

  jcm-10-03323




jcm-10-03323







J. Clin. Med. 2021, 10(15), 3323; doi:10.3390/jcm10153323




Review



Endocrine Follow-Up of Men with Non-Obstructive Azoospermia Following Testicular Sperm Extraction



Evangelia Billa 1,*,†, George A. Kanakis 2,*,† and Dimitrios G. Goulis 1[image: Orcid]





1



Unit of Reproductive Endocrinology, 1st Department of Obstetrics and Gynecology, Medical School, Aristotle University of Thessaloniki, 56403 Thessaloniki, Greece






2



IVF Unit, Department of Endocrinology, Athens Naval and Veteran Affairs Hospital, 11521 Athens, Greece









*



Correspondence: evbilla@gmail.com (E.B.); fyleas52@gmail.com (G.A.K.)






†



Equal contribution.









Academic Editor: Giovanni M. Colpi



Received: 25 June 2021 / Accepted: 27 July 2021 / Published: 28 July 2021



Abstract

:

Testicular sperm extraction (TESE) is a surgical procedure which, combined with intracytoplasmic sperm injection, constitutes the main treatment for achieving biological parenthood for patients with infertility due to non-obstructive azoospermia (NOA). Although it is effective, TESE procedures might cause structural testicular damage leading to Leydig cell dysfunction and, consequently, temporary or even permanent hypogonadism with long-term health consequences. To a lesser extent, the same complications have been reported for microdissection TESE, which is considered less invasive. The resulting hypogonadism is more profound and of longer duration in patients with Klinefelter syndrome compared with other NOA causes. Most studies on serum follicle-stimulating hormone and luteinizing hormone concentrations negatively correlate with total testosterone concentrations, which depends on the underlying histology. As hypogonadism is usually temporary, and a watchful waiting approach for about 12 months postoperative is suggested. In cases where replacement therapy with testosterone is indicated, temporary discontinuation of treatment may promote the expected recovery of testosterone secretion and revise the decision for long-term treatment.
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1. Introduction


Testicular sperm extraction (TESE) is a surgical procedure which, in combination with intracytoplasmic sperm injection (ICSI), is currently used to enable men with non-obstructive azoospermia (NOA) to produce their biological children. Several TESE techniques have been reported including simple or multi-biopsy conventional TESE (cTESE), microdissection TESE (micro-TESE, mTESE), and testicular sperm aspiration (TESA) [1]. Their development was imposed by the need for focused, less invasive, and more effective techniques for sperm retrieval, as spermatogenesis is focal in many patients with NOA [2].



The cTESE procedure involves random single or multiple testicular incisions in different testicular regions with a resection of a variable volume of tissue until sperm are identified and extracted [3]. In mTESE, a larger longitudinal or equatorial incision is made through the tunica albuginea under the observation of an operating microscope. The exposed seminiferous tubules are then studied. The larger, more opaque, whitish ones are selectively removed since they are more likely to contain sperm [4]. There is a lack of strong evidence concerning the superiority of one technique over the other in terms of sperm retrieval, pregnancy rates, and live birth rates. The results depend on NOA causes and testicular histology, the latter being a heterogeneous entity with distinct pathological patterns, ranging from hypospermatogenesis to Sertoli cell-only syndrome (SCOS) [5,6,7,8]. However, a recent meta-analysis indicates that mTESE has a 1.5 times higher sperm retrieval rate (SRR) compared with cTESE and 2 times higher rate compared with TESA. Therefore, mTESE should be preferred in men with NOA according to AUA/ASRM guidelines [9,10].



Concerning the postoperative complications, TESE procedures might cause structural testicular damage leading to Leydig cell dysfunction and, consequently, hypogonadism with long-term health consequences [7,11,12,13]. This review aims to discuss the hormonal disturbances after TESE procedures and to suggest an appropriate endocrine follow-up for men with NOA. It will be restricted mainly to hypogonadism due to the lack of evidence for other endocrinological complications.




2. Methods


The relevant literature was reviewed through the PubMed, Scopus, and CENTRAL electronic databases to identify the best available evidence concerning endocrine consequences after TESE procedures. All studies and review articles reporting hormonal evaluations and symptoms compatible with hypogonadism before and after TESE were reviewed.




3. Complications


Structural and hormonal postoperative complications have been described following TESE procedures [12,13,14]. These complications could be explained by the peculiarities of testicular vascularization and the detrimental effects that the TESE techniques may impose. Testicular blood supply is provided by the testicular artery (a branch of the internal spermatic artery) which enters the testis posteriorly at the level of the mid-pole beneath the epididymis, continues inferiorly to the lower pole, and then ascends along the anterior surface. By this point, it forms sub-capsular arteries, which give rise to centripetal branches that supply the adjacent testicular lobules [15]. Multiple incisions of the tunica albuginea, performed during conventional TESE, may injure sub-capsular vessels and their branches, compromising the blood supply to the corresponding parenchyma or resulting in sub-capsular hematomas. The latter may disrupt testicular function by increasing intratesticular pressure. Impaired blood flow, devascularization, hematomas, and inflammation have been reported one to three months after TESE, leading to testicular scars and calcifications [12,14]. An increase in peritubular scar tissue has also been suggested to affect Leydig cells and germ cells number [16].



mTESE, on the other hand, was initially considered less invasive compared with conventional TESE since the magnified vision minimizes the amount of tissue excised and the risk of inadvertent intra-operative vascular injury [17]. Nevertheless, the same complications have been reported, although to a lesser extent [12,18,19].



These structural disturbances have raised safety issues regarding testicular function. Several men with infertility already have impaired Leydig cell function and, therefore, lower serum testosterone (T), higher luteinizing hormone (LH) and estradiol concentrations compared with fertile men. In addition, many of them have small testicular volumes, which may get further compromised after the extraction of a considerable amount of testicular tissue for sperm retrieval during the TESE procedure [20]. Therefore, they are at high risk of developing androgen deficiency and further disturbance of spermatogenesis and Sertoli cells’ function after TESE [16,21,22].



Despite the limited evidence in this field, there has been a consistent finding of a decline in total testosterone (TT) secretion of variable severity and duration after TESE procedures [8,12]. This decrease of TT concentrations is typically temporary, although two cases of testicular atrophy have been documented [14,23]. The risk of permanent hypogonadism is lesser when smaller testicular samples are taken, as serum TT concentrations return to baseline in 50–90% of patients one year after mTESE [8,11,12,17,24]. The recovery period of hypogonadism that may develop after mTESE is 12–18 months [23,25]. The range in the recovery rates is mostly due to the heterogeneous populations of men with NOA in the various studies. Factors such as the size of the removed testicular tissue, the extension of the tunic incisions, or the experience of the surgeon may also contribute to the recovery rates [8,26].



In a cohort study of highly selected eugonadal men, presenting a low risk of hypogonadism before undergoing bilateral mTESE, the mean postoperative serum TT was 88 ng/dL lower compared with the corresponding preoperative concentrations 19 months after the procedure. Of these men, 30% became biochemically hypogonadal [TT < 300 ng/dL (10.4 nmol/L)] after mTESE [8]. In another study of 435 men with non-obstructive azoospermia who underwent cTESE or mTESE, TT concentrations showed a 20% decline from baseline within three to six months following TESE. In the cTESE group, serum TT concentrations declined from 316 ng/dL to 251 ng/dL while in mTESE group they declined from 303 ng/dL to 248 ng/dL. This decline was more evident in men who underwent more than two attempts of sperm retrieval, while it was not related to the patients’ age, initial TT concentrations, serum FSH concentrations, or the outcome of sperm retrieval (success vs. non-success) [17]. In addition, a study assessing the long-term effects of mTESE in 45 men with NOA (average follow-up: 2.4 years) demonstrated that postoperative T concentrations declined by 10% and that 16% of patients developed a de novo androgen deficiency during follow-up, independently of their age or testicular volume [11]. Furthermore, another study evaluating endocrinological data before and 3, 6, and 12 months after surgery in 69 NOA patients with or without Klinefelter syndrome (KS) showed a significant decrease in TT concentrations to 1.3 ± 0.2 ng/mL (46.4% of the preoperative concentrations) at 6 months after mTESE procedure in men with NOA and 46, XY karyotype. This decline was followed a different pattern according to testicular histology and was greater in patients with 47, XXY karyotype. In patients with hypospermatogenesis, preoperative serum TT concentrations were relatively high (5.2 ± 0.7 ng/mL) and decreased slightly without reaching hypogonadal concentrations. In patients with maturation arrest and SCOS preoperative serum TT concentrations were 2.9 ± 0.2 mg/mL and 3.1 ± 0.3 ng/mL, respectively, and reduced slightly at six months postoperatively to hypogonadal levels (<3.0 ng/mL) [27].



In line with the above data, a recent meta-analysis of 12 non-randomized, retrospective, uncontrolled studies showed a decrease in TT concentrations at 3, 6, 9 and 12 months following TESE procedures compared with baseline results, even reaching hypogonadal levels in some cases [7]. This decrease was more profound in men with KS [7]. In both men with NOA and a 46, XY karyotype and men with KS, the highest decrease in TT concentrations were observed six months after TESE, with a mean decrease of 78 and 118 ng/dL (2.7 and 4.1 nmol/L), respectively, which recovered to baseline at 18 and 26 months, respectively [7]. Limitations of this study include the heterogeneity of the procedures performed, including both obstructive azoospermia (OA) and NOA patients who carry a different risk for hypogonadism and flaws in patient follow-up.



Concerning hormonal disturbances in patients with KS undergoing TESE, the evidence is scarce. According to the above study, preoperative TT concentrations were relatively low (2.8 ± 1.6 ng/mL) and decreased by 30% to 35% at 1 to 12 months postoperatively [24]. In another study, preoperative TT concentrations were 2.8 ± 0.4 ng/mL and decreased significantly after mTESE [27]. A recent meta-analysis also showed decreased TT, with the strongest one being at 6 months after TESE with a mean decrease of 4.13 nmol/L [7].



The severity and duration of the decrease in the serum TT concentrations have been associated with the underlying histology of the seminiferous epithelium. Accordingly, the recovery rates 12 months after the mTESE procedure were complete in patients with hypospermatogenesis (surpassing 100% of the preoperative concentrations) and almost complete in patients with maturation arrest or SCOS (93.1% and 80.6% of the preoperative concentrations, respectively) [27]. This is not the case concerning patients with KS, in whom T concentrations were recovered in only 50% of subjects, 12 months postoperatively. This difference may be attributed to the low testicular volume of patients with KS and the severe histological disorder, which, apart from the seminiferous tubules, affects Leydig cells [24].



Evidence indicates that the prevalence of hypogonadism in men with NOA is up to 45–47% [7,14,22,28]. Men with hypospermatogenesis have normal TT concentrations, while men with maturation arrest and SCOS have lower and sometimes borderline or even low TT concentrations. The latter subgroups are presented with a greater risk of hypogonadism due to further reduction of T after TESE procedures. The reduction of Leydig cells’ number due to tissue removal has been proposed as a possible mechanism of T decrease [7]. The greater the removed tissue and the smaller the preoperative testicle volume, the larger the decline of TT concentrations is expected to reach hypogonadal levels in the subgroup with the lower preoperative levels. The reduction of T concentrations induces LH secretion through the negative feedback mechanism on the hypothalamic-pituitary-testicular axis to stimulate the remaining Leydig cells. The patients that develop post-TESE hypogonadism may have an intrinsic resistance of the cells to the stimulatory effect of LH, since some patients with NOA show an impaired response of Leydig cells in the stimulatory effect of human chorionic gonadotropin (hCG) [7,11,22]. Moreover, a decreased responsiveness of the hypothalamus and pituitary to low T may be another reason for postsurgical hypogonadism [11,27]. Additionally, the recovery of hypogonadism may be related to the Leydig cells’ renewal coming from stem Leydig cells. The time and the degree of renewal may differ in NOA patients due to an underlying pathology of stem cells. Finally, as mentioned above, the inflammation and vascular damage of the testicular parenchyma may lead to Leydig cells dysfunction and/or impair the release of intratesticular T to the circulation. Especially, patients with KS have small testis with solid brown Leydig cell nodules, which may already have a degree of dysfunction responsible for their low T concentrations [29]. These abnormal Leydig cells are more vulnerable to further disruption after a TESE procedure, leading to more profound, prolonged, and even permanent hypogonadism in some cases. Furthermore, it has been implied that it may have a less responsive hypothalamic-pituitary-testicular axis [7,27,30].



Current evidence is inconsistent concerning the TESE consequences on serum follicle-stimulating hormone (FSH) and LH concentrations. Some investigators have reported an increase in the mean serum FSH and LH concentrations in patients with maturation arrest and SCOS after mTESE, while no change was found in patients with hypospermatogenesis [27]. Other studies have documented an increase in serum LH and FSH concentrations in patients with NOA and 46, XY karyotype but not in those with KS [24]. They also suggested that the change in FSH concentrations has resulted from the scar tissue with germ cell loss near the scar after the procedure [24]. In the study mentioned above, the pre-and postoperative FSH and LH concentrations remained low in patients with hypospermatogenesis and high in patients with KS. In patients with maturation arrest, both gonadotropins increased continuously after mTESE, while in patients with SCOS, they increased up to six months after surgery and decreased after that [27].



In a meta-analysis mentioned above, LH concentrations were negatively associated with TT in most studies. A role of LH in the recovery rate has also been implied since men with low TT concentrations had an adequate response, with increased TT concentrations three and four days after hCG injection. In line with this observation, in cases where LH was upregulated immediately following TESE, a faster recovery (18 months) was expected. In one study with KS patients, there was no increase in LH concentrations [24].



Symptoms associated with hypogonadism due to TESE procedures have been described, especially when T concentrations are <12 nmol/L, mainly erectile dysfunction (ED) and decrease of testicular volume [7]. In one study including 66 patients, 13 new-onset erectile dysfunction (ED) cases have been described after mTESE, which significant decreased TT concentrations from 27.1 to 9.7 nmol/L [31]. Some researchers have been reported a reduction of testicular volume of at least 2 mL in 25% of men undergoing cTESE and 2.5% of men undergoing mTESE at six months after the procedure [19]. In addition, another study reported a 0.3 and 0.6 mL decrease in mean testicular volume 3 and 12 months after mTESE [32].




4. Endocrine Follow-Up and Treatment


As there is convincing evidence for an increased risk for low TT concentrations following TESE, long-term endocrinological follow-up should be advised in these patients [7,11]. It is important to emphasize that the applied techniques should prevent testicular damage by balancing between tissue sparing and maximization of sperm retrieval rates to avoid repeated procedures. [8]. In line with this approach, some researchers suggest a stepwise strategy. A single TESE sample is initially extracted, followed by an mTESE using the same testicular incision, followed by a multi-biopsy cTESE approach on the opposite testis if needed [33]. Others advocate performing a Fine Needle Aspiration (FNA) mapping before TESE. This technique relies on obtaining 18 testicular aspiration samples to represent the entire testicular surface and depth. According to its supporters, it allows the ensuing TESE to be more focused and less traumatic by avoiding areas with unfavorable cytology [8].



According to the available data, serum TT levels decline in hypogonadal levels (<300 ng/mL) in men with KS and in a proportion of NOA men without KS with the major reduction seeing at six months postoperatively. This reduction is accompanied by a corresponding increase in LH concentrations, implying the possibility and time of recovery. On this ground, evaluation of serum TT and LH concentrations at 3, 6, 12, 18 and, in some cases, 24 months is advisable. As NOA patients are at increased risk of developing hypogonadism, in general, annual estimation of TT concentrations could be, also, considered.



Since T deficiency following TESE is usually temporary, it seems prudent to wait for about 12 months postoperatively until some degree of spontaneous recovery is observed [23]. Nevertheless, some patients with T deficiency may experience symptoms such as erectile dysfunction [7]. In such a case, T replacement therapy (TRT) should be initiated based on a combination of biochemical diagnosis with symptoms of hypogonadism by the current guidelines. Temporary discontinuation of treatment may reveal the expected recovery of T secretion and revise the decision for TRT [26,34]. hCG or selective estrogen receptors modulators (SERMs) administration could be considered in highly selected, hypogonadal patients who have not completed their fertility attempts to increase intratesticular T concentration and manage the hypogonadal symptoms.




5. Conclusions


In conclusion, the current evidence suggests a considerable risk of temporary and even permanent hypogonadism following TESE procedures. It is yet unclear whether the increased hypogonadism risk is related to the number or size of testicular tissue samples excised, the number and size of the testicular tunica albuginea incisions, or the surgical experience [8]. Most probably, it is related to the NOA etiology and testicular volume as it is more profound and of longer duration in patients with KS compared with other NOA causes.







Author Contributions


E.B. and G.A.K. authors had equal contribution in conceptualization and writing of the review. D.G.G. contributed in the conceptualization, supervision, and editing. All authors have read and agreed to the published version of the manuscript.




Funding


Next Fertility Procrea Lugano, Switzerland, funded the Article Processing Charges.




Data Availability Statement


No new data were created or analyzed in this study.




Acknowledgments


The authors would like to thank the Procrea–NextClinics Institution, Milan, Italy, for the full cover of the Article Processing Charges.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Devroey, P.; Liu, J.; Nagy, Z.; Goossens, A.; Tournaye, H.; Camus, M.; Van Steirteghem, A.; Silber, S. Pregnancies after testicular sperm extraction and intracytoplasmic sperm injectioninnon-obstructiveazoospermia. Hum. Reprod. 1995, 10, 1457–1460. [Google Scholar] [CrossRef]

	



Turek, P.J.; Ljung, B.M.; Cha, I.; Conaghan, J. Diagnostic findings from testis fine needle aspiration mapping in obstructed and nonobstructed azoospermic men. J. Urol. 2000, 163, 1709–1716. [Google Scholar] [CrossRef]

	



Tournaye, H.; Verheyen, G.; Nagy, P.; Ubaldi, F.; Goossens, A.; Silber, S.; Van Steirteghem, A.C.; Devroey, P. Are there any predictive factors for successful testicular sperm recovery in azoospermic patients? Hum. Reprod. 1997, 12, 80–86. [Google Scholar] [CrossRef]

	



Schlegel, P.N. Testicular sperm extraction: Microdissection improves sperm yield with minimal tissue excision. Hum. Reprod. 1999, 14, 131–135. [Google Scholar] [CrossRef] [PubMed]

	



Caroppo, E.; Colpi, G.M. Hormonal Treatment of Men with Nonobstructive Azoospermia: What Does the Evidence Suggest? J. Clin. Med. 2021, 10, 387. [Google Scholar] [CrossRef] [PubMed]

	



Deruyver, Y.; Vanderschueren, D.; Vander Aa, F. Outcome of microdissection TESE compared with conventional TESE in non-obstructive azoospermia: A systematic review. Andrology 2014, 2, 20–24. [Google Scholar] [CrossRef]

	



Eliveld, J.; van Wely, M.; Meißner, A.; Repping, S.; van der Veen, F.; van Pelt, A.M.M. The risk of TESE-induced hypogonadism: A systematic review and meta-analysis. Hum. Reprod. Update 2018, 24, 442–454. [Google Scholar] [CrossRef] [PubMed]

	



Godart, E.S.; Turek, P.J. The evolution of testicular sperm extraction and preservation techniques. Fac. Rev. 2020, 9, 2. [Google Scholar] [CrossRef] [PubMed]

	



Bernie, A.M.; Mata, D.A.; Ramasamy, R.; Schlegel, P.N. Comparison of microdissection testicular sperm extraction, conventional testicular sperm extraction, and testicular sperm aspiration for nonobstructive azoospermia: A systematic review and meta-analysis. Fertil. Steril. 2015, 104, 1099–1103. [Google Scholar] [CrossRef] [PubMed]

	



Schlegel, P.N.; Sigman, M.; Collura, B.; De Jonge, C.J.; Eisenberg, M.L.; Lamb, D.J.; Mulhall, J.P.; Niederberger, C.; Sandlow, J.I.; Sokol, R.Z.; et al. Diagnosis and Treatment of Infertility in Men: AUA/ASRM Guideline Part I. J. Urol. 2021, 205, 36–43. [Google Scholar] [CrossRef] [PubMed]

	



Everaert, K.; DeCroo, I.; Kerckhaert, W.; Dekuyper, P.; Dhont, M.; Van der Elst, J.; De Sutter, P.; Comhaire, F.; Mahmoud, A.; Lumen, N. Long term effects of micro-surgical testicular sperm extraction on androgen status in patients with nonobstructive azoospermia. BMC Urol. 2006, 6, 9. [Google Scholar] [CrossRef] [PubMed]

	



Donoso, P.; Tournaye, H.; Devroey, P. Which is the best sperm retrieval technique for non-obstructive azoospermia? A systematic review. Hum. Reprod. Update 2007, 13, 539–549. [Google Scholar] [CrossRef] [PubMed]

	



Shin, D.H.; Turek, P.J. Sperm retrieval techniques. Nat. Rev. Urol. 2013, 10, 723–730. [Google Scholar] [CrossRef]

	



Schlegel, P.N.; Su, L.M. Physiological consequences of testicular sperm extraction. Hum. Reprod. 1997, 12, 1688–1692. [Google Scholar] [CrossRef]

	



Jarow, J.P. Clinical Significance of Intratesticular Arterial Anatomy. J. Urol. 1991, 145, 777–779. [Google Scholar] [CrossRef]

	



Tash, J.; Schlegel, P.N. The histologic effects of TESE on the testicle in men with non-obstructive azoospermia. Urology 2001, 57, 334–337. [Google Scholar] [CrossRef]

	



Ramasamy, R.; Yagan, N.; Schlegel, P.N. Structural and functional changes to the testis after conventional versus microdissection testicular sperm extraction. Urology 2005, 65, 1190–1194. [Google Scholar] [CrossRef] [PubMed]

	



Amer, M.; Atiyah, A.; Hany, R.; Zohdy, W. Prospective comparative study between microsurgical and conventional testicular sperm extraction in non-obstructive azoospermia: Follow-up by serial ultrasound examinations. Hum. Reprod. 2000, 15, 653–656. [Google Scholar] [CrossRef] [PubMed]

	



Okada, H.; Dobashi, M.; Yamazaki, T.; Hara, I.; Fujisawa, M.; Arakawa, S.; Kamino, S. Conventional versus microdissection testicular sperm extraction for non-obstructive azoospermia. J. Urol. 2002, 168, 1063–1067. [Google Scholar] [CrossRef]

	



Andersson, A.M.; Jorgensen, N.; Frydelund Larsen, L.; Rajpert-DeMeyts, E.; Skakkebaek, N.E. Impaired Leydig cell function in infertile men: A study of 357 idiopathic infertile men and 318 proven fertile controls. J. Clin. Endocrinol. Metab. 2004, 89, 3161–3167. [Google Scholar] [CrossRef] [PubMed]

	



Bouloux, P.; Warne, D.W.; Lourmaye, E.; FSH Study Group in Men′s Infertility. Efficacy and safety of recombinant human follicle-stimulating hormone in men with isolated hypogonadotropic hypogonadism. Fertil. Steril. 2002, 77, 270–273. [Google Scholar] [CrossRef]

	



Schill, T.; Bals-Pratsch, M.; Kuoker, W.; Sandmann, J.; Johannisson, R.; Diedrich, K. Clinical and endocrine follow-up of patients after testicular sperm extraction. Fertil. Steril. 2003, 79, 281–286. [Google Scholar] [CrossRef]

	



Manning, M.; Junemann, K.P.; Alken, P. Decrease in testosterone blood concentrations after testicular sperm extraction for intracytoplasmic sperm injection azoospermic men. Lancet 1998, 352, 37. [Google Scholar] [CrossRef]

	



Ishikawa, T.; Yamaguchi, K.; Chiba, K.; Takenaka, A.; Fujisawa, M. Serum Hormones in patients with non-obstructive azoospermia after microdissection testicular sperm extraction. J. Urol. 2009, 182, 1495–1499. [Google Scholar] [CrossRef] [PubMed]

	



Bensalem, S.; Alhajeri, D.; Madbouly, K. Microdissection testicular sperm extraction in men with non-obstructive azoospermia: Experience of King Saud University Medical City, Riyadh, Saudi Arabia. Urol. Ann. 2017, 9, 136–140. [Google Scholar]

	



Bhasin, S.; Cunningham, G.R.; Hayes, F.J.; Matsumoto, A.M.; Snyder, P.J.; Swerdloff, R.S.; Montori, V.M.; Task Force, E.S. Testosterone therapy in men with androgen deficiency syndromes: An Endocrine Society clinical practice guideline. J. Clin. Endocrinol. Metab. 2010, 95, 2536–2559. [Google Scholar] [CrossRef]

	



Takada, S.; Tsujimura, A.; Ueda, T.; Matsuoka, Y.; Takao, T.; Miyagawa, Y.; Koga, M.; Takeyama, M.; Okamoto, Y.; Matsumiya, K.; et al. Androgen decline in patients with non-obstructive azoospermia after microdissection testicular sperm extraction. Urology 2008, 72, 114–118. [Google Scholar] [CrossRef]

	



Sussman, E.M.; Chudnovsky, A.; Niederberger, C.S. Hormonal evaluation of the infertile male: Has it evolved? Urol. Clin. N. Am. 2008, 35, 147–155. [Google Scholar] [CrossRef]

	



Koga, M.; Tsujimura, A.; Takeyama, M.; Kiuchi, H.; Takao, T.; Miyagawa, Y.; Takada, S.; Matsumiya, K.; Fujioka, H.; Okamoto, Y.; et al. Clinical comparison of successful and failed microdissection testicular sperm extraction in patients with nonmosaic Klinefelter syndrome. Urology 2007, 70, 341–345. [Google Scholar] [CrossRef]

	



Sertkaya, Z.; Tokuç, E.; Özkaya, F.; Ertaş, K.; Kutluhan, M.A.; Çulha, M.G. Acute effect of microdissection testicular sperm extraction on blood total testosterone and luteinizing hormone levels. Andrologia 2020, 52, e13655. [Google Scholar] [CrossRef]

	



Akbal, C.; Mangir, N.; Tavukçu, H.H.; Özgür, Ö.; Şimşek, F. Effect of testicular sperm extraction outcome on sexual function in patients with male factorin fertility. Urology 2010, 75, 598–601. [Google Scholar] [CrossRef] [PubMed]

	



Ozturk, U.; Ozdemir, E.; Dede, O.; Sagnak, L.; Goktug, H.N.G.; Gurbuz, O.A.; Cagatay, M.; Imamoglu, M.A. Assessment of anti-sperm antibodies in couples after testicular sperm extraction. Clin. Investig. Med. 2011, 34, 179–184. [Google Scholar] [CrossRef] [PubMed]

	



Franco, G.; Scarselli, F.; Casciani, V.; DeNunzio, C.; Dente, D.; Leonardo, C.; Greco, P.F.; Greco, A.; Minasi, M.G.; Greco, E. A novel stepwise micro-TESE approach in nonobstructive azoospermia. BMC Urol. 2016, 16, 20. [Google Scholar] [CrossRef] [PubMed]

	



Corona, G.; Goulis, D.G.; Huhtaniemi, I.; Zitzmann, M.; Toppari, J.; Forti, G.; Vanderschueren, D.; Wu, F.C. European Academy of Andrology (EAA) guidelines on investigation, treatment and monitoring of functional hypogonadism in males: Endorsing organization: European Society of Endocrinology. Andrology 2020, 8, 970–987. [Google Scholar] [CrossRef] [PubMed]












	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  jcm-10-03323


  
    		
      jcm-10-03323
    


  




  





media/file0.png





