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			Abstract

			Varicocele is the dilatation of the pampiniform plexuses. It is a treatable cause of infertility. The incidence is higher in infertile men, ranging from 35-80%. Although various mechanisms are postulated for the formation of varicocele, the pathological mechanisms by which varicocele causes sperm dysfunction are oxidative stress, testicular hypoperfusion, and heat stress. Various studies have documented venular and testicular architectural changes secondary to varicocele. Varicocele repair in the management of male infertility had been controversial. Recent randomized controlled trials have shown that many of these factors are reversible following varicocele repair and it results in a definitive improvement in sperm DNA fragmentation and semen parameters. Several meta-analyses and RCTs have shown that following varicocele repair, there is a statically significant improvement in both pregnancy rates and live birth rates. Even in the era of assisted reproductive technology, varicocele repair helps to resort to lesser invasive techniques with better pregnancy rates and live birth rates. The outcome of assisted reproductive technology also improves following varicocele repair. This also results in cost-effectiveness in achieving pregnancy. There are many techniques for varicocele repair. A meta-analysis of randomized controlled trials has been done to identify the best technique in terms of semen parameter improvement and post-operative recovery. Most techniques result in similar improvement of semen parameters, but the complication rate is the least with micro- sub inguinal varicocelectomy. The use of intraoperative doppler also helps in the identification of all branches of the testicular artery. 
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			Introduction

			Infertility is defined by the World Health Organization as the inability to achieve pregnancy within 12 months of unprotected regular intercourse. In couples seeking fertility care, around 50 % have male associated causes. The cause for the defective sperm parameters is idiopathic in 30-40 % [1]. Varicocele is characterized by abnormal dilatation of pampiniform plexus formed by internal spermatic veins within the spermatic cord. Varicocele is present in 15% of the general male population, in 35% of men with primary infertility, and up to 80% of men with secondary infertility [2]. The association between infertility and varicocele was first reported by Tulloch in 1952, where he documented that varicocelectomy in azoo spermic patients resulted in the return of normal semen parameters postoperatively and even spontaneous pregnancy [3]. Varicocele forms one of the important and a treatable cause. 

			Pathology and Pathogenesis

			The pampiniform plexus in the spermatic cord contains two bundles of veins, one tightly wrapped around the testicular 

artery and another in fatty tissue. There are two other plexuses, one around the cremasteric artery and another around the vas deferential artery [4]. The longer drainage pathway and perpendicular insertion of the left spermatic vein into the left renal vein explain the mechanism and preponderance of varicocele on the left side [5]. Valvular dysfunction or absence of valves in the spermatic veins contribute to the formation of varicocele [6], The presence of extensive collaterals with anastomosis of internal and external spermatic veins contributes not only to the varicocele formation but also explains the recurrence after varicocele repair [7]. Varicoceles cause testicular damage resulting in loss of testicular volume and its spermatogenic function. The pathological mechanism of testicular dysfunction secondary to varicocele has been attributed to the increased oxidative stress resulting in sperm DNA damage, local hormonal imbalances, stasis of blood with toxin accumulation, testicular hypoperfusion, and heat stress [8]. The damage by reactive oxygen species is the common final pathway of sperm functional damage.

			Oxidative stress

			The normal semen has some amount of reactive oxygen species (ROS) for the reproductive function of sperm as they are required for the various stages of fertilization like capacitation, the digestion of the zona by acrosomal enzyme and sperm oocyte fusion. Elevated ROS found in the semen of varicocele men causes apoptosis of mature spermatozoa, reduced membrane fluidity which has a detrimental effect on the structure of sperm head and midpiece membrane, thus ultimately leading to suboptimal motility and fertilization [9]. Elevated ROS causes sperm DNA fragmentation causing subfertility in men [10].

			Heat stress

			Goldstein et al had noticed that there is an increase in scrotal skin surface and intratesticular temperature in men with varicocele. They also noted that even in men with unilateral varicocele, the contralateral intratesticular temperature is raised favoring a “hot rock theory” (If you have 2 rocks in a sack and one is constantly being heated, the other one will become warm as well) [11]. Varicocelectomy reverses the hyperthermia in the scrotum and promotes normal spermatogenesis [12]. Histopathology of the spermatic veins in varicocele have shown alterations in the muscle layers, especially decreased longitudinal smooth muscle layer with the reduced number of nerve fibres and vasa vasorum in its walls, leading to abnormal dilatation of veins [13]. Varicocele leads to a decrease in testosterone production by Leydig cell. Studies have reported a lower testosterone level in men with varicocele when compared to men without it (412.2 vs. 462.6 ng/dl; P <0.001) [14].

			Effect on Semen Parameters

			Varicocele affects the semen parameters, the earliest parameter being affected is sperm motility (asthenozoospermia), followed by sperm morphology. The severity of these changes depends on the severity of varicocele grade. Sperm count is usually the last parameter to be affected leading to oligozoospermia and in the most severe cases azoospermia [15]. Long-standing varicocele can cause a decrease in testicular size and higher FSH values due to decreased spermatogenesis [16]. The semen volume is usually unaffected despite the changes in other semen parameters [17]. After varicocelectomy, there is an improvement in all semen parameters, more in sperm motility [18]. With the negative impact of varicocele on the testicular function and infertility proved in many studies, the role of varicocele repair in improving fertility must be addressed. The role of varicocele repair had been controversial for a long time. Varicocele repair has shown a definitive improvement in the sperm DNA fragmentation index which has correlated with an increase in pregnancy rates following surgery [10]. 

			Clinical Grading

			Dublin in 1970, classified varicocele into three types [19]. Grade 1 included a palpable varicocele, observed in with Valsalva maneuver in an erect posture. Grade 2 includes varicoceles that are palpable without Valsalva maneuver and grade 3 includes those that are visible through the scrotal skin Ultrasound assessment of the varicocele can be considered in clinically equivocal conditions like a small scrotum, obese patient, patient with a history of prior scrotal surgery [20]. Subclinical varicocele is a condition where the diagnosis is established by an ultrasound study and is not palpable clinically. Meta-analysis shows that varicocele repair in subclinical varicocele does not result in a significant change in semen parameter and pregnancy rates. Hence, an ultrasound study in every patient is not required to diagnose subclinical varicocele [21]. 

			Indications of Varicocele Repair

			Varicocele repair as a treatment for infertility should be considered when most or all the following conditions are fulfilled (American Society of Reproductive medicine (ASRM) guidelines),

			
					Palpable varicocele on physical examination of the scrotum.

					Abnormal semen parameters in a male partner. 

					The couple with infertility documented.

					Normal female factor or a potentially treatable cause of infertility, when the time to conception is not a concern.Varicocele treatment is not indicated in patients with normal semen parameters, isolated teratozoospermia, or a subclinical varicocele [22]. In a meta-analysis of 17 studies, it was demonstrated that the sperm concentration, motility, and morphology increased with both microsurgical varicocelectomy and high ligation Varicocelectomy [23]. 
Azoospermia and Varicocele
Haydardedeoglu et al analyzed the benefits of varicocele repair in patients with non-obstructive azoospermia prior to intracytoplasmic sperm injection (ICSI) with testicular sperm retrieval (TESE). They concluded that varicocelectomy improved sperm retrieval rates (sperm retrieval rate of 60.81% and 38.46%, P = < 0.01). The clinical pregnancy rate and live birth rate were significantly higher in the repair group when compared to the expectant group (74.2% vs 52.3% and 64.5% vs 41.5%, respectively, P < 0.05) [24].  Esteves et al. found that varicocelectomy in men with non-obstructive azoospermia led to the return of sperm in the ejaculate in 43.9% of patients and was associated with a 13.6% natural spontaneous pregnancy rate. Besides, they found that correction of varicocelectomy in this group was associated with improved sperm retrieval rates (odds ratio [OR] 2.65, 95% confidence interval [CI] 1.69–4.14; p<.001) [25]. 	
Varicocele in Adolescents 
 Management of varicocele in adolescents has been a matter of debate. It is seen as a potential threat to the future fertility of the individual. The incidence of varicocele in pediatric/adolescence ranges between 4-35 %, diagnosed more commonly in late adolescence. The assessment of severity and the need for surgery is determined based on the following parameters; namely testicular consistency, size, asymmetry, and semen analysis in postpubertal boys. Surgical repair is indicated if the testicular size asymmetry is more than 10%. The postoperative follow-up in these boys shows a catch- up growth ranging from 69 -86%. In a follow-up study of adolescent varicocelectomies, comparing paternity rates between men who had undergone varicocelectomy to men who were treated conservatively showed a significantly higher paternity rate in the operated group [26].
There are various techniques for varicocele repair. It includes,


			

			
					Open varicocelectomy

			

			
					High/retroperitoneal 

					Inguinal approach

					Sub inguinal varicocelectomy.

			

			
					Laparoscopic varicocelectomy

					Microsurgical varicocelectomy.

					Percutaneous varicocele embolizationThe older techniques of high ligation of the spermatic veins by either open or laparoscopic approach did not address the multiple anastomoses between the internal and external spermatic veins that lead to high recurrence rates. The concept of sub inguinal varicocelectomy had a lesser recurrence and complication rates. The use of an operating microscope with better visualization and sparing of lymphatic channels and artery has led to lower hydrocele formation and improvement in fertility indices [27]. The use of intraoperative high frequency doppler has enabled the identification of the testicular artery, even vas deferential artery, and reduces the risk of testicular atrophy with lesser postoperative complications [28]. In a low resource setting, loupe assisted sub inguinal varicocelectomy can be attempted to minimize the postoperative complications [29]. In a meta-analysis of 33 studies, involving over 5000 patients, various current varicocelectomy techniques (surgical and radiological) were analyzed. The primary parameters analyzed were the surgical outcome and changes in semen parameters. The increase in seminal parameters varied from 50 to 80% in operated patients. The microsurgical sub inguinal surgery had higher pregnancy rates, lower varicocele recurrence, and hydrocele formation with the best outcome and cost-effectiveness in achieving pregnancy. Surgical complications were highest in the laparoscopic technique. The incidence of recurrence of varicocele was more in the radiological procedure when compared with surgical methods (12% Vs 9.6%) [30]. In another meta-analysis by Wang et al, comparing ten methods of varicocelectomy, revealed that inguinal and sub inguinal micro-varicocelectomy had the highest pregnancy rates, signiﬁcant increase in sperm parameters, with low odds of complications [31].  A meta-analysis was conducted to compare open non-microsurgical, laparoscopic, and microsurgical varicocele repair. It included four randomized controlled trials, comprising of 1,015 patients. The study concluded that patients who underwent microsurgery had better pregnancy rate (OR = 1.63, 95% confidence interval [CI]:1.19 – 2.2) than their counterparts. The postoperative complications like hydrocele were significantly lower after microsurgery than after laparoscopic or open Varicocelectomy [32]. Penson et al had demonstrated the cost-effectiveness of doing varicocele repair in place of immediate IVF [33].
Varicocele and Artificial Reproductive Techniques
Varicocele repair helps in improving the semen parameters and hence can downgrade the infertility treatment required. In a study, candidates with varicocele were grouped based on their total motile sperm count (TMSC), into 3 arms,  candidates for IVF /ICSI (TMSC < 5 million/ml), candidates for Intrauterine insemination(IUI) (TMSC 5-9 million/mL) and candidates for natural pregnancy try (TMSC  > 9 million). Following varicocele repair, 31% of candidates in Intracytoplasmic sperm injection arm showed improvement in semen parameters allowing treatment downgrading to IUI or natural pregnancy. About 42% of candidates in IUI arm were shifted to natural pregnancy levels [34]. Studies that assessed the psychosomatic effects have shown that men with varicocele resulting in infertility had more ‘negative emotional responses’, including a sense of loss and reduced self-esteem than men with female factor infertility or unexplained infertility [35].
Conclusion
Varicocele is one of the common factors causing male infertility. Because it is a correctable cause of infertility, clinical examination of the male partner to rule out varicocele is the inevitable first step in the evaluation of any infertile couple. The candidates for varicocele repair should be carefully selected as per the indication criteria after thorough counseling. Varicocele repair improves both the aspects of testicular functions namely spermatogenesis and testosterone secretion. Varicocele repair improves the semen parameters resulting in spontaneous pregnancies and improves the assisted reproductive technique’s outcomes. Microsurgical sub-inguinal varicocelectomy is the preferred technique of varicocele repair with the least complications reported.
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