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may partly arise from the ambiguity of ISAs preservation due to 
the poor identification. Higher recurrence of varicocele after ISAs 
preservation may be attributed to the concurrent preservation of the 
accompanying veins. Compared with microsurgical varicocelectomy, 
it was even harder to identify the ISAs precisely and separate them 
from the adherent veins during LV due to the lower magnification 
of vasculature under laparoscope and the relatively rough surgical 
tools. It was common that the veins were left out because of fear of 
injury to the artery during attempts to ensure ISAs preservation. In 
addition, due to the poor identification, arteries that were supposedly 
spared might not be preserved actually. Therefore, techniques that 
can identify the ISAs and isolate the vascular structures precisely 
during LV will be rewarded.

Since Fukuda and colleagues used Doppler Ultrasound to 
evaluate hepatic tumors during laparoscopic surgery in 1982,12 
intraoperative ultrasound technology has been widely used to facilitate 
recognition and dissection of vascular and nonvascular structures in 
laparoscopic surgery.13,14 Our previous study indicated that Doppler 
ultrasound-assisted microsurgical varicocelectomy had better 
outcomes for semen parameters improvement.15 In the present study, 
a prospective evaluation of the application of laparoscopic Doppler 
technology during ISAs preservation LV versus conventional LV was 
conducted in infertile men with varicoceles. We hypothesized that 

INTRODUCTION
Varicocele is a palpable dilation in the pampiniform plexus of veins in 
the scrotal sac secondary to retrograde flow of blood to the testicle.1 
Varicoceles are present in 10%–15% of the general male population, 
in approximately 35%–50% of men with primary infertility and up to 
81% of patients with secondary infertility.2 Varicocelectomy can be 
performed by various methods and techniques, which can improve 
semen parameters and increase the spontaneous pregnancy rates as 
well as resolve testicular pain effectively.3 With the extensive application 
of laparoscopic technique, laparoscopic varicocelectomy  (LV) was 
widely employed due to its rapid, safe, effective, and minimally invasive 
features.4

There was much debate regarding the significance of artery 
sparing when performing an LV. Several studies found that no 
differences in semen parameters and pregnancy rates were detected 
between internal spermatic arteries (ISAs) sparing and ligation;5,6 and 
higher recurrent rate and persistence of varicocele in ISAs preservation 
patients were reported.7–9 Conversely, other reports indicated that 
ISAs-sparing procedure was significantly superior in improvement 
of sperm concentration, motility, morphology than ligation.10 In 
addition, there was a study with ISAs and lymphatic vessels preserved 
reporting a low recurrent rate  (1.2%).11 The above inconsistency 
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the assistance of laparoscopic Doppler ultrasound (LDU) could help 
identify and preserve arteries/lymphatics precisely, thus improving 
semen qualities as well as pregnancy rates.

MATERIALS AND METHODS
Study design
The study was prospectively conducted at the authors’ institution 
between October 2012 and February 2014. This study received ethics 
committee approval with the written informed consent obtained 
from each participant before enrollment and was registered in the 
Chinese Clinical Trial Registry (http://www.chictr.org.cn/) (Identifier: 
ChiCTR-IOR-15007561). Infertile patients with uni- or bi-lateral clinically 
palpable varicoceles were selected based on the following inclusion and 
exclusion criteria. Infertility is defined as the inability of a sexually active, 
noncontracepting couple to achieve spontaneous pregnancy in 1 year. 
Patient’s inclusion criteria were as follows:  (1) 20–39-year-old with 
infertility for more than 1 year; (2) impaired semen quality including 
sperm concentration <15 × 106 ml−1 or total motility <40% or normal 
morphology <4%;  (3) normal serum hormones level including FSH, 
LH, thyroid hormones, and PRL; and  (4) female partner is healthy 
and has normal reproductive functions evaluated by gynecologist and 
endocrinologist prior to male partner enrollment. Exclusion criteria 
were as follows:  (1) refusing to enter randomization;  (2) subclinical 
varicoceles, recurrent varicoceles, and normal semen analyses; (3) other 
reasons of infertility in addition to varicoceles;  (4) patient’s spouse 
older than 35 years;  (5) abnormal serum hormone levels;  (6) female 
factor infertility; (7) significant surgical diseases, congenital diseases, 
or endocrine diseases; and (8) with previous inguinal surgery. Before 
the randomization, all eligible cases received standardized information 
about the trial from the clinician, orally and in written. Patients were 
randomly allocated to two groups through a computer randomization 
program. A  simple random allocation sequence was generated and 
concealed by a trained nurse. Only the surgeon and his assistants knew 
that the surgical procedures and investigators were blinded to the 
procedures. The current study was reported according to the CONSORT 
guidelines.

Varicoceles classification
Varicoceles were classified into three grades according to the criteria 
proposed by Dubin and Amelar:16 Grade I  (palpable only with the 
Valsalva maneuver), Grade II (palpable without the Valsalva maneuver), 
and Grade III  (visible through the scrotal skin). Ultrasonography 
was also used to define varicocele as a spermatic venous diameter 
of >3.7 mm with an increased diameter on the Valsalva maneuver and 
venous reflux detected by Doppler.17

Surgical procedures
The expert surgeon (Dr. Yuan) had performed at least 80 LV procedures 
before starting the study. The Laparoscopic Doppler Ultrasound (LDU) 
probe  (Vascular Technology Inc., Nashua, NH, USA) with 5-mm 
diameter is disposable and is 20-MHz enhanced.

All procedures were performed under general anesthesia, with the 
patient in the trendelenburg position. The first 10-mm port was inserted 
with a modified open access technique just below the umbilicus under 
direct vision. The pneumoperitoneum was established by a veress 
needle at a maximum intra-abdominal pressure of 12 cm H2O and a gas 
flow rate of 1–2 L min−1. The other two 5-mm ports were placed in the 
right and left lower quadrants under laparoscopic vision. The peritoneal 
window was made at the level of dilated spermatic vessels at a distance 
of 3–5 cm from the internal inguinal ring. In the conventional LV 
group, the spermatic vessels were mass clipped and completely ligated. 

However, in the LDU-assisted LV group (LDU-LV), all enlarged arteries 
and veins were consecutively mobilized, identified in the middle. The 
Laparoscopic vascular Doppler flow detector was connected to the 
monitor and directed laparoscopically onto the vessels. The ISAs were 
identified by the characteristic high-pitched pulsatile arterial flow 
sound; thus, the ISAs were meticulously identified and preserved. 
The engorged ISVs were then identified, dissected, and ligated. The 
remaining tissues including lymphatics were also preserved. The 
venous ligation was performed by a free-hand intracorporeal knot tying 
technique with 3-0 silk ligature. No electrocautery was used during 
the whole operation to avoid thermal injury to the spermatic cord 
and adjacent tissues. At the end of the operation, carbon dioxide was 
expelled and the 3 small incisions were closed with absorbable sutures.

Evaluations

Intraoperative assessment
Baseline characteristics including patient age, incidence of bilateral 
varicocele, hormone level, and varicocele grade between the two groups 
were recorded. The hormones included testosterone, estradiol, FSH, 
LH, and PRL. Operation time was also recorded.

Postoperative assessment
We calculated the following parameters after surgery: the incidence 
of postoperative scrotal pain, postoperative scrotal hematoma and 
hydrocele, recurrent rate, testicular atrophy, hospital stay period, and 
time to return to normal activity. All patients were followed with visits 
at 1, 3, 6, and 12 months after surgery. Testicular volume was assessed 
pre- and post-operatively from ultrasound measurements performed 
by a single experienced ultrasonographer using the following formula: 
volume  =  0.71  ×  length  ×  width  ×  depth. Testicular hypotrophy 
was defined as 20% volume or greater differential between testicles. 
Recurrent varicocele was diagnosed clinically and by ultrasonography. 
The presence or absence of a hydrocele was noted for every patient at 
each visit. Patients with a hydrocele only on scrotal ultrasound but not 
palpable on physical examination were excluded.

Sperm parameters assessment
Semen parameters including sperm count, sperm motility, and sperm 
morphology were checked before and at 3, 6, and 12 months after 
surgery. The pregnancy rate was calculated at 1 year of follow-up.

Primary and secondary outcomes
The primary outcome measures included improvement in semen 
parameters and pregnancy rates. The secondary outcome measures 
included operating time, hospital stay period, time to return to normal 
activity, and postoperative complications.

Statistical analysis
Student’s t-test was performed to analyze the normally distributed 
continuous variables while Chi-square test was used to compare the 
categorical variables. Two-way repeated measures ANOVA followed 
by Holm–Sidak test was performed to evaluate changes of sperm 
parameters after surgery and different impacts of the two surgical 
procedures on sperm parameters. All analyses were performed with 
PASW statistics version 18.0 software (IBM SPSS Inc., Chicago, IL, 
USA), and P < 0.05 was considered statistically significant. The sample 
size calculation was based on estimated 1-year pregnancy rates of 55% 
for LDU-LV and 30% for LV based on previous meta-analysis that 
compared LV with other varicolectomy.18 To detect a difference in the 
outcome at the 5% statistical significance level and with 90% power, 
a minimum sample size of 134 patients was required. Therefore, we 
recruited 160 patients to allow for a 15% dropout rate.
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RESULTS
Initially, 160  patients were enrolled in this study. Thirteen patients 
were excluded postoperatively because ten of them could not be 
reached in the follow-up, and three patients achieved pregnancy with 
assisted reproductive techniques, leaving the final number analyzed 
at 147 patients (75 in LV group and 72 in LDU-LV group) (Figure 1). 
The median follow-up period was 20 months (range 14–30 months). 
There were no statistically significant differences in the patient age, 
preoperative hormone level, testicular volume, the incidence of bilateral 
varicocele, and varicocele grade between the two groups (Table 1).

Comparison of intraoperative outcomes
The procedures in the two groups were completed satisfactorily, without 

intraoperative complications. Both unilateral and bilateral varicoceles’ 
operative time were significantly longer in the LDU-LV group than LV 
group (46.52 ± 8.48 vs 28.61 ± 6.28 min for unilateral, 62.55 ± 13.81 
vs 40.58 ± 7.17 min for bilateral, Table 1).

Comparison of postoperative outcomes and complications
The hospital stay and time to return to normal activity were little 
longer for LDU-LV group but did not show statistically significant 
difference between the two groups (P > 0.05, Table 1). At follow-up, 
1 of 72 (1.4%) patients in the LDU-LV group developed a postoperative 
hydrocele, while it was observed in 8 of 75 (10.7%) in the LV group, 
which showed a significant difference  (P  <  0.05, Table  1). Seven 
of nine postoperative hydroceles were settled spontaneously, and 
only two patients required intervention. Palpable recurrences 
were detected in two patients  (one in LV and one in LDU-LV), 
which were confirmed by color Doppler ultrasound (Table 1). The 
incidence of recurrence was not significantly different between the 
two groups  (Table 1). Testicular atrophy was not detected during 
the follow-up (Table 1).

Comparison of the impacts on semen parameters
Semen parameters were measured before surgery and at 3, 6, and 12 
months after surgery. There were significant improvements in sperm 
count and motility after surgery in both groups (Table 2). However, 
no significant changes of sperm morphology were observed (Table 2). 
The increase in mean sperm count and sperm motility at 12 months 

Table 1: Comparison of the preoperative patient characteristics and 
perioperative outcomes between the two groups

Variable LV (n=75) LDU‑LV (n=72) P

Agea

Patients (year) 30.04±4.29 30.89±3.83 >0.05

Partner (year) 28.52±3.54 28.71±3.48 >0.05

Varicoceles (n)b

Unilateral left 49/75 52/72 >0.05

Bilateral 26/75 20/72 >0.05

Gradeb

II 38/101 32/92 >0.05

III 63/101 60/92 >0.05

Hormone levela

Testosterone (ng ml−1) 4.60±1.64 4.48±1.56 >0.05

Estradiol (pg ml−1) 0.77±0.33 0.81±0.36 >0.05

PRL (ng ml−1) 15.13±6.09 16.70±6.61 >0.05

FSH (mIU ml−1) 5.27±2.15 5.44±2.12 >0.05

LH (mIU ml−1) 4.65±1.91 4.09±1.70 >0.05

Testicular size (ml)a 25.42±6.91 27.04±9.04 >0.05

Operative timea (min)

Unilateral 28.61±6.28 46.52±8.48** <0.01

Bilateral 40.58±7.17 62.55±13.81** <0.01

Hospital stay (days)a 4.29±0.76 4.36±0.70 >0.05

Days required for returning 
normal activitya

6.76±1.68 7.13±1.32 >0.05

Postoperative hydroceleb 8 1* <0.05

Recurrent varicoceleb 1 1 >0.05

Testicular atrophyb 0 0 >0.05

Pregnancyb (%) 28/75 (37.3) 32/72 (44.4) >0.05

Age of pregnant (wives) 28.8±3.4 29.3±4.2 >0.05
aValues: compared with unpaired Student’s t‑tests; bValues: compared with Chi‑square 
tests; *P<0.05, **P<0.01. LDU‑LV: laparoscopic Doppler ultrasound‑assisted laparoscopic 
varicocelectomy; LV: laparoscopic varicocelectomy; FSH: follicle‑stimulating hormone; 
LH: luteinizing hormone; PRL: prolactin

Table 2: Pre‑and post‑operative sperm count/sperm motility/sperm morphology

Variable LV (n=75) LDU‑LV (n=72)

Count (×106 ml−1) Motility (%) Morphology (%) Count (×106 ml−1) Motility (%) Morphology (%)

Preoperative 15.68±5.11 25.09±5.82 27.48±10.62 16.47±5.60 26.52±6.20 26.12±9.94

Postoperative

Month 3 23.68±6.26* 35.74±5.06* 24.17±10.11 22.94±5.71* 37.06±6.12* 26.03±10.66

Month 6 28.22±5.60* 36.65±5.99* 25.67±9.06 29.71±5.35* 35.89±6.09* 25.02±9.95

Month 12 29.99±6.04* 37.31±6.12* 27.56±9.60 34.21±6.36*,# 40.72±8.12*,# 26.32±10.70

Two‑way repeated measure ANOVA followed by Holm‑Sidak tests were performed. *P<0.01 compared with before surgery; #P<0.01 compared between the two groups; No differences 
were found between the two groups of sperm morphology. Preoperative data were the average from 2 semen analyses with a 1‑week interval. LDU‑LV: laparoscopic Doppler 
ultrasound‑assisted laparoscopic varicocelectomy; LV: laparoscopic varicocelectomy

Figure 1: Consolidated standards of reporting trials flowchart for the trial.
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after surgery was greater in LDU-LV than LV group (P < 0.01 for sperm 
count; P < 0.01 for sperm motility, Table 2).

Spontaneous pregnancy was achieved in 37.3% of the LV group 
compared to 44.4% of the LDU-LV group, which showed no significant 
difference (P > 0.05). The mean age of wives who achieved pregnancy 
was 28.8 ± 3.4 years of age in LV group versus 29.3 ± 4.2 years of age in 
the LDU-LV group with no significant difference (P > 0.05, Table 1).

DISCUSSION
Precise dissection and preservation of the vessels during suprainguinal 
laparoscopic varicocelectomy are challengeable due to the complex and 
adjacent relationship between internal spermatic veins and arteries. 
Identification of ISAs usually depends on pulsatile movement or 
evidence of antegrade. However, reasons such as anatomical structure 
variations or blood pressure fluctuations may make the identification of 
ISAs and distinction with ISVs very difficult. Furthermore, aggressive 
manipulation of the vessels during dissection can lead to spasm, making 
it even harder to distinguish arteries from veins. In the present study, 
LDU-assisted LV was performed to identify ISAs precisely as expected. 
The possibility of missing ISVs in division was minimized; even the 
small periarterial vena comitans that were too tiny to be grasped 
by conventional laparoscopic instruments were easily dissected and 
divided. The low recurrent rate in LDU-LV group (1/72) proved that 
LDU-assisted laparoscopic technique was as effective as the mass 
ligation LV for the delicate ligating of ISVs.

Nevertheless, with more steps and the use of LDU, the operative 
time is expected to be longer, which has been proved in our study. More 
operative time was associated with more efforts to identify vessels, 
particularly the tiny veins accompanied with the ISAs repeatedly. 
Similar to microsurgical varicocelectomy, LV was usually performed 
as an outpatient procedure in other countries; however, in China, most 
patients preferred to be hospitalized instead of in the clinics. In thirty 
patients who underwent microsurgical repair in our department, the 
hospital stay was 4.74  ±  0.81  days, which did not show significant 
difference with either LDU-LV or conventional LV (P > 0.05).

Currently, microsurgical technique remains the gold-standard 
procedure for varicocele repair with excellent efficacy rates and 
low morbidity. However, microsurgical varicocelectomy should be 
performed by a highly skilled and experienced surgeon to deal with a 
large number of internal spermatic vessels encountered and the great 
risks of arterial injury. Nevertheless, this level of skill and experience 
is not easily achieved among general urologists. With the extensive 
application of laparoscopic technique, laparoscopic varicocelectomy 
was widely employed due to the relative shorter operative time for 
patients, the shorter learning curve for urologists, and a comparable 
pregnancy rate, which was confirmed by Sami and colleagues who 
performed an RCT comparing open, laparoscopic and microsurgical 
approaches of varicocelectomy.19

Previous studies have conflicts regarding the value of preserving the 
testicular artery in laparoscopic varicocelectomy. Several reports have 
found a higher rate of persistent or recurrent varicocele when the artery 
was spared.9,10,20 Conversely, there have been several series reporting 
no difference in recurrent rate with a loupe-assisted or microsurgical 
technique, where the testicular artery and lymphatic vessels were 
preserved.11,21,22 The higher recurrent rate in LV with ISAs preservation 
may be caused by the failure to isolate small venous channels of ISVs.

Mass ligation of the spermatic vessels allowed for a higher risk of 
postoperative hydrocele.23 A recent meta-analysis conducted by Liang 
and colleagues showed that lymphatic sparing LV was associated with 
a lower incidence of hydrocele formation than lymphatic nonsparing 

LV.24 Being consistent with the above conclusion, we noted a significant 
difference of secondary hydrocele formation in LDU-LV group versus 
LV group. Hydrocele remained one of the common complications of 
varicocelectomy, and various methods including the use of dye or 
microsurgery to reduce its occurrence have been suggested. In recent 
years, with the improvement in laparoscopic equipment and better 
magnification, the lymphatics can be identified as colorless tubular 
structures and preserved without dye. We combined the technique 
reported by Kocvara et  al.25 with the application of LDU and were 
able to identify lymphatics in patients in LDU-LV group without the 
need of staining. Although most hydroceles resolved spontaneously, 
postoperative testicular edema induced by lymphatic channel division 
might lead to decreased testicular function.26 Besides, the increased 
hydrocele pressure might result in malfunction of spermatogenesis and 
testicular hypoxia,11 which might be a factor contribute to the decreased 
sperm count and mobility at 12 months as well as the relative lower 
pregnancy rate in LV group after surgery compared to LDU-LV group 
in our study (Table 2).

Testicular atrophy is a rare but dreaded complication of 
varicocelectomy, especially for approaches above the internal ring-like 
LV.27 In a retrospective study comparing 41 patients with artery sparing 
LV and 312 patients with artery ligation LV, no patients experienced 
testicular atrophy.20 In the current study, we did not found testicular 
atrophy occurred in either LV or LDU-LV group, suggesting that artery 
ligation does not compromise the safety of laparoscopic approach, mainly 
because the interruption of the ISAs above the internal ring would still 
allow for adequate arterial supply to the testes from the cremasteric or 
vassal arteries. Nevertheless, there has always been a concern about the 
blood supply of testes with ISAs ligation during varicocelectomy that may 
adversely affect the surgical outcomes, especially for those who have had 
previous inguinal surgery or patients who developed complications after 
varicocelectomy and required further surgery.20,28,29 There may already 
be impairments to the collateral supply to the testis for these patients, 
and the risk of testicular atrophy would be greatly increased.

In agreement with the conclusions of several meta-analyses that 
indicating varicocele treatment resulted in significant improvement in 
semen parameters,30,31 we found that sperm counts and sperm motility 
were improved in both LDU-LV and LV groups. These improvements 
were observed as early as 3 months postoperatively and were durable at 
6–12 months. Moreover, we found that sperm counts and sperm motility 
in LDU-LV group were significantly higher than LV group at 12 months 
postoperatively. Excellent preservation of the ISAs and internal spermatic 
lymphatics in LDU-LV group may contribute to the differences. These 
findings matched those of previous studies, indicating that patients 
who underwent artery-preservation LV had better postoperative semen 
parameters than those who underwent artery-ligation LV.10

Pregnancy is the ultimate goal for infertility patients; thus, we 
adopted spontaneous pregnancy rate as the primary outcome measure. 
In our study, with a comparable mean age among females capable 
of conceiving in both arms, spontaneous pregnancy rate showed 
no significant difference (37.3% in LV vs 44.4% in LDU-LV) at the 
end of the 12-month study period. The relative shorter follow-up 
duration may be one of the reasons for the failure to demonstrate the 
difference. Similar pregnancy rate (24%–71%) was reported by previous 
studies,32–34 which together with our results support the benefits of 
varicocele repair in infertile patients.

CONCLUSION
Our results demonstrated that LDU-assisted LV could safely and 
effectively ligate all spermatic veins, preserve spermatic arteries, and 
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lymphatics without leading to high varicocele recurrence though 
may consume more operative time. Given the demonstrated benefits 
of sperm counts as well as sperm motility favoring LDU-LV, we now 
recommend LDU-LV for the treatment of varicoceles.
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