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1  | INTRODUC TION

Varicocelectomy is the only effective method in the treatment of 
varicoceles. A successful varicocelectomy should aim to disrupt the 
retrograde backflow from the abdomen to the pampiniform plexus, 
preventing damage to the internal spermatic arteries, vas deferens, 
spermatic cord and the lymphatics (Schlegel & Goldstein, 1992). 
Improved semen parameters and increased spontaneous pregnancy 
rates can be achieved with varicocelectomy (Shridharani, Lockwood, 

& Sandlow, 2012). There are three main approaches that are com-
monly applied in the treatment of varicocelectomy, including open 
surgery, laparoscopy and percutaneous techniques (Vanlangenhove, 
Dhondt, Everaert, & Defreyne, 2014).

The microsurgical varicocelectomy (MV) is the gold standard treat-
ment with a low recurrence rate and less postoperative complications 
(Baazeem et al., 2011; Cayan, Shavakhabov, & Kadioglu, 2009; Zini, 
2007). Magnification of the spermatic cord with the help of the op-
erating microscope enables to reduce complications such as ligation 
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Abstract
The microsurgical varicocelectomy is the gold standard treatment with a low recur-
rence rate and less postoperative complications. We compared the surgical outcomes 
and difficulty in intra-operative vascular Doppler ultrasound-assisted microscopic 
varicocelectomy (IVDU-MV) with MV in primary and recurrent varicocele. A total of 
228 infertile patients with clinically palpable varicocele were included in the study. 
One hundred fifteen patients were operated on with the standard MV approach, 
whereas the other 113 patients were operated on with IVDU-MV. Perioperative out-
comes, sperm parameters and operative difficulty of the procedure were evaluated. 
The operative times were significantly shorter for the IVDU-MV group for primary 
and recurrent varicocele (p = .001). Mean number of veins ligated for primary and 
recurrent varicocele was significantly higher in the IVDU-MV group than in the MV 
group (6 ± 1.4 vs. 4.8 ± 1.8 and 3.7 ± 0.9 vs. 2.9 ± 1.2; p < .01). The increase in mean 
sperm motility was significantly higher in the IVDU-MV group for both primary and 
recurrent varicocelectomy patients (p < .05). A significant number of IVDU-MV pro-
cedures were described as easy in both primary and recurrent varicocelectomy pro-
cedures (p = .006). The use of Doppler ultrasound(US) revealed advantages in ligating 
veins, preserving arteries and improving sperm motility and facilitates the operation 
for the surgeon, especially during recurrent varicocele repair.
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of spermatic arteries and ligation of lymphatic channels (Mehta & 
Goldstein, 2013). The subinguinal approach is applied through an 
incision over the external ring, with the opening of the aponeurosis 
of the external oblique fascia and thus causing less pain and result-
ing in a shorter recovery period Cocuzza, Pagani, Coelho, Srougi, & 
Hallak, 2010). However, the position and relation of veins and arteries 
can be complex, and many vessels can be determined in microsurgi-
cal subinguinal varicocelectomy. It is often challenging to define and 
preserve arteries located around a pack of veins, even with a high 
definition microscope. Previous studies have evaluated whether in-
tra-operative vascular Doppler ultrasound has an advantage over stan-
dard MV in defining more arteries and veins for improving the success 
rate of the procedure or not (Cocuzza et al., 2010; Guo et al., 2015). 
Different from these studies, we also evaluated the outcome of pa-
tients with recurrent varicocele, and we applied a subjective surgery 
difficulty scale to measure the surgical difficulty of each procedure. 
The current study aims to compare the operative difficulties and out-
comes between intra-operative Doppler ultrasound-assisted micro-
scopic varicocelectomy (IVDU-MV) and conventional MV.

2  | MATERIAL AND METHODS

Two hundred twenty-eight infertile patients with clinically palpa-
ble varicocele who were admitted to our hospital between January 
2015 and February 2017 were included in the study. The study was 
approved by the internal review board of our institute (Medicana 
International Hospital 2019-209), and a waiver of signed informed con-
sent was obtained. The procedures were performed in two different 
time periods by a single surgeon who is specialised in MV. The first 115 
patients were operated on with the standard MV approach whereas 
the other 113 patients were operated on with the IVDU-MV. A spe-
cific matching procedure was not applied (Specific randomisation was 
not performed). Data of patients were collected retrospectively from 
our electronic database for evaluation. The inclusion criterion was 
to have an indication for varicocelectomy according to the European 
Association of Urology guidelines, such as patients between 18 and 
39 years old, suffering from infertility over one year, having clinically 
palpable varicoceles with normal serum hormone levels including lu-
teinising hormone, follicle-stimulating hormone, prolactin and thyroid 
hormones. Exclusion criteria were subclinical varicocele and abnormal 
levels of serm hormones. Varicoceles were diagnosed through physi-
cal examination and classified accordingly. Palpable varicocele during 
Valsalva manoeuvre is defined as grade 1. Grade 2 varicocele is palpa-
ble without the Valsalva manoeuvre, and grade 3 varicocele is visible 
through the scrotal pain. Clinical examination was confirmed by scrotal 
Doppler US for all patients.

2.1 | Surgical procedures

All cases were performed by one surgeon who was well trained 
in microsurgery and had performed over 300 subinguinal MV 

operations. A standard subinguinal MV was applied to all patients 
(Mirilas & Mentessidou, 2012). A 2 cm horizontal incision was per-
formed 1 cm below the external inguinal ring. After incision of the 
overlying fascia, the spermatic cord was exposed, grasped with an 
Allis clamp and surrounded by a Penrose drain. The Leica M525 
surgical microscope with 8–15 magnification was used for micro-
surgery. Vasal veins, arteries and vas deferens were identified and 
preserved under microscopic visualisation. One per cent of papa-
verine solution was used to identify visual arterial pulsation when 
necessary. All identifiable external spermatic veins were isolated 
and divided. The spermatic fascia was opened, and arteries were 
defined and preserved. Internal spermatic veins were dissected, 
ligated with Vicryl 3-0 and divided. Lymphatics were preserved. 
The same surgical technique was performed to the IVDU-MV 
group. Additionally, vascular Doppler flow detector (VTI 20 MHz 
Microvascular Doppler System) was used to scan all spermatic 
vessels.

2.1.1 | Evaluations

The number of spermatic arteries, external and internal spermatic 
veins were carefully counted and recorded during the procedure. 
Operative time was defined as the period between the start of the 
skin incision and the closure of the skin. Surgeon's assessment about 
the difficulty in detecting and preserving arteries was noted with a 
surgical difficulty score scale (difficult = 3, moderate = 2, easy = 1). 
Postoperative complications such as hydrocele, postoperative 
scrotal haematoma and scrotal pain were recorded during outpa-
tients’ visits. Physical examination and/or scrotal ultrasonography 
were performed during the 6 and 12 months after the procedure. 
Recurrent varicocele was diagnosed through physical examination 
and scrotal Doppler US. Semen analyses were evaluated before 
the procedure and six months after surgery. The pregnancy rates 
of the patients’ partners were evaluated in the follow-up period as 
available.

2.2 | Statistical analyses

Continuous variables such as hospital stay, operative time, semen 
parameters and age were presented as mean ± SD. Categorical vari-
ables such as varicocele grade and complications were evaluated as 
number and percentages. Independent sample t test was used to 
compare age, hospital stay, semen parameters, operative time and 
age between the groups. Chi-square was performed to analyse the 
rate of varicocele grade and determine the surgical difficulty be-
tween the two groups. Two-way repeated-measures ANOVA fol-
lowed by Bonferroni test was applied to determine changes in sperm 
parameters after the operation and define different effects of the 
two approaches on sperm parameters. SPSS 22.0.0. Chicago, Illinois, 
was used to perform statistical analyses. A value of p < .05 was con-
sidered to be statistically significant.
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3  | RESULTS

The demographic outcome of 228 patients was summarised in 
Table 1. The varicocele grade on examination was grade II in 122 
(53.51%) men and was grade III in 106 (49.49%) men. The patients 
were divided into two groups. The MV group included 115 patients, 
34 of whom had recurrent varicocele while the IVDU-MU group in-
cluded 113 patients, 34 of whom had a recurrent varicocele. The 
overall mean follow-up time between the two groups was not statis-
tically different (14.2 months for the MV group vs. 14.4 months for 
the IVDU-MV group (p = .83), respectively).

No difference was observed in age, primer or recurrent vari-
cocele or varicocele grade between the two groups (Table 1). The 
IVDU-MV group had a significantly shorter operative time (37.7 ± 8.2 
vs. 32.93 ± 6.7 for primary varicocele; p = .001).

The mean number of veins ligated for primary varicocele was sta-
tistically significantly lower in the MV group than in the IVDU-MV 
group (4.8 ± 1.8 vs. 6 ± 1.4; p < .01), respectively.

The difference concerning the number of lymphatics preserved 
between the two groups for primary varicocele was not statistically 
significant (p = .8). There was a statistically significant difference 
in the number of arteries preserved in primary varicocelectomy 
1.1 ± 0.2 in the MV group and 1.6 ± 0.6 in the IVDU-MV group 
(p = .001).

In subgroup analyses of patients with recurrent varicocele, the 
operation time was determined to be significantly shorter in the 
IVDU-MV group than in the MV group (44.7 ± 9.6 vs. 36.46 ± 8.2; 
p = .001). The average number of identified arteries was statistically 
significantly different between the groups (1 ± 0.2 vs. 1.61 ± 0.6; 
p = .001). The number of ligated veins was 3.7 ± 0.9 min for the MV 
group and 2.9 ± 1.2 min for the IVDU-MV group. This result was sta-
tistically significant (p = .001). The number of lymphatics spared did 
not differ significantly between the two subgroups (p = .8).

According to postoperative outcomes, hospital stay was not 
statistically significantly different between the groups (1.1 ± 0.9 vs. 
1.1 ± 0.8; p = .97). Postoperative hydrocele was determined in one of 
the patients for each group. Both of these were patients with recur-
rent varicocele. Scrotal haematoma and testicular atrophy were ob-
served in none of our patients during the follow-up period. Further 
testicular atrophy did not develop among our patients.

Significant improvements in sperm motility and concentration 
were determined for both primary and recurrent varicocele after 
surgery (Table 2). However, sperm morphology did not change after 
six months in both groups. A more considerable increase in the mean 
sperm motility was observed in the IVDU-MV group for both pri-
mary and recurrent varicocelectomy patients (p = .030 and p = .046, 
respectively; Table 2). The pregnancy rate for the MV group and the 
IVDU-MV group was 35.7% (35/98) and 34.6% (35/101) (p = .87).

Concerning the difficulty of detecting and preserving arteries, 
a statistically significant difference was observed between the two 
groups in primary (p = .001) and recurrent (p = .001) varicocelectomy 
(Table 3). Overall, 53% (N = 28) and 70.8% (N = 42) of the procedures 
were perceived as easy by the surgeon in the MV and IVDU-MV 
group, respectively (p = .006). With respect to recurrent varicocelec-
tomy, 14.2% and 22.1% of the procedures were described as easy in 
the MV group and IVDU-MV group, respectively (p = .025; Table 3).

4  | DISCUSSION

Interruption of the retrograde backflow to the venous plexus 
while maintaining spermatic arterial inflow and preserving lym-
phatics is the primary aim of varicocelectomy (Beck, Schlegel, & 
Goldstein, 1992). Microvaricoselectomy has become the gold stand-
ard technique after it was introduced by Marmar et al. (Goldstein, 
Gilbert, Dicker, Dwosh, & Gnecco, 1992; Marmar, DeBenedictis, & 
Praiss, 1985). Low recurrence and complication rates are the main 
advantages of MV.

Microsurgical subinguinal varicocelectomy has some technical 
difficulties compared to other varicocelectomy techniques. The 
technical complexity of subinguinal varicocelectomy compared to 
inguinal approach is associated with the probability of encountering 
numerous arteries in this region (Agarwal et al., 2007). Multiple ar-
terial branches in 81% of the spermatic cords were defined in histo-
logical analyses, which are higher than in clinical observation studies 
(Hopps, Lemer, Schlegel, & Goldstein, 2003). This fact may cause to 
inadvertent ligation of some arteries during subinguinal varicocelec-
tomy. As a result, failure in sperm recovery may occur (Penn, Mackie, 
Halgrimson, & Starzl, 1972).

Arterial damage during the surgery may result in hypoxia and 
thus may lead to failure in spermatogenesis (Altunoluk, Soylemez, 
Efe, & Malkoc, 2010). It has been reported that seminiferous tubules 
can be damaged by ligation of testicular arteries even testicular at-
rophy is not presented (Silber, 1979).

Nevertheless, studies have reported the contribution of intra-op-
erative Doppler US during subinguinal varicocelectomy on the oper-
ative outcome. Previous studies showed that Doppler US-assisted 
varicocele increased the rate of preserved spermatic arteries. It has 
been reported that the preservation of spermatic arteries might be 
a factor of the improvement in sperm motility (Guo et al., 2015). 
The result of this study was concordant with our current research 
which revealed a statistically significant difference in favour of 
the IVDU-MV in preserving arteries. Similarly, Coccero et al. could 

TA B L E  1   Preoperative patient characteristics of the two groups

Variable MV IVDU-MV p

Primary 81 79  

Age, mean ± SD 30.01 ± 5.29 29.01 ± 5.9 .2

Grade 2, N(%) 40 (49.4) 41(51.9) .75

Grade 3, N(%) 41 (50.6) 38 (48.1)  

Recurrent 34 34  

Age, mean ± SD 29.67 ± 5.43 30.1 ± 4.3 .38

Grade 2, N(%) 20 (24.7) 21 (26.6) .8

Grade 3, N(%) 14 (17.3) 13 (16.5) .88
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preserve more arteries with the assistance of Doppler ultrasound in 
their study group (Cocuzza et al., 2010).

Main spermatic arteries can be visualised by pulsatile movement 
or evidence of antegrade flow most of the time during MV whereas 
secondary arteries, especially small arteries and arteries located 
within a complex of adjacent veins, are difficult to identify during 
MV. The advantage of using Doppler US especially emerges in the 
preservation of such secondary arteries (Lv et al., 2017). More pre-
cise identification of these small vessels is possible with Doppler US. 
Further Doppler US may enable to distinguish adherent veins and ar-
teries from each other as reported by Grober et al. (Grober, O'’Brien, 
Jarvi, & Zini, 2004). Different from previous studies, that reported 
the use of Doppler US during primary varicocelectomy, our study 
also included patients with recurrent varicocelectomy. No study has 
evaluated this subgroup of patients yet. Our results revealed an in-
creased number of identified arteries in patients operated on with 
the assistance of Doppler US during primary and recurrent varicoce-
lectomy. Although a relatively low number of patients with recurrent 
varicocele were presented in our study, our results revealed that the 
use of intra-operative Doppler US increases the probability of defin-
ing arteries in recurrent varicocele. This result was remarkable. We 
think that structures of the spermatic cord in recurrent varicoceles 
are more adherent and fibrotic than in primary varicocele. It is chal-
lenging to identify small veins and arteries, even with a microscope 
in such cases.

Further pulsation in small arteries is challenging to identify even 
with a microscope (Marmar et al., 1985). Fibrotic and adherent tissue 
in recurrent varicocelectomy makes the identification of these small 
arteries much more difficult. Dissection of the vessels is often chal-
lenging in these patients. More manipulation of the vessels during 
dissection of the surrounding the fibrotic tissue is performed; this 
further leads to spasm of the arteries that also makes it difficult to 
identify arterial pulsation. The use of Doppler US facilitates to iden-
tify these arteries more easily.

The use of Doppler US provided a more significant number 
of spermatic veins ligated in primary and recurrent varicocele in 
our study. There was a significant association between the use of 

Doppler US and number of veins ligated in primary and recurrent 
varicocele. The results of previous researchers support our findings. 
These authors found more veins ligated with the guidance of Doppler 
US (Cocuzza et al., 2010; Guo et al., 2015). Doppler ultrasound helps 
to identify small veins more precisely. Notably, more veins of a dense 
complex of adherent veins surrounding the artery can be removed 
with the guidance of Doppler US (Grober et al., 2004). The number 
of ligated veins during varicocelectomy is essential, as a more sig-
nificant number of veins ligated will lead to a decrease in the reflux 
of warm and toxic blood. This further may lead to diminished sperm 
parameters. Previous studies found a positive correlation between 
the number of veins ligated and improvements in total sperm motil-
ity (Belani, Yan, & Naughton, 2004). Guo et al. reported a significant 
increase in sperm motility with the use of Doppler US and concluded 
that increased ligation of veins might be a factor associated with in-
creased sperm motility (Guo et al., 2015).

According to operative time, patients had significantly shorter 
operative time in both primary and recurrent varicocele when op-
erated on with the assistance of Doppler US. The results about the 
advantage of IVDU-MV according to operation time in literature 
are controversial. Studies reported similar operation time between 
MV and Doppler US-assisted MV, whereas other authors reported 
shorter operation time in MV with the assistance of Doppler US 
(Cocuzza et al., 2010; Guo et al., 2015; Lva et al., 2017). We think 
that the use of intra-operative Doppler US enables us to determine 
vascular structures more precisely and helps to distinguish between 
veins and arteries. This results in shorter operation time with the 
assistance of Doppler US.

A questionnaire for surgical difficulty assessment was applied 
to measure the difficulty of the procedure for both groups. The 
surgeon was asked to give a score for the difficulty of preserving 
arteries during the procedure and the difficulty of the operation. 
The results of the questionnaire revealed higher difficulty scores 
in the MV group. The fact that a validated questionnaire with de-
tailed questions was not performed is a limitation. A more specific 
survey for defining surgical difficulty is needed. A beneficial ef-
fect in fertility status of men was observed after varicocelectomy. 

TA B L E  2   Comparison of preoperative and postoperative sperm parameters

Variable

MV IVDU-MV

Count 106/ml Morphology % Motility a + b Count 106/ml Morphology % Motility a + b

Primary

Preoperative, mean ± SD 18.91 ± 7.01 30.9 ± 8.33 19.21 ± 4.3 17.8 ± 4.8 30.23 ± 7.8 20.21 ± 7.7

Postoperative 6 month, 
mean ± SD

24.35 ± 5.23 30.44 ± 7.86 40.66 ± 5.1 29.23 ± 8.3 30.5 ± 7.14 62.3 ± 8.75

p value <.01* .92 <.01* <.01* .92 <.01*

Recurrent

Preoperative, mean ± SD 17.68 ± 6.41 30.63 ± 8 22.4 ± 5.31 18.01 ± 5.43 30.12 ± 5.91 21.28 ± 4.31

Postoperative 6 month, 
mean ± SD

22.8 ± 6.67 30.81 ± 7.1 39.93 ± 7.21 39.6 ± 5.1 30.20 ± 4.87 62.18 ± 7.34

p value <.01* .94 <.01* <.01* .96 <.01*

Abbreviations: Morphology, the morphology data represented normal Kruger strict morphology.
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However, the pregnancy rates of the couples did not differ be-
tween the groups in our study as reported previously in another 
study (Guo et al., 2015).

The relatively small number of patients and retrospective nature 
of the study are limitations of the study. As it is known, varicocelec-
tomy is primarily performed to improve fertility rates; however, we 
were not able to report the pregnancy rates in the current study. 
Although the surgeon who performed all varicocelectomies is well 
experienced in MV varicocelectomy, the gap between the periods 
when each study group underwent the surgeries is a weakness. More 
reliable results would be obtained in a prospective randomised study 
design. Although a statistically significant association between the 
two approaches was determined, the low number of patients with 
recurrent varicocele is another limitation.

5  | CONCLUSION

MV is the primary procedure for the varicocele repair. Our study 
revealed that both MV and Doppler US-assisted MV improved 
sperm parameters. The use of Doppler US is associated with ad-
vantages in ligating veins, preserving arteries, shortening opera-
tion time and improving sperm count and motility. We think that 
the concomitant use of Doppler US during varicocelectomy facili-
tates the operation for the surgeon, especially during recurrent 
varicocele repair.
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