laboratory 
analyses were not done at a single laboratory but were done at reference 
laboratories approved by the patients’ insurance plans. Karyotype and 
microdeletion studies were performed on men suspected of Klinefelter 
and sperm counts of <5 × 106 ml−1. Men included in the study had 
normal karyotype and negative microdeletion studies. Men with an 
examination suspicious for a varicocele underwent a testicular duplex 
Doppler ultrasound. They were assessed for the presence of a varicocele, 
varicocele size, testicular parenchyma, and size. All ultrasounds were 
performed by a single ultrasonographer  (Leon Elebyjian) with the 
same equipment (Acuson 128 with 7.5 MHz electronic linear probe, 
Acuson 128 XP10, Siemens Healthcare GmbH, Erlangen, Germany). 
The ultrasound was performed in a warm room (>24°C). Patients were 
examined in the supine and standing position with and without valsalva. 
The spermatic cord and the testicles were examined bilaterally, recording 
the maximum diameter of the venous vessels and the presence and 
speed of retrograde venous flow during Valsalva’s maneuver. Gray scale 
and Doppler evaluation of the testes with measurement of testicular 
dimensions for volume calculation was performed. Volume was 
calculated as per Lambert (length × width × height × 0.7).25 Patients 
with clinical varicoceles but without duplex Doppler corroboration 
of retrograde blood flow were not offered varicocele repair. Only men 
with varicoceles documented by ultrasound with hypogonadism or an 
abnormal sperm concentration, motility, or morphology were offered 
surgery. All surgeries were performed by the same surgeon (Andrew 
McCullough).

Patients who presented with infertility underwent pre‑  and 
post‑operative semen analyses that were obtained at one of two 
independent in vitro fertilization (IVF) center Andrology laboratories. 
Postoperatively, an ultrasound was repeated at 3 months by the same 
ultrasonographer. Persistent retrograde flow was documented and 
considered a failure regardless of the physical examination. All men had 
a hormone panel repeated 3 months postoperatively. Complications 
and use of pain medications were recorded.

RAMV was performed in the following fashion. A 2‑cm horizontal 
incision was made 3 cm from the base of the penis and 3 cm lateral 
to the midline (Figure 1). The spermatic cord was isolated through 
the incision using 3.5  ×  loupe magnification. It was elevated 
from the incision and suspended extracorporally using a Penrose 
drain (Figure 2a). For bilateral varicoceles, both cords were isolated 
before the robot was docked. The robot was then docked perpendicular 
to the patient on his left side. The first arm was loaded with black 
diamond forceps and aligned with the right anterior superior iliac 
spine toward the incision. The third arm was loaded with black 
diamond forceps and aligned with the ipsilateral knee to the incision. 
The second arm was loaded with monopolar scissors and was ninety 
degrees from the first arm in between arms one and three (Figure 1). 
A  bedside assistant was responsible for irrigation, clipping the 
veins and presenting sutures and vessel loops to the surgeon. Next, 
after opening and fastening the cremasteric fascia to the Penrose 
drain (Figure 2b), the vas deferens was isolated with vessel loop and 
retracted off the field (Figure 2c). The testicular artery (ies) was/were 
then located with direct visualization without Doppler ultrasound 
and isolated with another vessel loop (Figure 2d). The lack of field 
motion and clear magnification allowed identification of the pulsating 
arteries . Papaverine was used to enhance pulsations. The veins were 
then dissected, ligated with titanium clips, and divided (Figure 2d). 
Lymphatics were preserved  (Figure  2e). At completion of the 
varicocelectomy, only the testicular artery, lymphatics, and vas 
deferens remained. Vessel loops were removed, cremasteric fascia was 

reapproximated with 8‑0 nylon sutures (Figure 2f), and the cord was 
freed of the Penrose drain and allowed to retract into the incision. For 
bilateral procedures, the robot arms were shifted to the contralateral 
incision without redraping and an identical procedure was performed 
on the contralateral side. After completion, the robot was undocked, 
the  perifuniclar space was infiltrated with 10 cc of a 50/50 mixture 
of 1% lidocaine and 0.25% bupivacaine and the skin was closed with 
subcuticular stitches. Statistics were performed with JMP software (SAS 
Institute Inc., Cary, NC, USA) by Student’s t‑test.

RESULTS
Of 214  patients who underwent RAMV during that time period, 
140  (65.4%) presented with infertility of at least 1  year and 
varicoceles. We are presenting only our data on the 140 men who 
presented with infertility. Baseline comorbidities are shown in 
Table  1. Mean age  ±  standard deviation  (s.d.) and duration of 
infertility  ±  s.d. was 34.5  ±  5.8 and 2.8  ±  2.9  years, respectively. 
Oligozoospermia (<15 × 106 ml−1) was not required if teratozoospermia, 
asthenozoospermia or hypogonadism was present (T <350 ng dl−1). 
Seventy‑three (52.1%) patients were oligozoospermic with a mean sperm 
count (SCmean) of 4.1 × 106 ml−1. A total of 118 (84.3%) and 22 (15.7%) 
patients underwent bilateral and unilateral repair, respectively, for a 
total of 258 varicocelectomies. Fifty‑seven men (40.7%), 21 (15.0%), and 
62 (44.3%) were eugonadal (T >350 ng dl−1), borderline hypogonadal 
(300 ng dl−1 ≤ T ≤350 ng dl−1), and hypogonadal  (T <300 ng dl−1), 
respectively. Infertility was primary in 76 (54.3%) patients. Median T 
and Tfree increased by 44.3% (P < 0.001) (Table 2). Testicular volume 
increased significantly bilaterally by at least 12.5% (Table 2). Whereas 
median sperm concentration increased by 37.3% (P < 0.03), motility, 
Kruger, and World Health Organization (WHO) morphology were 
virtually unchanged (Table 2).

Operative time was recorded in our first 69 cases and compared to 
TMV.   Operative time per side was 49 ± 13 min and 57 ± 16 min for 
TMV and RMV, respectively, reflecting our learning curve and reaching 
its nadir at 15 cases. For a bilateral case, robotic dock time averaged 
39 ± 9 min. Throughout our series, we had 9/258 complications (3.5%) 
including 7 (2.7%) hematomas and 2 (0.8%) hydroceles. There were no 
injuries to the vas deferens or testicular artery on any of the testicular 
units (Table 3). All of these complications were managed conservatively. 
Persistent venous flow on postoperative ultrasound was seen in 9.7% (25) 
of testicular though dramatically reduced (Table 2). Intraoperatively 
with direct visualization, one testicular artery was identified on 80.7% 
of testicular units, two arteries on 15.2%, and three arteries on 4.1%. 
Postoperatively, only 37.3% patients used pain medications >24 h.

DISCUSSION
We describe our series of RAMV on 140 infertile men, a subset of our 
larger series. As can be seen from the baseline characteristics, this 
represents a highly select group of men. With the robotic approach, 
complication rates were low without any injury to testicular arteries. 
Minimal persistent flow demonstrated that duplex Doppler was seen 
in 9.6% of testicular units. Serum T significantly improved.

The incidence of bilaterality of varicoceles in this series is higher 
than other varicocele surgical series and is most likely a reflection of 
the author’s referral pattern and the use of reflux on ultrasound as a 
criterion for surgical candidacy. Our high percentage of bilaterality has 
been previously reported. In a study by Gat et al.,28 81% of 286 infertile 
men were confirmed to have bilateral disease by venography. Whereas 
physical examination detected right‑sided varicoceles in 7.3% of 
men, Doppler ultrasound detected right‑sided varicoceles in 66%.28 
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Figure  1: Schematic of robot docking position, actual docked robot and 
instrumentation required. BD: black diamond forceps; CA: zero‑degree lens 
camera; MS: monopolar scissors.

Figure 2: Robotic‑assisted microsurgical varicocelectomy surgery. (a) Cord is exposed and suspended extracorporally with Penrose. (b) Cremastric muscle 
fastened to Penrose exposing the vas deferens. (c) Vas being isolated with vessel loop. (d) Vein being isolated with artery and vas identified and individually 
retracted. (e) Identification and preservation of lymphatic. (f) Closure of cremasteric with 8‑0 sutures.
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Testis duplex Doppler ultrasonography has 97% sensitivity and 94% 
specificity when compared to venography, the more invasive “gold 
standard” for the diagnosis of varicoceles.29 The European Association 
of Urology  (EAU) guidelines support the use of testis Doppler 
ultrasound to determine the presence of varicocele and reflux.30   It 
is the authors’ opinion that the lack of objectivity in the diagnosis 
of varicoceles pre‑ and post‑operatively may be contributory to the 
inconsistent results reported about benefits of varicocele surgery in the 
literature. The reliance on a classification system described in 197131 
may be anachronistic in the era of sophisticated and more objective 
ultrasound imagery.

Most of the men with Doppler documented in our study, did, in 
fact, have clinical preoperative varicoceles, though the comparison 
of the clinical versus ultrasound diagnosis was not the objective of 
the paper.
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Our recurrence rate is higher than previously reported in 
series. In our series, we found a 9.6% “failure rate.” This is higher 
than previously reported for microsurgical subinguinal repair 
1.4%,32  3%,33  2%,34  0.82%,35 and 1.05%.22 As the presence of 
documentable venous reflux was a preoperative criterion, we defined 
recurrence as any measurable postoperative retrograde flow which 
may account for our higher recurrence rate. As shown in Table 2, our 
residual venous flow is extremely low. Other microsurgical subinguinal 
series use clinically detectable varicoceles as the definition of success. In 
addition to the lower sensitivity of clinical examination in the detection 
of varicoceles, the clinical examination of varicoceles as a postoperative 
end point is subjective and operator dependent and has never been 
intra‑ or inter‑observer critically validated.36

Our observed T changes are similar to previously published 
studies involving TMV (Table 3). Chan et al.12 reviewed their series 
of 2012 men who underwent subinguinal TMV. They observed an 
increased mean T from 362 ng dl−1 to 493 ng dl−1. Hsiao et al.13 noted a 
similar increase in T from 309 to 431 ng dl−1 in men with preoperative 

T <400 ng dl−1. Both of these studies included patients with subinguinal 
TMV only. Patients were evaluated for symptomatic varicoceles or for 
infertility in these studies. A meta‑analysis by Li et al.14 showed increase 
in T by 97.5 ng dl−1 in 814 patients in nine studies. Most, but not all 
(6 out of 9), of the studies exclusively included subinguinal TMV and 
have increases in T similar to our findings (Table 3).

Two prospective randomized controlled trials showed increased 
mean sperm concentration after subinguinal TMV by 14.1 × 106 and 
7.4  ×  106 ml−1.15,26 A large meta‑analysis of 22 studies with various 
techniques by Baazeem et  al.18 showed a significant increase in 
concentration by 12.3  ×  106 ml−1. Similarly, another meta‑analysis 
observed an increase in concentration by 13.7 × 106 ml−1; however, 
this was not statistically significant. This meta‑analysis incorporated 
3 randomized controlled trails and 4 nonrandomized trials, using 
various varicocelectomy techniques.19 These prospective studies 
demonstrate findings similar to our mean sperm concentration increase 
of 14.7 × 106 ml−1 (16.9 × 106 ± 23.4 × 106 vs 31.6 × 106 ± 66.5 × 106 ml−1).

We observed a significant increase in testicular size bilaterally based 
on testicular ultrasonography performed by a single ultrasonographer, 
pre‑ and post‑operatively. A previously reported study examined the 
change in testicular volume in 44 men after varicocelectomy and 
demonstrated an increase of 1.5 ml.17 While 25 out of 44 of their patients 
underwent bilateral varicocelectomy, 21 underwent subinguinal 
TMV, 17 underwent laparoscopic varicocelectomy, and 6 underwent 
sclerotherapy. The study included a population of various techniques 
and a higher proportion of unilateral repairs; however, it is the only 
study evaluating testicular size in adults with a portion of patients 
who underwent subinguinal TMV. Zucchi et al.20 demonstrated only 
a 0.6 ml increase in testicular size in 43  patients who underwent 
either sclerotherapy or open inguinal approach. The various surgical 
techniques, patient selection, and the methodology of testicular 
size measurement might explain inconsistent reported increases in 
testicular size.

Hydroceles were observed as 0.8%, which is comparable to other 
subinguinal TMV series showing 0.44%,22 0.4%,12 1.6%,37 0.3%,32 and 
0.2%35 rates of postoperative hydroceles. Injury to the testicular artery 

Table  1: Baseline demographics and comorbidities in 140 infertile men 
with varicoceles

Comorbidities n (%)

Hypertension 6 (4.3)

Diabetes 3 (2.1)

Gastro esophageal reflux 7 (5.0)

Anxiety 1 (0.7)

Hyperlipidemia 9 (6.4)

Testis cancer 1 (0.7)

Past or alcohol abuse or alcoholism 21 (15.0)

Past illicit drug use 2 (1.4)

Past or present tobacco smoker 24 (17.1)

History of mumps orchitis 1 (0.7)

GU surgery (hernia repair, orchiopexy, orchiectomy) 28 (20.0)

Testosterone replacement 10 (7.1)

GU: genitourinary surgery

Table  2: Comparison of pre‑  and post‑operative hormone profile, semen analysis, and ultrasound parameters at 3 months in 140 infertile men 
with varicoceles

Variables Preoperative value (median) 95% CI Postoperative value (median) 95% CI P

Hormone panel

Testosterone (ng dl−1) 327 328–378 472 434–521 <0.0001

Free testosterone (pg ml−1) 9.0 9.2–10.8 13.0 12.9–15.6 <0.0001

Estradiol (pg ml−1) 22.6 20.7–26.0 22.0 18.5–29.3 <0.64

LH (mIU ml−1) 4.8 4.7–5.7 5.6 5.7–7.4 <0.04

FSH (mIU ml−1) 6.0 6.7–8.8 8.4 8.8–11.8 <0.17

SHBG (mmole l−1) 23.8 23.5–28.6 23.4 21.9–27.5 <0.86

Testis Doppler

Right testicle volume (ml) 19.1 17.2–19.5 21.5 20.1–23.1 <0.0006

Left testicle volume (ml) 17.9 16.5–18.5 21.9 20.4–23.2 <0.0001

Right testis PSV (m s−1) 0.06 0.05–0.08 0.0 0.02–0.05 <0.04

Left testis PSV (m s−1) 0.11 0.12–0.18 0.0 0.02–0.06 <0.0002

Semen analysis

Semen volume (ml) 3.0 2.5–3.1 2.8 2.3–2.9 <0.32

Semen concentration (×106 ml−1) 7.5 12.5–21.2 10.5 15.8–47.3 <0.03

Sperm motility (%) 30.0 26.7–35.5 23.1 24.4–36.6 <0.89

Sperm morphology, standard of WHO (%) 12.0 14.1–20.7 15 14.1–24.5 <0.52

Sperm morphology, standard of Krueger 1.0 1.0–1.9 0 0.6–1.7 <0.35

CI: confidence interval; FSH: follicle‑stimulating hormone; LH: luteinizing hormone; PSV: peak systolic velocity; SHBG: sex hormone binding globulin; Krueger: Krueger strict morphology; 
WHO: World Health Organization



Asian Journal of Andrology 

Robotic microsurgical varicocelectomy 
A McCullough et al

193

is rare with no occurrences in our population. In a large series of 
over 2100 patients, injury occurred in only 0.9% of cases.12 This slightly 
higher incidence is likely due to a larger study size compared to our 
series. In contrast to a smaller series of only 42 patients, one testicular 
artery injury occurred with immediate repair.38 Only 37.3% of patients 
needed pain medication for more than 24 h postoperatively. This result 
is similar to another study evaluating postoperative pain requirements. 
Pan et al.16 only had 37.5% of patients requiring pain medications in 
their series of subinguinal TMV.

The high capital cost of the DR is used as an argument against 
its use in the repair of varicoceles. Without a doubt the purchase 
costs for DR are more than an operating microscope (OM). From a 
practical viewpoint, unlike the OM, the DR is shared by all services. 
Frequently service‑specific OMs differ in quality and features and are 
reluctantly shared. The urologic microsurgeon and operating room staff 
frequently have to familiarize themselves with a different microscope 
on the day of the procedure, decreasing OR efficiency. Admittedly the 
use of the robot precludes performing the procedure in outpatient 
surgery units, where the availability of the robot is unlikely. Although 
robot access for the urologic microsurgeon might be difficult, the 
relatively short length of the case makes it administratively attractive. 
The procedure‑specific expenses for the RAMV are the 2 multiple use 
black diamond and monopolar scissors amounting to below US dollar 
$1000 per procedure. The drapes are comparable to those used for the 
standard microsurgical or laparoscopic approach. This study is not 
intended to condone the purchase and use of the DR where one is not 
available or it is a demonstration of the feasibility of the technique, if 
one is available. A cost analysis was not performed in this study, but 
the surgeon encountered no administrative resistance in scheduling 
cases. In terms of surgical training, a typical urology resident is 
unlikely to use microsurgical skills achieved during residency after 
training. Few urology residents enter into the area of male infertility. 
On the other hand, robotic skills learned in residency will continued 
to be used in performing robotic prostatectomies, nephrectomies, or 
urogynecologic procedures. As resident staff is already familiar with 
the DR equipment, their learning curve for the procedure is likely less 
than standard microsurgery. It seems instinctive that the micro‑robotic 
skills developed handling 8‑0 and 9‑0 sutures and isolating 1  mm 
gonadal arteries will only improve macro‑robotic skills. Improvement 
in robotic skills was not evaluated in this study. Additional training 
may be required for a traditional microsurgeon to master the technique 

with the DR, a problem faced by traditional open prostatectomists 
decades ago. Familiarity with microsurgical techniques and currently 
available training software were found to be of tremendous benefit to 
the surgeon (Andrew McCullough) in mastering the technique and 
minimizing the learning curve. Ergonometrically there is no question 
that operating from a console is superior to the awkward position 
during a typical OM varicocelectomy. Surgeon fatigue for attending 
and resident is minimized.

Weaknesses of this study include the retrospective nature of the 
study and comparison to historical controls rather than a simultaneous 
comparison. As the hormone values were done at different reference 
laboratories, the reference ranges may be different from one patient 
to the next. Patients had follow‑up hormonal studies done at the same 
laboratory that was used for the preoperative laboratories. Though 
pre‑  and post‑operative semen analyses were always done at the 
same IVF Andrology laboratory, no attempt was made to standardize 
the analyses between the two centers. Laboratories were done as the 
specifications and standards of the American Society for Reproductive 
Medicine.

Strengths were the rigorous clinical follow‑up and use of also 
used Doppler ultrasound pre‑  and post‑operatively to evaluate 
outcomes.

CONCLUSION
This study demonstrates that RAMV is comparable to subinguinal 
TMV. RAMV can be used as an alternative to TMV where a robot 
is available without compromise of patient care. More prospective 
studies are needed to evaluate cost differentials and the benefits to 
resident training.
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