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ForewordAndrology is a rapidly evolving �ield with many advances in evaluationprotocols, diagnostic tests, clinical interpretation, and therapeuticoptions. “Advances in Andrology: New Developments and Innovations”is a timely review of the latest advances in the �ield, covering both maleinfertility and male sexual dysfunction.The book focuses on clinically relevant advances and emergingareas of interest, providing an in-depth coverage from fundamentalsand pathophysiology to diagnostics and therapeutic decision-making.The book provides a strong interdisciplinary perspective and should beof interest to experts from all specialities that deal with male infertilityor sexual dysfunction.The book is divided into two parts. The �irst part focuses on malereproductive function. It starts with a detailed discussion of the latestedition of the WHO manual of semen examination and providesvaluable clinical insights into the implications on the abandonment of areference range that distinguishes between fertile and infertile semensamples. A detailed discussion provides clinical perspectives on variousnew tests including those for sperm DNA fragmentation and oxidativestress. With the increasing use of whole exome screening, numeroussingle gene defects are being identi�ied as potential causes ofazoospermia and other sperm defects; a chapter on genetics helpsguide clinicians through the maze of these new �indings.The eternally controversial topics of varicocele and antioxidantsalso get due importance and are discussed in detail. Recently, onco-fertility and preservation of fertility in pre-adolescents have beengaining increasing importance and these topics �ind a niche focus in aspecial chapter dedicated to the subject. Advances and innovations insurgical techniques are also discussed. Finally, futuristic advancesincluding male fertility regeneration, the role of arti�icial intelligence,and advances in sperm and embryo selection are presented. This wide



range of clinically useful topics make the book mandatory reading forall those who deal with male infertility.The second half of the book deals with male sexual dysfunction, andthis is more focused on controversies and advances. While it includeschapters on pharmacological therapy and penile implantation, most ofthe topics are related to areas that clinicians are still uncertain about. Itstarts with a critical review of the role of hormone therapy for malehypogonadism, and this is followed by an in-depth discussion on thecontroversial topic of regenerative therapies for ED. Erectionpreservation in prostate cancer surgery and the surgical managementof ED with incontinence are discussed in separate chapters.Peyronie’s disease presents in a variety of ways and its managementcan range from mere reassurance to patient-dependent treatments likepenile traction to expensive options like collagenase injections orsurgery. The chapter on advances in management of Peyronie’s diseasewill help clinicians understand the indications for each of thesetreatments and their clinical utility.Ejaculatory dysfunction encompasses a broad spectrum of clinicalpresentations ranging from early ejaculation to delayed ejaculation andeven complete failure to reach orgasm. The chapter on ejaculatorydysfunctions explains the pathophysiology in detail so that thetreatment options can be well understood. Chronic orchialgia andchronic prostatitis are a clinician’s nightmare, and the two chapters onthese topics provide valuable practical guidance. Finally, the oft-neglected topic of wearable devices to assist male sexual function andthe controversial topic of penile enlargement surgery also receivedetailed discussions.I have no doubt that this very comprehensive textbook will providetimely guidance to the wide range of clinical specialists engaged in themanagement of either male infertility or male sexual dysfunction, and Icongratulate the editors for an excellent reference textbook.
Rupin	Shah
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Preface

Advances	 in	 Andrology:	 New	 Developments	 and	 Innovations is conceivedas a comprehensive and contemporary resource for clinicians,scientists, and researchers engaged in the multidisciplinary �ield ofandrology. This volume seeks to provide a reliable, evidence-based, andcurrent reference that addresses the expanding spectrum of malereproductive, sexual, and urinary health. The 28 chapters are authoredby internationally recognized experts who integrate clinical experiencewith scienti�ic rigor and translational insight. Together, they re�lect thegrowing need for a cohesive and interdisciplinary approach topersonalized and evidence-based care for men seeking treatment forreproductive and sexual dysfunction. The contributors offer balancedperspectives that help bridge gaps in current knowledge whileproviding clarity on complex and evolving issues in male health.The organization of this book follows a deliberate progression fromfundamental principles and pathophysiological mechanisms toadvanced diagnostics, contemporary therapeutic strategies, surgicalinnovations, and future directions. Although this volume is notintended to be exhaustive, it focuses on clinically relevant and emergingtopics shaping modern andrology and likely to in�luence future clinicalpractice guidelines. A distinguishing strength of this text lies in itsintegration of clinical care, diagnostic evaluation, and translationalresearch. By connecting foundational science with real-worldapplication, the book aims to serve both as a practical guide for patientmanagement and as a stimulus for continued scienti�ic inquiry.We extend our sincere gratitude to the 70 distinguishedcontributors from 28 countries whose scholarship and dedication havemade this work possible. Their collective expertise and commitment toadvancing male reproductive health have shaped this volume into anauthoritative and meaningful resource. We also acknowledge withappreciation the invaluable guidance of Lillie Mae Gaurano, SpringerEditor, Clinical Medicine Books, and the meticulous coordination of



Janakiraman G, Production Editor, whose professionalism ensured thesuccessful completion of this project.This book is dedicated to our families, mentors, and patients whoseencouragement, wisdom, and resilience continue to inspire our pursuitof excellence in andrology and male infertility. It is our hope that
Advances	 in	 Andrology will serve not only as a valuable reference butalso as a catalyst for continued dialogue, collaboration, and innovation,ultimately contributing to improved outcomes and quality of life formen worldwide.
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Edmund	Ko
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Fontana,	CA,	USA
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Infertility is de�ined as the inability to achieve clinical pregnancydespite regular, unprotected intercourse for at least 12 months [1]. TheAmerican Society for Reproductive Medicine further re�ines thisde�inition, specifying that an evaluation should be conducted after12 months for women under 35 and 6 months for those aged 35 orolder [2]. This criterion facilitates earlier evaluation, recognizing thatfemale reproductive potential declines signi�icantly after age 35 due tovarious factors [3]. Globally, infertility affects approximately 15% ofcouples [4], with male-related factors contributing to 20–70% of cases[5]. A multicentric study revealed that the percentage of infertilityattributed to sole male factors was 23%, while the combination of maleand female factors accounted for 45% [6]. Notably, the prevalence ofmale infertility has risen substantially, reaching 76.9% between 1990and 2018 [7], although the evidence for this rise is still controversial[8]. Men aged 30–34 have the highest incidence of male infertility [7].A comprehensive diagnosis approach in male infertility is crucial tominimize the incidence of idiopathic infertility to below 10%.Consequently, tailoring treatment based on the diagnosis enables over40% of couples to achieve spontaneous pregnancy [6]. The initialevaluation of male infertility comprises a thorough history-taking,physical examination, and basic laboratory evaluation, including semenanalysis [9]. Semen analysis assesses sperm quality throughmacroscopic and microscopic examination [10]. Advanced functionalsperm tests may also be necessary for further evaluation in severalclinical cases [11]. A study of over four thousand men who seekinfertility treatment showed that 63% of them exhibit abnormal semenparameters [12]. The importance of semen analysis in male infertilityevaluation is further highlighted by the temporal analysis by Levine etal., which revealed a concerning decline in sperm concentration by51.6% from 1973 to 2018 [13].Standardized testing and proper quality control of semen analysisare necessary to make sure that male infertility is correctly diagnosedand treated [14]. The WHO laboratory manual serves as a guide forsemen analysis, which will bene�it laboratory personnel, researchers,



and clinicians [15]. The most recent manual, the sixth edition, was justreleased in 2021, providing several substantial updates on semenanalysis [15]. This chapter aims to provide a comprehensive review ofthe latest development in basic and advanced semen analysis andpreparation, as described in the 6th edition WHO Laboratory Manualfor the Examination and Processing of Human Semen, offering deeperunderstanding into their clinical relevance and application.
Evolution	of	WHO	Laboratory	Manual	for	the
Examination	and	Processing	of	Human	SemenThe WHO laboratory manual for semen analysis was �irst published in1980 [16], marking a pivotal step toward the standardization of semenanalysis [17]. Since its inception, the manual has undergone continuousupdates approximately every 8–10 years, resulting in �ive subsequenteditions that were released in 1987, 1992, 1999, 2010, and, mostrecently, the 6th edition in July 2021 [15, 18–21]. Each editionincorporates new evidence, facilitating their validation and integrationinto both research and clinical practice [17].The 6th edition of the manual introduces several updates andimprovements over its previous edition, offering a more precise anddetailed approach to semen analysis while re�ining terminology toenhance clarity and clinical relevance [22]. In the manual, spermexamination is categorized into three main classi�ications: basic,extended, and advanced examinations (Fig. 1.1) [15]. Compared to theprior edition, it integrates some novel tests, including semen odorassessment, while concurrently omitting obsolete procedures, such ashuman oocyte and zona pellucida binding and the oocyte penetrationtest [15]. Nevertheless, many other recently developed tests, such assperm centriole evaluation, have not been included [23].



Fig.	1.1 Semen analysis based on the 6th edition of the WHO Laboratory Manual for theExamination and Processing of Human SemenIn response to the drawback of the 5th edition, which incorporatedonly a dataset of 1959 fertile men but no representation from Asia andAfrica (Esteves 2014), the 6th edition has included new data from 5studies that have representations from Asia and Africa while also usestricter inclusion criteria [15, 24]. Previously, criteria for cohortinclusion were voluntary, leading to regional imbalances and potentialbiases. In the new edition of the WHO manual, a total of 3589 men fromcouples who were able to achieve time-to-pregnancy(TTP) ≤ 12 months from 13 countries on �ive different continents werecalculated for its distribution, resulting in several changes of lower �ivecentiles of sperm parameters compared to the 5th edition (Table 1.1)[15, 21]. A particularly notable study found that when applying the newWHO manual’s classi�ication criteria, one in three infertile menexperienced a downgraded semen classi�ication compared to the 5thedition category [25].
Table	1.1 Lower �ifth percentile distribution of sperm parameters in the 5th and 6th editions ofthe WHO Laboratory Manual for the Examination and Processing of Human Semen
Parameter WHO	5th	edition

(2010)
WHO	6th	edition	(2021)

Number	of	data 1953 3589



Parameter WHO	5th	edition
(2010)

WHO	6th	edition	(2021)

Geographical	representation Europe, Oceania, NorthAmerica Europe, Oceania, North America,Asia, Africa
Semen	volume	(ml) 1.5 1.4
Sperm	concentration	(106	per
ml)

15 16
Total	sperm	number	(106	per
ejaculate)

39 39
Total	motility	(%) 42 42
Progressive	motility	(%) 30 30
Non-progressive	motility	(%) 1 1
Immotile	spermatozoa	(%) 22 20
Vitality	(%) 58 54
Normal	morphology	(%) 4 4Source1. World Health Organization [15]2. World Health Organization [21]3. Campbell et al. [24]Despite that, semen analysis could not be used to determine thefertility status of all men [26]. Fertility is instead an interplay of manyfactors, and normal semen analysis cannot be translated into fertilemen [27]. In fact, real-world data showed that 12% of infertile men andonly 41% of fertile men present with normal sperm parameters [27].Therefore, one of the most notable changes in the latest edition is theabandonment of rigid reference thresholds of semen parameters butrather use it to complement the clinical assessment of male infertility[26]. A more extensive and global study of semen analysis parametersmay provide more insight for the clinical evaluation of male infertility.
Pre-examination	Procedures



The recommendations for semen collection in the 6th edition of theWHO manual, in principle, remain the same as those in the previousedition [15]. Semen collection is generally performed throughmasturbation following an abstinence period of 2–7 days [15].However, emerging evidence suggests that a shorter abstinence periodmay yield better sperm quality. A recent meta-analysis, which included13 studies published between 2013 and 2022 and involved a total of2315 patients, found that shorter ejaculatory abstinence is associatedwith a higher percentage of progressively motile sperm and lowerlevels of SDF [28]. In contrast, prolonged abstinence resulted in highersperm concentrations but did not necessarily correlate with betteroverall sperm function [28]. Another meta-analysis also con�irmed thatvery short abstinence, within 4 h, signi�icantly reduced SDF levels [29].These �indings suggest that the WHO’s recommended abstinenceperiod may bene�it from further re�inement to consider the potentialadvantages of a shorter duration.Once semen is collected, laboratory assessment should beperformed within 30–60 min to ensure accurate evaluation. Studieshave shown that sperm motility declines progressively, beginning 1 hafter ejaculation, at a rate of approximately 5–10% per hour [30].Notably, the proportion of sperm exhibiting rapid progressive motilityis signi�icantly higher when semen analysis is conducted within 30 min[31]. To maintain sample integrity, the transport temperature should bekept between 20 °C and 37 °C. Studies demonstrated that spermmotility signi�icantly declines if semen is stored at 4 °C [32, 33].Conversely, motility is highest, and reactive oxygen species (ROS) levelsare lowest when the sample is maintained at 37 °C [33]. Therefore, incases where semen is collected outside the laboratory, the WHOrecommends that the specimen container be kept close to the body,such as in the armpit, during transport, most likely to help preserveoptimal temperature conditions [15]. Proper patient education onsemen collection protocols is essential to ensure the accuracy of semenanalysis and the reliability of test results.



Semen analysis may need to be repeated, considering that theresults are variable and uncertain. In recognition of this, the EuropeanAssociation of Urology (EAU) guidelines recommend repeating semenanalysis if abnormal results are obtained [34]. In general, it isrecommended to repeat semen analysis after 1 month. However, theoptimal time frame for repeat testing should be individualized based onthe �indings of the initial analysis, as well as factors such as recentchanges in medication, substance use (including alcohol and drugconsumption), weight �luctuations, stress, and other lifestyle in�luences[35].
Basic	ExaminationThe most fundamental evaluation in semen analysis is the basicexamination, previously referred to as a standard test [22]. It primarilyfocuses on the macroscopic and microscopic characteristics of sperm,including the appearance of ejaculates, semen volume, pH, viscosity,sperm count or concentration, motility, morphology, and vitalityassessment. While macroscopic evaluation may not always beemphasized in laboratory reports, it can reveal key clinical insights,such as whether the sample is a complete ejaculate or contains traces ofblood or urine. Typically, the color of normal semen is cream/gray,opalescent, or off-white [36].The 6th edition of the manual includes a new addition to the basicsemen analysis, particularly for the macroscopic characteristics: theassessment of semen odor. The manual states that putrefactive odorsmay hold clinical signi�icance, though standardizing this parameterremains challenging [15, 22]. A study reported a case of non-viscous,brown-hued semen with an unpleasant odor from men and revealed asigni�icant quantity of Schistosoma haematobium eggs, considerabledetritus, and numerous amorphous cells [37]. However, further reportsare awaited to understand the bene�it of odor assessment. For themeasurement of ejaculate volume, the WHO manual recommendsdetermining volume by weighing the empty sample container and then



weighing it again with the semen sample rather than using pipettes ormeasuring cylinders, which may cause volume loss [15].Concerning sperm motility, the 6th edition reintroduces thecategorization used in the 4th edition, distinguishing progressivemotility into two subcategories: rapid progressive and slow progressivemotility [15]. Thus, sperm motility is now classi�ied into rapidprogressive (grade A), slow progressive (grade B), non-progressive(grade C), and immotile (grade D) [15]. The decision to reintroducethese motility grades has been criticized by some authors as justi�ied byciting earlier studies that demonstrated the clinical value of rapidmotility but does not include any recent studies [22]. Some studiesmentioned the bene�it of evaluating rapid progressive sperm motility topredict the successful outcome of IVF [38, 39]. Motility assessmentrequires pre-incubation of microscope slides at 37 °C to ensureaccurate assessment. A rapid progressive motility is generally de�inedas one that moves more than �ive head-lengths per second [40] assperm kinematics and velocity can only be assessed using computer-assisted sperm analysis (CASA) [41]. Training laboratory staff torecognize this distinction is essential for consistency.The evaluation of sperm count has also been re�ined in the 6thedition. Semen dilutions have been simpli�ied, and laboratories are nowrequired to count at least 200 spermatozoa per replicate [15].Previously, sperm concentration could be estimated by observing 0–4spermatozoa per �ield at ×400 magni�ication (or 0–16 spermatozoa per�ield at ×200 magni�ication), allowing for a rough classi�ication ofsamples with sperm concentrations below 2 × 10 [7]/mL [15]. Thisapproach has been revised, and now, low sperm concentrations mustbe assessed with greater precision, acknowledging the signi�icanterrors associated with counting small numbers of spermatozoa [15,22].Despite appearing well-mixed macroscopically, lique�ied semensamples can contain small compartments with variable spermdistributions. Proper dilution is essential for accurate counting, as itensures that counting chambers �ill correctly, preventing issues



associated with viscous semen. Additionally, using a diluent thatimmobilizes spermatozoa allows for easier counting and reduces thelikelihood of duplicate assessments of motile sperm. Compared to the5th edition, the 6th edition of manual advocates for a more detailedapproach to dilution to minimize variation and inaccurate results. It isrecommended to use at least 50 μl of well-mixed ejaculate, and the totalvolume of sperm suspension should be at least 200 μl [15].Sperm morphology assessment has also been enhanced with a moresystematic approach based on a model presented initially by Rothmannet al. [42]. The manual also provided multiple high-quality micrographsof spermatozoa from unprocessed semen samples, categorized asnormal, borderline, or abnormal [15]. These images are accompaniedby detailed explanations to guide classi�ication, making this edition amore useful reference for morphology assessment. Therefore, it will beeasier to recognize speci�ic defects in the head, neck/midpiece, tail, andcytoplasm of the sperm [15]. However, a recent review revealed thatsperm morphology analysis may possess limited diagnostic andprognostic signi�icance as recent studies do not demonstrate acorrelation between sperm morphology and natural or aidedreproductive outcomes, particularly with isolated abnormal spermmorphology [43, 44]. Nevertheless, certain abnormalities, such asmidpiece or tail defects, may contribute to immotility, while acrosomedefects may impair fertilization capacity.For the overall interpretation, the reference thresholds for basicsemen parameters used in the 5th edition have been omitted in the 6thedition of the WHO manual, as mentioned earlier. Speci�ically, the termsnormozoospermia, asthenozoospermia, necrozoospermia, andteratozoospermia have been completely removed [15]. In clinicalpractice, the absence of clear reference values may confuse clinicians,who will need to rely on alternative sources in the literature tointerpret semen analysis results. As highlighted in the EAU guidelinespanel, this segregation of normal and abnormal semen analysis maystill be clinically relevant in everyday clinical practice (EAU 2024).



Interestingly, an analysis of 3101 couples who underwent4013 cycles of intracytoplasmic sperm injection revealed that, whensperm was categorized as <5th-percentile based or >5th-percentileaccording to WHO 2021 criteria, those with teratozoospermia,oligoteratozoospermia, oligoasthenoteratozoospermia, andazoospermia had lower fertilization rates compared to patients with allsperm parameters above the 5th-percentile [45]. Additionally,oligoasthenoteratozoospermia and obstructive azoospermia were alsocorrelated with lower blastulation rates [45]. Nevertheless, there wasno association found between semen parameters and day 5 blastocystrates, Gardner’s AA-grade blastocyst rates, euploidy rates per cohort ofbiopsied blastocysts, or live birth rates per �irst vitri�ied-warmed singleeuploid blastocyst transfer. Clinicians should always take apersonalized approach to each infertility case while also attempting toimprove semen parameters whenever possible.
Extended	ExaminationTests deemed bene�icial in clinical practices yet not classi�ied in thebasic examination for routine use are categorized as extendedexaminations. Tests that are included in examinations are assessmentof sperm DNA fragmentation, genetic and genomic analyses,immunological assessments, interleukin levels, indices of multiplesperm defects, immature germ cells, sperm antibodies, biochemicalevaluations of accessory glands, and the assessment of ejaculationsequence [15]. Among these tests, sperm DNA fragmentation (SDF)assessment is a test that was introduced in the new edition of the WHOmanual for the �irst time [15].SDF has been becoming a hot topic for the last few years and isregarded as one promising addition to male infertility evaluations [15].A scientometric analysis showed that the number of publications onSDF tests for male infertility evaluations had consistently increasedfrom 1999 to 2018 [46]. Evidence indicates that a high SDF rate islinked to lower spontaneous pregnancy rates, less successful ART



outcomes, and higher miscarriage rates. However, these effects shouldbe interpreted cautiously, particularly due to the weak evidence andmethodological limitations in some studies [47–51]. The harmfulimpact of SDF is further exacerbated by poor oocyte quality, which mayalso increase the aneuploidy rate of embryos [52, 53]. In this regard,SDF served as a great addition to basic examination as it is not stronglycorrelated to conventional sperm parameters, and infertile men withnormozoospermia can have high SDF rates [54, 55].Four assays were mentioned in the WHO manual to evaluate theSDF rate. Those are Terminal deoxynucleotidyl transferase dUTP nickend labeling (TUNEL), Sperm Chromatin Structure Assay (SCSA), SpermChromatin Dispersion (SCD) or Halo, and Comet assay. Each test has itsown principles and methods for interpreting results. While the WHOmanual did not mention the superiority of one test over another test, aglobal survey by Global Andrology Forum (GAF) in 2023 found thatTUNEL assay is the most commonly ordered test among clinicians andresearchers [56]. Regarding cut-off value, the WHO manual did notmention any range to de�ine a high SDF rate. In a review of publishedarticles, the commonly used cut-off was varied. It ranges from 20% to35%, indicating that a single cut-off is not universally applicable [57].The manual also lacks recommendations on the indication of SDFtesting. Understandably, even other professional societies such as theAmerican Urological Association (AUA) and EAU have not speci�iedrecommendations for SDF testing in many clinical scenarios [34, 58]. Asan exception, SDF testing is strongly recommended by AUA and EAU inthe cases of recurrent pregnancy loss. The lack of recommendationsfrom professional guidelines resulted in the delayed implementation ofSDF testing in clinical practice.To address the controversies surrounding SDF testing, GAF haspublished its recommendations [59]. They recommend evaluating SDFin unexplained male infertility, idiopathic male infertility before ART,recurrent pregnancy loss, and clinical varicocele if ART is planned,failed medical therapy, or persistent infertility post-varicocelectomy.SDF testing is also possible for ART planning but should be used with



caution because of its limitations. Finally, the decision to test SDF insperm cryopreservation can be tailored to each case.In general, clinicians should order SDF testing only if it affects themanagement plan. Modalities to reduce the SDF rate range fromnoninvasive methods like antioxidants and lifestyle modi�ications tomore invasive techniques such as ICSI, varicocelectomy, and usingtesticular sperm for treatment [60, 61]. Nevertheless, the manual doesnot discuss therapeutic interventions to reduce SDF levels, whichremains an area for further research.Another component of the extended examination is the assessmentof immature germ cells, which is conducted using a semen smearstained with the Papanicolaou method [15]. While there are othertechniques, this stain is the most evaluated method. It allows for theidenti�ication of spermatogonia (nuclear size ~8 μm), spermatocytes(~10 μm), and spermatids (~5 μm) based on the nuclear size, althoughthe size of the nucleus can be altered with degeneration and celldivision. Previously considered a routine test in the 4th and 5theditions, this assessment has now been reclassi�ied as an extendedexamination, and reference cut-off values have been removed. Theidenti�ication of immature germ cells can sometimes be important,especially in men with non-obstructive azoospermia that failed toobtain spermatozoa even after microscopic testicular sperm extraction.Although controversial, some studies have reported successful livebirths from round spermatid injection into oocytes [62]. Another studyalso found the bene�it of immature germ cell identi�ication, as it wasnegatively correlated with total sperm count and motility [63].Evaluation of antisperm antibodies and leukospermia wasreclassi�ied from a standard examination in the 5th edition to anextended examination in the 6th edition [15, 21]. In cases where morethan 50% of motile spermatozoa exhibit adherent antibody particles,immune infertility is suspected [21]. However, the 6th edition nowadvises each laboratory to establish its own reference limits [15]. Basedon the current evidence, the precise etiology of male infertility resultingfrom ASA remains unclear, and the management depends on the



underlying cause [64]. For leukocytes, the peroxidase staining methodfor initial screening for granulocytes is useful in distinguishingpolymorphonuclear leukocytes from multinucleated spermatids, whichare peroxidase-free [15]. While this test is quick and inexpensive, itdoes not detect activated or other types of polymorphonuclear cellsthat do not contain peroxidase [15]. Alternatively, pan-leukocyte(CD45) immunocytochemical staining is an option, offering a cleardistinction between leukocytes and germ cells, though it is more costlyand time-consuming [15]. High quantities of seminal leukocytes areposited to impair sperm function, leading to lower progressive and totalsperm motility percentages [65]. Nevertheless, the exact correlation ofleukocytospermia and infertility is still a matter of debates withcon�licting results on the effect treatment to sperm quality andpregnancy [66].The inclusion of genetic and genomic testing is another majorupdate in the 6th edition of the WHO manual. The sperm aneuploidytest detects chromosomal abnormalities that may arise due to meioticsegregation errors, which can occur even in men with a normalkaryotype or Robertsonian translocations [67]. Infertile patients withabnormal sperm parameters exhibit a higher risk in sperm aneuploidycompared to fertile men [68]. Fluorescence in situ hybridization (FISH)is the primary technique for detecting aneuploidy [15]. Nevertheless, alack of clear recommendations on when and how to apply these tests inclinical practice may lead to inconsistent usage. Moreover, thisexamination required specialized andrology laboratory facilities andtherefore may limit its broad use.Included in the extended examination are the assessments ofaccessory sex gland function. They are important for identifyingpotential dysfunctions caused by infection or other pathologies. Thesecretory capacity of the prostate, seminal vesicles, and epididymis canbe evaluated using biochemical markers such as zinc(≥2.4 μmol/ejaculate), fructose, and α-glucosidase(≥13 μmol/ejaculate). The concentration of these seminal biomarkershas been found to be correlated with semen parameters [69, 70].



Additionally, the 6th edition of the WHO manual introduces indices forevaluating multiple sperm defects, including the TeratozoospermiaIndex (TZI), Multiple Anomalies Index (MAI), and Sperm DeformityIndex (SDI) [15]. These indices help quantify sperm abnormalities;however, the literature that supported the clinical relevance of theseindices was very scarce [71].
Advanced	ExaminationIn the advanced examination, which was previously referred to as aresearch test, several tests have been removed due to its impracticalityand low clinical value, which are the zona-free hamster oocytepenetration test, the human zona pellucida binding test, and the sperm-cervical interaction assessment [15]. On the other hand, the newedition introduces several updates of highly specialized tests in theadvanced examination, including evaluation of seminal oxidative stress(OS), sperm acrosome reaction, transmembrane ion �lux, spermtransport, and chromatin condensation [15].Spermatozoa are particularly vulnerable to oxidative stress due totheir limited DNA repair capacity [72]. At the same time, physiologicallevels of reactive oxygen species (ROS) are essential for processes likecapacitation and acrosome reaction, an imbalance where ROS exceedsantioxidant defenses results in OS [73]. This leads to sperm damagethrough lipid peroxidation, DNA damage, and apoptosis, which has adetrimental impact on natural and assisted pregnancies (Agarwal et al.2003; [74]). ROS can be from endogenous factors like varicocele andleukocytes or exogenous factors such as smoking, pollution, and alcohol[75].Evaluation of OS can be done by assessing seminal ROS levels,antioxidant capacity, and the redox balance state. The WHO manualbrie�ly outlines the descriptions of these procedures and theirlimitations. Seminal ROS can be evaluated using chemiluminescence,�low cytometry, thiobarbituric acid reactive substances, and nitrobluetetrazolium assays. Antioxidant capacity is assessed via the total



antioxidant capacity assay, which is rapid but has limited sensitivityand speci�icity. Redox state evaluation utilizes oxidation–reductionpotential (ORP), which can be tested using the MiOXSYS system. Dataanalysis from 2092 patients found that 1.36 mV/106 sperm/mL inMiOXSYS results could differentiate specimens with abnormal semenparameters [76]. On the other hand, another study found that themeasurement of ORP with MiOXSYS was not correlated with semenparameters and inconsistently correlated with OS biomarkers and SDFrate [77]. Currently, no cut-off of OS is clearly endorsed in the WHOmanual. It highlights the need for further evidence to determine themost reliable methodology for measuring seminal OS.In congruence, the WHO manual also did not state therecommendation of any treatment for infertile men with high OS levels.While some studies found the bene�it of antioxidants for improvingsperm parameters, live birth rate, and ART outcomes [78], physiciansmust use them wisely as there is a lack of robust evidence ofantioxidant use for male infertility due to the heterogeneity of theavailable studies. No single antioxidant can be used as a panacea for allmale infertility cases; on the contrary, different antioxidant types mayresult in various improvements in sperm parameters [79]. Additionally,excessive use of antioxidants can lead to reductive stress, which posesrisks such as cancer, cardiomyopathy, and potential negative impacts onmale fertility [80]. This “antioxidant paradox” highlights theimportance of balancing oxidative and reductive states to avoid harmfuloutcomes.To assess sperm chromatin integrity, the new WHO manualdescribes assays such as aniline blue and chromomycin A3 to evaluatethe degree of histone replacement by protamines in the sperm nucleus,which are critical from chromatin condensation. However, moreadvanced epigenetic assays that assess post-translational histonemodi�ications, sperm DNA methylation, or small RNA expression arenot included. Adopting these techniques in fertility laboratories willrequire further research and clinical validation to establish theirdiagnostic value. Similarly, sperm capacitation test and acrosome



reaction examination also require extensive training, monitoring, andmay not be cost-effective for routine use.The next advanced examination is computer-aided sperm analysis(CASA) in clinical settings, which has been a topic of debate over years.While CASA systems are commonly used for automated semen analysis,their capabilities vary signi�icantly depending on the speci�ic task, suchas basic sperm function assessment, live cell motility analysis, and �ixedassays [15]. Recent studies have demonstrated high inter- and intra-rater reliability levels, indicating that certain automated semenanalyzers, such as the new X1 PRO, can provide accurate and rapid testresults in a clinical laboratory setting (Agarwal et al. 2021). The bene�itof CASA lies in its ability to perform computational measurements suchas sperm kinematics that may be dif�icult for the human eye to quantify,thereby enhancing but not replacing traditional sperm functionassessments. Despite that, the CASA area is limited in differentiatingsperm cells from debris or other cellular components within the semensample, leading to misclassi�ication errors [15]. The lack ofstandardization in CASA algorithms also results in inconsistency acrosslaboratories. As such, CASA should be viewed as a supplementary toolrather than a replacement for manual semen analysis.
Sperm	Preparations	and	CryopreservationWhile sperm cryopreservation and sperm preparation techniques werepreviously covered in a single chapter in the 5th edition of the WHOmanual, the 6th edition presents them as two distinct topics, re�lectingtheir growing signi�icance in assisted reproductive technologies (ART).An ideal sperm preparation technique should recover a highlyfunctional sperm population while minimizing DNA fragmentation andavoiding oxidative stress induced by reactive oxygen species (ROS)from sperm and leukocytes [15].The WHO manual describes several well-established spermselection techniques, including the direct swim-up and density gradientcentrifugation (DGC), which differ in their ability to remove seminal



plasma components, which can in�luence the �inal quality of the spermpreparation [15]. One of the important additions in this new manual isthe introduction of magnetic-activated cell sorting (MACS). A meta-analysis of �ive studies found that sperm selection using MACS resultedin statistically signi�icant higher pregnancy rates ((RR = 1.50, 95% CI1.14–1.98) when compared to DGC and swim-up techniques withcomparable implantation and miscarriage rates [81].An emerging sperm selection option that is yet to be in the WHOmanual is the micro�luidics system. By applying the microscale �luiddynamic through diverse on-chips with mechanical and chemicalstimuli [82], it can sort an unprocessed semen to �ind a highly motilesperm with a nearly undetectable SDF level for IVF/ICSI [83].Compared to DGS and swim-up, it offers the bene�it of a better selectionof high-quality sperm with lower SDF and higher progressive motilityrate from a raw semen sample without the need for an additional�iltration step, hence reducing the hands-on time [83, 84]. Pooledanalysis from 13 studies found that selected sperm from micro�luidresulted in 52.7% clinical pregnancy out of 1646 embryo transfers witha 15.9% rate of miscarriage out of 598 con�irmed clinical pregnancies[85]. More clinical studies are needed for this promising technique tobe fully incorporated and recommended in clinical practices [86].In the chapter on cryopreservation, the 6th edition of the WHOmanual introduces the vitri�ication technique to cryopreserveejaculated spermatozoa, detailing both open and closed systems. Whilevitri�ication has shown superiority to conventional freezing methods inthe preservation of spermatozoa in terms of total and progressivemotility, it comes from several small studies [87]. Moreover, the ef�icacyof vitri�ication is in�luenced by using different vitri�ication protocolsand cryopreservation of different quality spermatozoa. In this regard,the WHO manual recommended considering vitri�ication as anexperimental procedure.
Future	Directions



The 6th edition of the WHO manual of human semen examination andprocessing has successfully addressed the issues from the previousedition. It improves the precision of semen analysis whilesimultaneously underscoring the necessity for additional scienti�icevidence. Many tests, particularly those in extended and advancedexaminations, lack clinical indication and cut-off value. Therefore, thefuture area should focus on this aspect. Revisiting the established testsis also encouraged for a continuous con�irmation of their relevance inclinical practice.With more detailed and clear instructions on standardized semenanalysis, future studies are expected to adhere more closely to theguidelines to avoid data misinterpretation. Emerging automated, cost-effective, and mobile-testing technologies for semen analysis willcomplement and not replace manual semen analysis. In addition, withincreasing scienti�ic knowledge and technological advancements, thefuture of sperm testing and processing will incorporate more molecularand cellular markers in spermatozoa function and the use of arti�icialintelligence to better identify and educate patients and clinicians while,at the same time, streamline the entire IVF process.The WHO manual’s 7th edition is anticipated to include a re�inedand updated manual of semen analysis. This manual should be releasedin several years and will likely incorporate more datasets from theremaining regions and continents that have not been involved.
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Advanced	Semen	Analysis	TechniquesSemen analysis is the principal and often the �irst diagnostic approachto assess male fertility. The World Health Organization (WHO)laboratory manual for the examination of semen [1] is a globallyrecognized source of reliable techniques for semen examination [2].Semen analysis has traditionally been carried out in an andrology lab,with trained technicians manually assessing sperm parameters. Thisprocedure can be very demanding and time-consuming and has beenshown to have intra- and inter-operator variability [3]. Furthermore,
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not adhering to the established guidelines and protocols could also leadto unreliable results [4]. Semen analysis plays a crucial role indiagnosing pathologies, emphasizing the critical need for accurate andprecise results due to their impact on clinical decisions [3]. Theprevious versions of the WHO laboratory examinations for spermanalysis have mainly focused on manual assessment of various spermquality parameters, such as motility categorization and thedetermination of the percentage of morphologically normal sperm, asexamples.The �ield of male infertility has advanced signi�icantly in the last fewdecades, especially in the area of novel diagnostic tools and techniques.Thus, the most recently published WHO manual of semen analysis [1]has also undergone some modi�ications to further clarify andstandardize basic analysis methods, while introducing more advancedtechnology, such as sperm functional tests and a more sophisticatedgeneration of Computer-Aided Sperm Analysis (CASA) systems [5]. Therecent introduction of at-home tests and the application of arti�icialintelligence is further revolutionizing semen analysis. Furthermore,novel genomic and epigenomic analysis, functional tests, non-invasivebiomarker tests, multi-omics approaches, single-cell analysis,specialized imaging techniques, microbiome analysis, sperm sortingtechniques, and personalized medicine are also being evaluated fortheir potential in male infertility diagnosis.
Advanced	Computer-Aided	Sperm	Analysis	(CASA)	SystemsCASA systems have exhibited numerous advantages, particularly in thelast decade, including repeatability, reliability, and the capacity toevaluate detailed parameters [5, 6], making them an essential tool inassessing sperm quality. These systems employ state-of-the-arttechnology and enable scientists and medical professionals to assesssperm characteristics with great precision and accuracy.Modern semi-automated CASA systems typically feature digitaloptical microscopes that capture sequential static images subsequentlytransferred to a computer or processing unit and analyzed using



automated algorithms to conduct objective and quantitative analyses ofseveral sperm structures and functional quality parameters [3]. CASAsystems enhance throughput capacity by utilizing digital imageprocessing tools such as noise �iltering, image segmentation,localization, multi-object tracking, and machine learning [7] whileensuring consistent, accurate, and reproducible results. By minimizinginter- and intra-laboratory variations associated with manualassessment, CASA systems contribute signi�icantly to standardizingsperm analysis procedures [8]. Accurate assessment of sperm motilityis fundamental in understanding and determining factors that impactfertility. CASA and manual assessment of sperm concentration andmotility have presented a good correlation [9], while CASA showshigher predictive power for the presence of sperm in affected samplessuch as in oligospermia patients, and provided more reliable semenanalysis results than manual counting [10].The progressive motility, as categorized by CASA, was signi�icantlylinked to both in vivo and in vitro fertilization rates [11–14]. The fulldiagnostic and prognostic potential of the detailed kinematicparameters provided by these systems is still under debate as there isno clear consensus on the robustness and reliability of theseparameters for use in clinical diagnosis and outcome prediction,necessitating further investigation and validation. Moreover, signi�icantadvancements in the technology of CASA systems over the past decadeshave markedly improved the reliability and validity of the assessments,warranting investigations to identify the potential correlations betweenthe detailed parameters provided by CASA and fertility potential andoutcomes.In contrast to motility and concentration, most CASA systemsrequire the sperm to be manually stained before morphologicalevaluation. The variability in staining, the potential diversity within aspeci�ic semen sample, and the subjective aspect of interpretation haveled to a lack of strong correlation between morphological evaluationsconducted by CASA and manual assessments [15].



In addition to the well-established sperm concentration/motilityand morphology CASA modules, certain CASA systems, such as theSperm Class Analyzer® (Microptic S.L., Barcelona), have startedintroducing automated modules for vitality, fragmentation, acrosomereaction, and leukocyte count. All these modules (except motility andconcentration) require the samples to be manually prepared andstained before detection and assessment, which can lead to variabilityand subjectivity, potentially affecting the reliability of results.Therefore, although these advanced modules hold promise for researchapplications, their integration into clinical settings demands furtheroptimization to guarantee standardization, ef�iciency, and accuracy.With the advancement of technology and increasing integration ofAI into the medical �ield, we are observing a paradigm shift toward thefull automation of sperm analysis, with far-reaching implications forclinical practice and research. In line with this goal, the “SCAScope®”(Microptic S.L., Barcelona) stands out with the capability tosimultaneously evaluate motility and concentration, Vitality,Morphology, DNA Fragmentation, and leukocyte assessments, all at thesame time with no need for user interaction with the system during theanalysis; however, the sample still has to be prepared on separate slidesand stained using the relevant staining process for each of the modules(except for motility and concentration) prior to running the analysis.Further advancement and the emergence of fully automated CASAsystems providing automated preparation of the samples would begin anew era of streamlined and optimized work�low, enhancedreproducibility and standardization, minimized variability, andeliminated subjectivity, which is a signi�icant advancement in the �ieldof male fertility assessment.In summary, semi-automated CASA systems offer severaladvantages due to their capacity to compute more precise parametersin a more repeatable and reliable manner; however, they are alsolimited by the need for manual input and oversight for accurate results(especially in severe oligospermia) due to biological factors (like excessdebris in ejaculate) or technical issues such as the inability to classify



micro-aggregates or fragmented sperm [16] or inconsistency of resultswhen using different slides [17]. These limitations leave room forhuman error and the possibility of misinterpretation. Technologicaladvancements and the adoption of arti�icial intelligence are movingCASA systems toward improved accuracy, portability, and fullyautomated analysis, which could decrease inter- and intra-operatorvariability and error [18] and allow for broader adoption of CASAmachines in clinical and research settings. Ultimately, the fullautomation of the entire process, from sample preparation to datainterpretation, would revolutionize male fertility assessment andimprove patient care outcomes.
Utilization	of	Arti�icial	Intelligence	(AI)	Algorithms	to
Provide	more	Accurate	and	Detailed	Assessments	of	Sperm
Motility,	Morphology,	and	ConcentrationArti�icial intelligence (AI) algorithms have demonstrated promisingpotential in reproductive medicine diagnostic tools, particularly inassessing sperm motility, morphology, and concentration. By leveragingadvanced computational techniques, AI offers the potential to providemore accurate and detailed evaluations, thereby enhancing theunderstanding and management of male infertility.AI tools already demonstrated a high accuracy of 90% in predictingsperm concentration or count, along with other seminal parameters ina study in 2013 [19]. With the advancement of AI and its increasedintegration in CASA systems, we can look forward to even moreaccurate and consistent results. Table 2.1 presents a selection of the AIand machine learning (ML) algorithms tested to evaluate spermconcentration and counts, motility, and morphology in semen samplesor different datasets [20]. Additionally, a recent study using a full-spectrum neural network (FSNN) model trained by examining theabsorption response of spermatozoa in 41 human samples to differentlight spectra (wavelength from 390 to 1100 nm) demonstrated over93% prediction accuracy and 100% agreement with clinicalassessments in the differentiation of healthy donor and patient samples



[21]. Development, advanced machine learning (ML) algorithms haveshown a strong correlation among semen parameters like total spermcount and total motile sperm when automatically evaluated using AIcompared to manual assessment. AI-based models have alsosuccessfully forecasted the potential increase in sperm concentrationpost-varicocele repair, indicating the potential for AI to enhancediagnostic and prognostic capabilities in reproductive medicine [22].
Table	2.1 Arti�icial intelligence (AI) and machine learning (ML) algorithms used to evaluatesperm concentration/count, motility, and morphology in semen samples or different datasets
Algorithm	or
model

Dataset/sample Performance	or	outcomes Refs.

Concentration/counts

Logistic
regression,
SVM,	and	RF

Semen Good predictive accuracy with AUC = 0.72 [22]
FSNN,	SPNN Semen Prediction accuracy: SPNN = 86%, FSNN = 93% [21]
Image
recognition
algorithm

Semen AI algorithm vs. manual analysis: spermconcentration (r = 0.65, p < 0.001), motile spermconcentration (r = 0.84, p < 0.001) [23]
ANN Semen Accuracy = 90%, sensitivity = 95.45%,speci�icity = 50%, PPV = 93.33%, NPV = 60% [19]
Motility

SVR,	MLP,	CNN,
RNN

VISEM Mean absolute error (MAE): SVR = 9.29, MLP = 9.50,CNN = 9.22, RNN = 9.86 [24]
THMA Semen Accuracy = 97.37%, with a minimum executiontime of 1.12 s. [25]
Bemaner	AI
algorithm

Semen AI algorithm vs. manual analysis: r = 0.90, p < 0.001 [23]
CNN VISEM MAE for predicted sperm motility = 2.92 [26]
SVM Semen Accuracy = 89.9% [27]
ANN Semen Accuracy = 82%, sensitivity = 89.29%,speci�icity = 43.75%, PPV = 89.29%, NPV = 43.75% [19]
Morphology



Algorithm	or
model

Dataset/sample Performance	or	outcomes Refs.

DL JSD Abnormal sperm: Sensitivity = 0.881 andPPV = 0.853;Normal sperm: Sensitivity = 0.794 and PPV = 0.689
[28]

DTL
DMTL

MHSMA Detection accuracy: Head = 84.0%,acrosome = 80.66%, and vacuole = 94.0% [29]
DL,	U-Net,	and
Mask-R-CNN

SCIAN-SpermSegGS Dice coef�icient using U-net with transfer learning:Head = 0.96, acrosome = 0.94, and nucleus = 0.95 [30]
DL,	HoloStain Semen Virtual (holostain) vs. chemical staining: Structuralsimilarity (SSIM) = 0.85 ± 0.03 [31]
CNN VISEM Accuracy of sperm head detection = 91.77% [26]
SVM Semen Accuracy = 89.93%, sensitivity = 91.18%, andspeci�icity = 88.61% [32]
DL MHSMA Detection accuracy: Acrosome = 76.67%,head = 77.00%, vacuole = 91.33% [33]
CNN	and	SVM SCIAN Dice coef�icient: Head = 0.90, axial �ilament = 0.77,acrosome = 0.77, nucleus = 0.78, tail = 0.75, andmid-piece = 0.64 [34]
Deep	CNN,
VGG16

HuSHeM andSCIAN Increased true positive rate: HuSHeMdataset = 94.1%, SCIAN dataset = 62% [35]
SVM Semen Good accuracy with AUC = 89.59% [36]
Dictionary
learning

SCIAN andHuSHeM Detection accuracy: HuSeM dataset = 92%, SCIANdataset = 62% [37]
Tail	point
algorithm

Semen Dice coef�icient accuracy: Heads = 92%,acrosome = 84%, nucleus = 87%, and tail = 96% [38]
Adapted from Panner Selbam et al. [20]. (Under a Creative CommonsAttribution 4.0 International License)
ANN arti�icial neural network, FSNN full-spectrum neural network, NPVnegative predictive value, PPV positive predictive value, RF randomforest, SPNN selected peak neural network, SVM support vectormachine, CNN convolutional neural network, R-CNN region-basedconvolutional neural network, MLP multilayer perceptron, RNNrecurrent neural network, SVR linear support vector regressor, THMAtail-to-head movement algorithm, AUC area under the curve, DL deep



learning, DTL deep transfer learning, DMTL deep multi-task transferlearning, HuSHeM Human Sperm Head Morphology, JSD Jikei spermdata set, MHSMA Modi�ied Human Sperm Head Morphology analysis,
VISEM video dataset of human spermatozoa, SCIAN-MorphoSpermGSGold-standard for Morphological Sperm AnalysisAI and ML have always played a crucial role in sperm motility andmorphology assessment by CASA [9, 24, 39]. However, recent studies[24, 39] have demonstrated the higher effectiveness and reproducibilityof more developed AI algorithms, particularly deep learningconvolutional neural networks (CNNs), in analyzing sperm videosequences to predict motility parameters and distinguish betweenprogressive, non-progressive, and immotile spermatozoa. Moreover, theincorporation of temporal analysis has been shown to outperformtraditional machine learning approaches, highlighting the potential ofAI to capture nuanced motility patterns [15]. Table 2.2 presentsselected studies using arti�icial intelligence to assess sperm motilityand morphology, including their outcomes of interest, used datasets, AImethods, and results [15].
Table	2.2 Selected studies using arti�icial intelligence for the assessment of sperm motility andmorphology
ART
process

Outcomes	of
interest

Dataset AI
methods

Results Refs.



ART
process

Outcomes	of
interest

Dataset AI
methods

Results Refs.

Motility
assessment

Use sperm videosequences topredict motility,categorized asprogressive, non-progressive, andimmotilespermatozoaCombined withparticipant datain multimodalanalysis forautomatedprediction ofmotilityparameters

VISEM—livespermatozoa videosfrom 85 differentparticipants
Deeplearning-CNN Deep learningalgorithms arecapable ofpredicting spermmotilityef�iciently andreproduciblyCombiningparticipantclinicalinformation didnot improvepredictionIncorporation oftemporalanalysisoutperformedthe traditionalmachinelearningapproachThe best MAEachieved withCNN was 8.74

[39]

Motility
assessment

Extraction oftemporal featuresfrom sequentialvideo frames canpredict motilityand traintraditional CNNmodels

VISEM Deeplearning-CNN Increasednumber ofstacked videoframes from 9 to18 improvedmotilityprediction,implying thismodel couldlearn temporalfeatures fromdifferent videoframesThe best MAEachieved withCNN was 8.74

[47]



ART
process

Outcomes	of
interest

Dataset AI
methods

Results Refs.

Motility
assessment

Automatic spermmotilityassessment usinga framework ofunsupervisedspermatozoatracking, featureextraction, andML

VISEM Linearsupportvectorregression
Able to predictthe percentageof progressive,non-progressive,and immotilespermatozoa in agiven sampleMAE reduced to7.31; animprovementcompared toprevious papers

[24]

Motility
assessment

Individualoperator-assessedsingle spermmorphologylinked to motilitypatterns assessedby vision-basedAI software inICSI-ready sperm

2154 individual spermvideo recordings Vision-based AISoftwareSiD1(IVF2.0Ltd.)
Spermatozoaclassi�ied asmorphologicallynormal showedbetter motilityvariables (higherlinearmovement,straight-linevelocity)Sperm tailmorphologydefects had themost signi�icantimpact onmotilityvariablesAI-driven spermmotilityassessment maybe suf�icient toassessmorphologicalfeatures forsperm selection

[40]*



ART
process

Outcomes	of
interest

Dataset AI
methods

Results Refs.

Motility
assessment

Vision-based AIsoftwareassessingprogressivemotilityparameters(straight-linevelocity, linearityof curvilinearpath, headmovementpatterns) topredict successfulfertilization andblastocystformation

383 individualspermatozoa videosfrom 78 ICSI cycles Vision-based AISoftwareSiD1(IVF2.0Ltd.)
Signi�icantdifferences inprogressivemotility patternsmeasured bySiD1 betweensuccessful andunsuccessfulfertilization andblastocystformationPossible avenuefor real-timeanalysis ofindividualspermatozoaduring selectionfor ICSI

[46]

Morphology
assessment

Sperm imageslabeled with aclass weredivided intopatches toidentifyimportantfeatures in thespermDictionarylearning is moreeffective forsperm headclassi�ication thanpreviouslypublished shape-based featurerecognitionDevelopedHuSHeM datasetwith consensusclassi�ication andfreely availablefor researchpurposes

HuSHeM—includes216 sperm head images(54 normal, 53 tapered,57 pyriform, and 52amorphous). SCIAN-MorphoSpermGS—Includes 1862 imagesof sperm shapes (100normal, 228 tapered,76 pyriform, 73 small,and 656 amorphous),with partial consensusamong three experts

TraditionalML withadaptivepatchdictionarylearning
62% accuracywith SCIAN-MorphoSpermGSdataset92.3% accuracy,93.5% precision,and 92.3% recallwith the newHuSHeM dataset

[37]



ART
process

Outcomes	of
interest

Dataset AI
methods

Results Refs.

Morphology
assessment

Deep CNN trainedto detect head,acrosome, andvacuolemorphologicaldeformitiesDevelopedMHSMA datasetlabeled withnormal sperm(acrosome, head,vacuole, tail, andneck)

MHSMA—includes1540 sperm imagesfrom 235 subjects withmale factor infertility
Deeplearning-CNN High accuracyfor detectingmorphologicaldeformities insperm acrosome,head, andvacuoleAccuracy scoresof 76.7%, 77%,and 91.3% inacrosome, headand vacuoleabnormality,respectively,requireimprovementAble to classifyimages in realtime, aiding inthe spermselection for ICSI

[33]

Morphology
assessment

Deep CNNalgorithmstrained to detecthead, acrosome,and vacuolemorphologicaldeformities

MHSMA Deeplearning-CNN AI models canpredict spermhead featuresmore accuratelythan previousstudies (84%,80.7%, and 94%for sperm head,acrosome, andvacuole,respectively)

[29]



ART
process

Outcomes	of
interest

Dataset AI
methods

Results Refs.

Morphology
and
viability
assessment

Deep learning AItechnique topredict theviability ofimmotile spermthroughmorphologyassessment with asingle bright-�ieldimage

1471 images ofimmotile sperm from15 semen samples fortraining 10 new semensamples for validation
Deeplearning-CNN The AI modelcan accuratelypredict spermviability non-invasivelywithout sampleprocessing orstainingAI detects subtlemorphologicalchanges to thesperm nucleus;otherwise, it ischallenging toidentify with thenaked eyeYet to beexternallyvalidated

[44]*

Adapted from Hanassab [15]. (Under a Creative Commons Attribution4.0 International License).Summary of studies using arti�icial intelligence (AI) and machinelearning (ML) methods for sperm assessment and selection. Theasterisk (*) indicates studies from conference proceedings. MAE meanabsolute error, CNN convolutional neural network, ICSIintracytoplasmic sperm injectionAI software may soon be able to correlate kinetic motility patternswith other critical factors, such as morphology, fertilization potential,or blastocyst formation, with the potential as a tool for real-timeselection of sperm for intracytoplasmic sperm injection [40].In addition to motility, AI plays a crucial role in sperm morphologyassessment. Poor evaluation of sperm morphology by CASA remains amajor drawback that can be improved by arti�icial intelligence andmachine learning [15, 33]. A recent study demonstrated that thesequential deep learning algorithm could detect the acrosome and head



of the sperm more accurately than current state-of-the-art approacheswhile requiring less execution time, even on a low-speci�icationcomputer/laptop. Additionally, it can classify photos in real-time. Basedon the results of our study, this tool could be an aid to the embryologistin deciding whether a spermatozoon in functional or not [41].Current methods of determining sperm morphologicalabnormalities require staining of the spermatozoa structuralcomponents, which leaves them unusable for fertility treatments [42].The pursuit of non-damaging methods to evaluate individual spermmorphology would highly bene�it cases with extremely low spermcounts or in treatments that require isolating a single sperm [43].Advanced CNNs have shown promise in identifying deformities insperm head, acrosome, and vacuole in real-time, using low-magni�ication microscopes, without staining, and with improvedobjectivity [29, 33].Non-invasive AI methods can also evaluate viability characteristicsof frozen-thawed or immotile spermatozoa that may not be possible toidentify manually. A recently introduced AI system could detect viablesperm using a sole bright-�ield image without any sample processing orreagents [44]. The model achieved impressive metrics, with 94.9%accuracy, 97.0% sensitivity, and 93.3% speci�icity, focusing on subtlechanges in the cell nucleus morphology. Integrating such AI models intocurrent CASA setups could notably diminish reliance on sperm staining,particularly for necrozoospermic samples, surgically retrieved orcryopreserved sperm of uncertain viability.Furthermore, AI has contributed to sperm viability assessment byleveraging deep learning techniques to predict viability frommorphological features. The non-invasive model developed by Jiang etal. [44] proved to be capable of accurately predicting sperm viabilityusing a single bright-�ield image [44] by detecting subtle morphologicalchanges indicative of viability. This approach offers a convenient andef�icient alternative to conventional viability assays, often requiringsample processing and staining. Additionally, the real-time



classi�ication capability of AI facilitates rapid decision-making inselecting viable sperm for fertilization procedures.Overall, using AI algorithms in sperm assessment represents asigni�icant advancement in reproductive medicine. By providing moreaccurate and detailed evaluations of motility, morphology,concentration, and viability, AI enhances our understanding of maleinfertility and improves the success rates of assisted reproductivetechnologies. However, further research and validation are needed tooptimize AI algorithms and integrate them into clinical practiceseamlessly, a process that involves developing and comparing methods,necessitating external validation and improvement in accuracy [15, 33].An increasing number of accessible open datasets can be used todevelop, test, and benchmark the different AI models against oneanother [33]. Furthermore, simulation-based approaches haveprovided a powerful tool for developing and evaluating CASA systems,offering an alternative to manual semen collection and assessment. Arecent article by Chio et al. in 2022 presented a simulation-basedapproach for developing and enhancing such systems. The authorsprovided models for the image of a sperm cell and four differentswimming modes of sperm cells. These models were used to generatesimulated semen images that could be used to assess and validate CASAalgorithms. The simulation models were also used to study algorithmsfor segmenting, localization, and tracking sperm cells. The performanceof different algorithms is evaluated using metrics such as precision,recall, and the optimal sub-pattern assignment (OSPA) metric [7].In summary, AI has been instrumental in andrology, extending fromsemen analysis to image diagnostics [45]. Further integration of AI inCASA software could allow and reveal the correlation of kinetic motilitypatterns with other crucial factors such as sperm morphology,likelihood of fertilization, or blastocyst formation to aid in the selectionof sperm for intracytoplasmic sperm injection (ICSI) in real time [40,46].



AI-Driven	Algorithms	to	Analyze	Semen	Samples	and
Medical	Records	to	Identify	Patterns	and	Predict	Male
Infertility	More	AccuratelyThe use of AI-driven algorithms in analyzing semen samples along withmedical records to identify patterns and predict male infertility moreaccurately has gained signi�icant attention in recent research [48]. AItools such as support vector machines, adaptive boosting, conventionalextreme gradient boost, random forest, and extra tree algorithms havebeen successfully deployed to predict male fertility using explainable AImodels [49]. These models offer a deeper understanding of theprediction process, enabling more informed decisions based on abalanced and imbalanced dataset. The examination and selection ofsperm by andrologists and embryologists have greatly bene�ited fromAI algorithms, paving the way for more accurate and objective selectionprocesses [20]. As larger and more reliable datasets become availablefor training, these algorithms are expected to improvecontinuously over time, enhancing their predictive capabilities inidentifying male infertility factors more effectively [20].Furthermore, a multi-center analysis demonstrated the utility of AI-based machine learning models in predicting sperm parameterupgrading post-varicocele repair, marking an innovative approach toassessing male fertility [22]. This study highlighted the signi�icance ofhormonal data in predicting clinically meaningful upgrading andunderlined the potential of machine learning models in enhancingpredictive outcomes for men with varicocele [22].The advanced predictive capabilities of AI models hold promise forimproving diagnostic and treatment strategies, contributing to moreeffective interventions in cases of male infertility.AI-driven algorithms have also been employed to analyze semensamples and medical data, aiming to identify patterns that can predictmale infertility more accurately. GhoshRoy et al. [49] introduced anexplainable AI model utilizing the Extreme Gradient BoostingAlgorithm to predict male fertility, highlighting the potential of AI toolsin this �ield [49]. Furthermore, a study by Yuan et al. [50] emphasized



the importance of using innovative biomarkers such as sperm telomerelength to diagnose male infertility and predict embryonic developmentoutcomes [50]. Another study demonstrated a signi�icantly increasedrisk of infertility associated with human papillomavirus (HPV) infectionin semen, shedding light on the multifactorial nature of male infertility[51]. Omolaoye et al. [52] discussed the application of omics data toidentify biomarkers for male infertility diagnosis, underlining thepotential of leveraging comprehensive datasets for personalizedtreatment strategies [52]. Recently, the utilization of AI and machinelearning in semen analysis was explored by Selvam et al. [20],suggesting that these algorithms could enhance sperm selectionprocesses in clinical settings [52].The integration of electronic medical records (EMRs) has alsoplayed a crucial role in understanding male infertility etiology.Woldemariam et al. [53] leveraged EMRs to reveal comorbiditiessigni�icantly associated with male infertility, emphasizing theimportance of comprehensive data analysis in this �ield [53].In conclusion, the integration of AI-driven algorithms in semenanalysis and medical records has revolutionized the �ield of maleinfertility prediction, offering more accurate and reliable diagnosis,prediction, and treatment of male infertility, paving the way for morepersonalized and effective interventions.
Three-Dimensional	Sperm	Surface	ReconstructionAssessing sperm morphology is a crucial aspect of understandingreproductive health. Traditional approaches often involve two-dimensional assessments, but recent technological advancements havepaved the way for more sophisticated techniques. One such innovationis the three-dimensional sperm surface reconstruction, which offers anovel approach to evaluating sperm morphology [54]. This proof-of-principle study maintained spermatozoa in a �luid environment,allowing for the creation of automated reconstructions with minimalcomputing power [54]. A review paper by De Angelis [55] proposed apromising optical approach based on the combination of digital



holography and Raman spectroscopy technologies, which would allowfor the retrieval of 3D quantitative imaging of the sample with a single-shot acquisition directly in its native environment, providing detailedinformation about the morphology and physiology of the sperm cells[55].Another cutting-edge technology in the �ield is Digital holographicmicroscopy (DHM), enabling the morphological assessment of liveintact spermatozoa [56] by expanding the number of morphologicalparameters and incorporating simultaneous assessment of spermmotility. The integration of three-dimensional sperm surfacereconstruction and DHM represents a substantial leap forward insperm morphology assessment. In the future, these innovativeapproaches could provide researchers and clinicians with powerfultools to gain deeper insights into sperm structure and function,ultimately contributing to advancements in reproductive healthresearch.
Three	Dimensional	(3D)	Analyzes	of	Sperm	Motility	Tracks
(in	X,	Y,	and	Z	Axes)The intricate chiral memory within sperm �lagella has been suggestedas a crucial property for understanding spermatozoa motility patterns.Muschol et al. [57] proposed a chiral memory in sperm �lagella thatstores torque for subsequent rolls, shedding light on the dynamicnature of sperm movement [57]. Another study by Powar et al. [58]focused on the kinematics of sperm motion by reconstructing �lagellarwave motion in 3D, revealing the rolling beating behavior of mousesperm in three dimensions [58]. This work highlighted the complexityof sperm motion and the signi�icance of analyzing their movement in athree-dimensional space. Hernández et al. [59] introduced a 3D + tfeature-based descriptor for the unsupervised classi�ication of humansperm �lagellar motion, offering a promising tool for determiningsperm viability for fertilization [59]. Additionally, Soler et al. [60]explored the effect of counting chamber depth on the accuracy oflensless microscopy for evaluating boar sperm, highlighting the



importance of analyzing the natural three-dimensional pattern ofsperm movement for predicting male fertility motility [60]. In anotherstudy, Hernández-Herrera et al. [61] developed an algorithm for tracingsperm �lagellum center lines in �luorescence 3D + t stacks with lowsignal-to-noise ratios, surpassing existing methods and achieving highprecision and recall rates [61]. This advancement provides essentialinsights into the 3D motility analysis of sperm cells. In conclusion, theliterature re�lects a growing interest in leveraging three-dimensionalanalyses to unravel the complexities of sperm motility, offering valuableinsights into the dynamic behavior of sperm cells.
Home	Testing	KitsHome testing kits for sperm/semen quality assessment have recentlygained popularity due to their convenience and potential cost-effectiveness, and a solution for patients who are too embarrassed toejaculate in the clinics or where clinics do not have a dedicated semencollection room [62].These kits offer a simple way for men to assess their fertility statusin the comfort of their homes, thereby eliminating the need forrepeated visits to a clinic for semen analysis [63]. One such at-homesperm testing device, the Trak System, has been evaluated for its utilityin population-based epidemiological fertility studies [63]. Anobservational study on the variability in semen parameters, asmeasured from at-home semen collection kit samples, showed thatsemen quality can vary signi�icantly among users of at-home spermtesting kits, emphasizing the need for multiple samples to provide arobust evaluation of male fertility [64]. Semen collection at home hasbeen found to positively affect sperm quality compared to the collectionat a clinic, with superior sample volume, sperm concentration, and totalsperm count observed [65]. This �inding underscores the potentialbene�its of at-home sample collection for fertility assessment [65].Overall, the use of home testing kits for sperm/semen qualityassessment presents a promising approach to fertility evaluation,



offering convenience and potential bene�its for population-basedstudies and individual fertility assessments. However, the variability inuser semen parameters underscores the importance of thorough andaccurate assessment methods to ensure reliable results and informeddecision-making regarding male fertility [64, 65]. Home semen analysiscan be instrumental in making semen analysis well known, screeningmen, and helping society in identifying and accepting male infertility asa signi�icant cause of couple infertility [66] Further research andstandardization in at-home sperm testing are necessary to enhance theeffectiveness and reliability of these kits for fertility assessment [65].
Smartphone	Apps	for	Screening	of	Male	Infertility	(Sperm
Quality)With the advancement of cell phone technology and the generalavailability of smartphones, numerous applications and features havebeen developed to facilitate health monitoring and management.Smartphone technology is already utilized to increase productivity,patient empowerment, and satisfaction in several medical specialties,including ophthalmology, hematology, pediatrics, and obstetrics [67].Recently, apps that leverage smartphones’ portability and high-qualitycameras have been developed to offer cost-effective and convenientsolutions for analyzing semen samples [68]. The smartphone-basedCASA system has been validated for clinical semen diagnosis, possiblymotivating infertile males to seek early medical intervention [69]. Inlow-resource settings, the Foldscope microscope has been proposed asa preliminary screening tool for male infertility, providing a quick andeconomical referral option for men with reproductive issues [70].Additionally, smartphone-based home screening tests offer a nichesolution for men without access to traditional andrology lab testing orthose who prefer testing at home [71].Another study evaluating the usefulness of the smartphone-basedsperm quality test in 200 men showed signi�icant correlations betweensperm count and motility when measured by OVIEW-M tests (r = 0.893,



p < 0.01) and standard microscope examination (r = 0.883, p < 0.01),suggesting it as a useful tool for sperm testing [72].While existing smartphone tools and applications are promising andmay potentially revolutionize the screening of male infertility byoffering accessible, user-friendly, and cost-effective solutions, theauthors do not recommend this course of examination as a replacementfor visiting a specialist since the results are subjective and may not beaccurate. Further research and development in this area are crucial toenhance the diagnostic capabilities of this method and its applicationsand validate the adoption of smartphone-based sperm qualityassessment in clinical and home settings.
Molecular	Methods	in	Semen	Microbiological	Testing,
qPCR,	and	NGSReal-time polymerase chain reaction (qPCR) has become a prominenttechnique due to its rapidity and increased accuracy in identifying traceamounts of pathogens [73]. In a retrospective study examining NorthAfrican men, the investigation of bacterial semen infections highlightedthe stable annual variation rate from 2013 to 2022, shedding light onthe prevalence of different types of bacteria analyzed [74], whichdemonstrated the importance of comprehensive testing over anextended period.Additionally, a study on cryptozoospermia associated with arecessive mutation emphasized the signi�icance of genetic factors inmale infertility, indicating the complexity of reproductive issues [75].Understanding genetic mutations like the TEX15 nonsense mutationcan provide valuable insights into the underlying causes of certainconditions.Furthermore, the detection of speci�ic microRNAs like miRNA-181aand miRNA-429 in non-obstructive azoospermia (NOA) patientssuggests the potential of using these miRNAs as non-invasivebiomarkers for diagnosing NOA, showcasing the potential for molecularbiomarkers in male infertility diagnostics [76]. Moreover, investigationsinto the impact of bacterial colonization in asymptomatic infertile men



elucidated the effects on semen quality, highlighting the importance ofconsidering asymptomatic infections as contributing factors to maleinfertility [77]. Such studies underscore the need for comprehensivescreening methods beyond traditional assessments. Lastly, the use ofmultiplex PCR assays for detecting genital mycoplasmas andureaplasmas in infertile males demonstrated the ef�iciency of thismolecular technique in diagnosing these pathogens, re�lecting theincreasing preference for molecular-based testing for microbial agentsin semen samples [78].In conclusion, integrating qPCR and other molecular techniques inandrology research presents a promising pathway for identifyingmicroorganisms and genetic factors contributing to male infertility,ultimately improving diagnostic precision and potentially guidingpersonalized treatment strategies.
Sperm	Functional	Tests
DNA	Fragmentation
AI	in	the	Evaluation	of	Sperm	DNA	Integrity	or	DamageWhile conventional semen analysis provides valuable information, itoften falls short in evaluating speci�ic aspects of sperm function that arecrucial for successful fertilization. Recent advancements in malefertility research have led to the development of new tests that gobeyond traditional semen analysis, aiming to evaluate sperm functionmore comprehensively. These novel tests assess various aspects ofsperm function, including nuclear DNA fragmentation, mitochondrialfunction, capacitation, acrosome reaction, oocyte receptor binding andpenetration, oxidative stress (OS), sperm oxidation-reduction potential(SORP), and the effects of reductive stress.Previous studies have emphasized the signi�icance of assessingsperm DNA fragmentation (SDF) as a key indicator of male fertilitypotential [79]. A variety of laboratory tests such as single-cell gelelectrophoresis or Comet assay, terminal deoxynucleotidyl transferasedUTP nick end labeling (TUNEL) assay, sperm chromatin dispersion



(SCD) assay, sperm chromatin structure assay (SCSA), and acridineorange (AO) assay are available to measure the DNA integrity ofspermatozoa [80].Recently, SDF has been increasingly recognized as a critical factor inmale reproductive capability, and emerging evidence suggests a linkbetween SDF and male infertility [81].A large-scale study evaluating sperm DNA fragmentation using twofrequently used assays, the TUNEL assay and the SCSA, across a wideage range demonstrated that SDF is negatively associated with spermsurvival rate, sperm concentration, and percentage of progressivelymotile sperm, while its signi�icance as a predictor of pregnancyoutcomes following assisted reproduction technologies (ART) requiresfurther investigation [82].Table 2.3 summarizes arti�icial intelligence (AI) algorithmsdeveloped to measure or predict sperm DNA integrity or damage.. AI-assisted CASA was used to evaluate the degree of chromatin dispersionin a large number of sperm samples with less inter-observer variability,also showing a substantially stronger association between the manualand AI-assisted results of DNA fragmentation index (DFI) (r = 0.97,
p < 0.001) [83].
Table	2.3 Arti�icial intelligence (AI) algorithms developed to measure or predict sperm DNAintegrity or damage
Algorithm	or
model

Dataset/sample Performance	or	outcomes Refs.

CNN Semen AI algorithm vs. manual scoring (r = 0.97,
p < 0.001) [83]

MobileNet	CNN Semen Prediction accuracy = 90%, sensitivity = 0.93,speci�icity = 0.9 [85]
Deep	CNN Semen Sperm cell image vs. DNA quality (bivariatecorrelation ~0.43) [84]
Logistic
regression

Semen Test accuracy = 82.7% [89]



Adapted from Panner Selbam et al. [20]. (Under a Creative CommonsAttribution 4.0 International License).
CNN Convolutional Neural NetworkDespite the good diagnostic value, the spermatozoa analyzed usingthese advanced techniques cannot be selected or used in ARTprocedures, mainly because of the �ixation and staining processes thatlimit cell viability or the complete lysation of the cells [84]. Hence, it isimportant to construct novel AI-based algorithms to measure or predictDNA fragmentation levels in live spermatozoa without compromisingtheir biological activity in order to increase the success rate of IVF andICSI procedures [85].Despite the available guidelines for SDF testing [86, 87], these testsare still not included in the routine clinical diagnostic work-up mainlydue to the methodological variations that require further optimizationand standardization but are proposed for certain infertility cases [1,88]. Once this standardization has been achieved, machine learning(ML) algorithms integrating morphological, motility, and DNAfragmentation data with fertilization, miscarriage, and live birth ratescould signi�icantly improve single sperm assessment and selection.These ML algorithms could streamline and improve the ART process byreducing subjective and inter-variable outcomes betweenembryologists.While AI models trained on sperm images have shown promise inpredicting DNA integrity [84], technical restrictions, in particular theuse of various staining techniques, microscopes, and DNAfragmentation assays, can make it dif�icult to train an accurate AI modelfor SDF assessment; therefore, further validation is needed [84].
Development	of	Sperm	Function	Tests	Beyond	Traditional
Semen	AnalysisAnother crucial aspect that has gained attention in recent research isthe role of oxidative stress (OS) in sperm function. OS has beenidenti�ied as a signi�icant contributor to male factor infertility [90], and



various studies have studied the impact of OS on sperm function,exploring the effects of in vitro manipulation on sperm functionalability and embryo development [91, 92], as well as the detrimentaleffects of oxidative stress Variably-induced, or through extrinsic orenvironmental/lifestyle factors and mitochondrial dysfunction onsperm quality [93]. Moreover, the �ield has expanded to investigate themechanisms underlying the in�lammatory-associated impairment ofsperm function, spermatogenesis, and steroidogenesis [94].Understanding these intricate pathways is essential for developingtargeted interventions to address male infertility issues associated within�lammation. In parallel, advancements have been made in assessingkey mitochondrial parameters to re�lect sperm quality and exploringtherapeutic strategies, such as mitochondrial-targeted antioxidants, toenhance sperm function in various scenarios, including after spermcryopreservation [95]. Mitochondrial function in sperm is crucial foroxidative homeostasis and overall functionality, underscoring theimportance of evaluating this aspect in male fertility assessments [96].Furthermore, studies focusing on speci�ic sperm functions likecapacitation and acrosome reaction have proposed innovativeapproaches for evaluation, such as utilizing combined Raman andpolarization-sensitive holographic imaging for a multimodal, label-freeassessment of human sperm function [97]. Additionally, dynamicelementomics of single-cell signals has shown promise in revealingionic dysregulation in sperm and can be instrumental in the functionalanalysis of viable sperm during capacitation [98].In conclusion, the contemporary landscape of sperm functionevaluation encompasses many parameters beyond conventional semenanalysis, emphasizing the diagnostic value and impact of OS,mitochondrial function, in�lammation, and speci�ic functional processeslike capacitation and acrosome reaction. Integrating theseadvancements into clinical practice can offer more precise diagnosticsand targeted interventions to address male factor infertility effectively.



Flow	Cytometry	Assessment	for	Sperm	Function	and	DNA
Integrity	AssessmentFlow cytometry methods, such as the SCSA, have been utilized to assesssperm DNA fragmentation in large cohorts, demonstrating itseffectiveness in evaluating age-related changes in sperm quality [82].While �low cytometry offers many advantages in sperm analysis, it isessential to note that certain factors can impact its accuracy. Forinstance, the presence of apoptotic M540 bodies in human semensamples has been shown to interfere with �low cytometry-basedassessments of sperm DNA fragmentation and oxidation [99]. On theother hand, a novel method utilizing quantitative image-based analysisto measure apoptosis has been proposed as a reliable alternative totraditional photometric methods, showcasing the potential of �lowcytometry in assessing sperm apoptosis [99]. In conclusion, while �lowcytometry-based assessments can be used for evaluating spermfunction and DNA integrity, it is essential to consider the potentiallimitations and factors that may affect the accuracy of such tests.
Applications	of	NGS	in	Male	InfertilityThe current state of the art in genomic and epigenomic analysis in maleinfertility has shown promising �indings and has the potential torevolutionize our understanding of the underlying causes of infertilityin men. Several studies have utilized next-generation sequencing (NGS)technologies to identify genetic variants associated with male infertility.For example, a study by Patel et al. [100] used comprehensive genetictesting with NGS to identify novel genetic variants in both male andfemale infertility, revealing that NGS can provide valuable insights intothe genetic causes of infertility and help guide personalized treatmentoptions [100]. In addition to NGS, other genomic approaches have beenemployed to study male infertility. Copy number variants (CNVs) havebeen identi�ied in patients with severe oligozoospermia and Sertoli-cell-only (SCO) syndrome [101]. These CNVs may play a role inspermatogenic failure and provide important diagnostic informationfor male infertility.



Furthermore, epigenomic analysis has also been explored in thecontext of male infertility. DNA fragmentation analysis, such as DNAbreakage detection �luorescence in situ hybridization (DBD-FISH) andin situ nick translation (ISNT), has been used to assess sperm DNAintegrity and predict male infertility diagnosis [102]. These techniquescan provide valuable information about the quality of sperm DNA andits impact on fertility.Large-scale sequencing approaches, such as NGS, have allowed foridentifying monogenic forms of male infertility [103]. The Genetics ofMale Infertility Initiative (GEMINI) and the International MaleInfertility Genomics Consortium (IMIGC) have made signi�icantprogress in identifying genetic variants associated with maleinfertility [104]. Despite these advancements, there are still many casesof male infertility that lack a speci�ic causal diagnosis. This highlightsthe need for further research and the exploration of additional genomicand epigenomic approaches. For example, whole-exome sequencing hasbeen used to identify potential monogenic or oligogenic mutations inpatients with non-obstructive azoospermia [105]. This approach hasthe potential to uncover novel genetic causes of male infertility.In summary, genomic and epigenomic analysis has providedvaluable insights into the genetic causes of male infertility. NGStechnologies, CNV analysis, and DNA fragmentation analysiscontributed to our understanding of male infertility. However, furtherresearch is needed to fully uncover the genetic and epigenetic factorscontributing to male infertility and to develop personalized treatmentoptions.
Microbiome	Analysis
The	Role	of	the	Microbiome	in	Male	Reproductive	HealthAdvancements in NGS have opened up exciting possibilities forexploring the sperm microbiome in various applications, such asmicrobiome studies and microbiological tests. NGS technology hasenabled researchers to focus on the intricate microbial communities in



sperm samples, providing valuable insights into male reproductivehealth and fertility potential. Corral-Vazquez et al. conducted apioneering study [106] on the human sperm microbiome usingtranscriptomic analysis through NGS. The research identi�ied distinctviruses and bacteria present in the sperm microbiome, shedding lighton the diversity and commonalities among individuals. Similarly, Davieset al. [107] explored the semen microbiome in male reproductivedisorders utilizing NGS, emphasizing the need for larger studies toinform clinical practices. Furthermore, Farahani et al. [108]investigated the seminal microbiome in male partners of women withrecurrent pregnancy loss, elucidating the impact of microbiota onsperm DNA damage and fertility outcomes. In a study by Vajpeyee et al.[109], the characterization of the seminal microbiota in patients withdifferent sperm conditions demonstrated the potential of NGS toenhance assisted reproductive technologies. Additionally, Yatsentyuk[110] delved into the sperm microbiome of bulls using metagenomicanalysis, highlighting the associations between speci�ic bacterial taxaand sperm quality indicators. Overall, these studies underscore thesigni�icant role of NGS in unraveling the complexities of the spermmicrobiome and its implications for male reproductive health. Byharnessing the power of NGS technology, researchers are poised tounlock new frontiers in understanding the impact of microbialcommunities on sperm quality and fertility outcomes.Recent studies have shed light on the crucial role of the microbiomein male reproductive health, particularly in cases of infertility [111].The interplay between microbial dysbiosis and male infertility has beenexplored, emphasizing the potential of precision medicine andpersonalized treatment strategies in addressing infertility linked tomicrobial factors [112]. Furthermore, investigations into the semenmicrobiome have revealed common bacterial clusters, indicating theneed for larger studies to inform clinical practice [107]. Probiotics haveemerged as a promising approach to potentially improve maleinfertility by enhancing sperm quality and addressing microbial factors[113]. The potential bene�its of probiotics for male infertility have been



highlighted, emphasizing the need for more extensive research in thisarea [114]. These studies emphasize the intricate relationship betweenthe microbiome and male reproductive health, offering valuableinsights for future research directions.
Genomic	and	Epigenomic	AnalysisRecent research has emphasized the signi�icance of genomic andepigenomic analyses in developing diagnostic tests for male infertility[115]. A comprehensive review by Wagner et al. [115] highlighted theimportance of integrating multiple omics levels, including genomicsand epigenomics, in understanding the factors associated with maleinfertility [115]. Furthermore, the study by Govindkumar et al. [116]focused on exploring the molecular basis of human spermatogenesisand non-obstructive azoospermia (NOA) through transcriptomics usingnext-generation sequencing methods [116]. This research identi�ied astrong association of genes with human spermatogenesis and NOA,providing insights into potential diagnostic markers for male infertility[116]. In addition, Rajiwate [117] investigated the determination ofdiagnostic molecular markers in NOA through next-generationsequencing methods, emphasizing the differences in gene expressionpro�iles between NOA patients and those with normal spermatogenesis[117]. This approach contributes to developing more targeted andeffective diagnostic tests for male infertility. Overall, these studiesunderscore the importance of genomic and epigenomic analyses inunraveling the complexities of male infertility and paving the way foradvancing diagnostic tools in this �ield. By integrating multi-omicsapproaches and exploring candidate diagnostic markers, researchersare moving closer to improving the understanding and diagnosis ofmale infertility.The exploration of genetic mutations, chromosomal abnormalities,and epigenetic modi�ications in male infertility has also opened up newavenues for personalized treatment strategies. Rotondo et al. [118]reported that epigenetic modi�ications associated with male infertility,



particularly DNA methylation, can be in�luenced by microbial dysbiosis,and sperm DNA epigenetic biomarkers can be measured to evaluatechanges associated with dysbiosis [118]. This underlines theimportance of tailored approaches for treatment based on individualcharacteristics and etiology. Epigenetic alterations have been identi�iedas crucial factors in male infertility etiology, especially in couplesrequiring ART [119]. Marzouni et al. [119] noted the need for furtherresearch to understand abnormal epigenetic patterns and theirtransmission risks [119]. This sheds light on the necessity ofpersonalized treatment strategies that consider the epigenetic pro�ilesof infertile couples undergoing ART procedures.Furthermore, genetic causes of male infertility, particularly in theMiddle East and North Africa regions, have been extensively studied[120]. Duvuru et al. [120] identi�ied common genetic aberrationsleading to male infertility in these populations, emphasizing theimportance of genetic testing in evaluating male infertility [120]. Thisemphasizes the relevance of genomic pro�iling in identifying geneticmutations associated with male infertility, paving the way forpersonalized treatment approaches.A recent �ield of interest in male infertility research is single-cellanalysis. This approach has provided crucial insights into factorsaffecting male fertility and opened up new insights for the developmentof future diagnostic tools and tests for male infertility. In particular, astudy by Luo et al. [121] focused on the essential roles of CATSPER inmediating progesterone response and its association with idiopathicmale infertility [121], highlighting the importance of understanding thegenetic variations contributing to male infertility, with particularemphasis on the signi�icance of single-cell sequencing techniques inuncovering subtle issues that traditional methods may overlook [121].Combining genetic insights from studies like those by Luo et al. [121]with established genetic testing methods advocated by Hotaling andCarrell [122], researchers can pave the way for more precise diagnostictools tailored to individual variability in male infertility [121, 122].



In conclusion, utilizing genomic and epigenomic pro�iling isinstrumental in identifying underlying factors contributing to maleinfertility. By understanding genetic mutations, chromosomalabnormalities, and epigenetic modi�ications, personalized treatmentstrategies can be tailored to address the speci�ic needs of individualsstruggling with infertility. This holistic approach, considering bothgenetic and epigenetic factors, opens up possibilities for more effectiveinterventions and improved outcomes for male infertility.
Non-invasive	Biomarker	TestingAnother promising intervention for diagnostic testing in male infertilityis the identi�ication of non-invasive biomarkers that can assess malereproductive health and predict fertility potential. Recent studies haveexplored different biomarkers and techniques to understand maleinfertility better. Gvozdjáková et al. [123] investigated the potential ofCoenzyme Q10, α-Tocopherol, and oxidative stress as metabolicbiomarkers for male infertility [123]. Chen et al. [124] delved into usinghuman sperm tsRNA as a potential clinical target for male infertility,highlighting the importance of molecular markers [124].Furthermore, Pandruvada et al. [125] emphasized the need forreliable diagnostic tools for male infertility, addressing the lack ofstandardized testing beyond conventional semen analysis [125].Additionally, ongoing research focuses on seminal plasma metabolomicanalysis to unearth emerging markers associated with malereproductive disorders [126]. Vashisht and Gahlay [127] provided acomprehensive overview of seminal plasma’s diagnostic potential andhighlighted the role of DNA Methylation of some imprinted non-imprinted genes in male infertility diagnosis [127]. Hao et al. [128]conducted a systematic review of microRNAs’ roles in different types ofmale infertility, suggesting their potential as new biomarkers forenhanced diagnostic accuracy [128]. By exploring these biomarkersand methodologies across different bodily �luids and tissues,



researchers are paving the way for future diagnostic tools that canrevolutionize the �ield of male infertility assessment.
Multi-omics	ApproachesThe investigation of male infertility has seen signi�icant progressthrough multi-omics approaches, encompassing genomics, proteomics,metabolomics, and epigenomics data. These integrated omics analysesprovide a comprehensive understanding of the underlying factorscontributing to male infertility [126], with some moving towardpersonalized treatment strategies [52]. By incorporatingtranscriptomic data, it becomes feasible to pinpoint biomarkers crucialfor diagnosing male infertility and potentially shedding light onpreviously unexplained cases [52]. Furthermore, the role of arti�icialintelligence (AI) algorithms in processing vast amounts of data fromdiagnostic tests such as semen analysis, genetic data, hormonal pro�iles,and multi-omics approaches is crucial for detecting patterns andcorrelations that aid in diagnosing male infertility, as well as predictingtreatment outcomes [20]. In line with these advancements, a studyemphasizes the importance of the clinician’s role in the multi-omics era,acting as a vital link between physicians, laboratory experts, andresearchers to validate omics discoveries and improve clinicaloutcomes [20]. Moreover, exploring patient-speci�ic multi-omicsmodels and their application in personalized therapy highlights thepotential of integrating different omics platforms and data integrationtechniques for tailored treatment regimens [129]. The continuousadvancements in the �ield of male infertility research underscore thesigni�icance of embracing a multi-omics approach to unravel thecomplexity of the condition and improve patient outcomes. By mergingvarious omics levels and harnessing the power of AI algorithms,researchers and clinicians are moving closer to personalized and moreeffective strategies in addressing male infertility.



ImagingNon-invasive imaging techniques, such as multiphoton microscopy andmagnetic resonance imaging (MRI) enable a detailed assessment oftesticular function and structure and the identi�ication of structuralabnormalities or blockages within the male reproductive tract [130].One study by Zupin et al. in 2020 [131] utilized synchrotron radiationsoft X-ray microscopy and low-energy X-ray �luorescence to investigateelemental changes in spermatozoa following photobiomodulationtherapy. This research sheds light on the potential of advanced imagingmodalities to assess and track alterations in sperm characteristics,which could be invaluable for diagnosing male infertility. In a similarattempt, Gordon et al. [132] demonstrated the application of four-dimensional �low magnetic resonance imaging for quantifying blood�low in the thoracic aorta, showcasing the capability of MRI in assessingvascular health. This study highlights the utility of MRI beyondtraditional structural imaging, opening new avenues for evaluatingreproductive system functionality in male infertility.Furthermore, the work by Pownder et al. in 2020 [133] presentedthe use of magnetic resonance imaging to monitor the healing processof canine patellar tendons, indicating the potential of MRI in trackingtissue recovery and health. This approach could be adapted forstudying the structural integrity of male reproductive organs and theirrole in infertility. In conclusion, integrating cutting-edge imagingtechnologies such as multiphoton microscopy and MRI into the �ield ofmale infertility diagnostics holds great promise for enhancing ourunderstanding of the condition and improving clinical outcomes. Byharnessing the power of advanced imaging modalities, researchers arepaving the way for more effective and tailored diagnostic approaches inaddressing male infertility concerns.
Sperm	Sorting	Techniques



An area of signi�icant advancement is sperm sorting techniques, whereinnovative methods such as micro�luidics and magnetic-activated cellsorting (MACS) are promising. Mantravadi et al. [134] conducted arandomized control trial that demonstrated that micro�luidicssigni�icantly reduced the DNA fragmentation index (DFI) and led toimproved reproductive outcomes [134]. Similarly, novel sperm sortingtechniques such as MACS have shown promise in improving spermretrieval rates after microdissection TESE [135]. MACS has effectivelyreduced DNA fragmentation in infertile varicocele patients, making it avaluable method prior to ART procedures [135]. In the realm of ART,micro�luidics has opened up new possibilities. Kashaninejad et al. [136]categorized various ART methods based on micro�luidic technologiesand highlighted their potential in infertility diagnosis, sperm selection,oocyte selection, and embryo culture, among other applications [137].Similarly, Faraghat et al. [138] introduced a high-throughput cellseparation method based on electrophysiology that signi�icantlyimproved the ef�iciency and cost-effectiveness of cell separation [138].Furthermore, a study by Berteli et al. [139] explored the combined useof MACS and density gradient centrifugation (DGC) to enhance therecovery of high-quality spermatozoa, indicating the clinical value ofsuch combined protocols in ART settings [139]. Additionally, Ahmadi etal. [140] conducted a comparison between MACS and physiologicalintracytoplasmic sperm injection (PICSI) for sperm selection in cases ofunexplained infertility, highlighting the ef�iciency of MACS in reducingsperm DNA fragmentation rates [140]. Overall, integrating advancedsperm sorting techniques such as micro�luidics and MACS holds greatpromise for improving ART outcomes. These techniques offer moreprecise and effective methods for sperm selection, ultimatelycontributing to enhanced reproductive success in ART procedures.
Personalized	MedicinePersonalized medicine in male infertility involves the integration ofgenetic and biomarker data, coupled with AI-driven analysis, to pave



the way for tailored treatment plans addressing the speci�ic underlyingcauses in each case. Kaltsas et al. [112] focused on microbial dysbiosisand male infertility, advocating for personalized treatment strategiesrooted in precision medicine principles to address infertility related tomicrobial factors [112]. Omolaoye et al. [52] shed light on theapplication of omics in male fertility, suggesting that available data inthis domain can aid in identifying biomarkers for diagnosing maleinfertility and potentially unraveling idiopathic cases [52]. Additionally,Xi et al. [141] provided evidence of a causal relationship between gutmicrobiota and male infertility, advocating[141] for preventive andpersonalized strategies based on microbiota abundance in feces tobene�it infertility patients . Furthermore, the study by Bruno et al. [142]underscores the importance of in�lammation and oxidative stressbiomarkers in seminal plasma as potential clinical markers for maleinfertility, emphasizing their application in personalized medicine[142]. Santacroce et al. [143] discuss testicular immunity and itsconnection with the microbiota, highlighting the physiological andclinical implications for male infertility within personalized medicine[143]. In the context of genetic factors, Zamani-Badi et al. [144] suggestthat the C3953T polymorphism in the interleukin 1β gene could serveas a potential biomarker for a genetic diagnosis of male infertility [144].Aras-Tosun [145] also explored genetic alterations in azoospermiapatients to unveil potential biomarkers for male infertility, pointing outthe need to further validate the data presented [145]. Overall,personalized medicine in male infertility is a burgeoning �ield thatholds promise for tailoring treatment approaches to the speci�ic geneticand biomarker pro�iles of individuals, thereby revolutionizing themanagement of male infertility.
SWOT	AnalysisFigure 2.1 illustrates the strengths, weaknesses, opportunities, andthreats (SWOT) analysis for the use of AI and ML in andrology [20].



Fig.	2.1 Strengths, weaknesses, opportunities, and threats (SWOT) analysis of arti�icialintelligence (AI) and machine learning (ML) in andrology. (Figure reproduced from Panner Selbamet al. [20]. CC BY 4.0 DEED)
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IntroductionInfertility refers to the inability to achieve pregnancy after engaging inregular intercourse without contraception for at least 1 year.Approximately 8–12% of couples of reproductive age face infertilityissues, with male factors contributing to about 50% of these cases [1].Azoospermia, a condition characterized by the absence of sperm in theejaculate, affects roughly 1% of all men and is prevalent in 10–15% of
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infertile men [2]. Given these prevalence rates, male infertility andazoospermia can be considered relatively common conditions.However, a signi�icant portion of male infertility cases, around 50%, areclassi�ied as idiopathic, meaning their causes remain unknown [3]. Ininstances of nonobstructive azoospermia (NOA) and severe oligo-astheno-teratozoospermia, chromosomal or genetic abnormalities areidenti�ied in 15–20% of patients [4].Spermatogenesis is an intricate process involving successivemitotic, meiotic, and postmeiotic phases, governed by numerousmolecular pathways. In humans, it necessitates the orchestratedexpression of over 4000 genes across various germ cell subtypes [5].Given this complexity, male infertility exhibits highly heterogeneousphenotype presentations among affected individuals. Current estimatesattribute known genetic factors such as chromosomal abnormalities,aneuploidies, Y chromosome microdeletions, and single-gene defects toapproximately 15–30% of male infertility cases [3, 5]. Over the past twodecades, several studies have identi�ied additional genetic factors, bothsingle-gene and multiple-gene defects, associated with male infertility.Nevertheless, the etiology remains obscure in a signi�icant proportionof infertile men (40%), highlighting the critical need to uncover novelgenetic factors linked with idiopathic male infertility [3].Hence, it is imperative for physicians and researchers inreproductive medicine to categorize idiopathic male infertilityaccording to its underlying causes and elucidate the pathogenicmechanisms involved.
Genetic	Testing	in	NOAGenetic testing is indicated in some of the subpopulation of infertilemen in the workup of male infertility. Nonobstructive azoospermic andsevere oligozoospermic men are involved in them. Currently,karyotyping and Y chromosome microdeletion testing arerecommended in the clinical practice for the diagnosis and prognosis ofthese men [6–8].



Karyotype	AnalysisKaryotype analysis is a cytogenetic method enabling the determinationof numerical and structural anomalies of human chromosomes. Variouschromosome banding techniques including giemsa-, quinacrine-, andreverse-banding are used for the evaluation of individual chromosomesand the identi�ication of the particular segments of them according tothe cytogenetic nomenclature—The International System for HumanCytogenomic Nomenclature (ISCN)—in karyotyping [9–11].Chromosomes can be extracted from various cell types and tissuesincluding amniocytes, blood lymphocytes and tumor tissues [12]. Themost commonly used cell types and banding techniques for karyotypeanalysis in infertile men with NOA and severe oligozoospermia areperipheral blood lymphocytes and giemsa (G)-banding, respectively[13, 14]. Chromosomes are examined at one of the stages of mitosis,metaphase, in which their condensation and visibility are optimum forthe analysis. To arrest the chromosomes at metaphase stage is providedvia deterioration of spindle �ibers by treating with colcemid. During theG-banding process (also known as GTG banding), giemsa stain andtrypsin are implemented to these cells, resulting in unique light anddark bands on individual chromosomes [12]. Besides G-banding, otherbanding techniques such as centromere (C-banding) and telomerebanding (T-banding) are also utilized in the karyotype analysis ofinfertile men but in a relatively less manner [7]. The C-banding ispreferred to identify chromosomes with heterochromatin such as Ychromosome which has a heterochromatin structure on the long arm[10]. A pericentric inversion between the centromere andheterochromatin region of the Y chromosome has been revealed in aman without fertility problem by the C-banding, which is caused adicentric Y, and the abnormality transmitted to his son [15]. Karyotypeanalysis can detect large structural abnormalities includingRobertsonian and reciprocal translocations as well as inversions, eventhough it has limited resolution only 5–10 Mb. Nevertheless, nucleotidevariants, mosaicism with less than 10% and uniparental disomy cannotbe detected by karyotyping [16].



Infertile males represent by high incidence of chromosomalabnormalities which is adversely linked with the severity ofspermatogenic failure. The frequency of cytogenic abnormalities inalmost 9800 oligozoospermic and azoospermic men is 5.8%.Azoospermic males demonstrate a predominance in sex chromosomalaneuploidy risk (4.2%), while autosomal chromosome abnormalitiesare more common in oligozoospermic cases (1.5%). These incidencesare also higher than those of newborn males with normal phenotype, inwhom sex and autosomal chromosome anomalies are 0.14% and0.25%, respectively [17]. Similarly, a study evaluating the cytogeneticdata from �ive studies of oligozoospermia cases with <20 millionspermatozoa/mL and six studies of azoospermic ones has indicatedthat the sex chromosome abnormalities is more common thanautosomal abnormalities in azoospermic infertile men (12.6% vs.1.1%), whereas oligozoospermic individuals are commonlyrepresented by autosomal chromosome abnormalities rather than sexchromosome ones (3% vs. 1.6%). Klinefelter syndrome (47,XXY) and itsmosaic form (47,XXY/46,XY) are the predominant cause ofazoospermia with an incidence of 10.8% [14]. Structural chromosomalabnormalities including Robertsonian and reciprocal translocations,and inversions have been also detected by karyotyping in infertile menespecially with oligozoospermia [3]. Despite the rareness, 46,XXtesticular disorder may involve in the pathogenesis of NOA, caused by atranslocation of the chromosome part containing sex determiningregion of Y (SRY) gene from Y to X chromosome during paternal meiosis[18–20]. Therefore, karyotyping is recommended by several association—The American Society for Reproductive Medicine (ASRM), TheAmerican Urological Association (AUA), and The European Associationof Urology (EUA)—for nonobstructive azoospermia cases andoligozoospermic men with 5 or ten million sperm per milliliter (mL).The ASRM/AUA guideline advocates the karyotype analysis fornonobstructive azoospermic men and severe oligozoospermicindividuals with �ive million sperm/mL and high level of folliclestimulating hormone (FSH) or testicular atrophy, whereas the EAU



guideline proposes a karyotype analysis for oligozoospermic cases withten million spermatozoa/mL as well as azoospermic ones. The EAU andASRM/AUA guidelines also suggest a karyotype analysis for coupleswith recurrent pregnancy loss (RPL) regardless of spermatogenicfailure. Besides RPL, in the presence of malformations and mentalretardation, a karyotype testing is moderately recommended by theEAU guideline [6, 8, 21]. Sperm concentration threshold seems anindicator for karyotype testing in men with fertility problems in thecurrent guidelines, a validation study by Ventimiglia and colleagues hasrevealed that the sensitivity, speci�icity and discrimination of the EAUguideline are only 80%, 37%, and 59%, respectively. They havedeveloped a nomogram depended upon not only sperm concentrationbut also the level of luteinizing hormone and mean testis volume,resulting in more sensitivity (94%) than the EAU criteria for karyotypeanalysis [22]. In conclusion, current guidelines may be improved andupdated according to the related articles and validation studies.Fluorescence in situ hybridization (FISH) is another techniqueutilized in karyotype analysis, which is based on the hybridizationbetween the speci�ic DNA sequences labeled with a hapten or a�luorochrome (DNA probe) and the genomic regions of the target DNA.In this technique, visualization is performed by �luorescencemicroscopy [23]. However, FISH technique is not usually preferred forroutine karyotype analysis of infertile male patients, which is generallyutilized as a supplement for the characterization of particularcytogenetic anomalies. Evaluation of the sperm chromosomalaneuploidy and the determination of the presence or absence of the SRYgene in cases with 46,XX testicular disorder are involved in the usage�ields of FISH [24, 25]. Multicolor FISH analysis has shown that NOAcases have an increased risk of YY disomy—presence of an extra Ychromosome in a haploid state—in their testicular spermatozoa [26].Sperm chromosomal abnormalities may cause a risk of recurrentabortion due to trisomy, monosomy or triploidy [27]. Therefore, spermFISH has been commonly suggested as a screening tool for the couples



with repeated assisted reproduction techniques (ART) failure or RPL[28].
Y	Chromosome	Microdeletion	Testing
Structure	of	the	Male-Speci�ic	Region	of	the	Y	ChromosomeThe human Y chromosome with ~62.5 Mb length is one of the smallestchromosomes, and hosts 147 protein-coding genes that are vital for themale sex determination and spermatogenesis [29]. The male-speci�icregion of Y (MSY) encompasses the 95% of the Y chromosome, whichwas revealed by using 220 bacterial arti�icial chromosome (BAC) clonesin the sequence analysis. Each of the DNA clones included portions ofthe MSY from one man in order to avoid the variation between differentindividuals. The MSY involves three different classes of euchromaticsequences (i) X-transposed classes display relatively high similarity(99%) to the X chromosome, (ii) X-degenerate sequences originatedfrom ancient autosomes during the evolutionary process of sexchromosomes encompasses single-copy genes or pseudogenes, and (iii)ampliconic sequences cover nearly 30% of the euchromatin sequencesin the MSY, and are characterized by large duplicated sequencesorganized into eight palindromes (named as P1-P8) [30]. Theseamliconic/palindromic sequences undergo arm-to-arm geneconversion to maintain their sequence integrity as well as non-allelichomologous recombination (NAHR) owing to their highly repetitivecontent [31, 32]. Furthermore, this peculiar sequence organization inthe MSY, amplicons/palindromes, has the potential to generate certainstructural chromosomal abnormalities including deletions, duplicationsand inversions [33]. The NAHR, a recombination between non-allelicrepeats, is known to be an actual mechanism taking part in thegeneration of azoospermia factor (AZF) deletions of the Y chromosome[32].
Y	Chromosome	Microdeletion	TypesThe AZF region is located on the long arm of the Y chromosome, andconsists mainly of spermatogenesis-related genes [29]. This unique



region has been mapped to three subregions on the Y chromosome—AZFa, AZFb, and AZFc—followed by the �irst description in 1970’s [34,35]. The AZFb and AZFc subregions are partially overlap [36].Microdeletions in these subregions are characterized by variousspermatogenesis impairments (e.g., Sertoli cell only syndrome andmaturation arrest) [35].The AZFa region is almost 795 kb length and includes single copy ofubiquitin speci�ic peptidase 9 (USP9Y), DEAD-box helicase 3 Y-linked(DDX3Y), and ubiquitous transcribed Y (UTY) genes [37]. The completedeletion of AZFa region has been attributed to the NAHR mechanism[33]. The breakpoints of the AZFa deletion mapped to the Yq11; theproximal breakpoint is located in the human endogenous retrovirus 151 (HERV15yq1), whereas the distal breakpoint is in HERV15yq2sequence. The HERV15yq1 and HERV15yq2 are homologues sequences,and intrachromosomal recombination between these two identicalretroviral sequences has eventuated in complete AZFa deletion viaremoving USP9Y and DDX3Y genes [38]. A deletion of the entire AZFbcauses the removal of 32 genes and transcription units encompassing6.2 Mb length. Nonobstructive azoospermic men have beencharacterized by a deletion between P5 and proximal P1 (P5/proximalP1) in the AZFb region due to NAHR mechanism [39]. The completeAZFb deletion has been associated with maturation arrest [39, 40]. TheAZFc mapped in the region with 3.5 Mb hosting 42 genes andtranscripts. The complete deletion of that, also referred as b2/b4,occurs between breakpoints in P3 and P1, which gives rise to variousphenotypic presentation ranging from oligozoospermia to azoospermia[39, 41]. The complete AZFbc deletion is represented by SCOS and MAdue to the removal of 38 genes and transcripts by NAHR mechanism[33, 39]. Moreover, AZF deletions are related with not only testicularphenotypes but also with the outcome of sperm retrieval techniques.Individuals with complete deletion of AZFa, and AZFb are characterizedby the complete absence of spermatogenesis. As for AZFc carriers, thelikelihood of sperm retrieval is 50–60%. The chance of cases with



partial deletions in AZF regions may vary according to the result ofextension deletion analysis [40].The AZFc microdeletion is the most common Y chromosomemicrodeletion type with nearly 70–80% incidence. That is followed byAZFa (0.5–9%), AZFb (1–7%), and AZFbc (1–20%). The frequency ofthe complete AZF deletions is 1:4000 in the general male population,while it reaches to 5–10% in idiopathic infertile men with NOA [41, 42].In conclusion, complete microdeletion of AZFa, AZFb (P5/proximal P1),AZFc (b2/b4), and AZFbc (P5/distal P1 or P4/distal P1) are clinicallyrelevant as a cause of azoospermia and severe oligozoospermia [33].Moreover, normozoospermic men have never carried AZF deletions,stating a clear association between Y chromosome microdeletions andspermatogenic disturbances [43]. Based on these, current guidelinesfor male infertility advocates the Y chromosome microdeletion testingfor infertile men who have fewer than �ive million spermatozoa in permilliliter of semen [6, 8].
Genetic	Testing	for	Y	Chromosome	MicrodeletionThe ASRM/AUA and the EUA guidelines have recommended the Ychromosome microdeletion (YCMD) testing for severe oligozoospermic(sperm concentration <5 million/mL) and azoospermic cases withelevated FSH or testicular atrophy [6, 8, 21]. However, the exact cut-offvalue for sperm concentration for the indication of YMCD testing ininfertile patients continues to be controversial. A systematic review andmeta-analysis of European and North American studies by Kohn et al.,evaluated the prevalence of YCMD in 10.866 oligozoospermic men.They have stated the highest frequency of YCMD in infertile men with0–1 million spermatozooa/mL, and proposed that YCMD testing shouldbe recommended for infertile men with less than one million/mLsperm concentration rather than �ive million/mL [44]. Furthermore,Johnson et al. have also suggested lowering the cut-off value for spermconcentration to 0.5 million/mL to increase the sensitivity to 100%, asthey did not detect any AZF microdeletion in men with more than0.5 million sperm/mL [17].



The YCMD testing is depended on whether the ampli�ication ofspeci�ic sequence tagged sites (STSs) by polymerase chain reaction(PCR) or not [13]. The STSs are short (200–500 bp) and single-copyDNA sequences that may be easily detected by two primers in the PCRassay [45]. For YCMD testing, STSs are located in and near thespermatogenesis-related genes on the MSY [13]. The EAA/EMQNassociation releases the best practice guidelines for moleculardiagnosis of YCMDs at regular intervals, and the last one has beenpublished recently. This guideline enables the quality of the clinicaldiagnostic assay through offering external quality control trials. sY84and sY86 are recommended primers for AZFa region; while sY127 andsY134 for AZFb, and sY254 and sY255 for AZFc by this association [33].The sY84 and sY86 are identi�ied upstream of the genes in AZFa region,
USP9Y and DBY genes. In case of the AZFa deletion, ampli�ication is notoccurred with these primers in the PCR reaction [46]. It is same forother primers and AZF region deletions. The reverse primer sequenceof sY84 has been updated in the recent guideline. Since a singlenucleotide polymorphism in this reverse primer sequence arecommonly seen in Asian population [33].Two-step multiplex PCR reaction assay is commonly preferred formicrodeletion testing of Y chromosome in the clinical setting, andconducted according to the EAA/EMQN guideline. In this multiplex PCRassay, an internal control is used to eliminate negative result(s) derivedfrom technical problems. An SRY gene marker (sY14) for the SRY geneon Yp, and ZFX/ZFY genes for the determination of male and femaleDNA serve as internal controls involving in the multiplex PCR. Once anydeletion in AZF regions are detected, deletion extension analysis mustbe done by suggested primers. For example: sY105 and sY121/sY1224for proximal breakpoint of AZFb and sY1192 and sY153 for distalbreakpoint of AZFb; and sY160 for AZFc deletion [33]. Theampli�ication of a speci�ic distal STS with sY1192 primers in cases ofAZFb deletion may indicate a sperm retrieval chance in TESE [40].Besides multiplex PCR, alternative methods have been used for thedetection of AZF deletions including capillary electrophoresis, real-time



PCR, multiplex ligation dependent probe ampli�ication (MLPA), array-based comparative genomic hybridization (aCGH), and next-generationsequencing (NGS). The capillary electrophoresis in which primerstagged with �luorescence to detection of the submicroscopic deletionhas been used by some laboratories [33, 47–50]. Real-time PCR enablesthe identi�ication of the AZF deletions according to differences in theirmelting points. It has certain advantages over multiplex PCR systemsuch as time saving and no need for gel electrophoresis [48]. With thegenomic microarray technology, the integrity of Y chromosome may bedetected in only one assay, and a number of different loci can beinterrogated at the same time. Yuen and colleagues have reported copynumber variations of the Y chromosome as well as YCMD with thistechnique [51]. Recently, advancement in the NGS technology and in itsapplication—targeted sequencing, and whole exome and genomesequencing—allows identi�ication of new candidate genes related tomale infertility [3, 52]. NGS-based approaches ensure more rapid andaccurate results but necessitated advanced equipment, high cost andexpertise person as compared to PCR-based techniques [7] (Table 3.1).
Table	3.1 Genetic testing recommended by urological association/society in nonobstructiveazoospermia [6, 8, 21]
Genetic	test Genetic	abnormality	of	interest Strength

rating
Commonly
used
technique(s)

Alternative
genetic
testing

Karyotype
analysis

Numerical and structuralchromosomal abnormalities of sexand autosomal chromosomes (e.g.,Klinefelter syndrome,translocations)
Strong G-banding C-bandingR-bandingQ-bandingFISH

Y
chromosome
microdeletion

Microdeletion in AZF subregions Strong Multiplex PCR Real-time PCRCapillaryelectrophoresisMLPAaCGHNGS



Abbreviations: G-banding Giemsa-banding, C-banding centromere-banding, R-banding reverse-banding, Q-banding quinacrine banding,
FISH �luorescence in situ hybridization, MLPA multiplex ligationdependent probe ampli�ication, aCGH array-based comparativegenomic hybridization, NGS next-generation sequencingThe result of YCMD testing provides not only valuable informationfor genetic counseling, but also offering a prognostic value, once TESE-ICSI is a treatment option for these patients. Individuals with YCMDshould be informed by genetic counselor about the transmission of thisdeletion to their son [33].
Genetic	Testing	and	Sperm	Retrieval	Success	in
NOA	PatientNonobstructive azoospermia patients are evaluated by karyotyping andYCMD analysis in the workup of male infertility [8]. Klinefeltersyndrome (KS) is the well-known karyotypic abnormality causing NOA[53]. The probability of sperm retrieval in non-mosaic KS cases is 20–44% by TESE, and the pregnancy and live birth rates are >40%, onceusing these retrieved testicular spermatozoa [54–58]. An increased riskof karyotypic abnormalities has not been suggested in biologicalchildren of KS males [59].The YCMD testing has a paramount importance in the diagnosis andthe prognosis of severe oligozoospermic and nonobstructiveazoospermic males [33]. TESE in not contraindicated in individualswith complete AZFa, AZFb, and AZFbc microdeletions, since no reporthas stated the presence of spermatozoa in these patients. Nevertheless,a discrimination between complete or partial deletions in the AZFsubregions by deletion extension analysis is essential in the case of anydeletion(s) [33, 40]. Residual spermatogenesis has been reported intwo NOA men without STSs speci�ic to AZFb region (sY127 and sY137).However, the deletion extension analysis in these patients hasdemonstrated the existence of sY1192, suggesting the retention of



certain genes related to spermatogenesis, and the prognostic value ofsY1192 in men with partial AZFb deletion [60]. The AZFc deletioncarriers have a good probability in the sperm retrieval success viamTESE (50–60%) [61]. Nevertheless, mosaicism (45,X/46,XY) mayhave an adverse impact on the severity of spermatogenic failure innonobstructive azoospermic patients with AZFc deletion [62]. Anassociation of AZF deletion with Y chromosome instability may alsoculminate in the formation of cell lines with 45,X karyotype, which is anegative predictor in the success rate of TESE [43, 62–64].
Genetic	Testing	in	Idiopathic	Male	Infertility
The	Challenges	of	Diagnosing	Idiopathic	Male	InfertilityThe process of diagnosing idiopathic male infertility is fraught withdif�iculties due to its multifaceted nature, encompassing a wide array ofpotential genetic irregularities and the current diagnostic methods’inadequacies in pinpointing these anomalies. The intricate geneticlandscape of spermatogenesis, featuring over two thousand genes,coupled with the diverse clinical presentations of infertility,underscores the complexity of establishing accurate diagnoses. Theutilization of advanced genetic diagnostics like next-generationsequencing (NGS) has illuminated some of these genetic underpinnings,yet the sheer genetic diversity and the subtleties of sperm andtesticular pathologies remain challenging hurdles to overcome in fullyelucidating idiopathic male infertility’s etiology [65].
The	Potential	Role	of	Genetic	Factors	in	Iidiopathic	Male
InfertilityThe potential role of genetic factors in idiopathic male infertility hasbeen increasingly recognized due to the complexity of geneticcontributions to reproductive capabilities. Infertility affects asigni�icant portion of the population globally, with male factorscontributing to nearly half of all cases. Despite advancements, about40% of male infertility remains idiopathic, suggesting that unknown



genetic factors may play a role. Literature reviews underscores theadvancements in genetic research over the last two decades,highlighting the identi�ication of single-gene and multiple-gene defectsassociated with male infertility. However, the etiology for a majority ofcases remains unclear, pointing to the necessity for further geneticexploration [66].The development and application of comprehensive genetic tools,including NGS and microarray technologies, have been crucial inidentifying these genetic factors. These methods allow for the detailedanalysis of the male genome, offering insights into the complexprocesses of spermatogenesis and the various genetic anomalies thatcan impair fertility. Over 4000 genes are involved in various stages ofgerm cell development, with known genetic factors accounting for 15–30% of infertility cases. This suggests a vast landscape of geneticin�luence yet to be fully understood, necessitating broad and inclusivegenome-wide studies to uncover these hidden genetic causes [66].
Genetic	Tools	Applied	for	Idiopathic	Male	InfertilityThe application of genetic tools in the study of idiopathic maleinfertility has signi�icantly advanced our understanding of thecondition, highlighting the intricate role genetic factors play. Advancesin genomic technologies, particularly NGS, have paved the way for theidenti�ication of a multitude of genetic anomalies that contribute tomale infertility. These technologies have enabled researchers to delvedeeper into the genetic architecture of idiopathic male infertility,identifying speci�ic genes associated with NOA due tomaturation/meiotic arrest, among other conditions [65].The narrative review by Sudhakar et al. emphasizes that despiteconsiderable progress in identifying genetic factors associated withmale infertility, the etiology remains obscure for a signi�icant portion ofinfertile men. The authors also highlighted the utility of advancedgenomic technologies in uncovering monogenic causes of maleinfertility with diagnostic implications. It underscores the need for aswift implementation of genomic analysis in clinical practice, which



could enhance genetic counseling and contribute to the development oftailored treatment plans [66]. By employing these advanced genetictools, researchers can identify novel genes and genetic pathways thatcontribute to male infertility, thereby enhancing our understanding ofthe condition and improving diagnostic and therapeutic strategies [66].The investigation into idiopathic male infertility has beensigni�icantly enhanced by the evolution of genetic analysismethodologies, notably through microarray techniques and NGS [7].
Microarray	TechniquesEmploying microarray methods, such as Comparative GenomicHybridization (CGH) and Single Nucleotide Polymorphism (SNP) arrays,has offered a deeper insight into the genetic landscapes affecting malefertility. CGH arrays, utilized within some fertility clinics, are adept atidentifying copy number variations and speci�ic syndromes related tomicrodeletions or duplications, although they fall short in detectingbalanced chromosomal alterations. Conversely, SNP arrays havebecome a staple in fertility research, enabling the examination of vastnumbers of polymorphisms across the genome to discern differences inSNP frequencies between infertile men and control groups, therebycontributing to a broader understanding of infertility’s geneticfoundations [67].
Advances	in	NGSThe advent and reduced cost of NGS have marked a transformative leapin genetic research related to male infertility, making whole exome andgenome sequencing increasingly preferred for discovering geneticanomalies linked to this condition. While Whole Genome Sequencing(WGS) aims to catalog the entirety of the genome, focusing on about95–96% due to technical limitations in sequencing certain regions,Whole Exome Sequencing (WES) concentrates on the exonic regions,which represent a smaller but highly signi�icant portion of the genome.Although these methods offer a more cost-effective approach tosequencing, they also introduce analytical challenges, necessitating the



validation of identi�ied variants through additional techniques such asSanger sequencing [67].These advanced genetic analysis tools have propelled forward ourcomprehension of the intricate genetic factors contributing toidiopathic male infertility. By delineating novel genes and pathwaysinvolved in fertility, these methodologies not only deepen ourunderstanding of the condition but also pave the way for enhanceddiagnostic and treatment modalities (Table 3.2) [67].
Table	3.2 Genetic testing in idiopathic male infertility [68, 69]
Test	type Description Clinical	relevance

CGH	array Allows for the analysis of CNVs acrossthe entire genome Identi�ies CNVs that may lead to infertility,offering a broader genetic understandingbeyond single-gene defects
SNP	array Detects SNPs across the genome,which can be associated with diseasesor conditions like male infertility Facilitates the study of genetic variantsthat may contribute to idiopathicinfertility through association studies
Whole
Exome
Sequencing
(WES)

Sequences all the protein-codingregions in the genome. This canuncover genetic variants that affectprotein function and lead to infertility
Provides a focused yet comprehensiveinsight into genetic defects affectingsperm production or function

Whole
Genome
Sequencing
(WGS)

Involves sequencing the entiregenome. It can identify both knownand novel genetic variantscontributing to idiopathic maleinfertility
Offers the most comprehensive geneticanalysis, allowing for the identi�ication ofall potential genetic causes of infertility,including non-coding regions

Abbreviations: CGH Comparative Genomic Hybridization, CNV copynumber variations, SNP single nucleotide polymorphisms, WES WholeExome Sequencing, WGS Whole Genome Sequencing
Epigenetic	Factors	in	NOA	and	Idiopathic	Male
InfertilityGene mutations and chromosomal abnormalities are not the onlyfactors involving in the etiopathology of male infertility, but also



epigenetic factors are also playing a crucial role in the pathogenesis ofthe disease [70]. There is emerging evidence that epigeneticmodi�ications including DNA methylation, histone modi�ications,chromatin remodeling and non-coding RNAs are associated with NOAand idiopathic male infertility [71–74].DNA methylation is a prevalent epigenetic modi�ication. This isful�illed by DNA methyltransferases (DNMTs) especially in cytosine-phosphate-guanine (CpG) islands, eventuating in gene silencing [75].Methylation of DNA is essential for genomic imprinting, X-chromosomeinactivation, silencing of transposons and regulation of gene expressionin certain developmental stages or tissues [76]. During germ celldevelopment, genome-wide methylation reprogramming occurs viamethylation and demethylation [77, 78]. Aberration(s) in themethylation pro�ile of the whole genome, and imprinted and non-imprinted genes has been reported in testicular tissues, germ line cellsor mature spermatozoa of men with various subtypes of infertility [79–82]. Nonobstructive azoospermic males have been identi�ied bydecreased expression of DNMT1, resulting in altered global DNAmethylation in correlation with the severity of the testicular phenotype.The expression level of DNMT1 enzyme gradually reduced fromhypospermatogenesis to SCOS group [83]. Genetic variants orexpression changes of de novo methyltransferase enzymes—DNMT3A,DNMT3B, and DNMT3L—have been also correlated with varioustesticular phenotypes in NOA men, and genome-wide DNA methylationdefects [84, 85]. Single nucleotide polymorphisms of DNMT3L havebeen suggested to increase the risk of idiopathic male infertility inChinese population [86]. Imprinted genes, H19 and MEST/PEG1,represented by hypo- or unmethylated states in testicular spermatozoaof men with anejaculation, obstructive azoospermia orhypospermatogenesis. This hypomethylation status affected CTCF-binding site 6, which presents in the H19 differentially methylatedregion and regulates IGF2 expression [87]. Complete or incompletematuration arrest has also identi�ied by aberrant methylation of H19and MEST gene in azoospermic males [88]. A recent systematic review



of ten studies indicated that methylation defects of H19/IGF2 and
KCNQ1 genes could be associated with ART outcomes and sperm DNAfragmentation [89]. Besides imprinted genes, the methylation changesof single genes including methylenetetrahydrofolate reductase(MTHFR), discoidin domain receptor 1 (DDR1), and glutathione s-transferase mu 1 (GSTM1) might have an adverse impact on fertility,culminating in NOA or male infertility with unknown causes [90–92].Moreover, Tang et al. reported that m6A expression (N6-methyadenosine), the most common mRNA modi�ication, wasdownregulated in testicular tissue of idiopathic NOA cases, suggestingthe critical role of m6A as an epigenetic regulator in spermatogenesis[93].Histone modi�ications and chromatin remodeling are otherepigenetic modi�ications required for successful spermatogenesis.These modi�ications occur in spermiogenesis, and necessitate severalfactors and mechanisms including histone variants (e.g., H1T, H2AL1,H3T, and H3.5) and post-translational modi�ications of histones (PTMs)(e.g., acetylation, methylation, phosphorylation) [94–96]. Histonevariants act as a regulator in the chromatin remodeling process. TheH3T is expressed in male spermatogenic cells but not in mature sperm,and plays a role in the generation of open chromatin structure. Amutation in the H3t gene resulted in azoospermia in mice [97]. NOAcases showed decreased expression level of H3.5 in their testiculartissue as compared to OA patients [98]. The PTMs of histones havepresented differential pro�iles in NOA men. Hyperacetylation of histone4 (H4) is one of the PTM controlling chromatin condensation andinteraction of chromatin �iber with non-histone proteins [99]. The H4hyperacetylation (H4K12Ac) defect gives rise to abnormalities inspermatogenesis. The H4K12Ac level was reported to be low in NOAmen with mixed atrophy than men with complete spermatogenesis[100]. Hashemi et al. proposed that testicular expression of ZMYND15,function of which is depended on histone deacetylase enzyme,decreased in men with NOA [101]. The expression level of ZMYND15and JMJD1A (histone demethylase), targeting transition protein 1 and



protamine 1 genes, is a predictor for sperm retrieval rate in these cases[101, 102].Non-coding RNAs (ncRNAs) are divided into small (<200nucleotides) and long non-coding RNAs (>200 nucleotides) accordingto its length. ncRNAs have a function in the reproductive system viaregulation of essential events in male gametogenesis [103]. microRNAs(miRNAs), PIWI-interacting RNAs (piRNAs), and transfer RNA derivedsmall RNAs (tsRNAs) are included in small non-coding RNAs. miRNAsplay a role in the cleavage or translational repression of target mRNAtranscripts [103, 104]. NOA males exhibit distinct miRNA pro�iles intheir seminal plasma and testicular tissues [105–110]. Lian et al.reported that 173 miRNAs including miR302a, miR-491-3p, miR-383were differentially expressed in testicular tissue of NOA cases [106].Down- or upregulated miRNAs in NOA testis target genes involving inspermatogenesis, cell cycle, mitotic division particularly prometaphase,and sex determination [106, 110]. SCOS, mixed atrophy and germ cellarrest have been characterized by 197, 68 and 46 differentiallyexpressed miRNAs as compared to normal spermatogenesis [111].Furthermore, 86 miRNAs have been found to be exclusively expressedin testicular tissue of men with successfully sperm retrieval [112].Seminal level of various miRNAs such as hsa-miR-3653, hsa-miR-6752-5p, hsa-miR-424-5p, and hsa-miR-1181 has been indicated as apredictor for the presence of spermatogonia in NOA testis [109].Besides miRNAs, tsRNAs (tRF-Gly-GCC-002 and tRF-Glu-CTC-005) havebeen suggested to be a biomarker candidate for sperm retrieval viamTESE [104].lncRNAs possess a regulator function in spermatogenesistranscriptionally, post- transcriptionally and translationally [113, 114].LncRNAs, HOX antisense intergenic RNA (HOTAIR) and AK015322maintain spermatogonial stem cell population in mice [113, 115]. Theinhibition of HOTAIR caused to repressing of proliferation andinduction of apoptosis through competing endogenous RNAs (ceRNAs)[113]. Bo et al. have stated that lncRNAs could participate in thespermatogenesis process via ceRNA mechanism. CeRNA mechanism is a



molecular mechanism in which ceRNAs regulate the gene expressiondue to “sponge” role of lncRNAs for miRNAs, suggesting the importanceof interactions between miRNA-lncRNA and miRNA-mRNA in targetgene expression [116]. In NOA cases, ~175 lncRNAs including SPATA42,ZNF295-AS1, and LINC00467 were downregulated in their testis [116].Idiopathic NOA patients have been characterized by dysregulatedmRNA-miRNA-lncRNA interactions, as well [117]. Certain extracellularvesicles lncRNAs (e.g., LOC100505685, LOC440934, and LINC00343)derived from seminal plasma of NOA men has been indicated to be abiomarker for predicting testicular spermatozoa [118].Currently, epigenetic factors are not used for routine assessment ofmale infertility, although the signi�icance of epigenomic studies inelucidating the unknown causes of male infertility is undeniable. By theadvancement in molecular techniques and further research, epigenomicpro�iling can pave the way for personalized management strategies ofmale infertility and prevent the transmission risk of epigenetic pattern.
Genetic	Counseling	Before	IVF—ICSI	in
Patients	with	Genetic	AbnormalitiesWith the advancements in Assisted Reproductive Technologies (ART),individuals grappling with infertility now have the opportunity toconceive biological offspring through in vitro fertilization (IVF) andIntracytoplasmic Sperm Injection (ICSI). However, such proceduresmay entail implications for the offspring of these individuals.
Male	Infertility	Linked	to	Anomalies	in	the	ChromosomeIn instances where infertility stems from the deletion or microdeletionof the long arm of chromosome Y, as observed in isodicentric Yp, thisgenetic aberration is likely to be inherited by subsequent maleoffspring, resulting in infertility. The repercussions of such conditionsmay extend beyond male infertility, potentially leading to heightenedrisks for future offspring [61, 119]. For example, if infertility arises froma balanced translocation, there’s an increased likelihood of passing on



an unbalanced chromosome translocation to offspring, regardless ofgender, which could manifest as medical or intellectual disabilities [3,61, 120]. Males diagnosed with Klinefelter syndrome, characterized by47,XXY or 47,XXY/46,XY chromosomal con�igurations, typicallyexperience gonadal failure impacting both sperm production andtestosterone synthesis, leading to azoospermia andhypomasculinization [3, 61, 120]. Nevertheless, documented cases existwhere sperm retrieval from some 47,XXY males has been successful forsubsequent ICSI procedures. Literature on the subject presentscon�licting �indings regarding the risk of aneuploidy in offspringconceived through ICSI from males with 47,XXY chromosomalcomposition, although existing case reports suggest a generally low risk[121]. Couples facing such circumstances should undergo geneticcounseling to thoroughly explore available information, including thepotential risk of fetal aneuploidy, along with options forpreimplantation and prenatal diagnosis, supplemented withappropriate support and reassurance as needed [119, 121, 122].
Preimplantation	and	Prenatal	Genetic	DiagnosisTo mitigate the risk of conceiving an affected offspring, such as in thecase of cystic �ibrosis (CF), preimplantation genetic testing (PGT) maybe considered. The use of PGT for detecting chromosome abnormalities(PGT-A) or single-gene disorders (PGT-D) has sparked signi�icantdiscourse concerning its implications, including issues of sex selection,the safety of embryonic manipulation, and should be integral to geneticcounseling sessions [121].PGT typically involves several sequential steps: (I) undergoing invitro fertilization (IVF) or Intracytoplasmic Sperm Injection (ICSI),followed by (II) the biopsy of embryonic cells—typically trophectodermcells—for testing, and (III) conducting PGT (A or D) to selectivelytransfer an unaffected embryo. Over the past 25 years, PGT has beenutilized, resulting in the birth of thousands of “PGD-babies.” Althoughthe reliability of genetic tests utilized in PGT is generally high, concerns



persist regarding safety and accuracy, particularly concerning embryoswith chromosome mosaicism [123].Current knowledge suggests that while PGT may slightly decreasepregnancy rates, it does not correlate with an increased incidence ofcongenital abnormalities or developmental delays in resulting children[121, 123, 124]. However, the potential for diagnostic inaccuracies,especially concerning PGT-A’s reduced chromosome resolutioncompared to microarray analysis from chorionic villus sampling (CVS)and amniocentesis, should be discussed during counseling sessions.Additionally, the option of CVS/amniocentesis, along with the minimalrisk of miscarriage associated with these procedures, must be carefullyexplained, weighing the bene�its against the risks.The possibility of no unaffected embryo being available fortransplantation should be addressed upfront to manage expectations.In cases where female sex selection through PGT-A is deemedjusti�iable, especially for Y-linked genetic abnormalities, this optionshould be discussed with the patient or couple.Through genetic counseling, clients or couples are empowered tomake informed decisions aligned with their cultural, ethical values, andreligious beliefs. This discussion should maintain a non-judgmentalapproach, fostering shared decision-making [125].Moreover, the option of prenatal diagnosis via CVS andamniocentesis should be explored, alongside discussions regarding thetiming and associated risk of miscarriage with each procedure.
Effects	on	Other	Family	MembersWhen a genetic diagnosis carries implications for other familymembers, genetic counseling offers guidance to the client or couple onhow they might inform other at-risk individuals in the family. However,obstacles to communication with these at-risk family members mayarise, such as loss of contact or feelings of stigma and guilt associatedwith harboring an underlying genetic condition, compounded by adesire to keep their reproductive issues private and avoid discussingthem with other family members [126]. Genetic counseling aims to



foster discussion regarding the importance of communicating theresults to other family members and to assist in facilitating theirdecision-making process. Should the client or couple opt not to disclosethis information, their privacy and autonomy remain prioritized overany obligation to disclose to at-risk relatives [126, 127].
ConclusionRecent advancements in the understanding of NOA and idiopathic maleinfertility have been signi�icantly driven by genetic research. Keygenetic tests include karyotyping and screening for Y chromosomemicrodeletions as �irst-line tests, followed by microarray techniquesand advances in NGS for more comprehensive insights. The potentialbene�its of an advanced genetic understanding includes early detection,diagnosis, and treatment. Early genetic testing can lead to theidenti�ication of the speci�ic causes of infertility, enabling healthcareproviders to tailor treatments more effectively. This approach not onlyincreases the ef�iciency and ef�icacy of treatments but also potentiallyreduces costs by avoiding unnecessary procedures. Moreover, theimpact on family planning and reproductive choices is signi�icant.Genetic testing offers insights that can guide individuals and couples inmaking informed decisions about their reproductive futures. Forinstance, identifying genetic causes could facilitate a tailored decision-making between attempting sperm extraction, using donor gametes, orconsidering adoption. It also opens the door to the use of assistedreproductive technologies, such as preimplantation genetic diagnosis,to ensure the health and well-being of offspring. As research continuesto unravel the genetic complexities of NOA and idiopathic maleinfertility, the horizon looks promising for early detection, precisediagnoses, and innovative treatments, ultimately enhancing thepossibilities for family planning and the realization of reproductivegoals.
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IntroductionInfertility, de�ined as a couple’s inability to achieve pregnancy after>12 months of regular unprotected intercourse, affects approximately17.5% of couples worldwide, with male factor contributing in up to 30–50% of those cases [1]. Among men presenting for infertilityevaluation, azoospermia is present in 5–15% of cases and can be due toeither obstructive (OA) or non-obstructive (NOA) causes [2, 3].Azoospermia is de�ined as the absence of sperm in the pellet of acentrifuged ejaculated sample [4]. Obstructive Azoospermia (OA)
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accounts for approximately 40% of infertile men with azoospermia, andit can be caused by congenital and acquired conditions [3]. In thischapter, we will review both genetic and acquired causes of obstructiveazoospermia, patient presentation, and associated work-up includingrecent advances, as well as treatment options.
Clinical	Presentation/Work-UpThe work-up of any male patient with azoospermia should include adetailed history and physical examination. It is imperative to determineif azoospermia is due to an obstructive or non-obstructive etiology. Keyfactors differentiating OA from NOA are listed in Table 4.1 [5].
Table	4.1 Features of obstructive azoospermia and non-obstructive azoospermia

Obstructive	azoospermia Non-obstructive	azoospermia

Physical	exam Normal testicular volume Small volume testicle <16 mLDilated epididymis Testicular length <4.6 cmAbsent or atretic vasDilated seminal vesical
Laboratory
evaluation

Normal FSH/LH Elevated FSH (testicular failure)
Normal testosterone Low FSH (hypogonadotropichypogonadism)Normal prolactin Low testosteroneNormal or elevated prolactin

Semen	analysis Low ejaculate volume<1.4 mL Normal ejaculate volume >1.4 mL
Azoospermia AzoospermiaAcidic pH Normal pH >7Adapted from Hubbard et al. [5]Abbreviations: FSH follicle-stimulating hormone, LH luteinizinghormone



Important details in the history include prior medical conditions orsurgeries that could cause a subsequent obstruction along the malegenitourinary tract. Important history items include a prior history ofvasectomy, prior scrotal surgery including hydrocelectomy, scrotaltrauma, prior inguinal/hernia surgery, a history of priorepididymal/testicular infection, and chronic pulmonary infection.History should also focus on sexual and reproductive history, includingany prior pregnancies, changes to the quantity of ejaculate, as well asany pain with ejaculation, as this may point to an Ejaculatory DuctObstruction (EDO).Physical exam should include a detailed examination of the scrotumand testicles with particular focus on testicular size, presence ofepididymal fullness/induration, presence of bilateral vasa, as well asany vasal gaps or irregularities to indicate prior vasectomy, presence ofvaricocele, and a detailed examination of the scrotal and abdominalskin for prior surgical scars. Penile examination should includeassessment of the meatus to ensure an orthotopic position, as well asassessment of the foreskin to rule out the presence of phimosis. Aprostate examination should be considered in suspected cases of EDO.
Causes	of	Obstructive	AzoospermiaDuring work-up of the patient with a diagnosis of obstructiveazoospermia, it is important to distinguish between congenital causesof OA and acquired causes of OA.
Acquired	Causes	of	OAThe most common cause of acquired obstructive azoospermia is priorvasectomy [3]. A total of 500,000 vasectomies are performed in theUnited States each years [6] and the rate of vasectomy has been risingin recent years [7, 8]. Up to 6% of men who undergo a vasectomy willultimately seek a vasectomy reversal [3]. Other common iatrogeniccauses include vasal obstruction secondary to inguinal hernia repair



with mesh in both the pediatric and adult population [9] andhydrocelectomy [10].Infectious causes of obstructive azoospermia include recurrentepididymitis or epididymoorchitis, as well as prostatitis. Chronicin�lammation from recurrent infection may lead to scarring of theepididymis or vas deferens, thus causing obstruction and subsequentazoospermia. An infectious etiology may be found in up to 6–44% ofpatients with azoospermia due to obstruction [11].EDO is present in 5% of azoospermic men [3]. This may be causedby prior catheterization or transurethral procedures, trauma,infections, or compression from congenital prostatic or seminal vesiclecysts. Semen analysis in cases of EDO typically reveals low-volumesemen (<1.5 mL), with acidic pH, and absent fructose due to absence ofseminal �luid contribution, with patients at times experiencinghematospermia or pain with ejaculation [12].Other important etiologies of acquired OA include priorgenitourinary tract trauma and idiopathic OA.
Congenital	Causes	of	OACongenital causes of OA include congenital unilateral (CUAVD) orbilateral absence (CBAVD) of the vas deferens, with CBAVD present in1–2% of men presenting with subfertility [13]. ~75% of men withCBAVD are found to be carriers for Cystic Fibrosis TransmembraneConductance Regulator (CFTR) gene mutations, while >95% of menwith Cystic Fibrosis (CF) have CBAVD [3].Cystic Fibrosis (CF) is an autosomal recessive disease affectingapproximately 1:2000 newborns, most frequently in those of Europeandescent [13]. Clinical manifestations include chronic airway disease,male infertility, pancreatic insuf�iciency, and high chlorideconcentration of sweat [14, 15].The CFTR gene contains 27 exons and is located on chromosome7q31.2; it encodes for a transmembrane protein which acts as achloride channel [13, 16]. This is expressed in exocrine glands includingthe pancreas, lungs, sweat glands, and vas deferens [16]. Over 2000



mutations of the CFTR gene have been reported [17]. The mostcommon mutations include the F508del, the 5T, 7T, and 9T variants [3].CF genetic testing should be performed when the physical examidenti�ies either a unilateral or bilateral absence of the vas to determineif the patient is a carrier of CFTR gene mutations. In addition, thefemale partner should be tested and undergo genetic counseling priorto Assisted Reproductive Technology (ART), as CF gene mutations maybe passed on to future offspring.In cases of CUAVD, renal imaging with ultrasound is indicated asthere is an association with ipsilateral renal agenesis in 20–40% of menwith CUAVD [18].Young’s syndrome is a rare, inherited genetic disorder causingchronic rhinosinusitis, bronchiectasis, and obstructive azoospermia.Patients with this syndrome tend to produce thick, viscous mucus.While the clinical picture is similar to Kartagener Syndrome (KS),patients with Young’s syndrome have normal spermatogenesis but withan obstructive azoospermia due to epididymal obstruction from thicksecretions. Diagnosis is based on clinical evaluation, along with theexclusion of CF and KS. While the exact cause of Young’s syndrome isnot known, there is an association with mercury exposure [19].
Semen,	Hormonal,	and	Genetic	TestingLaboratory evaluation includes at least 2 separate semen analysis withcon�irmation of azoospermia on centrifuged specimen [4]. Based on thelocation of the obstruction, total semen volume may be normal (for abilateral proximal obstruction) or may be reduced <1.5 mL for a moredistal obstruction at the level of the ejaculatory ducts, for example.Additional semen testing on semen analysis includes semen pH andfructose. In cases of ejaculatory duct obstruction, semen analysis willreveal acidic pH and negative fructose due to obstruction of seminalvesicle �luid.Hormonal evaluation includes FSH and testosterone to con�irmnormal testicular function, which is expected in cases of obstructive



azoospermia. If FSH >7.6 and testicular size is less than 4.6 cm in thelong axis, then NOA should be considered. In some instances, primarytesticular failure is observed, and in these cases, testosterone is usuallyless than 300 ng/dL. In equivocal cases when the diagnosis of NOAversus OA is not clear, a testicular biopsy may be considered to assessfor presence of normal spermatogenesis.Genetic testing in cases of OA is typically only indicated when aunilateral or bilateral absence of the vas deferens is identi�ied onphysical exam. In these cases, evaluation for possible CFTR genemutations should be completed to determine if the patient is a carrierof CF. If the patient is positive for this mutation, the female partnershould then be tested and undergo genetic counseling prior to ART, asthese gene mutations may be passed on to potential offspring causingcystic �ibrosis. Further genetic testing, including karyotype and Y-chromosome microdeletion testing, is reserved for suspected cases ofNOA.
ImagingCertain imaging modalities may be utilized to con�irm �indings in casesof suspected obstructive azoospermia.Scrotal ultrasound is not typically utilized in the work-up of patientswith OA. It may be used to con�irm physical exam �indings, such asatresia or absence of epididymal segments or the vas deferens, in selectcases.Transrectal ultrasound is an effective method to evaluate forejaculatory duct obstruction. Findings to indicate obstruction mayinclude dilated seminal vesicles with diameter >1.5 cm or ejaculatoryduct diameter >2.3 mm [12]. Other �indings on TRUS to indicate anobstructive process include the presence of prostatic cysts, seminalvesicle cysts, or ejaculatory duct stones/calci�ication. At the time ofTRUS, the seminal vesicle may be aspirated under imaging guidance;the presence of sperm in a dilated seminal vesicle (but oligo or



azoospermia in the ejaculate) may con�irm a diagnosis of ejaculatoryduct obstruction.Ejaculatory duct obstruction may be due to cysts, ductal atresia orstenosis, or from acquired conditions including in�lammation, infection,iatrogenic causes such as prior surgical procedures or catheterization,or even ejaculatory stones. Ejaculatory duct cysts will present as cysticlesions within the prostate with low signal intensity on T1 and highsignal intensity on T2-weighted imaging [20].Pelvic MRI may also be utilized in cases of suspected obstructiveazoospermia, particularly in patients who are unable to tolerate or wishto avoid transrectal ultrasound. Findings on MRI may include seminalvesicle dilation or cyst, seminal vesicle agenesis, or prostatic cyst.Unilateral congenital SV cysts may be associated with ipsilateralrenal agenesis in Zinner’s Syndrome, while bilateral SV cysts may beassociated with ADPKD.Other �indings on MRI causing obstructive azoospermia may includemullerian duct cysts located near the verumontanum, and prostaticutricle cysts located in the midline and communicating with theposterior urethra or ejaculatory duct (Fig. 4.1) [20].



Fig.	4.1 MRI demonstrating large SV cystDiagnostic vasography and vesiculography had previously beenutilized to assess vasal or SV obstruction. These imaging studies areuseful to identify the exact location of obstruction if a reconstructivesurgery is being considered. The procedure includes isolation of the vasdeferens typically through a small scrotal incision, catheterization ofthe vas with a small angiocath, and injection of contrast media [21].With the availability of MRI, however, this imaging modality has largelyfallen out of favor given its invasiveness. Vasography may be utilized,however, during reconstructive surgery procedures to assess for vasalpatency at the time of vasovasostomy or vasoepididymostomy (Figs.4.2, 4.3, 4.4, and 4.5).



Fig.	4.2 Vasography demonstrating distal vasal obstruction



Fig.	4.3 Vasography demonstrating bilateral vasal obstruction after herniorrhaphy



Fig.	4.4 Ejaculatory duct obstruction

Fig.	4.5 Large prostatic cyst causing bilateral obstruction
Advances	in	OA	Diagnosis
Proteomic	BiomarkersThere have been recent developments in the discovery of SeminalPlasma (SP) proteins which can serve as biomarkers in the work-up ofinfertile patients. The testis-speci�ic protein TEX101 and theepididymis-speci�ic ECM1 have speci�ically been identi�ied and



validated as speci�ic biomarkers for the diagnosis of OA versus NOA [22,23].A study by Korbakis et al. compared SP samples from healthy menpre-vasectomy, post-vasectomy, and men referred for unexplainedinfertility. Levels of TEX101 protein were calculated in 805 SP samples.Levels were found to be elevated in all samples in the pre-vasectomycohort (N = 64), but they were undetectable in the post-vasectomycohort (N = 57) [24]; a cutoff value of TEX101 >0.9 ng/mL predictedpre- and post-vasectomy samples with 100% sensitivity and 100%speci�icity (95% CI 1.00–1.00).When focusing on NOA versus OA/post-vasectomy samples,however, the use of TEX101 as a biomarker only demonstrated 32%sensitivity with 99% speci�icity. The authors therefore combinedTEX101 with ECM1 and were able to improve the diagnostic sensitivityto 81% with 100% speci�icity at diagnosing NOA from OA/post-vasectomy samples [24]. While additional studies are needed, thisdevelopment shows promise as a potential non-invasive means todiagnose OA from NOA without the need for testicular biopsy.
Circulating	Extracellular	Vesicle	microRNAsExtracellular Vesicles (EVs) are small spherical structures composed ofa lipid bilayer membrane and play critical roles in regulating biologicand cellular-speci�ic functions, including in spermatogenesis and spermmaturation [25]. MicroRNAs, small non-coding RNA segments, help toregulate gene expression via downregulation of signaling pathways[26], with altered miRNA expression found in infertile men.A recent study by Qi et al. compared the isolated EV miRNA of menwith NOA, OA, and normal fertility. Two speci�ic miRNAs, that is, miR-513c-5p and miR-202-5p, were found to be upregulated in the EVmiRNA of NOA patients as compared to OA patients [25]. Plasmaexpression of these 2 miRNAs were then compared among NOA and OApatients to determine predictive accuracy for diagnosis of NOA; miR-513c-5p demonstrated sensitivity 92.31% and speci�icity 95.24%(p < 0.0001), and miR-202-5p with sensitivity 92.31% and 100%



speci�icity (p < 0.0001) [25]. Combining these factors with FSH levels,utilizing a binomial regression equation, was able to predict a diagnosisof OA versus NOA. While more research is needed in the utility of theseEV miRNAs in diagnosis of OA versus NOA, they do show promise as apotential future non-invasive means of distinguishing causes ofazoospermia without the need for more invasive testing or testicularbiopsy.
Ultrasound	Localization	MicroscopyUltrasound Localization Microscopy (ULM) provides detailedassessment of microvascular structure, including blood vessel diameterand blood velocity [27]. Though its use in other �ields has been wellestablished, thus far, its potential role in determining testicularmicrovasculature in cases of NOA and OA has not been well understood.A recent study by Li et al. aimed to better characterize testicularmicrovasculature using ULM in 94 infertile patients, including 36patients with NOA and 58 patients with OA. Comparing ULM, therewere signi�icantly higher values in the OA group in terms of meanvessel diameter, vessel density, and fractal number. No signi�icantdifference was observed in mean velocity or mean tortuosity among thetwo groups [27]. When combining the mean diameter value calculatedon ULM with serum FSH, the model yielded a sensitivity of 96.6% andspeci�icity of 86.1%, with an overall accuracy of 92.6% for predictingeither NOA or OA [27]. The detail of ULM may provide key insights intothe vascular pressure and distribution within the testicles ofazoospermic patients, and in combination with serum hormonal testingmay provide additional non-invasive means for characterizing OA fromNOA.
Imaging	TechniquesMRI can be a useful tool in the evaluation of patients with azoospermia,and the use of Diffusion-Weighted Imaging (DWI) sequence in MRI canprovide important functional information. The Apparent DiffusionCoef�icient (ADC) has been calculated for other organs/body tissues,



but new research is utilizing this important factor in evaluating bothnormal and abnormal testes.Han et al. recently compared ADC values among 30 infertile men, 16with OA and 14 with NOA who had all undergone prior testis biopsyduring their infertility work-up. In examining testicular volumes, themedian testis volume was 16.9 mL in the OA group and 8.1 mL in theNOA group (p < 0.001) [28], an expected difference given that testicularvolume can generally re�lect spermatogenesis and is expected to behigher in OA rather than NOA. Both ADC (p = 0.0094) and normalizedADC (p < 0.001) were signi�icantly lower in the OA group of patients,and they were correlated with histopathologic grade of the biopsyspecimen. In particular, a normalized ADC cutoff value of >0.425predicted NOA from OA with sensitivity 78.57% and speci�icity 93.75%[28]. This demonstrates the utility of incorporating MRI into the work-up of patients with azoospermia, as calculated testicular volume, ADC,and normalized ADC may aid in distinguishing OA from NOA.
TreatmentTreatment options for patients with obstructive azoospermia arelargely based on the etiology of their obstruction, as well as fertilitypotential and goals. Decisions should include consideration of thepossibility of natural conception, female age and fertility potential, andcost.For patients with iatrogenic obstruction after a vasectomy or withepididymal obstruction, reconstruction with a microsurgicalVasovasostomy (VV) or Vasoepididymostomy (VE) may be performedto restore vasal patency. At the time of vasal transection of thevasectomy site, expressed vasal �luid should be assessed bothmacroscopically and microscopically to determine which procedure(VV or VE) should be performed. Success rates of restoring sperm tothe ejaculate after VV range from 70% to 99%, while success rates afterVE range from 30% to 90% [29]. A saline vasogram should also be



performed on the abdominal end to rule out possible distal obstructionprior to reconstruction.For those patients with OA and normal spermatogenesis who arepursuing ART, either a Percutaneous Epidydymal Sperm Aspiration(PESA), Microsurgical Epididymal Sperm Aspiration (MESA), aTesticular Sperm Aspiration (TESA), or a Testicular Sperm Extraction(TESE) may be considered to extract viable sperm for use in IVF/ICSI.These procedures may be performed under local anesthetic orunder sedation based on patient and provider preference andanesthesia availability and cost. The scrotal skin is shaved and cleansed,then the area is draped with sterile drapes. Local anesthetic is thenadministered, including both a cord block in the ipsilateral spermaticcord and a skin block overlying the incision site.If planning for a PESA, then testicle is stabilized by either thesurgeon or an assistant. A 25-g butter�ly needle attached to a 1-mLtuberculin syringe is then inserted into the caput of the epididymis.Negative pressure is applied to the needle until �low of epididymal �luidinto the syringe is visualized, at which point the needle is slowlywithdrawn. Care is taken to maintain negative pressure on the syringeas the needle is withdrawn, so as not to spill epididymal �luid. Aspirated�luid is then washed in IVF medium and may be examinedmicroscopically for the presence of motile sperm. The procedure maybe repeated until an adequate sample has been collected [30].During a TESE procedure, a similar scrotal preparation andspermatic cord block is performed. The testicle is again stabilized, andlocal anesthetic is applied to the scrotal skin at the incision site. A smallskin incision is then made in the scrotal skin. Dissection is carried downthrough the dartos until the tunica vaginalis is opened and the testicleis visualized. A small incision is then made in the tunica albuginea andseminiferous tubules are extruded. Samples of seminiferous tubulesmay then be collected, prepared in IVF medium, and microscopicallyexamined for presence of sperm. Additional samples may then becollected until suf�icient sperm has been collected. The testicle, tunica,dartos, and skin are then closed, ensuring adequate hemostasis. A



scrotal supporter/dressing may then be applied to aid with post-operative pain or swelling.Prior to any sperm extraction procedure, the serum FSH levelshould be checked to ensure adequate spermatogenesis. If serum FSH is>7.4, failure of spermatogenesis should be considered and may dictatefurther testing and/or extraction procedures.Ejaculatory Duct Obstruction (EDO) is another cause of obstructiveazoospermia. In cases of ejaculatory duct obstruction, a TransurethralResection of the Ejaculatory Duct (TURED) may be performed to relieveobstruction and restore antegrade �low of semen.At the time of TURED, a transrectal ultrasound probe is placed toassess for dilation of the SV. EDO is suspected if seminal vesicle widthon TRUS is >1.5 cm, or the ejaculatory duct diameter is >2.3 mm [12].Fluid is aspirated from the dilated SV and assessed under themicroscope for the presence of motile sperm. Once sperm have beenfound, methylene blue is instilled into the dilated SV while concurrentcystoscopy at the level of the verumontanum is performed. Resection ordilation is then performed to relieve the obstruction until free �low ofmethylene blue is observed [12].Success rates of TURED with improvement in sperm concentrationand variables have been shown to be high, though they can be variabledepending on the type of obstruction (94% improvement in partialobstruction and 59% improvement with complete obstruction) [31].Spontaneous pregnancy rates are variable, with some studies showingonly a 13% spontaneous pregnancy rate after the procedure [31].
ConclusionIn the work-up of the patient with azoospermia, it is important todistinguish obstructive from non-obstructive causes of azoospermia.Among men with OA, a stepwise approach can help delineate the causeof obstruction (either congenital or acquired), as well as the site ofobstruction. Treatment options depend on the etiology and site ofobstruction, as well as the patient/couple’s ultimate fertility goals.



Recent advancements in proteomic biomarker identi�ication, circulatingmRNA identi�ication, and imaging techniques may help distinguish OAfrom NOA and may change the diagnostic algorithm in the future.
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IntroductionSurgical Sperm Retrieval (SSR) procedures play a critical role in maleinfertility treatment, particularly for men with azoospermia. Thesuccess of SSR depends on various factors, and recent research hasfocused on identifying novel predictors that can enhance the outcomesof these procedures. This chapter explores emerging predictors andcontemporary advancement of successful SSR, such as molecular andimaging evaluations, and their implications in clinical practice. Patientsundergoing sperm retrieval nurture hope of having their own biologicalchildren and would have undergone multiple investigations beforeretrieval. Success rates of sperm retrieval in non-obstructiveazoospermia patients are about 50%. Hence, these predictors help in

https://doi.org/10.1007/978-3-032-29112-7_5


pre-procedure counseling and provide information for such couples,which helps set realistic expectations of treatment.
Traditional	Predictors	and	LimitationsHistorically, predictors such as patient age, testicular volume, serumhormone levels (e.g., FSH and Inhibin-B), and testicular histology havebeen used to assess the likelihood of successful sperm retrieval at thetime of various Assisted Reproductive Treatments (ARTs) (AUA/ASRMguidelines 2011; [1, 3]). It has been found that young patients with highFSH values have lower chances of successful sperm retrieval. Testicularbiopsies have been said to be the strongest predictors of successfulretrieval. The presence of associated conditions like undescended testiscould affect sperm retrieval chances. However, these traditionalpredictors have limitations in accurately predicting outcomes andguiding clinical decision-making for future ART. As a result, recentstudies have focused on exploring novel avenues to identify morerobust predictors of SSR.
Emerging	and	Novel	Predictors	of	SSR	Success
Genetic	MarkersGenetic abnormalities, particularly Y-chromosome microdeletions, havebeen associated with impaired spermatogenesis and reduced SSRsuccess rates. Speci�ic deletions in the AZF (Azoospermia Factor)regions of the Y chromosome have been linked to non-obstructiveazoospermia and poor sperm retrieval outcomes. Additional and morespeci�ic genetic abnormalities like Klinefelter Syndrome with itsmolecular variations have also been linked to poor SSR outcomes,guiding clinicians in patient selection and future treatment planningand offerings [4]. Comprehensive genetic screening panels can identifymutations in genes critical for spermatogenesis. Mutations in genessuch as CFTR (Cystic Fibrosis Transmembrane Conductance Regulator)



and SYCP3 (Synaptonemal Complex Protein 3) have been associatedwith impaired sperm production and reduced SSR success rates [5].Given the association of azoospermia and severe oligospermia(<5 million) with genetic abnormalities, including mutations in theCFTR gene, Klinefelter syndrome (47,XXY), and the prevalence ofmicrodeletions in the Azoospermic Factor (AZF) region of the long armof the Y-chromosome (YCMD), genetic testing is strongly indicated forpatients with azoospermia/severe oligospermia. Karyotyping and Y-chromosome microdeletion analysis can play a key role in thediagnostic workup and management of these patients. Speci�ic to YChromosome Microdeletion (YCMD), there are three microdeletions(AZFa, AZFb, AZFc) on the long arm of the Y-chromosome that accountfor about 7% of cases of severe oligospermia/azoospermia in infertilemale patients [14]. If an AZFc microdeletion is detected, microscopicTesticular Sperm Extraction (TESE) (micro-TESE) might be indicated,as micro-TESE yields a sperm retrieval rate of up to 70% in patientswith AZFc microdeletions for future ART such as IVF and/or IVF/ICSI.However, for patients with AZFa or AZFb microdeletions orcombination, the chances of surgical sperm retrieval through micro-TESE are virtually nonexistent and donor sperm is highlyrecommended as per AUA/ASRM guidelines. Given the close associationof mutations in the CFTR gene and possible etiologies of obstructiveazoospermia (CBAVD, CUAVD, and idiopathic epididymal obstruction),clinicians should consider referring patients with these conditions forgenetic counseling. The AUA and ASRM recommend genetic testing toprovide information on possible offspring transmission, whichwarrants the use of gene sequencing and carrier screening, includingtesting for the 5-thymidine (5T) allele of CFTR. If CFTR mutations areidenti�ied, preconception counseling should be offered to the patientand their partner to outline the risks of having a child with cystic�ibrosis given the carrier status of the couple. Karyotyping should beconsidered during genetic evaluation given the association ofchromosomal abnormalities in patients with male infertility. Inparticular, Klinefelter syndrome (47,XXY) is the most common



chromosomal abnormality seen in infertile men, accounting forapproximately 15% of non-obstructive azoospermia. Klinefeltersyndrome has an incidence of 1 in 600 phenotypic males and presentsclinically with small, �irm testicles [15].
Other	MutationsNOA patients are assessed with karyotyping, Y-chromosome AZF regionmicrodeletions, and in a few cases, gene sequencing to identify possiblemonogenic conditions. Identifying genetic alterations helps understandthe effect on offspring. The possible outcomes of such changes, viz.infertility and miscarriages, should be discussed with the couple beforestarting assisted reproduction techniques.
M1AP gene (Meiosis 1-Associated Protein, OMIM: 619098)dysfunction results in primary testicular failure. Variations can causecryptozoospermia and oligozoospermia. Biallelic variants in TDRD9(Tudor Domain-Containing Protein 9, OMIM: 617963) can causematuration arrest in azoospermic males.
KASH5 mutations (Coiled-Coil Domain-Containing 155, OMIM:618125) involve the LINC complex. It has been reported inconsanguineous marriages.The presence of Wilms Tumor 1 (WT1) gene, Kallmann syndrome(OMIM: 308700), and Fanconi anemia (OMIM: 227650) can all haveazoospermia.Hence, along with karyotyping, AZF microdeletion analysis, targetedgene assays must be the minimum required for genetic assessment.Whole-Exome Sequencing (WES) can comprehensively identifyvariations in genetic makeup more ef�iciently in the target genome. Thiscould help predict the likelihood of successful sperm retrieval. Added tothis is the advantage of informing the parents about possible geneticdefects in children and options for prenatal testing through well-planned counseling. A thorough family history can be elicited andinheritance patterns understood.Cell-free DNA (cfDNA) in semen can predict successful spermretrieval better than cfRNA. High levels of cfDNA denote abnormal



spermatogenesis and lower chances of retrieval. The use of cfDNA inpractice is limited due to lack of validation and standardization, widevariation in cfDNA levels in multiple conditions, cost, and accessibility.In addition, sensitivity, speci�icity, and underlying biologicalmechanisms need to be completely understood. Proteonomics toidentify testosterone, LH, FSH, LDHC (L Lactate Dehydrogenase C),PGK2 (Phosphoglycerate Kinase 2), TKTL1 (Transketolase like protein1), TEX101 (Testis expressed 101), ECM1 (Extracellular Matrix protein1) need further research before they can be brought into practice. Useof microRNAs (miRNAs), messenger RNAs (mRNAs), circular RNAs(circRNAs), long non-coding RNAs (lncRNAs) throughtranscriptonomics is similarly limited in practice.
Hormonal	Pro�ilesRecent studies have explored the role of hormonal markers beyond FSHin predicting SSR success. Inhibin-B and Anti-Müllerian Hormone(AMH) levels have been investigated as indicators of testicular function.Lower levels of inhibin-B and AMH are associated with compromisedspermatogenesis and may predict poorer SSR outcomes [9]. AUA/ASRMguideline indicates that a higher FSH level than 7.6 may indicate lowerSSR (AUA/ASRM 2011). Serum testosterone, prolactin, LuteinizingHormone (LH) have not proven to be useful in predicting successfulsperm retrieval. Testosterone to LH ratio needs more investigation.Among in�lammatory markers, the Neutrophil to Lymphocyte Ratio(NLR) and systemic immune in�lammation index were found to bebetter predictors than platelet to lymphocyte ratio for sperm retrievalin multiple studies.
Clinical	CharacteristicsThe etiologies of azoospermia are characterized as obstructive/post-testicular non-obstructive/testicular. In obstructive azoospermia, thereis adequate testicular sperm production in the setting of ductalobstruction. In non-obstructive azoospermia, sperm production isabsent. The history, physical examination, hormonal studies, and



imaging can help to differentiate between obstructive and non-obstructive azoospermia. It is worthwhile mentioning that semenvolume, semen pH (alkaline vs acidic), and presence of fructose also aidin diagnosing azoospermia. The type of azoospermia (obstructive vs.non-obstructive) signi�icantly in�luences SSR success rates. Obstructiveazoospermia generally presents with higher success rates due to thepresence of normal sperm production within the testes, whereas non-obstructive cases pose greater challenges [10]. Testicular non-obstructive azoospermia, which will present with endocrineabnormalities suggestive of hypergonadotropic hypogonadism, involvesimpaired spermatogenesis (as is the case in the genetic disorderKlinefelter syndrome [47,XXY]), undescended testes and/or testiculartorsion, varicoceles, testicular cancer, and gonadotoxins. Although pre-and post-testicular azoospermia is often treatable, testicular causescurrently lack effective reversible management options.Most studies have shown that the age of the male is not importantfor SSR except in cases where orchidopexy was done. In such cases,orchidopexy done before the age of 10 years had higher chances of SSR.Only one study which conducted multiple logistic regression analysisconcluded that age was a signi�icant factor predicting SSR. InKlinefelter’s syndrome, the highest sperm retrieval was found in theage group between 20 and 29 years. Obesity had no effect on SSR buthad lower levels of clinical pregnancy rates. In patients with a history ofcryptorchidism, higher retrieval rates were found in those who hadorchidopexy before the age of 10 years, testicular volume greater than13.75 mL, testosterone more than 300.5 ng/dL, and FSH less than 17.25mIU/mL.
Semen	ParametersAlthough SSR is typically performed in cases of azoospermia, speci�icsemen parameters such as ejaculated sperm count, motility, andmorphology may provide insights into testicular function. Higherbaseline semen parameters may indicate better sperm productionwithin the testes, improving the likelihood of successful SSR [8].



Imaging	StudiesAdvanced imaging modalities like Magnetic Resonance Imaging (MRI)and ultrasound elastography offer detailed assessments of testiculararchitecture and tissue composition. These imaging techniques can aidin preoperative planning and predicting the presence of retrievablesperm [6].Scrotal diffusion-weighted Magnetic Resonance Imaging (MRI) withnormalized Apparent Diffusion Coef�icients (ADCs) and protonmagnetic resonance spectroscopy help differentiate non-obstructiveand obstructive azoospermia, predict successful sperm retrieval, andother histological alterations in non-obstructive azoospermia. ADCswere higher in non-obstructive azoospermia, whereas choline andlipids were lower, with cutoff values being 0.353, 0.31, and 0.725.Lower normalized diffusion coef�icient values predicted successfulsperm retrieval. A study also revealed that testicular volumes below7.2 mL on scrotal MRI suggested absence of sperms on mTESE. LowerADC values of 1.12 × 10−3 mm2/s and low Magnetic Transfer Ratio(MTR) of 46.5% may indicate spermatozoa after mTESE. Using the ADChistogram analysis, median ADC was the most useful to predictsuccessful sperm retrieval. In addition to the above, FractionalAnisotropy (FA) and Normalized Metabolite Concentrations (NMCs) canbe used to differentiate non-obstructive and obstructive azoospermia;however, they are not predictive for successful sperm retrieval.Diffusion tensor imaging sequence on MRI has not directly been foundto be a predictor for sperm retrieval. It traditionally does qualitativeand quantitative analysis by estimating direction and extent of waterdiffusion and derives parameters such as Mean Diffusivity (MD) andFractional Anisotropy (FA). Among the two, mean diffusivity was lowerin those with unsuccessful sperm retrieval.Traditionally, scrotal ultrasound is typically not recommended inthe initial evaluation of male infertility as per AUA/ASRM guidelines.This is because a thorough history and physical examination cantypically identify the most common scrotal pathologies accounting foran infertility factor, including the presence of varicoceles, absent vasa



deferens, and testicular masses. Scrotal ultrasound might be indicatedin patients who are dif�icult to examine because of body habitus,undescended testis, testicular pain, or for patients with risk factors formalignancy, and lately, with the emergence of telehealth. Scrotalultrasound can be helpful in examining spermatic cord vasculature.However, scrotal ultrasound should not be routinely used to identifysubclinical varicoceles as treatment of such varicoceles has little clinicalutility. Traditionally, varicoceles are graded by size. Grade 0 varicocelesare subclinical and visible only via imaging; grade 1 varicoceles arepalpable when patients perform the Valsalva maneuver; grade 2varicoceles are palpable without the Valsalva maneuver; and grade 3varicoceles are visible at rest. Transrectal Ultrasound (TRUS) is also nottypically recommended as part of the initial workup for male infertility.However, in patients with possible ejaculatory duct, 772 Rama et al.obstruction per SA (with low semen volume, azoospermia, acidic SA,and fructose-negative), dilated seminal vesicles (>2.5 cm), and/ormidline prostatic cysts can be identi�ied by TRUS. In addition,cystoscopy evaluation of the lower urinary tract, including midlineutricle cysts, ejaculatory duct obstruction, strictures or stones, andurethral or prostate scarring or strictures, can also be documented.Pelvic and renal ultrasound and/or cross-sectional abdominal imagingwith CT/MRI can be particularly helpful in patients with suspectedpelvic cystic abnormalities or vasal agenesis, given the high associationof renal agenesis in disorders of vasal agenesis [13].Doppler ultrasound studies assessing testicular blood �low haveemerged as potential predictors of SSR success. Poor testicularperfusion, indicated by decreased blood �low, correlates with impairedspermatogenesis and lower chances of �inding sperm during SSRprocedures [7]. Testicular microlithiasis on ultrasound predicts lowchances of sperm retrieval and has been proven in multiple studies.ORBEYE is a new, 4K three-dimensional surgical exoscope orcamera system that helps increase accuracy in surgical sperm retrieval.When placed over the surgical �ield, the operative image is projected ontwo 55-inch screens to be viewed using lightweight passive light 3D



glasses. This eliminates the need to frequently reposition the scopewhen compared to the traditional microscopes due to wider �ield ofview and longer depth of �ield. It is ergonomically better for surgeonssince they do not have to stare at the eyepieces for long at awkwardpostures. Other team members can also view the procedurecomfortably and learn at training centers.
Testis	Mapping	and	BiopsyTraditionally, a testicular biopsy is considered to differentiate betweenobstructive and NOA, albeit the recent AUA/ASRM guidelines do notrecommend a diagnostic testicular biopsy [12] owing to heterogeneityof spermatogenesis in men with azoospermia. On the contrary, Fine-Needle Aspiration (FNA) testicular mapping has been popularized as analternative diagnostic tool to stratify spermatogenesis in men withazoospermia based on the amount of sperm present or absent, earlymaturation arrest, and Sertoli cell-only syndrome �inding. FNA testismapping consists of 12–18 (depending on testis size) �ine-needleaspiration sites to extract the seminiferous tubules. These are thenanalyzed by a cytopathologist to assess the presence or absence ofsperm and other �indings as above. Mapping can aid in localizing spermfor future sperm retrieval techniques by identifying spermatogenesisloci for successful sperm retrieval and thus minimizing invasivenessand long-term sequelae, such as hypogonadism. These digital “heatmaps” created after FNAC have been found to be useful in patients whohave failed mTESE in the past. Peripheral areas in the testis were morelikely to harbor sperm than the central areas.
Sperm	Retrieval	TechniqueThe choice of SSR technique also in�luences success rates.Microdissection Testicular Sperm Extraction (Micro-TESE) has gainedpopularity for its ability to identify and extract sperm-containingtubules with higher precision compared to conventional TESE, resultingin improved SSR outcomes [11, 16–23].



Arti�icial	Intelligence	and	Machine	LearningArti�icial intelligence (AI) has gained importance in the recent past andhas found a role in multiple �ields. It is de�ined as “capability of anengineered system to acquire, process, and apply knowledge and skills.”It utilizes algorithms from healthcare data analysis to improveoutcomes. The interplay and advancements in medical informationtechnology, computer science, robotics, and the demand forpersonalized medicine have brought AI into the forefront today.Machine Learning (ML), Deep Learning (DL), and Arti�icial NeuralNetworks (ANNs) are various AI applications that can be used in semenanalysis, oocyte and embryo selection, decision systems and spermselection. AI systems could predict fertility potential and spermretrieval. Robotic-assisted micro-TESE has been performed safely infew centers. Using leptin and ANN, AI can increase the precision ofsperm retrieval. ANN could use both clinical and imaging data to helpimprove sperm retrieval. These systems will only improve with timesince they mature with use, taking in more data inputs and analysis.However, ethical and privacy considerations with incorporation of AIinto andrology practice should be dealt with appropriately since such aframework is still to mature in most countries [24–35].
Clinical	Implications	and	Future	DirectionsUnderstanding these emerging predictors of SSR success is crucial foroptimizing patient selection and counseling. Tailoring SSR approachesbased on individual patient characteristics and predictive markers canimprove outcomes and reduce unnecessary procedures. Futureresearch should focus on validating these predictors in larger cohortsand exploring additional biomarkers and imaging techniques toenhance SSR success rates further.
ConclusionIn conclusion, the identi�ication of new predictors of successful surgicalsperm retrieval represents a signi�icant advancement in the �ield ofmale infertility treatment. Genetic markers, hormonal pro�iles,



testicular blood �low assessments, and advanced imaging studies offervaluable insights into testicular function and aid in predicting SSRoutcomes. Integrating these predictors into clinical practice can re�inepatient management strategies and ultimately improve the successrates of SSR procedures.
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IntroductionMale factor infertility has been reported by the World Health Organizationas a main factor in half of the 15% infertility cases affecting couples aroundthe world [128, 181]. Male infertility has received a global concern in recentyears, as a temporal decline in sperm quality, and male fertility rates hasbeen reported in different studies [51, 85, 172, 184].Although male infertility is diagnosed as a decline in sperm function, theetiological factor has not been identi�ied in almost one half of all cases andconsidered idiopathic [31].Despite various environmental and nutritional factors that have beensuggested to contribute to the decline in sperm quality, the particularreason for the increased incidence of male infertility remains unknown [31].Over the past years, oxidative stress (OS) has received a global concern as
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the time-related decline in male fertility was observed concurrently withincreasing physiological and environmental production of reactive oxygenspecies (ROS). Many studies suggested OS as a new emerging factor in casesdiagnosed as unexplained and idiopathic male infertility [11, 22, 110, 135,159]. High levels of ROS were observed in the ejaculates of 30–80% ofpatients with male infertility [191, 201, 218].The clinical signi�icance of OS is evident in its association with bothnatural and assisted conception rates [164]. Oxidative stress leads to areduction in natural fertility rates [166], and a poor-assisted reproductivetechnology (ART) outcomes, such as lower fertilization rates, inhibition ofembryonic development, unsuccessful of implantation, recurrent pregnancyloss, and lower live birth rates [17, 23].The mechanism by which OS impacts sperm function is complex andmultifunctional. When the harmful ROS molecules overcome the antioxidantdefense, a cascade of unfavorable reactions occurs, resulting in signi�icantdamage to vital biomolecules such as lipids, proteins, and nucleic acids (Fig.6.1) [16].



Fig.	6.1 Pathological effects of Reactive Oxygen Species (ROS) on spermOxidative stress can cause sperm DNA fragmentation (SDF) throughdifferent mechanisms, including formation of modi�ied bases, creatingabasic sites, DNA-protein cross-linking [71], DNA strand breaks (both singleand double), chromosomal aberrations [102], and epigenetic modi�icationsby disruption of the normal DNA methylation patterns [206].There is emerging evidence supporting various approaches to reduceSDF and increase the likelihood of successful natural and assistedconception [71]. Antioxidant-rich foods and antioxidant supplementationhave shown positive results in reducing oxidative damage [34]. Additionally,lifestyle modi�ications, such as avoiding smoking, excessive alcoholconsumption, and exposure to environmental toxins, play a signi�icant rolein minimizing OS. Moreover, addressing underlying factors like varicoceles,hormonal imbalances, and infections through medical interventions can



help in alleviating OS in semen, reducing SDF and ultimately improving malefertility potential [210]. The aims of this chapter are as follows:Review the pathogenesis of seminal OS and sperm DNA damage, andhighlight the underlying mechanisms beyond these conditions in the malereproductive system.Illustrate the implications of seminal OS and SDF on both natural fertilityand ART outcomes highlighting how these factors can affect male fertilityand the success rates of ART.Furthermore, this chapter will explore the current strategies for reducingseminal oxidative OS and SDF, offering therapeutic approaches to enhancemale fertility and improve outcomes in ARTs. It will also cover the latestupdates from professional societies and expert recommendations on theindications for SDF testing.
Pathogenesis	of	Seminal	Oxidative	StressSpermatozoal production of ROS is associated with both normal andpathophysiological conditions. The critical determinant between theseconditions lies in maintaining the balance between ROS production and theantioxidant defense capability. Excessive ROS production by endogenous orexogenous factors can overwhelm the antioxidant capacity, leading to OS,the key factor in various pathological conditions [151].
Endogenous	FactorsNaturally, sperm cell produces small amount of ROS for various cellularfunctions, including energy metabolism. Sperm requires a high and rapidenergy supply to meet the energetic demands of its journey toward the egg.In addition, ROS have a critical role in different physiological functions suchas sperm hyperactivation, capacitation, and acrosome reaction [62, 63, 65,92]. Like other mammalian cells, spermatozoa produce energy in themitochondria through the process of cellular respiration. Mitochondria isthe primary sources of ROS in spermatozoa [62]. The key product of theelectron transport chain (ETC) is the superoxide radical (O2•−), which isproduced as a byproduct along with ATP synthesis in the oxidativephosphorylation pathway. Superoxide ion could trigger a series ofunfavorable reactions, resulting in generation of additional reactive species



such as hydrogen peroxide (H2O2), hydroxyl ion radical (OH•−), peroxyl, andothers reactive molecules [56].Another endogenous ROS generation pathway is the NADPH oxidasesystem, which is located on spermatozoa plasma membrane [39]. NADPHoxidase catalyzes the transfer of electrons from NADPH to oxygen resultingin the generation of reactive oxygen molecules to promote normal spermfunctions such as maturation, activation, and acrosome reaction.Furthermore, immature spermatozoa with excess residual cytoplasm(cytoplasmic droplet) are correlated with high ROS generation [18].Abnormal spermatozoa retaining residual cytoplasm contain high level ofglucose-6-phosphate dehydrogenase (G6PDH), a key enzyme in the pentosephosphate pathway (PPP) which generates excessive amounts of NADPH.This surplus NADPH undergoes oxidation through two different pathways,(I) NADPH oxidase (NOX2) located in sperm plasma membrane and (II)NADPH oxidoreductase catalysis redox reactions at the mitochondrial level[18, 118].
Exogenous	FactorsIn addition to endogenous sources of ROS, many exogenous factorscontribute in inducing of OS in the male reproductive system. These externalfactors include various pathological and environmental factors such asvaricocele, infection, smoking and alcohol intake, testicular overheat,radiation, and pollution [64, 187].The fundamental mechanism underlying these various factors is thein�lammatory pathway [13, 44]. In�lammation within the male reproductivesystem intricately connects with OS. This relationship forms a cycle whereinin�lammation and OS mutually exacerbate each other’s effects, leading tosynergistic effect [120, 140, 204]. This mechanism was evidenced by theobservation of a positive correlation between ROS and pro-in�lammatoryseminal plasma cytokines, including IL-6, IL-8, and TNFα [108, 163].ROS-regulated transcription factors such as nuclear factor kappa B (NF-κB) are localized in the cytoplasm of sperm cell and bound to the cytosolicproteins like IκB (inactive form). ROS modi�ies IκB proteins viaphosphorylation by a serine kinase, inhibitor of NF-κB kinase (IKK), leadingto its degradation and releasing free NF-κB, that can then translocate to the



cell nucleus where it induces expression of numerous genes that expressin�lammatory proteins [52].NF-κB and other transcription factors, such as the activator protein-1(AP-1), the hypoxia-inducible factor (HIF-1α), and nuclear factor like 2 (Nrf-2), can regulate numerous genes that induce expression of pro-in�lammatory cytokines [207]. Seminal cytokines promote the peroxidationprocess, resulting in increasing ROS generation in situ [32, 108]. Anoverview of exogenous sources of excess seminal ROS production isprovided in this section:
VaricoceleVaricocele is a leading factor of male infertility, with reports indicating itspresence in 35–40% of men experiencing fertility issues [73]. Due tovaricocele, excessive ROS is produced in the testes, which can lead to SDF[6]. In males with high grades of varicocele, chances of elevated SDFincreases. Normozoospermic men with clinical varicocele often haveelevated OS markers and high SDF indices [6, 70, 171, 219]. Approximately50% of individuals with clinical varicoceles have elevated SDF.The exact mechanism by which varicocele affects sperm function is notfully established. Possible mechanisms underlying varicocele-mediatedinfertility include OS, in�lammation, testicular hyperthermia, hormonaldisorders, testicular hypoxia, Leydig cell dysfunction, and retrograde �low oftoxic metabolites [15, 193, 196]. However, current evidences support OSand in�lammation pathways as central mediator of testicular damage invaricocele [14, 38, 79, 125, 209]. High level of ROS and pro-in�lammatorycytokines has been observed in semen of varicocele patients compared tofertile men with no varicocele, supporting the central role of these twopathways in varicocele [12, 214].
InfectionAcute or chronic, male genital tract infection may cause overproduction ofROS which results in OS [96, 188]. It may induce an apoptotic-like responseor may directly damage sperm DNA that results in SDF [21, 142].During the male genital tract infection, in�lammatory process involvesmainly the accumulation and activation of leukocytes, mostly phagocytes[81]. Leukocytes can generate up to 1000 times ROS more than



spermatozoa [65]. Activated neutrophils and macrophages are recruited tothe site of damage, which leads to a “oxidative burst” due to an increaseduptake of oxygen and, thus, an increased release of large amounts of ROSthrough the activation of NOX2 [165, 182]. Additionally, the chlamydiallipopolysaccharide may induce excessive ROS production by thespermatozoa, thus enhancing the OS and SDF [68].
SmokingSmoking has long been recognized as a risk factor for male infertility. It canlead to testicular damage, deterioration of semen parameters, and SDF byinitiating OS and in�lammation in semen [64, 98]. Increased OS is the mainmechanism through which smoking damages spermatozoa and inducesmale infertility. Smoking signi�icantly increases ROS level in semen by107%. Additionally, it disrupts the balance between ROS and totalantioxidant capacity [13].Cigarette smoke contains many toxic chemicals such as cadmium andnicotine, which are capable of increasing generation of free radicals andreducing antioxidant defense capability [112]. The role of OS in smokers issupported by the overexpression of certain proteins that have been foundoverexpressed in patients with an increased ROS production [48].
Alcohol	IntakeThe implication of alcohol intake in deterioration of male infertility hasbeen studied widely. A study indicated that about 42% of men withinfertility reported alcohol consumption [55]. Excessive chronic alcoholintake is linked to numerous deleterious effects on the male reproductivetract including disturbance of gonadotropin level, decrease in testosteronesecretion, impaired spermatogenesis, and increased leukocyteconcentrations in semen [42]. The association between alcohol excessiveconsumption and poor semen quality occurs mainly due to the developmentof OS, as well as the genotoxic impact on sperm DNA integrity, affecting theembryo health [80, 154, 199]. A meta-analysis showed that alcohol intake isassociated with a reduction in semen antioxidant levels, leading to theinduction of OS [146].
Obesity



Alongside the observed global decline in male fertility, overweightness hasbeen signi�icantly increasing over recent decades [122]. Obesity impactsmale fertility through decreasing spermatogenesis, sperm concentration,motility, viability, normal morphology, and increasing SDF [19]. Variousfactors have been shown to in�luence fertility in obese individuals such asfactors altering endocrine system, in�lammation response, stimulation of OS,and genetic or epigenetic expression affecting spermatogenesis and spermfunction [53, 87].Among the several proposed mechanisms contributing to spermdysfunction in obese males, in�lammation and OS play a pivotal role [37].Oxidative stress may alter testicular functions and negatively affectingsperm parameters [69, 99].
Chemical	ToxinsThe claim of global trend of declining sperm count has been re-evaluated bynumerous studies, resulting in a conclusion that in certain geographicalregions, this decline may be attributed to exposure to chemicals that disruptmale reproductive system [160, 183]. Nowadays, humans are exposed todifferent types of pollutants, including air pollutant, bisphenol A, phthalate,heavy metals, pesticides, and insecticides. These pollutants are able tominimize male fertility by exhibiting oestrogenic properties [183] orinducing OS [35]. These factors induce OS either by increasing free radicalgeneration or by triggering the in�lammatory response cascade [28].
Metabolic	SyndromeMetabolic syndrome, which is a set of conditions that increase the risk ofdiabetes mellitus type II and vascular complications, is closely associatedwith OS [134].Advanced glycation end products (AGEs) are a family of unfavorablebyproducts formed through a series of non-enzymatic reactions betweenreducing sugars and amino groups of other compounds. These harmfulcompounds are associated with hyperglycemic and/or OS conditions [211].AGEs accumulation has been shown to play a crucial role inpathogenesis of infertility-related diseases.
Iatrogenic	Causes



Oxidative stress can also occur due to medical treatment, which is referredto as iatrogenic. Sperm preparation techniques employed in ART, such ascentrifugation, resuspension, and vortexing, have been shown to causeexcessive generation of ROS in the isolated sperm of the washed specimen[7].Centrifugation causes a sudden burst of ROS production in isolatedmotile sperm, affecting both motility and fertilizing capacity [20]. ROS levelsdue to mechanical stress induced by repeated centrifugation-resuspensioncycles increase by more than 20-fold [105].Cryopreservation of spermatozoa is also associated with an increase inROS generation [40]. Oxidative stress during cryopreservation may begenerated through different mechanisms, such as osmotic stress andalteration in oxidative metabolisms [203]. Although ROS formation occursthroughout the entire cryopreservation process, it is the excessiveproduction of ROS during the freeze-thaw cycle that primarily causes OS[117].Accumulating evidence suggests that the addition of antioxidants mayreduce the impact of ROS-induced OS and cold-shock injuries [26, 33].
Other	Sources	of	Exogenous	ROSSeveral other factors were reported to be associated with increased OS insemen, including chemotherapy [200], certain medications, chronicdiseases, heat, radiation, lack of exercise, stress ([86, 166], and aging [143].Table 6.1 outlines the major factors contributing to OS in the malereproductive system, along with their effects on semen parameters andsperm genomic integrity.
Table	6.1 Impact of common OS-inducing factors on semen characteristics and sperm genetic materials
OS-inducing
factor

Effect	on	basic	semen
parameters

Effect	on	the	genetic	materials

Varicocele Negative impact onspermatogenesis, basic semenparameters, and sperm function[95]
Increases SDF [215]

Infection Different bacteria negativelyaffecting spermatogenesis andsperm functions ([74]; [77]) Increases SDF ([74]; [77])



OS-inducing
factor

Effect	on	basic	semen
parameters

Effect	on	the	genetic	materials

Smoking Impairers spermatogenesis, spermmaturation, spermatozoa function,and hormone system dysfunction[61]
Induces sperm DNA strand fragmentation,genome instability, mutations, alterations inmicroRNA expression in sperm, and causesDNA methylation [152]

Alcohol Negatively affects spermconcentration, motility, andmorphology, and induces hormonalimbalance [121]
Induces protamine de�iciency and DNAdamage [27]

Obesity Decreases semen volume, spermcount and concentration, vitality,motility and normal morphology[179]
Increases DNA fragmentation [47]

Environmental
toxins

Associated with abnormal semenparameters. Decreases spermcounts, motility, viability, andnormal morphology [115]
Increases DNA damage [115]

Heat Decreases semen volume, spermconcentration, total and progressivemotility, and normal morphology[101]
Induces an increase in DNA damage [94]

Mechanisms	of	Sperm	DNA	FragmentationDuring the process of spermatogenesis, structural and chemical changes inthe germ cell DNA take place. DNA is the important genetic material presentin spermatozoa. In order to avoid damage, it is highly condensed andcompactly packed in spermatozoa. Usually, DNA is wrapped around thehistone proteins, and for effective condensation of the sperm DNA [83, 162],they are replaced by highly basic protamines gradually, which make thespermatozoa transcriptionally and translationally inactive [97]. Extensivechromatin remodeling subjects double-stranded DNA (dsDNA) to torsionalstress, resulting in the formation of transient DNA strand breaks. Thesebreaks are normally repaired to enable ef�icient histone replacement,chromatin condensation, and proper sperm nuclear packaging [129].Reduced protamination leads to failure of repair of the nicks, and itsaccumulative effect results in DNA damage. ROS generated by immaturespermatozoa can cause SDF [29]. During epididymal transit, ROS attacks thespermatozoa and activates the endonuclease or sperm caspases which



cause SDF. ROS targets the spermatozoa with poor chromatin packing orwith high protamination, as they are more susceptible [176]. Poordisulphide cross-links in the mature spermatozoa represents another causeof SDF due to altered chromatin packaging. That’s why epididymal spermsare more susceptible to DNA damage [90, 194]. High levels of ROS andreactive nitrogen species resulting from various endogenous and exogenousfactors can activate multiple harmful pathways (Fig. 6.2).

Fig.	6.2 DNA damage in sperm induced by reactive oxygen species (ROS)ROS can initiate both intrinsic and extrinsic apoptosis pathways.Leakage of cytochrome C from the mitochondrial membrane occurs as aresult of activation of pro-apoptotic factors by ROS and leads to activation ofintrinsic caspase cascade causing SDF [93, 185, 194]. Activation of pro-apoptotic proteins by binding of leucocytes expressing ligands FasL to Fasprotein receptors on the spermatozoa initiates extrinsic pathway ofapoptosis which leads to disturbance in the mitochondrial pathwaysresulting in DNA damage [14]. It has been reported that 10% ofnormozoospermic and 50% of oligozoospermic men express Fas protein



receptors on spermatozoa [177]. Activation of both the intrinsic andextrinsic apoptotic pathways is associated with the highest levels of SDF [93,131]. Fragmentation of single-strand DNA (ssDNA) and dsDNA isdetrimental for DNA and makes it unstable; however, irreversible damage iscaused by dsDNA fragmentation which affects fertilization and embryodevelopment. DNA repair mechanisms, such as nucleotide excision repair,mismatch repair, ssDNA and dsDNA break repair, help in maintaining DNAintegrity and thus counteract the DNA damage process. If the DNA repairmechanism is defective, then it leads to abnormal sperm with a high degreeof DNA damage [93].Excess ROS has been found in the seminiferous tubules and seminalplasma of most patients with idiopathic male infertility [8, 105, 198, 212]. Inasthenospermic and oligoasthenospermic patients, the concentration ofmalondialdehyde (MDA), a marker of lipid peroxidation, was found to bealmost twice as high in sperm pellet suspensions compared tonormozoospermic males [198]. A decrease in MDA concentration andimprovement in sperm motility was demonstrated with in vitro addition ofexogenous SOD to semen samples [113]. An increase in SDF and apoptosiswas caused by vulnerability to OS in vitro due to zinc de�iciency [153]. Thelevels of pro-apoptotic p53, p21, and bcl 2 family gene expression andcaspase-3 activity are modulated by intracellular zinc. Bcl-2 functions as anantioxidant at the outer membrane of the mitochondria and has a role inregulating programmed cell death [82, 150]. Omu et al., demonstrated thatas compared to oligozoospermic and asthenozoospermic men, theantiapoptotic protein Bcl-2 was more highly expressed in normozoospermicmen, whereas in men with oligozoospermia and asthenozoospermia, thepro-apoptotic Bax was greatly expressed [153]. Sperm motility, morphology,vitality, and concentration [192] are inversely correlated with apoptosis andmarkers of programmed cell death. Increased severity of idiopathic maleinfertility is seen in individuals with decreased expression of survivin, aprogrammed cell death inhibitor. It was noted in that hormonaldysregulation infertility [100], anti-sperm antibody-associated infertility,varicocele, testicular torsion [175], and in�lammation [186] are associatedwith oligoasthenoteratozoospermia (OAT), which is caused by increasedapoptosis. Hence, for idiopathic OAT, accentuated programmed cell death isnot pathognomonic. It was demonstrated in various studies that



spermatozoa from OAT patients often exhibit chromosomal aneuploidy andmitochondrial dysfunction, in addition to an increased susceptibility toapoptosis and SDF [123]. In asthenozoospermic infertile men,mitochondrial DNA oxidative damage has been observed and con�irmed inexperimental models, which are similar to the mitochondrial modi�icationsin apoptotic sperm cells [158, 190]. These alterations are very similar to themitochondrial modi�ications seen in apoptotic sperm cells [43, 208].
Impact	of	Sperm	DNA	Fragmentation	on	Male	FertilitySperm DNA fragmentation is now recognized as a valuable tool forevaluating male fertility due to its negative impact on reproductiveoutcomes in both natural and assisted conception [178]. Sperm DNAdamage, either single- or double-strand breaks, occurs either during spermproduction, maturation, or transport through the male genital tract [11].
Impact	of	SDF	on	Natural	Pregnancy	OutcomesAn increasing number of couples fail to achieve pregnancy despite theabsence of an identi�iable male or female factor of infertility. This conditionis classi�ied under the name “unexplained infertility.” It is probable thatmany of these couples may possess a male genomic defect, which mayinclude sperm DNA damage. The integrity of sperm DNA is crucial forinitiating and maintaining a viable pregnancy [176]. After fertilization,paternal genome is transcriptionally inactive for approximately 48 h.However, once the damaged genome is active, it results in poor blastocystdevelopment, unequal cleavage, implantation failure, or early fetal loss [45].If the DNA damage is low, the oocyte can use its repair mechanism to repairthe injury and maintain the development of the embryo.A small number of studies explored the effect of DNA damage on naturalpregnancy. Vončina et al. [127, 216] have showed that sperm DNA damage isassociated with a prolonged time to pregnancy and a low possibility ofachieving a natural pregnancy [127, 216]. However, the data on the impactof SDF on natural pregnancy are still scarce.
Impact	of	SDF	on	ART	OutcomesThe impact of SDF on assisted pregnancy outcome has been studied widely.However, due to the presence of con�licting �indings in reported results, theevidence concerning the role of SDF in the success of ART remains
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inconclusive. Three recent meta-analyses by Sugihara et al. [197], Ribas-Maynou et al. [167], and Chen et al. [54] have been conducted to investigatethe impact of SDF on ART outcomes.For intrauterine insemination (IUI) outcomes, Sugiharaa et al. haveanalyzed date of 917 IUI cycles. The association between low SDF andclinical pregnancy was having risk ratio (RR) of 3.30 (95% CI: 1.16; 9.39,I2 = 38%). The results showed that couples with low levels of SDF are threetimes more likely to conceive after performing IUI procedure.By analyzing a total of 12,380 IVF/ICSI cycles, Ribas-Maynou et al.showed that for IVF and ICSI procedures, the implantation rate (RR = 0.74;95% CI = 0.61–0.91; I2 = 69%, P = 0.01) and pregnancy rate (RR = 0.83;0.73–0.94; I2 = 58%, P = 0.01) are negatively in�luenced by sperm DNAdamage, while live birth rate (RR = 0.78; 0.58–1.06; I2 = 72%, P = 0.12) wasnot affected by SDF. For IVF outcomes, data showed a signi�icant impact ofSDF on implantation rates (RR = 0.68; 0.52–0.89; I2 = 50%, P = 0.01) andpregnancy rates (RR = 0.72; 0.55–0.95; I2 = 72%, P = 0.02), while nosigni�icant difference was found in the live birth rate (RR = 0.48; 0.22–1.02;I2 = 79%, 0.06). Additionally, for ICSI outcomes, a non-signi�icant differencewas observed for implantation (RR = 0.79; 0.60–1.04; I2 = 72%, P = 0.09),pregnancy rates (RR = 0.89; 0.78–1.02; I2 = 44%, P = 0.09), and live birthrate (RR = 0.92; 0.67–1.27; I2 = 70%, P = 0.62).Conversely, Chen et al. illustrated that following IVF, there was noin�luence of SDF on fertilization rate (RR = 0.94, 95% CI: 0.77–1.14,P = 0.61), pregnancy rate (RR = 0.83, 95% CI: 0.57–1.21, P = 0.32), and livebirth rate (RR = 0.53, 95% CI: 0.16–1.80, P = 0.31) in men with high SDFlevel.Although it has been shown that SDF provides promise as a predictor ofnatural and ART outcomes, the available evidence remains scarce. Furtherinvestigation is needed to fully understand its implication in natural andassisted pregnancies.
Methods	of	SDF	AssessmentSDF can be measured by several different methods (Table 6.2). These testscan measure sperm DNA integrity either directly or indirectly. TUNEL(Terminal deoxynucleotidyl transferase dUTP Nick End Labeling) and



COMET (single-cell gel electrophoresis) assays directly assess the presenceof single- and/or double-strand breaks in the DNA, whereas AO FCM(Acridine Orange Flow Cytometry) and SCD (Sperm Chromatin Dispersion)assays detect the susceptibility of chromatin to treatment by acid. Thesetests have varying characteristics and cutoff values, and currently, there isno universally recommended “gold standard” test for assessing SDF.However, a global survey conducted by Global Andrology Forum (GAF)among reproductive clinicians revealed that the TUNEL assay is the mostcommonly used method, followed by the sperm chromatin structure assay(SCSA) and the SCD test [5].
Table	6.2 Laboratory methods for sperm DNA fragmentation assessment
Test Principle Method Interpretation Specimen

required
Male
infertility
diagnosis
threshold

Terminal
deoxynucleotidyl
Transferase
mediated	dUTP
biotin	Nick	End
Labeling
(TUNEL)

Terminaldeoxynucleotidyltransferase(TdTA) enzymeadds labelednucleotides tofree DNA ends,Templateindependent,Labels SS and DSbreaks,With the aid ofoptical�luorescencemicroscopy and�low cytometry,sites of breakscan be identi�ied

Visualization ofsperm DNAdamage usingterminaldeoxynucleotidylTransferasedUTP Nick EndLabeling(TUNEL)Digoxigenin-dUTP isincorporated toDNA breaksusing a terminaltransferase; anti-digoxigenin FITCis used to labelthe sites wheredigoxigenin-dUTP is present(green color)

% Cells withlabeled DNA Wholeejaculate 2.0–2.5 × 106Spermatozoafor �lowcytometry
>17% by�lowcytometry



Test Principle Method Interpretation Specimen
required

Male
infertility
diagnosis
threshold

Single-cell	gel
electrophoresis
assay	(Comet)

Electrophoresisof single spermcells leads tomigration offragments ofsingle- anddouble-strandedDNA toward theanode, DNAfragments formtail, Intact DNAstays in head

Assay relies onDNAdecompactionand proteindepletionAlkaline orneutral pHconditions allowthe uncoil ofdouble-strandedDNAImmerse theslides in thebuffer for20 minutes andstart theelectrophoresisby applyingcurrent at 25 V(0.714 V/cm)adjusted to300 mA

The relative�luorescence inthe tailcompared withIt’s headre�lects thelevel of SDF;spermatozoawith increased�luorescenceintensity in thecomet tailshave high levelsof chromatindamage

A minimum of100 μl volumeof neat semencontaining aminimum of5000spermatozoa

>20%–25%6(DFI)

Sperm	chromatin
structure	assay
(SCSA)

Nicked DNAdenatures moreeasily thandouble-strandedDNAAcridine Orange(AO) is used forstaining;Intact DNA—green lightsingle- or double-strand breaks—red light

Aciddenaturation ofthe DNA at thesites of existingsingle- or double-strand breaksAcridine Orange(AO) is used forstaining. The�luorescencepatterns emittedby spermatozoaare capturedusing a �lowcytometer

The ratio of redto total (green+ red)�luorescenceintensity isused tocalculate thepercentage ofspermatozoawith DNAfragmentation

>0.5 millionsperm/ml rawsemen fordirectmeasurementIf <0.5 million/ml, specimensshould beconcentratedbycentrifugationandresuspended

>26%



Test Principle Method Interpretation Specimen
required

Male
infertility
diagnosis
threshold

Sperm
Chromatin
Dispersion	(SCD)

Spermatozoawith DNAfragmentationfail to producethe characteristichalo of dispersedDNA loops thatare observed inspermatozoawith non-fragmented DNA

(1) Aciddenaturation andremoval ofnuclear proteins(2) Spermsuspensions areembedded inagarose gel onslides and treatedwith an aciddenaturationsolution (HCl).(3) Spermatozoaare exposed to alysing solutionbased on DTT,sodium dodecylsulfate, and NaClto remove thesperm membraneand nuclearproteinsThen, slides arestained withDAPI (4′,6-diamidino-2-phenylindole) orDiffQuik, andspermatozoawith non-dispersed anddispersedchromatin loopsare identi�ied by�luorescence orbright-�ieldmicroscopyexamination,respectively

The haloscorrespond torelaxed DNAloops attachedto the residualnuclearstructure asseen inspermatozoawith low or noSDFSpermatozoawith very smallor no haloscorrespond tothose exhibitingSD

The test can beperformed in asingle toseveralhundredspermatozoa,both in freshandfrozen/thawedspecimensTherecommendedspermconcentrationis 1–3 millionper ml, but itcan beperformedusing lessconcentratedsamples

<20%

Indications	of	Sperm	DNA	Fragmentation	(SDF)
Testing



Although sperm DNA damage has been shown to have signi�icant adverseeffects on reproductive outcomes, such as reduced pregnancy rates and anincreased risk of miscarriage (Level I evidence), there remains limitedevidence on the optimal methods for performing and interpreting SDFtesting in clinical practice [130]. Additionally, SDF testing was not includedin previous editions of the World Health Organization’s (WHO) Manual	 of
Semen	 Analysis [67]. However, in its latest edition, the WHO manual hasclassi�ied SDF as an extended semen test that can be requested underspeci�ic conditions [155]. Despite this update, the manual does not providedetailed indications for testing, nor does it offer clear diagnostic thresholds.It is speculated that SDF testing could be bene�icial for infertile men incases of unexplained or idiopathic male infertility, those with risk factorssuch as clinical varicocele, or couples experiencing recurrent pregnancy loss(RPL) [4]. In this section, we expanded on the updated indications for SDFtesting within the context of infertility management.
VaricoceleExperts recommend SDF testing for patients with grade II-III varicocele andwith borderline abnormal or normal basic semen parameters (grade Crecommendation) [3].This recommendation is based on evidence form numerous studies thatreported the increase of SDF in varicocele. Over the decades, numerousstudies have investigated the intricate mechanisms of varicocele’s impact onmale reproductive health [144]. Recently, SDF has emerged as a signi�icantplayer in varicocele pathophysiology. A meta-analysis by Zhang et al.analyzed a total of 12 studies with a total of 845 patients diagnosed withvaricocele and 2377 healthy controls. The analysis revealed that infertilemen diagnosed with grade I varicocele had higher DNA damage than healthycontrols [215].Concerning the treatment of varicocele, studies showed that varicocelerepair (VR) may improve sperm basic parameters and fertility outcomes.Several meta-analyses have explored the ef�icacy of VR as an effectivestrategy in treating high SDF. The most recent study by Canarella et al.analyzed 29 studies involving 1491 infertile men [49]. Their �indingsdemonstrated a signi�icant decrease in sperm DNA damage following VR,



thus highlighting the potential bene�its of utilizing SDF as a clinicaldiagnostic tool in varicocele-associated male infertility.
Idiopathic	and	Unexplained	InfertilityExperts recommend undergoing SDF testing in couples with idiopathic andunexplained infertility and RPL (grade C recommendation) [10, 58]. Thisrecommendation is raised based on evidence linking elevated SDF levels tothe infertility conditions [104]. DNA damage is linked to male infertility andmay be increased in conditions that are classi�ied as unexplained oridiopathic infertility and can also lead to RPL [76]. The global surveyconducted by GAF showed that more than half of the participants wouldrecommend SDF testing in couples experiencing unexplained infertility,while only a small fraction (7%) of the participants expressed the belief thatthe results of SDF testing would not in�luence treatment decisions. Their�indings revealed that SDF testing should be regarded as a valuable tool forall couples with unexplained infertility, especially following exclusion ofknown causes of male infertility [4]. Additionally, the European Associationof Urology guidelines recommend SDF assessment in diagnosis of men withunexplained infertility [139].
Recurrent	Pregnancy	LossHigh SDF level is linked with RPL and negatively impacts outcomes ofdifferent ARTs. A meta-analysis by Tan et al. indicated that SDF is stronglyassociated with RPL, and paternally derived genetic is possibly potentialfactor in unexplained RPL [202]. Sperm DNA damage has also been linked tolower pregnancy rate following IUI procedure [46]. Therefore, SDF testing isindicated in couples with recurrent miscarriage or IUI failure (grade Crecommendation) [3].Early IVF or ICSI may be an alternative in case of RPL or failed IUI. SDFtesting is also indicated in couples with recurrent failure of assistedpregnancy by IVF or ICSI [3]. Although high SDF value may not signi�icantlyaffect ICSI pregnancy rates, two meta-analyses have reported an increasedrisk of miscarriage rate following ICSI [217, 220].
Modi�iable	Lifestyle	Risk	FactorsMen with modi�iable lifestyle risk factors may undergo SDF testing (grade Crecommendation) [3]. Life style such as obesity, smoking, alcohol intake,



and pollution have been implicated in increased SDF. This recommendationis based on the evidence involving these factors in high sperm DNA damage[157]. Recommending the SDF assay in the above-mentioned cases aim tooffer a relevant treatment strategy for reducing SDF level. Antioxidanttherapy may be considered as a �irst-line treatment for this purpose (gradeC recommendation) [88].
Strategies	to	Overcome	the	Oxidative	Stress-
Induced	Sperm	DNA	FragmentationTreating the causes of high SDF is essential for alleviating reproductivechallenges and enhancing fertility outcomes. Factors associated with SDFare modi�iable and could be adverse by the use of speci�ic treatments,lifestyle changes, and averting exposure to environmental/occupationaltoxicants [71].Various strategies have demonstrated effectiveness in signi�icantlyreducing OS and SDF, including oral antioxidant supplementation, infectioncontrol, VR, and lifestyle modi�ications [57].
Antioxidant	TherapyTreatment with antioxidants is the �irst line of defense against OS-mediatedmale reproductive defect. Oral antioxidants is often used as a keytherapeutic strategy to improve male fertility [1]. Several clinical studieshave investigated the correlation between antioxidant levels and spermDNA damage and have reported con�licting results [195, 221]. Among theconcurring �indings, various antioxidant types like vitamins E and C,coenzyme-Q10, glutathione, carnitines, zinc, selenium, N-acetylcysteine,carotenoids, and pentoxifylline, whether used alone or in combination, havedemonstrated bene�its in reducing OS-induced sperm DNA damage [41].However, few studies have reported no effects [156, 195]. Moreover,attention is rising regarding the potential disruption of spermatozoal redoxbalance due to uncontrolled and high-antioxidant doses, which may lead to“reductive stress,” known to be associated with adverse effects on basicsperm parameters [66, 137].Despite numerous studies supporting the use of antioxidants intreatment of sperm DNA damage, the available data remain uncertain and



more investigation are required [169]. This uncertainty arises due to factorssuch as lack of standard SDF test, lack of control groups, and poor studydesign [195], as well as the use of different antioxidants in differentcombinations and doses [124].Despite these limitations, antioxidant therapy is still an acceptedstrategy for treatment of male infertility due to high SDF, withrecommendation of using antioxidant that readily penetrates the blood-testis and blood-epididymis barriers [9, 133]. Results of different studies onthe use of antioxidant therapy for treatment of men with high SDF areshown in Table 6.3.
Table	6.3 Oral antioxidants in treatment of sperm DNA fragmentation
Study Antioxidant Patients Comparison Dosage

and
duration

Result

Lahimer	et
al.	[119]

Fertilis homme® Couples consulting formale infertility Treatmentgroup andplacebogroup
Twicedaily for3 months Increased inspermmotility anddecreasedDFI, inaddition to asigni�icantimprovementin clinicalpregnancyrate and lifebirth rate

Micic	et	al.
[138]

Proxeed Plus® Idiopathicoligoasthenozoospermiainfertile men Treatmentgroup andplacebogroup
Twicedaily for6 months Improved,volume,progressivemotility,vitality anddecreasedsperm DFI



Study Antioxidant Patients Comparison Dosage
and
duration

Result

Nazari	et	al.
[145]

400 IU syntheticvitamin E incombinationwith 10 mg zinc
Couples with recurrentpregnancy loss Before andafter Oncedaily for3 months Improved inspermconcentration,motility,progressivemotility, andnormalmorphologyand decreasedSDF

Rochdi	et
al.	[168]

A combination of40 Vitamin C, 0.1Vitamin B9, 25Selenium, 50Zinc 200Arginine, 200 L-carnitine, and 15Q10

Men with infertility andidiopathic OAT Before andafter Twicedaily for6 months Improvedspermconcentration,total motility,progressivemotility, andtotal motilesperm countand decreasedSDF
Patki	et	al.
[161]

A combination ofessential aminoacids,antioxidants,vitamins, ginsengextract,lycopene, folicacid along withelemental zinc,iron, copperselenium,manganese

Sub-fertile males Treatmentgroup andplacebogroup
Oncedaily for3 months Improvedsperm countin severeoligospermiasubjects andimprovedDNA integrityin high-extremelyhigherbaseline DFI

Jannatifar
et	al.	[106]

600 mg N-acetyl-cysteine Asthenoteratozoospermicinfertile men Before andafter Oncedaily for3 months Improvedsperm count,motility andnormalmorphology,and increasedhormonelevels. AlsodecreasedDNAfragmentationand protaminede�iciency



Study Antioxidant Patients Comparison Dosage
and
duration

Result

Martínez-
Soto	et	al.
[132]

500 mgdocosahexaenoicacid (DHA) Infertile men Treatmentgroup andplacebogroup
Threecapsulesof oil perday for10 weeks

Signi�icantdecrease inSDF
Humaidan
et	al.	[103]

CoQ10 100 mg,Omega-3 1 g, andone multivitamintablet
Infertile males with ahistory of failed IVF/ICSI Healthycontrol Oncedaily for3 months Signi�icantdecrease inSDF

Moskovtsev
et	al.	[141]

Empirical oralantioxidant Infertile patients Before andafter Oncedaily for3 months Signi�icantdecrease inSDF
Salehi	et	al.
[180]

Antioxidantsupplementationcontained thefollowing activeingredients: 50mg Vitamin E,500 mg VitaminC, and 100 mgCoenzyme Q10

Infertile men Before andafter Oncedaily for3 months Improvedspermconcentrationmotility,progressivemotility andmorphology,and decreasedsperm DNAfragmentation
Alahmar	et
al.	[25]

200 mg CoQ10 Idiopathic Before andaftertreatment Oncedaily for3 months Increasedmotility anddecreased SDF
Greco	et	al.
[88]

1 g Vitamin C and1 g Vitamin E Men with unexplainedinfertility Treatmentgroup andplacebogroup
Oncedaily for2 months DecreasedSDF

Abad	et	al.
[1]

Androferti® Infertile men with knownasthenoteratozoospermia Before andaftertreatment Oncedaily for3 months Improvedspermconcentration,motility andnormalmorphologyand decreasedSDF
Greco	et	al.
[88]

500 mg vitaminC and 500 mgvitamin E Infertile men Treatmentgroup andplacebogroup
Twicedaily for2 months DecreasedSDF



Study Antioxidant Patients Comparison Dosage
and
duration

Result

Alahmar
[24]

200 μg Selenium Infertile patients withidiopathicoligoasthenoteratospermia Before andaftertreatment Oncedaily for6 months IncreasedTAC, spermconcentration,progressivemotility andtotal motility,and decreasedSDF
Nguyen	et
al.	[147]

A combination of60 mg Vitamin E,400 μg folic acid,30 mg selenium,125 mg L-arginine,220 mg L-carnitine, 7.5 mgcoenzyme Q10,40 mg L-glutathione, and20 mg zinccitrate

Men from infertile couples Before andaftertreatment Twicedaily for3 months Increasedspermconcentration,a total numberofspermatozoa,and spermvitality, anddecreased SDF
Gual-Frau
et	al.	[91]

Formula:1500 mg L-carnitine, 60 mgvitamin C, 20 mgcoenzyme Q10,10 mg Vitamin E,200 μg VitaminB9, 1 μg VitaminB12, 10 mg zinc,50 μg selenium

Infertile patients withgrade I varicocele Before andaftertreatment Oncedaily for3 months Improvedtotal numbersof sperm anddecreased SDF

Arafa	et	al.
[30]

FH PRO® Infertile men of unknownetiology Before andaftertreatment Threecapsules,twice aday for3 months
Improvedspermconcentration,total andprogressivemotility,normalmorphology,and seminalORP andreduced SDF



Study Antioxidant Patients Comparison Dosage
and
duration

Result

Tunc	et	al.
[205]

Menevit® Infertile men Before andafter Oncedaily for3 months Reducedseminal ROSand improvedsperm DNAintegrity
Greco	et	al.
[89]

1 g Vitamin C and1 g Vitamin E Couples with failed ICSIattempt Before andafter Oncedaily for2 months Reduced SDFand improvedclinicalpregnancyandimplantationrates
DFI DNA Fragmentation Index, SDF Sperm DNA Fragmentation, OATOligoasthenozoospermia, TAC Total Antioxidant Capacity, ICSIIntracytoplasmic Sperm Injection, IVF In vitro Fertilization, OPR OxidationReduction Potential, ROS: Reactive Oxygen Species
Varicocele	RepairVaricocele represents the most frequent correctable cause of male infertility[139]. A systematic review including 21 studies and 1270 infertile menshowed that VR decreases SDF by 7.23% (95% CI, −8.86 to −5.59) [171].In general, there is a concurrent decline in SDF after VR [219]. A recentsystematic review and meta-analysis of 19 varicocele studies includingmore than 1000 men demonstrated that the mean difference (MD) in SDFvalues after VR repair (versus preoperative levels) was −8.3% (95% CI−10.3%, −6.4%; p < 0.0001; [170]. Higher grades of clinical varicocele arereported with elevated SDF rates [2, 114, 148, 149, 173, 213]. It is advisableto test SDF before VR, to detect and/or con�irm a detrimental effect ofvaricocele on sperm quality and fertility, thus reinforcing the need forinterventional therapy to reduce SDF and improve fertility.Information provided by SDF tests can be distinctly valuable when thedecision to recommend VR is doubtful, in particular, for infertile men with(a) low-grade (e.g., grade 1) varicocele and borderline to normal semenparameters (e.g., count, motility, morphology) and (b) moderate (grade 2)or large (grade 3) varicocele and semen parameters within normal ranges[59].



SDF retesting after VR may be useful for monitoring the intervention’soutcome and guiding further management. The persistence of abnormalpostoperative SDF values usually leads to poor outcomes in both naturaland assisted conception. In contrast, the reduction of SDF correlates withgood chances of conception, both naturally and by ART [170]; the decisionto pursue expectant management of ART will be based mainly on femalefactors. The association between subclinical varicocele (i.e., nonpalpable onphysical exam but vein dilation and re�lux detected by color Dopplerultrasound) and SDF, on the other hand, remains controversial. After repairof subclinical varicoceles, a controlled study involving 337 men reported aremarkable improvement in semen parameters and increased clinicalpregnancy rates [50]. To the contrary, a systematic review and meta-analysis compiling the data of seven randomized-controlled trialsdemonstrated no improvement in pregnancy rates (OR 1.29, 95% CI: 0.99–1.67 [111]. Thus, more evidence is needed to allow any recommendationconcerning the clinical value of SDF testing in men with subclinicalvaricocele [72].
Lifestyle	Modi�icationsTesticular function improves on avoidance of exposure to toxicants. Thesemeasures may improve the genetic and epigenetic constitution ofspermatozoa. The measures include avoidance of exposure toenvironmental and occupational toxicants, smoking cessation, dietary andlifestyle changes, and weight loss. A meta-analysis which included 20studies with 5865 participants has shown exposure to cigarette smokingwas associated with reduced sperm count (MD: −9.72 × 106/ml; 95% CI,−13.32 to −6.12), motility (MD: −3.48%; 95% CI, −5.53 to −1.44), andmorphology (MD: −1.37%; 95% CI, −2.63 to −0.11). Further analysesindicated that reduction of sperm parameters was higher in infertile menthan in the general population and in moderate/heavy smokers than in mildsmokers [189]. In another study, high levels of DNA damages inspermatozoa of smokers were observed compared with non-smokers, butthis difference was not statistically signi�icant [189].In an observational study, 336 infertile men with normal spermparameters were interviewed regarding their diet. Three groups, namelyWestern, Mixed, or Prudent dietary patterns were formed [109]. The



Prudent diet consist of high intakes of �ish, chicken, fruit, vegetables, andwhole grains, whereas the Western diet included high intakes of red andprocessed meat, butter, high-fat dairy, re�ined grains, fast-food, high-energydrinks, and sweets.After controlling for variables like ejaculatory abstinence, age, smoking,previous diseases, and alcohol consumption, the results have shown that thePrudent diet was associated with increased sperm counts, highertestosterone serum levels, and decreased SDF rates compared with theWestern diet (SDF: 15.2% ± 10.4% vs. 17.9% ± 8.1, P < 0.05). Similarly astudy from India suggested that improvement in SDF could be obtained byadopting meditation and yoga-based lifestyle [60]. Levels of ROS werereduced in alcohol users (P < 0.05) as well as in tobacco users (P < 0.05)after the adoption of meditation and yoga-based lifestyle modi�ication. Aftersix months of yoga and meditation practice, SDF values decreased(P < 0.05), whereas a decrease in the levels of 8-Hydroxyguanosine wasevident from the third month of practice. Another important factor isobesity. A small cohort study involving six obese men was published to date[78]. All participants were individuals with unexplained infertility and SDFvalues—by TUNEL—of 25% or higher. In this latter study, reduction in anintra-abdominal fat over a 3- to 8-month period was achieved in anutritionist-led individualized dietary program coupled with exercise. TheDNA quality improved (P = 0.01) in all patients who had their semenspecimens analyzed both before and after the intervention, and theirpartners achieved pregnancy and full-term deliveries, either naturally orassisted.
Infection	ControlAntibiotic therapy reduces the percentage of spermatozoa with fragmentedDNA and was shown to improve pregnancy rates in a small group study [84].The authors of this study suggested that the improvement in sperm DNAintegrity due to antibiotic therapy could be a signi�icant factor in achievingpregnancy.
Innovative	Strategies	Targeting	DNA	Damage



Although no speci�ic treatment strategy for sperm DNA damage in infertilecouples is universally recommended, lifestyle modi�ications and theadministration of empiric antioxidants are the most commonly usedapproaches among clinicians. However, several interventions including theuse of sperm with short ejaculatory abstinence, advanced sperm selectiontechniques, and the use of testicular sperm have shown their ef�icacy inobtaining sperm with low DNA damage [75].A meta-analysis of 19 studies concluded that collecting sperm from asecond ejaculation shortly after the �irst could be a simple and effectivemethod for obtaining sperm with lower DNA damage, bene�iting bothnatural conception and ART pregnancies [36]. While this strategy offers aless invasive and more cost-effective alternative to surgical testicular spermextraction, testicular sperm is better than ejaculated sperm in reducingsperm DNA damage in infertility treatments [116].Additionally, improvements in sperm DNA integrity have been achievedthrough advanced sperm selection techniques, including: (i) electrostaticcharge (electrophoresis and zeta method), (ii) apoptosis-based techniques(magnetic activated sperm cell sorting and glass wool �iltration), (iii)membrane maturity assessments (hyaluronic acid binding), and (iv)ultrastructural characteristics (high-magni�ication imaging) [174].
SDF	Testing	in	Male	Infertility:	Updated
Guidelines	and	Expert	RecommendationsThe signi�icance of SDF in male infertility has been acknowledged by theinternational societies, the American Society of Reproductive Medicine(ASRM), the American Urological Association (AUA), and the EAU guidelines.Although, SDF assay is not recommended in the initial evaluation of theinfertile couple, the EAU (2021) recommends its assessment in cases of RPLin both natural and assisted pregnancies, in the context of unexplainedinfertility. The ASRM indicated that SDF values may be clinically informativein IUI or IVF and ICSI procedures. However, the AUA notes insuf�icientevidence regarding the use of SDF in diagnosis of male infertility [107, 136,139].The Global Andrology Forum survey identi�ied that the most commonreasons for the delay in incorporating SDF testing into clinical practice are



the lack of clear recommendations from professional society guidelines andthe absence of globally accepted reference range [5].However, despite several key barriers and limitations to incorporatingSDF testing into clinical practice—such as cost, test availability, the lack ofstandardized methods, and the absence of universally accepted cutoff values—fertility experts have increasingly recognized the clinical utility ofassessing SDF. This recognition is supported by accumulating evidence andemerging clinical practice recommendations [5].
ConclusionCurrently, evaluation and diagnosis of male infertility mainly rely ontraditional semen analysis, including the volume, concentration, vitality, andmorphology of the semen. However, approximately 15–20% of men with anormal semen analysis are diagnosed as infertile. Additional proportion ofinfertile men presented with abnormal basic semen parameters in theabsence of an identi�iable cause and are thus diagnosed as idiopathic maleinfertility. High seminal OS and SDF have been incriminated to playsigni�icance role in the pathogenesis of idiopathic and unexplained maleinfertility. The common causes of sperm DNA damage are often linked tofactors that induce high seminal OS, such as smoking, infections, varicocele,and poor dietary habits. These factors have been shown to be treatable,potentially reducing SDF and improving sperm fertility potential. Reductionof SDF has been suggested after correction of causal factor. However,optimal SDF test, with widespread availability, low inter-laboratoryvariation, and clear-cut reference values, is still lacking. More research isneeded to foster SDF testing in routine clinical practice.
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treatment partly improves integrity of human sperm DNA in infertile grade I varicocele patients.Hum Fertil. 2015;18(3):225–9.92. Gualtieri R, Kalthur G, Barbato V, Longobardi S, Di Rella F, Adiga SK, Talevi R. Sperm oxidative stressduring in vitro manipulation and its effects on sperm function and embryo development.Antioxidants. 2021;10(7):1025.[PubMed][PubMedCentral]93. Gunes S, Al-Sadaan M, Agarwal A. Spermatogenesis, DNA damage and DNA repair mechanisms inmale infertility. Reprod Biomed Online. 2015;31(3):309–19.[PubMed]94. Habibi P, Ostad SN, Heydari A, Aliebrahimi S, Montazeri V, Foroushani AR, et al. Effect of heat stresson DNA damage: a systematic literature review. Int J Biometeorol. 2022;66(11):2147–58.[PubMed]95. Hassanin A, Ahmed H, Kaddah A. A global view of the pathophysiology of varicocele. Andrology.2018;6(5):654–61.[PubMed]96. Henkel R, Offor U, Fisher D. The role of infections and leukocytes in male infertility. Andrologia.2021;53(1):e13743.[PubMed]97. Henkel RR, Franken DR. Sperm DNA fragmentation: origin and impact on human reproduction. JReprod Stem Cell Biotechnol. 2011;2(2):88–108.98. Henriques MC, Santiago J, Patrıćio A, Herdeiro MT, Loureiro S, Fardilha M. Smoking induces adecline in semen quality and the activation of stress response pathways in sperm. Antioxidants.2023;12(10):1828.[PubMed][PubMedCentral]99. Heydari H, Ghiasi R, Ghaderpour S, Keyhanmanesh R. The mechanisms involved in obesity-inducedmale infertility. Curr Diabetes Rev. 2021;17(3):259–67.[PubMed]100. Hikim AS, Swerdloff RS. Hormonal and genetic control of germ cell apoptosis in the testis. RevReprod. 1999;4(1):38–47.101. Hoang-Thi A-P, Dang-Thi A-T, Phan-Van S, Nguyen-Ba T, Truong-Thi P-L, Le-Minh T, et al. Theimpact of high ambient temperature on human sperm parameters: a meta-analysis. Iran J PublicHealth. 2022;51(4):710.[PubMed][PubMedCentral]102. Hosen MB, Islam MR, Begum F, Kabir Y, Howlader MZH. Oxidative stress induced sperm DNAdamage, a possible reason for male infertility. Iran J Reprod Med. 2015;13(9):525.[PubMed][PubMedCentral]103. Humaidan P, Haahr T, Povlsen BB, Kofod L, Laursen RJ, Alsbjerg B, et al. The combined effect oflifestyle intervention and antioxidant therapy on sperm DNA fragmentation and seminal oxidativestress in IVF patients: a pilot study. Int Braz J Urol. 2022;48:131–56.[PubMed][PubMedCentral]

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34202126
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8300781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26206278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=36178536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29978951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32693434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=37891907
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10604710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32814535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35936544
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9288403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26568756
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4637119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34472769
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8691235


104. Inversetti A, Bossi A, Cristodoro M, Larcher A, Busnelli A, Grande G, et al. Recurrent pregnancy loss:a male crucial factor—a systematic review and meta-analysis. Andrology. 2023; https:// doi. org/ 10. 1111/ andr. 13540.105. Iwasaki A, Gagnon C. Formation of reactive oxygen species in spermatozoa of infertile patients.Fertil Steril. 1992;57(2):409–16.[PubMed]106. Jannatifar R, Parivar K, Roodbari NH, Nasr-Esfahani MH. Effects of N-acetyl-cysteinesupplementation on sperm quality, chromatin integrity and level of oxidative stress in infertile men.Reprod Biol Endocrinol. 2019;17:1–9.107. Jarow, J., Sigman, M., Kolettis, P., Lipshultz, L., McClure, D., Nangia, A., … Schlegel, P. The optimalevaluation of the infertile male: best practice statement reviewed and validity con�irmed 2011.(2011).108. Jiang L, Zheng T, Huang J, Mo J, Zhou H, Liu M, et al. Association of semen cytokines with reactiveoxygen species and histone transition abnormalities. J Assist Reprod Genet. 2016;33:1239–46.[PubMed][PubMedCentral]109. Jurewicz J, Radwan M, Sobala W, Radwan P, Bochenek M, Hanke W. Dietary patterns and theirrelationship with semen quality. Am J Mens Health. 2018;12(3):575–83.[PubMed]110. Khalil AA, Hussien HM, Sarhan EM. Oxidative stress induces idiopathic infertility in Egyptian males.Afr J Biotechnol. 2012;11(6):1516–22.111. Kim H, Seo J, Kim K, Ahn H, Jeong J, Kim J, et al. Clinical signi�icance of subclinical varicocelectomyin male infertility: systematic review and meta-analysis. Andrologia. 2016;48(6):654–61.[PubMed]112. Kiziler AR, Aydemir B, Onaran I, Alici B, Ozkara H, Gulyasar T, Akyolcu MC. High levels of cadmiumand lead in seminal �luid and blood of smoking men are associated with high oxidative stress anddamage in infertile subjects. Biol Trace Elem Res. 2007;120:82–91.[PubMed]113. Kobayashi T, Miyazaki T, Natori M, Nozawa S. Protective role of superoxide dismutase in humansperm moti�ity: superoxide dismutase activity and lipid peroxide in human seminal plasma andspermatozoa. Hum Reprod. 1991;6(7):987–91.[PubMed]114. Krishna Reddy S, Basha Shaik A, Sailaja S, Venkataramanaiah M. Outcome of varicocelectomy withdifferent degrees of clinical varicocele in infertile male. Adv Androl. 2015;2015:1–9.115. Krzastek SC, Farhi J, Gray M, Smith RP. Impact of environmental toxin exposure on male fertilitypotential. Transl Androl Urol. 2020;9(6):2797.[PubMed][PubMedCentral]116. Kugelman N, Hochberg A, Dahan MH. Impact of short abstinence versus testicular sperm on spermDNA fragmentation: a systematic review and meta-analysis. Arch Gynecol Obstet. 2024;310:1–13.117. Kumar A, Prasad J, Srivastava N, Ghosh S. Strategies to minimize various stress-related freeze–thawdamages during conventional cryopreservation of mammalian spermatozoa. Biopreserv Biobank.

https://doi.org/10.1111/andr.13540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1735495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27364628
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5010814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26819182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26589369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17916958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1761671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=33457251
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7807371


2019;17(6):603–12.[PubMed]118. Kumar N, Singh AK. Reactive oxygen species in seminal plasma as a cause of male infertility. JGynecol Obstet Hum Reprod. 2018;47(10):565–72.[PubMed]119. Lahimer M, Gherissi O, Ben Salem N, Ben Mustapha H, Bach V, Khorsi-Cauet H, et al. Effect ofmicronutrients and L-Carnitine as antioxidant on sperm parameters, genome integrity, and ICSIoutcomes: randomized, Double-blind, and Placebo-controlled clinical trial. Antioxidants.2023;12(11):1937.[PubMed][PubMedCentral]120. Lazaros LA, Xita NV, Chatzikyriakidou AL, Kaponis AI, Grigoriadis NG, Hatzi EG, et al. Association ofTNFα, TNFR1, and TNFR2 polymorphisms with sperm concentration and motility. J Androl.2012;33(1):74–80.[PubMed]121. Leisegang K, Dutta S. Do lifestyle practices impede male fertility? Andrologia. 2021;53(1):e13595.[PubMed]122. Leisegang K, Sengupta P, Agarwal A, Henkel R. Obesity and male infertility: mechanisms andmanagement. Andrologia. 2021;53(1):e13617.[PubMed]123. Liu C-H, Tsao H-M, Cheng T-C, Wu H-M, Huang C-C, Chen C-I, et al. DNA fragmentation,mitochondrial dysfunction and chromosomal aneuploidy in the spermatozoa ofoligoasthenoteratozoospermic males. J Assist Reprod Genet. 2004;21:119–26.[PubMed][PubMedCentral]124. Lombardo F, Sansone A, Romanelli F, Paoli D, Gandini L, Lenzi A. The role of antioxidant therapy inthe treatment of male infertility: an overview. Asian J Androl. 2011;13(5):690.[PubMed][PubMedCentral]125. Lorian K, Kadkhodaee M, Kianian F, Abdi A, Sadeghipour H, Sei�i B. Oxidative stress, nitric oxide andin�lammation in the pathophysiology of varicocele and the effect of hydrogen sul�ide as a potentialtreatment. Physiol Pharmacol. 2019;23(4):249–60.126. Mahfouz R, Sharma R, Thiyagarajan A, Kale V, Gupta S, Sabanegh E, Agarwal A. Semencharacteristics and sperm DNA fragmentation in infertile men with low and high levels of seminalreactive oxygen species. Fertil Steril. 2010;94(6):2141–6.[PubMed]127. Malić Vončina S, Ihan AGB, Kopitar AN, Kolbezen M, Zorn B. Sperm DNA fragmentation andmitochondrial membrane potential combined are better for predicting natural conception thanstandard sperm parameters. Fertil Steril. 2016;105(3):637–644.e1. https:// doi. org/ 10. 1016/ j. fertnstert. 2015. 11. 037. Epub 2015 Dec 13. PMID: 26696300[PubMed]128. Mannucci A, Argento FR, Fini E, Coccia ME, Taddei N, Becatti M, Fiorillo C. The impact of oxidativestress in male infertility. Front Mol Biosci. 2022;8:799294.[PubMed][PubMedCentral]
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Key	PointsOxidative stress is a known cause of male infertility, whichunderscores the rationale for using antioxidants (AOX).Recent data from systematic reviews and meta-analyses support theimprovement of semen quality following AOX treatment.The recommended duration of AOX treatment is typically 3–6 months, although the optimal duration remains uncertain.No comparative data are available regarding the ef�icacy of differenttypes or combinations of AOX.There is evidence of an improvement in pregnancy rates; however, nosigni�icant improvement in live birth rates has been observed.
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IntroductionInfertility and problems of impaired fecundity have been a concernthrough ages and are also a signi�icant clinical problem today, whichaffects 8–12% of couples worldwide. Of all infertility cases,approximately 40–50% are due to “male factor” infertility [1]. Oxidativestress (OS), one of the primary contributors to male infertility, refers toan imbalance between the production of reactive oxygen species (ROS)and antioxidant defense mechanisms of the body. ROS, such assuperoxide anions, hydrogen peroxide, and hydroxyl radicals, areformed as by-products of normal cellular metabolism, especially duringthe mitochondrial electron transport process [2]. However, whenproduced in excess, especially under conditions of environmentalstress, infections, or exposure to toxins, they can cause signi�icantcellular damage [3, 4]. The plasma membrane of spermatozoa containshigh amounts of polyunsaturated fatty acids, making them vulnerableto lipid peroxidation and ROS-induced damage [5, 6]. OS may also affectthe integrity of DNA, resulting in high levels of sperm DNAfragmentation (SDF) [7]. Furthermore, OS is associated with increasedapoptosis [8].These pathological pathways are correlated with a range of negativeclinical outcomes like damaged germ cells, impaired fertilization,increased miscarriages, and enhanced risk of disease in the nextgeneration [9, 10]. Studies show that 30–80% of infertile men exhibitelevated ROS levels, which attack and damage deoxyribonucleic acid(DNA) and the proteins and lipids of sperm, leading to compromisedfunctionality, including interference with capacitation processesneeded for successful fertilization (Kaltasas 2023) [11].Antioxidant AOX treatments are a controversial subject in maleinfertility. They can be used as a treatment strategy to lower ROS andenhance semen quality. Besides, AOX are appealing since they are freelyobtainable over-the-counter, are considered all-natural, and are thushealthful [12].Although the mechanisms by which OS leads to impaired malefertility are well established, the evidence evaluating AOX in infertile



male patients is still discordant with the heterogeneity of molecules,dosages, and combinations. Despite the low quality, it does not meanthe absence of evidence.In this chapter, we revisit the question of AOX in male infertility:Does it help improve sperm quality and reproductive outcomes? Does itmatter to prescribe this treatment? Which patient will bene�it morefrom AOX?
Oxidative	Stress	and	Male	InfertilityOS is de�ined as the imbalance between the antioxidant defense systemand reactive oxygen species (ROS) [13]. ROS play a physiological role insmaller quantities without overwhelming the antioxidant capacity. Thisrole is crucial for the maturation of spermatozoa and the capacity offertilization. However, an increase in ROS, overwhelming theantioxidant capacity, triggers various mechanisms that result in maleinfertility [14, 15]. These mechanisms include DNA damage both in thenucleus and the mitochondria, lipid peroxidation, mitochondrialdysfunction, and apoptosis. Consequently, sperm count, as well asmobility, viability, and morphology, are negatively impacted. OS canin�luence the development of spermatozoa during intratesticularspermatogenesis and during transit through the epididymis and thegenital tract. OS interferes in the setting of assisted reproductivetechnologies (ART), in particular, during cryopreservation. Manystudies have demonstrated the impact of OS on fertility, pregnancyrates, and ART outcomes [16]. Besides, OS is considered a potentialcontributing factor in idiopathic male infertility (IMI), which consists ofnormal �indings on physical examination, and on genetic and hormonalassessment, with abnormal semen parameters [17, 18]. Interestingly,Agarwal et al. [19] suggested a new term, “Male Oxidative StressInfertility” (MOSI), for patients who were previously classi�ied ashaving IMI.



Rationale	for	Antioxidants’	UseThe rationale behind using antioxidant supplementation in maleinfertility is based on the effect of counteracting the increased ROS.Mechanisms of action are scavenging of ROS, neutralization, andcontribution in maintaining the sperm DNA integrity and preservingthe mitochondrial function [20]. There are two principal types ofantioxidants, AOX: enzymatic and non-enzymatic (Table 7.1). EnzymaticAOXs encompass superoxide dismutase, catalase, glutathioneperoxidase, and glutathione reductase. Non-enzymatic AOXs consist ofglutathione, cysteine, N-acetylcysteine (NAC), vitamin C, vitamin E,carotenoids, carnitine, coenzyme Q10 (CoQ10), ferritin, L-arginine,transferrin, myo-inositol, lycopene, zinc, selenium, and folate [20].
Table	7.1 Antioxidant system
Enzymatic	factors Non-enzymatic	factors

Superoxide	dismutase
Catalase
Glutathione	peroxidase
Glutathione	reductase

GlutathioneCysteineN-acetylcysteineCarotenoidsVitamin CVitamin ECarnitineFerritinL-arginineTransferrinCoenzyme Q10Myo-inositolLycopeneSeleniumZincFolate



Impact	of	Antioxidants	on	Infertile	Men
Semen	ParametersSeveral studies have demonstrated the improvement of semen qualityand reproductive outcomes after treatment by AOXs. Along with theirmeta-analysis, Zhang et al. [21] included 7 randomized controlled trialsand 693 patients. The authors reported that the treatment by L-Carnitine and L-Acetyl-Carnitine signi�icantly improved progressivesperm motility, total sperm motility, and the number of pregnancies.Wei et al. [22] published a meta-analysis, including 7 studies and 621patients. They reported an improvement in sperm motility and normalmorphology in patients who received L-Carnitine/L-Acetyl-Carnitineand N-Acetyl-Cysteine compared to the placebo group. Moreover, N-acetyl-cysteine has been demonstrated to increase sperm concentrationand ejaculate volume. A recent SRMA published by Agarwal et al. [20]included 45 RCTs with 4332 infertile patients. This study addressedsigni�icantly higher semen parameters, including sperm concentration,sperm progressive motility, sperm total motility, and normal spermmorphology percentage in patients who were treated by AOX comparedto controls. The common limits of these meta-analyses include theheterogeneity of AOX used, with different dosages and combinations.Also, the majority of included studies were observational.
Sperm	DNA	Fragmentation	(SDF)Bahmyari et al. (2019) [24] published a meta-analysis that included 23studies reporting a reduction in SDF when AOXs were used in patientsundergoing sperm freezing and thawing. In the meta-analysis ofAgarwal et al. [20], three studies were eligible for analyzing the effect ofAOX on SDF, but no improvement was observed.
OS	MarkersSingh et al. [23] studied the ef�icacy of antioxidant therapy on oxidativestress parameters in the seminal plasma of infertile males in 40infertile patients. The �irst semen sample was collected at the time of



enrollment in the study, and the second semen sample was collected3 months after combined antioxidant therapy. After 3 months oftreatment with combined antioxidants, semen parameters like countand motility were signi�icantly increased. The seminal level of MDA as amarker of OS was signi�icantly lower, whereas the seminal level ofantioxidant glutathione peroxidase was signi�icantly increased after the3 months of therapy antioxidants.Alahmar et al. [25] investigated the effect of CoQ10 on OS markersand sperm DNA damage in infertile patients with idiopathicoligoasthenoteratospermia (OAT) in a prospective controlled study.Patients and controls received 200 mg of oral CoQ10 once daily for3 months. The administration of CoQ10 to patients with idiopathic OATsigni�icantly improved sperm quality and seminal antioxidant statusand signi�icantly reduced total ROS and SDF levels compared topretreatment values.The SRMA by Agarwal et al. [20] found signi�icantly higher seminallevels of total antioxidant capacity and lower seminal malondialdehydeacid in patients who received AOX. The authors reported that theresults did not change after the exclusion of studies performedfollowing varicocele repair.
Reproductive	Outcomes
Pregnancy	RatesThe Cochrane review, published in 2019, evaluated the effect ofdifferent AOXs on the reproductive outcomes: pregnancy, live birth, andmiscarriage rates. The quality of evidence was low. However, thisCochrane review reported the ef�icacy of AOXs in improving thepregnancy rate (Odds ratio 2.97, 95% con�idence interval 1.91–4.63)[26]. Lately, Agarwal et al. [20] published a new systematic review andmeta-analysis including 45 RCTs and 4332 infertile patients. Theauthors reported a signi�icantly higher pregnancy rate in patients whoreceived AOX compared to those who received placebo or no treatment.A double-blind, placebo-controlled clinical trial has evaluated an oral



antioxidant treatment containing L-carnitine and some micronutrientsin terms of improvement of conventional sperm parameters, spermDNA integrity, and IVF/ICSI outcomes. This study included a total of263 patients who were randomly divided into two groups: The �irstgroup received the AOX treatment (n = 131), and the second received aplacebo (n = 132). The duration of treatment was 3 months.Interestingly, the study revealed a signi�icant improvement in theclinical pregnancy rate (p = 0.01) in addition to a signi�icant decrease inthe DFI and a signi�icant increase in sperm motility [27].
Live	Birth	RatesThe 2019 Cochrane review failed to show evidence of improvement oflive birth rates with AOX treatment [26]. Furthermore, the meta-analysis of Agarwal et al. [20] did not report an effect of AOX treatmenton the live birth or miscarriage rates. A multicenter, double-blind,randomized, placebo-controlled trial involving nine fertility centers inthe United States from December 2015 to December 2018 had the livebirth rate as a primary outcome. Males were randomly assigned intotwo groups. The �irst group (n = 85) received an antioxidantformulation (n = 85) containing 500 mg of vitamin C, 400 mg of vitaminE, 0.20 mg of selenium, 1000 mg of l-carnitine, 20 mg of zinc, 1000 μg offolic acid, 10 mg of lycopene daily, and the second received placebo(n = 86). The minimal duration of AOX treatment was 3 months and themaximum 6 months. Couples attempted to conceive naturally duringthe �irst 3 months of AOX treatment, and with clomiphene citrate withintrauterine insemination in months 4–6. Cumulative live birth did notdiffer at 6 months between the AOX and placebo groups: 15% versus24% [28]. Given that live birth following natural pregnancy or ART is ofparamount importance, these �indings highlight the need for moreselection of patients who will bene�it from AOX treatment. Moreresearch is needed to de�ine which AOX treatment would improve thelive birth rate (Table 7.2).
Table	7.2 Impact of AOX on male infertility



Impact	of
AOX	on
male
infertility

Type	of	bene�it Limitations Type	of
studies

Level	of
evidence

ReferencesImpact	of
AOX	on
male
infertility

Type	of	bene�it Limitations Type	of
studies

Level	of
evidence

References

Semen
parameters

Improved semenparameters(concentration,motility, andmorphology)
Heterogeneity inAOXtypes/dosages,many non-RCTs

Meta-analyses,RCTs,observational
Low–moderate [20, 21]

SDF SDF was reported tobe reduced by AOXtreatment Inconsistent�indings few RCTson SDF Meta-analyses,limited RCTs Low–moderate Bahmyari etal. (2019)andAgarwal etal. [20]
OS
biomarkers

Reduced MDA,increasedglutathioneperoxidase
Small sample sizesof the prospectivestudies, shortdurations

Prospectivecontrolledstudies, meta-analysis
Low [23, 25]

Pregnancy
rates

Improved pregnancyrates in several RCTsand meta-analyses Not correlatedwith live birth Cochranereview, meta-analyses Moderate [20, 26, 27]
Live	birth
rates

No signi�icant effect Large RCTs shownull results RCTs Moderate [20, 28]
Impact	on	Idiopathic	Male	Infertility	CasesIdiopathic male infertility (IMI) refers to the condition where semenquality declines, occurring in almost 30–40% of infertile men, but theirexact causes are not identi�ied. Traditional semen analyses areextensively used to determine semen quality, but these bear criticalshortcomings such as poor reproducibility, subjectivity, and reducedfertility prediction. OS has been identi�ied as the core commonmechanism by which various endogenous and exogenous factors mayinduce IMI. For its treatment, antioxidants are mostly used tocounteract OS and improve sperm parameters with appropriatecombinations, dosage, and duration [17, 18]. Previously, Alahmar et al.[29] explored the evidence provided by several studies published from2002 to 2017 on the impact of different oral antioxidants (vitamin C,



vitamin E, L-carnitine, coenzyme Q10, zinc, selenium, andpentoxifylline) on semen parameters in men with idiopathicoligoasthenoteratozoospermia. Most of these studies were randomizedcontrolled studies investigating the effect of single or combinedantioxidants and reported improvements in at least one semenparameter. The most notable effect was that the use of multipleantioxidants increased sperm motility and concentration, but there wasa lack of agreement on the dose, the duration of treatment, and whetherindividual or combined oral antioxidants should be used.Along with their systematic review on antioxidants and maleinfertility, Agarwal et al. [30] showed that antioxidant supplementationimproves semen parameters. In addition, it provides indications forantioxidant treatment in speci�ic clinical conditions, includingvaricocele and unexplained and idiopathic male infertility, as well as incases of altered semen quality. Also, in their scientometric analysis,Agarwal et al. [30] recognized the top 100 cited articles on “Maleinfertility and Antioxidants” and analyzed their publicationcharacteristics. The articles were published in 56 journals between1995 and 2019 with a median (interquartile range) citation score of 17[5–61]. Antioxidant therapy was mostly investigated in male cohortswith sperm abnormalities such as asthenozoospermia (28%) andclinical conditions such as idiopathic male infertility (20%),varicocele/varicocelectomy (17%), and general male infertility (16%).In their study, Li et al. [40] network meta-analysis studied theeffects of different antioxidants on the sperm quality and pregnancyrate of idiopathic male infertility in a total of 23 RCTs with 1917patients and 10 kinds of antioxidants. L-carnitine, l-carnitine+l-acetylcarnitine, coenzyme-Q10, ω-3 fatty acid, and selenium were moreef�icacious than placebo in sperm quality parameters. L-Carnitine wasranked �irst in sperm motility and sperm morphology, and ω-3 fattyacid was ranked �irst in sperm concentration.Lately, Rochdi et al. [41] evaluated the effects of treatment withvitamin C, vitamin E, selenium, zinc, arginine, L-carnitine, andcoenzyme Q10 on sperm quality parameters, DNA integrity,



reproductive hormones, and pregnancy rates in 420 men withinfertility and idiopathic oligoasthenoteratozoospermia (OAT) twicedaily for 6 months. Signi�icant improvement in sperm concentrationwas observed after supplementation at baseline, 3, and 6 months,respectively. The total sperm motility, progressive motility, and totalmotile sperm count also increased signi�icantly, whereas the spermDNA fragmentation index decreased after 6 months. There was also anincrease in normal serum FSH levels and testosterone levels after6 months of supplementation, but these differences were notstatistically signi�icant.However, Alfaro Gómez et al. [42] pointed out that no evidence-based antioxidant treatments directly improve seminal parameters orbirth ratio. While certain scientists argue against their use due to thelack of results, others support it because of their safety pro�ile and lowcost. Some uncertainties related to using antioxidants for treating MIare their questionable ef�icacy or the dif�iculties in knowing theircorrect dosage. In addition, the lack of quality methods for OS detectioncan lead to excessive antioxidant supplementation, resulting in“reductive stress.” Another important problem is that, although thein�lammatory process is interdependent and closely linked to OS, it isusually ignored. To solve these uncertainties, new trends have recentlyemerged. These include the use of molecules with anti-in�lammatoryand antioxidant potential, which are also able to target the reproductivetissue speci�ically; as well as the use of new methods that allow forreliable quanti�ication of OS and a quality diagnosis. Also, Avila et al.[43] pointed out that despite an increased understanding of the role ofOS in the pathophysiology of male infertility, therapeutic interventionsbased on antioxidants have not yet provided a consistent bene�it for it.On the other hand, Sengupta et al. [17, 18] pointed out that strongresearch evidence underpinned the concepts of OS-mediated malereproductive disruptions, which bear answers to several cases of IMI.Although antioxidant treatment held the prime solution for OS-mediated male infertility, reductive stress challenges its excess use andalso predisposes men to male infertility, resolutely instituting that any



biological extremes of the redox spectrum are deleterious to malefertility. The super�luity of the reducing agents may hinder essentialoxidation mechanisms, affecting physiological homeostasis, looking forthe �ine thread between OS-mediated male infertility treatment andinduction of reductive stress. In line, Dutta et al. [44] pointed out thatdue to the lack of proper detection of OS in male infertility, the use ofantioxidant(s) in some cases may be arbitrary or lead to overuse andinduction of “reductive stress.” Moreover, in�lammation is closely linkedto OS and may establish a vicious loop that is capable of disruptingmale reproductive tissues. The result is the exaggeration of cellulardamage and disruption of male reproductive tissues. Therefore, thelimitations of antioxidant therapy in treating male infertility are thefailure in the selection of speci�ic treatments targeting in�lammationand OS simultaneously, two of the core mechanisms of male infertility.
Infertile	Men	Associated	with	Genital	Tract
InfectionMale infertility is a multifactorial condition in�luenced by epigeneticregulation, OS, and mitochondrial dysfunction. OS-induced damageleads to epigenetic modi�ications, disrupting gene expression crucial forspermatogenesis. Mitochondrial dysfunction impairs sperm function,while leukocytospermia exacerbates OS-related sperm dysfunction[32]. Among numerous other causes, the prevalence of male genitaltract infections reportedly ranges between 10% and 35%.Leukocytospermia is found in 30% of infertile men and up to 20% infertile men. Bacterial infections cause an in�lammatory responseattracting leukocytes, which produce ROS and release cytokines,rendering sperm dysfunction. The pathogenic mechanisms leading tosperm dysfunction include direct interaction of bacteria with the malegerm cells, bacterial release of spermatotoxic substances, and inductionof pro-in�lammatory cytokines and ROS, all of which lead to OS [32].Previously, Omu et al. [33] investigated the effect of antibiotictherapy on seminal infection along with 50 men who were divided into



three groups: men with seminal infection, men with leukocytospermiaonly, and [3] fertile men. These authors demonstrated that antibiotictherapy improves sperm parameters by increasing antioxidant activityand IL-4 and by reducing IL-2 and IL-8. Along with their study, Yadav etal. [34] suggested that supplementary treatment with antioxidants andantibiotics for leukocytospermic infertile male patients may improvesperm membrane integrity. Besides, Gambera et al. [35] suggested thata combined immunomodulating and antioxidant treatment protectsspermatozoa during maturation and migration through the male genitaltract, resulting in a functional rescue demonstrated by improved semenquality.Piomboni et al. [36] studied the immune-modulating andantioxidant effects of beta-glucan, papaya, lactoferrin, and vitamins Cand E on sperm parameters of 51 infertile patients withasthenoteratozoospermia associated with leukocytosis. After 90 days oftreatment, an increase in the percentage of morphologically normalspermatozoa and total progressive sperm motility was detected.Structural sperm characteristics, as well as chromatin integrity, werealso improved after treatment. A signi�icant reduction of the leukocyteconcentration in seminal �luid was reported. These authors concludedthat treating this in�lammatory process by the synergic action ofimmune modulators and antioxidants could protect sperm duringmaturation and migration, leading to improved sperm function.Gill et al. [37] assessed the relationship between male infertility,basic semen characteristics, SDF, oxidation-reduction potential insemen, and leukocytospermia. The results showed that [1] there is arelationship between male infertility, SDF, and OS in semen [2]; ininfertile men, there is a signi�icant risk of SDF and OS irrespective ofleukocytopenia; and [3] the assessment of SDF and OS should beindependent of leukocytopenia. Additionally, Henkel [38] addressedthat those seminal bacterial infections, including “silent” infections, aretreatable, with antibiotics being the treatment of choice. Yet,antioxidants should also be considered to alleviate the in�lammatoryprocess and improve semen quality [38].



While co-administration of antioxidants with antimicrobial therapymay enhance outcomes, optimal protocols, treatment duration, andpatient selection criteria are yet to be de�ined. More research is neededto identify effective strategies in managing infection-related maleinfertility.
Impact	of	Adjuvant	AOX	Therapy	on	Non-
operated	VaricoceleVaricocele-associated male infertility has been classically managedusing surgery or ART. With increasing evidence of OS as apathophysiological factor in varicocele-associated infertility, medicaltherapy, especially antioxidants, might become a treatment option dueto its theoretical bene�it, data from preclinical studies, and lack of majorside effects. Along with their study, Garg and Kumar [45] reviewed theexisting literature on the role of various medical agents in managingmale infertility associated with varicoceles. Medical therapy wasevaluated in three different situations such as (a) a comparison of twodrugs or one drug with a placebo, (b) a comparison of drugs versussurgery, and (c) a comparison of drugs as adjuvant therapy withsurgery versus drug therapy alone. Due to the heterogeneity of dataand lack of well-conducted studies, there is insuf�icient data torecommend routine use of medical therapy for men with varicocele-associated infertility, and surgery remains the treatment of choice.Later on, Pyrgidis et al. [46] performed a systematic review andmeta-analysis to explore the role of antioxidant supplementation inpatients with operated or non-operated varicocele, including 14 studies(980 individuals). Of the 14 studies, 2 explored the effect of antioxidantsupplementation in patients with non-operated varicocele, 1 comparedantioxidants versus surgical repair of varicocele, and 11 exploredantioxidants after surgical varicocele repair. Regarding pregnancy rates,no signi�icant differences were demonstrated after treatment withantioxidants versus no treatment at 3 (OR: 2.28, 95% CI: 0.7–7.48) and6 months (OR: 1.88, 95% CI: 0.62–5.72). Accordingly, contradictory



�indings were reported in sperm concentration, morphology, motility,and DNA fragmentation. These authors indicated that antioxidantsupplementation does not improve pregnancy rates and semenparameters in patients with varicocele-associated infertility in theabsence of previous screening for oxidative stress.In their study, Arab et al. [47] collected scienti�ic evidence from bothbasic and clinical studies which support the use of dietary supplements,such as minerals, vitamins, and antioxidants, have an essential role inthe treatment of varicocele by increasing the levels of antioxidantenzymes (e.g., peroxidase, superoxide dismutase, and catalase) anddecreasing the levels of in�lammatory markers (e.g., tumor necrosisfactor-α, interleukin-6, and interleukin-1) in the testis.In their systematic review on antioxidants and male infertility,Agarwal et al. [30] provided the indications for antioxidant treatment inspeci�ic clinical conditions, including varicocele, unexplained andidiopathic male infertility, as well as in cases of altered semen quality.Lately, along with their study, Szymański et al. [48] investigated atotal of 85 men with varicocele-related infertility group. All patientsreceived treatment with a male fertility supplement containing acombination of 1725 mg of L-carnitine fumarate, 500 mg of acetyl-L-carnitine, 90 mg of vitamin C, 20 mg of coenzyme Q10, 10 mg of zinc,200 μg of folic acid, 50 μg of selenium, and 1.5 μg of vitamin B12(Proxeed® Plus, Sigma-Tau, Italy) twice/day for 6 months. Thetreatment resulted in signi�icant improvement in semen parameters,particularly sperm count, sperm concentration, total motility, andprogressive motility, with a marked therapeutic bene�it in patients withGrade III varicocele, having a greater improvement in progressivemotility than in men with less severe or no varicocele. These authorsconcluded that the use of the antioxidant preparations seemsreasonable as an adjuvant in those with varicocele-related infertility,particularly in patients with Grade III varicocele who do not wish toundergo surgical treatment or in whom such a treatment is not possiblefor various reasons.



Impact	of	Adjuvant	AOX	Therapy	After
VaricocelectomyNematollahi-Mahani et al. [49] evaluated serum hormonal levels(inhibin B, FSH, and testosterone) and seminal plasma antioxidantdefense levels after folic acid and zinc sulfate administration invaricocelectomy patients that were randomly allocated to 4 groups:zinc sulfate/folic acid, folic acid, zinc sulfate, and placebo. Patients indifferent groups took one capsule per day after dinner followingvaricocelectomy for 6 months. A signi�icant rise in peripheral bloodinhibin B and seminal plasma activity was detected in the zincsulfate/folic acid group after 6 months, indicating a change in thehormonal status of post-varicocelectomy patients following long-termadministration of zinc sulfate and folic acid.Pourmand et al. [50] concluded that the addition of 750 mg of L-carnitine orally daily to standard inguinal varicocelectomy does not addany extra bene�it in terms of improvement in semen analysisparameters or DNA damage.Barekat et al. [51] evaluated the outcome of N-acetyl-L-cysteine(NAC) on semen quality, protamine content, DNA damage, OS, andfertility following varicocelectomy in 35 infertile men with varicocele,randomly divided into control (n = 20) and NAC (n = 15) groups. Thepercentages of abnormal semen parameters, protamine de�iciency, SDF,and OS were signi�icantly decreased in both groups compared to beforesurgery. The results revealed that NAC improved chromatin integrityand pregnancy rate when administered as adjunct therapy post-varicocelectomy.Ener et al. [52] showed that vitamin E supplementation mightimprove sperm parameters after varicocelectomy.Chen et al. [53] performed a systematic review and meta-analysis toassess the ef�icacy of adjuvant drug therapy after varicocelectomy along10 randomized controlled trials containing 533 patients with adjuvantdrug therapy after varicocelectomy and 368 patients with no medicaltreatment after varicocelectomy. It had been revealed that the



improvement in pregnancy rate after adjuvant drug therapy wasinsigni�icant but resulted in signi�icant improvements in spermconcentration and motility at 3 months, sperm DNA integrity, andserum FSH level. Therefore, compared to no medical treatment,adjuvant drug therapy, especially the use of antioxidants, seems to beassociated with better fertility outcomes.Wang et al. (2019) [64] carried out a systematic review and a meta-analysis to evaluate the ef�icacy of antioxidant therapy in spermparameters’ quality after varicocelectomy during 3 or 6 monthstreatment cycle in six studies including 576 patients. Signi�icantimprovements in sperm concentration, sperm motility, progressivesperm motility, and sperm morphology existed in the antioxidant group3 months after varicocelectomy. With regard to the 6 months’outcomes, sperm parameters were improved as well, except spermmotility and progressive sperm motility. Referring to pregnancy rate, nosigni�icant difference existed between the two groups, and the FSH levelof the antioxidant group was lower than that of the placebo group 3 or6 months after varicocelectomy. These authors concluded that,compared with the placebo, the antioxidant therapy aftervaricocelectomy can improve the quality of sperm parameters andconstruct a favorable living condition for spermatozoa by reducing FSHlevels.Ardestani Zadeh et al. [54] evaluated the effects of antioxidants,including Vitamin E-Selenium-Folic acid (Vit E-Se-FA), on semenparameters following varicocelectomy (VCT).Sixty patients out of 64 infertile male patients diagnosed withvaricocele (VC) who underwent sub-inguinal VCT were included in thestudy. Following sub-inguinal VCT, the patients were randomized intotwo groups: 30 receiving Vit E-Se-FA supplementation for 6 months and30 as the control group with supplemental treatment. Thepostoperative semen parameters of the Vit E-Se-FA group werecompared with those of the control group. There were signi�icantdifferences in terms of count and motility of sperm after 6 months ofreceiving Vit E-Se-FA supplementation compared with the control



group. It was concluded that E-Se-FA supplementation could improvesperm parameters (count and motility of sperm) after VCT.In their study, Kızılay et al. (2019) [55] evaluated the effect of oralantioxidant treatment on semen parameters and pregnancy rates ininfertile men who underwent varicocelectomy in 90 patients. Theywere divided into two groups; the �irst group received antioxidanttreatment for 6 months after the operation, and the second group didnot receive treatment after the operation. The improvement in totalsperm count (+45.9% vs +26.8%), total motile sperm count (+50.6%vs +29.7%), sperm concentration (+71.4% vs +54.5%), sperm count innormal morphology (+75.7% vs +39.9%), and total (+28.6%vs +18.3%) and progressive motile sperm count (+60.4% vs +38.9%)were signi�icantly higher in the treated group than in the untreatedgroup (p = 0.011, p < 0.001, p = 0.008, p < 0.001, p = 0.024 and
p < 0.001, respectively). The clinical pregnancy rate in the �irst groupwas signi�icantly higher than that in the second group (29% vs 17.9%)(p = 0.029). These authors concluded that the antioxidant treatmentprovides an important contribution to varicocelectomy outcomes andimproves pregnancy rates.Along with their systematic review and meta-analysis, Pyrgidis et al.[46] explored the role of antioxidants in patients with operatedvaricocele in 11 studies. Their �indings indicated that antioxidantsupplementation does not improve pregnancy rates and semenparameters in patients with varicocele-associated infertility in theabsence of previous screening for OS.

Current	 Guideline	 Statements	 on	 AntioxidantsSeveral associations involved in the �ield of male infertility providetheir respective views in the form of guidelines that can be seen inTable 7.3. Interestingly, all of these guidelines unanimously agree not torecommend the use of antioxidant therapy in cases of male infertility.This contrasts with the latest SRMA results from Agarwal et al. [20],which concluded that antioxidants could improve sperm parameters



and are bene�icial for speci�ic clinical indications such as idiopathicmale infertility, unexplained male infertility, and varicocele.
Table	7.3 Current guidelines regarding antioxidant use for male infertility

Year Guideline

ESHRE 2023 Adjunct oral antioxidant therapy to males undergoing fertility treatment isprobably not recommended [56]
AUA/ASRM 2024 « Clinicians should counsel patients that the bene�its of supplements (eg,antioxidants, vitamins) are of questionable clinical utility in treating maleinfertility. Existing data are inadequate to provide recommendation forspeci�ic agents to use for this purpose. (Mod erate Recommendation;Evidence Level: Grade B) » [57]
EAA 2018 No recommendation for using antioxidant [58]
EAU 2025 “No conclusive data are available regarding the bene�icial treatment withantioxidants in men with idiopathic infertility, although they may improvesemen parameters” (EAU 2025)
Practical	 Points

When	Would	AOX	Be	Useful?There is actually no de�initive guideline yet on when antioxidanttherapy will truly be bene�icial, as research on this matter still yieldscon�licting results. Some studies claim that antioxidants are verybene�icial, while others say the opposite. To prove the ef�icacy ofantioxidants in treating male infertility, there is still limited availabilityof RCTs and numerous biases in the subject selection process [31, 60].
AOX	Use	Before	ART?Is antioxidant therapy necessary for men undergoing ART? Questionslike this will never �ind a de�initive answer. This is re�lected in theresearch conducted so far, where the results of these studies do notalign. Some studies support it, while others state that antioxidanttherapy before ART is futile [61]. A prospective randomized double-blind placebo-controlled trial involving 60 couples with severe male



infertility issues was conducted. Some were given antioxidants, whileothers received a placebo for 3 months before undergoing IVF. It wasfound that the pregnancy rate was signi�icantly higher in the treatmentgroup compared to the control group (38.5% vs. 16%) [62]. In 2021, aretrospective cohort study was conducted with the same antioxidantsand placebos involving 657 men. The live birth rate in the antioxidantgroup was signi�icantly higher (odds ratio of 1.57, 95% con�idenceinterval of 1.01 to 2.45, P = 0.046) [63]. One of the contributing factorsis believed to be the effect of antioxidants in reducing SDF levels andimproving the zona binding assay.
AOX	Use	in	NOA?The bene�its of antioxidant therapy in cases of mild male infertility witholigozoospermia, asthenozoospermia, teratozoospermia, oroligoasthenoteratozoospermia are perceived to be quite powerful inimproving sperm parameters and increasing the chances of naturalpregnancy, as outlined in the above sub-section. However, this does notapply to cases of azoospermia, especially NOA. In such cases, clinicianstypically recommend surgical sperm retrieval (SSR) directly. Iftreatment is administered before this procedure, pharmacotherapyusually includes drugs such as GnRH, SERM, and aromatase inhibitors[65, 66].However, only one study was found that examined the bene�its ofmultivitamin combination therapy (Coenzyme Q10, vitamin A, vitaminB1, B2, B6, B12, Nicotinamide, d-panthenol, folic acid, vitamin C,vitamin D3, vitamin E, potassium iodide, calcium, magnesium, ferrousfumarate, copper sulfate, manganese sulfate, and zinc sulfate) at a doseof 3× daily for 10 months and compared with placebo in men with NOA.In the treatment group, the appearance of sperm with a concentrationof four million/ml was obtained at the �irst-month follow-up [67].Unfortunately, this study, according to Kumar [65], was notaccompanied by a well-documented methodology.



ConclusionsThere is more evidence supporting that antioxidants improve spermquality and reproductive outcomes, particularly in cases of idiopathicmale infertility and patients undergoing varicocelectomy. Despite thepositive reported �indings, the quality of available evidence remainslow. Moreover, there is an issue of heterogeneity in the studies in termsof AOX formulations, dosages, and duration of the treatment. Morerobust, high-quality, randomized controlled trials are needed to clearlyestablish more precise clinical indications. Furthermore, it is importantto note that the excessive AOX treatment could be detrimental. Indeed,over-supplementation can lead to a state of reductive stress.
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IntroductionVaricocele is an abnormal dilatation of the internal spermatic vein andveins in the pampiniform plexus in the scrotum, which drain bloodfrom both testes [1]. In De Medicina, written during the �irst century��, Celsus credits the Greeks with the �irst description of a varicocele,and he recorded his own acute observation: “The veins are swollen andtwisted over the testicle, which becomes smaller” [2]. Manyepidemiological studies have shown that varicoceles develop at pubertyand its prevalence in adult men increases with age [3, 4]. Generally,varicocele is more common on the left side; however, up to half of thepatients have bilateral varicoceles [5]. Varicoceles are usually present
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in about 15% of males, in 35% of males affected with primaryinfertility, and in up to 80% of men having secondary infertility [6, 7].Several mechanisms explaining varicocele leading to male infertilityhave been proposed; however, the exact pathophysiology has not yetbeen proven. An increase in the local scrotal temperature due tovaricocele has been postulated to be the primary mechanism affectingthe decline in the hormonal as well as the reproductive function of thetestes [8, 9]. The re�lux of the adrenal and renal metabolites into thetestes through the dilated veins has also been proposed as anothermechanism for varicocele-associated male infertility [10, 11].Varicocele has also been linked with its negative impact on theendocrine function of the testis, leading to decreased testosterone (T)synthesis [12]. Experimental studies in animals have shownimpairment in Leydig cell function due to varicocele [13]. Testicularhyperthermia related to varicocele may lead to impairment in theandrogen synthesis pathway by interfering with the function of theenzymes involved in the pathway, like defecting 17α- hydroxylase and17,20-lyase enzyme inhibition, leading to increased reactive oxygenspecies (ROS). Ando et al. also performed clinical studies to prove thisand reported decreased serum T levels in the patients with varicocelecompared to controls [14]. However, the effect of varicocele repair onserum T levels has not been proven conclusively. Li et al. performed ameta-analysis consisting of 9 studies with 814 patients concludingimproved testicular Leydig cell function and an increase in serum Tlevel after surgical varicocele repair [15].Physical examination is an important step in the diagnosis andgrading of varicocele, but there have been multiple proposed gradingsystems leading to variability in treatment decisions and thusstandardization of physical examination �indings is looked for. Similarcontroversies exist in its ultrasound (US) classi�ications. Additionally,the indication of endocrine evaluation in these patients has not beenclearly de�ined and the role of varicocele repair in male infertility hasno conclusive evidence due to the lack of well-conducted studies,variation of population as well as treatment practices.



The aim of this chapter is to address and discuss the variouscontroversies regarding diagnosis and management of varicocele.
Controversies	in	the	Diagnosis	of	Varicocele
Grading	of	Varicocele—Different	Classi�ications	[Clinical
and	US	Diagnosis	(Cut-Off	Values)]Evaluation of varicocele starts with a detailed history and physicalexamination. Physical examination helps in dividing varicocele intolarge, moderate, and small, based on the classi�ication given by Dubin[16]. Large varicoceles are easily visible and are historically correlatedwith the pathognomonic “bag of worms” appearance. On palpation, thebulk of venous channels is >2 cm in diameter on Valsalva maneuver.Moderate varicoceles are usually palpable without Valsalva pressure,with the bulk of veins estimated to have a diameter of 1–2 cm withValsalva pressure. Small varicoceles are detectable only by palpationduring Valsalva maneuver and the size of veins is <1 cm in diameter.However, most studies now address small, moderate, and largevaricoceles as grades I, II, and III, respectively [17].Physical examination detects only half of varicoceles identi�iable onvenography and falsely detects about 23% of varicoceles not present onvenography [18]. Also, grading of varicocele by physical examinationcan have inter-observer and intra-observer variation, even if performedby experienced andrologists [19]. In this context, scrotal skin thickness,contractile state of the scrotum, and scrotal temperature may affect thephysical examination �indings. Stahl and Schlegel providedrecommendations to standardize physical examination as scrotalwarming should be done with a heating pad to relax the cremasterbefore examination [20]. Also, initial examination should be performedwith the patient in supine position and it should then be repeated instanding position, with and without the Valsalva maneuver [11].Assessment of varicoceles with color Doppler ultrasound (CDUS) ismore reliable with high sensitivity and speci�icity (94% and 97%,respectively) [21]. The initial part of US examination is B-mode gray-



scale sonography which detects the enlarged veins and measures theirdiameter. Adding the color doppler mode detects the blood �low andcolorimetric changes. However, no consensus has been reachedregarding the diameter of veins on CDUS to de�ine varicocele. Manystudies diagnose varicocele at a venous diameter of ≥3 mm with areversal of �low on Valsalva maneuver [22]. Some studies propose nominimum threshold value due to reversal of �low present in veins belowdiameter of 2 mm, while others have suggested variable minimumdiameter of 1–5 mm to detect varicocele [23–26]. This variabilitymakes it dif�icult to compare the various diagnostic and treatmentmodalities. Recently, Pilatz et al. utilized receiver-operator curveanalysis in 217 men and determined the optimal cut-off points ofvenous diameter for diagnosing clinical varicocele in the supineposition at rest and during Valsalva maneuver to be >2.45 mm[sensitivity 84%, speci�icity 81%, area under the curve (AUC) 0.88] and>2.95 mm (sensitivity 84%, speci�icity 84%, AUC 0.90), respectively[27].Ultrasound may detect varicocele not identi�iable on physicalexamination, termed “subclinical varicocele,” which is not correlatedwith male infertility and is found in 35–60% of fertile andasymptomatic men [28, 29]. No consensus has been built at presentregarding assessment of varicoceles with CDUS in terms of the positionof the patient (supine, standing, or both), the location along thespermatic cord or testis to image and measure the veins of thepampiniform plexus, the indication and method of eliciting a Valsalvamaneuver, and the indication and technique to quantify reversal ofblood �low during Valsalva maneuver [20]. The inter- and intra-observer variability in performing Doppler US has also not been wellstudied, but it is indicated only when physical examination isindeterminate, e.g., in a small scrotum, an obese patient, or a history ofprior scrotal surgery [21].Varicocele classi�ication according to the US �indings has beenproposed by many authors, but most of them vary in examinationtechniques as well as severity of grading. One of the commonest



classi�ications on the basis of CDUS �indings proposed by Sarteschi et al.described �ive grades of varicocele, based on the presence of dilatedveins in upright or supine position and their relation with the testis andcharacteristics of the re�lux [30] (Table 8.1). Due to these speci�ications,it is the most widely used classi�ication.
Table	8.1 Sarteschi Grading of Varicocele Based on Ultrasound
Grade
1

Inguinal re�lux only during Valsalva in not enlarged vessels
Grade
2

Supra-testicular varicosities with re�lux only during Valsalva
Grade
3

Peri-testicular re�lux only during Valsalva in enlarged vessels. Visible but not dilatedvessels when supine. Enlarged when standing
Grade
4

Enlarged vessels in supine and standing position, with increasing caliber during Valsalva.Re�lux at rest, increasing during Valsalva. Possible testicular hypotrophy
Grade
5

Enlarged vessels in supine and standing position, with caliber not increasing withValsalva. Re�lux at rest, not increasing during Valsalva. Testicular hypotrophy.Intratesticular varices may be presentSource: Adapted from the book “Varicocele and Male Infertility: AComplete Guide” edited by Sandro C Esteves, Chak-Lam Cho, AhmadMajzoub, Ashok Agarwal, https:// doi. org/ 10. 1007/ 978-3-319-79102-9Chiou et al. proposed varicocele diagnosis at a minimum score of 4out of 9 comprising the maximum venous diameter (scores 0–3), thepresence of venous plexuses (scores 0–3), and the change of �low onValsalva man oeuvre (scores 0–3), with all parameters evaluated insupine position [31] (Table 8.2).
Table	8.2 Chiou’s scoring system for color dopplerultrasound diagnosis of varicocele
Maximum	vein	diameter	(mm)

 <2.5 0
 2.5–2.9 1
 3.0–3.9 2
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 ≥4.0 3
Plexus/sum	of	diameter	of	veins

 No	plexus	identi�ied 0
 Plexus	(+)	with	sum	diameter	<3	mm 1
 Plexus	(+)	with	sum	diameter	3–5.9	mm 2
 Plexus	(+)	with	sum	diameter	≥6	mm 3
Change	of	�low	velocity	on	Valsalva	maneuver

 <2	cm/s	or	duration	<1	s 0
 2–4.9 1
 5–9.9 2
 ≥10 3Source: Adapted from the book “Varicocele and Male Infertility: AComplete Guide” edited by Sandro C Esteves, Chak-Lam Cho, AhmadMajzoub, Ashok Agarwal, https:// doi. org/ 10. 1007/ 978-3-319-79102-9Other classi�ication systems have been proposed on the basis ofCDUS �indings in patients with varicocele; however, the variability instandardization has led to heterogeneous reporting in the literature[32].Recently, the European Society of Urogenital Radiology Scrotal andPenile Imaging Working Group (ESUR-SPIWG) attempted to establishcomprehensive guidelines for examination, interpretation, andclassi�ication of varicocele by US [33].The key recommendations by the group are as follows:1. Both gray-scale and Doppler US modes should be utilized forevaluating varicoceles due to their non-invasive nature and abilityto assess venous re�lux.  

2. Standardized Examination Technique: Patients should be evaluatedin both supine and standing positions to assess the size and �lowcharacteristics of the veins accurately, during spontaneousbreathing, and the Valsalva maneuver should also be utilized during
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the examination to provoke venous re�lux, which is critical fordiagnosis.3. Measurement Parameters: The maximum venous diameter shouldbe measured, with a threshold of ≥3 mm is considered diagnosticfor a varicocele. The presence and duration of venous re�lux shouldbe documented; a re�lux lasting more than 2 s during the Valsalvamaneuver is deemed abnormal and indicative of varicocele severity.
 

4. Testicular Volume Assessment: Testicular volume correlates withtesticular function, so it must be routinely measured in all cases,using Lambert’s formula (length × width × height × 0.71) toevaluate the potential testicular atrophy associated withvaricoceles.
 

5. Documentation Requirements: Reports should include details onthe location (inguinal, supratesticular, peritesticular) and diameterof the largest vein, as well as the level and duration of venousre�lux. Any testicular abnormalities or extra-testicular varicesobserved during the examination should also be documented.
 

6. Preferred Classi�ication System: While there is no universallyaccepted classi�ication system, if a classi�ication system is used, theuse of the Sarteschi/Liguori classi�ication is recommended due toits comprehensive nature and widespread acceptance.
 

7. Quality Assurance Measures: To ensure adherence to theseguidelines, regular audits of US practices are recommended. Thisincludes publicizing standards within departments and creatingstandardized reporting templates.
 

8. Training and Education: Continuous education for sonographersand radiologists regarding these guidelines is essential forimproving compliance and enhancing diagnostic accuracy.  



Role	of	Hormonal	Pro�ileSeveral literature sources stated that varicocele affects the function ofLeydig cells in their activity to produce T hormone, thus varicocele canlower T levels and ultimately affect the quality and quantity ofspermatozoa as re�lected in semen analysis results [34]. This isconsistent with a meta-analysis study in 2012 involving 814 researchsubjects, reporting that varicocelectomy signi�icantly improves Leydigcell function, leading to increased T hormone levels compared to beforethe surgical procedure (Fig. 8.1) [15].

Fig.	8.1 Pathophysiology of hormonal disturbance due to varicoceleFrom the perspective of serum FSH (follicle-stimulating hormone)and LH (luteinizing hormone) hormones, it is observed that varicoceletends to increase the levels of both hormones. This correlates with thedecrease in T levels, leading to reduced negative feedback to theanterior pituitary, resulting in increased LH. In line with this, Inhibin Bproduced by Sertoli cells also decreases, leading to an increase in FSH[34]. After varicocelectomy, there is a signi�icant decrease in FSH andLH levels, which is believed to support a higher quality ofspermatogenesis. The effects of varicocele on the male hormonal pro�ileare summarized in Table 8.3.
Table	8.3 Effect of varicocele on hormones



Type	of	hormones The	effect	due	to	varicoceleType	of	hormones The	effect	due	to	varicocele

FSH ↑
LH ↑
Testosterone ↓
Inhibin	B ↓
Controversies	in	Varicocele	Treatment	in
Adults
Indications	of	Management	of	Varicocele	in	Infertile	MenOne of the biggest dilemmas in the management of male infertility isdetermining the appropriate indications for the treatment of varicocele,particularly concerning surgical treatment. There are at least �iveindications where invasive intervention is necessary in themanagement of varicocele cases:I. any palpable varicocele;  II. a signi�icant difference in the volume between the two testes witha volume difference of >20%;  III. abnormal results from semen analysis;  IV. subjective complaints such as discomfort; and  V. testicular Doppler US �indings showing spontaneous re�lux orpeak retrograde �low >30 cm/s [35].  

According to the American Society for Reproductive Medicine(ASRM), the indications for treatment in varicocele cases can be dividedinto four categories:I. couples struggling to conceive, con�irmed infertility in the couple;  II. a varicocele that is palpable during a physical examination;



 III. the wife is presumed not to have infertility or only has mildinfertility issues;  IV. abnormalities are found in the semen analysis parameters [36].  
Role	of	Varicocelectomy	in	Non-obstructive	AzoospermiaThe role of varicocelectomy in cases of non-obstructive azoospermia(NOA) is still debated among experts. The guidelines from theEuropean Association of Urology (EAU) explain that post-varicocelectomy, around 20–55% of NOA cases associated withvaricocele may show sperm’s presence in the semen, and even if spermare not present, there is an increased success rate of surgical spermretrieval (SSR). However, this does not mean that varicocelectomyshould be performed routinely in all NOA cases. Diagnosis con�irmationstill needs to begin with a thorough medical history, physicalexamination, and other supporting tests such as hormonal tests, US,and genetic testing. It is important to determine whether varicocele isindeed the sole cause or just an incidental �inding unrelated to theoccurrence of NOA. If all other possible causes can be excluded, thenthe patient can experience signi�icant bene�its after undergoingvaricocelectomy. Even if spermatozoa do not appear in the semen aftervaricocelectomy (still azoospermia), at least the chance of obtainingsperm through SSR is considered higher compared to cases of NOA thatdo not undergo varicocelectomy [37].
Varicocele	Treatment	or	ART?When faced with a couple planning to undergo IVF/ICSI while thehusband has a varicocele, what steps should be taken? Should theyproceed directly with IVF/ICSI, or is it better to performvaricocelectomy �irst? This question is not easy to answer, as thepresence of varicocele often poses a dilemma for the clinicians.For consideration, several conditions need attention:



NOA– In cases of NOA not caused by genetic factors, where varicocele issuspected to be the cause of azoospermia, varicocelectomy mightbe considered before proceeding with ART. The expectation is thatfollowing this procedure, spermatozoa may be obtained fromsemen, allowing the patient to avoid more invasive procedures(such as biopsy, TESE, or microTESE) [38]. Even if, aftervaricocelectomy, the semen analysis still shows azoospermia,necessitating TESE; the success rate of obtaining spermatozoa inmen who have undergone varicocelectomy has been demonstratedto be higher compared to those who have not undergonevaricocele repair [39]. Takeshima et al. suggested that varicocelerepair could be considered in men with NOA who have clinicalvaricoceles and that its repair seemed to improve SSR rate duringmicroTESE for those in the non-responder group [40]. Along withtheir systemic review, Esteves et al. investigated 18 studiesaccounting for 468 patients who were diagnosed with NOA andvaricocele. They concluded that varicocelectomy in patients withNOA and clinical varicocele is associated with improved SRR (OR:2.65; 95% CI: 1.69–4.14; P < 0.001) [41]. Lately, Birowo et al. studyinvestigated 104 patients (age range: 26–54 years), 42 of whomhad undergone varicocele repair before the SSR procedure and 62who had not. Motile spermatozoa were found in 29 (69.1%) and17 (27.4%) patients who had undergone varicocele repair beforethe sperm retrieval procedure and those who had not undergonethe repair, respectively (relative risk: 2.51; 95% CI: 1.60–3.96;
P < 0.001). A predicted probabilities graph showed consistentlyhigher sperm retrieval rates for patients with varicocele repair,regardless of their serum FSH levels [42].High DNA Fragmentation Index (DFI)– An increase in DFI >30% negatively correlates with implantationsuccess in ART, and varicocele is suspected to be one of the factorsresponsible for the increase in DFI. Therefore, it is advisable to



consider performing varicocelectomy before ART in cases withhigh DFI [43].Maternal Age– The improvement in sperm quality after varicocele surgery isestimated to take 3–6 months, and this does not guarantee that allpatients undergoing varicocelectomy will achieve these desiredresults. Special attention is needed for patients whose wives are ofadvanced reproductive age (>35 years) by a thorough discussioninvolving all clinicians to determine the best course of action [43].Cost Effectiveness– Cost considerations should also be taken into account. In cases ofinfertility caused by varicocele, performing a varicocelectomy isgenerally more cost-effective than proceeding directly with ART. Itis estimated that treatment with varicocelectomy is moreeconomical [38, 44].
Timing	of	Varicocele	Repair	After	DiagnosisEstablishing a diagnosis of varicocele is not particularly dif�icult. Insome cases of high-grade varicocele (clinically palpable varicocele), thediagnosis can even be con�irmed simply through inspection andpalpation of the testes. The challenge lies in determining theappropriate time to initiate comprehensive management of thevaricocele. Should treatment begin immediately after the diagnosis ismade? Or is it better to wait for a certain moment?According to Machen and Sandlow, three key moments should beconsidered as guidelines for performing varicocele repair [45], asfollows:(i) NOABased on the systematic review and meta-analysis (SRMA) byEsteves et al. (2016), it is stated that approximately 43.9% ofNOA patients will show the presence of sperm in their semenafter undergoing varicocelectomy [41]. In that case,

 



varicocelectomy can minimize the need for more invasiveprocedures for a man to achieve parenthood (such as TESE ormicroTESE).(ii) HypogonadismVaricocele is believed to affect the testes’ overall function,including the testes’ role in steroidogenesis, which is carried outby Leydig cells. The factors underlying this include hypoxia,increased scrotal temperature, oxidative stress, testicular celldeath, and alteration of the testicular microenvironment, all ofwhich contribute to a decrease in Leydig cell activity andconsequently testosterone synthesis. Hypogonadism resultingfrom this phenomenon can serve as one of the predictors forperforming varicocele repair [46].Men with varicocele may exhibit hypogonadism symptomssuch as tiredness, erectile dysfunction, low libido, and diminishedmuscle mass. Varicocelectomy has been demonstrated in certaintrials to boost testosterone levels in males with varicocele-relatedhypogonadism.The speci�ic mechanism underlying the increase intestosterone following varicocelectomy is unknown, although it isthought that treating the varicocele improves the testicularmicroenvironment by lowering scrotal temperature, reducingoxidative stress and enhancing oxygenation. This increases thefunction of Leydig cells, which produce testosterone.Tanrikut et al. (2011) found that testosterone levels improveddramatically following varicocelectomy. In their study of maleswith varicoceles and low testosterone, 70% had a boost intestosterone following varicocelectomy [47]. While varicocelerepair increases testosterone levels in some men, it does notbene�it all men with varicocele and hypogonadism. The extent ofimprovement may vary depending on the size and length of thevaricocele, the patient’s age, and his baseline testosterone levels.Zohdy et al. (2011) found that males with clinically severevaricoceles and low testosterone levels saw a substantial increase

 



in testosterone following varicocele repair. According to their�indings, males with bigger varicoceles and more severetestosterone shortage before surgery showed the greatestimprovements [48].Repairing varicoceles may be bene�icial for men withclinically signi�icant varicoceles who exhibit symptoms ofhypogonadism or low testosterone. Surgical correction may alsoenhance energy, sexual function, and general well-being linked toregulated testosterone levels, in addition to its bene�its forfertility.(iii)
Increase	 in	 SDFOne factor that can increase sperm DNA fragmentation (SDF)is varicocele, where varicocelectomy, according to a study by Ziniand Dohle, is believed to reduce SDF and increase the chances ofachieving pregnancy [49].In addition to the above indications, subjective discomfortexperienced by the patients with varicocele can also indicatevaricocelectomy. This is particularly true if conservative ormedical management has been attempted but proves insuf�icient,with the patient’s discomfort progressively increasing, therebydisrupting daily activities and reducing quality of life. If thisoccurs, it can also be used as a guideline for the timing of surgicalintervention [50].

 

Recent	Techniques	of	Varicocele	RepairThe management of varicocele has signi�icantly evolved over the years,with recent techniques offering improved ef�icacy, reducedcomplications, and earlier recovery. Traditionally, open surgicalapproaches through the inguinal or subinguinal route have been mostcommonly employed for varicocele repair. They are quite effective inpreventing recurrence of varicocele although they may lead topostoperative pain, longer hospital stays, and complications such ashydrocele and testicular atrophy later on. Adult varicoceles may bene�it



from laparoscopic management due to the laparoscope’s excellentvisibility of the extraperitoneal structures, which may help inpreserving lymphatics and the genital branches of the genitofemoralnerve that travel along the spermatic veins, thus preventing recurrenceof varicocele and ischemic damage to the testis [51]. However, it maylead to complications like air embolism, inadvertent arterial division,genitofemoral nerve injury, hydrocele, intestinal injury, and peritonitisoccurring in 8–12% of cases [52]. High cost and the need for generalanaesthesia preclude this technique to be performed widely.Microsurgical subinguinal varicocelectomy is considered theprocedure of choice by many professionals, in which an operatingmicroscope is used for better visualization of the veins, arteries, andlymphatic vessels. It results in decreased rates of complications andrecurrences as well as better reproductive outcomes [53].A less invasive method for repair of varicocele is the endovascularapproach, in which the dilated veins are embolized using a variety ofmaterials, including glue, sclerosants, and coils, or occluded with aballoon [54]. The bene�its of this approach include quick recovery andreduced scarring with the ability to perform the procedure under localanaesthesia. The process of percutaneous embolization entails guidinga catheter to the impacted veins after inserting it through a vein in theneck or groin. Embolic agents like sclerosants which cause the veins tocollapse, and coils, which physically occlude the veins, are then injectedinto the impacted veins [55]. According to several studies,percutaneous embolization has a success rate that is similar tomicrosurgical varicocelectomy and a 10% recurrence rate [56].However, there are risks like the possibility of coil migration andradiation exposure during �luoroscopy. The radiation exposure can beavoided by performing glue embolization in which an adhesive agent,typically N-butyl cyanoacrylate, is used to occlude the varicocele underUS guidance. It is easier to treat collateral veins with glue, which arefrequently responsible for varicocele recurrence [57]. This technique isa promising alternative to the conventional embolization procedures,with a good success rate and fewer complications.



The dilated veins can also be occluded by inserting a ballooncatheter into the af�licted vein and then in�lating the balloon to blockthe vein and stop blood �low. Even though less popular than coilembolization, balloon occlusion has advantages over coil embolizationwith respect to success rates and recovery times [58]. This method canbe combined with sclerosant injection to increase its ef�icacy. Thisapproach is especially helpful in the case of individuals withcomplicated venous anatomy.Lately, multiple robotic platforms have been developed leading tobetter visualization and accuracy during varicocele repair, makingrobotic-assisted varicocelectomy a noteworthy option [59]. Corcioneand associates were the �irst to describe the robotic-assistedmicrosurgical subinguinal varicocelectomy in 2008 with notably goodoutcomes [60], in which the accuracy and dexterity of robotictechnology are combined with the advantages of traditionalmicrosurgery. The robotic platform leads to precise, tremor-freemovements by the surgeon with third-arm retraction while viewing theoperative �ield in high de�inition and three dimensions. This is veryhelpful in dissecting small arteries which must be preserved duringvaricocelectomy to prevent testicular atrophy [61]. Also, improvedergonomics during robotic surgery help surgeons perform longsurgeries with less fatigue. All these factors have led to improvement inresults in terms of success rates, patient satisfaction, and complicationsafter varicocelectomy [62, 63]. However, high procedural cost and therequirement for specialized training have been obstacles to thewidespread use of robotic surgery for varicocele repair.Robotic extraperitoneal varicocelectomy is another approach forvaricocele repair utilizing robotic technology, especially in cases ofrecurrent varicocele or when conventional methods are not feasible.Robotic arms are used to access the dilated veins through theextraperitoneal space. It has been demonstrated to have a lowerrecurrence rate than open retroperitoneal varicocele repair. But arobotic extraperitoneal approach may not be feasible for handlingexternal spermatic perforators/gubernacular veins [64].



Role	of	Oral	Antioxidant	in	the	Management	of	VaricoceleThe pathophysiology of varicocele-related infertility is multifactorial,with oxidative stress (OS) playing a signi�icant role. Oral antioxidantshave been investigated as a therapeutic option to mitigate oxidativedamage and improve fertility outcomes in men with varicocele. OSoccurs when there is an imbalance between ROS production and thebody’s ability to neutralize these reactive molecules with antioxidants.In varicocele, increased temperature in the testicular region due toincreased blood �low causes a decrease in the activities of theantioxidant enzymes superoxide dismutase and catalase in thespermatozoa. This in turn results in an increased hydrogen peroxideconcentration, re�lux of renal and adrenal toxic metabolites, reducedblood supply to the testes and associated hypoxia and subsequenttissue damage, and the production of oxygen free radicals, leading tosperm DNA damage, reduced sperm motility, altered spermmorphology, and decreased sperm concentration [65]. These factorscollectively impair male fertility, making the management of OS crucialin treating varicocele-associated infertility.Oral antioxidants aim to restore the balance between ROS andantioxidant defenses by preventing the peroxidation of membranelipids, and DNA, thereby protecting sperm from oxidative damage [66].The use of antioxidants in varicocele management may improve thesperm parameters like sperm motility, sperm concentration, and spermmorphology, and reduce SDF [67], but the conclusive evidenceregarding their ef�icacy in improving natural conception rates andbetter outcomes with ART is lacking [68]. The nature of oralantioxidants along with their dose and duration has also been variablein multiple studies [68].The potential role of common individual antioxidants in men withvaricocele:
Carnitine: L-carnitine is the bioactive form which carries theactivated long-chain fatty acids into the mitochondria of thespermatozoa where they provide energy to mature spermatozoa



(with positive effects on sperm motility) during their maturation andthe spermatogenic process [69]. Multiple studies have shown thepositive effect of oral L-carnitine in variable doses and combinationson various sperm parameters [70, 71], however these effects havenot been consistent [72].
Vitamin	 E	 (Tocopherol): Vitamin E has been used as a lipid-solubleantioxidant due to its property of stabilizing cell membranes andreducing lipid peroxidation, exerting positive effects on spermfunctions, such as sperm concentration and motility [73]. Its effect onimprovement in fertility rates has been suggested but not proveninconclusively [74].
Selenium: Selenium is a constituent of sperm capsule selenoproteinwhich maintain the sperm structure integrity [75]. Selenium alsoincreases activity of antioxidant enzyme glutathione peroxidase [76].Selenium de�iciency has been shown to lead to impairedspermatogenesis, reduced sperm motility, and altered spermmorphology [72]. In men with fertility issues, studies have reportedimprovements in sperm quality parameters such as count, motility,and morphology following selenium supplementation [77, 78].Various other oral antioxidants like zinc, lycopene, vitamin C, andcoenzyme Q10 have also been studied individually as well as inmultiple combinations in infertile men with variable results. In theirstudy, Greco et al. found that infertile men treated with a combinationof vitamins C and E for 2 months had a signi�icant reduction in spermDNA fragmentation [79]. A Cochrane review of 48 randomizedcontrolled trials (RCTs) by Showell et al. evaluated the role of oralantioxidants in infertile men, and only four low-quality studies in thereview reported on clinical pregnancy rate which improved with oralantioxidant therapy [80]. Another recent meta-analysis in 2023included 45 RCTs and favored using oral antioxidants in infertile men toimprove conventional sperm parameters and spontaneous pregnancyrate; however, it was not speci�ic to patients with varicocele and thefertility parameters improved even in patients who had previouslyundergone varicocele repair, thus it recommended oral antioxidants in



patients with idiopathic male infertility with varicocele even aftervaricocele repair [81].
Clinical	Varicocele	with	Contralateral	Subclinical
VaricoceleVaricocele does not typically happen on both sides (bilaterally).Approximately 85–90% of varicocele cases happen only on the left side,while right-sided varicocele is usually found in cases of bilateralvaricocele. If a right-sided varicocele happens alone, it is quite rare, andclinicians should be cautious about the possibility of a retroperitonealmass if the varicocele is present only on the right side [35, 82, 83].Although several guidelines clearly do not recommend interventionfor subclinical varicocele and only suggest varicocelectomy forvaricocele of at least grade II, this does not mean there is no evidencesupporting varicocelectomy in cases of subclinical varicocele. Forexample, Yamamoto et al. demonstrated a signi�icant increase in spermdensity after treating subclinical varicocele cases [37, 84].
Should	Bilateral	Varicoceles	be	Repaired	Simultaneously?In cases where bilateral varicocele happens, even if the varicocele onthe right side is subclinical, performing simultaneous varicocelectomyon both sides is believed to provide better outcomes compared totreating only one side. This belief is based on evaluations ofimprovements in sperm parameters and pregnancy rates aftervaricocelectomy [85].
Pediatric	and	Adolescent	Varicocele—Should	it	be	Actively
Treated	and	When?Varicocele can appear starting from childhood or adolescence with aprevalence reaching 15.7% in European adolescents with a median ageof 19 years [86]. Meanwhile, in a study conducted in Turkey thatdivided subjects by age, a prevalence of 0.8% was found in boys aged 2–6 years, 1% in children aged 7–10 years, 7.8% in those aged 11–



14 years, and reaching 14.1% in individuals aged 15–19 years [3]. Thisindicates an increased varicocele risk with advancing age [87].Varicoceles appearing in children/adolescents have effects similarto those in adults and fertile men, causing discomfort (pain), testicularhypotrophy, abnormalities in semen analysis, and hormonal disorders[83]. These cases are usually self-diagnosed or based on routine genitalexaminations for educational purposes, which then need to becon�irmed by scrotal Doppler US to determine their degree, typicallyclassi�ied according to Dubin or Sarteschi, and measuring the maximumvein diameter during peak retrograde �low (PRF) [88].Managing varicocele cases in this age range is still controversial,much like the dilemma faced when dealing with varicocele in adults.Generally, varicocele management in these cases can be divided intotwo categories: conservative and surgical. In cases where the patientsdo not complain of testicular pain accompanied by normal testicularvolume, conservative therapy is usually considered the primary option.Additionally, a difference in testicular volume between the left and rightsides of <20% still allows for conservative therapy. The use of DopplerUS is not only important as a supporting examination for diagnosingvaricocele but also plays a role in determining treatment options. Incases where PRF is <30 cm, strict monitoring is usually suf�icient,unless PRF continues to increase to >38 cm, in which case surgicaltreatment may be considered. Abnormalities in spermatozoa can alsobe an indicator for surgery, but this examination can only be performedon adolescents who have already gone through puberty [87]. Optionaltreatment for pediatric varicocele is illustrated in Table 8.4.
Table	8.4 Optional treatment for pediatric varicocele
Indicator Conservative Surgical

Testicular	asymmetry <20% >20%
PRF <38 cm >38 cm
Pain No or mild Severe
Sperm	abnormalities	(after	puberty) Absent Present



Varicocele	Repair	and	ART	OutcomeIn their recent systematic review and meta-analysis, Palani et al. [89]investigated ART success in infertile men with clinical varicocele andabnormal semen parameters who underwent varicocele repair beforethe ART procedure compared to those who did not. Men with varicocelerepair showed a signi�icant improvement in fertilization rate (meandifference 10.9, 95% CI: 5.94, 15.89; p < 0.01), clinical pregnancy rate(OR 1.38, 95% CI: 1.07, 1.78; p = 0.01), and live-birth rate (OR 2.07,95% CI: 1.45, 2.97; p < 0.01), compared to men who did not undergovaricocele repair.
Varicocele	in	Fertile	MenIn their study, Mostafa et al. [90] assessed the seminal ROS-antioxidantsrelationship in fertile and infertile men with/without varicoceleincluding fertile healthy volunteers, fertile men with varicocele,infertile oligoasthenozoospermia without varicocele, and infertile OAwith varicocele. Compared with the fertile healthy men, in fertile maleswith varicocele, the estimated seminal ROS were signi�icantly higherand the estimated seminal antioxidants were signi�icantly lower. Theseauthors concluded that patients with varicocele have an OS even infertile normozoospermic bearing conditions. This may allow us tounderstand that, in men with varicocele, there is a threshold value ofoxidative stress over which male fertility may be impaired.
Approach	to	Persistent/Recurrent	Varicocele	after
TreatmentClinical or radiological presence of varicocele on �irst follow-up within ayear of any form of treatment is considered varicocele persistence,whereas appearance of varicocele on follow-up after a con�irmedabsence following treatment may indicate recurrence of varicocele [91].Open retroperitoneal approach has the highest recurrence ratebetween 7% and 35%, which reduces to 2.2–7.1% with laparoscopicretroperitoneal approach. Percutaneous embolization has a comparablerecurrence rate of 2–25%, as reported in several studies. Least



recurrence of varicocele occurs with microscopic subinguinal approach(0–3.57%), while it’s much higher with the macroscopic approach (0–37%). This may be due to individual ligation of all the venoustributaries due to enhanced magni�ication [92]. The recurrence ratesdiffer greatly in studies because of differences in the severity ofvaricocele, age group being studied (children, adolescents or adults),type of technique (radiological, microsurgical ligation, open orlaparoscopic), follow-up duration, and de�inition of persistence orrecurrence [93]. The major cause of recurrence may be missing anytributary of spermatic vein during initial treatment [93, 94].The optimal management of recurrent varicocele is a matter ofdebate due to low-quality evidence on the matter [92, 93]. Till now, fourstudies have reported on surgical treatment for recurrent varicocelewith three of them employing a microsurgical subinguinal approachand one utilizing a transumbilical single-port laparoscopic approach.Most of them had <20% recurrence and an acceptable pregnancy rateof >40%. Two studies have reported on embolization for recurrentvaricoceles with signi�icant success rate; however, none of themshowed the fertility parameters after intervention. The best approachand the target population which will bene�it the most from interventionis not clear from these studies, due to lack of randomization andvariable results. According to Chen et al., the predictive factors ofimprovement in semen parameters following the repeatvaricocelectomy were lower follicle-stimulating hormone levels,reduced peak retrograde �low on Doppler ultrasound, delayedrecurrence of varicocele, larger testicular volume preoperatively, andhigher number of ligated veins during redo varicocelectomy [95].There are no current guidelines to advise the ideal treatment forrecurrent varicocele, and further randomized studies are required tomake strong recommendations. Till then, clinicians should treatrecurrent varicocele based on individual patient characteristics and theavailable resources.



ConclusionsVaricocele-associated male infertility is still considered a matter ofcontroversy between different professionals as its exactpathophysiology of varicocele leading to male infertility is debated.Several contentious points regarding varicocele have been discussedextensively in the current chapter: the clinical as well as radiologicalgrading due to the discrepancies in clinical examination methods andprotocols reporting sonographic �indings, the role of hormonal pro�ilein its evaluation, lack of precise indications and timing for itsmanagement in infertile men, its unclear role in NOA cases, performingvaricocele repair or directly proceeding for ART, role of oralantioxidants, role of the endovascular and robotic approaches in itsmanagement, decision of bilateral varicocele repair especially inpatients with contralateral subclinical varicocele and lack of consensuson when to initiate treatment or which surgical technique to employ.Therefore, continuous research and clinical trials are crucial to re�inethe diagnosis and treatment of varicocele, ensuring they meet diversepatient needs and pave the way for more effective, personalized, andpatient-friendly solutions for managing male infertility.
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IntroductionOncofertility plays a crucial role in the treatment of patients who arefacing a cancer diagnosis or other medical conditions that may impact
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their long-term fertility. These protocols aim to preserve thereproductive potential of male patients before they undergo potentiallyfertility-damaging treatments such as chemotherapy, radiation therapy,or surgery. Healthcare providers must be informed about the impact ofoncological treatment on male fertility, and they must counsel thepatients to undergo fertility preservation or refer them to an assistedreproduction clinic before instituting gonadotoxic treatments.Additionally, oncofertility protocols require close collaborationbetween oncologists and fertility specialists to ensure the best possibleoutcomes for patients. Individuals facing a cancer diagnosis shoulddiscuss their fertility preservation options with their healthcare teamas early as possible to maximize their chances of preserving their malefertility. Sperm cryopreservation is a routine practice for the malefertility preservation of postpubertal men—adolescent and adultpatients. Several fertility clinics also offer testicular tissue preservationfor prepubertal patients.
Semen	Analysis	(Health	and	Viability	of	Sperm,	One-Time
or	Multiple	Collections)Semen analysis is a test that evaluates the quality and viability of sperm[76]. It is a crucial tool for evaluating male fertility and is especiallyimportant for cancer patients who want to preserve their sperm beforeundergoing treatment. By understanding the quality of their sperm,men can make informed decisions about their fertility preservationoptions. The evaluation of semen parameters is based on the standardsand references listed in the WHO laboratory manual for theexamination and processing of human semen. It considers parameterssuch as volume, viability, motility, concentration, and morphology [76].Sperm can be damaged in different ways during cancer treatment, andthe consequences of freezing and thawing can result in deleteriouseffects on the functional parameters of their gametes [39]. Therefore, itis relevant that a personalized evaluation of the semen is carried outbefore the conservation process, considering not only thecharacteristics of the semen analysis but also the cryopreservation



method that can be performed, the types of cancer af�licting the patientand his age [34, 50]. For example, if a man has a low sperm countbefore treatment, doctors may recommend sperm banking beforestarting therapy. Additionally, it is recommended to collect semensamples on two or more occasions with at least a week betweencollections. Sperm parameters can naturally �luctuate betweenejaculates [39] and it may be necessary if the cancer patient isconsidering preserving fertility, to perform multiple semen analyses toobtain a more reliable image of the quality of their sperm [39].Depending on the urgency to institute life-saving medical treatment tothe men, it is reasonable to offer cryopreservation or sperm bankingwith the �irst semen sample, whereby only suitable semen samples arefrozen for future utility based on the semen analysis. This canpotentially reduce the time to cryopreservation of sperm and thecommencement of vital medical treatment for the patients.
Prepubertal	Male	Fertility	Preservation
Preservation	of	Testicular	TissuesThe optimal method for fertility preservation in male cancer patients isthe cryopreservation of spermatozoa acquired either by semencollection or by testicular biopsy. However, this option is not availableto prepubertal patients. Testicular tissue freezing is an alternativeexperimental approach that provides the chance for fertilityrestoration. Testicular tissue contains spermatogonial stem cells (SSC)that can be transplanted to restore spermatogenesis. [12] Differentoptions exist to cryopreserve SSC: as testicular cell suspension (TCS), asenriched TCS, or as testicular tissue (TT). After cryopreservation andthawing of testicular tissue, it can be used for either autologous SSCtransplantation (SSCT) or TT grafting. In contrast, in case of TCScryopreservation, the option of a TT graft is not available. [46].A. Spermatogonial Stem Cells (SSC) 



The spermatogonial stem cells, the most primitive spermatogonia,located in the basement membrane of the seminiferous tubules, are thekey to spermatogenesis as they have the ability for self-renewal anddifferentiation to daughter cells [57]. Cryopreserved SSCs potentiallyrestore spermatogenesis after thawing, transplantation, andcolonization of the testicular niche. However, the number of SSCsobtained after testicular biopsy of prepubertal patients is limited, whilethe success of future SSC transplantation or TT grafting depends on theavailability and number of viable SSCs [46]. Therefore, maintaining agood number of SSCs is crucial, and the selection and standardization ofan ef�icient cryopreservation method determine the success of fertilityrestoration. There are options to increase the number of SSCs by theenrichment of testicular cell suspension [19] or by the culture andpropagation of SSCs in vitro [40].B. Testicular Cell Suspension (TCS) TCS is a valid approach for SSC preservation in prepubertal patients[46]. The dissociation procedure of testicular tissue is an important�irst step for preparing single-cell suspension. The enzymaticdissociation involving the use of collagenase, hyaluronidase, andDNAase results in high cell numbers; however, the enzymes mayadversely affect cell integrity [60]. Alternatively, mechanical tissuedisaggregation has been suggested as a faster method for preparingTCS, with reproducible results without causing cell damage [60]. Thereare several methods to enrich human spermatogonia, such asdifferential plating, �luorescence, and magnetic-activated cell sortingstrategies. [73].The vitri�ication of human TCS in open pulled straws has been tried,and promising results have been obtained in terms of cell viability [56].Testicular cell suspensions have been frozen using the novel cryopiece,lowering DNA Fragmentation Index (DFI) compared to freezing instraws [37].C. Testicular Tissue Cryopreservation (TTC). Controlled and



Uncontrolled Slow Freezing and Vitri�ication  Controlled slow freezing (CSF) of testicular tissues has been foundto be a valid method for fertility preservation in prepubertal patientsbefore gonadotoxic treatment [31]. Tissue pieces are placed in cryovialscontaining cryoprotectant medium with Dimethylsulfoxide and HumanSerum Albumin [9, 31]. The cryovials are equilibrated for 15 min on icewater and then cooled at a rate of −1 °C/min [9]. When the temperatureof the cryovials reaches −80 °C, they are stored in liquid nitrogen. Theexamination of these testicular tissues after thawing by lightmicroscopy (LM) and immunohistochemistry (IHM) has shown thatspermatogonia, Sertoli cells, and stromal compartment remained viableand retained the integrity of their cellular structures after slow freezing[31].The disadvantages of controlled slow freezing include the need forexpensive equipment and the time-consuming freezing program. On thecontrary, the employment of uncontrolled slow freezing (USF) hassimpli�ied the cryopreservation procedure. According to the USFprotocol, the samples were equilibrated in a cryoprotective mediumcontaining 1.5 M DMSO and sucrose and then placed in a -80 °C freezer.As a result, the samples were cooled at approximately 1C0/min [7]. USFwith 1.5 M DMSO has ef�iciently preserved human testicular tissueregarding spermatogonial number and testicular cell ultrastructure.Vitri�ication, a simple and inexpensive yet effective testicular tissuecryopreservation method, was studied using a mouse model [6]. Thetissue pieces were immersed in cryoprotectant containing DMSO andethylene glycol before vitri�ication.In cases where there is limited testicular tissue, the microinjectionof single seminiferous tubules with cryoprotectant followed byvitri�ication is a valid approach to testicular cryopreservation as itmaintains tubule structural integrity, protects germ cells, and preventsapoptosis [22].A comparison between CSF, USF, and vitri�ication demonstratedthat all three methods were ef�icient in maintaining the structural



integrity and cellular morphology of the testicular tissue and ensuringthe survival of SSCs and Sertoli cells [29].
Testicular	Tissue	for	Male	Fertility	Restoration
Spermatogonial	Stem	Cell	Transplantation	(SSCT)
(Spermatogonial	Stem	Cell	Culture,	Actual	Application)The use of spermatogonial stem cells (SSCs) holds immense promisefor fertility preservation in men undergoing gonadotoxic treatmentslike chemotherapy and radiation, especially in childhood patients whoare at risk of cancer treatment-related infertility. SSCs are adult stemcells found in the testes and are the basis for initiating spermatogenesis[15]. Unlike mature sperm, SSCs can be retrieved from testicular tissuebiopsies and potentially offer a long-term source for sperm production[12, 59]. This approach, known as Spermatogonial Stem CellTransplantation (SSCT), involves transplanting SSCs back into the testesof a recipient testis to restore spermatogenesis for sperm production[27]. This technique involves isolating and cultivating SSCs in vitro,which can then be used for various applications such as germ celltransplantation or in vitro spermatogenesis. Current research focuseson optimizing culture conditions to enhance SSC proliferation andmaintain their “stemness.” While successful in animal models,challenges remain in adapting these techniques for human SSC cultureand more research is required to address the limitations in in vitroculture and ensure its safety and ef�icacy in humans [12, 27]. Ongoingresearch aims to re�ine techniques and address challenges to broadenthe applicability of SSC transplantation in clinical settings.
Tissue	GraftingCryopreservation of testicular tissue is still considered an experimentalmethod to preserve the fertility of prepubertal patients before theybegin therapies for cancer treatment [16, 30]. Testicular tissue graftinginvolves transplanting testicular tissue from the testes to anotherlocation (like the abdomen), potentially for sperm retrieval in thefuture [30]. Maintaining the tissues in vivo may be more suitable for



complete tissue maturation with germ cell proliferation anddifferentiation [30]. Fayomi and collaborators [16] demonstrated in acastrated pubertal rhesus macaque model that cryopreserved testiculartissue can be autologously grafted under the skin and matured toproduce functional spermatozoa, competent to fertilize rhesus oocytesand produce the birth of a healthy baby [16]. These results suggest thattesticular tissue grafting offers potential future applications for youngpatients who want to preserve their fertility. However, while researchon testicular tissue grafting in animals shows some promise, successfulsperm retrieval and use for human fertility treatments haven’t beenconsistently achieved. This area of research remains promising for thenear future, but there are still ethical and clinical considerations to be�inalized before this approach can be offered to all patients.
Human	In	Vitro	Gametogenesis	(IVG)In vitro gametogenesis (IVG) is the procedure employed for theproduction of spermatids through extracorporeal spermatogenesis inculture [51]. IVG is an alternative approach for male fertilityrestoration, recommended in patient groups who are facing a high riskof contamination with malignant cells and who, therefore, need to avoidSSCT transplantation. Spermatozoa derived from primitivespermatogonia in vitro may later be used by ICSI to fertilize oocytes.IVG consists of the 2D or 3D culture of testicular cells or organotypicculture of testicular tissue. Functional haploid spermatids have beengenerated from human SSCs by a three-dimensional system using amatrigel matrix [67]. Additionally, the long-term organotypic culture oftesticular tissue from prepubertal boys resulted in the differentiation ofgerm cells (GC) to a post-meiotic stage [13]. The latest approach isbased on creating testicular organoids using a 3D culture systemgenerated from testicular cell suspensions that might allow for moreprecise replication of the SSC niche [54].Although promising, the IVG procedure has not yet been completelysuccessful in humans, and until today, human spermatogenesis hasprogressed only to the spermatid stage. The main challenges that occur



are safety issues, as the functionality of key meiotic checkpoints has notyet been investigated [35].
Current	Status	of	In	Vitro	Gametogenesis	(IVG)	ResearchIVG is a revolutionary advancement in reproductive biology with thepotential to transform fertility treatments. Research on thepreservation, proliferation, differentiation, and transplantation ofspermatogonial stem cells (SSC) or testicular tissue demonstrated thatIVG is a promising method to preserve the fertility of children withcancer and men with azoospermia [8]. Currently, research is focused onimproving culture systems, providing a 3D structure for cells to growon, and mimicking the extracellular matrix of the testis, which is crucialfor an adequate cell-cell interaction that allows the development ofsperm [58]. On the other hand, researchers have achieved signi�icantprogress in generating functional sperm and eggs from pluripotentstem cells in mice and are still working to fully understand the complexprocess of germline development, which is crucial for successful IVG inhumans [8, 28]. There are still some years left before this technologycan be used in human reproduction, and as IVG research progresses, itis essential to develop clear and ethical guidelines to ensure theappropriate utility of this technology [41].
Postpubertal	Male	Fertility	Preservation
Methods	of	Sperm	Retrieval
Masturbation	and	EjaculationThe most simplistic, safe, and low-cost method for sperm retrieval is bymasturbation [49]. The patient should be informed that the entireejaculate should be collected in the sterile cups provided [2]. When thepatient prefers to produce the sample at home, the specimen should bebrought at the laboratory within an hour while kept at bodytemperature [2]. However, in urgent indications of gonadotoxictreatment, sperm retrieval is performed regardless of abstinence [74].In cases of low sperm quality, the patient is advised to repeat the



procedure in order to increase the amount of sperm cryopreserved[75].
Oncologic	Testicular	Sperm	Extraction	(“Onco-TESE”),
Testicular	Sperm	Extraction	(TESE),	Testicular	Sperm
Aspiration	(TESA),	and	Microdissection	Testicular	Sperm
Extraction	(MicroTESE)
Epididymal	and	Testicular	Retrieval	TechniquesSperm retrieval by ejaculation is ineffective in cases of non-obstructiveazoospermia (NOA), which is common in men with testicular cancer.There are several techniques for obtaining sperm from the epididymis,such as percutaneous epididymal sperm aspiration (PESA) andepididymal sperm aspiration (MESA), while testicular sperm aspiration(TESA) and testicular sperm extraction (TESE) are used for spermretrieval from the testis. PESA or TESA is commonly used in men withobstructive azoospermia.In TESA, a needle is inserted into the testis with negative pressure, andthe �luid containing spermatozoa is aspirated [18]. TESE is an openbiopsy in which a small portion of the testis containing seminiferoustubules is extracted [14]. If no spermatozoa are found, after dissectionof the seminiferous tubules and observation under the invertedmicroscope in the laboratory, more incisions may be done on otherareas of the ipsilateral testis or the contralateral testis.MicroTESE is a modi�ied technique, in which the biopsy isperformed by using a surgical microscope. Spermatogenesis areas maybe identi�ied more clearly under magni�ication 6–8x and morespermatozoa are extracted while extracting smaller testicular tissuefragments [43].TESE, which can be performed at the same time as orchiectomy(onco-TESE), is a valid option for fertility preservation for sometesticular cancer patients. This method, described by Schrader et al., isa useful technique for sperm retrieval before gonadotoxic therapy inazoospermic cancer patients [61].



Sperm	Preservation
Sperm	Cryopreservation	(Determining	Factors	Include	Age,
Number	of	Children,	and	Semen	Quality)Sperm cryopreservation, or sperm freezing, is a process for preservingsperm cells for later use [20]. This technique offers men theopportunity to father children at a future date despite potentialchanges in fertility by cancer treatment. Semen should be collected andfrozen before the patient begins cancer treatment, especially if thetreatment involves chemotherapy or pelvic radiation [32]. Men withnormal semen parameters have a higher success rate withcryopreservation. However, even men with lower sperm counts maybene�it from sperm banking, especially with advanced techniques likeintracytoplasmic sperm injection (ICSI) [20, 32]. Sperm quality tends todecline with age [3], this implies that sperm banking at a younger ageoffers a better chance of successful cryopreservation and future use.For prepubescent boys who have not yet begun producing sperm,testicular tissue extraction and cryopreservation may be an option. Thistissue can potentially be used in the future to produce mature sperm ina lab setting, although this is still an experimental technique [20, 32].The decision to have children is personal and depends on the patientand his signi�icant others. Some men may choose to cryopreservesperm if they already have children and want to expand their family inthe future; others may choose this procedure if they are not surewhether they want to have children or anticipate future medicalconditions that will affect fertility due to cancer treatment [44].A. Slow Freezing Procedures 
Principles	and	Challenges	of	Sperm	Slow	FreezingThe slow freezing technique is a well-established method forcryopreserving human sperm, which is crucial for ART and fertilitypreservation [25]. This traditional method involves a gradual decreasein temperature using a controlled-rate freezer. Cryoprotectants,chemicals that protect cells during freezing, are added to the sperm



sample [53]. Slow, controlled cooling allows for the controlledformation of extracellular ice crystals, minimizing damage to the spermcells. However, crystal formation during the freezing process remainsthe biggest obstacle [47]. This process can still cause some sperm tolose motility, viability, and DNA integrity [25, 53] and the recovery rateof functional sperm after cryopreservation remains critical in infertilemen [53]. Slow freezing is not ideal for cryopreservation of single orsmall numbers of spermatozoa [25]. This process requires specializedequipment and trained personnel [63]. While slow freezing remains thegold standard, research continues to explore faster and potentiallymore ef�icient freezing methods like vitri�ication to improve semenpreservation in cancer patients.B. Vitri�ication. Vitri�ication Procedure 
Principles	and	Challenges	of	Sperm	Vitri�icationVitri�ication is a rapid freezing technique replacing traditional slowfreezing methods for sperm cryopreservation [4]. Unlike conventionalfreezing, vitri�ication uses high concentrations of cryoprotectants toprevent ice crystal formation, a major cause of sperm damage [62, 69].The sperm suspension is plunged into liquid nitrogen extremelyrapidly, transforming it into a glass-like state. Vitri�ication offers severaladvantages: faster freezing times, improved sperm motility post-thaw,and potentially better fertilization rates than slow freezing [69].However, challenges remain. The complex vitri�ication procedurerequires specialized equipment and skilled technicians [69].Additionally, the long-term effects of vitri�ication on sperm functionand DNA integrity are still under investigation. Sperm vitri�ication iscurrently applied in samples with reduced sperm concentration andvolume [68, 77]. Studies suggested that vitri�ication may offer slightlybetter post-thaw motility and survival rates for sperm compared toslow freezing [4]. However, both methods remain ef�icacious, and thepreferred technique depends on factors such as clinic expertise andequipment availability.



C. Single Sperm Freezing Procedure 
Principles	and	Challenges	of	Single	Sperm	FreezingSingle sperm freezing, also known as single spermatozooncryopreservation, is a technique used to preserve a single sperm cell forfuture use in assisted reproductive technologies like intracytoplasmicsperm injection (ICSI). Cryopreservation of a few sperm is performed toavoid repeated sperm retrievals in patients with non-obstructiveazoospermia and/or severe oligozoospermia. In addition, it is also away to preserve sperm such that they are free from side effects of anytreatment regimen, particularly cancer treatment [39]. This techniqueinvolves freezing individual sperm cells instead of a whole semensample. It’s primarily used for men with very low sperm counts and isoften used in conjunction with ICSI during ART. To cryopreserve areduced number of sperm, some strategies have been implementedsuch as the use of non-biological carriers such as cryoloops, cryotops,and others, which seem promising since they allow good percentages ofmotile and viable sperm to be recovered [68]. Although single spermfreezing is a highly specialized procedure with lower success ratescompared to freezing whole semen samples, this technique requiresspecialized equipment and highly skilled technicians [38, 68] butproves to be an essential option in patients with extremely low spermcounts.D. Success Rate of Vitri�ication and Slow Freezing Various studies attempt to describe the most appropriate techniqueto achieve the highest cryosurvival rate of human gametes.Cryopreservation is complex because it requires several protocols,freezing carriers, and cryoprotectant agents [47]. Spermcryopreservation success rates can vary depending on individualfactors like initial sperm quality, freezing technique, and storageduration [68]. Studies suggest that vitri�ication may offer slightly better



post-thaw motility and survival rates for sperm compared to slowfreezing with lower levels of DNA damage [45, 68, 77]. Studies haven’tspeci�ically focused on the outcomes of cryopreservation of sperm fromcancer patients, but overall sperm survival rates exceed 70% with goodmotility and fertilization potential post-thaw [45, 47, 77]. Slow freezinghas success rates of 50–70% for sperm survival [47, 68]. A studyexamining microRNA (miRNA) changes in sperm after cryopreservation(slow freezing or vitri�ication) showed that any cryopreservation altersmiRNA compared to fresh sperm. This is of utmost importance sincesperm-derived miRNAs are delivered to oocytes and can in�luencefertilization and embryo development. Novel miRNA biomarkers maycontribute to effective molecular assessment of sperm quality afterthawing [52]. It is still not known which sperm cryopreservationtechnique provides the best post-thawing results since there is still nostandard method that optimizes in all aspects the recovery of spermparameters affected by freezing and thawing.
Fertilization	Methods.	Assisted	Reproductive
Technologies	(ART)
In	Vitro	Fertilization	(IVF)Conventional in vitro fertilization (C-IVF) is a simple, non-invasivemethod of fertilization mostly applied to non-male infertility cases. C-IVF consists of the co-incubation of sperm with the oocytes overnight.The �inal concentration of sperm in the fertilization dish is 100, 000–200, and 000 motile spermatozoa/ml; however, it can vary in differentIVF lab protocols from 20, 000 to 1, 000, 000/ml. Excess amount ofsperm inseminated exposes the oocytes to the risk of abnormalfertilization (polyspermia). At approximately 16–18 post insemination,pronuclear check for fertilization is performed under the microscope.In most clinics c-IVF is performed only in couples with malespresenting normal sperm concentration and motility. According topopulational studies of fertile men, sperm concentration is considerednormal above 15x106/ml and total motility above 42% [76]. However,



freezing and subsequent thawing of sperm results to the decrease ofsperm motility and fertilizing ability [33, 42]. Furthermore, the amountof sperm cryopreserved before oncological treatment is often limited,and may not be enough for one or multiple treatments with c-IVF. Onthe contrary, the ICSI procedure requires only a much smaller numberof viable spermatozoa for fertilization. These facts should beconsidered when selecting the fertilization technique that is mostadequate for the speci�ic couple.
Intracytoplasmic	Sperm	Injection	(ICSI)ICSI is the fertilization technique that is routinely used in cases of maleinfertility and cryopreserved samples of cancer patients. It is suitablefor ejaculated sperm and also for PESA, TESA, and TESE samples. Incontrast to c-IVF, only a few functional sperm are required in order toachieve fertilization with ICSI. ICSI includes the selection, catching, andimmobilization of a single spermatozoon under the invertedmicroscope. The next step of the procedure is the injection of thespermatozoon into the oocyte. At 16–18 h following insemination, theoocytes are checked for the presence of two pronuclei. During ICSI, theselection of a competent spermatozoon for fertilization may befacilitated by using morphologically selected sperm injection (IMSI) orphysiological ICSI (PICSI) [17]. In cases that only immotile spermatozoaare present, there exist several methods for the identi�ication of viablesperm such as the hypo-osmotic swelling test (HOST), the use ofpentoxifylline and theophylline, and the laser-assisted immotile spermselection (LAISS) [65].
ART	Success	Rates	in	Cancer	PatientsOncological treatments may have a negative impact on male fertility.Fertility in patients with testicular cancer who have not cryopreservedsperm samples before treatment is signi�icantly decreased aftertreatments and radiotherapy. These patients experienced the mostdetrimental effect on IVF outcomes post-therapy [26]. Testicular cancersurvivors have a better prognosis in terms of fertility compared to



hematological cancer, Hodgkin’s disease, or lymphoma [43, 70]. Thedifferences between oncological patients are due to the severity of thechemotherapy treatment which varies according to the type of cancer[43].In patients who have already banked ejaculated sperm or TESEsamples before gonadotoxic treatment, ART success rates with ICSI aresimilar to those of non-cancer patients. According to a prospectivereview of the assisted reproduction outcomes with banked semenbefore oncological treatment, almost 40% of the patients were able toachieve a live birth, regardless of the type of ART used or the type ofmalignancy they suffered from [1].A 2021 retrospective study, comparing ART outcomes in malecancer patients, did not �ind any differences in pregnancy and live birthrate, regardless of the type of sperm sample used, either fresh or frozenand thawed. [48]. However, higher embryo utilization andcryopreservation rates have been noted when using the frozen-thawedsample, and consequently higher cumulative pregnancy rates forpatients who had performed fertility preservation [48].According to a meta-analysis and systematic review of 69 non-randomized studies, with 32,234 patients who attempted tocryopreserve a sperm sample before or during treatment, the utilityrate of frozen sperm was 9%, while the pregnancy and delivery ratesafter ART were 28% and 20%, respectively. The authors concluded thatsperm banking before or during oncological treatment is an effectivemale fertility preservation method [36].
Oncofertility	and	Ethical	ConsiderationsOncofertility service offers cancer patients the chance to preserve theirfertility before undergoing treatments that may damage reproductiveorgans or gametes (eggs and sperm) [20]. Many children and youngadults diagnosed with cancer may survive treatment due to theadvances made in medical oncology treatments. Therefore, fertilitypreservation can be a safe, affordable, and successful option for these



patients. Treatments should be applied as soon as possible after cancerdiagnosis and be recommended according to the disease process andindividual patient preference [44, 66]. However, ethical considerationsdo arise, particularly in relation to informed consent and decision-making capacity. A cancer diagnosis can be shocking and potentiallyimpact a patient’s ability to fully understand their fertility options [10].Clinicians must ensure clear communication and address social orreligious beliefs that may in�luence the patients’ decisions [10, 23, 24].Besides, storing gametes or gonads for prolonged periods of time raisesethical and moral questions, many of which remain unanswered todate. The existence of uncertainties in the protocols and strategies, withsuccess rates of using preserved eggs or sperm for future pregnancyvary, which deserves further examination at the ethical and politico-legal level to make concrete plans to ensure the smooth execution ofoncofertility services [10, 20]. Another crucial point to consider is thefuture posthumous use of deceased individuals’ preserved tissues andcells [10], which are currently prohibited in many nations andcountries [64, 71, 72]. To address all these ethical considerations, theremust be open and honest communication between patients,oncologists, and fertility specialists with the inclusion of bioethicists,policymakers, and legislators. Continued research and discussions areneeded to ensure equitable access and responsible implementation ofoncofertility practices.
Prepubertal	Population	(Includes	Boys	and	Teenagers	Who
Have	Not	Achieved	Puberty	Yet)Preservation of fertility in prepubertal pediatric patients remainsexperimental; however, with the recent scienti�ic advances in the use ofspermatogonial stem cells and testicular tissue transplantation, thefuture of oncofertility for these patients is promising [21]. There areseveral ethical considerations that oncofertility must consider whentreating infantile or prepubertal patients, such as informed consent, theapplication of fertility preservation techniques that are still in theexperimental phase, and long-term storage of the genetic material [55].



In addition to all of these, medical personnel must be able to address,together with the family, complex issues such as the uncertainties of theresults of fertility preservation in children and the �inancial limitationsrelated to procedures and storage [21, 55]. It is recommended that amultidisciplinary team be involved to evaluate each case individuallyand offer personalized advice to the patients and families with optionsthat exist to preserve fertility. It is vital to maintain opencommunication with the provision of comprehensive advice for familiesbefore the parents can make informed decisions to preserve fertility fortheir children.
Postpubertal	Population	(Can	Include	Teenagers	Below
21	Years	Old	and	Adult	Men)For men who can ejaculate, sperm cryopreservation (sperm banking) isthe only established method of fertility preservation [20]. Oncologistsmust ensure patients understand the potential risks and bene�its offertility preservation options, considering their age, diagnosis, andprognosis [44]. Discussions about alternative family-building optionslike adoption or surrogacy are also crucial [10, 44]. For teenagersapproaching adulthood, assessing their decision-making capacity isvital, as well as comprehending the consequences of cancer treatmentand fertility preservation [5]. Another essential point to be informed tomen is the existence of a potential risk of genetic damage in the spermcollected after the start of therapy, which is why it is recommended tocollect sperm before starting treatment and to ensure the quality of thesperm sample and DNA integrity. In addition, ICSI allows the future useof cryopreserved sperm, even when the number of sperm is verylimited [44]. Open communication and emotional support are essentialto navigate these complex decisions [10]. Although scienti�ic advancescontinue to improve fertility preservation in cancer patients, challengesstill exist to meet the various fertility needs of prepubertal andpostpubertal patients. The need to allocate resources to performresearch in this area, in conjunction with clinical practice, will allow



more robust options to address fertility preservation in patients of allage.
Future	PerspectivesCurrent advances in reproductive technologies have provided fertilitypreservation options for males with oncofertility needs. Thetechnologies available are suitable for postpubertal males, even formales who are azoospermic or have anejaculation, while immaturetesticular tissue cryopreservation remains the only alternative forprepubertal boys which is still considered experimental [11]. Concertedefforts should be invested in pushing the science of fertilitypreservation, especially on gonadal tissue cryopreservation, in vitromaturation, and gamete formation, to ensure that patients of all agesand medical conditions have equal reproductive rights and access tooncofertility services. Importantly, with the advent of advanced fertilitycryopreservation techniques, the active involvement of bioethicists,policymakers, and legislators is essential for the appropriate use ofthese technologies, funding support, governance, and access for allpatients with oncofertility needs. In particular, the topic of posthumoususe of the precious gametes from these patients and its implications tothe deceased and his family must be explored with de�initive guidelinesas well as legislation put in place to prevent ambiguity and regret.
ConclusionFertility preservation in males is still fraught with challenges, asdescribed previously. The emphasis placed on advancing medicaltechnologies for fertility preservation must be matched by an equalemphasis on ensuring access to oncofertility services for both childrenand adults. This is a joint effort by a multidisciplinary team thatconsists of the oncology and fertility specialists, counselors,pediatricians, and advanced andrology laboratory team backed by asupportive healthcare administrative team. Furthermore, global



advocacy on this vital issue, such as efforts from the Global AndrologyForum in collaboration with andrology societies around the world, willallow boys and men from any part of the world to access oncofertilityservices nearest to them at affordable prices with proven ef�icacy.
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IntroductionMale contraception research has lately gained substantial attention as acritical component of family planning and reproductive healthstrategies. Historically, male contraceptive options have been limitedprimarily to condoms and vasectomy, which, while effective, presentchallenges such as compliance issues and irreversible outcomes [1, 2].The need for innovative male contraceptive methods is underscored bythe fact that approximately 40–45% of pregnancies worldwide remainunplanned, indicating a signi�icant gap in available contraceptiveoptions for men [3].
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The historical perspective on male contraceptive methods reveals along-standing reliance on a narrow range of options. Despite extensiveresearch efforts dating back to the 1970s aimed at developinghormonal methods, progress has been slow, with no approved malecontraceptive drugs currently available on the market [4, 5]. Thelimited focus on male contraceptive research, compared to femalemethods, has contributed to a lack of awareness and acceptance amongmen regarding their role in family planning [6]. However, recent studiesindicate a growing interest among men in effective, reversible, and safecontraceptive methods, suggesting a shift in societal attitudes towardmale involvement in reproductive health [7].Recent advances in male contraception have sparked renewedoptimism within the �ield. Innovative approaches, including hormonaland non-hormonal methods, are currently under investigation, withpromising results emerging from clinical trials [8]. Non-hormonalcontraceptives, in particular, represent a signi�icant area of interest, asthey offer the potential for targeted action with fewer side effectscompared to hormonal alternatives [5]. Furthermore, the developmentof multipurpose prevention technologies (MPTs) that incorporate malecontraceptive methods is gaining traction, highlighting the need forintegrated solutions that address both contraception and sexuallytransmitted infection prevention [9]. Thus, the landscape of malecontraception is evolving, driven by historical limitations, recentadvancements, and an increasing demand for innovative solutions. Asresearch continues to progress, it is essential to foster awareness andacceptance of male contraceptive options, ensuring that men canactively participate in family planning and reproductive healthdecisions.This chapter aims to provide a comprehensive overview of malecontraception, tracing its historical development, examining recentadvances, and highlighting the urgent need for innovative solutions.
Current	Landscape	of	Male	Contraception



Conventional	Methods:	Condoms,	Vasectomy,	WithdrawalConventional methods of male contraception, including condoms,vasectomy, and withdrawal, play a crucial role in family planning. Eachmethod presents unique advantages and challenges, in�luencing theiracceptance and utilization among men. Condoms are a widely usedbarrier method that not only prevent pregnancy but also protectagainst sexually transmitted infections (STIs). Their effectiveness iscontingent upon correct and consistent use, with typical use resultingin a failure rate of approximately 18% per year [10]. Despite theiraccessibility and dual protective bene�its, some men report decreasedsexual pleasure and spontaneity as signi�icant drawbacks, which canaffect consistent usage [11]. Furthermore, cultural perceptions andmisconceptions about condoms can hinder their acceptance,particularly in regions where male involvement in contraceptivedecisions is limited [12].Vasectomy, a surgical procedure that involves the occlusion orseverance of the vas deferens, is recognized as one of the most effectiveforms of permanent contraception for men, boasting a success rateexceeding 99% [13]. The procedure is minimally invasive andassociated with low complication rates, making it a favorable option formen who are certain about not wanting future children [14]. However,societal stigma and misinformation regarding its impact on sexualfunction can deter men from considering this option. Studies indicatethat many men fear a loss of libido or sexual satisfaction post-vasectomy, despite evidence suggesting that sexual function mayremain unchanged or even improve for some couples [15, 16]. Thedecline in vasectomy rates in recent years, particularly among youngermen, highlights the need for improved education and outreachregarding this method [17]. Withdrawal, or coitus interruptus, isanother traditional method of contraception. While it is cost-free andrequires no medical intervention, its effectiveness is signi�icantly lowerthan that of condoms or vasectomy, with a typical use failure rate ofabout 22% per year [18]. The method relies heavily on the ability of themale partner to withdraw before ejaculation, which can be challenging



and often leads to unintended pregnancies. Furthermore, withdrawaldoes not provide protection against STIs, limiting its appeal as astandalone contraceptive method [19]. Therefore, while conventionalmethods such as condoms, vasectomy, and withdrawal offer variousoptions for male contraception, their effectiveness and acceptance arein�luenced by cultural attitudes, misconceptions, and personalpreferences. Enhanced education and counseling are essential toaddress these barriers and promote informed decision-making amongmen regarding their contraceptive choices.
Limitations	and	Challenges	of	Current	MethodsThe development and implementation of male contraceptive methodsface several limitations and challenges that hinder their widespreadacceptance and use. One signi�icant barrier is the prevailing social andcultural norms surrounding male involvement in family planning.Research indicates that traditional gender roles often positioncontraceptive responsibility primarily with women, which can lead toreluctance of men to engage in family planning discussions anddecisions [20]. This reluctance is compounded by a lack of awarenessand understanding of male contraceptive options, as many men expressconcerns about potential side effects and their impact on sexualfunction [21–23]. Such fears can deter men from considering hormonalmethods, despite evidence suggesting that these methods can beeffective and reversible [23]. Moreover, the current male contraceptivelandscape is limited, primarily offering only condoms and vasectomy asviable options. While condoms are widely used, they are oftenassociated with issues of compliance and reduced sexual satisfaction,leading to inconsistent use [2]. Vasectomy, on the other hand, presentschallenges related to its permanence and the stigma surroundingsurgical interventions [1]. The lack of diverse and easily accessible malecontraceptive methods contributes to a signi�icant gap in theseservices, particularly in low- and middle-income countries where thedemand for male contraceptive options is high [24].



Another critical challenge is the insuf�icient research anddevelopment of new male contraceptive methods. Although there arepromising candidates, such as hormonal gels and non-hormonal agentslike lonidamine, many of these options remain in the experimentalphase and have not yet reached the market [6, 25, 26]. This slowprogress can be attributed to various factors, including fundinglimitations, regulatory hurdles, and the historical focus on femalecontraceptive methods [26]. Furthermore, the complexity of malereproductive physiology poses additional scienti�ic challenges indeveloping effective contraceptive agents that do not compromisesexual health [27].
Global	and	Cultural	Perspectives	on	Male	ContraceptionThe global landscape of male contraception is characterized by diversecultural perspectives and varying levels of acceptance, whichsigni�icantly in�luence its uptake and development. Historically, malecontraceptive options have been limited primarily to condoms andvasectomy, with the latter often viewed as a permanent solution thatposes challenges in the context of changing family dynamics andincreasing divorce rates [28]. This limitation has led to a growingdemand for novel, reversible male contraceptive methods that canempower men to take a more active role in family planning [29].Cultural attitudes toward male contraception vary widely acrossregions. In many parts of Sub-Saharan Africa, for instance, traditionalgender roles often dictate that family planning responsibilities fallpredominantly on women, leading to a lack of male involvement incontraceptive decision-making [30]. However, recent studies indicate ashift in this paradigm, with increasing awareness and acceptance ofmale contraceptive methods among men, particularly when educationalinitiatives are implemented [31, 32]. For example, in Uganda, targetedfamily planning programs have shown that higher education levelscorrelate with increased modern contraceptive use among men,suggesting that education plays a critical role in shaping attitudestoward male involvement in contraception [31]. Moreover, the



perception of male contraceptives is often clouded by myths andmisinformation. Concerns about potential side effects, such as impactson sexual function and fertility, have been signi�icant barriers toacceptance [30]. Research indicates that addressing these fears throughcomprehensive education and counseling can enhance willingness ofmen to engage with contraceptive options [33]. For instance, studies inUganda have highlighted the effectiveness of peer outreach and massmedia campaigns in improving attitudes of men toward contraception[33]. Despite the progress in awareness and education, the actualuptake of male contraceptive methods remains low globally, withvasectomy prevalence reported at only 0.9% among men [33]. Thisunderscores the need for continued advocacy and development of malecontraceptive options that are culturally sensitive and address theunique needs of different populations [34]. The integration of malecontraceptives into broader reproductive health strategies is essentialfor achieving equitable family planning goals and improving overallreproductive health outcomes [35].
Hormonal	Approaches
Testosterone-Based	TherapiesTestosterone-based therapies have emerged as a pivotal area ofresearch in male contraception, primarily due to their dual role inmanaging testosterone levels and in�luencing spermatogenesis.Exogenous testosterone administration has been shown to suppress thehypothalamic-pituitary-gonadal (HPG) axis, leading to decreasedproduction of gonadotropins and subsequent inhibition ofspermatogenesis. This suppression is particularly effective in certainpopulations, such as East Asian men, where testosterone alone canachieve azoospermia, which is essential for contraceptive ef�icacy [36,37]. However, in other demographics, such as Caucasians, additionalagents, typically progestins, are required to enhance the contraceptiveeffect of testosterone [37].



The mechanisms underlying the in�luence of testosterone onfertility are complex. Testosterone is crucial for normalspermatogenesis, as it regulates Sertoli cell function and the maturationof germ cells [38]. Studies have demonstrated that testosterone levelsmust be maintained within a speci�ic range to support spermatogenesiseffectively; both excessive and insuf�icient levels can lead to infertility[39]. For instance, high doses of testosterone can lead to increasedserum testosterone but may not adequately suppress intratesticulartestosterone levels, which are critical for sperm production [40].Conversely, the cessation of testosterone therapy often results in theresumption of spermatogenesis, indicating that the effects oftestosterone on fertility can be reversible [41]. The combination oftestosterone with antiandrogens, such as cyproterone acetate, has alsoshown promise in achieving azoospermia while managing testosteronelevels effectively [42].
Mechanism	of	ActionThe mechanism of action of hormonal contraceptives for malecontraception primarily involves the suppression of the HPG axis,which is crucial for regulating male reproductive hormones. Hormonalcontraceptives typically utilize a combination of androgens, such astestosterone, and progestins to achieve this suppression. Theadministration of exogenous testosterone, whether through injectionsor implants, serves to maintain androgen levels necessary for malephysiological functions while simultaneously inhibiting endogenoustestosterone production and spermatogenesis [26, 43, 44].When testosterone levels are arti�icially elevated through hormonalcontraceptives, the feedback mechanism to the hypothalamus andpituitary gland is altered. Speci�ically, high levels of testosterone lead todecreased secretion of gonadotropin-releasing hormone (GnRH) fromthe hypothalamus, which in turn reduces the release of luteinizinghormone (LH) and follicle-stimulating hormone (FSH) from theanterior pituitary [26]. This reduction in LH and FSH is critical, as thesehormones are essential for stimulating the Leydig cells in the testes to



produce testosterone and for promoting spermatogenesis, respectively.Consequently, the suppression of these hormones results in asigni�icant decrease in intratesticular testosterone levels, leading to thearrest of spermatogenesis and ultimately resulting in azoospermia orsevere oligozoospermia [26, 43]. The addition of progestins to theregimen enhances the contraceptive effect by further suppressinggonadotropin levels. Progestins act synergistically with testosterone toinhibit the secretion of LH and FSH more effectively than testosteronealone, thereby providing a more robust contraceptive effect [43, 45].This dual-hormone approach not only suppresses sperm productionbut also maintains the physiological levels of testosterone necessary formale health, thereby minimizing side effects associated withtestosterone-only regimens [44]. Moreover, the role of kisspeptin in theregulation of the HPG axis has garnered attention in recent studies.Kisspeptin, a neuropeptide that stimulates GnRH secretion, is sensitiveto feedback from sex steroids. Its modulation could provide a noveltarget for male contraceptive development, potentially allowing formore re�ined control over spermatogenesis without the completesuppression of testosterone [46]. The ongoing research into the roles ofvarious hormones, including kisspeptin, continues to inform thedevelopment of more effective and reversible male contraceptivemethods [43, 44].
Current	Research	and	TrialsCurrent research on hormonal male contraception has gainedsigni�icant momentum in recent years, re�lecting a growing recognitionof the need for male contraceptive options that are both effective andreversible. Traditional male contraceptive methods, such as condomsand vasectomy, have limitations, including high failure rates andirreversibility, respectively [47]. Consequently, the exploration ofhormonal male contraceptives has become a focal point in reproductivehealth research.Recent clinical trials have demonstrated promising results forhormonal male contraceptives, particularly those combining



testosterone with progestins. These combinations have been shown toeffectively suppress gonadotropin levels, leading to a signi�icantreduction in sperm production [23, 43, 48]. For instance, a studyinvolving a combined nestorone-testosterone gel reported that itsuccessfully suppressed serum gonadotropins to levels associated witheffective contraception [48]. Furthermore, ef�icacy trials enrollingapproximately 2000 men have indicated that these hormonal methodsmay achieve effectiveness comparable to female hormonalcontraceptives [49]. By administering exogenous hormones, such astestosterone and progestins, researchers aim to lower intratesticulartestosterone levels, thereby inhibiting sperm production [50, 51]. Thisapproach not only provides a reversible contraceptive option but alsomaintains male physiological functions due to the androgenic supportprovided by testosterone [23, 43]. Despite the advancements,challenges remain in the development of male hormonalcontraceptives. Concerns regarding side effects, such as mood changesand cardiovascular risks, have been noted in various studies [32, 52].For example, mood alterations were reported in participants of aclinical trial involving a testosterone-progestin gel, highlighting theimportance of monitoring psychological well-being during such trials[52]. Additionally, the long-term implications of hormonaladministration on male health, particularly concerning cardiovascularand prostate health, are still under investigation [51].The landscape of male contraception is evolving, with severalhormonal methods currently in various stages of clinical trials. Notably,agents such as Dimethandrolone Undecanoate (DMAU) and 11β-methyl-nortestosterone dodecylcarbonate (11β-MNTDC) are beingevaluated for their safety and ef�icacy [44]. As of mid-2023, twohormonal male contraceptive methods are undergoing phase II clinicaltrials, indicating a promising future for the �ield [53]. The integration ofhormonal methods into family planning could facilitate sharedresponsibility between partners, ultimately enhancing reproductivehealth choices for couples [3, 54]. Continued research is essential to



address safety concerns and to ensure the successful implementation ofthese contraceptive methods in clinical practice.
Ef�icacy	and	Safety	Pro�ilesClinical trials have demonstrated that various hormonal regimens caneffectively suppress serum gonadotropins to levels associated witheffective contraception. For instance, the combination of nestorone andtestosterone gel has shown promising results in suppressing serumFSH and LH to levels that inhibit spermatogenesis [48, 55]. Additionally,studies have indicated that oral progestins such as cyproterone acetate(CPA) and levonorgestrel (LNG) can also achieve signi�icantsuppression of gonadotropin levels, making them viable candidates formale hormonal contraceptive regimens [4, 56]. The ef�icacy of thesemethods is comparable to female hormonal contraceptives, withsuccess rates often exceeding 90% in achieving azoospermia [57].Safety pro�iles of hormonal male contraceptives are critical for theiracceptance and use. While the majority of studies report mild tomoderate adverse effects, such as mood changes and weight gain,serious adverse events (AEs) remain rare. Notably, the risk ofthrombotic events, a signi�icant concern with female hormonalcontraceptives, has not been prominently reported in male trials [32].However, caution is warranted, particularly for older men or those withpre-existing cardiovascular conditions, as certain progestins mayincrease the risk of blood coagulation and in�lammation [50]. Thecareful selection of progestins and monitoring of cardiovascular healthare essential components of developing safe hormonal contraceptiveoptions for men.Moreover, the acceptability of male hormonal contraceptives isin�luenced by cultural and psychosocial factors. Surveys indicate astrong willingness among men to engage in contraceptiveresponsibilities, re�lecting changing attitudes toward male involvementin family planning [43]. However, the psychological impact of hormonaltreatments, including mood disturbances, necessitates thoroughevaluation during clinical trials [52]. Addressing these concerns is



crucial for the successful integration of male hormonal contraceptivesinto mainstream contraceptive options.
Non-testosterone	Hormonal	MethodsNon-testosterone hormonal male contraceptive methods represent aburgeoning area of research aimed at expanding male contraceptiveoptions beyond traditional methods such as condoms and vasectomy.These methods primarily focus on the inhibition of spermatogenesisthrough the modulation of hormonal pathways without relying solelyon testosterone. The underlying principle involves the suppression ofgonadotropin release from the pituitary gland, which is crucial forsperm production in the testes. This can be achieved through the use ofprogestins or other hormonal agents that do not include testosterone,thereby offering an alternative approach to male contraception [43, 45].Recent advancements in non-testosterone hormonal contraceptivemethods have shown promise in clinical trials. For instance,compounds such as selective androgen receptor modulators (SARMs)and other non-steroidal agents have been explored for their potential tosuppress spermatogenesis effectively while minimizing androgenic sideeffects [43, 45]. These methods aim to provide reversible and effectivecontraception, addressing the unmet need for male-controlled familyplanning options. The interest in these alternatives is underscored bystudies indicating a signi�icant demand among men and women for safeand effective male contraceptive methods [3, 23]. Moreover, thedevelopment of non-testosterone hormonal contraceptives couldalleviate some of the concerns associated with testosterone-basedmethods, such as potential cardiovascular risks and hormonalimbalances [50, 51]. By utilizing different hormonal pathways, thesemethods may offer a more favorable safety pro�ile while maintainingef�icacy in preventing pregnancy. The exploration of these alternativesis particularly relevant in light of the increasing recognition of the rolesof men in family planning and reproductive health [23, 58]. Despite theprogress made, challenges remain in the commercialization andwidespread acceptance of non-testosterone hormonal contraceptives.



Regulatory hurdles, public awareness, and cultural attitudes towardmale contraception play signi�icant roles in the successful introductionof these methods to the market [28, 49, 59]. Continued research anddevelopment efforts are essential to re�ine these contraceptive options,ensuring they meet the needs and preferences of potential users whileproviding reliable and reversible contraception [26, 36] (Fig. 10.1).

Fig.	10.1 Mechanisms of hormonal male contraception, categorized into testosterone-based andnon-testosterone-based therapies. Testosterone-based therapies suppress gonadotropins to inhibitspermatogenesis, while GnRH analogs and combination hormonal therapies (testosterone withprogestins) enhance contraceptive ef�icacy. Selective androgen receptor modulators (SARMs) andhormonal suppression of spermatogenesis further regulate male fertility. Non-testosterone-basedtherapies include progestin-based treatments, utilizing synthetic progestins such as (a)Norethindrone, (b) Levonorgestrel, (c) Etonogestrel, (d) Drospirenone, (e) Desogestrel, and (f)Medroxyprogesterone acetate, which work by suppressing LH and FSH to inhibit spermproduction. Kisspeptin modulation represents an emerging approach targeting GnRH secretion
GnRH	AnalogsGnRH analogs have emerged as promising male contraceptive methodsdue to their ability to modulate the HPG axis, thereby suppressing



spermatogenesis and testosterone production. GnRH analogs can becategorized into agonists and antagonists, both of which havedemonstrated ef�icacy in reducing fertility in various animal modelsand clinical settings. The mechanism of action primarily involves theinhibition of LH and FSH secretion from the pituitary gland, leading todecreased intratesticular testosterone levels and subsequentsuppression of sperm production [23].Research indicates that the administration of GnRH analogs caneffectively suppress gonadotropin levels, resulting in a signi�icantreduction in sperm output. For instance, studies have shown that theuse of GnRH agonists can lead to reversible infertility by inducing astate of hypogonadism, characterized by low levels of testosterone andsperm count [23, 60]. In a study involving male mice, a recombinantGnRH-based fusion protein achieved 100% contraceptive ef�icacy,highlighting the potential for immunocontraceptive strategies thattarget GnRH [61]. Furthermore, the use of GnRH vaccines has beenexplored, demonstrating the ability to induce long-lasting contraceptiveeffects by eliciting an immune response against GnRH, therebypreventing its physiological action [62].The reversibility of GnRH analogs is a signi�icant advantage, asfertility can be restored upon cessation of treatment. This characteristicis particularly appealing for male contraceptive methods, as it allowsfor family planning without permanent alterations to reproductivefunction [23, 63]. Clinical trials have shown that GnRH analogs, such asdeslorelin, can be administered in a slow-release format, providingsustained contraceptive effects with minimal side effects [64].Additionally, the potential for GnRH analogs to be used in combinationwith other hormonal agents may enhance their contraceptive ef�icacywhile maintaining a favorable safety pro�ile [60]. Thus, GnRH analogsrepresent a viable option for male contraception, with their ability toeffectively suppress spermatogenesis and testosterone production.Ongoing research into the optimization of these agents, including thedevelopment of long-acting formulations and immunocontraceptivevaccines, holds promise for expanding the contraceptive options



available to men, thereby contributing to more equitable familyplanning strategies [60, 63].
Combination	Hormonal	TherapiesCombination hormonal therapies represent a promising avenue formale contraception, leveraging the synergistic effects of androgens andprogestins to effectively suppress spermatogenesis. The fundamentalmechanism underlying these therapies involves the suppression of theHPG axis, which is achieved through the administration of exogenoustestosterone in combination with progestins. This combination not onlyinhibits the secretion of gonadotropins, LH, and FSH, but also providesandrogenic support necessary for maintaining male physiologicalfunctions [2, 43]. Recent studies have demonstrated that suchcombinations can lead to sperm concentrations below the threshold forfertility, comparable to the ef�icacy of female hormonal contraceptives[2, 49].The ef�icacy of combination hormonal therapies has beensubstantiated through various clinical trials. For instance, a randomizedcontrolled trial indicated that the administration of testosteronealongside different progestins, such as Nestorone, resulted insigni�icant suppression of gonadotropin levels and subsequentspermatogenesis [55, 56]. The �indings suggest that these therapies canachieve effective contraception while maintaining a favorable safetypro�ile, with minimal adverse effects reported [32, 59]. Moreover, the�lexibility in administration routes—ranging from transdermal gels tolong-acting injections—enhances the acceptability and adherence tothese contraceptive methods [23]. Despite the promising results, thepath to market for male hormonal contraceptives remains complex,in�luenced by regulatory guidelines and societal perceptions [50].Studies indicate that men often feel less informed about hormonalcontraceptives compared to their female counterparts, which canhinder their willingness to engage with these options [65].The future of combination hormonal therapies in malecontraception is bright, as ongoing research continues to re�ine these



methods. Innovations in hormonal agents, such as the development ofSARM with dual androgenic and progestational activities, hold promisefor enhancing the effectiveness and safety of male contraceptives [66].As societal norms evolve and awareness increases, combinationhormonal therapies may soon become a viable and widely acceptedoption for male contraception, providing couples with greater controlover family planning.
Non-hormonal	Approaches
Physical	Barrier	Methods	beyond	CondomsPhysical barrier methods of contraception, primarily represented bycondoms, have long been recognized for their role in preventingpregnancy and sexually transmitted infections (STIs). However, theexploration of additional physical barrier methods beyond condoms isessential for expanding male contraceptive options. Current researchindicates a growing interest in alternative methods that cancomplement or serve as substitutes for traditional barrier methods.One promising avenue is the development of intraurethral devices,which are designed to block sperm passage through the urethra. Thesedevices could provide a reversible and non-invasive alternative tovasectomy, which remains a popular but permanent solution for malecontraception [67]. The intraurethral approach could potentially allowfor easier adoption among men who are hesitant to undergo surgicalprocedures. Moreover, the ef�icacy of such devices in preventingpregnancy while also offering protection against STIs remains a criticalarea of investigation [19]. Another innovative concept involves the useof gels or �ilms that can be applied to the penis before intercourse.These products would act as a physical barrier to sperm, similar tocondoms, but may offer additional bene�its such as enhanced sensationor ease of use. Research has shown that the acceptability of suchmethods could be high among men, particularly if they are marketedeffectively [68]. Furthermore, the integration of these products withexisting contraceptive methods could enhance dual protection



strategies, where users combine barrier methods with hormonal orlong-acting reversible contraceptives (LARCs) to maximize ef�icacyagainst unintended pregnancies and STIs [69].
Vas-Occlusive	TechniquesVas-occlusive techniques, particularly vasectomy, have emerged as apivotal method for male contraception, offering a reliable and effectivemeans of preventing unwanted pregnancies. Vasectomy involves thesurgical occlusion of the vas deferens, thereby preventing sperm frombeing included in the ejaculate. This method is recognized for its highef�icacy, with failure rates reported to be less than 1% when performedcorrectly [70, 71].The traditional vasectomy procedure has evolved signi�icantly,incorporating techniques such as the no-scalpel vasectomy (NSV),which minimizes tissue trauma and enhances recovery times [72].Recent advancements have also introduced non-invasive methods, suchas laser coagulation, which utilize high-frequency ultrasound imagingto achieve occlusion while reducing complications associated withtraditional surgical approaches [73]. These innovations are crucial asthey may increase male acceptance of vasectomy by addressingcommon concerns regarding surgical risks and recovery [73]. Despiteits effectiveness, vasectomy has faced challenges regarding itsperception and uptake. Cultural attitudes, misinformation, andconcerns about long-term health effects have historically limited itsacceptance in various populations [33, 74]. However, studies indicatethat vasectomy is a cost-effective contraceptive method, particularlywhen integrated into broader family planning programs [33]. Moreover,the procedure is associated with minimal complications, and recentreviews suggest that it does not signi�icantly increase the risk ofprostate cancer, countering prevalent myths surrounding the procedure[70, 71]. In addition to traditional vasectomy, emerging techniquessuch as the Reversible Inhibition of Sperm Under Guidance (RISUG) andthe development of hydrogel-based systems for non-invasive occlusionare being explored [75, 76]. RISUG involves the injection of a polymer



into the vas deferens, which can be reversed using a speci�ic chemicaltreatment, thus offering a potentially reversible alternative totraditional vasectomy [75]. Similarly, ultrasound-induced hydrogelsrepresent a novel approach that allows for real-time monitoring andthe possibility of recanalization, thereby enhancing the �lexibility ofmale contraceptive options [76].The future of male contraception may also include the integration ofnanotechnology, which promises to enhance the safety and ef�icacy ofvas-occlusive methods. Nanomaterials can facilitate targeted drugdelivery and controlled release, potentially improving the reversibilityand effectiveness of male contraceptive methods [77]. As researchcontinues to advance, these innovative techniques may provide menwith more choices, addressing the long-standing need for effective malecontraceptive options beyond condoms and surgical sterilization.
Reversible	Inhibition	of	Sperm	Under	GuidanceRISUG represents a signi�icant advancement in male contraceptivemethods, providing a non-hormonal, long-term solution that is botheffective and reversible. Developed as an alternative to traditionalvasectomy, RISUG utilizes a polymeric gel composed of styrene maleicanhydride (SMA) dissolved in dimethyl sulfoxide (DMSO) [75, 78]. Thisinnovative approach allows for a non-scalpel injection into the vasdeferens, creating a physical barrier that obstructs sperm transportwhile simultaneously inducing biochemical changes that impair spermfunction [79]. The mechanism of action for RISUG is multifaceted. Uponinjection, the polymeric gel alters the local pH environment within thevas deferens, leading to acrosomal damage in spermatozoa, which iscrucial for fertilization [78, 80]. Studies have demonstrated that thisalteration results in a signi�icant reduction in sperm motility andviability, effectively inducing a state of azoospermia [75, 80].Furthermore, the interaction between the sperm membrane and thepolyelectrolytic nature of the SMA leads to the destabilization ofessential enzymes required for fertilization, further enhancing itscontraceptive ef�icacy [76].



Clinical trials have reported a contraceptive ef�icacy rate exceeding97%, positioning RISUG as a promising candidate for malecontraception [80]. One of the most compelling features of RISUG is itsreversibility. The reversal process can be achieved through theadministration of sodium bicarbonate (NaHCO3) or DMSO, which�lushes the RISUG gel from the vas deferens [81]. Research indicatesthat NaHCO3 may facilitate a quicker restoration of fertility comparedto DMSO, although the precise mechanisms remain to be fullyelucidated [81]. This aspect of RISUG addresses a signi�icant concernregarding male contraceptive methods: the ability to restore fertilityafter cessation of use, which is often a barrier to acceptance amongpotential users [79]. The safety pro�ile of RISUG has been rigorouslyevaluated through multiple phases of clinical trials, con�irming itsbiocompatibility and minimal side effects [82]. Unlike hormonalcontraceptives, which can lead to systemic side effects, the localizedaction of RISUG minimizes the risk of adverse reactions, making it anattractive option for men seeking to take an active role in familyplanning [83]. Moreover, the non-invasive nature of the procedure,combined with its long-lasting effects, positions RISUG as a viablealternative to existing male contraceptive methods, which arepredominantly limited to condoms and vasectomy [84].
VasalgelVasalgel, a novel male contraceptive method, represents a signi�icantadvancement in the �ield of reproductive health, particularly inproviding men with a long-acting reversible contraceptive (LARC)option. Developed as a high-molecular-weight polymer of styrene-alt-maleic acid (SMA), Vasalgel is administered via intravasal injection intothe vas deferens, effectively blocking sperm transport while allowingfor potential reversibility [85]. This method contrasts sharply withtraditional vasectomy, which is considered permanent and lacks astraightforward reversal process [81]. The mechanism of action ofVasalgel involves the formation of a gel-like barrier within the vasdeferens, which obstructs the passage of sperm from the testes to the



ejaculate. Studies in animal models, including rabbits and rhesusmonkeys, have demonstrated that Vasalgel can induce azoospermia,thereby achieving effective contraception [85, 86]. Notably, thereversibility of Vasalgel has been a focal point of research, withevidence suggesting that fertility can be restored through a secondaryinjection of NaHCO3, which dissolves the polymer at a high pH [87].This feature is particularly appealing for men who wish to retain theoption of fatherhood in the future.Clinical trials and studies have shown promising results regardingthe ef�icacy and safety of Vasalgel. In a study involving adult malerhesus monkeys, no conceptions occurred post-injection, indicating ahigh contraceptive ef�icacy [86]. Furthermore, research has indicatedthat the effectiveness of Vasalgel can last for extended periods, withsome estimates suggesting a duration of ef�icacy comparable to existinglong-acting contraceptive methods [88]. The biocompatibility of thepolymer and the absence of systemic hormonal effects further enhanceits appeal as a non-hormonal contraceptive alternative [89]. Despite itspotential, Vasalgel is still in the developmental phase, with ongoingstudies required to fully assess its long-term effects and safety inhumans [81]. The lack of extensive human trials raises questions aboutits market readiness, as well as concerns regarding the long-termstability of the polymer within the human body [81]. Moreover, thesocial implications of introducing a male contraceptive method likeVasalgel are profound, as it could shift the dynamics of contraceptiveresponsibility and family planning [6].
Novel	Approaches	and	Research
Thermal	MethodsThermal methods as male contraceptive strategies have garneredincreasing attention in recent years, particularly due to their potentialto exploit the temperature sensitivity of male fertility. The underlyingprinciple is that elevated temperatures can adversely affectspermatogenesis and sperm quality, leading to temporary orpermanent infertility. This phenomenon is well-documented across



various species, including insects and mammals, where thermal stresshas been shown to compromise male reproductive capabilitiessigni�icantly [25, 90].Research indicates that male fertility is particularly vulnerable tothermal stress, with studies demonstrating that exposure to elevatedtemperatures can disrupt spermatid elongation and impair spermmotility [91]. For instance, in the model organism Drosophilamelanogaster, heat stress has been linked to a reduction in spermviability and overall fertility, with males experiencing a decline inreproductive success following exposure to high temperatures [91, 92].Similarly, in mammals, it has been observed that spermatocytes aresusceptible to damage during spermatogenesis when exposed toelevated temperatures, leading to decreased sperm quality andquantity [25, 90]. The concept of using thermal methods for malecontraception is not merely theoretical; experimental approaches havedemonstrated the feasibility of inducing temporary infertility throughcontrolled heat exposure. For example, studies have shown that heatwaves can lead to signi�icant reductions in sperm production andviability in various insect models, suggesting that similar principlescould be applied to mammalian systems [91]. The potential forrecovery of fertility after a return to normal temperatures has also beendocumented, indicating that thermal methods could be designed forreversible contraception [92]. Moreover, the speci�icity of thermaleffects on male fertility presents an opportunity for targetedcontraceptive strategies. For instance, heat-induced infertility can beselectively applied to males without affecting female fertility, thusallowing for controlled breeding practices in agricultural settings orwildlife management [93]. This speci�icity is crucial, as it minimizes therisk of unintended consequences on female reproductive health andpopulation dynamics. In addition to the direct effects of temperature onsperm quality, there is evidence that thermal stress can havetransgenerational effects on fertility, potentially in�luencing offspringviability and reproductive success [91]. This aspect underscores thecomplexity of thermal methods as contraceptive strategies, as they may



not only impact the immediate generation but also future generationsthrough altered reproductive dynamics.
Ultrasound	TechniquesUltrasound techniques have emerged as a promising avenue for malecontraception, leveraging advancements in imaging technology toassess and potentially modulate male reproductive health. Theapplication of ultrasound in this context primarily revolves around itsability to visualize and evaluate the male reproductive organs,particularly the testes and associated structures, which are critical forsperm production and overall fertility. One of the key ultrasoundmodalities employed is shear wave elastography (SWE), which assessesthe elasticity of testicular tissue. This technique has been shown toprovide insights into parenchymal damage that can adversely affectsperm production [94]. By evaluating the mechanical properties oftesticular tissue, SWE can identify abnormalities that may lead toinfertility, thus serving as a diagnostic tool that could informcontraceptive strategies. Furthermore, the integration of Dopplerultrasound allows for the assessment of blood �low to the testes, whichis vital for spermatogenesis [95]. This dynamic analysis can help inunderstanding how alterations in blood supply may in�luencereproductive function and could be targeted in contraceptiveapproaches. Moreover, ultrasound has been utilized to monitor assistedreproductive techniques, such as the induction of spermiation andovulation through hormonal manipulation [96]. This monitoringcapability could be adapted for contraceptive purposes, whereultrasound could guide interventions aimed at temporarily suppressingspermatogenesis. The non-invasive nature of ultrasound makes it anattractive option for developing male contraceptive methods, as itminimizes the risks associated with surgical or pharmacologicalinterventions. The relationship between ultrasound �indings andhormonal pro�iles further underscores the potential of this technologyin male contraception. For instance, ultrasound can be used to correlatetesticular volume and sperm parameters, providing a comprehensive



view of male reproductive health [97]. This correlation is crucial, ashormonal regulation plays a signi�icant role in spermatogenesis, andunderstanding these dynamics could lead to the development ofultrasound-guided hormonal contraceptive methods. In addition to itsdiagnostic capabilities, ultrasound may also facilitate the exploration ofnovel contraceptive techniques. For example, targeted ultrasoundapplications could potentially disrupt sperm motility or viability,thereby preventing fertilization without the systemic effects associatedwith hormonal contraceptives [98]. This approach aligns with thegrowing interest in non-hormonal contraceptive methods, which areoften preferred by men due to concerns about side effects and long-term health implications. Despite the promising applications ofultrasound in male contraception, challenges remain. The lack ofstandardization in ultrasound techniques and the subjective nature ofsome diagnostic interpretations can hinder the widespread adoption ofthese methods [98]. Ongoing research and multicenter studies areessential to establish standardized protocols and validate the ef�icacy ofultrasound-based contraceptive strategies.
ChemosterilizationChemosterilization as a male contraceptive method represents a novelapproach in the �ield of reproductive health, aiming to provide menwith effective and reversible options for fertility control [99]. Thismethod involves the use of chemical agents to induce sterility in males,effectively preventing sperm production without the need for surgicalintervention. The underlying principle of chemosterilization is todisrupt the normal physiological processes of spermatogenesis, therebyreducing sperm count to levels that are insuf�icient for fertilization.Research into chemosterilization has drawn parallels with existinghormonal contraceptive methods, which also target the HPG axis tosuppress spermatogenesis [100]. While hormonal methods have shownpromise in clinical trials, the development of chemosterilization offersan alternative that may circumvent some of the side effects associated



with hormonal treatments, such as mood disorders and libido changes[23, 32].One of the key advantages of chemosterilization is its potential forreversibility. Unlike vasectomy, which is often considered a permanentsolution, chemosterilization could allow for the restoration of fertilityfollowing cessation of chemical treatment. This aspect is particularlyappealing to men who may wish to retain the option of fatherhood inthe future [67, 101]. Moreover, the acceptability of chemosterilizationcould be enhanced by its non-invasive nature, which may appeal to menwho are hesitant about surgical procedures [7, 68].The ef�icacy of chemosterilization has been demonstrated in variousstudies, with agents such as lufenuron showing effectiveness insterilizing target populations in agricultural settings [102]. Althoughthe application of such agents in human male contraception is stillunder investigation, the principles of chemosterilization could beadapted from these �indings. Despite the potential bene�its, theimplementation of chemosterilization as a male contraceptive methodfaces several challenges. Public perception and acceptance of chemicalmethods may be in�luenced by concerns regarding safety and long-termhealth effects, which have historically hindered the development ofmale contraceptives [23, 102]. Additionally, regulatory hurdles and theneed for extensive clinical trials to establish safety and ef�icacy will becritical in advancing chemosterilization from experimental stages topractical application [4, 5].
Immunological	ApproachesImmunological approaches to male contraception represent aburgeoning �ield of research that seeks to provide effective, reversible,and safe contraceptive options for men. Traditional methods, primarilyhormonal, have faced signi�icant challenges, including concerns overside effects and the ef�icacy of drug delivery systems [3]. In contrast,immunological strategies focus on targeting speci�ic proteins involvedin sperm function and development, thereby offering a non-hormonalalternative. One promising avenue in immunological male contraceptive



development involves the use of epididymal sperm proteins as vaccinetargets. Research has indicated that proteins such as Sperm FactorProtein 2 can be utilized to elicit an immune response that inhibitssperm motility and function [103]. This approach is particularlyappealing because it can potentially lead to a multivalent vaccine thattargets multiple sperm antigens, thereby enhancing contraceptiveef�icacy [103]. The immunogenicity of these proteins is crucial, as asuccessful vaccine must provoke a robust immune response withoutcausing adverse effects [103].Another innovative immunological strategy involves inhibitingretinoic acid biosynthesis, which is essential for spermatogenesis.Studies have shown that compounds like bisdichloroacetyldiamines caneffectively suppress spermatogenesis by interfering with retinoic acidsynthesis in the testes [104]. This method not only reduces spermproduction but also maintains testosterone levels, which is vital forpreserving secondary sexual characteristics and overall male health[104]. The dual bene�it of maintaining hormonal balance whileachieving contraceptive effects makes this approach particularlyattractive. Moreover, the development of non-hormonal contraceptiveshas gained momentum due to the increasing demand for malecontraceptive options that do not disrupt hormonal homeostasis.
Emerging	Technologies	and	Innovations
Gene	Editing	and	Male	ContraceptionGene editing technologies, particularly CRISPR/Cas9, have emerged astransformative tools in the �ield of reproductive biology, offering novelavenues for the development of male contraceptives. Recent studieshave identi�ied several testis-enriched genes that are critical for malefertility, presenting potential targets for non-hormonal contraceptivestrategies. For instance, the knockout of speci�ic genes such asbromodomain testis-speci�ic protein (BRDT) and protein phosphatase3 catalytic subunit gamma (PPP3CC) has demonstrated theirdispensability for male reproduction, suggesting their viability as



targets for contraceptive development [105]. Furthermore, the Rhoxgene family, predominantly expressed in Sertoli cells and germ cells,has been implicated in spermatogenesis, with targeted ablationresulting in impaired fertility [106]. This highlights the potential ofgene editing to disrupt critical pathways in sperm development withoutthe hormonal side effects associated with traditional contraceptives.The identi�ication of genes such as PRSS55, which is essential for spermmotility, further underscores the promise of gene editing in malecontraception. Disruption of PRSS55 has been shown to lead to maleinfertility in murine models, making it a compelling candidate fortargeted gene editing approaches aimed at developing reversiblecontraceptive methods [107]. Similarly, the MEIG1-PACRG complex,crucial for spermiogenesis, has been identi�ied as a potential target fornon-hormonal contraceptive development, with studies indicating thatits disruption can signi�icantly impair sperm maturation [108]. Theability to precisely edit these genes using CRISPR/Cas9 technologyallows for the exploration of their roles in male fertility and thepotential to develop targeted contraceptive interventions. Moreover,the advancement of gene editing techniques, including base editing andprime editing, enhances the precision of genetic modi�ications,reducing the risk of off-target effects that could compromise malereproductive health [109, 110]. These innovations enable researchersto make speci�ic alterations to the genome, thereby facilitating thedevelopment of contraceptive methods that are both effective and safe.The ongoing exploration of genetic loci in�luencing reproductivebehavior and fertility further supports the notion that genetic factorsplay a signi�icant role in male reproductive health, with implications forcontraceptive development [110]. Despite the promising landscape ofgene editing for male contraception, challenges remain in translatingthese �indings into clinical applications. The identi�ication ofreproductive tract-speci�ic genes and their functional characterizationis essential for advancing drug development [110]. Moreover, whilesigni�icant progress has been made, no male contraceptive agents haveyet received regulatory approval, highlighting the need for continued



research and development in this area [111]. The integration of geneticinsights with innovative gene editing technologies holds the potentialto revolutionize male contraception, providing men with greaterreproductive autonomy and contributing to family planning effortsglobally.
Targeting	Sperm	Motility	and	FunctionTargeting sperm motility and function represents a promising avenuefor the development of male contraceptive methods. Sperm motility is acritical determinant of male fertility, as it directly in�luences the abilityof sperm to navigate through the female reproductive tract andsuccessfully fertilize the ovum. Recent research has identi�ied severalmolecular and physiological pathways that regulate sperm motility,which can be exploited for contraceptive purposes. One of the keyplayers in sperm motility is the CatSper calcium channel, which isessential for the hyperactivated motility required for effective spermnavigation. Studies have shown that disruption of CatSper functionleads to impaired sperm motility and reduced fertility in various animalmodels [112, 113]. Speci�ically, CatSper-null sperm exhibit atypicalbeating patterns and are less capable of migrating through the femalereproductive tract, underscoring the importance of this channel in malefertility [112]. Furthermore, the regulation of calcium homeostasisthrough CatSper channels is crucial for sperm hyperactivation, aprocess that enhances motility and is necessary for penetrating thezona pellucida during fertilization [113]. In addition to calciumsignaling, mitochondrial function plays a pivotal role in sperm motility.The mitochondrial membrane potential (MMP) is a critical factor thatin�luences sperm motility and viability. Research indicates thatspermatozoa with low MMP are less capable of undergoing theacrosome reaction, which is vital for fertilization [114]. Consequently,targeting mitochondrial function could provide a novel approach tomale contraception by impairing sperm motility without affectingspermatogenesis [115] (Fig. 10.2).



Fig.	10.2 Various non-hormonal and novel male contraceptive approaches categorized by theirmechanisms of action. (a) Sperm motility inhibitors target calcium ion channels (e.g., CatSperblockers) to prevent hyperactivation and fertilization. (b) Immunocontraceptives block spermsurface proteins (e.g., EPPIN, SFP2) to impair sperm function. (c) Vas-occlusive techniques such asRISUG and Vasalgel create reversible polymer gel blocks in the vas deferens to obstruct spermtransport. (d) Physical barriers include intraurethral devices and sperm-blocking gels thatphysically prevent sperm passage. (e) Gene editing technologies modify testis-speci�ic genes (e.g.,BRDT, PRSS55) essential for spermatogenesis or sperm function. (f) Thermal contraception raisestesticular temperature to impair sperm production. (g) Ultrasound-based techniques use high-frequency ultrasound to induce temporary infertility. (h) Nanotechnology-based modulationalters sperm function or delivers targeted contraceptive agents. (i) Chemosterilization disruptsspermatogenesis using non-hormonal chemical agents that interfere with biochemical pathways.These emerging contraceptive technologies aim to expand male contraceptive options whileensuring effectiveness and reversibilityRecent advancements in pharmacological interventions have alsohighlighted the potential of using soluble adenylyl cyclase (sAC)inhibitors as a means to control sperm motility. sAC inhibitors caneffectively block both progressive and hyperactivated motility, therebypreventing sperm from reaching the ovum [116]. This method allowsfor a rapid onset of action, making it suitable for on-demandcontraception. The ability to administer such inhibitors immediatelybefore intercourse could provide a practical and reversiblecontraceptive option for men. Moreover, natural compounds have been



explored for their contraceptive potential by reducing sperm motility.For instance, the root powder of Ruellia tuberosa has been shown tosigni�icantly decrease sperm count and motility in animal models,suggesting its ef�icacy as an anti-fertility agent [117]. This highlightsthe potential for developing herbal or plant-based contraceptives thattarget sperm function. Thus, targeting sperm motility and functionoffers a multifaceted approach to male contraception. By focusing onkey regulatory mechanisms such as calcium signaling through CatSperchannels, mitochondrial function, and pharmacological interventions,researchers are paving the way for innovative contraceptive methods.These strategies not only aim to reduce sperm motility but alsopreserve overall spermatogenesis, thereby ensuring that hormonalbalance and fertility can be maintained when desired.
Smart	Contraceptives:	Wearables	and	Digital	Health	ToolsThe integration of wearables and digital health tools into contraceptivemethods can facilitate real-time monitoring and management ofreproductive health. For instance, devices that track physiologicalparameters could potentially be used to inform users about theirfertility status, thereby enhancing the effectiveness of contraceptivemethods [77]. The application of nanotechnology in contraceptivedevelopment is also noteworthy; it allows for the creation ofmicroneedle systems for hormone delivery, which could be integratedinto wearable devices [9]. Such advancements not only promiseimproved ef�icacy but also address issues of user compliance andconvenience, which are often barriers to effective contraception [118].Digital health tools are increasingly recognized for their role inimproving contraceptive use among reproductive-age individuals.These tools can provide personalized information and reminders,thereby enhancing user engagement and adherence to contraceptivemethods [118]. For men, the potential for digital platforms to facilitateeducation about new contraceptive options is particularly relevant.Research indicates that many men are unaware of the full range ofcontraceptive options available to them, which underscores the need



for targeted educational interventions [67, 118]. Furthermore, theacceptance of wearable technologies is growing, as evidenced by theincreasing market presence of such devices [119]. This trend suggests areadiness among consumers to embrace innovative contraceptivesolutions that leverage digital health advancements. Moreover, theconcept of multipurpose prevention technologies (MPTs) is gainingtraction in the development of male contraceptives. MPTs aim toprovide dual protection against unintended pregnancies and STIs, acritical consideration in male contraceptive development [9]. The malecondom remains the most widely recognized MPT, yet there is apressing need for additional options that can be seamlessly integratedinto the daily lives of men [120]. The development of wearables thatcan deliver hormonal contraception or provide real-time fertilitytracking could signi�icantly enhance male involvement in familyplanning, thereby promoting shared responsibility in reproductivehealth decisions [121].
Sociocultural	and	Ethical	Considerations
Men’s	Attitudes	toward	ContraceptionAttitudes of men toward contraception are shaped by a complexinterplay of cultural, social, and individual factors. A signi�icant body ofresearch indicates a growing willingness among men to engage incontraceptive practices, particularly with the advent of new malecontraceptive methods. For instance, a survey involving over 9000 menacross nine countries revealed that between 28.5% and 71.4%expressed a readiness to use hormonal male contraceptives,highlighting a considerable demand for male contraceptive options[122]. This willingness is further supported by studies indicating thatmen desire a variety of contraceptive choices, re�lecting a shift towardshared responsibility in family planning [48]. However, the acceptanceof men of contraception is often in�luenced by prevailing gender normsand societal expectations. Research has shown that perceptions of menof masculinity can signi�icantly impact their attitudes toward



contraceptive use. For example, men may feel societal pressure toconform to traditional masculine norms that discourage them fromtaking an active role in family planning [123]. This is compounded bythe fear of negative social repercussions, such as disapproval frompeers, which can deter men from initiating contraceptive use [123].Furthermore, misconceptions about the effects of contraceptivemethods on sexual performance and satisfaction can also hinderacceptance [21, 124].In various cultural contexts, the dynamics of male involvement infamily planning reveal both opportunities and barriers. Studies in Sub-Saharan Africa, for instance, have identi�ied that while men mayexpress a willingness to use contraceptives, concerns about side effectsand impacts on sexual function often prevail [21, 125]. In contrast,qualitative studies in Western contexts suggest that men areincreasingly open to sharing contraceptive responsibilities with theirpartners, indicating a shift toward more egalitarian attitudes [126].This is particularly evident in settings where couples engage indiscussions about family planning, which signi�icantly enhancesinvolvement of men and acceptance of contraceptive methods [127,128]. Moreover, the role of education and socio-economic status cannotbe overlooked. Higher levels of education among men correlate withincreased acceptance and use of contraceptive methods, as educatedmen are more likely to engage in discussions about family planningwith their partners [129, 130]. This suggests that educationalinterventions could play a crucial role in transforming attitudes towardmale contraception and enhancing overall family planning practices.
Societal	Impact	of	Male	Contraceptive	MethodsThe societal impact of male contraceptive methods is multifaceted,in�luencing not only individual reproductive choices but also broadersocial dynamics and gender roles. As male contraceptive optionsexpand, they hold the potential to shift traditional paradigmssurrounding family planning and reproductive health. This shift isparticularly signi�icant in contexts where women have historically



borne the brunt of contraceptive responsibilities and associated healthrisks. Research indicates that the introduction of male contraceptivemethods could lead to a more equitable distribution of contraceptiveresponsibilities between genders. For instance, studies have shown thatmen are increasingly willing to share the contraceptive burden,particularly when motivated by the adverse effects their partnersexperience from female contraceptives [101, 131]. This willingness isechoed in qualitative analyses that highlight the desire of men toalleviate the contraceptive load from women, suggesting a potential forimproved relationship dynamics and shared decision-making inreproductive health [132]. Moreover, the involvement of men incontraceptive decision-making has been linked to higher satisfaction inrelationships, as joint decisions foster egalitarian interactions [132].The societal acceptance of male contraceptive methods may alsochallenge existing stigmas associated with male participation in familyplanning. In many cultures, traditional gender norms discourage menfrom engaging in contraceptive discussions or using methods perceivedas feminine [133]. However, as awareness and education about malecontraceptives grow, there is potential for destigmatization, whichcould lead to increased utilization of these methods [134]. The role ofsocial networks in shaping attitudes toward contraception issigni�icant, as peer in�luence and familial discussions can enhanceacceptance and uptake of male contraceptive methods [135].Furthermore, the potential for male contraceptives to reduceunintended pregnancies is substantial, particularly in regions with lowcontraceptive prevalence. Modeling studies suggest that theintroduction of novel male contraceptive methods could signi�icantlydecrease unintended pregnancies, thereby positively impacting publichealth outcomes [136]. This is particularly relevant in settings wherecurrent contraceptive use is limited, as new methods may attractindividuals who have previously been disengaged from family planninginitiatives [136].Educational initiatives aimed at increasing knowledge about malecontraceptive options are crucial for enhancing their societal



acceptance and use. Evidence suggests that higher education levelsamong men correlate with more positive attitudes towardcontraceptive use [30]. Thus, targeted educational programs thataddress misconceptions and provide comprehensive information aboutmale contraceptives could facilitate greater male involvement inreproductive health decisions.
Ethical	Considerations	in	Male	Contraceptive	MethodsThe development and distribution of male contraceptive methodspresent a complex landscape of ethical considerations that intertwinemedical, social, and cultural dimensions. As male contraceptivesadvance from research to market, it is imperative to address the ethicalimplications surrounding their ef�icacy, safety, and societal acceptance.First, the ethical principle of informed consent is paramount in theclinical trials and eventual distribution of male contraceptive methods.Participants in clinical trials must be fully informed about potential sideeffects and the long-term implications of using these contraceptives.Research has shown that fear of side effects signi�icantly in�luences thewillingness of men to adopt modern contraceptive methods, oftenleading them to rely on traditional methods instead [137]. Thishighlights the necessity for transparent communication regarding therisks and bene�its associated with new male contraceptive options,paralleling the established practices in female contraceptive methods[32]. Moreover, ethical considerations must extend to the design ofclinical trials, ensuring that they are inclusive and representative ofdiverse populations to avoid biases that could affect the generalizabilityof the �indings [138].Secondly, the societal implications of male contraceptive methodsmust be carefully considered. The historical context of contraceptiveresponsibility has predominantly placed the burden on women, whichhas fostered a culture of gender inequity in reproductive health [139].The introduction of male contraceptives could challenge these norms,promoting shared responsibility in family planning. However, this shiftmay also provoke resistance from traditional societal structures that



view male involvement in contraception as non-conformist [54].Therefore, ethical frameworks must address these societal dynamics,advocating for educational initiatives that enhance the understandingof men of contraceptive options and their role in reproductive health[140]. Furthermore, the potential for coercion in contraceptive useraises signi�icant ethical concerns. As male contraceptive methodsbecome available, there is a risk that some men may feel pressured touse these methods to satisfy their partners’ reproductive desires,undermining the autonomy of both partners [59]. It is crucial toestablish guidelines that protect individual choice and promote mutualdecision-making in contraceptive practices, ensuring that both partnersare equally informed and consenting [141]. Additionally, theintersection of legal, ethical, and religious considerations cannot beoverlooked. In many cultures, contraceptive use is in�luenced byreligious beliefs that may oppose arti�icial methods of birth control.Therefore, the development of male contraceptives must navigate thesecomplexities, ensuring that products are not only scienti�ically soundbut also culturally sensitive [142]. Engaging with community leadersand stakeholders in discussions about male contraceptive options canfacilitate a more ethical approach to their introduction and acceptance[58].
Future	Directions	and	ConclusionThe future directions in male contraceptive research are promising yetcomplex, re�lecting a growing recognition of the need for effective malecontraceptive options. Despite the historical emphasis on femalecontraceptives, there is a burgeoning interest among both men andwomen for safe, reversible male contraceptive methods. Recent studiesindicate that while hormonal and non-hormonal male contraceptivesare under development, progress has been slow, and commercializationremains distant [3, 84]. Notably, ef�icacy trials have shown that malehormonal contraceptives can be as effective as female counterparts,suggesting that these methods may soon be viable options in the



market [49]. Furthermore, the exploration of MPTs that combine malecontraceptive methods with other health bene�its is gaining traction,which could enhance their appeal and uptake [9].Integrating male contraception into public health policy is essentialfor addressing the unmet need for contraceptive options. Currentpublic health frameworks often overlook male involvement in familyplanning, which can lead to ineffective communication and servicedelivery [143]. For male contraceptives to be effectively integrated,public health campaigns must educate both men and women about thebene�its and responsibilities associated with male contraceptive use.This requires a shift in societal norms, where men are encouraged toparticipate actively in contraceptive decision-making [21]. Additionally,healthcare providers play a crucial role in facilitating access to malecontraceptives, and training programs should be implemented to equipthem with the necessary knowledge and skills [144]. Thus, thelandscape of male contraception is evolving, driven by scienti�icadvancements and changing societal attitudes. The development of newmale contraceptive methods, alongside a growing recognition of theroles of men in family planning, presents an opportunity to reshapereproductive health paradigms. However, for these advancements totranslate into real-world impact, it is imperative to integrate malecontraceptive options into public health policies and practiceseffectively. This integration will not only enhance contraceptive choicebut also promote shared responsibility in family planning, ultimatelycontributing to better reproductive health outcomes globally [145]. Asresearch continues to progress, the anticipation for novel malecontraceptive methods remains high, with the potential to signi�icantlyalter the dynamics of reproductive health.
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IntroductionCouple’s infertility is a rinsing issue worldwide, affecting nearly 15% of couples ofreproductive age [46]. Male factor infertility (MFI) accounts for approximately 20% ofcases, while a combination of male and female factors contributes to 30% of infertilitycases [12, 46]. Several causes of MFI have been identi�ied thus including hormonaldiseases, genetic conditions, gonadotoxic treatment, metabolic disorders, and urogenitalinfections [10, 13, 26]. However, infertility remains idiopathic in its nature in about 30%of cases [76]. Varicocele, for instance, is one of the most common causes of MFI. Itstreatment has been debated for years in the last decades, but recent systematic reviewsand meta-analysis have con�irmed that varicocele repair may improve pregnancy ratesand sperm concentration in adult infertile men [27]. Nonetheless, due to the lack ofrandomized controlled studies, it has not yet been determined which type of surgicalapproach is associated with better outcomes.Semen quality impairment is usually associated with subfertility [11], butazoospermia represents the most severe form of MFI. Azoospermia, meaning theabsence of sperm in the ejaculate after centrifugation, is categorized in clinical practiceinto obstructive azoospermia (OA) and non-obstructive azoospermia (NOA).NOA is a common clinical condition, accounting for approximately 1% of all men and10% of all infertile men [46]. NOA has multiple etiologies including primary testiculardysfunction, impairment of the hypothalamus-pituitary-gonadal (HPG) axis, acquiredcauses such as cryptorchidism, and exposure to gonadotoxic chemotherapy and/orpelvic radiation and genetic causes such as Klinefelter’s syndrome and Y chromosomemicrodeletions [18]. Men with NOA usually have small testicular volume, high FSH
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values, and normal semen volume [14]. NOA men usually have small and isolated foci ofresidual spermatogenesis within the testes; therefore, surgical sperm retrieval andintracytoplasmic sperm injection (ICSI) are valuable treatment options to father a child.OA is the absence of spermatozoa in the sediment of a centrifuged sample ofejaculate due to obstruction. It is less common than NOA and occurs in 20%–40% of menwith azoospermia [46]. The location of the obstruction can be at any site between thetestis and the ejaculatory ducts, but the most common is at epididymis. Moreover,obstruction can be due to several causes thus including infections, trauma, post-surgery,congenital (usually associated with CFTR gene mutations), or idiopathic. Additionally,other causes like ejaculatory duct obstruction resulting from surgery, trauma, orcongenital Mullerian duct cysts can also cause OA [46]. Men with OA usually have normalFSH, testes of normal size, and epididymal enlargement. Moreover, OA men generallyhave normal sperm production, and thus, sperm retrieval from the testis, epididymis, oreven vas deferens is a potential viable option. For retrieval from the epididymis, eithermicrosurgical epididymal sperm aspiration or percutaneous epididymal spermaspiration may be performed [12]. Moreover, in cases where the precise location ofobstruction is identi�ied, surgery (reconstructive or to relieve obstruction) can be ade�initive treatment for the infertility case.Since spermatogenesis is not impaired in OA men, sperm retrieval can be achieved inapproximately 90%–100% of cases [46]. Conversely, in NOA men, with a wide variabilityamong cohorts and techniques, positive sperm retrieval has been reported in up to 50%of patients [21]. Of note, one of the most important challenges in infertility research is toidentify reliable predictors of positive sperm retrieval in NOA cases. In fact, numerouspredictive factors have been investigated, including clinical parameters, serumhormones, surgical approach, and testicular histology, but no de�initive predictors havebeen associated with successful retrieval [9, 21, 46]. In addition, new surgicaladvancements have been proposed in men with azoospermia and in those withvaricocele to improve sperm retrieval and sperm recovery. In this chapter, we will revisethe new advances in surgery for male infertility and their impact on semen quality andpregnancy outcomes.
TESE	Old	but	Gold
Classic	 TESE: LimitationsAs previously mentioned, in patients with NOA, sperm retrieval can be performeddue to the existence of isolated islands of active spermatogenesis within the testicles.Different SR techniques have been described in the literature for this purpose, such as:Testicular Fine Needle Aspiration (TFNA), Conventional Testicular Sperm Extraction (c-TESE), testicular sperm aspiration (TESA), and Microdissection TESE (micro-TESE) [46].c-TESE is an option for sperm retrieval in NOA patients for ICSI. c-TESE can beperformed under either local anesthesia with or without intravenous sedation orepidural anesthesia. Usually, a transverse 2 cm incision is made through the anterior



scrotal skin, dartos, and tunica vaginalis. The albuginea is incised for ∼1 cm. Gentlepressure is made onto the testis to extrude testicular parenchyma. A small fragment(∼5 × 5 mm) is excised with sharp scissors and placed in sperm culture media. A singleor multiple specimens can be extracted from the same incision [77]. This procedure canbe performed with a single or multiple incisions of the tunica albuginea. Throughmultiple c-TESE, the tunica albuginea is incised transversely in several regions of thetesticular poles, followed by a light compression and excision of the protruding tissuewhich is sent for processing and analysis using microscopy. The appropriate number ofbiopsies during c-TESE is still a matter of debate. A previous study showed that thesperm retrieval rate (SRR) was 37.5% and 49% among patients undergoing single andmultiple biopsy [74]. In a recent study, Falcone et al. analyzed NOA men with poorchance of retrieval (testicular volume <10 cc and FSH >12.4 UI/L) undergoing c-TESE vs.combined trifocal and m-TESE procedures. They found that SRR was higher in thecombination group than c-TESE (29.4% vs. 26.9%, p < 0.03) [25]. Potentialcomplications after c-TESE are persistent pain, edema, infection, hydrocele, hematoma,androgen de�iciency to atrophy, and testicular failure. Intratesticular hematomas arefrequent after c-TESE but most cases resolve spontaneously, without signi�icantlycompromising testicular function. Some authors have reported that excision of a largevolume of testicular parenchyma by c-TESE might be associated with a high risk oftransient or permanent reduction in testosterone levels due to testiculardevascularization. However, testosterone decline after surgery is usually small, andrecovery to baseline levels is expected up to 18 months after TESE [24]. Recent studiesassessing patients with NOA have found an overall success rate in SR ranging from 30%to 50%, with testicular sperm obtaining in all etiologic categories, encompassingcryptorchidism, orchitis, genetics, radiotherapy or chemotherapy, and idiopathic [21].Nonetheless, c-TESE is still considered as a “random” procedure as testicular biopsy isperformed without the opportunity to select seminiferous tubules that are more likely tocontain spermatozoa. In addition, the gross testicular biopsy does not preserveintratesticular blood vessel, with potential consequences in terms of testicular health.For these reasons, several advances in surgical technique have been introduced in thelast decades.
Micro-TESE:	 Update	 on	 SR	 DataThe micro-TESE was initially described by Schlegel in 1999. This technique emergedwith the proposal to be the gold standard for SR, because it is minimally invasive, safe,and limits the impairment of testicular function, with a high sperm retrieval rate. Thisprocedure is performed under general anesthesia. A transverse equatorial incision ismade, and each side of the tunica albuginea is gently pulled apart with the aid of twosurgical hemostats. The seminiferous tubules are then examined carefully andsystematically prior to manipulation under at least 25x magni�ication using a surgicalmicroscope. Optimal tubules (i.e., those likely to contain sperm), which are generallylarger and more opaque, are taken entirely whenever possible. Bipolar cautery should be



used to limit postoperative bleeding as well as tissue damage. Once an adequate numberof tubules are selected, processing should occur as previously described [65]. M-TESE isnow considered the gold standard for SR in NOA men [12, 46]. In terms of complications,studies reported a lower rate of testicular hematoma and �ibrosis, a lower reduction intesticular volume (>2 ml) and a lower drop in serum testosterone levels compared to c-TESE [22]. Conversely, the superiority of m-TESE compared to classic procedure in termsof SRR is still debated.A previous review that summarized seven studies between 1999 and 2013 reporteda SRR of 16.7%–45.0% for c-TESE and 42.9%–63.0% for m-TESE group [22].Subsequently, a meta-analysis of 15 studies with almost 2000 patients demonstratedthat m-TESE had a 1.5× greater likelihood of successful sperm retrieval compared to c-TESE [4]. This meta-analysis, that included only comparative studies, also showed that c-TESE yield a twofold improvement in sperm retrieval compared to TESA. More recently,Corona et al. [21] assessed 21,404 patients in a total of 117 studies and showed that c-TESE/micro-TESE resulted in an SR rate of up to 50% in NOA men with no differencesbetween the surgical techniques. Retrieved sperm resulted in a live birth rate of up to28%. The authors also recognized the low quality of the included studies and claimed asuf�iciently powerful and well-designed randomized controlled trial to compare micro-TESE with c-TESE in men with NOA.The main factors limiting the widespread adoption of micro-TESE (m-TESE) are itshigher cost and the need for specialized microsurgical training. Success in maleinfertility microsurgery is heavily dependent on the surgeon’s microsurgical skills.Laboratory-based practice is known to enhance microsurgical skills improving thesurgeon’s con�idence and reduces stress and operating time, bene�iting both the patientand the surgeon [44]. Therefore, more dedicated microsurgical training is needed topromote the diffusion of m-TESE.Since SRR after TESE is relatively low (up to 50%), it is of paramount importance toselect the best candidate for this procedure. Several studies have investigated potentialpredictors of positive sperm retrieval in NOA men.Testis volume has been classically correlated to spermatogenesis. However, itspredictive role in NOA men is uncertain. A meta-analysis revealed that testis volumesigni�icantly predicted SRR, speci�ically a mean volume higher than 12.5 mL predicteda SRR >60% with an accuracy of 86.2% (p < 0.0001) and a speci�icity and sensitivity of73% and 74%, respectively [21]. Conversely, a study including only m-TESEprocedures found that testis volume had limited value in predicting positive spermretrieval in patients with NOA (AUC 0.63), mostly due to low speci�icity [42].Male age has been correlated with deterioration in ejaculated semen parameters andincreased serum FSH concentrations. Age has been inconsistently associated with SRRafter TESE, particularly in Klinefelter’s patients. Overall, male age is not considered areliable predictor of TESE success in both the general population and in men withchromosomal abnormalities [9].



Hormonal Parameters: Follicle-stimulating hormone (FSH) and testosterone (T) areboth required to promote full spermatogenesis; in addition, their serum levels re�lectboth the pituitary and testicular function in physiological and pathological conditions.However, their role as predictors of spermatogenesis in patients with NOA is, however,questionable. Serum FSH concentrations have been suggested, in some isolatedreports, to predict sperm retrieval in conventional TESE. Other studies have reportedFSH levels to inversely correlate with the number of germ cells present and stages ofspermatogenesis [58]. However, while high serum FSH levels may provide a moreglobal representation of the level of spermatogenic dysfunction within a testis, therestill may be small foci of spermatogenesis that can be identi�ied and retrieved duringm-TESE. Similarly, inconclusive data exist regarding the association betweentestosterone levels and SRR [17]. More recently, Pozzi et al. investigated the role ofAMH as predictor of SRR. They found that men with iNOA with lower levels of AMHhad a signi�icantly higher percentage of successful SR at surgery. A threshold of<4 ng/ml for circulating AMH ensured satisfactory sensitivity, speci�icity, and positivepredictive values in the context of positive SR at m-TESE [57].Testis Histology: There is great consensus about the close relationship betweendifferent histopathological categories and m-TESE outcome. Patients with Sertoli cellsonly syndrome (SCO) have the lowest probability of SSR (22.5%–41%), while patientswith hypospermatogenesis (HS) have the best chances of sperm retrieval (73%–100%), and patients with late maturation arrest (MA) have better prognosis (SRR27%–86%) compared to those with early MA (SRR 27%–40%) [28]. The role ofhistology has been also conformed in men undergoing salvage m-TESE [14].Unfortunately, since preoperative testicular biopsy is not recommended by currentGuidelines, histology is only obtained after the initial TESE but it can guide thedecision to undergo a salvage procedure [46].Others: Men with cryptorchidism might have sperm impairment but also azoospermia.Sperm retrieval is reported to be 52%–75% in clinical series [17]. Klinefeltersyndrome is the most common karyotype abnormality in infertile men. These menhave typically small, atrophic testes, and hypergonadotropic hypogonadism, withtubular hyalinization as the prevalent histopathological pattern [56]. Most Klinefeltermen are azoospermic, but residual foci of spermatogenesis can be found with TESE.Reported rates of sperm retrieval in this group are wide (ranging 12%–75%), but real-life series have shown an overall reduced chance of SR compared to men withoutgenetic abnormalities [9, 20]. Lastly, various gene products, long noncoding RNAs, ortranscripts in the ejaculate have been investigated as predictors of positive SR, butresults are still experimental.As a whole, there are still several open questions and gray areas around TESE both interms of procedural effectiveness and predictors of success to select the best candidatefor this procedure.In terms of surgical ef�icacy, several optimizations have been introduced in the lastdecades.



Advanced	 TESESeveral new and promising technologies have recently emerged to aid urologists insperm retrieval for male infertility. Techniques such as multiphoton microscopy (MPM),Raman spectroscopy (RS), and full-�ield optical coherence tomography (FFOCT) canassist in distinguishing tubules with and without spermatogenesis during micro-TESEprocedures, a role that can potentially also be ful�illed by Doppler ultrasound (US).Additionally, ORBEYE technology presents itself as a viable alternative to traditionalmicroscopy techniques.
Multiphoton	MicroscopyMPM provides high-resolution images in real time without the need for physicalextraction. It uses a pulsed femtosecond near-infrared laser with two/three low-energyphotons to generate excitation of intrinsic �luorophores, resulting in auto�luorescence.Among the advantages of this technique are the depth of penetration (up to 400 μmbelow the surface) and the unnecessity of additional coloring (which can damagespermatozoa).Furthermore, this technique helps pinpoint sperm-containing tubules whilepreserving Leydig cells and enables the visualization of peritubular �ibrosis, a commonfeature in testes with defective spermatogenesis.In a pilot study conducted by Najari et al., MPM exhibited a 92% concordance rate indiagnosis compared to Hematoxylin and eosin (H&E) staining in men with non-obstructive azoospermia (NOA). Still, there are some concerns regarding laser intensityand ethical issues in assisted reproduction. Especially, safety concerns include the risk ofDNA damage, potentially leading to genetic abnormalities in IVF (in vitro fertilization)gametes, though rodent models show minimal phototoxicity, human validation isessential [39, 50, 59].
Raman	SpectroscopyRaman spectroscopy (RS) is a laser-based technique used in reproductive medicine toassess sperm DNA integrity and identify spermatozoa capable of zona pellucida binding.It operates on the principle of inelastic scattering from molecular vibrations and thegeneration of the so-called Raman spectra. In rat models, RS showed high sensitivity andspeci�icity in detecting spermatogenesis in Sertoli cell-only histology, suggestingpotential for improving sperm retrieval rates with RS-guided micro-TESE. Thistechnique, although non-invasive and non-destructive, needs further evaluation of safetyin human use. Additionally, the RS offers real-time analysis, but each assessmentconsumes approximately 2 min, with results potentially affected by light contamination[52].
Full-Field	Optical	Coherence	TomographyFFOCT, a technique based on white-light interference microscopy using a 150-W halogenlamp, offers high-resolution imaging of unprocessed tissue. Its advantages include speed



(1 frame/s) and safe light from a 150-W halogen lamp, suitable for IVF with ICSI. In ananimal study, FFOCT was able to distinguish between tubules with and withoutspermatogenesis in specimens from a busulfan-treated rodent model, speci�ically FFOCTidenti�ied spermatogenesis by detecting a bright signal emanating from the uniquemicrotubular structure in sperm tails [60]. Yet, limitations of this technique include theabsence of cellular details, the limited imaging depth, and the inability to image livespecimens. Its ef�icacy in human testicular tissue remains unexplored, leavinguncertainty about its ability to identify spermatogenesis due to the complex cellularstructures.
ORBEYEThe ORBEYE 4 K 3D microscope is a surgical exoscope, or “camera,” designed to enhanceurological microsurgical procedures such as microepididymal sperm aspiration (MESA)or micro-TESE. It features two Sony 4 K (4096 × 2160 pixels) Exmor R CMOS imagesensors, which enable high sensitivity, low noise, and a wide color range image.Positioned over the surgical �ield, the exoscope projects the image onto two 140-cm (55-inch) monitors, allowing for active 3D viewing with lightweight passive light 3D glasses.In urology, ORBEYE was compared to traditional operating microscopes forvasectomy reversal in a prospective randomized controlled animal trial, �inding nosigni�icant differences in terms of patency, operating time, or granuloma formation [6].Another study examined operating times and surgeon fatigue for urologicalmicrosurgery, showing potentially shorter varicocelectomy times with ORBEYE. Tosummarize, ORBEYE offers logistical advantages such as maneuverability and anergonomic design, but comes with a higher cost. It may also pose challenges for surgicalassistants due to the rotated view projected onto the monitor [45].
UltrasonographyTesticular imaging is of great interest for men with NOA due to the invasiveness ofbiopsies and the limited predictive ability of clinical characteristics. Ultrasound (US) isbeing investigated as a non-invasive and widely accessible method for evaluatingpatients undergoing testicular sperm retrieval.In NOA men, testicular structure and blood �low are signi�icantly altered, oftenshowing decreased or absent intratesticular arterial �low compared to normal testes.Conversely, men with obstructive azoospermia (OA) typically have uniform �low patternssimilar to controls [29]. Previous studies have suggested a correlation between testicularblood �low and volume in young boys, indicating a potential relationship between blood�low and testicular function during spermatogenesis.Studies on patients with NOA have shown that sperm quality is highest in testicularareas with high sperm perfusion. High levels of perfusion correlate with a greatersuccess rate of sperm retrieval from TESE [35]. Additionally, researchers developed anon-invasive method using Doppler ultrasound (US) for testicular screening, which has



low sensitivity but high speci�icity: This method is particularly useful for predicting theabsence of spermatozoa and avoiding areas of absent spermatogenesis.In a study conducted in 2001 by Belenky et al., it was found that ultrasound-guidedtesticular sperm aspiration (TESA) was a safe and accurate method for sperm retrieval inpatients with NOA when compared to “blind” TESA. However, no signi�icant differenceswere observed between the two groups in terms of pregnancy rates in the femalepartners of the patients [2].In a 2019 study, contrast-enhanced ultrasound (CEUS) was used 10 days prior totesticular sperm aspiration (TESA) in 70 men, 46 with non-obstructive azoospermia(NOA), and others with obstructive azoospermia (OA). The study found that CEUS-guided TESA with cognitive fusion did not improve sperm retrieval outcomes in NOApatients. This could be due to the imprecise correlation between biopsy sites and themain perfusion areas analyzed by CEUS [80].Finally, research conducted by Herwig et al. on patients with azoospermiaundergoing testicular sperm extraction (TESE) biopsy revealed that areas of high tissueperfusion exhibited high sperm quality. Additionally, their �indings demonstrated acorrelation between the number of motile sperm isolated from tissue samples and theintensity of tissue perfusion as determined by color Doppler ultrasound (US) [36].Although US shows considerable promise as a prognostic tool for sperm retrieval, itstrue strength can only be con�irmed through external validation. However, there aresome limitations to its use in this context. The effectiveness of US outcomes heavily relieson the skills of the operator.Moreover, previous studies examining testicular perfusion with Doppler US werelimited to locating main arteries in the testes and were unable to resolvemicrovasculature. However, dense microvasculature signi�icantly contributes to highblood testicular perfusion, which correlates with focal spermatogenesis [51]. Despite thementioned limitations, Doppler ultrasound (US) holds signi�icant potential as aneffective tool to aid in sperm retrieval procedures.
Arti�icial	IntelligenceAI has been largely used to better predict SRR after TESE by integrating variouspredictors and machine learning methods [82]. However, a few reports have alsoproposed AI to guide surgical approaches. Ichioka et al. used AI to develop a systematicprocedure for micro-TESE to maximize surface area and achieve a high sperm retrievalrate. Using a three-dimensional (3D) simulation model, they found that longitudinalincision on the tunica albuginea and following transverse slicing incisions in thetesticular parenchyma maximized the surface area and improved the SRR of micro-TESE[37].
Idiopathic	Obstructive	Azoospermia



Obstructive azoospermia (OA) is the absence of spermatozoa in two centrifuged samplesof ejaculate due to obstruction. It occurs in 40% of azoospermia, and it is less commonthan non-obstructive azoospermia [46].In case of OA, obstruction may occur at various levels along the male reproductivetract, including the testes, epididymis, rete testis, efferent ducts, and ejaculatory ducts.When diagnosing OA, a typical patient will have a normal FSH level indicative ofnormal spermatogenesis, normal-sized testes, and enlarged epididymis observed onultrasound (US) imaging. This is because the main site of obstruction is often at theepididymal level [46].It can be challenging to differentiate OA from late maturation arrest, as bothconditions can present with normal gonadotropins level and normal testicular size. Insuch cases, surgical exploration is usually required to determine the underlying cause.The treatment of OA aims to retrieve sperm, and it involves either microsurgicalreconstruction or sperm aspiration/retrieval without reconstruction.The choice between reconstruction and sperm retrieval is in�luenced by factors suchas the desired number of children, previous surgical history, past fertility as a couple, thefemale partner’s age, female infertility factors, religious beliefs, the potential for naturalconception, and �inancial consideration [46].It is not so uncommon to resolve an OA especially if we consider that of the 600.000men undergoing vasectomy annually in the USA, up to 6% eventually seek vasectomyreversal.Intratesticular ObstructionIn case of intratesticular obstruction, TESE is the only recommended method forretrieving sperm.Epididymal ObstructionFor bilateral absence of vas deferens, microsurgical procedures such as MESA orPESA are indicated. TESE and percutaneous techniques like testicular sperm aspiration(TESA) can also be performed. Typically, one MESA procedure provides suf�icientmaterial for several Assisted Reproductive Technology (ART) cycles with a highfertilization rate.For OA secondary to acquired epididymal obstruction, and with a female partnerhaving good ovarian reserve, microsurgical vasoepididymostomy (VE) is recommended.Various techniques, such as end-to-side and intussusception, have been proposed.Before microsurgery, and in cases where recanalization is impossible, epididymalspermatozoa should be retrieved intra-operatively by MESA and cryopreserved forsubsequent ART procedures.Vas Deferens Obstruction
Vas	Deferens	Obstruction	After	Vasectomy



In case of vas deferens obstruction after vasectomy, microsurgical vasectomy reversal isnecessary.It can be performed for the desire to have more children, post-vasectomy painmanagement, or as treatment for iatrogenic (herniorrhaphy, orchidopexy,hydrocelectomy), traumatic, or infectious causes of obstruction.The reported patency and pregnancy rates are 90%–97% and 52%–73%, respectively.The average time to patency is 1.7–4.3 months, and late failure is rare (0%–12%).Robot-assisted vasovasostomy has similar success, but larger studies are needed tode�ine its bene�its over standard microsurgical procedures. The absence of spermatozoain vas deferens �luid during surgery suggests secondary epididymal obstruction; in thiscase, microsurgical VE may be indicated.
Vas	deferens	Obstruction	at	the	Inguinal	LevelIn case of vas deferens obstruction secondary to iatrogenic damage (hernial surgery ororchidopexy), correction surgery is not possible. In these cases, TESE, MESA, or PESA orproximal vas deferens sperm aspiration should be done, and sperm retrieval is used forART.Ejaculatory Duct ObstructionThe treatment of ejaculatory duct obstruction depends on its etiology.Transurethral resection of the ejaculatory ducts (TURED) can be used in post-in�lammatory obstruction and cystic obstruction. In cases of obstruction caused by anintraprostatic cyst, treatment typically requires incision, unroo�ing, or aspiration of thecyst. Intraoperative TRUS makes this procedure safer.Pregnancy rates after TURED are 20%–25%, with complications includingepididymitis, UTI, gross hematuria, hematospermia, urinary re�lux into the ejaculatoryducts and seminal vesicles.Alternative therapeutic strategies include seminal vesiculoscopy, balloon dilatationor laser incision, MESA, PESA, TESE, proximal vas deferens sperm aspiration, andseminal vesicle-ultrasonically guided aspiration.
Microsurgical	VEBetween 1978 and 2005, most VE surgeries utilized end-to-end or end-to-sidetechnique. After 2005, the majority of studies employed the intussusception technique(LIVE—longitudinal intussusception vasoepididymostomy), resulting in a largerdiameter for �low from the epididymal tubule to the vas, leading to improved outcomescompared to perpendicular placement of two sutures in the epididymal tubule or 3-suture triangulation technique. The LIVE technique permits accurate approximation ofthe 300- to 400-micron vasal lumen to the 150- to 250-micron epididymal tubule lumen[81]. However, studies suggested that there is no signi�icant difference in operative timebetween the 2 suture transverse and LIVE techniques [3].



The European Association of Urology (EAU) guidelines suggest that the patency rateafter VE is between 65% and 85%, and cumulative pregnancy rates range between 21%and 44% [46]. However, these values vary widely in the literature due to differences insurgical techniques, surgeon experience, and absence of a standardized de�inition.The end-to-end or end-to-side techniques developed between 1978 and 2005 have apatency rate of 61.1% and 70%, respectively, whereas the intussusceptiontechnique/LIVE technique results in 90% of patency rate and 40% of pregnancy rates. Incontrast, pregnancy rates for end-to-end or end-to-side are 26.9%. In Yoon et al. meta-analysis, the patency is reported as 64.1% (95% CI: 58.5%–69.3%), and the pregnancyrate is 31.1% (95% CI: 26.9%–35.7%) [81]. The mean time to reach patency ranges from2.8 to 9.6 months. Notably, the variability in reported patency percentages is attributedto the lack of standardized de�inition. Yoon et al. found that among 42 studies, 15 studiesdid not speci�ically de�ine patency, while others used different criteria such as thepresence of spermatozoa or motile spermatozoa, with varying concentration threshold.Surgeon skills also in�luence patency rates.The mean time to achieve pregnancy is reported between 6.9 and 9.9 months.Comparing pregnancy rates is challenging due to the lack of a speci�ic de�inition forpregnancy, which can be de�ined biochemically or clinically detected by ultrasound.Anastomosis sites are also a signi�icant predictor of patency and pregnancy rates (p-value = 0.035). The patency rate was 22.2% for head anastomosis, 63.3% for bodyanastomosis, and 87.0% for tail anastomosis. In their meta-analysis, Yoon et al.compared the patency rate of different sites of anastomosis; particularly in the caudal orcorpus area, anastomosis was found to be favorable for patency rate in microsurgical VE(RR = 1.17%; 95% CI: 1.01%–1.35%; P value = 0.04).Predictors of pregnancy are various and include male and female age, spermconcentration, and forward motility. According to Peng et al., overall patency and livebirth rate after VE are 76.3% and 34.8%, respectively [54].
Vasectomy	ReversalVasectomy stands as safe and effective male contraceptive method chosen by 42–60million men globally, constituting the preference for 6%–8% of married couples.Vasectomy encompasses a spectrum of surgical techniques, typically executed in twodistinct steps: vas deferens isolation and subsequent vas occlusion.The �irst step of vasectomy includes two main different way of vas isolationConventional Vasectomy (CV).Minimally Invasive Vasectomy (MIV)—including no-scalpel vasectomy (NSV).Conventional Vasectomy (CV) does not require speci�ic instruments and it isperformed by making either one midline incision or bilateral scrotal incisions (among1.5–3 cm) using a scalpel, then the vas is grasped with a towel clip or an Allis forceps.No-scalpel vasectomy (NSV) was developed in 1974 in China by Dr. Li Shunqiang, andit was the �irst minimally invasive technique for vasectomy. To be de�ined NSV isnecessary for the approach to the vas deferens the use of vas ring clamp and vas



dissector (both of which have been specially designed for no-scalpel vasectomy. Thevas ring clamp is placed around the vas, perivasal tissue, and overlying skin beforemaking the skin opening and creates a skin opening of ≤10 mm by piercing the skinwith the vas dissector followed by spreading the tissue overlying the vas with the vasdissector or similar. This technique allows to leave the skin opening unsutured eitheras a single midline opening or as bilateral openings [49].Minimally Invasive Vasectomy (MIV) should be performed either as an open accessapproach or a closed access approach, in fact it is possible to isolate the vas deferens—with vas ring clamp or other similar instruments—before or after skin incision,depending on the characteristics of the patient’s tissues.It can be performed one midline (just below the penoscrotal junction) or bilateralscrotal (at the level of the penoscrotal junction or higher) skin incision, but to date thereis no evidence in favor of one or other approach, so it depends on the surgeon’spreference.
Vas	OcclusionVarious techniques of vas occlusion have been described, and it is good to point out that,virtually, all techniques of vasectomy use complete division of the vas with or withoutexcision of a segment; in fact, according to AUA guide lines, there is no consistentevidence supporting the superiority, in terms of effectiveness, of section, and excision ofa portion of the vas deferens over the section alone.Fascial interposition (FI) involves the placement of a layer of the internal spermaticfascia between the two divided vas ends, and it is usually combined with ligation andexcision or mucosal cauteryLigation technique with the occlusion of the vas with ligatures (from 1 to 3 on eachends) with division and excision of vas segment of 1 cm approximately.Clips technique with the occlusion of the vas with clips with division and excisionbetween the clips.Folding back technique which provides the fold and suture of each divided vas end onitself.Mucosal cautery (MC) applying thermal or electrical cautery to vasal mucosa, creatinga scar tissue plug, minimizing the damage to the nearby tissue, occluding the vaslumen.Vasectomy reversal encompasses surgical techniques aimed at reconstructing theinterrupted spermatic pathway, speci�ically through vasovasostomy (VV) andvasoepididymostomy (VE).Vasovasostomy can be performed with various anastomotic techniques:One-Layer Technique: It is a full-thickness suture through all layers of the vas, andthere is also a modi�ied one-layer technique, in which an additional layer ofinterrupted seromuscolar suture is placed. This technique is relatively simple and fast



and it does not require speci�ic microsurgical instrumentation, but does not accountfor discrepant lumen size.Two-Layer Technique: An inner layer of suture is placed to bring the mucosa together;then an outer layer closing the seromuscolar layers is placed.These two techniques have been compared demonstrating similar patency outcomes.Vasoepididymostomy has been previously described.
Robotic	Vasectomy	ReversalIn 2003, Schoor et al. conducted the �irst study using an ex vivo rat model to assess thefeasibility of robotic-assisted VR [67].Following this, in 2010 Parekattil et al. published the �irst series of robotic VRcompared with microsurgical VR performing a three-layer [53].The robot-assisted VR begins in the same way as microsurgical VR: A paramedianincision is made and the testis is delivered from the scrotum, the site of vasectomy isidenti�ied, and the proximal and distal ends of the vas deferens are isolated using towelclips and �ine hemostats taking care not to injure the blood supply further than it wasduring the vasectomy. The ends of the vas deferens are transected, the ends areapproximated using a vasovasostomy clamp, and then, the robot is brought into theoperating �ield. The robotic anastomosis starts with loading two microforceps into therobot. The surgeon uses 9–0 nylon sutures to perform the anastomosis according to thevarious techniques discussed, depending on his or her preference; at the end, the thirdarm of the robot can be loaded with scissors to cut the sutures. After performing themicrosurgical part of the anastomosis, the robot is pulled away from the operating tableand the anastomosis is covered with perivasal tissue and the scrotal wounds are closed.The robotic technique, compared with the microsurgical technique, allows betterpreservation of vascular support, and the use of robotic arms in anastomosis increasesits accuracy by reducing hand tremor and imprecision.Literature available on VR highlights several advantages of robotic surgery overmicroscopic surgery. These include a decrease in operative time (97 min in the VR vs 120min in the microscopic technique), an increase in patency rate (96% in VR cases vs 80%in microsurgical cases), and a reduction in the learning curve (11 h of robot course andVR practice vs 40 h go microsurgey course.Disadvantages of robotic VR include high costs, the necessity of a specialized team,and specialized microsurgical robotic instruments. Additionally, there’s the challenge ofinferior magni�ication (×10–15) compared to a microscope (×20–30), particularlyevident during VE. Consequently, current literature primarily focuses on vasovasostomy(VV) due to this magni�ication limitation.
Onco-TESE
De�inition	and	Indications



Sperm cryopreservation is widely recognized as an effective method of preserving malefertility in patients affected by testicular cancer (TC). In cases of azoospermia,cryptozoospermia or failure to retrieve sperm (due to medical, cultural, or religiousfactors), a TESE speci�ically called onco-TESE, either performed with microscope orusing conventional methods, can be indicated to preserve fertility; however, dataregarding onco-TESE are currently limited in the literature [48].Given the youthfulness of patients and the high rates of cancer-speci�ic survival,preserving fertility is a crucial consideration in the treatment of TC, as it may result in atemporary or permanent decrease in fertility. This concern is particularly relevant due tothe growing prevalence of infertility among couples, notably in developed countries, andthe fact that TC itself poses a risk factor for infertility. A signi�icant proportion of TCpatients (approximately 50%) exhibit abnormalities in seminal �luid parameters evenbefore treatment initiation. These changes can range from mild to severe, withazoospermia observed in around 10%–15% of cases.The initial instance of onco-TESE, involving testicular biopsy and cryopreservation ofviable sperm prior to orchiectomy for TC, was documented by Res et al. in 1997 [61].Subsequently, the term “onco-TESE” was coined by Schrader et al. in 2003 [68], whenthey presented the �irst retrospective series on onco-TESE, encompassing 31azoospermic TC patients. This series also involved non-germ cell tumors, includingHodgkin Disease (n = 7) and Non-Hodgkin lesions (n = 10).In the most recent literature analysis of 2023 [19], a total of 23 articles wereretrieved investigating onco-TESE conducted before the onset of gonadotoxic treatment(Table 11.1). Among these articles, the majority (15) were either case reports or caseseries, while 8 were retrospective studies. Collectively, 139 onco-TESE procedures wereexecuted, with 108 performed on individuals diagnosed with azoospermia. Theretrospective investigations documented positive sperm retrieval rates ranging from33% to 83%. Case reports primarily detailed TESE procedures resulting in the retrievaland cryopreservation of spermatozoa. The utilization of retrieved sperm was assessed in6 retrospective studies and 8 case reports, encompassing a total of 22 ICSI cycles, leadingto 17 pregnancies or live births. TESE was the most frequently performed technique (94cases), followed by micro-TESE described in 45 cases. Importantly, the Onco-TESEprocedure did not delay the initiation of adjuvant therapy in any case, supporting itsoncological safety.
Table	11.1 List of papers investigating onco-TESE outcomes
Study Study	type Sample

size
AZO1.
n

OAT2
or
Crypt3
n

Others4
n

Cancer	type Surgery SRR5

n	(%)
ART6

Res	et	al.
[61]

Case report 1 1 – – SGCT7 TESE12 1 (100) 1 LB14



Study Study	type Sample
size

AZO1.
n

OAT2
or
Crypt3
n

Others4
n

Cancer	type Surgery SRR5

n	(%)
ART6

Schrader	et
al.	[68]

Retrospectivestudy 31 31 – – 8 SGCT,6 NSGCT8,7 HD9, 10 NHL10
TESE 14(45.2) 1miscarriageand 1 LB

Binsaleh	et
al.	[7]

Case report 2 2 – – 2 NGCT m-TESE13 1 (50) 1 pregnancy
Carmignani
et	al.	[16]

Case report 4 4 – – 2 SGCT; 2 NSGCT m-TESE 3 (75) 1 ICSI15
Descombe
et	al.	[23]

Case report 2 1 1 – 1 SGCT; 2NSGCT TESE 2(100%) 1 LB
Hallak	et	al.
[33]

Retrospectivestudy 5 5 – – 1 SGCT,5 NGTT11 m-TESE 4(80.0) 1 LB
Safsaf	et	al.
[64]

Case report 1 1 – – 1 SGCT TESE 1 (100) None
Furuhashi
et	al.	[30]

Retrospectivestudy 6 4 2 – 3 SGCT,2 NSGCT,1 NGTT
TESE 4(66,7) 1 pregnancy

Berookhim
and	Mulhall
[5]

Retrospectivestudy 21 11 2 8 N/A TESE 8(38.1) None
Haddad	et
al.	[32]

Case report 1 – 1 – 1 SGCT TESE 1 (100) None
Roque	et	al.
[63]

Case report 1 1 – – 1 SGCT TESE 1 (100) 1 LB
Luján	et	al.
[43]

Case report 1 1 – – 1 SGCT TESE 1 (100) 1 LB
Pindoria	et
al.	[55]

Case report 1 1 – – 1 epididymalpapillarycystadenocarcinoma TESEand m-TESE 1 (100) 1 LB
Tsutsumi	et
al.	[75]

Case report 2 2 – – 2 SGCT TESE 1 (50) None
Kuroda	et
al.	[41]

Case report 1 1 – – 1 SGCT m-TESE 1 (100) None
Sener	et	al.
[70]

Case report 1 – 1 – 1 SGCT TESE 1 (100) None
Takeshima
et	al.	[73]

Case report 1 1 – – 1 epidermal cyst TESE 1 (100) None
Hayashi	et
al.	[34]

Case report 1 1 – – 1 SGCT TESE 1 (100) 1 LB



Study Study	type Sample
size

AZO1.
n

OAT2
or
Crypt3
n

Others4
n

Cancer	type Surgery SRR5

n	(%)
ART6

Blecher	et
al.	[8])

Retrospectivestudy 13 12 1 – 3 SGCT;4 NSGCT;4 NGTT;2 benign lesions
m-TESE 10 (83) 1miscarriage;6 LB

Giwerc	et
al.	[31]

Retrospectivestudy 24 9 5 10 13 SGCT; 11 NSGCT TESE 14(58,3) 1 ICSI
Scott	et	al.
[69]

Retrospectivestudy 9 9 – – N/A m-TESE 7(78%) None
Symeonidis
et	al.	[72]

Case report 1 1 – – NSGCT m-TESE 1 (100) None
Cirigliano
et	al.	[19]

Retrospectivestudy 9 9 – – 4 SGCT; 5 NSGCT m-TESE 3(33,3) 1miscarriage1 LB
Varicocele
Effect	of	Varicocele	on	Male	FertilityVaricocele is a common risk factor for male infertility. Although varicocele is present innearly 15% of the general male population, it is important to note that not all men withvaricocele experience infertility and the degree of impact can vary. Varicocele is found inapproximately 35%–40% of men presenting with infertility. Speci�ically, the incidence ofvaricocele among men with primary infertility is around 35%–44%, while among menwith secondary infertility, it ranges from 45% to 81% [38]. The impact on male fertilityis evident through observed alterations in semen analysis in 25% of men with varicocele.Agarwal et al. identi�ied reduced sperm count, impaired mobility, and abnormalmorphology in men with varicocele compared to those without the condition [1].Several factors have been suggested as contributing to a multifactorial decline infertility:Scrotal Hyperthermia: The retrograde venous re�lux from major veins, morefrequently the left renal vein or the inferior vena cava, toward the veins of thepampiniform plexus can elevate testicular temperature with inhibition ofspermatogenesis. In addition to this, in hyperthermic environments, germ cellsundergo apoptosis as a consequence of increased oxidative stress.Increase in Hydrostatic Pressure and Hypoxia: Venous re�lux within the pampiniformplexus induces increased venous pressure, vessel dilation, and venous stasis. Thecompromised venous drainage induces high hydrostatic pressures within the venulesof the microcirculation in the testis. When the venous pressure exceeds the arteriolarpressure, it leads to hypoxia and ischemic damage to the testicular tissues throughin�lammatory reactions and the hypoxia induction factor (HIF) pathway, ultimately



resulting in impaired sperm quality and a decrease in quantity (10). Moreover,elevated endovascular pressure on the venous vessel walls may result in an increasedrelease of reactive oxygen species (ROS).Oxidative Stress: In the presence of varicocele, the heightened ROS levels cause ROS-mediated peroxidative damage to the sperm plasma membranes, rich inpolyunsaturated fatty acids, and DNA mutations and fragmentation at both nuclearand mitochondrial levels, resulting in cellular apoptosis and a change in the fertilizingcapacity of the spermatozoa.Back�low of Renal and/or Adrenal Metabolites Within the Venous Plexus of the Testis:These might contribute to vasodilatory effect and worsening of venous stasis.Hormonal Alterations. Varicoceles are believed to have a negative impact on thefunctioning of Sertoli and Leydig cells, leading to an alteration in the hypothalamic–pituitary–gonadal axis. Speci�ically, a time-dependent dysfunction of Leydig cells maybe observed in men aged over 30 with varicoceles, resulting in diminishedtestosterone production and consequent changes in the spermatogenesis processwhich is controlled by testosterone signaling.Testicular Immune Microenvironment Disorder: In infertile men, an increasingnumber of studies highlight the detrimental impact of varicocele on the testicularimmune system. The dysregulation of the testicular immune system is primarilyin�luenced by alterations in in�lammatory pathways and changes in the permeabilityand structure of the BTB, leading to the development of anti-sperm antibodies (ASAs).When ASAs are present, they bind to sperm, resulting in sperm agglutination,apoptosis of sperm cells, and a reduction in sperm motility. It has been observed thatin men with varicocele, the autoimmune anti-sperm reaction is accompanied by amore signi�icant decrease in semen quality (concentration, motility, and morphology),along with acrosome reaction disorders and increased DNA fragmentation. Thesedisorders are linked to the extent of oxidative stress, with ASA-positive varicocele menexhibiting ROS production 2.8 and 3.5 times greater than that observed in ASA-negative varicocele patients and fertile men, respectively.Nevertheless, none of these mechanisms can independently provide an exactexplanation for the deleterious effects of varicoceles on testicular function.
Updated	Data	Regarding	the	Impact	of	Treatment	of	Male	InfertilityThe current guidelines provided by the European Association of Urology (EAU) and theAmerican Urologic Association (AUA), as well as the American Society of ReproductiveMedicine (ASRM), recommend varicocele repair for men with a clinical varicocele, one ormore semen abnormalities, and otherwise unexplained infertility in a couple where thefemale partner has a good ovarian reserve [46, 66]. EAU guidelines also indicate thatvaricocele repair may lead to the presence of sperm in the ejaculate for males with non-obstructive azoospermia.One of the markers used to measure the impact of varicocele repair on maleinfertility is the evaluation of semen parameters, as they may re�lect men’s health and



testicular function. There is increasing evidence that varicocele repair led toimprovement of DNA fragmentation and outcomes of assisted reproductive techniques(ART) [40].Another emerging tool for evaluating male infertility and predicting outcomes ofpregnancy, either natural or with the use of ART, after varicocele repair is the evaluationof sperm DNA fragmentation along with oxidative stress. Recent studies describe thebene�its of varicocelectomy in improving DNA integrity, oxidative stress, and semenparameters, resulting in an improvement in male fertility. Notably, varicocele repair inrandomized clinical trials has shown a 75% increase in sperm concentration, an 8%improvement in morphology, and a 5.2% enhancement in motility [15]. More recently, asystematic review and meta-analysis including only prospective randomized andnonrandomized studies showed that varicocele treatment improved pregnancy rates(odds ratio 1.29; 95% con�idence interval [CI] 1.00–1.65; p = 0.048) and spermconcentration (mean difference 12.34 million/ml, 95% CI 3.49–21.18; p = 0.006)compared with observation [27].Various surgical approaches are available for varicocele repair, with the openapproach being one of the most commonly used techniques. Updated data regarding theimpact of treatment on male infertility have recently become available. Recent evidencesuggests that the use of microscope or surgical loupes during the procedure may resultin lower rates of recurrence and complications compared to procedures performedwithout them [79].Over the years, there has been a growing interest in assessing the advantages ofincorporating microsurgery into the surgical treatment of varicocele, due to itsresolution that enables excellent identi�ication of anatomical structures. Recent evidencehighlights the ef�icacy of microsurgical varicocelectomy compared to variousvaricocelectomy techniques. This approach not only diminishes postoperativecomplications and the risk of varicocele recurrence compared to other surgicaltechniques but also slightly improves pregnancy rates. However, as a drawback,microsurgical treatment is characterized by longer operative times. Comparingtraditional open, laparoscopic, and microsurgical varicocelectomy, hydrocele rates were13%, 20%, and 0.7%, respectively. Moreover, the microsurgical approach showed a 2.1%recurrence rate, contrasting with 4.3% and 14.9% for laparoscopic and traditional openmethods, while improvements in semen parameters and birth rates were similar acrossall techniques. Despite the higher cost of maintaining an operating microscope, alongwith the investment in microsurgical training, studies have questioned whethertraditional loupe magni�ication is suf�icient. Despite better visualization with loupes,surgical outcomes were comparable to the standard approach, highlighting the clearsuperiority of the surgical microscope in terms of complications and recurrence rates.This evidence emphasizes the essential role of the operating microscope in achievinghigh-quality varicocelectomy.In conclusion, considering all the above data, subinguinal microsurgicalvaricocelectomy is considered the current gold standard for repair.



Endovascular	Varicocele	Treatment:	Lights	and	ShadowsEndovascular treatment of varicoceles involves the use of imaging guidance andcatheter-based interventions to occlude or redirect blood �low within the affected veins.This can be achieved through various techniques, such as coil embolization,sclerotherapy, or balloon occlusion.Despite the diversity of embolic materials used in varicocele embolization, no studieshave shown the superiority of any particular agent. Nevertheless, technical success ratesranging from 95% to 100% have been reported in series published over the past decade.Major advantages of endovascular treatment of varicocele are the minimally invasivenature: day surgery procedure under local anesthesia, fast recovery, and return to work.However, recurrent rates are reported to be higher compared to microsurgical approach.Complications associated with this procedures are rare mostly related to chemicalorchitis and transient testicular pain [46].
Robotic	Varicocelectomy,	the	Use	of	3D	VideomicroscopeIn the 1970s, the operative microscope made its debut in male infertility procedures.Technological innovations in infertility procedures have progressed notably with theincorporation of the da Vinci robotic platform (Intuitive Surgical, Inc., Sunnyvale, CA,USA) into microsurgical procedures.Varicocele ligation can be performed through various approaches: retroperitoneal(high ligation via open incision or laparoscopic), inguinal, or subinguinal. Evidencesuggests that the microsurgical subinguinal approach carries lower risks of recurrenceand postoperative complications such as hydrocele and testicular atrophy compared toother methods. Therefore, instead of merely adapting the laparoscopic approach torobotic assistance, initial reports of robotic-assisted varicocelectomy opted for adaptingthe gold standard subinguinal approach. This decision was in�luenced by the advantagesoffered by the robotic in terms of visualization, maneuverability, and precision.Comparative studies between standard microsurgery and robot-assistedmicrosurgery showed similar outcomes, with operative times gradually decreasing assurgeons gained experience. The Da Vinci platform allowed for real-time Dopplerultrasonography to assess the location of arteries and veins, contributing to the safetyand ef�icacy of the procedure.
Varicocele	Repair	for	Elevated	Sperm	DNA	FragmentationResearch indicates that men with varicocele show signi�icantly higher levels of spermDNA fragmentation (SDF) compared to controls, irrespective of their fertility status [47].A meta-analysis by Wang et al., encompassing 12 studies (7 assessing SDF in varicocelepatients and 6 evaluating surgical outcomes), demonstrated that varicocele was linked tosigni�icantly higher SDF levels compared to controls, with a mean difference (MD) of9.84% (95% CI = 9.19–10.49; p < 0.00001). Varicocele treatment led to a signi�icantreduction in SDF levels compared to the control group (MD of −3.37%; 95% CI −4.09 to−2.65; p < 0.00001) [78].



A recent review by Roque and Esteves, analyzing 21 studies with over 1200 subjects,explored the impact of varicocele ligation on SDF. The authors noted a consistentdecrease in SDF across all studies during a follow-up period ranging from 3 to 12 months[62]. Some studies reported lower SDF values in couples who conceived compared tothose who did not. Smit et al. utilized the Sperm Chromatin Structure Assay (SCSA) in 49patients before and after varicocelectomy, reporting a signi�icant reduction in SDF valuespost-surgery (MD = 5%; p = 0.019). Among these subjects, 37% conceivedspontaneously, and 22% conceived with Assisted Reproductive Technology (ART). SDFlevels were signi�icantly lower in patients who conceived, either spontaneously or withART (26.6% ± 13.7%), compared to those who did not conceive (37.3% ± 13.9%)(p = 0.013) [71].
Controversies	and	LimitationsMajor limitation is the low quality evidence of the included studies. Most areretrospective case series, single center thus opening the possibility of selection bias. Interms of technical developments, costs associated with robotics and advanced imagingtechnology cannot be affordable by all countries.
Future	DirectionsOne of the most debated topics in male infertility is the identi�ication of accuratepredictors of successful sperm retrieval (SR) following TESE. Despite recent advances inarti�icial intelligence and advanced imaging technologies, further improvements are stillneeded. The ideal marker should be a cost-affordable, easily tested serum predictor ofSRR. In this way, epigenetic or genetic factors, integrated with arti�icial intelligencepredictive models, would be ideal to overcome the lack of understanding for spermrecovery.
ConclusionMultiple new promising technologies have emerged recently to assist urologists duringsperm retrieval for a male with infertility or to improve sperm recovery in men withvaricocele. The use of MPM, RS, and FFOCT during a micro-TESE procedure can helpdistinguish tubules with and without spermatogenesis, a role that can also be potentiallyplayed by Doppler US. ORBEYE technology can be used as a valid alternative to thetraditional microscopy technique. Robotic approach has been introduced in vasectomyreversal and in men with varicocele, but results are still not superior to microscopicapproach. All these advantages are associated with higher costs, which cannot besustained by all countries. Health economics should always be considered whenintroducing new developments in clinical practice.
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12.	Innovation	in	Management	of
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IntroductionEjaculatory duct obstruction (EDO) is an uncommon cause ofobstructive azoospermia which leads to male subfertility. It may causesevere oligo-astheno teratozoospermia in case of partial EDO andazoospermia in case of complete EDO. Among various causes for malesubfertility, EDO is one of the conditions, which will be curable with thehope of natural conception provided female evaluation is normal.Incidence of EDO in male sub-fertile patients is about 1–5% [1, 2].Majority of the patients with EDO are diagnosed only during evaluationof male subfertility. Some patients may also present to urologist orandrologist with the complaints of painful ejaculation, perineal pain,genital pain and hematospermia [1].

https://doi.org/10.1007/978-3-032-29112-7_12


High index of clinical suspicion is needed to identify EDO due to itsrare occurrence. Patients with low volume, acidic ejaculate (<1.5 ml, pH<7) with absent fructose showing azoospermia on semen analysis mayhave complete bilateral EDO. Patients with partial EDO may presentwith low volume, acidic ejaculate with reduced fructose and severeoligozoospermia (<5 mil/ml). Patients with unilateral, either completeor partial EDO, may often go unnoticed due to patent contralateralejaculatory duct.To distinguish ejaculatory duct obstruction (EDO) from non-obstructive azoospermia (NOA), key diagnostic tools include semenanalysis, hormonal testing and imaging. EDO typically presents withlow semen volume, acidic pH, absent fructose and azoospermia.Hormone levels (FSH, LH, testosterone) are normal. Transrectalultrasound (TRUS) may reveal dilated seminal vesicles or cysts. Incontrast, NOA shows normal semen volume and pH, with elevated FSHand often small testes, re�lecting testicular failure. Testicular biopsycon�irms spermatogenesis in EDO but shows impaired spermatogenesisin NOA. Thus, hormonal pro�iles and TRUS are critical fordifferentiation, supported by testicular biopsy if needed [2].Management of EDO depends upon the aetiology. TURED is a goldstandard procedure for congenital cystic obstruction of minimallyinvasive new endoscopic interventions with image guidance willenhance the accuracy of diagnosis and surgical outcomes. This chapterhighlights the conventional therapies and newer innovations for themanagement of ejaculatory duct obstruction.
Anatomy	of	Ejaculatory	DuctSpermatozoa are generated within the seminiferous tubules of thetestes under the in�luence of hormonal factors, including FSH andtestosterone. The epididymis connects seamlessly with the vasdeferens, which then merges with the emerging ducts from the seminalvesicles (SV), forming the ejaculatory ducts (EDs). These EDs typicallypenetrate the central zone of the prostate and open into the prostatic



urethra on each side of the seminal colliculus (verumontanum) as slitlike opening [3]. Despite variations in anatomy [4, 5], the ED typicallycourses obliquely for 1–2 cm within the prostate at a 75-degree angle[4]. The typical dimensions of the seminal vesicles are 4.5–5.5 cm inlength and 1.5 cm in width.The ejaculatory duct is divided into three sections: a proximal extraprostatic portion, a middle intraprostatic portion, and a brief distalsegment within the verumontanum close to the prostatic urethra [6].These ducts, measuring 1–2 cm in length, are lined with cuboidal orpseudostrati�ied epithelium, resembling the lining of the seminalvesicles in the proximal and distal portions.The ED originates from the Wolf�ian duct during the 8–12 weeks ofgestation, coinciding with testosterone production [7], similar to thedevelopment of the epididymis body and tail, vas deferens, and seminalvesicles. Conversely, the prostate gland originates from the endoderm,which invaginates into the surrounding mesenchyme [8].The prostatic utricle, a remnant of the Müllerian duct, is locatedbetween the openings of the EDs at the verumontanum and is non-communicating [9]. While the existence of a valve or sphincter-likemechanism (known as ‘sphincter spermaticus’) has been postulated atthe junction of the ejaculatory ducts and the urethra, it is now widelybelieved that the acute angle of duct insertion serves to maintainejaculatory continence and prevent urinary re�lux.Regarding �luid composition, prostatic �luid contributesapproximately 0.5 mL to the ejaculate and is acidic in pH, while theseminal vesicles produce an alkaline �luid containing prostaglandinsand fructose, comprising 1.5–2.0 mL (~50–80% of total semen volume)of the seminal �luid.
Patho-physiology	of	Ejaculatory	Duct
Obstruction	and	Male	InfertilityInfertility, characterized by the inability to conceive after a year ofregular unprotected sexual intercourse, affects around 15–20% of



couples worldwide [10], with approximately half of these casesattributed to male factors either alone or in conjunction with femalefactors [11]. Among the various male infertility issues, ejaculatory ductobstruction (EDO) is relatively rare but can be effectively treated,potentially enabling affected men to naturally impregnate theirpartners.The reported incidence of EDO among men seeking fertilityassistance ranges from 1% to 5%. Azoospermia or severeoligozoospermia [1], coupled with low ejaculate volume, may indicateEDO.EDO can arise from congenital or acquired conditions. AcquiredEDO often stems from factors such as seminal vesicle calculi, scarformation due to in�lammation at the prostate level due to priorurethral catheterization, urethral trauma, previous transurethralprocedures like bladder-neck incision, transurethral resection of theprostate (TURP) [12], prostate cryotherapy and high-intensity focusedultrasound (HIFU).Congenital causes include atresia or stenosis of the ejaculatoryducts, Müllerian duct (utricular) or Wolf�ian duct (diverticular) cysts.Prostatic cysts, more prevalent in infertile men than the generalpopulation, can compress ejaculatory ducts, leading to EDO andsubsequent infertility [13].Midline cysts, classi�ied as sperm-containing or non-sperm-containing, pose challenges in differentiation. Non-sperm-containingcysts, known as utricle cysts and Müllerian duct cysts [14]. Utricle cystsare endodermal in origin and typically located midline near theverumontanum contrast to Müllerian duct cysts are mesodermal inorigin and are located near the base of the prostate [15]. Sperm-containing cysts, such as Wolf�ian or ejaculatory duct cysts, are lesscommon and paramedian in location within the prostate gland behindthe prostatic urethra [16].EDO patients often lack relevant antecedent history. Patients withcongenital or non-infectious causes may have better outcomes thanthose with infectious causes. A signi�icant proportion of idiopathic EDO



cases exhibits cystic �ibrosis gene (CFTR) mutations, particularly the5 T polymorphism, warranting genetic evaluation [17].
Diagnosis	of	EDOIn cases of suspected ejaculatory duct obstruction (EDO), a thoroughmedical history should include inquiries about infertility, painfulejaculation, urinary symptoms, past surgeries, medications, familyhistory and lifestyle factors.Patients typically present with reduced ejaculatory volume orinfertility, sometimes with painful ejaculation, hematospermia.Additional symptoms may include decreased ejaculation force, perinealor lower back discomfort, chronic scrotal pain and dysuria [18]. Thesesymptoms of ejaculatory duct obstruction (EDO) can mimic those ofprostatitis or epididymitis, emphasizing the importance of excludingcommon differential diagnosis [17].Physical examination involves assessing the genitalia, conducting adigital rectal examination (DRE) to evaluate the prostate andperforming a neurological and systemic examination. The �inding ofpalpable vasa deferential and seminal vesicle can help differentiate EDOfrom the congenital bilateral absence of vas deferens (CBAVD).Laboratory investigations such as semen analysis, hormonal assaysand genetic testing, along with imaging studies like transrectalultrasound or MRI, may be conducted based on clinical �indings. Acomprehensive approach enables clinicians to accurately diagnose andmanage EDO, guiding further testing, treatment decisions and patientcounselling to optimize reproductive health.
Semen	Analysis	and	Hormone	Pro�ileSemen analysis plays a crucial role in the diagnosis of EDO. In cases ofbilateral complete EDO, semen analysis manifests with acidic semen(pH <7.2), azoospermia, low ejaculate volume (<1.5 mL) and low(<13 μmol per ejaculate) or absent fructose levels [12]. Partial



obstructions may present with oligo- or oligo-astheno-teratozoospermia, where ejaculate volume and fructose levels may benormal. Additionally, semen analysis may show signs ofhematospermia.It is suggested that a small volume of acidic azoospermia semen andabsence of fructose in a patient with palpable vasa deferentia ispathognomonic for EDO. However, the absence of one or more of thesefeatures cannot exclude EDO.Hormonal assessments, including testosterone, FSH, LH, prolactinand oestradiol levels, are conducted in male infertility evaluations toassess testicular function and rule out endocrine disorders. While notdiagnostic of EDO, they provide valuable insights when interpretedalongside clinical and diagnostic �indings.
Transrectal	Ultrasonography	(TRUS)Transrectal ultrasound (TRUS) utilizing a 5–7 MHz probe has becomethe standard imaging method in ejaculatory duct obstruction (EDO)due to its non-invasive nature compared to the previously employedvasography [20].TRUS reveals midline cysts, enlarged seminal vesicles (cross sectionwidth >1.5 cm) or ejaculatory ducts (diameter >2.3 mm), hyperechoicareas indicating calculi and absence of the vas deferens [21]. However,TRUS only provides static anatomical details, lacking functionalinformation regarding seminal vesicle emptying. Furthermore, somepatients with EDO may have normal TRUS �indings and abnormal TRUS�indings don’t con�irm the diagnosis of EDO, as even fertile men mayexhibit dilated seminal vesicles, depending on sexual abstinenceduration.Consequently, dilated seminal vesicles are sensitive but not speci�icindicators of EDO. TRUS alone may yield false-positive EDO diagnosesin up to 50% of cases, emphasizing its sensitivity but limited speci�icity[21].



Seminal	Vesicle	AspirationUnder transrectal ultrasound (TRUS) guidance, a 22-gauge, 7-inchspinal needle is used to aspirate seminal vesicle (SV) �luid for analysis,aiming to detect sperm presence [22]. Typically, in healthy men, SVsdon’t contain motile sperm. Diagnosis of ejaculatory duct obstruction(EDO) is often based on �inding more than three sperm per high-powermicroscopic �ield (400×).Engin et al. found that only half of TRUS-obstructive cases showedsperm in SV aspiration [23], suggesting combining SV aspiration withTRUS for better diagnostic accuracy. Harvested sperm from SVs can beutilized in assisted reproductive technology (ART) procedures,enhancing fertility options [24].
Seminal	Vesicle	ChromotubationFollowing transrectal ultrasound (TRUS)-guided seminal vesicle (SV)aspiration, a 5 mL diluted dye solution like indigo carmine ormethylene blue is injected into the SV. Subsequently, the out�low of dyefrom the prostatic urethra is observed through cystourethroscopy [21].This technique serves to con�irm obstruction and can also beutilized post-endoscopic transurethral resection of the ejaculatory duct(TURED) to verify resolution of obstruction [21].
Seminal	VesiculographyCombining transrectal ultrasound (TRUS)-guided injection of a non-ionic contrast agent into the seminal vesicles with �luoroscopy allowsfor comprehensive evaluation of anatomical and functional aspects ofthe ejaculatory duct (ED) [25].The absence of contrast within the urethra and bladder, coupledwith enlarged seminal vesicles, indicates obstruction. This imagingexamination also assesses vas patency through retrograde vasographyin about two-thirds of patients [26].



Seminal	Tract	WashoutSeminal tract washout is a diagnostic and therapeutic procedure inEDO. It involves �lushing out the seminal tract with a solution to removeany obstructive material or debris, aiming to restore fertility. Thisprocedure can be conducted in conjunction with otherinvestigations/treatments such as seminal vesicle aspiration orendoscopic procedures like transurethral resection of the ejaculatoryduct (TURED) [27].Seminal tract washout aims to clear obstructions and facilitate thepassage of sperm, potentially improving fertility outcomes inindividuals with EDO. However, its ef�icacy can vary depending on theunderlying cause and severity of obstruction. Close monitoring andfollow-up assessments are necessary to evaluate the success of seminaltract washout in treating EDO.
VasographyVasography involves making an incision or puncture in the vasdeferens, followed by injecting a contrast agent. The blockage iscon�irmed through radiologic or �luoroscopic observation, showingnormal vasa deferentia, enlarged seminal vesicles and the absence ofcontrast in the bladder and urethra [1].Despite being historically regarded as the preferred method fordiagnosing ejaculatory duct obstruction (EDO) and allowing for spermcollection for cryopreservation, scrotal vasography has beensupplanted by transrectal ultrasound (TRUS). TRUS, which offers highaccuracy without invasiveness, has become the standard imagingdiagnostic tool due to the invasive nature and associated risks, such asvasal stenosis or stricture, of vasography [28].
Endorectal	MRIIdenti�ication of ejaculatory duct obstruction (EDO) via T2-weightedMRI entails observing an ED diameter over 2 mm, along with factors



like SV wall thickness or enhanced wall signal [29].Relying solely on MRI may over diagnose EDO, leading tounnecessary surgeries. Engin et al. compared MRI and transrectalultrasound (TRUS) in 218 infertile men, suggesting TRUS as theprimary assessment method, with MRI reserved for inconclusive TRUSresults. MRI, pricier than TRUS, might miss calci�ications [30].
ManometrySeen as an enhancement of seminal vesicle (SV) chromotubation,ejaculatory duct (ED) manometry assesses SV pressure using a spinalneedle linked to a 3-way stopcock. Eisenberg et al. examined ED openpressure using this technique and veri�ied obstruction relief post-transurethral resection of the ejaculatory ducts (TURED). Their studyobserved a decrease in pressure from an average of 116 cm H2O (range80–150) to 54 cm H2O (range 10–82) following ED resection [31].
Diagnostic	Seminal	VesiculoscopyDiagnostic seminal vesiculoscopy is a small endoscope to directlyvisualize and evaluate ED and SV seminal vesicles. This procedure canprovide valuable diagnostic information on EDO, seminal vesiclecysts/calci�ications or other anomalies that may contribute to maleinfertility [32].(a)

Management	 of	 Ejaculatory	 Duct	 Obstruction After the diagnosis of obstructive azoospermia due to ejaculatoryduct obstruction, based on zero sperm count, acidic pH and absent /lowfructose, which is con�irmed by imaging (TRUS/MRI of reproductiveorgans), we offer the couple various options like endoscopicinterventions (TURED +_ image guided, TSV) and assisted reproductivetechniques. After shared decision making with the couple, we proceedwith the treatment accordingly. Management of ejaculatory duct



obstruction depends upon the aetiology. Endoscopic interventions arecost effective therapy for EDO. In our practice, most of the male sub-fertile patients opt for endoscopic procedures.Reversible or treatable ejaculatory duct obstruction (EDO), such asmidline cysts or distal duct obstruction, can often be managed withtransurethral resection of the ejaculatory ducts (TURED), especiallywhen TRUS shows dilated seminal vesicles and cysts. These casestypically restore sperm to the ejaculate and may enable naturalconception. In contrast, non-treatable EDO involves extensive �ibrosis,congenital bilateral absence of the vas deferens (CBAVD) or proximalobstruction with absent seminal vesicle dilation. Reconstruction is notpossible in such cases, and sperm retrieval with assisted reproductivetechniques (e.g., IVF/ICSI) is required. Imaging and endoscopic �indingshelp guide treatment feasibility [32].(b)
Trans	 Urethral	 Resection	 of	 Ejaculatory	 Duct	 (TURED) TURED is indicated for relieving ejaculatory duct obstruction. It maybe because of post in�lammatory obstruction or cystic obstruction [1,33]. Relief of EDO achieves symptomatic improvement in patients withpainful ejaculation and/or hematospermia [34]. In case of subfertilityby improving semen parameters, it improves the fertility outcomes.TURED was �irst described by Farley and Barnes in 1973, whichinvolves the use of a 24F resectoscope and an electrocautery loop forthe resection of ejaculatory ducts at the level of verumontanum. It mayremove the part of verumontanum [35].Success of TURED is noted by visualization of milky/cloudy �luid�lowing from resection site. Avoiding coagulation cautery usage andusing only pure cutting current minimize scarring and preventrestenosis of ED [1, 35].Minor modi�ications to above standard technique have beenintroduced to reduce the complications of TURED. Using a bipolarcautery, balloon dilatation, using holmium laser energy and smallermonopolar resection loop are such technical modi�ications [36–38].



Intra operative TRUS usage is more useful in making TURED a safeprocedure.
Outcomes	of	TURED: Semen quality improvement and patency ofejaculatory ductal system are noted in up to 59% and 94% of casesafter TURED, respectively [21, 39, 40]. In men with complete EDO, 60%of them will have sperms in the ejaculate after TURED, out of whichabout 38% will show normal semen parameters [38, 41]. Naturalpregnancy rates of 12–31% were reported after TURED [21, 39–43].
Complications	of	TURED: The incidence of TURED complicationsranges from 4% to 26% [21, 38, 39, 42, 44]. Epididymo-orchitis,urinary tract infection, haematuria, hematospermia, re�lux of urine intoejaculatory ducts and seminal vesical vesicles are known complications.In cases of partial EDO, it may cause azoospermia due to completestenosis (1).Damage to bladder neck and external urinary sphincter, obstructivescar at the ED ori�ice may also result in acute urinary retention,retrograde ejaculation, incontinence of urine and/or a secondaryobstruction with persistent azoospermia. Erectile dysfunction andperforation of rectum were also reported [45].
Prognostic	Factors	for	Surgical	Success	in
TUREDSurgical outcomes of TURED are directly related to aetiology ofejaculatory duct obstruction. Patients with congenital cystic EDobstruction had more signi�icant postoperative improvement in semenparameters than those with traumatic or post in�lammatory EDobstructions [44].Natural pregnancy rates were higher in congenital group than thosewith acquired EDO group. Patients with partial ED obstruction haveshown better improvement in semen parameters than those withcomplete obstruction [39, 42].



(c) Therapeutic	 Trans	 Utricular	 Seminal	 Vesiculoscopy	 (TSV) Trans utricular seminal vesiculoscopy (TSV) technique was �irstdescribed by Yang et al. in 2002 [43]. It is useful in identi�ication andresolving obstructions caused by stones, debris and clots. TSVtechnique involves insertion of a 6 or 9F vesiculoscope in a retrogradefashion through the ejaculatory duct natural lumen or by presumptiveED ori�ice puncture and incision with holmium laser at the wall of theprostatic utricle [46].In a study done by, Wang et al. 21 patients with partial or completeEDO who underwent TSV were followed for 1 year [46]. Improvementof semen parameters was noted in 90% (19) of patients, and fourcouples (19%) achieved pregnancy naturally.In another study involving 22 men with EDO, Xu et al. noted that 7patients with stones (31.8%) had shown signi�icant semen parameterimprovements, and 6 couples (27%) achieved natural conception [47].Complex anatomy of ejaculatory duct makes TSV, a challengingprocedure. Chen et al. were in 2018 described four types of ED ori�icesusing vesiculoscopy. They found type C in majority of the patients,followed by type D [48].
Types	of	ED	Ori�icesType A—ED ori�ice clearly observed from the urethra.Type B—ED ori�ice covered by a thin white membrane.Type C—ED not visualized but punctured successfully in thepresumptive location.Type D—ED ori�ice not visualized and puncture not successful.In dif�icult cases where ED ori�ice is not visible, TURED will be thetreatment of choice. TSV also useful in patients with painful ejaculationand hematospermia to relieve symptoms. It is both diagnostic andtherapeutic for seminal vesicle stones, clots and stricture of ED.Strictures can be incised with Holmium laser [46–48].



Complications of TSV include the possibility of seminal vesicleperforation, erectile dysfunction, re�lux of urine into the ejaculatoryduct, epididymitis, stenosis or rectourethral �istula [48]. Dilatation ofthe ED with a 9F seminal vesiculoscope reduces the complications [47].(d) Image	 Guided	 Interventions(i)
TRUS/Fluoroscopy	 Guided	 Balloon	 DilationTRUS guided balloon dilatation of ED was �irst describedby Jarow et al. [49]. In their case report, SV puncture wasdone under TRUS guidance. A 0.035-inch heavy-dutystraight guidewire was used for catheter advancementthrough the occluded ED. Under urethroscopic visualization,4 mm diameter balloon will be correctly positioned insidethe ED. Fluoroscopy can also be used for this purpose withthe use of contrast. For adequate dilatation, balloon wasin�lated twice after positioning correctly. Later on, balloondilation under CT guidance was proposed [50]. Data isavailable only for relief of chronic pelvic pain [49, 51].

 

(ii) TRUS	 Guided	 Prostatic	 Cyst	 AspirationMidline prostatic cysts (MPC) are found in about 5.8% offertile men and 10–17% of infertile men [48, 53]. UnderTRUS guidance and under local anaesthesia, an 18-gauge20 cm-long needle is inserted into the MPC. A 20 mL syringeis used to aspirate the �luid and examined at 400×magni�ication to verify the presence of sperms [52].In a retrospective cohort study done by Lotti et al., 11patients with cysts >0.25 mL underwent TRUS guided cystaspiration [52]. Sperm counts improved in all patients1 month later but this improvement was temporary. Threemonths after the procedure, due to increased volume of cyst,the sperm count declined,After 1-year follow-up, 4 patients achieved naturalpregnancy and one by intracytoplasmic sperm injection(ICSI). Cysts larger than 0.117 ml might affect fertility and

 

 



treatment of which may enhance outcomes. Self-limiting,mild haematuria is noted after TRUCA (TRUS guided cystaspiration) [52].(e)
Assisted	 Reproductive	 Techniques	 (ART)—Sperm	 Retrieval with ICSI Though endoscopic interventions are cost effective and curativeoptions for sub-fertile male with EDO, these are not feasible in allpatients. Restenosis of ED ori�ice, sub-optimal semen parameterimprovements after surgery have been reported. Few couples maychoose ART directly. In these situation ART, particularly ICSI is a viablealternative [39, 40, 47, 53]. Even though female partner is not at fault,unfortunately she is subjected to ICSI in many cases. In patients withpartial EDO and sub optimal postoperative semen parameterimprovement, ejaculate sperms can be used for ICSI. In patients withcomplete EDO not amenable for surgery, amenable but not willing forsurgery and in patients with failed surgical intervention, surgical spermretrieval is an alternative method. In patients with EDO, mechanism ofspermatogenesis is intact and shows normal spermatogenesis.Sperm retrieval is successful in almost all these patients. Spermharvesting can be done from epididymis, testis and seminal vesicles.Sperm retrieval can be done percutaneously with PESA/MESA/TESAand by open surgery with TESE [54]. Ultrasound guided seminal vesicleaspiration and proximal vas deference sperm aspiration can also betried in these patients. Micro-TESE is usually not required in thesepatients. Aetiology of obstructive azoospermia and surgical techniquehave little in�luence on surgical sperm retrieval rates and outcomes ofICSI. In men with obstructive azoospermia including EDO, live birthrates with ICSI have been reported in the range of 32–36% [55].(f)
Management	 of Functional	 EDO Functional EDO is an uncommon cause of ED obstruction,commonly noted in patients with neurological issues. It is associated



with spinal cord lesions, multiple sclerosis, diabetic neuropathy,iatrogenic neural damage after retroperitoneal lymph nodes dissection(RPLND), pelvic surgery or medications like alpha-blockers,antipsychotics, thiazide diuretics and tricyclic antidepressants. AfterTURED some patients with persistent dilatation of seminal vesicle, mayhave functional EDO [56]. Functional EDO may impair the spermtransport. There is no effective medication for dealing with functionalEDO. Off label phosphodiesterase inhibitors (PDE5I) were tried indiabetic patients with minimal bene�it [56, 57]. Sperm retrieval withICSI is the only effective way for these patients to deal with malesubfertility.
SummaryEjaculatory duct obstruction (EDO) is a reversible cause of maleinfertility, typically presenting with low ejaculate volume, acidic pH,absent fructose and azoospermia or severe oligospermia. Initialevaluation includes semen analysis, hormonal pro�iling (usually normalin EDO) and physical examination. Key imaging includes transrectalultrasound (TRUS), identifying dilated seminal vesicles, cysts orcalci�ications; MRI may be adjunctive. Diagnosis is con�irmed withtesticular biopsy or seminal vesiculography when needed. Managementdepends on obstruction type: treatable cases undergo transurethralresection of the ejaculatory ducts (TURED), while non-treatable casesrequire assisted reproductive techniques like sperm retrieval withIVF/ICSI (Fig. 12.1).





Fig.	12.1 Algorithm to approach ejaculatory duct obstruction
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IntroductionIn the rapidly evolving landscape of reproductive medicine, the quest todecipher and remediate male infertility is a pinnacle of scienti�icendeavor and human hope. This chapter delves into the frontier of malefertility regeneration, an area burgeoning with the promise ofinnovative technologies and groundbreaking research that challengesthe boundaries of current medical practices [1]. As we stand on thecusp of potential revolutions in health and science, this discussionextends beyond mere academic interest, touching on the profoundaspects of human experience, the desire for parenthood, and thecontinuation of genetic legacy [1].
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Through the sophisticated realms of stem cells and regenerativemedicine, the capacity to mend once irrevocable damage leads to maleinfertility. By harnessing the latest advancements in spermatogonialstem cell and hormonal therapies, this review aims to illuminate thesophisticated interplay between biology, technology, and hope.Furthermore, it addresses the pressing ethical and legal implications ofsuch profound interventions in human life and fertility issues [2].It is not merely a prelude to academic discourse but a clarion call tothe scienti�ic community to pursue solutions to one of humanity’s mostsensitive challenges. Through this exploration, we seek to expand ourscienti�ic horizons and offer tangible hope to countless individualsdreaming of realizing their fullest potential in family life. Let us proceedwith caution and optimism, guided by science and tempered by theethical considerations that such profound work necessitates [3] (Fig.13.1).





Fig.	13.1 Conceptual framework of male fertility regeneration1.
Stem	 Cells	 and	 Regenerative	 Male	 Fertility 

What	Are	Stem	Cells?Stem cells are versatile cells that are crucial for regenerative medicineand research. They possess a unique ability to self-renew anddifferentiate into various cell types, making them building blocks oftissues and organs. Stem cells can be classi�ied based on theirdifferentiation capacity into totipotent, pluripotent, multipotent,oligopotent, and unipotent cells. Additionally, they can be categorizedby their origin, including the bone marrow, amniotic cells, adiposetissue, umbilical cord, and placental tissue. Stem cells play a vital role inreplenishing mature cell compartments and have been utilized intreating genetic blood diseases, pain states, and neurodegenerativeconditions such as Parkinson’s and Alzheimer’s diseases. Stem cellsoffer promise in replacing damaged neurons, advancing drugdevelopment, and regenerating fertility [4].
Totipotent: Stem cells are produced by the fusion of an egg and spermcell. The cells produced by the �irst few divisions of the fertilized eggare also totipotent. These cells can differentiate into embryonic andextra-embryonic cell types [5].
Pluripotent: Stem cells are descendants of totipotent cells and candifferentiate into cells derived from any of the three germ layers [5].
Multipotent: Stem cells can produce only cells of a closely relatedfamily of cells (e.g., HSCs differentiate into red blood cells, whiteblood cells, platelets, etc.) [5].Unipotent: Cells can produce only one cell type but have the propertyof self-renewal, which distinguishes them from non-stem cells (e.g.,muscle stem cells) [6].Stem cells are physiological reservoirs for normal cell turnover andtissue regeneration after injury. These cells represent the natural



proliferative compartment of the mature cells. Stem cells are present inall body organs and tissues and are located in a special anatomicalsetup called the niche [6].
What	Are	the	Differences	Between	Embryonic,	Adult,	and
Induced	Pluripotent	Stem	Cells?Embryonic stem cells (ESCs) are derived from embryos and have thepotential to form any cell type in the body; however, their use raisesethical concerns due to embryo destruction and teratoma formation[7]. Adult stem cells, such as mesenchymal stem cells (MSCs), are foundin various tissues and have limited differentiation capabilities, oftenforming speci�ic cell types such as fat, cartilage, and bone. Inducedpluripotent stem cells (iPSCs) are reprogrammed from adult cells usingspeci�ic transcription factors, avoiding the ethical issues associatedwith ESCs, while still posing a risk of teratoma formation [7]. iPSCsoffer a promising model for disease research, drug discovery, andregenerative medicine owing to their ability to mimic diseases anddifferentiate into various cell types [8].
Stem	Cells	in	Male	ReproductionRecent advancements in stem cell research have shown promisingdevelopments in the �ield of gamete production. Studies have focusedon deriving male and female germ cells from various stem cell types [9,10], with particular emphasis on pluripotent stem cells, such asinduced pluripotent stem cells (iPSCs) [11]. These advancements offerinsights into infertility mechanisms, genetic and epigenetic diseasetransmission, and potential diagnostic and treatment approaches inreproductive medicine [12]. Additionally, research on germline stemcell (GSCs) transplantation has shown its potential for fertilityrestoration in clinical settings, wildlife conservation, and livestockbreeding [13]. Stem cell-derived extracellular vesicles are also beingexplored for their regenerative potential in correcting impaired fertility[14]. These advancements hold promise for revolutionizingregenerative approaches in the �ield of reproductive medicine.



Spermatogonial stem cells (SSCs) are pivotal in initiating andmaintaining spermatogenesis in mice and serve as the foundation forcontinuous sperm production and male fertility. SSCs derived fromprimordial germ cells establish stable colonies postnatally to supportlifelong spermatogenesis by undergoing self-renewal anddifferentiation into spermatozoa [15]. The balance between self-renewal and differentiation within the SSC population is crucial formaintaining sperm production after puberty, with only a small fraction(0.03%) of testicular cells in adult mice being SSCs [16]. NANOS is anevolutionarily conserved RNA-binding protein that plays an essentialrole in germ cell development [17]. Spermatogenesis is tightlyregulated, beginning with SSCs that give rise to spermatogonialprogenitors. These progenitors expand their populations beforeentering the differentiation process, which is precisely timed throughthe seminiferous cycle [18]. The regulatory mechanisms of thisexpansion and differentiation are complex, involving shifts in metabolicstates from oxidative phosphorylation to glycolysis and changes in cellmembrane composition, which affect cell-cell contact and responses toextracellular cytokines [19]. Techniques such as spermatogonialtransplantation have been developed to quantify SSCs based on theirregenerative capacity, highlighting the functional de�inition of stemcells [20]. Moreover, the isolation of spermatogonia from mouse testeshas been re�ined to obtain nearly pure populations of undifferentiatedspermatogonia, facilitating further research on SSC biology and itsapplication in addressing male infertility [21]. Recent studies haveexplored the effects of various factors on SSC proliferation andspermatogenesis, including the role of epididymosomes and bonemarrow-derived mesenchymal stem cells (BM-MSCs), which haveshown promise in enhancing SSC proliferation and differentiation invitro [22]. Additionally, the blood-testis barrier (BTB) is a criticalcomponent of spermatogenesis, with speci�ic claudins necessary forSSC transmigration and colonization [23]. Understanding the molecularmechanisms regulating SSC function, including the gene expressionpatterns associated with spermatogenesis, is essential for developing



novel stem cell-based therapies for assisted reproduction and fertilityrestoration in humans. This comprehensive approach to studying SSCsand their contribution to spermatogenesis in mice underscore theirpotential for advancing male fertility treatments and understandingreproductive biology [9].
How	Do	Stem	Cells	Contribute	to	Testicular	Regeneration?Stem cells have emerged as a promising avenue for promotingtesticular regeneration and addressing male infertility issues stemmingfrom various causes, such as chemotherapy, radiation, and geneticfactors. The ability of mesenchymal stem cells (MSCs) to differentiateinto specialized cells and their self-renewal capacity make themeffective in treating testicular degeneration, as highlighted by researchindicating their ef�icacy in regenerating damaged testicular elements[24]. Speci�ically, bone marrow-derived mononuclear cells have beenshown to recover testicular cells in cyclophosphamide-treated rats,thereby improving hormonal regulation and spermatogenesis [25].Furthermore, human umbilical cord perivascular cells (HUCPVCs), atype of MSC, have demonstrated potential in supporting the expansionof spermatogonial stem cells (SSCs) and promoting germ cellregeneration in vivo, suggesting their role in repairing the humantesticular niche [26]. The regenerative capacity of SSCs, particularlyafter chemotherapy-induced damage, is supported by molecularchanges that enhance their mitotic activity and responsiveness togrowth factor signaling, which are crucial for germline recovery [27].Additionally, certain populations of spermatogonia identi�ied throughthe expression of speci�ic markers have been found to be essential foref�icient testicular regeneration post-injury, expanding the stem cellactivity pool for rapid tissue repair [28]. Human umbilical cordmesenchymal stem cells (HUC-MSCs) have also been investigated fortheir ability to promote spermatogenic regeneration and have shownpromising results in enhancing germ cell-speci�ic gene expression [29].Bone marrow-derived mesenchymal stem cells (BMSCs) have thepotential to transdifferentiate into spermatogenic-like cells, further



supporting the possibility of endogenous fertility recovery [30]. Theintricate balance between SSC self-renewal and differentiation isregulated by growth factors and intrinsic signaling pathways,underscoring the importance of understanding SSC biology fortherapeutic applications [31]. Research on testis stem cells, includingthe generation of cells with embryonic-like potential from adult testisgerm cells, has opened new avenues for patient-speci�ic stem celltherapies [32]. Finally, the fundamental biology of testicular stem cells(TSCs) and their role in spermatogenesis provide a foundation fordeveloping techniques such as TSC transplantation and grafting,offering hope for fertility restoration in cancer patients [33].
What	Is	the	Role	of	Stem	Cells	in	Sperm	Production	and
Gametogenesis?Spermatogonial stem cells (SSCs) play a pivotal role in spermatozoaproduction and the broader process of gametogenesis, ensuring thecontinuity of male fertility across generations. SSCs, the most primitivespermatogonia in the testis, have a dual capacity for self-renewal anddifferentiation. This unique ability allows them to maintain a stablepool of stem cells while generating daughter cells that undergodifferentiation to become mature spermatozoa, thus transmittinggenetic information to subsequent generations [22]. Spermatogenesis,which begins with SSCs, is crucial for producing a suf�icient number ofspecialized gametes to maintain normal fertility [34]. SSC maintenanceinvolves a complex interplay between niche and intrinsic factors.Growth factors, such as GDNF, FGF, and EGF, play signi�icant roles inregulating SSC self-renewal and proliferation through various signalingpathways, including Ras-ERK1/2, PI3K/Akt, and MEK/ERK-mTOR [31,35]. Additionally, transcription factors such as OCT4, PLZF, and FOXO1directly in�luence SSC self-renewal and proliferation [36]. This intricateregulatory network ensures the continuous generation of functionalspermatozoa [31]. Recent advancements have highlighted the potentialof SSCs in regenerative medicine. Techniques such as spermatogonialtransplantation and in vitro spermatogenesis (IVS) have been



developed, offering hope for fertility restoration in cases of maleinfertility [37]. These applications underscore the importance of SSCsnot only in the natural process of gametogenesis but also in medicalinterventions aimed at overcoming challenges associated with malefertility [38]. Furthermore, the dynamic behavior of SSCs, includingtheir ability to balance self-renewal and differentiation at thepopulation level, exempli�ies the concept of “population asymmetry”[39]. This balance is critical for lifelong sperm production andmaintenance of fertility. Understanding the role of SSCs in spermatozoaproduction and gametogenesis is fundamental to both basic biologicalresearch and the development of therapeutic strategies for maleinfertility.
Regenerative	Medicine	Approaches	Using	Stem	Cells
Mesenchymal	Stem	Cells	(MSCs)	in	Male	Reproductive
RegenerationMSCs are multipotent stem cells that can differentiate into various celltypes and exert strong paracrine effects, making them a promising toolfor regenerative medicine. Their ability to secrete growth factors andcytokines can modulate the testicular microenvironment, promotingtissue repair and regeneration in the testis.
Mechanisms	 of	 MSCs	 in	 Spermatogenesis– Differentiation	 into	 Germ	 Cells: MSCs derived from the bonemarrow, adipose tissue, and umbilical cord have been shown todifferentiate into germ cell-like cells in vitro [30]. Thisdifferentiation is often induced by speci�ic culture conditions orgrowth factors that mimic the testicular niche [30].– Paracrine	 Effects: MSCs secrete extracellular vesicles and solublefactors that can enhance spermatogenesis by promoting theproliferation and survival of spermatogonial stem cells (SSCs).These factors include �ibroblast growth factor (FGF2), whichsupports SSC self-renewal.



– Immunomodulatory	 Properties: MSCs can modulate the immunesystem, reducing in�lammation and oxidative stress in thetesticular microenvironment, which is often associated withinfertility.
Applications	 of	 MSCs	 in	 Male	 Infertility: MSCs have been tested inanimal models of male infertility, including non-obstructiveazoospermia (NOA) and chemotherapy-induced infertility. Studieshave shown that MSC transplantation can lead to the recovery ofspermatogenesis and improved fertility outcomes [30]. For example,bone marrow-derived MSCs (BMSCs) have been shown to integrateinto seminiferous tubules and express spermatogonial stem cellmarkers [30].Despite these promising results, several challenges remain to beaddressed. The exact mechanisms by which MSCs contribute tospermatogenesis are not fully understood, and the long-term safety andef�icacy of MSC transplantation in humans require further investigation.
Tissue	Engineering	and	Biomaterials	in	Male	Reproductive
RegenerationTissue engineering combines cells, biomaterials, and growth factors tocreate functional tissue substitutes. In the context of male infertility,this approach aims to reconstruct the testicular microenvironment tosupport spermatogenesis.
Key	 Strategies	 in	 Tissue Engineering1.

Scaffolds	 and	 Biomaterials: Scaffolds made from natural orsynthetic materials, such as decellularized testicular matrix(DTM) or polylactic-co-glycolic acid (PLGA), provide structuralsupport for cell attachment and growth [36]. These scaffolds canbe seeded with SSCs or MSCs to create a bioarti�icial testis [36].
 

2. 3D	 Culture	 Systems: Three-dimensional (3D) culture systems,including bioreactors and micro�luidic devices, have beendeveloped to mimic the complex testicular microenvironment of  



the seminiferous tubules. These systems allow spatial andtemporal regulation of growth factors and hormones, which arecritical for spermatogenesis [36].3.
In	 Vitro	 Spermatogenesis	 (IVS) involves the generation offunctional spermatozoa from SSCs in vitro. This approach hasbeen successful in animal models; however, achieving completespermatogenesis in humans remains challenging because of thecomplexity of the process [36].

 
Applications	 of	 Tissue	 EngineeringTissue engineering has the potential to address several clinicalscenarios, including:– Fertility	 Preservation	 for	 Prepubertal	 Boys: Tissue engineering canbe used to preserve immature testicular tissue in prepubertal boysundergoing gonadotoxic treatment. This approach involvescryopreserving testicular tissue and using bioengineeringtechniques to optimize grafting outcomes.– Treatment	 of Non-obstructive	 Azoospermia: Tissue engineeringstrategies, such as the use of scaffolds seeded with SSCs, mayprovide a novel treatment for NOA by restoring the testicular nicheand promoting spermatogenesis [36].– Development	 of	 Arti�icial Testes: Advances in tissue engineeringcould lead to the creation of arti�icial testes that can supportspermatogenesis and hormone production, offering a potentialsolution for severe testicular damage.
Spermatogonial	Stem	Cells	(SSCs)	in	Male	Reproductive
RegenerationSSCs are the foundation of spermatogenesis, as they are responsible forthe continuous production of spermatozoa throughout a male’s life. SSCdysfunction or depletion is a common cause of male infertility [40].
Role	 of	 SSCs	 in	 Spermatogenesis: SSCs have two key functions: self-renewal to maintain the stem cell pool and differentiation to produce



mature spermatozoa [22, 36]. The regulation of SSCs is tightlycontrolled by the testicular niche, which includes somatic cells suchas Sertoli cells and peritubular myoid cells, as well as a complexinterplay of hormones and growth factors [41].
Therapeutic	 Applications	 of	 SSCs– SSC transplantation has been successfully used in animal modelsto restore fertility in cases of SSC depletion [36]. This approachinvolves isolating SSCs from a fertile donor or the patient’s owntissue, expanding them in vitro and transplanting them back intothe recipient’s testes [36].– In	 Vitro	 Spermatogenesis: SSCs can be cultured in vitro to producespermatozoa, which can then be used in Assisted ReproductiveTechnologies (ARTs), such as in vitro fertilization (IVF) orintracytoplasmic sperm injection (ICSI), for research purposes andpotential future applications.– Gene	 Editing and	 Correction: SSCs can be used as a platform forgene editing to correct genetic mutations that cause maleinfertility. This approach has the potential to prevent thetransmission of genetic disorders to future generations.
In	Vitro	Spermatogenesis	(IVS)	and	Its	ChallengesIVS is a groundbreaking technology that generates functionalspermatozoa from SSCs or induced pluripotent stem cells (iPSCs) invitro. This approach has the potential to treat various forms of maleinfertility, including NOA, and preserve fertility in individualsundergoing gonadotoxic treatments [42].
Recent	 Advances	 in	 IVS– Mouse	 Models: IVS has been successfully achieved in mouse modelswith the generation of functional spermatozoa that can produceviable offspring.– Human	 Applications: Although IVS in humans is still in its infancy,recent studies have made progress in culturing human SSCs andinducing their differentiation into haploid male germ cells.



– Technological	 Innovations: Advances in tissue engineering, such asthe development of bioreactors and micro�luidic systems, haveimproved the ef�iciency of IVS by providing a more physiologicalenvironment for spermatogenesis.
Challenges	 in	 IVS– Complexity	 of	 Spermatogenesis: Spermatogenesis is a highlyregulated process involving multiple stages of cell proliferation,differentiation, and maturation. Replicating this process in vitro isa signi�icant technical challenge.– Epigenetic	 and Genetic	 Stability: Ensuring the epigenetic andgenetic stability of spermatozoa generated through IVS is criticalfor their functionality and safety in clinical applications.– Ethical	 Considerations: The use of IVS raises ethical concerns,particularly regarding the potential for misuse in reproductivetechnologies.
Challenges	and	Ethical	Considerations	in	Stem	Cell-Based
Fertility	RegenerationThe use of stem cells in fertility treatment presents a complex array ofethical concerns and challenges, re�lecting the broader societal,regulatory, and clinical implications of this rapidly evolving �ield [12].One of the primary ethical concerns revolves around the sources ofstem cells, particularly the use of human embryonic stem cells (hESCs),which raises signi�icant ethical dilemmas owing to the destruction ofhuman embryos [12]. This issue has historically limited thedevelopment of hESC-based clinical therapies, although the advent ofinduced pluripotent stem cells (iPSCs) has somewhat mitigated theseconcerns by providing an alternative that does not require thedestruction of embryos [12, 43]. However, iPSCs introduce their ownethical challenges, including the potential for abnormal reprogrammingand tumor generation during stem cell therapy, as well as theprohibition of their use in human cloning, germ cell production, orembryo creation [12, 44]. Informed consent is another critical ethical



challenge, necessitating clear communication with patients about therisks, bene�its, and unproven nature of stem cell-based fertilitytreatments [12, 45]. The need for balanced and complete scienti�icreporting and public communication is paramount to ensure thatpatients and the public are well informed about the potential andlimitations of these treatments [12, 46]. Regulatory frameworks andethical guidelines are essential for navigating the ethical landscape ofstem cell use in fertility treatment, addressing issues such asbene�icence, justice, and equitable access to treatment [12, 47].Moreover, the clinical application of stem cells in fertility treatmentsmust be normalized and standardized to effectively address ethicalissues [12, 48]. The societal consequences of stem cell-based fertilitytreatments, including the potential to alter traditional concepts ofparenthood and family, warrant careful consideration. Researchers,clinicians, and bioethics committees must engage in responsible clinicalimplementation processes that consider the broad societal impact ofinnovative treatments [12, 49]. Collectively, these ethical concerns andchallenges underscore the need for a multidisciplinary approachinvolving regulators, scientists, clinicians, professional societies, andpatient advocacy groups to collaboratively articulate expectations anddevelop ethical frameworks for the proper development and delivery ofstem cell-based fertility treatments [12, 50].
Hormonal	Therapies
Hormonal	Imbalances	and	Fertility
Hormonal	Imbalances	Can	Have	a	Signi�icant	Impact	on
Male	FertilityHormonal imbalances signi�icantly affect sperm production and quality,thereby affecting fertility. Follicle-stimulating hormone (FSH) andluteinizing hormone (LH) are pivotal in initiating and maintainingspermatogenesis, and imbalances in these hormones are correlatedwith altered sperm parameters [51]. Testosterone, which is producedunder LH stimulation, is essential for spermatogenesis, and lower



serum testosterone levels are associated with reduced semen quality[52]. Conversely, higher testosterone levels have been shown to bepositively correlated with sperm count and motility, suggesting aprotective role in maintaining sperm quality [53]. Prolactin andestradiol, although less directly involved in spermatogenesis, have beenobserved to negatively affect sperm quality when their levels areabnormal. Elevated prolactin levels are associated with decreasedsperm motility, morphology, and viability [54]. In summary, speci�ichormonal imbalances, particularly those involving FSH, LH,testosterone, prolactin, and estradiol, signi�icantly affect spermproduction and quality, underscoring the need for comprehensivehormonal evaluation in the assessment of male infertility [13, 54].
Advancements	in	Hormonal	Treatments
Current	Testosterone	and	Gonadotropin-Based	Therapies1. Gonadotropin	 TherapyGonadotropins, including human chorionic gonadotropin (hCG)and follicle-stimulating hormone (FSH), are the cornerstonetreatments for male infertility, particularly in cases ofhypogonadotropic hypogonadism. These therapies mimic thenatural hypothalamic-pituitary-gonadal (HPG) axis to stimulatetestosterone production and spermatogenesis [14, 55, 56].

Indications	 and	 Prognostic	 Factors: Gonadotropin therapy isprimarily indicated for hypogonadotropic	 hypogonadism [14],including congenital	 hypogonadotropic	 hypogonadism	 (CHH)[15]. It has also shown utility in non-obstructive	 azoospermia
(NOA), where recombinant gonadotropins may retrieve viablesperm [15, 57]. The ef�icacy can vary, underscoring the need for
personalized	 approaches	 and	 research	 into	 predictive	 biomarkers,with efforts to identify predictors of response to gonadotropintherapy to optimize outcomes [21, 22].
Mechanism	 of	 Action: hCG acts like luteinizing hormone (LH),stimulating Leydig cells to produce testosterone, whereas FSH

 



directly supports Sertoli cells in the testes, promotingspermatogenesis [14, 58, 59].
Ef�icacy: Studies have shown that combined hCG and FSHtherapy can restore	 spermatogenesis	 in	 75%–80%	 of	 men	 with
CHH [15, 55]. In patients with NOA, recombinant gonadotropinshave been shown to retrieve viable sperm [15, 57]. Novelprotocols involving “reboot” therapy with high-dose hCG andFSH injections have shown promising results in restoringspermatogenesis in men with severe oligospermia orazoospermia, with 74% of treated patients demonstratingimproved semen parameters [18].
Side	 Effects: The provided sources did not explicitly detail theside effects of gonadotropin therapy.2. Selective	 Estrogen	 Receptor	 Modulators	 (SERMs)SERMs, such as clomiphene	 citrate, are widely used to modulatethe HPG axis. They inhibit negative feedback on the hypothalamus,increasing endogenous gonadotropin release and, subsequently,testosterone production [15, 60].
Indications	 and	 Prognostic	 Factors: SERMs are particularlyeffective in men with idiopathic	 infertility	 or	 hypergonadotropic
hypogonadism [16, 60]. They are often used empirically toenhance sperm parameters in men with normal gonadotropinlevels [16, 61]. However, their use is often empirical because ofthe limited	 availability	 of	 high-quality	 Randomized	 Controlled
Trials	 (RCTs), highlighting the need for more robust studies toestablish standardized protocols [21, 62, 63].
Mechanism	 of	 Action: SERMs inhibit the negative feedback ofestradiol on the hypothalamus, leading to an increased pulsatilerelease of GnRH. This, in turn, stimulates the pituitary gland torelease more LH and FSH, thereby increasing endogenoustestosterone production and promoting spermatogenesis [16,60].

 



Ef�icacy: SERMs have been shown to be effective in improvingsperm parameters in select patients, particularly those withidiopathic infertility or hypergonadotropic hypogonadism [16,60].
Aromatase	Inhibitors	(AIs)Aromatase inhibitors block the conversion of testosterone to estradiol,thereby maintaining higher testosterone levels and improvingspermatogenesis. They are particularly bene�icial for men with a lowtestosterone-to-estradiol ratio [16, 59, 60].
Indications	 and	 Prognostic Factors: AIs are particularly bene�icial for
men	 with	 a	 low	 testosterone-to-estradiol	 ratio [16, 60]. Their ef�icacyhas been observed in select patients, although their use remainscontroversial due to limited evidence from randomized controlledtrials [17, 40, 60]. Further research is required to establishstandardized treatment protocols [21, 62, 63].
Mechanism	 of	 Action: AIs prevent the enzyme aromatase fromconverting androgens (such as testosterone) into estrogens (such asestradiol), thereby increasing systemic and intratesticulartestosterone levels, which are crucial for spermatogenesis [16, 59].
Ef�icacy: AIs have been shown to improve	 sperm	 count	 and	 motility	 in
selected	 patients [17, 60]. Optimizing intratesticular testosterone(ITT) levels through such therapies can improve sperm retrievaloutcomes in patients with NOA [20, 40].1. Testosterone	 TherapyWhile exogenous testosterone is contraindicated in men seekingfertility because of its suppressive effects on spermatogenesis,certain formulations and adjunct therapies are being explored tomitigate these effects [17, 41].

Indications	 and	 Prognostic	 Factors: Exogenous testosteronereplacement therapy (TRT) is contraindicated	 in	 men	 seeking
fertility because it reduces endogenous testosterone productionand impairs spermatogenesis [17, 41]. However, strategies such

 



as combining TRT with hCG or FSH may be employed to preserve
spermatogenesis in hypogonadal men who require testosteronereplacement while desiring fertility [17, 22, 64].
Mechanism	 of	 Action: Exogenous testosterone suppresses thehypothalamic-pituitary-gonadal (HPG) axis, leading to a decreasein endogenous LH and FSH, which are essential for naturaltestosterone production and spermatogenesis [17, 41].
Ef�icacy: Testosterone therapy is not	 effective	 for	 restoring	 male
fertility; rather, it impairs spermatogenesis [17, 41].The primary side effect relevant to fertility is the suppression	 of
spermatogenesis, which reduces sperm production [17, 41].

Emerging	Therapies	and	Innovations1.
Combination	 Gonadotropin	 Therapy Recent studies suggest that combining hCG with puri�ied FSH(rather than clomiphene-mediated FSH release) may improvespermatogenesis recovery in men with a history of testosterone use[18, 64]. This approach has shown promising results, with 74% oftreated patients demonstrating improved semen parameters [18, 64].

Novel	 Protocols: Emerging data support the use of “reboot” therapy,which involves high-dose hCG and FSH injections, to restorespermatogenesis in men with severe oligospermia or azoospermia [18,42].2.
Recombinant	 Gonadotropins Recombinant human gonadotropins (rhFSH and rhLH) offer a morepuri�ied and standardized alternative to traditional gonadotropintherapy. These agents have been successfully used to stimulatespermatogenesis in men with NOA, with viable sperm retrieved in up to50% of cases [19, 57]. A study demonstrated that recombinantgonadotropin therapy enabled successful pregnancies via



intracytoplasmic sperm injection (ICSI), highlighting its potential as analternative to sperm [19, 57].3.
Optimization	 of Intratesticular	 Testosterone	 (ITT) Levels Intratesticular testosterone levels are critical for spermatogenesis,particularly during spermiogenesis. Therapies aimed at optimizing ITTlevels, such as hCG-based hormonal therapy, have shown promise inimproving sperm retrieval outcomes in patients with NOA [20, 40, 59].

Future	 Directions: Research is ongoing to develop protocols thatenhance ITT levels while maintaining HPG axis function, potentiallyoffering new hope for men with severe spermatogenic impairment [20,40, 42].
Challenges	and	Considerations1.

Variability	 in	 ResponseThe ef�icacy of hormonal therapies varies widely amongindividuals, with some men showing minimal improvement despitereceiving treatment. This variability underscores the need forpersonalized approaches and further research on predictivebiomarkers [21, 60, 62].
 

2.
Lack	 of	 Randomized	 Controlled	 Trials	 (RCTs)Many therapies, such as SERMs and AIs, are used empiricallybecause of the limited availability of high-quality RCTs. Larger,well-designed studies are needed to establish standardizedtreatment protocols [21, 62, 63].

 
3.

Balancing	 Fertility	 and	 Testosterone	 Replacement	 Men requiringtestosterone therapy for hypogonadism often face challenges inpreserving fertility. Emerging strategies, such as combining TRTwith hCG or FSH, aim to address this dilemma [22, 41].
 

Future	Directions



1. Personalized	 MedicineAdvances in understanding the genetic and molecularunderpinnings of spermatogenesis offer opportunities fordeveloping tailored therapies. For example, identifying predictorsof response to gonadotropin therapy could help optimize treatmentoutcomes [22, 42, 55].
 

2.
Novel	 Therapeutic	 TargetsResearch on the role of growth factors, such as epidermalgrowth factor-like growth factors, and their interaction withgonadotropins may uncover new therapeutic targets forspermatogenic disorders [23, 59].

 
3.

Fertility	 Preservation During	 Testosterone	 TherapyInnovative approaches, such as intermittent TRT or adjunctivetherapies, are being explored to maintain fertility in hypogonadalmen requiring testosterone replacement therapy [23, 41].
 

Genetic	and	Epigenetic	Factors
Genetic	Determinants	of	Male	InfertilityGenetic abnormalities associated with infertility affect approximately15% of men [65]. The main known genetic causes of male infertility arecongenital bilateral absence of the vas deferens associated with cystic�ibrosis gene mutations, deletions in the long arm of the Y chromosome,and autosomal and sex chromosomal gene disorders [66]. Consideringthat more than 2000 genes are responsible for spermatogenesis andspermiogenesis, mutations in these genes can cause male infertility[67].Chromosomal abnormalities may be numerical or structural (e.g.,inversions or translocations) [68]. The most common numericalchromosomal disorder in infertile men is Klinefelter syndrome (KS)[69]. KS is a disorder caused by the presence of an additional Xchromosome, and hypogonadism is caused by primary testiculardisease [70]. The most common �indings in patients with KS are



azoospermia and oligospermia [71], with a prevalence of 5% in menwith severe oligozoospermia and 10% in men [72]. The most commonautosomal structural chromosomal disorders in infertile men arereciprocal Robertsonian translocations and inversions, which are morecommon in patients with oligozoospermia [66, 68].The Y chromosome contains the majority of genes that areparticularly important for spermatogenesis and the development ofmale gonads. The last three segments form the male-speci�ic region ofthe Y chromosome (MSY), and deletions, duplications, and inversionsthat occur can lead to azoospermia, Sertoli cell-only syndrome, severeoligozoospermia, and spermatogenic arrest [73]. Y chromosomemicrodeletions are the second most common genetic cause of maleinfertility, following Klinefelter syndrome. The AZF region on the longarm of the Y chromosome (Yq) contains genes that allow sperm to growand develop; microdeletions in this region are called AZFa, AZFb, andAZFc deletions [68, 73]. Complete deletions involving the AZFa andAZFb regions have poor prognostic signi�icance for sperm retrievalusing TESE. Therefore, TESE is not recommended for these patients,although testicular sperm can be found in 50%–75% of men with AZFcmicrodeletions [68].Many X-linked genes are expressed in the testis. It has beenreported that X-linked testis expressed 11 (TEX11) and humanreproductive homeobox (RHOX) genes are associated with maleinfertility; a protein encoded by TEX11 plays a role in the pathogenesisof azoospermia, and mutations in the human reproductive homeobox(RHOX) gene (RHOXF1 and RHOXF2/2B) expressed in germ cells havebeen identi�ied in men with severe oligozoospermia [66]. Kallmannsyndrome, which has both X-linked and autosomal genetic components,is de�ined as idiopathic hypogonadotropic hypogonadism with anosmiaor hyposmia and is another problem that can cause infertility in men[73]. This disease is caused by a defect in the migration of GnRHneurons and has speci�ic deletions in the KAL1 (KS 1 sequence) andFGFR1 (�ibroblast growth factor receptor 1) genes [74, 75].



The cystic �ibrosis transmembrane conductance regulator (CFTR)gene affects the formation of the ejaculatory duct, seminal vesicle, vasdeferens, and the distal 2/3 of the epididymis; therefore, men withCFTR abnormalities may experience infertility that prevents spermtransport, including oligospermia, epididymal obstruction, ejaculatoryduct obstruction, seminal vesicle abnormalities, congenital unilateralabsence of the vas deferens, and congenital bilateral absence of the vasdeferens [68, 76].
Epigenetic	Modi�ications	and	FertilityEpigenetics involves molecular modi�ications that affect geneexpression without altering DNA sequences [77]. Proper functioning ofepigenetic mechanisms during gonadal development andspermatogenesis is essential for normal sperm function and semenproduction [66]. DNA methylation, post-translational modi�ications ofhistones, chromatin remodeling, and gene expression regulation bymiRNAs are among the most frequent manifestations of epigeneticmodi�ications that regulate all phases of spermatogenesis andfertilization processes [78]. They are crucial for the differentiation andmaturation of cells, particularly spermatozoa [78].DNA methylation is the process by which a methyl group istransferred by DNA methyltransferases from S-adenosylmethionine tothe �ifth carbon of the cytosine ring at different methylation sites [79].Oxidative stress and urinary phthalates can impair DNA methylation[80]. Appropriate and correct DNA methylation leads to properchromatin condensation in the sperm head, sperm maturation, andfertilization [81]. When methylation is abnormal, there is incomplete orabnormal condensation of sperm chromatin, causing DNA damage,impairing fertilization, and affecting the pregnancy rate [82]. Clinicalmanifestations include oligozoospermia, teratozoospermia,asthenozoospermia, oligoasthenozoospermia, oligoteratozoospermia,asthenoteratozoospermia, and oligoasthenoteratozoospermia [82].Histone post-translational protein modi�ications (PTMs) are vitalfor the biological regulation of mitosis, spermatogenesis, and sperm



functions, such as transcription, DNA repair, DNA replication, andchromosome condensation [78, 83]. For example, acetylation andmethylation of H3 and H4 and ubiquitination of H3K4 and H2B lead toincreased gene expression in testicular tissues [66]. At the end of thegerm cell differentiation process, which involves DNA repair,recombination, and gene expression of histone PTMs, spermatozoadevelop [84]. Failure in histone alteration and/or modi�ication can leadto azoospermia, oligozoospermia, and teratozoospermia [84].Chromatin remodeling is regulated by ATP-dependent complexesand can function to both activate and repress gene expression [79, 85].During sperm chromatin remodeling, a large amount of DNA inspermatozoa is packed into a tiny nucleus. Appropriate DNA packagingis essential for normal spermatogenesis and fertility. DNA in maturespermatozoa is densely packed with protamines, and duringfertilization, the highly condensed nucleoprotamine must be extractedfrom this package and rearranged into a nucleosomal complex.Incorrect modi�ications at any step in these processes can lead to maleinfertility [78].Non-coding RNAs (siRNAs, miRNAs, and piRNAs) play essentialroles in the epigenetic regulation of gene expression in many cellularprocesses in eukaryotes. They are expressed in male germ cells,spermatocytes, and round spermatids during spermatogenesis and areinvolved in the regulation of cell proliferation, apoptosis regulation andinhibition, and cell cycle regulation [79, 86]. Disorders in theseprocesses can lead to non-obstructive azoospermia,asthenozoospermia, and oligoasthenozoospermia [87, 88].
Genetic	Screening	and	CounselingKaryotyping, a type of chromosomal analysis, is a genetic testingmethod that identi�ies numerical chromosomal abnormalities andstructural defects. Karyotype abnormalities are the most common typeof genetic defect and are observed in patients with azoospermia andoligozoospermia [46, 89]. The most common karyotypic abnormality isKlinefelter syndrome (47, XXY). The EAU Sexual and Reproductive



Health Guidelines recommend that all men with azoospermia andoligozoospermia (spermatozoa <�ive million/mL) should be offereddiagnostic standard karyotype analysis and genetic counseling [68].Men with unilateral absence of the vas deferens and normal kidneysshould be screened for cystic �ibrosis transmembrane conductanceregulator gene mutations [68]. In addition, for men with structuralanomalies of the vas deferens, both partners should be screened forCFTR mutations, comprising a minimal panel of common pointmutations and the 5 T allele [89].Y chromosome microdeletions affect AZFa, AZFb, and AZFc on thelong arm of the Y chromosome. Y chromosome microdeletion testing isrecommended if the sperm concentration is lower than 5 × 10 U/mL.However, this test is mandatory if the sperm concentration is<1 × 10 units/mL [68].The latest EAU Sexual and Reproductive Health Guidelinesrecommend sperm DNA fragmentation (SDF) testing for the evaluationof couples with recurrent pregnancy loss from natural conception andART failure or men with unexplained infertility [68]. It is also stronglyrecommended that genetic counseling be provided to all couples inwhom genetic abnormalities are detected on genetic testing and topatients with an inherited disease [48].
Lifestyle	and	Environmental	Impact
The	Impact	of	Lifestyle	Factors	on	Male	FertilityInfertility is a common health problem that affects nearly 15% ofcouples of reproductive age [90]. Many factors directly affect fertilitypotential and cause infertility. A signi�icant association exists betweenlifestyle habits and fertility potential [90]. Male infertility isincreasingly seen as a consequence of lifestyle and environmentalfactors such as dietary habits, smoking, adiposity, and use of steroids,alcohol, drugs, and chemicals [91]. These factors can affect semenvolume, sperm concentration, motility, and viability [91]. Cigarettesmoking causes exposure to chemical and hazardous substances that



decrease fertility potential [92]. Alcohol affects the hypothalamus-pituitary-gonadal axis, which in turn affects hormonal levels and Leydigand Sertoli cell functions [92]. Chronic alcohol consumption directlyaffects sperm maturation, morphology, quality, and hormone levels[92]. Obesity, psychological stress, advanced paternal age, sleepdisturbances, mobile phone exposure, and caffeine intake are otherfactors closely linked to fertility potential [92].
Environmental	Exposures	and	FertilityHigh-temperature exposure may also negatively affect sperm quality[93]. Long-duration sitting, radiant heat exposure, varicocele, andcryptorchidism are factors that can cause scrotal hyperthermia [92].The chemicals present in pesticides, cosmetic products, air, and watercan affect hormonal regulation and are called endocrine-disruptingchemicals [94]. These chemicals affect the secretion of luteinizinghormone and follicle-stimulating hormone, which directly affectspermatogenesis and androgen secretion [94]. Pesticides, per- andpoly�luorinated alkyl substances, formaldehyde, benzene, bisphenol,and phthalate are the main occupational exposures, and pesticides,dietary factors, alcohol, smoking, bisphenols, phthalates, parabens, andelectromagnetic �ields are the main environmental exposures related tomale infertility [94]. Dibromochloropropane was found to havenegative impacts on sperm counts [95]. Certain occupations poseadditional risks with different types of exposure [95]. Bakers, welders,metal, glass, and ceramic industry workers, and sedentary job workerswho sit for hours are at risk of scrotal heat exposure; pesticideapplicators, pesticide producers, and fruit and vegetable harvesters areat risk of pesticide exposure; chemical manufacturing workers, drivers,traf�ic wardens, and roadway cleaners are at risk of chemical exposure;workers in contraceptive pills or other hormonal agent manufacturingare at risk of hormonal exposure; professional and amateur sportsmenare at risk of recreational/performance-enhancing drugs; and cancersurvivors are at risk of exposure to therapeutic treatment [95]. Studieshave also investigated the association between environmental and



occupational exposure and seminal vesicle lead and cadmium levels,and it was found that exposure was associated with reduced spermmotility, viability, and normal sperm forms [96].
Mitigation	StrategiesReduced stress, changes in dietary habits, healthy eating, increasedphysical activity, and increased social support positively affect spermquality in men [90]. Scrotal cooling, which provides an optimaltemperature, improves spermatogenesis [93]. Studies have shown thepositive effects of antioxidant therapies, including aescin, coenzymeQ10, glutathione, Korean red ginseng, L-carnitine, Nigella sativa,omega-3, selenium, zinc, folate, and menevit, on male infertility [97].Considering the outcomes of the literature and the factors that affectfertility potential, it is very important to avoid negative lifestyle andenvironmental factors to increase fertility potential and receiveaccurate pharmacological, psychological, and dietary support to protectthis potential [51].
Innovation	in	Male	Fertility	Diagnostics	and
Supportive	Technologies
Emerging	Technologies	in	Male	FertilityEmerging technologies are expected to reshape the evaluation,diagnosis, and treatment of male infertility. Computer-assisted semenanalysis techniques and advanced imaging technologies (e.g.,ultrasound for microdissection) are becoming increasingly popular fordiagnostic precision.
Advanced	Diagnostic	and	Predictive	ToolsInnovative technological approaches for sperm	 DNA	 double-strand
break	 diagnosis are also used to prevent reproductive failure, offeringuseful insights for preventive healthcare implications and potentiallycost-effective solutions. Such diagnostic advancements can guide the



selection of appropriate regenerative therapies and predict theirsuccess likelihood.
Note	 Regarding Arti�icial	 Intelligence	 (AI): The provided sourcesprimarily discuss the application of Arti�icial Intelligence (AI) in thecontext of Assisted Reproductive Technologies (ART), such asassessing the quality of oocytes, sperm, and embryos, andautomating ART procedures [89, 98]. Since this chapter is strictlyfocused on male fertility regeneration and excludes ART, informationon AI’s direct role of AI in regenerative processes (e.g., optimizingstem cell cultures for spermatogenesis or discovering newregenerative factors) is not available within the given sources.Therefore, a detailed section on AI for regeneration cannot beincluded at this time based on the available material.
Ethical	and	Legal	ConsiderationsThe ethical concerns mentioned in this section pertain speci�ically toprofound interventions in human life and fertility through regenerativemedicine [2].The use of stem cells in fertility treatment presents a complex arrayof ethical concerns and challenges, re�lecting the broader societal,regulatory, and clinical implications of this rapidly evolving �ield [12].One of the primary ethical concerns revolves around the sources ofstem cells, particularly the use of human embryonic stem cells (hESCs),which raises signi�icant ethical dilemmas owing to the destruction ofhuman embryos [12]. This issue has historically limited thedevelopment of hESC-based clinical therapies, although the advent ofinduced pluripotent stem cells (iPSCs) has somewhat mitigated theseconcerns by providing an alternative that does not require thedestruction of embryos [12, 43]. However, iPSCs introduce their ownethical challenges, including the potential for abnormal reprogrammingand tumor generation during stem cell therapy, as well as theprohibition of their use in human cloning, germ cell production, orembryo creation [12, 44].



Informed	 consent is another critical ethical challenge, necessitatingclear communication with patients about the risks, bene�its, andunproven nature of stem cell-based fertility treatments [12, 45]. Theneed for balanced	 and	 complete	 scienti�ic	 reporting	 and	 public
communication is paramount to ensure that patients and the public arewell informed about the potential and limitations of these treatments[12, 46]. Regulatory	 frameworks and	 ethical	 guidelines are essential fornavigating the ethical landscape of stem cell use in fertility treatment,addressing issues such as bene�icence, justice, and equitable access totreatment [12, 47]. Moreover, the clinical application of stem cells infertility treatments must be normalized and standardized to effectivelyaddress ethical issues [12, 48]. The societal	 consequences of stem cell-based fertility treatments, including the potential to alter traditionalconcepts of parenthood and family, warrant careful consideration.Researchers, clinicians, and bioethics committees must engage inresponsible clinical implementation processes that consider the broadsocietal impact of innovative treatments [12, 49]. Collectively, theseethical concerns and challenges underscore the need for amultidisciplinary approach involving regulators, scientists, clinicians,professional societies, and patient advocacy groups to collaborativelyarticulate expectations and develop ethical frameworks for the properdevelopment and delivery of stem cell-based fertility treatments [12,50].
Note	 on	 Legal	 Frameworks	 and	 Regulations: While legal andregulatory frameworks are crucial for reproductive medicine, theprovided sources discuss these almost exclusively in the context ofAssisted Reproductive Technologies (ART) (e.g., age limits for IVF,donor identity, surrogacy laws across countries) [94, 96, 99]. As thischapter is now strictly focused on male fertility regeneration andexcludes ART, a detailed discussion of ART-speci�ic legal frameworksis outside the scope of the revised chapter. The general principles ofrobust regulatory oversight for novel regenerative therapies remainessential, as highlighted in the conclusion [100].



ConclusionThe exploration of male fertility regeneration through stem cellresearch offers promising avenues for addressing male infertility [101].The potential of stem cells, particularly spermatogonial andmesenchymal stem cells, to regenerate damaged testicular tissue andrestore fertility, highlights a signi�icant breakthrough in medical science[101]. However, the application of these technologies is challenging.Ethical considerations, particularly regarding the use of embryonicstem cells and genetic manipulation of induced pluripotent stem cells,require careful deliberation and robust ethical guidelines [101].Additionally, the variability in treatment outcomes necessitates a morepersonalized approach to hormonal therapy tailored to individualpro�iles and infertility diagnoses [101].The integration of advanced diagnostic technologies in theevaluation of male infertility could standardize procedures andpotentially increase the ef�icacy of regenerative approaches. However,these technologies require further validation and ethical scrutiny toensure their safety, effectiveness, and accessibility [102]. Legal andregulatory frameworks also play a crucial role in the adoption andpractice of these technologies, varying signi�icantly across jurisdictionsand impacting treatment accessibility [102].As we advance, it is imperative that ongoing research continues tore�ine these techniques, ensuring that they are both effective andethically sound. Collaboration among scientists, clinicians, ethicists, andlegislators is essential to navigate the complex landscape of malefertility regeneration, ultimately leading to innovative solutions that areboth scienti�ically feasible and ethically sound [103].Further research is needed to explore the following:
Optimization	 of	 MSC	 Therapy: Investigating the optimal sources ofMSCs, their mechanisms of action, and the long-term safety andef�icacy of MSC transplantation in humans [104–106].
Advancements	 in Tissue	 Engineering: Development of moresophisticated biomaterials and scaffolds that better mimic the



testicular niche and support spermatogenesis [104, 107, 108].
Scaling	 Up IVS: Improving the ef�iciency and scalability of IVS to makeit a viable option for clinical applications [104, 109].
Addressing	 Ethical	 and	 Regulatory	 Issues: Ensuring that thedevelopment and application of these technologies are guided byrobust ethical frameworks and regulatory oversight [100].In conclusion, the combination of stem cell therapy and tissueengineering represents a powerful approach for male reproductiveregeneration. Although signi�icant progress has been made, continuedresearch and collaboration among scientists, clinicians, andpolicymakers are essential to realize the full potential of thesetechnologies [100, 105–110].
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34571968
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8467501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=37140043
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10199788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35435336
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9933974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35361229
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8969385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34203240
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8303590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34572109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8468931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29730571
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6010318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35394008
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9002807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19818747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=36220369


stem/progenitor cell pool and spermatogenesis in neonatal mice in vitro. Sci Rep.2022;12(1):11494.[PubMed][PubMedCentral]20. Gul M, Hildorf S, Dong L, Thorup J, Hoffmann ER, Jensen CFS, et al. Review of injectiontechniques for spermatogonial stem cell transplantation. Hum Reprod Update.2020;26(3):368–91.[PubMed]21. van Melis V, Roa-de la Cruz L, Hermann BP. Isolation of undifferentiated spermatogonia fromadult and developing mouse testes. Methods Mol Biol Clifton NJ. 2023;2656:179–93.22. Diao L, Turek PJ, John CM, Fang F, Reijo Pera RA. Roles of spermatogonial stem cells inspermatogenesis and fertility restoration. Front Endocrinol. 2022;13:895528.23. Kanatsu-Shinohara M, Ogonuki N, Matoba S, Ogura A, Shinohara T. Autologoustransplantation of spermatogonial stem cells restores fertility in congenitally infertile mice.Proc Natl Acad Sci. 2020;117(14):7837–44.[PubMed][PubMedCentral]24. Ismail HY, Hussein S, Shaker NA, Rizk H, Wally YR. Stem cell treatment trials for regenerationof testicular tissue in laboratory animals. Reprod Sci. 2023;30(6):1770–81.[PubMed][PubMedCentral]25. Mousbah AM, El-Samie A, Mohammed E, Elbehery AM, El-Nady AI. Immunohistochemistryand hormonal investigation for spermatogenesis restoration in degenerated testes of ratsafter bone marrow stem cells transplantation. J Appl Vet Sci. 2020;5(4):47–54.26. Maghen L, Shlush E, Gat I, Filice M, Barretto TA, Jarvi K, et al. Human umbilical perivascularcells (HUCPVCs): a novel source of mesenchymal stromal-like (MSC) cells to support theregeneration of the testicular niche. Reproduction. 2017;153(1):85–95.[PubMed]27. La HM, Liao J, Legrand JMD, Rossello FJ, Chan AL, Vaghjiani V, et al. Distinctive molecularfeatures of regenerative stem cells in the damaged male germline. Nat Commun.2022;13(1):2500.[PubMed][PubMedCentral]28. Carrieri C, Comazzetto S, Grover A, Morgan M, Buness A, Nerlov C, et al. A transit-amplifyingpopulation underpins the ef�icient regenerative capacity of the testis. J Exp Med.2017;214(6):1631–41.[PubMed][PubMedCentral]29. Yang RF, Liu TH, Zhao K, Xiong CL. Enhancement of mouse germ cell-associated genesexpression by injection of human umbilical cord mesenchymal stem cells into the testis ofchemical-induced azoospermic mice. Asian J Androl. 2014;16(5):698.[PubMed][PubMedCentral]30. Zhang D, Liu X, Peng J, He D, Lin T, Zhu J, et al. Potential spermatogenesis recovery with bone

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35798781
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9263145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32163572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32229564
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7149444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=36602652
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10229736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27780883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35523793
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9076627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=28461596
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5460999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24830694
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4215652


marrow mesenchymal stem cells in an azoospermic rat model. Int J Mol Sci.2014;15(8):13151–65.[PubMed][PubMedCentral]31. Wei B-H, Hao S-L, Yang W-X. Regulation of spermatogonial stem cell self-renewal andproliferation in mammals. Histol Histopathol. 2022;37(09):825–38.[PubMed]32. Kee K, Reijo Pera RA, Turek PJ. Testicular germline stem cells. Nat Rev Urol. 2010;7(2):94–100.[PubMed]33. Goossens E, Jahnukainen K, Mitchell R, van Pelt A, Pennings G, Rives N, et al. Fertilitypreservation in boys: recent developments and new insights †. Hum Reprod Open.2020;2020(3):hoaa016.[PubMed][PubMedCentral]34. Kubota H, Brinster RL. Spermatogonial stem cells†. Biol Reprod. 2018;99(1):52–74.[PubMed][PubMedCentral]35. de Rooij DG. The nature and dynamics of spermatogonial stem cells. Development.2017;144(17):3022–30.[PubMed]36. Ibtisham F, Honaramooz A. Spermatogonial stem cells for in vitro spermatogenesis and invivo restoration of fertility. Cells. 2020;9(3):745.[PubMed][PubMedCentral]37. Abdelaal NE, Tanga BM, Abdelgawad M, Allam S, Fathi M, Saadeldin IM, et al. Cellular therapyvia spermatogonial stem cells for treating impaired spermatogenesis, non-obstructiveazoospermia. Cells. 2021;10(7):1779.[PubMed][PubMedCentral]38. Aponte PM, Gutierrez-Reinoso MA, Garcia-Herreros M. Bridging the gap: animal models innext-generation reproductive technologies for male fertility preservation. Life.2024;14(1):17.39. Caires K, Broady J, McLean D. Maintaining the male germline: regulation of spermatogonialstem cells. J Endocrinol. 2010;205(2):133–45.[PubMed]40. Piuzzi NS, Emara A, Chahla J, Mandelbaum BR. Ethical and practical considerations forintegrating cellular (“stem cell”) therapy into clinical practice. Curr Rev Musculoskelet Med.2020;13(4):525–9.[PubMed][PubMedCentral]41. Alahmad G, Aljohani S, Najjar MF. Ethical challenges regarding the use of stem cells:interviews with researchers from Saudi Arabia. BMC Med Ethics. 2020;21(1):35.[PubMed][PubMedCentral]

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=25062349
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4159785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35470414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20084076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32529047
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7275639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29617903
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6692861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=28851723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32197440
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7140722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34359947
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8304133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20147357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32468421
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7340700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32397999
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7216643


42. Lovell-Badge R, Anthony E, Barker RA, Bubela T, Brivanlou AH, Carpenter M, et al. ISSCRguidelines for stem cell research and clinical translation: the 2021 update. Stem Cell Rep.2021;16(6):1398–408.43. Sugarman J, Barker RA, Kerridge I, Lysaght T, Pellegrini G, Sipp D, et al. Tackling ethicalchallenges of premature delivery of stem cell-based therapies: ISSCR 2018 annual meetingfocus session report. Stem Cell Rep. 2018;11(5):1021–5.44. Volarevic V, Markovic BS, Gazdic M, Volarevic A, Jovicic N, Arsenijevic N, et al. Ethical andsafety issues of stem cell-based therapy. Int J Med Sci. 2018;15(1):36–45.[PubMed][PubMedCentral]45. Huang FG, Hu J, Liu JF, Gong JP, Liu Y. The ethical issues in the clinical application of stemcells. Int Surg J. 2017;4(3):852–5.46. Hendriks S, Vliegenthart R, Repping S, Dancet EAF. Broad support for regulating the clinicalimplementation of future reproductive techniques. Hum Reprod. 2018;33(1):39–46.[PubMed]47. Lo B, Parham L. Ethical issues in stem cell research. Endocr Rev. 2009;30(3):204–13.[PubMed][PubMedCentral]48. Oduwole OO, Huhtaniemi IT, Misrahi M. The roles of luteinizing hormone, follicle-stimulatinghormone and testosterone in spermatogenesis and folliculogenesis revisited. Int J Mol Sci.2021;22(23):12735.[PubMed][PubMedCentral]49. Andreassen M, Juul A, Feldt-Rasmussen U, Jørgensen N. Semen quality in patients withpituitary disease and adult-onset hypogonadotropic hypogonadism. Endocr Connect.2018;7(4):523–33.[PubMed][PubMedCentral]50. Zhao W, Jing J, Shao Y, Zeng R, Wang C, Yao B, et al. Circulating sex hormone levels in relationto male sperm quality. BMC Urol. 2020;20(1):101.[PubMed][PubMedCentral]51. Wei TC, Huang WJ, Lin ATL, Chen KK. The role of hormones in semen parameters in patientswith idiopathic or varicocele-related oligoasthenoteratozoospermia (OAT) syndrome. J ChinMed Assoc. 2013;76(11):624.[PubMed]52. Dwyer AA, McDonald IR, Quinton R. Current landscape of fertility induction in males withcongenital hypogonadotropic hypogonadism. Ann N Y Acad Sci. 2024;1540(1):133–46.[PubMed][PubMedCentral]53. Ho CCK, Tan HM. Treatment of hypogonadal infertile males: a review. Sex Med Rev.2013;1(1):42–9.[PubMed]54.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29333086
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5765738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29190346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19366754
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2726839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34884539
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8658012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29514896
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5881434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32680497
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7367383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23933342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=39190467
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11471374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27784559


Fink J, Schoenfeld BJ, Hackney AC, Maekawa T, Horie S. Human chorionic gonadotropintreatment: a viable option for management of secondary hypogonadism and male infertility.Expert Rev Endocrinol Metab. 2021;16(1):1–8.[PubMed]55. Shiraishi K, Matsuyama H. Gonadotropin actions on spermatogenesis and hormonal therapiesfor spermatogenic disorders [Review]. Endocr J. 2017;64(2):123–31.[PubMed]56. Laursen RJ, Elbaek HO, Povlsen BB, Lykkegaard J, Jensen KBS, Esteves SC, et al. Hormonalstimulation of spermatogenesis: a new way to treat the infertile male with non-obstructiveazoospermia? Int Urol Nephrol. 2019;51(3):453–6.[PubMed]57. Çayan S, Altay AB, Rambhatla A, Colpi GM, Agarwal A. Is there a role for hormonal therapy inmen with oligoasthenoteratozoospermia (OAT)? J Clin Med. 2024;14(1):185.[PubMed][PubMedCentral]58. Madhukar D, Rajender S. Hormonal treatment of male infertility: promises and pitfalls. JAndrol. 2009;30(2):95–112.[PubMed]59. Shiraishi K. Hormonal therapy for non-obstructive azoospermia: basic and clinicalperspectives. Reprod Med Biol. 2015;14(2):65–72.[PubMed]60. Khodamoradi K, Khosravizadeh Z, Parmar M, Kuchakulla M, Ramasamy R, Arora H.Exogenous testosterone replacement therapy versus raising endogenous testosterone levels:current and future prospects. FS Rev. 2021;2(1):32–42.61. Stocks BT, Oppenheimer AG, Campbell KJ, Lindsey JP, Kohn TP, Alexander JM, et al. Optimalrestoration of spermatogenesis after testosterone therapy using human chorionicgonadotropin and follicle-stimulating hormone. Fertil Steril. 2024;S0015–0282(24):02313–6.62. Herati AS, Kohn TP, Kassiri B. New frontiers in fertility preservation: a hypothesis on fertilityoptimization in men with hypergonadotrophic hypogonadism. Transl Androl Urol.2020;9(Suppl 2):S171–7.[PubMed][PubMedCentral]63. Pozzi E, Corsini C, Salonia A. Medical therapy for male infertility. Curr Opin Urol.2025;35(2):157–64.[PubMed]64. Rambhatla A, Shah R, Pinggera GM, Mostafa T, Atmoko W, Saleh R, et al. Pharmacologicaltherapies for male infertility. Pharmacol Rev. 2025;77(2):100017. PHARMREV-AR-2023-001085.65. Salonia A, Bettocchi C, Boeri L, Capogrosso P, Carvalho J, Cilesiz NC, et al. European

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=33345656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=28100869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=30756283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=39797269
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11721639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18930905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29259404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32257857
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7108987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=39380445
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IntroductionThe quest for parenthood is a profound human endeavor, yet infertilityposes a signi�icant challenge for millions of couples globally [1]. Whileoften perceived through a lens focused on female factors, maleinfertility plays a crucial role, contributing to a substantial number ofcases. Male infertility is de�ined as the inability of a male to causepregnancy in a fertile female and impacts a signi�icant segment of theglobal population. Understanding and innovatively addressing maleinfertility is, therefore, critical to advancing reproductive health [2].Traditional diagnostic pathways for male infertility mainly rely onsemen analysis, which assesses sperm count, motility, and morphology.Additional investigations may encompass hormonal assays, geneticscreening, and imaging techniques to determine the underlying etiology[3]. While semen analysis remains a cornerstone, it is hindered bylimitations such as inherent subjectivity in interpretation, signi�icantinter-laboratory variability, and an inability to capture the dynamic
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functional aspects of sperm fully. These conventional methods often failto detect subtle sperm defects or molecular anomalies that cancritically impair fertilization potential, highlighting a pressing need formore objective, accurate, and comprehensive diagnostic tools [4].The �ield of arti�icial intelligence (AI) is currently undergoing rapiddevelopment and expansion, with signi�icant implications for variousaspects of modern life, including communication, industry, andscienti�ic research. The core premise of this �ield involves creatingcomputer systems that possess the ability to perform tasks typicallyassociated with human intelligence. These tasks include acquiringknowledge from data, solving complex problems, and making informeddecisions [5]. AI algorithms excel at processing and analyzing vastdatasets, discerning intricate patterns, and generating predictions withremarkable speed and precision. Their applications are pervasive,impacting sectors such as �inance, transportation, manufacturing, and,increasingly, healthcare. In medicine, AI plays a crucial role in drugdiscovery, enhancing diagnostic accuracy, personalizing treatmentregimens, and streamlining patient care pathways [6].This chapter aims to provide a comprehensive review of the currentstate and prospects of AI applications in the diagnosis, treatment,strati�ication, and management of male infertility. This paper willexplore speci�ic AI methods, including machine learning, deep learning,and computer vision, as well as their applications in areas such asadvanced sperm analysis, predicting ART outcomes, and identifyingnew therapeutic targets. This section will examine the potential of AI tousher in a new era of personalized, effective, and accessible care formale infertility, thereby assisting more couples in achieving theiraspiration of parenthood.
Current	Diagnostic	Methods	for	Male	InfertilityThe diagnostic evaluation of male infertility is a multifactorial processdesigned to identify underlying causes, guide treatment decisions, andprovide a prognosis for future fertility. The clinical pathway typically



begins with a thorough medical history and physical examination,followed by a series of laboratory and, in some cases, geneticinvestigations [7]. While these methods form the foundation of currentandrology practice, they are accompanied by signi�icant limitations thatunderscore the need for technological advancement [8].
Traditional	Approaches	and	Their	Limitations
Semen	AnalysisThe cornerstone of male fertility assessment is the semen analysis, alsoknown as a spermogram. This foundational test provides bothquantitative and qualitative evaluations of a semen sample, assessingparameters according to guidelines from the World Health Organization(WHO). Key metrics include semen volume, sperm concentration(count), motility (the percentage of moving sperm and their manner ofmovement), and morphology (the size and shape of sperm). The resultsare used to classify conditions such as oligozoospermia (low spermcount), asthenozoospermia (poor motility), and teratozoospermia(abnormal morphology) [9].
Limitations Despite its widespread use, conventional semen analysishas signi�icant drawbacks. The assessment, particularly formorphology, is highly subjective and experiences considerable inter-and intra-laboratory variability. An experienced andrologist and a less-experienced technician may arrive at vastly different conclusions fromthe same sample [10]. Furthermore, semen parameters can vary greatlywithin the same individual due to factors such as abstinence period,illness, and stress. Most importantly, traditional semen analysis haslimited predictive power for functional outcomes, including fertilizationsuccess and live birth rates. It provides a snapshot of spermcharacteristics but overlooks essential functional aspects such as spermDNA integrity and acrosomal function, both critical for successfulfertilization [11].
Hormonal	Assays



In cases where semen analysis results are considered abnormal orwhere clinical suspicion is warranted, a hormonal evaluation isconducted. This procedure involves blood tests to measure levels of keyhormones that regulate sperm production (spermatogenesis) throughthe hypothalamic-pituitary-gonadal (HPG) axis. The primary hormonesassessed included follicle-stimulating hormone (FSH), luteinizinghormone (LH), and testosterone. Abnormal levels can indicatetesticular failure (high FSH), hypothalamic or pituitary issues (lowFSH/LH), or other endocrine dysfunctions that may be addressed withspeci�ic therapies [12].
Limitations While hormonal pro�iles are useful for identifying speci�icendocrine disorders, they do not provide a comprehensive view of thepatient’s condition. A substantial number of infertile males shownormal hormone levels, making the test uninformative in theseinstances. Circadian rhythms, lifestyle factors, and comorbidities alsoaffect hormone levels. This requires careful interpretation and oftennecessitates repeat testing for con�irmation [13].
Genetic	TestingFor men with severe male factor infertility, such as non-obstructiveazoospermia (absence of sperm in the ejaculate) or severeoligozoospermia, genetic testing is recommended. This includeskaryotyping to identify chromosomal abnormalities, such as Klinefeltersyndrome (XXY) and testing for microdeletions on the Y-chromosome(AZF deletions), which are known to result in impaired spermproduction. Additionally, testing for mutations in the cystic �ibrosistransmembrane conductance regulator (CFTR) gene is standard formen with congenital bilateral absence of the vas deferens (CBAVD)[14].
Limitations Current genetic testing is targeted and identi�ies only asmall fraction of the potential genetic causes of male infertility. The vastmajority of infertile men with a suspected genetic etiology remain



undiagnosed. These tests are often reserved for the most severe casesdue to cost and the limited number of identi�iable, actionablemutations, leaving a large diagnostic gap for men with moderate, orunexplained infertility [15].
Challenges	in	Accurate	DiagnosisThe limitations inherent in these traditional methods culminate inbroader challenges that can impede accurate diagnosis and effectivetreatment planning.
Subjectivity	and	Variability	in	Manual	AssessmentsThe most signi�icant challenge in current andrology diagnostics is thedependence on manual, subjective microscopic assessment. Themanual evaluation of sperm morphology exempli�ies this issue.Without standardized, objective criteria that can be reliablyreproduced, diagnoses can vary dramatically between clinics and evenamong technicians within the same lab. This lack of standardizationcomplicates clinical decision-making, makes it dif�icult to compareresults from different studies, and can lead to inconsistent patientmanagement strategies [8].
The	Need	for	Enhanced	Diagnostic	SolutionsThe diagnostic gaps left by traditional methods underscore an urgentclinical need for advanced, objective, and comprehensive tools. Theideal diagnostic solution would not only standardize the assessment ofconventional parameters but also offer more profound insights intosperm function, molecular integrity, and actual fertilization potential[16]. Such tools must be reproducible, highly accurate, and capable ofgenerating predictive data to guide clinicians toward the most effectiveand personalized treatment pathways, including decisions on whetherto use IUI, IVF, or ICSI. This need for objective, data-driven, andpredictive capabilities positions arti�icial intelligence as atransformative force in the future of male infertility diagnostics [17].



The	Potential	of	Arti�icial	Intelligence	in	Male
InfertilityThe advent of arti�icial intelligence (AI) has emerged as a potentparadigm, poised to address this diagnostic void. By leveraging complexalgorithms to analyze data with a level of speed, objectivity, and depthunattainable by humans, AI promises to usher in a new era of precisionand personalization in andrology [18].
Overview	of	AI	TechnologiesAt its core, AI includes a set of computational tools designed to learnfrom data and perform tasks that usually require human intelligence. Inthe context of male infertility, two important sub�ields of AI areespecially relevant: machine learning and deep learning [19].

Machine	Learning	AlgorithmsMachine learning (ML) is a subset of AI where algorithms are “trained”on large datasets to recognize patterns and make predictions withoutbeing explicitly programmed for that speci�ic task. For example, an MLmodel can be fed thousands of patient pro�iles—including semenparameters, hormonal levels, and treatment outcomes—and learn to



identify the key factors that predict successful conception [20]. ClassicML techniques, such as support vector machines, random forests, andlogistic regression, are adept at classi�ication (e.g., fertile vs. infertile)and prediction tasks based on structured data [21].
Deep	Learning	ModelsDeep learning (DL), a sophisticated subset of machine learning (ML),leverages arti�icial neural networks composed of multiple processinglayers—hence the term “deep.” Modeled loosely after the architectureof the human brain, these networks are especially adept at analyzingcomplex and unstructured data types, such as medical images andgenomic sequences [22]. This makes DL particularly promising in the�ield of male infertility diagnostics. For instance, convolutional neuralnetworks (CNNs), a class of DL models optimized for image recognition,can be trained on large datasets containing tens of thousands of spermcell images. These networks can discern minute morphologicaldifferences between viable and non-viable sperm—variations that areoften subtle and subjective when assessed manually under amicroscope. By automating and standardizing this evaluation, DL-basedsystems offer a signi�icant advancement in accuracy, objectivity, andef�iciency [23].
Potential	Bene�its	of	AI	in	Male	InfertilityThe integration of these AI technologies into clinical practice offersprofound bene�its that directly address the shortcomings of currentmethods.
Improved	 Accuracy	 and	 Reliability	 of	 Diagnosis AI eliminates thesubjectivity and inter-laboratory variability that plague manual semenanalysis. An AI-powered system applies the same objective criteria toevery sample, every time, leading to standardized, reproducible, andhighly accurate results. This reliability ensures that diagnoses areconsistent regardless of where the test is performed [24].



Early	 Detection	 of	 Reproductive	 Health	 Issues AI algorithms can detectminute patterns in semen, hormonal, or genetic data that are invisibleto the human eye or undetectable through conventional statisticalanalysis. By identifying these subtle red �lags, AI can potentially signalunderlying reproductive health issues much earlier, allowing forproactive intervention and counseling before more signi�icant problemsarise [25].
AI	Applications	in	Male	Fertility	AssessmentThe theoretical promise of AI is rapidly translating into practicalapplications across the entire spectrum of male fertility assessment,from the foundational semen analysis to complex geneticinterpretation.
AI	in	Semen	AnalysisAI has recently revolutionized andrology by developing tools thatenhance sperm evaluation and selection during ICSI, reducingsubjectivity and variability. AI applications now extend to diagnosingand treating male infertility, using ML and arti�icial neural networks(ANNs) to analyze semen parameters, predict treatment outcomes, andcustomize therapies. This integration of AI is especially promising forovercoming the complexity and subjectivity of current male infertilitydiagnostics and treatments [26].
Sperm	MorphologyRecent studies have demonstrated that arti�icial intelligencesigni�icantly outperforms human experts in the assessment of spermmorphology. For instance, Mahali et al. integrated Swin Transformerand MobileNetV3 architectures, achieving an impressive 97.6%accuracy, compared to 85% by experienced embryologists, and reducedanalysis time by 60% [27]. Similarly, Shahzad et al. (2023) applied deepneural networks (DNNs) and sequential DNNs to 1540 semen samples,identifying 30% more morphological defects than conventional manual



evaluation, improving diagnostic precision and treatment planning inassisted reproductive technology (ART) [28]. Furthermore, anotherstudy shows that utilizing a convolutional neural network (CNN) modelthat reached 98.2% accuracy in sperm classi�ication, facilitating moreeffective sperm selection for ART procedures [29].
Sperm	MotilityAdvancements in arti�icial intelligence are signi�icantly transformingthe evaluation of sperm motility, presenting promising new avenues foranalysis. Utilizing sophisticated algorithms, AI can thoroughly analyzevideo footage and holographic images of sperm samples. Whenintegrated with Computer-Assisted Sperm Analysis (CASA), thistechnology facilitates high-throughput assessments and delivers exactevaluations of motility at both the sample level and for individualsperm [30].For instance, Tsai et al. developed a notable AI-driven imagerecognition system capable of ef�iciently and reliably categorizingsperm motility patterns from video data, achieving an accuracy rate of90%. This innovative system processes information considerably fasterthan traditional manual methods, signi�icantly reducing the timerequired for comprehensive motility assessments [31].In another noteworthy contribution, Kanakasabapathy et al.introduced a smartphone-based diagnostic tool that accuratelyevaluates motility, alongside critical parameters such as spermconcentration and the total counts of motile and non-motile sperm[32]. Cheon et al. further validated the effectiveness of suchsmartphone tools, reaching an accuracy of 95% in measuring motilityand other semen characteristics, all within 5 min. This is particularlyadvantageous for remote or underserved regions, as it provides accessto advanced reproductive diagnostics for those most in need [33].Moreover, holographic imaging and micro�luidics breakthroughshave enabled more detailed motility analyses. These technologiesfacilitate the generation of extensive datasets that empower AIalgorithms to investigate various parameters of sperm movement,



including tail-beating frequency and amplitude. A notable instance isCASAnova, a support vector machine created by Goodson et al., whichclassi�ied sperm motility with an accuracy rate of 89%, analyzing over1200 sperm samples [34]. These innovations hold great potential forenhancing diagnostic accuracy in andrology, offering detailed andquanti�iable assessments of sperm motility. The outlook appearspromising as we leverage these technologies to improve reproductivehealth.
AI	in	Sperm	DNA	FragmentationArti�icial intelligence provides reliable, non-invasive ways to assessDNA integrity. By analyzing high-resolution images of sperm, machinelearning (ML) models can predict DNA fragmentation, connectingphysical traits to DNA health. One notable study developed an MLalgorithm that used sperm images to predict DNA fragmentation with a96.71% accuracy rate. This algorithm analyzed more than 2000 spermimages, identifying subtle details in shape and structure linked to DNAfragmentation index (DFI) levels, thus reducing the need for invasivetesting [35].Another study introduced a deep learning model capable ofcalculating DFI for individual sperm, showing a strong correlation withactual DFI measurements. This model was trained on 24,415 spermimages and validated with a separate set of 15,528 images, achieving aprediction accuracy of 80.15%. This deep learning model’s ability toprovide accurate DFI assessments from sperm images marks signi�icantprogress in non-invasive sperm analysis [36].Together, these studies demonstrate that AI algorithms can reliablypredict DFI from sperm images, offering a valuable tool for selectingsperm with high-quality DNA for ICSI and other assisted reproductivetechniques (Fig. 14.1).



Fig.	14.1 AI vs Human Diagnostic Performance in male infertility assessmentThe AI vs Human Diagnostic Performance is based	 on	 aggregated
�indings	 from	 multiple	 peer-reviewed	 studies	 cited	 in	 the	 manuscript,re�lecting AI’s comparative performance in key areas of male infertilitydiagnostics. Here’s the breakdown for each category and the evidence itdraws from:1. Sperm	 Morphology

Source:Mahali et al. [27] used Swin Transformer + MobileNetV3 with97.6% accuracy.Shahzad et al. [28] showed AI identi�ied 30% moremorphological defects than manual microscopy.Spencer et al. [29] achieved 98.2% classi�ication accuracyusing CNNs.
Human	 Benchmark: Experienced embryologists are typicallyaround 80%–85% accurate, with variability due to subjectivity[10].

 



2.
Motility	 Evaluation

Source:Tsai et al. [31] built an AI-based system achieving 90%accuracy.Kanakasabapathy et al. [32] and Cheon et al. [33] reported upto 95% accuracy in smartphone-based AI motility assessment.
Human	 Benchmark: Manual motility scoring is subject to bias andobserver fatigue, often with 75%–85% consistency.

 
3.

DNA	 Fragmentation	 Prediction

Source:Serrano Berenguer et al. [35] developed ML models thatreached 96.7% accuracy.Kumar et al. [36] built a deep learning model with 80.15%accuracy in non-invasive DFI prediction.
Human	 Benchmark: Human prediction without molecular tests ispoor—clinicians rely on lab-based tests like SCSA or Comet, notvisual judgment.

 
4.

Lesion	 Detection (MRI)
Source:Feng et al. [37] and Sun et al. [38] showed ML modelsoutperform radiologists in testicular lesion classi�ication andvolume estimation.
Human	 Benchmark: Radiologist interpretation is accurate butsubject to inter-reader variability, with reported sensitivitybetween 70–80%.

 
5. Time	 Ef�iciency

Source



Source:
AI systems complete analyses in seconds to minutes (e.g.,sperm classi�ication, DNA analysis, embryo scoring), cuttingtime by 60–80% [27, 28].

Human	 Benchmark: Manual microscopy, DFI tests, or MRIinterpretation typically take 15–60 min depending oncomplexity.

 
Predictive	Models	for	Fertility	Based	on	Sperm
CharacteristicsAI moves beyond simple classi�ication to provide accurate predictiveinsights. ML models can analyze a combination of sperm kineticpatterns (how a sperm swims) and subtle morphological features topredict its likelihood of successfully fertilizing an oocyte. This allowsfor more informed sperm selection for procedures likeIntracytoplasmic Sperm Injection (ICSI), potentially improving ARTsuccess rates [39].
AI	and	Hormonal	Pro�ilingHormonal pro�iling enhanced by arti�icial intelligence (AI) signi�icantlyadvances endocrine evaluation and fertility management. AI-drivenanalysis moves beyond traditional isolated hormone measurements—such as follicle-stimulating hormone (FSH), luteinizing hormone (LH),and testosterone—by examining complex interactions and ratiosamong these hormones to identify speci�ic hormonal signatures linkedto various conditions. For example, machine learning (ML) algorithmscan differentiate subtypes of testicular failure or predict obstructionsaffecting fertility [40].
AI	in	the	Treatment	of	Male	Infertility



Arti�icial intelligence (AI) increasingly transforms male infertilitytreatment through predictive analytics, personalized care, andintegration with assisted reproductive technologies (ARTs). This partexplores the multifaceted role of AI in enhancing treatment outcomes,optimizing success rates, and customizing patient management.
AI	in	Predictive	Analytics	for	Treatment	OutcomesAI uses large datasets such as electronic health records, imaging,genetic pro�iles, and clinical parameters to forecast disease progressionand treatment response in male infertility [17]. ML and DL techniquesanalyze complex patterns often unseen by clinicians, allowing earlydetection of factors affecting infertility and predicting treatmentsuccess. Predictive analytics helps clinicians make data-drivendecisions, improving recovery rates, and patient outcomes bycustomizing interventions based on individual pro�iles [41].
AI	Models	That	Predict	Success	Rates	of	Different
TreatmentsDynamic mathematical and AI models have been developed to estimatethe success rates of various infertility treatments such as IntrauterineInsemination (IUI), In Vitro Fertilization–Embryo Transfer (IVF-ET),and Intracytoplasmic Sperm Injection (ICSI) [42]. To simulatetreatment outcomes, these models incorporate patient-speci�ic data,including etiology, clinical �indings, and laboratory test results. Forinstance, recent dynamical models demonstrated the ability to predictART success with stability and sensitivity analyses, highlighting thatincreased use of IUI and ICSI correlates with better disease control andfavorable outcomes. Such models provide a systematic framework forclinicians to assess treatment effectiveness and personalize therapyaccordingly [43].
Personalized	Treatment	Plans	with	AI	AssistanceAI facilitates the creation of personalized treatment plans byintegrating diverse patient data—clinical, genetic, hormonal, and



imaging—to identify the most effective therapeutic approach. Forexample, in related reproductive disorders like endometriosis, AIalgorithms such as random forest and boosting methods have shownhigh accuracy in predicting optimal treatments, resulting in improvedsymptom resolution and reduced treatment switching. Theseapproaches can be adapted for male infertility to enhance thecompatibility of initial therapies and reduce trial-and-error intreatment selection [44].
The	Role	of	AI	in	Radiological	Assessment	of	Male
InfertilityAI-enhanced radiological tools improve the diagnostic accuracy ofimaging studies used in male infertility evaluation, such as scrotalultrasound and MRI. AI algorithms rapidly and precisely analyzeimaging data to detect abnormalities like varicoceles, testicular lesions,or obstructive pathologies. This advancement facilitates earlier andmore accurate diagnoses, guiding targeted therapeutic interventions[37, 38] (Fig. 14.2).

Fig.	14.2 Illustrative overview: AI in radiologic imaging for male infertilityThe work�low	 of	 AI	 in	 radiologic	 imaging	 for	 male infertility,speci�ically in diagnosing conditions like varicocele, testicular	 lesions, or
obstructive	 pathologies using AI-enhanced ultrasound or MRI.
Flowchart	Summary



1. Imaging	 Data	 Input (Ultrasound/MRI of testis, scrotum, or vasdeferens)  2.
AI	 Preprocessing (Noise reduction, region segmentation, tissueisolation).  3.
Feature	 Extraction	 using	 Deep	 Learning (CNN/Transformer)(Texture, lesion detection, volume metrics).  4.
Diagnostic	 Prediction (AI detects abnormalities—e.g., varicocele,testicular mass, obstruction).  5.
Radiologist-AI	 Collaboration (AI results reviewed by experts,improving accuracy & speed).  6.
Clinical	 Decision	 Support (Treatment planning: surgery, hormonaltherapy, ART).  

Integration	of	AI	Techniques	in	Assisted	Reproductive
TechnologiesAssisted reproductive technologies (ARTs) have transformed thelandscape of fertility treatment, but their success relies heavily onoptimizing protocols, accurate gamete and embryo selection, andminimizing subjectivity in clinical decisions. Arti�icial intelligence (AI)has rapidly emerged as a crucial partner in addressing these challenges,applying advanced algorithms to clinical, laboratory, and imaging data.By integrating AI, clinics can increase the precision, personalization,and ef�iciency of ART procedures [45] (Fig. 14.3).



Fig.	14.3 AI integration in assisted reproductive technologies (ARTs)
Stimulation	Protocol	OptimizationPersonalizing ovarian stimulation is a key step in ART. Traditionally,clinicians choose stimulation protocols based on broad clinical criteria,which can result in variable outcomes. By using data such as age, anti-Müllerian hormone (AMH) levels, antral follicle count, and previouscycle responses, AI algorithms can suggest personalized stimulationprotocols to optimize oocyte yield and reduce risks like ovarianhyperstimulation syndrome (OHSS) [46].
Oocyte	and	Sperm	SelectionAI-powered image recognition and machine learning models assessmorphological and functional characteristics of oocytes and sperm.This automated evaluation improves selection accuracy beyondtraditional manual methods, enhancing fertilization potential [47].
Embryo	Formation	Prediction	and	SelectionAI systems analyze time-lapse imaging and morphokinetic data topredict embryo viability and developmental potential. These models



assist embryologists in selecting embryos with the highest likelihood ofimplantation and live birth, reducing subjectivity and improvingsuccess rates [48].
Live	Birth	PredictionBy integrating clinical, laboratory, and imaging data, AI models forecastthe probability of live birth from transferred embryos. This predictivecapability supports clinical decision-making and personalized patientcounseling [49].
Automation	and	Work�low	EnhancementAI streamlines laboratory work�lows by automating routine tasks suchas image analysis and data interpretation, increasing ef�iciency, andreducing human error. A systematic review of AI applications in ARTreported that AI tools like DeepEmbryo, icONE, and iDAScore improvedclinical pregnancy rates by up to 77.3%, implantation accuracy by 92%,and laboratory ef�iciency by 35% compared to traditional methods.These tools outperformed manual assessments by reducing subjectivityand standardizing work�lows, although broader multicenter validationis needed to con�irm generalizability [50]. Furthermore, internationalreviews emphasize that as ART laboratories adopt automation, staf�ingmodels must evolve to balance human expertise with AI-drivenprocesses, ensuring quality control and optimal patient outcomes [51].
Ethical	and	Societal	ConsiderationsArti�icial intelligence (AI) in healthcare, including male infertilitytreatment, raises important ethical and societal issues that must becarefully addressed. Ethical concerns revolve around responsible AI useto protect patient autonomy, fairness, and transparency, whilepreventing biases that could harm patients. Privacy is essential, giventhe sensitive nature of health data involved; strong safeguards arenecessary to safeguard patient con�identiality and prevent databreaches [52].



Equity is a key aspect, ensuring AI-driven care is accessible toeveryone, regardless of socioeconomic or demographic background,and that AI systems do not reinforce existing disparities. Publicperception signi�icantly in�luences AI adoption in healthcare; therefore,educating patients and practitioners about AI’s capabilities andlimitations is vital to promote informed acceptance. Trust in patientsdepends on transparency, reliability, and the involvement of humanclinicians in AI-assisted diagnoses and treatments [53].Finally, acceptance and regulation of AI differ across societies, eachshaped by unique cultural values and legal frameworks. Theseregulatory considerations must align with ethical standards andprivacy protections to support the responsible global deployment of AIin male infertility care. Addressing these interconnected issues isessential to fully realize AI’s potential while minimizing risks andrespecting societal values [54].
Future	Directions	and	TrendsRecent innovations in AI have opened new possibilities forunderstanding and tackling the complexities of male infertility,highlighting promising future directions and trends.One of the most notable advancements is the use of AI in advancedsperm analysis. AI-powered systems can now detect subtle biomarkersand patterns in sperm samples that are dif�icult to identify withtraditional methods. This improves diagnostic accuracy and allows forearlier intervention, which could lead to better treatment outcomes[55].Another emerging trend is applying AI to personalize treatmentplans. By analyzing large datasets, including genetic, lifestyle, andenvironmental factors, AI can help customize therapies to individualneeds, boosting effectiveness and minimizing side effects. Thispersonalized approach is expected to become a core part of modernreproductive medicine [56].



On a global level, AI can potentially reduce disparities in access tofertility care. In underserved regions, AI-based diagnostic tools canoffer affordable and scalable solutions, making high-quality fertilityassessments more accessible. Moreover, AI’s ability to analyze largedatasets can reveal insights into infertility patterns, supporting publichealth strategies to lower infertility rates worldwide [57].
ConclusionTraditional diagnostic and therapeutic strategies in male infertility lackthe objectivity, depth, and predictive capacity needed for trulypersonalized care. AI-driven tools address these shortcomings bystandardizing semen evaluation, revealing subtle phenotypic andmolecular markers, and integrating diverse clinical data to forecasttreatment outcomes accurately. Early clinical adoption has alreadyenhanced diagnostic reliability, improved ART success rates, andreduced barriers to care through point-of-care and smartphone-basedsystems. However, to fully realize these bene�its, future research mustfocus on: (1) large, multicenter validation cohorts to ensure externalgeneralizability; (2) transparent model reporting and ongoingmonitoring to reduce bias; (3) robust data governance frameworks toprotect patient privacy; and (4) interdisciplinary collaboration amongclinicians, computer scientists, ethicists, and regulators. By addressingthese challenges, AI can evolve from an adjunct innovation into a corecomponent of evidence-based andrology, ultimately helping morecouples achieve their reproductive goals.
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IntroductionSperm preparation and selection have been established as a main partof assisted reproduction techniques since the �irst intrauterineinsemination (IUI) attempts [1]. Initially, sperm preparation was mainlyused as a means to isolate healthy and motile spermatozoa, removeapoptotic spermatozoa, cells, and debris, and improve spermparameters, thus increasing the ef�iciency of IUI and in vitrofertilization (IVF).The spermatozoon not only induces fertilization but also provideshalf the genetic material to the preimplantation embryo. Increasedlevels of sperm DNA fragmentation, may adversely affect embryo
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development and implantation [2]. Even in cases where successfulembryo transfers result in pregnancy, genetic alterations to the spermDNA by oxidative stress, may be inherited by the offspring and lead toepigenetic diseases [3].As importantly, following fertilization, the sperm basal bodyconverts to a centrosome essential for the early stages ofembryogenesis and compaction [4] and, as a result, the presence of anoptimally structured spermatozoon is a prerequisite for the followingsteps of human preimplantation development.Similarly, optimal embryo selection has been explored since theearly days of assisted reproductive technology (ART). The use ofgonadotropins increased the number of oocytes retrieved per IVF cycle,resulting to a larger pool of available embryos for transfer, and higherimplantation rates [5]. Furthermore, the turn to single embryo transferin order to avoid the risks accompanying multiple gestations has madethe need for the development of ef�icient embryo selection tools evenmore demanding [6].Nowadays, several embryo selection strategies are available, such asmorphology assessment, morphokinetics, metabolomics, and oxidativestress measurement. Additionally, patient groups facing repeatedimplantation failure (RIM) or unexplained recurrent miscarriage (RM)may bene�it from embryo biopsy for preimplantation genetic testing foraneuploidies (PGT-A), a method for the deselection of aneuploidpreimplantation embryos. Although it is not always feasible toaccurately predict which embryo will implant, the effective selection ofthe most competent embryo bene�its the patients as it decreases thetime to pregnancy and in some cases, it even prevents the transfer ofaneuploid embryos that would lead to a miscarriage.This chapter aims to describe and review the most recent andadvanced techniques for sperm and embryo selection. More essentially,it aims to unveil the challenges, limitations, and prospects for each oneof the currently available selection techniques.



Sperm	Preparation	and	Selection
Conventional	Techniques	for	Sperm	Preparation:	Swim-Up,
Density	Gradient,	CentrifugationThe techniques used to process sperm samples for use in ART shouldensure the selection of the best quality sperm. That is why thesetechniques focus on the removal of low-quality sperm (includingimmotile and apoptotic sperm), as well as other cells, such asleukocytes, bacteria, debris, and the rest of the seminal plasma andother harmful substances that may interfere with fertility procedures[7, 8]. Both swim-up and density gradients (DGC) procedures are theconventional and most used techniques for sperm preparation andrecovery [7]. Swim-up methods aim at the recovery of motile spermthat migrate from the seminal plasma to a cell-free culture medium [9,10]. DGC involves the ability of motile sperm to swim through a densitygradient made up of colloidal particles during a centrifugation process[7]. The combination of both techniques is used routinely in IVFlaboratories and focuses on the recovery of motile sperm. On the otherhand, in sperm samples with poor-quality concentration, such as inoligozoospermia or oligoteratozoospermia, it is recommended to onlyperform a simple wash with culture medium, combined with swim-up,to recover more sperm. Another strategy for optimizing sperm retrievalin asthenozoospermia, oligospermia, or low ejaculate volume isreducing the volume of density gradients.In cases of patients with retrograde ejaculation, where semenpasses into the bladder instead of the passage of a normal ejaculation,the sperm are recovered from the urine. Before recovering the sample,the bladder must be neutralized through the uptake of sodiumbicarbonate. Sperm are collected from post-ejaculatory urine analysis(PEUA) and recovered by washing and centrifugation and re-suspension to sperm wash media, in order to improve ambient spermconditions [11].In cases of testicular sperm extraction (TESE) biopsies, mechanicalmethods such as rough shredding, �ine mincing, vortexing, squeezing,



and crushing are used to mince the seminiferous tubules [12].Consequently, the tissue is observed under the inverted microscope forthe identi�ication of spermatozoa, and the sample is processed bycentrifugation at 750g for 5 min.
Electrophoresis	and	Zeta	Potential	Selection	Method
SpermElectrophoresis is a method that enables the separation of spermatozoaunder an electric �ield, according to their surface charge. The presenceof a negative charge of the spermatozoon appears to be linked tonormal spermatogenesis and may be responsible for the transfer ofglycosylphosphatidylinositol (GPI)-anchored CD52 to the sperm surface[13]. The DNA of positively charged sperm (PCS) has been found to bemore damaged compared to negatively charged sperm (NCS) [14]. Thesuspensions derived from electrophoretic separation have beensuggested to consist of morphologically normal spermatozoa with lowDNA damage [15].The zeta method is a simple and inexpensive non-invasivetechnique that applies the principles of electrophoresis. The plastictube containing the sperm dilution is placed inside a latex glove up tothe cap and then grasped by the cap, rotated for two of three turns andquickly removed from the glove [16]. The low voltage used by the zetamethod makes this technique suitable for the isolation of sperm to beused in ART [16]. The zeta method is a valid alternative to conventionalsperm preparation speci�ically in patient groups witholigoasthenospermia and/or high DNA fragmentation [17].Additionally, the combination of density gradient and zeta method hasbeen found to improve the quality of a sperm sample and, as a result,may facilitate the selection of a healthy sperm for intracytoplasmicsperm injection (ICSI) [18]. Micro-electrophoresis is a modi�iedtechnique that has the advantage that it can be used in real-time duringICSI for sperm selection without altering or damaging the sperm [14].The authors of a recent Cochrane review did not conclude that thereis a bene�it for patients when using Zeta sperm selection in terms of live



birth, pregnancy, or miscarriage [19].
MacsThe integrity of sperm DNA is essential not only for proper embryonicdevelopment but also for implantation and gestation [20, 21]. That iswhy one of the most promising tests in the diagnosis of male infertilityis the analysis of sperm DNA fragmentation [21, 22]. The MagneticActivity Cell Sorting (MACS) technique consists of separating live spermfrom apoptotic sperm, which suffer damage or fragmentation to theirDNA [23]. Apoptotic spermatozoa are identi�ied throughphosphatidylserine (PS) residues externalized during the apoptosisprocess, which bind to nanoparticles conjugated with Annexin V [21,24]. This technique, despite selecting sperm with intact DNA, does notdiscriminate concerning the type of motility, which is why MACS isrecommended to be used in combination with some motile spermseparation techniques such as DGC or Swim-up [25, 26]. The use ofMACS has been shown to improve pregnancy rates and, therefore, thesuccess of ART cycles. However, since it is a technique that requiresspecial equipment and its execution takes more time than conventionalmethods, it is less used in daily clinical practice [26].
Micro�luidic	DevicesMicro�luidics is an application that mimics the in vivo processes forsperm selection occurring in the female reproductive tract. Duringincubation in a micro�luidic device, spermatozoa with the highestprogressive motility deviate to parallel streams through the microporemembrane, while sluggish or immotile sperm and debris remain in theinitial streamline and remain as waste. The use of a micro�luidic devicehas the advantage that the detrimental effects of centrifugation can beavoided. Thus, oxidative stress and DNA damage induced by theseprocedures are avoided. The �irst application of micro�luidic technologyin sperm sorting was reported in 2003 and was based on a steady �lowmaintained by micro�luidic gravity and a capillary force-driven pump



[27]. Since then, several micro�luidic devices have been proposed andconstructed either for conventional IVF [28] or ICSI procedures [29].Sperm preparation with a micro�luidic-based device diminished theproportion of sperm with double-stranded sperm DNA damage (dsSDF)compared to preparation with swim-up or non-processed sperm [30](Fig. 15.1).

Fig.	15.1 Picture of a micro�luidic device designed for sperm processing Sperm is injectedthrough the inlet. Sperm wash solution is applied to the upper collection chamber. Sperm-



containing �luid is aspirated by the outletMoreover, the separation of sperm by the use of a micro�luidicdevice results in the suspension of highly motile sperm with very lowDNA fragmentation levels [31].However, no bene�it in terms of fertilization rate, embryodevelopment, and pregnancy rate has been found in the generalpopulation undergoing IVF/ICSI when using the micro�luidic deviceinstead of the conventional sperm preparation through densitygradients [32].
Conventional	Sperm	Selection	During	ICSIIntracytoplasmic sperm injection is an ART that allows fertilization andpregnancy to be carried out even with low-quality semen samples oflow population, motility and/or morphology by injecting a spermdirectly into a mature oocyte, which is why sperm retrieval andselection is essential. In conventional ICSI, sperm selection is mainlybased on morphological and kinetic criteria of the spermatozoon o bemicroinjected and relies largely on the experience of the embryologistfor this selection [24, 33]. When performing ICSI under opticalmicroscopy, spermatozoa with normal head shape and detectableacrosomal structure should be selected and viewed with good opticalmagni�ication [34]. The vitality of the sperm is considered throughmotility indications, which is another crucial factor as to the reasonwhy highly motile sperm are preferred when selecting sperm for ICSI.Kinetic parameters, such as straight-line velocity (VSL) and curvilinearvelocity (VCL), have prognostic value in predicting the spermatozoafertilization potential. It has been reported that spermatozoa with VCLvalues less than 65 μm/s and a VSL less than 40 μm/s arerecommended for ICSI instead of IVF, to increase the fertilization rates[35].
Advanced	Techniques	for	Sperm	Selection
During	ICSI



Intracytoplasmic	Morphologically	Selected	Sperm	Injection
(IMSI)Motile sperm organelle morphology examination (MSOME) is a methodof sperm observation under high magni�ication in the range of 6000× to10,000×. Intracytoplasmic morphologically selected sperm injection(IMSI) is a technique alternative to conventional ICSI that employs theMSOME method and facilitates the selection of morphologically normalsperm. Under these conditions, even subtle defects in the acrosome,nucleus mitochondria, tail, post-acrosomal lamina, and neck of thesperm may be seen (Fig. 15.2). Moreover, IMSI facilitates thevisualization of sperm head vacuoles that have been associated withchromatin immaturity [36]. According to Boitrelle et al., theobservation of a single and large vacuole seen on the sperm head isindicative of chromatin condensation failure [37], a feature that islinked to DNA fragmentation and compromised ICSI outcomes [38]. Incontrast, some recent studies have reported that sperm head vacuolesare common physiological cellular features originating from nuclear-envelope invaginations [39].



Fig.	15.2 IMSI. (a) A normal sperm head spermatozoon, observed under high magni�ication. (b) Avacuolated spermatozoon, observed under high magni�icationA recent Cochrane systematic review did not �ind any robustevidence supporting the bene�icial effects of IMSI over ICSI, due to thelimitations of the included studies and inconsistency of results. Theauthors concluded that there is only low-quality evidence that IMSIincreases the chances of a clinical pregnancy but data presented isuncertain about the chances of live birth or miscarriage [40].
Physiological	Intracytoplasmic	Sperm	Injection	(PICSI)The physiological intracytoplasmic sperm injection (PICSI) techniqueemploys the use of hyaluronic acid (HA) to immobilize and select thesperm [41]. Alternatively, drops of ICSI sperm selection mediumcontaining HA can be used in a conventional ICSI dish. HA is a majorcomponent of the extracellular matrix surrounding the cumulus-oocytecomplex [33, 42]. The principle of PICSI is based on the fact that onlymature sperm express HA receptors, and therefore only mature



spermatozoa can bind to HA. In this way, the selected spermatozoa areconsidered more likely to possess the physiologycal capacity to bind toand penetrate the zona pellucida of the oocyte [33, 43, 44]. PICSI allowsthe optimization of conventional ICSI by favoring the selection of spermwithout DNA fragmentation and normal nuclei, thus improvingfertilization rates [33, 44]. However, the discussion on the true bene�itsof this technique in the clinical �ield remains open. According to a 2019Cochrane review on advanced sperm selection techniques, [19]hyaluronic acid binding has no or little effect on improving clinicalpregnancies but may reduce miscarriages.
BirefringenceSperm head birefringence is an easy, non-invasive, and cost-effectivesperm sorting method that allows the selection of mature sperm withlow DNA fragmentation [45]. In mature spermatozoa, birefringence iscaused by the arrangement and orientation of nucleoprotein �ilamentsand is assessed under an inverted microscope equipped with Hoffmancontrast and polarizing lenses [46] (Fig. 15.3).



Fig.	15.3 Pictures of sperm selected by birefringence. (a) Birefrigent sperm. (b) Non-birefrigentspermRecent studies demonstrate that there is a positive clinical impact inapplying this simple method that can be used along with ICSI [47].Another application of this technique is the detection of viablespermatozoa in complete asthenospermia samples. Immotile spermwith birefringence properties are more likely to be viable and lead toimproved fertilization and embryo development rates without needingsophisticated or invasive techniques such as pentoxifylline [48].
Sperm	Selection	of	Viable	Sperm	(HOST,	Mechanical	Touch,
Use	of	Laser,	Pentoxy�illine)For samples that are recovered by testicular sperm extraction (TESE)or epididymal aspiration (MESA), it is important to evaluate cellviability, since spermatozoa may appear immotile, due to incomplete orinterrupted maturation in the epididymis [33]. There are someadvanced, less frequently used methods, that can help with sperm



selection in ICSI procedures. One such method that has been proposedis the mechanical touch technique (MTT) for the selection of immotilesperm for ICSI [49]. This technique is based on the discrimination ofviable sperm by its reaction when touching the tail with the ICSI pipetteproducing a small bend in the tail; if the sperm recovers the original tailposition, it is considered viable [33, 49]. This technique does notrequire high implementation costs, while the key issue would be theembryologist’s ability to perform it. Phosphodiesterase (PDE)inhibitors, such as pentoxifylline (PTX), are considered another methodwith great potential for ART due to their ability to induce activation ofsperm motility by inducing the elevation of cAMP levels in this cell [50].PTX use is controversial and is not yet used routinely since it can causeenergetic depletion of the spermatozoa and early activation of essentialevents, such as the acrosomal reaction [33]. However, the use ofmodi�ied versions of PTX, such as PTXm-1, with better pharmacologicalproperties than PTX has been proposed to help sperm to improve itsfunctions [50]. Another alternative sperm selection technique is thehypoosmotic swelling test (HOST), which evaluates the functionalcapacity of the sperm membrane that relates to viability [51]. Whenspermatozoa are introduced into a hypoosmotic environment, the tailsof viable sperm swell and bend due to the activity of osmosensitivechannels in the plasma membrane, allowing the integrity of themembrane and cell viability to be evaluated [33]. The HOST isrecommended by the WHO sperm processing manual for sperm vitalityanalysis [52]. Another proposed intervention is the laser-assistedimmotile sperm selection (LAISS) that be used to activate the motilityof sperm that are initially immobile. Irradiation generates a slightmovement of the tail in viable sperm [33, 53]. The main advantage ofthis method is that it is safe, does not produce side effects, and can alsobe used for any case of sperm immotility [53].
Arti�icial	IntelligenceThe introduction of arti�icial intelligence (AI) tools has been abreakthrough in the �ield of medicine, and more particularly in assisted



reproduction technologies (ART). Early AI algorithms have been mainlyused for semen analysis and have been suggested to be a validalternative compared to the manual evaluation of sperm parameters[54]. Nevertheless, the evolution of such algorithms and the capabilityto process large sets of data in real-time could prove to be an invaluabletool that will potentially increase sperm selection ef�iciency andreliability during ICSI. In this framework, sperm selection iscontinuously evolving through machine deep learning, and training isconducted with data derived from fertilization parameters and theirclinical results. Several studies have supported that deep learningnetworks can be trained by using data from sperm cells of knownquality [55, 56].A new automated sperm-individual identi�ication system (SID:Sperm ID or identi�ication) based on arti�icial intelligence (AI),possesses an algorithm that allows the selection of sperm during theICSI procedure by evaluating motility parameters [57]. SID and othersimilar tools currently developed and assessed offer promisingprospects for their use in a clinical context, as they can assist withsperm selection (viable and motile), in a real-time and more effectivemanner.
Embryo	Selection	Techniques
Classic	Morphological	Selection	MethodsThere is a consensus that embryonic development is evaluated anddescribed for monitoring in vitro cultures in ART, which essentiallyfocuses on morphological characteristics. The embryo and itsdevelopmental rate are conventionally evaluated by optical microscopy.17 h post insemination, a normally fertilized oocyte should display twopronuclei (2PN) of similar size that are closely apposed and centrallylocated [58]. Istanbul consensus de�ines the rate of good qualityembryos as the proportion of day 2 and 3 embryos with a high score orgrade, depending on different variables, such as the number of cells andtheir size, fragmentation, and multinucleation. The cleavage rate



re�lects the ability of the culture system to support the cellular divisionof fertilized oocytes [59]. So, embryos are scored in four categories: A(superior quality), B (good quality; not for elective single embryotransfer), C (impaired embryonic quality), and D (not recommended fortransfer). Since embryonic development can vary depending on theculture medium and conditions of each laboratory, the consensusrecommends that each laboratory develop its own descriptions ofembryos, based on the categories mentioned above and in the reportedobservations [58].
Time-Lapse	Imaging	and	MorphokineticsAlthough the conventional morphological evaluation is still valid and inmost IVF clinics it remains the golden standard for embryo selection,time-lapse imaging has gained signi�icant grounds by facilitating an in-depth understanding of embryo preimplantation development andoffering numerous research opportunities. A time-lapse system (TLS) isbased on the utilization of cameras that capture photos of embryodevelopment every 5–15 min, thus monitoring dynamic changes ofpreimplantation embryo throughout embryo culture. With theadvancement of time-lapse imaging, new parameters such as timing ofcell division, duration of the cell cycle and time to blastulation andexpansion have been introduced and are used to evaluate embryoquality.Furthermore, abnormal features such as direct cleavage [60],reverse cleavage, [61] or multiple blastocyst collapses [62], allassociated with embryo competence, were not previously assessed asthese parameters would require multiple observations under theinverted microscope in a conventional setting (Figs. 15.4 and 15.5).





Fig.	15.4 Time-lapse monitoring of multiple collapses of a human blastosyst. (a) 112 h afterinsemination (b) 113 h after insemination (c) 114.5 h after insemination (d) 116 h afterinsemination (e) 117 h after insemination

Fig.	15.5 Time-lapse monitoring of direct cleavage of a human preimplantation embryo. (a) At18 h post insemination a normally fertilized 2PN embryo (b) At 32 h post insemination 1-cellembryo (c) At 33 h post insemination the embryo directly cleaved to 3-cellsUntil now, contradicting views have been presented on theef�iciency and superiority of TLS over conventional morphological



evaluation. According to a recent Cochrane systematic review, there isno evidence of a bene�it in clinical outcomes for couples undergoingART when using TLS [63].Nevertheless, the value of existent TLS remains important andmorphokinetics is a vast �ield to explore. The combination of time-lapsetechnology with the continuous advancement of arti�icial intelligencemay lead to optimized and more ef�icient algorithms for embryoselection in the future.
Prediction	of	Embryo	Competence	Using	Arti�icial
Intelligence	Models	and	Machine	LearningArti�icial intelligence (AI) use in embryo competence has rapidlyescalated in the last few years. Currently, various AI models such asiDAScore, KIDScore [64] (Invitrolife), genetics model [65], LifeWhisperer [66], STORK [67], and EPA [68] models, have beendeveloped using different machine learning algorithms grounded inembryo and blastocyst morphology and morphokinetics, which areemployed for the prediction of implantation and the diagnosis ofembryo ploidy. TLS combined with AI algorithms has demonstrated animproved accuracy in embryo ploidy prediction outperforming humangrading [69, 70]. However, a clear understanding of the proposedmodels’ limitations is crucial for embryo selection and the evolution ofthe AI algorithms [69]. Among AI models, STORK has shown promisingpotential since it has been adopted by different groups around theglobe, thanks to its ease of interpretation and use of data [69]. Theintegration of AI algorithms into IVF laboratories and their platformswill enhance the adoption of the methodologies, promoting furtherdevelopment of algorithms that optimize clinical considerations toincorporate into research and increase the predictive capacity of AI inembryo quality and human blastocysts selection, reducing invasiveprocedures, clinical time and costs, and increasing ART success.
Preimplantation	Genetic	Testing	(PGT)



Aneuploidies occur commonly in the embryos derived by both naturalconception and ART. They are a main cause of infertility andmiscarriage which carries a high physiological and psychological toll.Embryο biopsy for PGT may be performed either at cleavage, orblastocyst stage. Trophectoderm (TE) biopsy, performed at theblastocyst stage allows the removal of more than one trophectodermcells without disturbing the inner embryo cell mass, thus minimizingthe impact on embryo competency (Fig. 15.6). Additionally, thechromosomal analysis conducted through next-generation sequencing(NGS) increases the sensitivity and mosaicism detection [71].

Fig.	15.6 Picture of a day-5 blastocyst trophectoderm biopsySeveral studies suggest that PGT-A employment increasespregnancy rates compared to conventional morphology evaluationalone [72, 73].Despite the profound value of PGT-A in selecting euploid embryos,several limitations exist. In blastocyst biopsy for PGT-A, biopsy cellsoriginate from the TE, while the inner cell mass (ICM) remains intact.Due to the high incidence of mosaicism in the TE cell line, the genetic



material analyzed may not be representative of the whole embryo andmisdiagnosis is possible [74]. Moreover, according to the ESHREguidelines on add-ons in reproductive medicine, PGT-A only slightlyincreases live birth rate (LBR), and the bene�it of this method inreducing the abortion rate needs to be veri�ied [75].Non-invasive PGT (ni-PGT), a technique that uses cell-free DNAcollected from either spent culture medium (SCM) or blastocoel �luid(BF), is an alternative approach to invasive PGT. The DNA analyzed ismore representative of the whole embryo, as it derives from cellularprocesses from both the ICM and TE [76]. Additionally, it may offer anadvantage in cases of advanced maternal age and poor-qualityblastocysts, as no biopsy is needed, which could lower the chances ofimplantation. However, ni-PGT has its limitations, as the DNA collectedin the culture medium may originate from aneuploid apoptotic cellsexpelled through a self-correction mechanism, thus leading to a falsediagnosis of euploid blastocysts as aneuploid [77].
Other	Methods	(Oxygen	Consumption,	Metabolomics,
Oxidative	Stress)Embryonic development dynamics and potential is in�luenced by thesurrounding environment of the embryo, which is why oxidative stressand preimplantation metabolites are important markers fordevelopmental monitoring during ART. The measurement of metabolitelevels secreted by the embryo in the culture media, presents patternsthat correlate with the formation of blastocysts and pregnancy, whichhas allowed the establishment of metabolic pro�iles that are associatedwith embryonic viability [78]. Fluorescence lifetime imagingmicroscopy is a useful tool to evaluate embryonic quality, and it candetect with high sensitivity associated metabolic variations withblastocyst development after fertilization [79]. However, there is still noclear evidence of the bene�it of analyzing metabolomic pro�iles withrespect to live birth or pregnancy rates on ART [80]. Anotheralternative method is the measurement of embryonic oxygenconsumption during in vitro culture. The embryonic oxygen



requirement remains constant from the formation of the zygote to thedevelopment of the blastocyst [81]. This has allowed severalresearchers to develop some systems such as a respirometric biochip[82] as well as an embryonic respiration monitor with a sensor chip[83], to measure the oxygen consumption of the embryo during in vitrodevelopment and before implantation; making these tools valuable forembryo monitoring. On the other hand, the assessment of oxidativestress in the culture medium, through tools such asthermochemiluminescence, provides a strategy to determine thesusceptibility of embryos to oxidation [81].
Future	DirectionsThe combination of different sperm selection methods has beenemployed towards optimization of clinical outcomes results. Theapplication of interferometric phase microscopy (IPM) to micro�luidicscan facilitate sperm selection for ICSI according to both motility andmorphology [84]. Additionally, when combining birefringence, MSOME,and vacuole observation for sperm selection the percentage of spermwith genetic integrity increased [45].AI is a promising �ield that is expected to evolve rapidly andimprove the current practices of sperm and embryo selection in thefuture. However, despite the preliminary promising results, majorlimitations exist currently as in most studies, data derives from single-center cohorts. Additional studies on a larger scale, paired withcollaboration between centers may improve the existing algorithmsand increase the predictive value of AI-based selection methods.PGT-A is considered to be a technique that currently provides themost accurate results in terms of ploidy prediction. However, in manycases, the transfer of euploid blastocysts after trophectoderm biopsydoes not result to pregnancy [85]. The main reasons for implantationfailure of chromosomally normal blastocysts include low-qualityblastocysts, advanced maternal age. and excessive embryomanipulation [85]. As a conclusion, ploidy status alone is insuf�icient as



a predictive tool for a successful embryo transfer. On the contrary, thecombination of embryo selection methods is bene�icial in order topredict the embryo has the highest chance for a successful outcome.Furthermore, the application of non-invasive techniques such asconventional morphology, morphokinetics, or non-invasive PGT, mayallow for increasing the ef�icacy of single embryo transfer SET withoutcompromising the quality of the embryo.
ConclusionAlthough sperm selection methods such as hyaluronic acid binding,Zeta sperm, or MACS have provided promising results, additionalstudies are needed to justify the routine use of the above techniques.IMSI, a method that allows detailed observation of the spermmorphology is not recommended for all ICSI cases as it is a time-consuming technique without proven clinical value.However, sperm selection techniques may have a positive effect onlyon speci�ic groups of patients. Given the negative impact of high SDF onembryo quality and miscarriage rates, sperm selection techniques suchas MACS, micro�luidics, and IMSI have a potential bene�it for patientswith persistently high SDF, as they allow the selection of spermatozoawith intact DNA [45] (Garrido, 2023). Moreover, the need forstandardizing SDF assays and introducing them to routine clinicalpractice becomes more demanding.Along with the standard morphological embryo evaluation that isroutinely used in most IVF labs, morphokinetics combined with AI isgaining ground in embryo selection. STORK-A, a non-invasive AImethod that combines maternal age, morphological, and morphokineticdata has demonstrated a strong ability to predict embryo ploidy status[70]. However, more large-scale multicenter studies are needed todesign algorithms that would be universally accepted and to verify thepredictive value of these methods.Although PGT-A currently provides the highest accuracy in detectingembryo aneuploidies, ESHRE does not recommend biopsy for PGT-A for



routine clinical use [75]. Patient groups that might bene�it more fromPGT-A employment are the ones facing RIF and/or RM and, at the sametime, have a high number and high quality of blastocysts. On thecontrary, low-quality embryos are more likely to be damaged becauseof extreme and unnecessary manipulations and as a result implantationchances may be diminished.We can conclude that there is an abundance and variety of spermand embryo selection methods, most of which are time-consuming,costly, and, in some cases, invasive (Table 15.1). As a consequence, it ishighly important to choose the most proper selection method accordingto the speci�ic indications and needs of each patient in order tomaximize the success rates.
Table	15.1 Conventional and advanced techniques for sperm and embryo selection
Sperm	selection
techniques

Sperm preparationtechniques Conventional Swim-upDensity gradientCentrifugationAdvanced ElectrophoresisZeta potentialMACSMicro�luidicsSperm selectiontechniques during ICSI Conventional Morphological and kinetic criteriaAdvanced PICSIIMSIBirefrigenceSelection of viable sperm (HOST,MTT, LAISS, pentoxifylline)Arti�icial intelligence
Embryo	selection	techniques Conventional Embryo morphology evaluationAdvanced MorphokineticsArti�icial intelligencePGT-AOxygen consumption



MetabolomicsOxidative stress
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head vacuoles: state of the art in 2013. Hum Reprod Update. 2013;19(5):527–41. https:// doi. org/ 10. 1093/ humupd/ dmt021. PMID: 23825157[PubMed]37. Boitrelle F, Ferfouri F, Petit JM, Segretain D, Tourain C, Bergere M, Bailly M, Vialard F, Albert M,Selva J. Large human sperm vacuoles observed in motile spermatozoa under highmagni�ication: nuclear thumbprints linked to failure of chromatin condensation. Hum Reprod.2011;26(7):1650–8. https:// doi. org/ 10. 1093/ humrep/ der129. PMID: 21536591[PubMed]38. Greco E, Scarselli F, Fabozzi G, Colasante A, Zavaglia D, Alviggi E, Litwicka K, Varricchio MT,Minasi MG, Tesarik J. Sperm vacuoles negatively affect outcomes in intracytoplasmicmorphologically selected sperm injection in terms of pregnancy, implantation, and live-birthrates. Fertil Steril. 2013;100(2):379–85. https:// doi. org/ 10. 1016/ j. fertnstert. 2013. 04. 033.PMID: 23706334[PubMed]39. Gómez-Torres MJ, Luna-Romero J, Fernández-Colom PJ, Aizpurua J, Avilés M, Romero A.Human sperm head vacuoles are related to nuclear-envelope invaginations. Int J Mol Sci.2023;24(12):10027. https:// doi. org/ 10. 3390/ ijms241210027. PMID: 37373176; PMCID:PMC10298367.[PubMed][PubMedCentral]40. Teixeira DM, Barbosa MA, Ferriani RA, Navarro PA, Raine-Fenning N, Nastri CO, Martins WP.Regular (ICSI) versus ultra-high magni�ication (IMSI) sperm selection for assistedreproduction. Cochrane Database Syst Rev. 2013;(7):CD010167. https:// doi. org/ 10. 1002/ 14651858. CD010167. pub2. Update in: Cochrane Database Syst Rev. 2020;2:CD010167. PMID:23884963.41. Simopoulou M, Gkoles L, Bakas P, Giannelou P, Kalampokas T, Pantos K, Koutsilieris M.Improving ICSI: a review from the spermatozoon perspective. Syst Biol Reprod Med.2016;62(6):359–71. https:// doi. org/ 10. 1080/ 19396368. 2016. 1229365. PMID: 27646677.[PubMed]42. Dandekar P, Aggeler J, Talbot P. Structure, distribution and composition of the extracellularmatrix of human oocytes and cumulus masses. Hum Reprod. 1992;7(3):391–8. https:// doi. org/ 10. 1093/ oxfordjournals. humrep. a137656. PMID: 1375234.[PubMed]43. Huszar G, Ozkavukcu S, Jakab A, Celik-Ozenci C, Sati GL, Cayli S. Hyaluronic acid bindingability of human sperm re�lects cellular maturity and fertilizing potential: selection of spermfor intracytoplasmic sperm injection. Curr Opin Obstet Gynecol. 2006;18(3):260–7. https:// doi. org/ 10. 1097/ 01. gco. 0000193018. 98061. 2f. PMID: 16735824.[PubMed]44. Parmegiani L, Cognigni GE, Bernardi S, Troilo E, Ciampaglia W, Filicori M. "Physiologic ICSI":hyaluronic acid (HA) favors selection of spermatozoa without DNA fragmentation and withnormal nucleus, resulting in improvement of embryo quality. Fertil Steril. 2010;93(2):598–604. https:// doi. org/ 10. 1016/ j. fertnstert. 2009. 03. 033. PMID: 19393999

https://doi.org/10.1093/humupd/dmt021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23825157
https://doi.org/10.1093/humrep/der129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21536591
https://doi.org/10.1016/j.fertnstert.2013.04.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23706334
https://doi.org/10.3390/ijms241210027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=37373176
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10298367
https://doi.org/10.1002/14651858.CD010167.pub2
https://doi.org/10.1080/19396368.2016.1229365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27646677
https://doi.org/10.1093/oxfordjournals.humrep.a137656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1375234
https://doi.org/10.1097/01.gco.0000193018.98061.2f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16735824
https://doi.org/10.1016/j.fertnstert.2009.03.033


[PubMed]45. Garolla A, Cosci I, Menegazzo M, De Palo R, Ambrosini G, Sartini B, Pizzol D, Foresta C. Spermselected by both birefringence and motile sperm organelle morphology examination havereduced deoxyribonucleic acid fragmentation. Fertil Steril. 2014;101(3):647–52. https:// doi. org/ 10. 1016/ j. fertnstert. 2013. 11. 029. PMID: 24360607.[PubMed]46. Gianaroli L, Magli MC, Collodel G, Moretti E, Ferraretti AP, Baccetti B. Sperm head’sbirefringence: a new criterion for sperm selection. Fertil Steril. 2008;90(1):104–12. https:// doi. org/ 10. 1016/ j. fertnstert. 2007. 05. 078. PMID: 18023436.[PubMed]47. Ribeiro MA, Broi MGD, Rose MB, Garolla A, Foresta C, Bragheto AMDS, Hardy DGF. Spermselection by birefringence: a promising non-invasive tool to improve ICSI outcomes. JBRAAssist Reprod. 2023;27(2):234–40. https:// doi. org/ 10. 5935/ 1518-0557. 20220055. PMID:36468799; PMCID: PMC10279423.[PubMed][PubMedCentral]48. Magli MC, Crippa A, Perruzza D, Azzena S, Graziosi S, Coppola F, Tabanelli C, Ferraretti AP,Gianaroli L. Birefringence properties of human immotile spermatozoa and ICSI outcome.Reprod Biomed Online. 2023;46(3):597–606. https:// doi. org/ 10. 1016/ j. rbmo. 2022. 11. 015.PMID: 36642560.[PubMed]49. de Oliveira NM, Vaca Sánchez R, Rodriguez Fiesta S, Lopez Salgado T, Rodrıǵuez R,Bethencourt JC, Blanes ZR. Pregnancy with frozen-thawed and fresh testicular biopsy aftermotile and immotile sperm microinjection, using the mechanical touch technique to assessviability. Hum Reprod. 2004;19(2):262–5. https:// doi. org/ 10. 1093/ humrep/ deh083. PMID:14747164.[PubMed]50. Satish M, Kumari S, Deeksha W, Abhishek S, Nitin K, Adiga SK, Hegde P, Dasappa JP, Kalthur G,Rajakumara E. Structure-based redesigning of pentoxifylline analogs against selectivephosphodiesterases to modulate sperm functional competence for assisted reproductivetechnologies. Sci Rep. 2021;11(1):12293. https:// doi. org/ 10. 1038/ s41598-021-91636-y.PMID: 34112881; PMCID: PMC8192908.[PubMed][PubMedCentral]51. Jeyendran RS, Van der Ven HH, Perez-Pelaez M, Crabo BG, Zaneveld LJ. Development of anassay to assess the functional integrity of the human sperm membrane and its relationship toother semen characteristics. J Reprod Fertil. 1984;70(1):219–28. https:// doi. org/ 10. 1530/ jrf. 0. 0700219. PMID: 6694140[PubMed]52. World Health Organization. WHO Laboratory manual for the examination and processing ofhuman semen. 6th ed. Geneva: WHO Press; 2021.53. Xue Y, Xiong Y, Cheng X, Li K. Applications of laser technology in the manipulation of human
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Hypogonadism	De�inition,	Classi�ications,	and
CausesMale hypogonadism is a condition characterized by inadequatetestosterone production by the testes, leading to a range of physical andpsychological symptoms. It can be categorized into three types: primary,secondary (central), or combined. Some classi�ications refer to primaryand secondary hypogonadism as organic, while the combined type istermed functional [1].
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Primary hypogonadism occurs when the testes themselves aredefective and unable to produce suf�icient testosterone, even thoughthey receive standard signals from the pituitary gland. This conditionleads to increased levels of gonadotropins—luteinizing hormone (LH)and Follicle Stimulating Hormone (FSH)—as the body tries to stimulatethe testes to produce more testosterone. It can be triggered by variousfactors such as genetic conditions (e.g., Klinefelter syndrome), testiculartrauma, infections, chemotherapy, or radiation therapy [2]. Secondaryhypogonadism or central hypogonadism involves a dysfunction in thehypothalamus or pituitary gland, leading to reduced production ofgonadotropins hormone (LH) and eventual inadequate testosteroneproduction. It can be caused by hypothalamic or pituitary tumors, headtrauma, certain medications, or systemic diseases affecting the pituitary-hypothalamic axis [3].While the best representation of the collective classi�ication(encompassing primary and secondary causes) is commonly referred toas LOH, it is also sometimes termed age-related hypogonadism, PartialAndrogen De�iciency in Aging Males (PADAM), Androgen De�iciency inthe Aging Male (ADAM), or Testosterone De�iciency Syndrome. Thiscondition primarily stems from various age-related changes that lead todecreased testosterone levels, such as reduced frequency and amplitudeof LH pulses and diminished Leydig cell activity associated withatherosclerotic and degenerative aging processes. Additionally, agingcan lead to a decline in testosterone activity due to elevated levels of sexhormone-binding globulin (SHBG), resulting in less free testosteroneand increased aromatase activity, which converts testosterone toestradiol [4]. LOH is a clinical and biochemical state with advancing age,characterized by particular symptoms and a low serum testosteronelevel. LOH is the main focus of this study.
Prevalence	and	Demographics	of	LOHThere is a positive correlation between aging and hypogonadismprevalence, and numerous studies have supported this relationship,



often correlated with decreases in testosterone levels or what is namedtestosterone de�iciency (TD).The Baltimore Aging Longitudinal Study found that around 10% ofmen aged 50–59 had low serum total testosterone concentrations, whilethis �igure rose to 20% for men aged 60–69, and signi�icantly increasedto 70% for men aged 70–80 years old [5].As individuals age, there’s a gradual decline in total testosteronelevels in the bloodstream, estimated to decrease by roughly 1–2% peryear starting from around the third decade of life. This declinecorresponds to an annual decrease of about 3.2–3.5 ng/dL (0.110–0.121 nmol/L). By the age of 75, men typically undergo a reduction ofapproximately 30% in their circulating testosterone levels compared towhen they were 25 years old. Research indicates that TD in men over 60is between 20% and 30%, with this occurrence progressively rising withage [6].LOH is de�ined by EMAS study of over 3000 men ages 40–79 years,which demonstrated an overall prevalence of 2.1% when using acombination of 3 sexual symptoms (erectile dysfunction and decreasedfrequency of morning erections and sexual thoughts) and a low totaltestosterone concentration of less than 11 nmol/L [7]. There are manyother studies that showed different prevalence rates based on theirspeci�ic de�inition of TD and description of populations, as in Table 16.1.
Table	16.1 Prevalence of testosterone de�iciency
Study No.	of

patients
De�inition	of	TD Prevalence	of

TD

Harman	et	al.,	2000
Baltimore	longitudinal	aging
study	(BLAS)	[5]

890 TT < 325 ng/dl 50–59 years:12%60–69 years:19%70–79 years:28%>80 years: 49%



Study No.	of
patients

De�inition	of	TD Prevalence	of
TD

Wu	et	al.,	2010
European	male	aging	study
(EMAS)	[7]

3219 TT < 317 ng/dl + 3 sexualsymptoms 2.1% of studypopulation
Araujo	et	al.,	2004
Massachusetts	male	aging
study	(MMAS)	[8]

17091156 TT < 200 ng/dl + 3 or morerelated symptoms T140–49 years:4.1%50–59 years:4.5%60–70 years:9.4%T240–49 years:7.1%50–59 years:11.5%60–70 years:22.8%
Part-Ι:	Controversies	on	Different	LOH
Perspectives
Clinical	Evaluation	of	LOH
Controversies	About	the	Signi�icant	Symptoms	of	LOHThe diagnosis of LOH requires meeting two essential criteria: displayingsigns and symptoms of hypogonadism alongside biochemical proof ofconsistently low morning serum total testosterone levels on twooccasions. However, a diverse array of symptoms, some of which may bemild and nonspeci�ic, can pose challenges to diagnosis [9], as in Table16.2. The most precise symptoms often related to TD are sexual, such asdiminished libido, fewer spontaneous erections, and erectile dysfunction(ED). Conversely, the majority of other symptoms are nonspeci�icsymptoms that encompass psychological and physical manifestations[9], as in Table 16.2.



Table	16.2 Speci�ic and nonspeci�ic symptoms of LOH
Speci�ic	symptoms Non-speci�ic	symptoms

Sexual Loss of libidoLess morning erectionErectile dysfunction
Delayed ejaculationReduced frequency of sex intercourse

Physical Less vigorous activityDif�icult walking longdistances
Hot �lushesDecreased energyDecreased physical capability

Psychological Bad moodLess motivationTiredness and weakness
Reduced concentration, memory, and cognitivefunctionSleep disturbancesMoreover, the variable manifestation of low testosterone symptomsmay correspond to distinct testosterone levels, with certain symptomsbecome apparent at particular testosterone thresholds while othersemerge at different levels [10], as illustrated in Fig. 16.1.

Fig.	16.1 Symptoms-speci�ic testosterone thresholds in men



Although LOH is well correlated with aging, variabilities are excitedbetween its incidence among individuals and the onset of symptoms.Some risk factors make individuals more likely to developmanifestations of LOH and should be considered during the clinicalhistory [9], as in Table 16.3.
Table	16.3 Factors associated with an increased prevalence of TD
Andrological	and
endocrinological

Pharmacologic Cardiovascular
diseases

Other	chronic
diseases

Obesity
Metabolic	syndrome
Type	2	diabetes
Delayed	puberty
Cryptorchidism
Pituitary	disease
Infertility
Varicocele
Testicular	cancer	plus
associated	therapy

Oral glucocorticoidtreatmentRegular opioid useAntipsychoticmedicationsAndrogen deprivationtherapyFinasteride/dutasterideMethadonemaintenance therapyAntiretroviral therapyChemotherapy andradiationAnticonvulsant therapyRoaccutane therapy foracne

HypertensionCoronary arterydiseaseCerebrovasculardiseaseChronic heartfailureAtrial �ibrillation

Chronic obstructivepulmonary diseaseObstructive sleepapneaEnd-stage renaldiseaseCirrhosisOsteoporosisRheumatoid arthritisHIV infectionCancersAnemiaOsteoporosisCOVID19 infection
Controversies	About	the	Signi�icance	of
Diagnostic	Questionnaires	in	LOHSeveral structured questionnaires have been used for the diagnosis andscreening of LOH and can help support the biochemical evidence of lowtestosterone, but generally, they are considered to have low speci�icityand supportive value rather than standards for the diagnosis. However,they can still offer a quantitative baseline evaluation of symptoms andgauge the clinical response to treatment. They can be helpful in



showcasing symptom changes with TRT, particularly in cases wheremultiple physicians are managing a patient’s care [11].
Signs	of	LOHThe general examination is considered valuable in detecting the physicalassociated signs of LOH, like obesity, especially central obesity, throughthe determination of body mass index (BMI) and the measurement ofwaist circumference. During a physical examination, �indings that maysuggest TD include pallor (anemia), diminished body hair, decreasedsize of the testicles, and the presence of gynecomastia; however, thesesigns are not consistently observed. In addition, prostate examination ismandatory before starting TRT to evaluate prostate size and excludelocalized prostate lesions [9, 12].
Diagnostic	Laboratory	Tests
Testosterone	Level	Variations	and	Method	MeasurementTestosterone levels �luctuate due to various factors such as ageprogression, cultural and geographical in�luences, lifestyle decisions(such as physical activity and obesity), and concurrent healthconditions. These levels also demonstrate a daily rhythm and maychange within individuals over time. Hence, it is recommended thattestosterone levels be assessed in the morning (between 7 and 11 am)and a follow-up con�irmatory test be conducted if the initial resultindicates low levels [13].Immunoassays and mass spectrometry (MS) are the predominanttechniques for testosterone testing. While immunoassays are favored fortheir simplicity, ease of use, and widespread clinical adoption, MS isgaining popularity due to its high throughput, minimal samplepreparation needs, and superior sensitivity and speci�icity across arange of testosterone concentrations [14, 15].
Testosterone	Cutoff	Values	in	LOH



Despite numerous studies exploring LOH, there remain severalcontentious issues, particularly regarding fundamental diagnosticaspects such as the testosterone cutoff value. Various guidelines, such asthose from the American Urology Association (AUA) and the EuropeanAssociation of Urology (EAU), propose different values, with the AUAsuggesting 10.4 nmol/L and the EUA recommending 12 nmol/L [16], asshown in Table 16.4.
Table	16.4 Cutoff value of TT and FT according to different societies
Society Total	testosterone

nmol/L
Total	testosterone
ng/dl

American	Urological	Society,	2018 10.4 300
British	Society	for	Sexual	Medicine,
2017

12.0 346
Endocrine	Society,	2018 9.2 265
Endocrine	Society	of	Australia,	2016 6.6 190
European	academy	of	andrology,	2020 12.0 346
European	Association	of	Urology,
2024

12.0 346
Establishing a de�initive biochemical threshold for diagnosing TDposes challenges due to various factors: limitations in measurementprecision, variability in laboratory and immunoassay techniques,absence of age-speci�ic reference norms, uncertainty regardingindividual baseline testosterone levels, and differences in target organreceptor responsiveness to testosterone levels. Consequently, differentsocieties may adopt distinct cutoff values based on diverse research�indings. Collaborative efforts within international forums may facilitatethe development of a consensus on this matter [17].

Free	Testosterone	(FT)	and	Sex	Hormone
Binding	Globulin	(SHBG)



The measurement of FT is of signi�icant importance across variousclinical scenarios, particularly when coupled with abnormal levels ofSHBG. Approximately 40% of total testosterone (TT) is bound to SHBG,and the levels of this protein can be in�luenced by several conditions.Thus, it becomes essential to assess FT levels in patients presenting withconditions associated with either decreased concentrations of serumSHBG (such as obesity, diabetes, glucocorticoid usage, nephroticsyndrome, hypothyroidism, and acromegaly) or increasedconcentrations of serum SHBG (including aging, HIV disease, cirrhosis,hepatitis, and hyperthyroidism), as well as in those with borderline TTlevels [3, 9, 18, 19].FT can be assessed directly using equilibrium dialysis, which is thegold standard technique. It can also be measured indirectly throughvarious established calculations and equations like the widely used(Vermeulen formula) and accessible through the International Society ofsexual medicine (ISSM) website https:// www. issam. ch/ freetesto. htm[20].
Pituitary	Hormones	in	LOHMeasurement of serum luteinizing hormone (LH) and follicle-stimulating hormone (FSH) levels are crucial to distinguish betweenprimary (testicular) and secondary (pituitary-hypothalamic)hypogonadism when they are higher and lower than normal,respectively. While in LOH, they are usually normal. Evaluation ofprolactin levels is vital in cases of low testosterone, especially with verylow T (< 5.2 nmol/L) and low or low/normal LH, as hyperprolactinemiais frequently associated with hypogonadism [3, 9, 12].
Estradiol	(E2)The assessment of E2 and testosterone/estradiol ratio (T/E) is vital inobese men with LOH. This is because obesity stands out as perhaps themost prevalent factor leading to TD in developed regions, with morethan half of men having a body mass index (BMI) exceeding 30

https://www.issam.ch/freetesto.htm


experiencing TD. E2 plays an important role also in the relationshipbetween hypogonadism and obesity since the increased production ofEstradiol within the fat tissue (due to an increase in aromatase activity)contributes to inhibiting LH secretion from the pituitary and reducestestosterone secretion from the testes. Additionally, the T/E2 ratiomeasurement during TRT is essential as an indicator of testosteroneimprovement and to avoid excessive levels and eventual conversion toE2 [6, 21].
Hemoglobin/Hematocrit	(Hct)	in	LOHBefore initiating testosterone therapy, it is imperative to conduct abaseline assessment of Hct levels for all patients. If the Hct level exceeds50%, TRT administration should be postponed until furtherinvestigation of the underlying cause. During TRT, if the Hct levelexceeds 54%, appropriate measures such as dose adjustment ortemporary cessation of treatment should be considered. While thecomparative incidence of polycythemia between different testosteronemodalities remains uncertain, research suggests that injectabletestosterone is associated with the most pronounced elevations inhemoglobin/Hct levels due to treatment. Also, it is found that TRTindividuals have a higher frequency of blood donation compared to thestandard group [21, 22].
The	Protocols	for	LOH	Patient’s	EvaluationMany societies recommended protocols to guide the practitioners in thebest clinical practice of evaluating men with TD and LOH as theguidelines of EAU in Fig. 16.2 [9].



Fig.	16.2 Diagnostic evaluation of late-onset hypogonadism [9]. TD Testosterone de�iciency, TTTotal testosterone, LH Luteinizing hormone, cT Calculated Testosterone, BT BioavailableTestosterone, LOH Late-onset hypogonadism
LOH	and	Associated	ComorbiditiesMany men with TD are liable to be affected by signi�icant chronicmorbidities, and it is essential to be evaluated along with the work-up of



LOH patients. For men aged 45 years and older, the odds ratios reportedfor TD in conjunction with comorbid conditions were: obesity 2.38,diabetes 2.09, hypertension 1.84, dyslipidemia 1.47, chronic obstructivepulmonary disease (COPD) 1.40, and LUTS/BPH 1.20. Additionally, anotable de�iciency in testosterone is linked to a heightenedsusceptibility to chronic anemia and osteoporosis [20].
Part-ΙΙ:	Management	Strategies	of	LOH
Testosterone	Replacement	Therapy	(TRT)As related societies guidelines have evolved, there has been a signi�icantuptick in the adoption and utilization of TRT, observed worldwide andnotably in the USA. Research indicates a 28.6% rise in prescribers and a54.6% increase in TRT claims from 2016 to 2019 [23]. The same studyshowed that there are nine main specialties that prescribe TRT, and thelargest increase in percentages was among nurse practitioners,physician assistants, and family practitioners, followed by urologists andendocrinologists. These �indings indicated the widespread of bothprescriptions and prescribers of TRT.Currently, available formulations include oral, buccal, transdermal,intramuscular, and nasal administration.Most of the patients showed good compliance with TRT, and it wasnoted that 75.9% of patients maintained their treatment regimen for1 year following initiation. The highest rate of treatment continuationwas seen among patients administered 1000 mg of testosteroneundecanoate injection. Approximately 65% of patients who ceasedtreatment later resumed it. The most prevalent cause cited fordiscontinuing the initial treatment was the inconvenience associatedwith the medication. The following factors were closely followed: cost,apprehension regarding side effects, lack of effectiveness, and the lack ofsymptoms improvement [24].Diverse global variances exist in the prescription practices of TRT.Notably, the USA demonstrates a substantial increase in TRTprescriptions compared to the rest of the world, with a threefold rise



over the past decade, particularly among eugonadal men. The majorityof physicians administering TRT prioritize clinical symptomatology ofTD over laboratory values, with as many as a quarter of their patientslacking serum testosterone levels [25] (Table 16.5).
Table	16.5 Different testosterone formulations used for the treatment of LOH
Formulation Route Examples/brand

names
Dosing
frequency

Advantages Limitations/side
effects

Injectable—
Short	acting

Intramuscular(IM) Testosteronepropionate Every 2–3 days Rapid onset Painful injections,frequent dosing,�luctuating levels
Injectable—
Intermediate
acting

IM Testosteroneenanthate(Delatestryl),testosteronecypionate (Depo-testosterone)
Every 1–2 weeks Widelyavailable,effective Peaks andtroughs,erythrocytosis,mood swings

Injectable—
Long	acting

IM (deepgluteal) Testosteroneundecanoate(Aveed, Nebido) Every 10–14 weeks Stable levels,fewerinjections Requires clinicadministration,risk of POME*
Transdermal
gel

Skin(shoulders,arms) AndroGel, Testim,Fortesta Daily Steadylevels, easyto apply Risk of skin-to-skin transfer, skinirritation
Transdermal
patch

Skin Androderm Daily Mimicsdiurnalrhythm Skin rash,adhesionproblems
Buccal	tablet Oral mucosa Striant Twicedaily Avoids �irst-passmetabolism Gum irritation,taste disturbance
Oral
testosterone

Oral Testosteroneundecanoate(Jatenzo, Andriol) Twicedaily withfat Convenient,no injection Variableabsorption, livereffects (olderformulations)
Nasal	gel Intranasal Natesto 2–3x daily Rapidabsorption,minimal skintransfer

Frequent dosing,nasal irritation
Subcutaneous
pellets

Subdermalimplant Testopel Every 3–6 months Longduration,steady levels Minor procedurerequired,extrusion risk



Between 2000 and 2011, in a study encompassing 41 countries, thesales of testosterone worldwide saw a 12-fold increase, rising from $150million to $1.8 billion. Driving this growth were Canada and the USA, thetop two contributing countries [24]. Behind this increase are severalnew Direct-to-consumer online platforms that have surfaced, with somefailing to meet the necessary clinical standards. A study showed that theinitial assessment was carried out by a nurse practitioner, physicianassistant, or other non-medically licensed personnel. Despite theindividual reporting normal levels of total and free testosterone andexpressing a desire for fertility, six out of seven platforms recommendedtestosterone therapy! Among these platforms, only one inquired aboutany recent cardiovascular events or the individual’s future fertilityintentions [26].
The	Controversies	on	the	Best-Used	TRT	Preparations
There	Are	Many	Types	of	testosterone	Preparation	Available
in	the	Market
Oral	 testosterone is known to undergo extensive �irst-pass metabolism;therefore supra-physiological doses are required to allow for thedetection of measurable levels in the serum [27]. Modi�ication oftestosterone by alkylation at 17a yielded 17a methyl testosterone, whichcan bypass �irst-pass metabolism. Unfortunately, it causes signi�icantliver toxicity and lowering of HDL cholesterol, and its use is prohibited[28]. Another attempt to bypass �irst-pass metabolism by esteri�icationof carbon 17b produces testosterone undecanoate (TU). However, thisformulation has low bioavailability and some adverse effects on thegastrointestinal tract [28].Nevertheless, recent developments indicate a shift. A recentassessment conducted by Miller et al. revealed that oral testosteroneundecanoate exhibited favorable tolerance among hypogonadal patients.This led to enhanced testosterone levels, increased height velocity, andalleviated sexual symptoms, all without notable hepatotoxicity, prostateenlargement, or exacerbation of hypertension [29]. This aligns withanother study conducted by Ahmad et al., which concluded that oral



administration offers similar bene�its to other treatment methods formale hypogonadism. With further enhancements, oral administrationhas the potential to surpass injectables and transdermal testosterone tobecome the preferred treatment option [30].
Subdermal	 testosterone	 pellet was designed for consistent andprolonged release [31]. However, administration requires skin incisionand local anesthesia. The dosing can be tailored according to age,diagnosis, patient’s response, and adverse effects. The most commonadverse event (10%) is pellet extrusion. Others are infection, bleeding,and �ibrosis at the site of insertion. General dosing recommendationsare 150 to 450 mg implanted at the hip area or other fatty area at 3–6-month intervals [32]. Potential advantages of pellet usage include theinfrequency of dosing, guaranteed compliance, and lack of transference.Nevertheless, the administration process is invasive, necessitating a skinincision and local anesthesia. Moreover, there are apprehensionsregarding pellet removal, particularly for patients encountering sideeffects related to androgen [33].
A transdermal	 patch like Androderm® is a transdermal patchcontaining testosterone, available in doses of 2 mg/day and 4 mg/day.The patch is applied nightly on clean, dry, unbroken skin on the back,abdomen, upper arms, or thighs only. For dosage adjustment, measuretotal serum testosterone levels in the early morning at least 2 weeksafter starting therapy, following the previous evening’s patchapplication. The target range for serum testosterone is between 400 and930 ng/dL [34, 35].
Testosterone	 gel’s numerous topical formulations are accessible,sharing similarities in indications, adverse effects, andcontraindications. However, signi�icant differences exist in doseadjustments and application sites, rendering them non-interchangeable.There is concern for testosterone gel or liquid being transferred tofemales and children who come into contact with a patient’s skin afteruse. Patients should be reminded to wash their hands after applicationand to avoid skin contact with others. Recommended sites of applicationfor these agents are areas that will be covered by clothing to minimize



transfer. The potential advantages of testosterone transdermal gels andliquids include ease of application, less skin irritation than patches, andmore consistent serum testosterone levels than other formulations, suchas IM testosterone. The most common side effects are acne, erythema,and pruritus (7%), gynecomastia (4%). Discontinuation rates due toside effects are below 1%. There is no change in E2 and DHT levelsduring its use [36–38].
Nasal	 testosterone utilizes a metered dose pump applicator, allowingpatients to self-administer into the nostrils. Each pump delivers 5.5 mgof testosterone, with the recommended dose of two pumps (oneactuation per nostril) three times a day for a total daily dose of 33 mg.Doses should be separated by 6–8 h. Absorption occurs through thenasal mucosa, avoiding �irst-pass metabolism, and the Cmax is reachedwithin 40 min of administration [39].In an open-label phase III trial assessing nasal testosterone usage in306 hypogonadal men (testosterone <300 ng/dL) for 90 days, 90%achieved serum testosterone concentrations within the normalphysiological range with a Cavg of 421 ng/dL, while 10% remainedsubtherapeutic. Treatment was well tolerated, with a lowdiscontinuation rate of 3.7%. Adverse effects occurring in more than 3%of subjects included increased prostate-speci�ic antigen (PSA),headache, rhinorrhea, nosebleed, nasal discomfort, upper respiratorytract infection, sinusitis, bronchitis, and nasal scab [40]. Testosteronenasal gel is another non-invasive alternative with simple administration,low total daily dose, and no concern for secondary transfer. Additionally,hypogonadal men undergoing long-acting forms of TRT who wish toresume spermatogenesis may opt to switch from their current long-acting TRT regimen to nasal testosterone, as it is associated with nonegative impact on spermatogenesis and fertility, as stated in a recentstudy [41], although more studies with larger cohorts are needed tocon�irm this point.
Intramuscular	 (IM)	 Testosterone To overcome the short half-life oftestosterone, current formulations have a prolonged duration of actionas they are synthesized through esteri�ication of the 17β carbon of



natural testosterone, which increases the solubility of testosterone in oil,allowing slower release once injected into the muscle [38]. The differentIM preparations are testosterone cypionate (TC), testosterone esters(TE), and testosterone undecanoate (TU). TU has a longer duration ofaction due to its longest carbon side chain [42, 43]. The EndocrineSociety Clinical Practice Guidelines for testosterone therapy recommendmeasurements of serum testosterone levels 1 week after receiving adose of TC or TE, targeting a therapeutic level of 400 to 700 ng/dL,whereas for TU, levels should be measured just before subsequentinjections [44].TC and other esters, due to their shorter lifespan, are linked tonumerous adverse side effects. Research conducted on testosteronecypionate revealed signi�icant variations in serum testosterone levelsthroughout 2 weeks. These �luctuations can produce mood swings orchanges in libido. Other common side effects of TC use are localin�lammation and pain at the site of injection. TC use is contraindicatedin anyone with a known allergy to soy [45].TE’s associated adverse effects are similar to that of TC. It is dosed at100 mg once weekly or 200 mg every 2 weeks, maintaining serumtestosterone within the therapeutic range by the end of the dosingregimen. Due to TC and TE having different oil vehicles, they are nottherapeutically equivalent [46, 47].TU’s open-label study showed that it does not demonstratesupratherapeutic peaks and trough levels are seen later after eachinjection, which is advantageous compared to TE and TC [48].An adverse event known as pulmonary oil micro embolism (POME)can occur during or after any injection throughout therapy and includessymptoms such as the urge to cough, shortness of breath, throattightening, chest pain, dizziness, and syncope. Other adverse effectsreported are increased PSA, acne, and pain during injection [49].
What	Is	the	Best	Protocol	for	TRT	Use?
Short-Acting	vs	Long-Acting



Short-acting testosterone closely imitates the physiological function as itmaintains body testosterone near normal. Additionally, its method ofdelivery, such as nasal formulation, does not seem to affect 17-hydroxyprogesterone in the blood.Diaz et al. (2002) concluded that short-acting testosterone is morebene�icial for men who want to preserve their fertility [50]. Kavoussi etal. (2022) also stated that many men can maintain reproductivepotential when they begin therapy with the latest short-acting intranasalandrogen gel [42]. As a further matter, it has been shown that most menwho switch from long-acting TRT to intranasal testosterone canmaintain their testosterone production, maintain reduced E2 levels, andhave increased libido.
Non-testosterone	Preparations	for	Hypogonadism
Selective	Estrogen	Receptor	Modulators	(SERMs)SERMs can elevate both testosterone and LH production by blocking thenegative feedback of Estradiol (E2) on the hypothalamus. Examples ofSERMs are Clomiphene Citrate (CC) and Tamoxifen. CC can effectivelyincrease testosterone to a eugonadal level. CC can be prescribed at 25mg alternate day to 50 mg daily based on testosterone response. A studyby Moskovic et al. showed an elevation of testosterone level to a mean of582 ± 227 ng/dL (P < 0.001), as well as distinctive improvements inADAM questionnaire response (P = 0.01) and mean BMI (P < 0.05) [51].Similarly, Taylor and Levine published that compared to testosterone geltherapy, CC treatment resulted in substantial improvements intestosterone levels at a fraction of the cost with signi�icantimprovements in ADAM questionnaire scores. In addition to that, noadverse effect on CC was reported; therefore, the patient compliancerate was high [52]. Ramasamy et al. have also demonstrated thatquantitative ADAM scores were equivalent among patients treated withCC in comparison to those treated with testosterone gels or injections,with improvements in testosterone levels while on CC treatment tophysiologic levels [53]. However, CC usage is still off-label due to the lackof long-term data regarding safety and ef�icacy.



Tamoxifen is a less desirable option for SERM. Other than its knowneffect to increase testosterone and gonadotrophin levels, it can alsopreserve spermatogenesis. Unfortunately, it is associated with greaterside effects such as cardiovascular events, gastrointestinal distress, andvenous thromboembolic events [54].
Aromatase	Inhibitors	(AIs)Letrozole and Anastrozole are aromatase inhibitors that are welltolerated and act similarly to SERMs. In research done by Dias et al.,testosterone levels signi�icantly improved after 1 mg of Anastrozoleprescribed daily for 12 months. However, the study of bone mineraldensity in these men showed to be lower when treated with AI ascompared to those on testosterone therapy [55]. Therefore, AIs are notrecommended for prolonged periods. Other than that, fasting glucose,insulin, and lipid levels are similar to those on testosterone therapy [56].On the other hand, some studies have failed to show improvements inpsychological and physiological parameters or symptoms ofhypogonadism [57, 58]. Documented side effects of AIs include nausea,derangement of liver enzymes, headache, and hot �lashes.
Gonadotrophin	InjectionGonadotropin replacement therapy includes gonadotropin-releasinghormone (GnRH) and hCG. GnRH requires a continuous infusion pumpto be administered to titrate the GnRH levels to follow the pulsatilerelease of GnRH from the hypothalamus. hCG, an LH analog, binds to LHreceptors to stimulate testosterone production. hCG can also be givenwith exogenous testosterone to maintain intratesticular testosteronelevels and preserve spermatogenesis. The downside of hCG is that it isexpensive and requires multiple injections per week [59].
Indications	of	Non-testosterone	Preparations	for
HypogonadismThese alternatives of testosterone are indicated in special group ofpatient as in the below clinical scenarios:



Clinical	scenario Preferred	agent ReferenceClinical	scenario Preferred	agent Reference

Young	man	with	secondary	hypogonadism	and	desire	for
fertility

Clomiphene/hCG [54]
Hypogonadism	with	obesity	&	high	estrogen AI ± SERM [60]
Previous	androgenic	anabolic	steroid	use	&	post-cycle
recovery

hCG ± Clomiphene [61, 62]
Gynecomastia	with	low	T,	high	E2 AI [60]
Functional	hypogonadism,	borderline	T Clomiphene [53]
Follow-Up	ProtocolThe following are recommendations from the AUA, EAU, EndocrineSociety, and ISSM guidelines. For transdermal gel, testosteroneconcentrations should be evaluated 2–8 h and 1 week after applicationto ensure that serum concentrations are in the mid-to-normal range. Onthe other hand, concentrations should be assessed immediately beforeor after application for buccal formulations. Concentrations for pelletsshould be assessed at the end of the dosing interval. For oraltestosterone undecanoate, it should be monitored 3–5 h after ingestionwith a fat-containing meal. For IM testosterone undecanoate, serumconcentrations of testosterone should be monitored at the end of thedosing interval just before the next injection.For monitoring, patients on gel, patch, or intranasal formulationsshould be assessed 2–4 weeks after initiation. For those on short-actingIM or SC formulations, assessment should be made after at least 3–4 cycles. For those on long-acting IM formulations, assessment should bebetween the �irst two 10-week injections. Lastly, for those on long-actingSC pellets, evaluation should be at two intervals: �irst, at 2–4 weeks afterinitiation, followed by a second evaluation at 10–12 weeks. Closemonitoring of hemoglobin and hematocrit during treatment isrecommended by all guidelines. PSA also should also be monitored inmen. One should also assess for signs and symptoms of testosteronede�iciency at every follow-up visit, and testosterone therapy should bediscontinued if there is no symptomatic improvement [9, 12, 63].
The	Expected	Bene�its	from	TRT



Patient age, BMI, and diabetes status have been shown to notsigni�icantly affect the short-to-medium-term effectiveness oftestosterone treatment in improving erectile dysfunction or quality oflife [64]. Interestingly, in contrast to phosphodiesterase-5 inhibitors(PDE5i), besides erectile function, testosterone also enhances otheraspects of sexual function, such as sexual desire [65].Rodrigues, in his review, gave a comprehensive update on the effectsof testosterone replacement therapy [66].Testosterone replacement therapy was shown to have greaterimprovement in overall sexual activity, sexual desire, erectile function,and satisfaction with sexual experience than placebo. However, theimprovements in erectile function are substantially less in olderhypogonadal men on testosterone compared with PDE5i.Testosterone treatment of young testosterone-de�icient men hasbeen shown to improve sexual daydreams, sexual thoughts, spontaneouserections, attentiveness to erotic stimuli, and frequency and duration ofsleep-entrained penile erections. By restoring testosterone levels thatare at or near the lower limit of the normal male range in healthy youngtestosterone-de�icient men, sexual function is improved. However, inmiddle-aged and older men who have normal testosterone levels and nosexual symptoms, testosterone treatment does not improve sexualdesire or erectile function. Similarly, in hypogonadal men withejaculatory dysfunction, testosterone treatment has not been shown toimprove ejaculatory function. Testosterone treatment also did not resultin greater improvement in erectile function than placebo in men witherectile dysfunction and low testosterone levels, in whom the dose ofsildena�il citrate was optimized.Testosterone treatment increases skeletal muscle mass viahypertrophy of both type 1 and 2 skeletal muscle �ibers. Testosteronetreatment also improves physical performance, such as stair climbingspeed and power in older men.There was greater improvement in vertebral bone mineral density,volumetric bone density and estimated bone strength with betterimprovements seen in the spine than in the hip and also better in the



trabecular than the peripheral bone. However, the effects of testosteronetreatment on fracture risk in older hypogonadal men is still not known.With regards to Major Depression Disorder (MDD), randomizedcontrolled and placebo-controlled trials have failed to demonstrateconsistent bene�it of testosterone over placebo.Testosterone replacement reduces whole-body adipose tissue mass.Hypogonadal men who had stopped testosterone replacement werefound to be associated with the development of insulin resistance.Randomized trials of testosterone treatment in older men with type 2diabetes and low testosterone levels have not found consistentimprovement in glycemic control, although some studies have shownimprovement in insulin resistance.Data on the effects of testosterone on cognition, Alzheimer’s Disease,verbal memory, and visuospatial skills are limited and have providedcon�licting results.
Controversies	of	TRT	in	Special	Patients’
Populations
Patients	with	a	History	of	or	at	Risk	for	Prostate	CancerThe recommendation from the AUA is for clinicians to inform patientsthat there is no evidence linking the use of testosterone therapy to thedevelopment of prostate cancer [67].Currently, clinical guidelines advise against initiating testosteronetherapy in patients with untreated prostate cancer, unevaluatedpalpable prostate nodule, induration, or an elevated age-adjusted PSAlevel. However, the choice to initiate testosterone therapy in patientswith a history of prostate cancer should be discussed thoroughly withpatients, as there is inadequate evidence to quantify the risk−bene�itratio of testosterone therapy in this population.In men aged 40 years and above without a history of prostate cancer,PSA levels should be checked before starting testosterone therapy.Long-term testosterone therapy in men with functionalhypogonadism was found to improve urinary function with no



associated increase in prostate cancer risk [68]. What was interesting tonote was that when prostate cancer was detected, it was alwaysreported within 18 months of starting testosterone therapy. Thissuggests that testosterone therapy may actually unmask prostate cancerthat was present but previously undetectable.TRT in men with hypogonadism, who were carefully screened forprostate cancer risk, does not increase the incidence of adverse prostateevents compared to placebo. Large trials, particularly the TRAVERSEtrial, showed that TRT did not raise the risk of prostate cancer, urinaryretention, or procedures for benign prostatic hyperplasia. Properscreening and monitoring can ensure safety and early detection ofsigni�icant prostate cancers during TRT [69].
Patients	with	Obesity	or	Type	2	DiabetesMen with obesity (body mass index [BMI] ≥30 kg/m2), increased waistcircumference (>40 inches), and type 2 diabetes should be evaluated fortestosterone de�iciency and have their testosterone levels checked [70].Studies have demonstrated that low testosterone levels are almost �ivetimes more common in obese men than in non-obese men and arenearly twice as common in men with diabetes than in those withoutdiabetes [71, 72]. Lifestyle modi�ication should be counseled in thesegroups of patients as it can improve testosterone levels and may reducethe risk for CV disease.Preliminary evidence implies that long-term testosterone therapymay delay diabetes progression, reduce BMI and waist circumference,improve glycemic and lipid control [73, 74]. It may also ameliorate thebene�icial effects of supervised modi�ication in diet and exercise onglycemic control and insulin sensitivity in hypogonadal men with type 2diabetes [75, 76].IM testosterone should be prescribed with caution in high-riskpopulations, including patients with obesity and type 2 diabetes, asthere is an increased risk of erythrocytosis.Usage of nasal testosterone gel in patients with hypogonadism withBMI > 35 kg/m2 can elevate total testosterone, free testosterone,dihydrotestosterone, and estradiol levels comparable to nonobese men



[77]. Higher doses of transdermal testosterone preparation are requiredin obese patients due to its pharmacokinetic factor. The obese patientmay also bene�it from aromatase inhibitors, which can increasetestosterone levels and maintain spermatogenesis. Aromatase inhibitorscan be used as off-label as adipose tissue in obese patients containsaromatase, which converts testosterone to estrogen [78]. Unfortunately,AIs must be used with caution as they are associated with negative sideeffects, including decreased bone density and reductions in libido [79,80].
Patients	Seeking	to	Maintain	FertilityThe decision to initiate testosterone therapy must be consideredmeticulously, as it may affect HPG axis function, spermatogenesis, andfertility. The majority of healthy men will recover sperm productionafter discontinuing exogenous testosterone if they have normaltestosterone levels [81, 82]. However, no de�initive studies havedocumented the recovery of spermatogenesis in either testosterone-de�icient or infertile men who have used testosterone therapy, but thetrial of nasal testosterone showed some promising data [83].Consequently, the unknown long-term impact of testosterone therapy onspermatogenesis should be discussed with patients who seek tomaintain reproductive potential.All guidelines advised against testosterone initiation in testosterone-de�icient patients who are interested in maintaining fertility. AUAguidelines suggest the use of either selective estrogen receptormodulators or aromatase inhibitors and acknowledge that testosteronede�iciency is an off-label indication for the use of these agents. EAUguidelines also acknowledge that aromatase inhibitors are a possibletreatment in the context of male infertility or secondary hypogonadism.However, the guidelines stated that more evidence is needed [9]. TheEndocrine Society does not suggest speci�ic treatmentrecommendations for patients wishing to maintain fertility [3]. Othernon-suppressive treatment plans, such as simultaneous use ofclomiphene citrate or human chorionic gonadotropin (hCG) or



treatment with a shorter-acting testosterone formulation that is lesslikely to blunt the HPG axis can also be considered for cases ofsecondary hypogonadism. Other than that, FSH should be added to hCGas a standard therapy in patients with secondary hypogonadism [3, 9].
Patients	with	a	History	of	Cardiovascular	DiseaseTestosterone de�iciency has been shown to increase the incidence ofmajor CV events, including myocardial infarction, stroke, and CVmortality, and an increased prevalence of CV risk factors. Extensivereview suggests that initiation of appropriate doses of testosterone withappropriate monitoring is likely to be safe for men with CV disease andmay even reduce CV events [84]. Nevertheless, patients should beinformed that it cannot yet be stated de�initively whether testosteronetherapy increases or decreases the risk of CV events and that there is node�initive evidence linking testosterone therapy to a higher incidence ofacute CV disease in patients with a history of CV events. AUA guidelines,however, endorsed against starting testosterone therapy in men whohave had a major adverse CV event (MACE), including myocardialinfarction or stroke, within the past 3–6 months. This recommendationwas adopted in part because the studies cited in the guidelines excludedmen with CV events during this time frame. The Endocrine Society hassimilarly advised against initiating testosterone therapy in men with ahistory of CV events in the past 6 months. The EAU does not mention atime frame but states that acute CV events are a relativecontraindication.In the recent TRAVERSE trial, testosterone-replacement therapy wasfound to be non-inferior to placebo with respect to the incidence ofmajor adverse cardiac events in men with hypogonadism andpreexisting or a high risk of cardiovascular disease [85].
ConclusionsLOH represents a well-established and signi�icant medical condition thatimpacts somatic, sexual, and psychological aspects. Additionally, itcorrelates with an increased risk of type 2 diabetes, cardiovascular



issues, and all-cause mortality. Recognizable clinical symptoms,particularly ED, loss of morning erections, and diminished sexual desire,should prompt evaluation, alongside addressing underlying risk factorsand conducting further investigations as needed.TRT, is supported by evidence, effective, and safe. Research indicatesthat achieving sustained normalization of serum testosterone levelsthrough treatment correlates with reduced morbidity and mortality.While TRT offers potential bene�its in restoring testosterone levelsand improving symptoms, its administration requires carefulconsideration of individual health factors, including age, fertility status,and comorbidities. Moreover, monitoring for adverse effects such aspolycythemia, prostate issues, and cardiovascular events is essential.Given these complexities, a tailored and vigilant approach is imperativeto optimize outcomes and mitigate risks associated with TRT in late-onset hypogonadism.
The	Future	of	TRTThe future of testosterone replacement therapy (TRT) holds promise inseveral areas, including:Alternative Delivery Routes: In addition to traditional routes ofadministration (e.g., injections, patches, gels), future research mayexplore alternative delivery routes for TRT, such as intranasal sprays,buccal tablets, or sublingual formulations. These approaches couldoffer advantages in terms of convenience, compliance, and absorptionkinetics.Regulatory Considerations: As TRT continues to evolve, regulatoryagencies will play a crucial role in ensuring the safety, ef�icacy, andquality of emerging therapies. Regulatory frameworks may need toadapt to accommodate novel formulations, personalized medicineapproaches, and advances in digital health technologies.Precision Medicine Approach: There’s growing interest inpersonalized medicine, including TRT. Genetic factors, lifestyle, andindividual health conditions may in�luence the effectiveness andsafety of TRT. Future developments may involve tailored treatment



plans based on genetic markers or other personalized factors tooptimize outcomes and minimize risks.Telemedicine and Remote Monitoring: The integration of telemedicineplatforms and remote monitoring technologies could improve accessto TRT and enhance patient care. Remote consultations, hometestosterone testing kits, and digital health apps may streamline theTRT process and facilitate ongoing monitoring of treatment ef�icacyand safety.
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Male sexual dysfunction (MSD) generally entails an alteration in at leastone of the basic sexual functions (desire, erection, orgasm, andejaculation). The most common MSD-related complaints are hypoactivesexual desire disorder, erectile dysfunction (ED), anorgasmia ordif�iculties in reaching orgasm, premature ejaculation (PE), delayedejaculation, and Peyronie disease [128]. Pain during sexual activitiesand dissatisfaction with sexual life have also been considered MSD insome references [111]. It can be challenging to compare �indings due todifferences in de�ining sexual dysfunctions, patient demographics, andmedical history [69].The prevalence of sexual dysfunction is relatively high, with over50% of males aged 40–70 experiencing some degree of ED [8],exhibiting a higher incidence with advancing age [141].
Overview	of	the	Current	Landscape:	Existing	Treatments
and	Their	LimitationsDepending on the underlying conditions or medications causing thesexual dysfunction, current treatment options can be divided into thecategories of cognitive/behavioral, pharmacotherapy, and surgicalapproaches [8].
Signi�icance	of	Cellular	Regenerative	and	Gene	Therapy	in
Addressing	Male	Sexual	DysfunctionThe currently available pharmacological therapies for MSD areprimarily focused on alleviating symptoms and do not resolve the causeof the dysfunction, making them a temporary solution [10]. Thesetreatments have shown consistent discontinuation rates, including4.4% to 76% for phosphodiesterase type 5 inhibitors (PDE5Is), 18.6%to 79.9% for intraurethral alprostadil and intracavernosal injections(ICIs), 32% to 69.2% for urethral suppositories, and 50% to 64% forvacuum erection device [17].Furthermore, the lack of response or consistency in the on-demandeffectiveness of pharmacological therapies for male sexual dysfunction,especially in patients with severe vascular or neurogenic ED, such as



diabetes, cardiovascular disease, and metabolic syndrome, secondary tothe presence of other pathologies, lesions of pelvic and cavernousnerves as a consequence of surgical interventions at the pelvic level(i.e., partial or radical prostatectomy and radiotherapy for cancercontrol), or trauma of the pelvic cavernous nerves and/or the vascularsystem of the genital apparatus, has necessitated the testing andutilization of various new approaches [26].Some new approaches under evaluation for treating MSD includeplatelet-rich plasma, protein therapy, low-intensity shockwave therapy,and regenerative therapy [10, 26]. In response to the growingpopulation of dif�icult-to-treat patients with ED, various regenerativemedicine strategies have been investigated over the past two decades[10].Current research is exploring novel therapeutic approaches such asstem cells and platelet-rich plasma (PRP) for the treatment of ED, withseveral studies assessing the ef�icacy of ICIs of stem cells derived fromthe human placenta, bone marrow, and adipose tissue in repairing thedamaged cavernous nerve associated with ED [92, 127]. Stem cell-based regenerative therapy has been shown to be effective in menexperiencing ED following radical prostatectomy for prostate cancertreatment or as a result of diabetes mellitus [7, 63]. The AmericanUrological Association (AUA) currently considers ICI with SC therapy“investigational” and a grade C recommendation for men with ED [20].Human and rodent-model studies suggest nerve regeneration as thepotential mechanism of action of PRP injection therapy in ED [92, 127].Platelets impact tissue regeneration via insulin-like growth factor,transforming growth factor-beta, and platelet-derived growth factor.These growth factors may result in connective tissue regeneration andenhanced erectile function [92]. The AUA currently considers PRP forED to be “experimental” [20].These innovative approaches target speci�ic genetic factorscontributing to ED by introducing genetic material into cells tocompensate for abnormal genes or to produce bene�icial proteins. Theirapproach aims to provide a more permanent solution by correcting the



genetic causes of ED. Current research is exploring various genetherapy strategies, although these are still in experimental stages andrequire further clinical validation. In contrast to conventional EDtreatments which offer immediate but temporary symptom relief,cellular regenerative and gene therapies focus on repairing underlyingtissue damage and addressing genetic causes, potentially providingmore durable and long-term solutions for ED patients [20, 92, 127].
Cellular	Regenerative	Therapies
Stem	Cell	Therapy
Overview	of	Stem	Cells	and	Their	Potential	in	Regenerating
Damaged	TissuesStem cells are unspecialized cells of the human body with the potentialto self-renew, colonize, and differentiate into a variety of specializedmature cell types of an organism, enabling them to produce andregenerate tissues and organs [169].Stem cells can be divided into embryonic stem cells, mesenchymalstem cells, and induced pluripotent stem cells based on their origin:
Embryonic	 Stem	 Cells	 (ESCs): ESCs are pluripotent cells comprisingthe inner cell mass of a blastocyst. The isolation of human embryonicstem cells (hESC) with the ability to differentiate into differentprecursor cells started a new era for regenerative medicine in thelate 1990s [55]. Although these cells have the potential todifferentiate into any cell type in the body, their use in regenerativemedicine remains limited by the need for lifelongimmunosuppressive therapy, limited effectiveness, tumorigenicpotential, and ethical concern [55].
Mesenchymal	 Stem	 Cells	 (MSCs): MSCs are multipotent progenitorcells found in bone marrow, peripheral blood, muscle, adipose,placenta, fetal tissue, umbilical cord, and amniotic �luid [18]. Thesecells have been differentiated into adipogenic, chondrogenic, andosteogenic lineages in vitro [18], and have been used in regenerative



medicine for bone regeneration and repair [68], as well as in thetreatment of periodontitis [91]. Similar to hESCs, ethical concernsand the risk of tumor formation are also limiting factors in usingMSCs in regenerative medicine [18].
Induced	 Pluripotent	 Stem	 Cells	 (iPSCs): iPSCs are generated byreprogramming adult cells, such as skin or blood cells, into apluripotent state using speci�ic genes [18]. They have the potential todifferentiate into any cell type in the body and can be used forregenerative medicine. However, their use is still in the early stagesof research and development [18].The ability of stem cells to self-renew and differentiate intospecialized cell types underpins their role in regenerative medicine,which aims to repair, regenerate, or replace damaged cells, tissues, andorgans [29].
Current	Research	and	Developments	in	Using	Stem	Cells	for
ED,	PE,	and	Other	Sexual	DysfunctionsStem cell therapy (SCT) has received increasing interest as a potentialtreatment strategy for ED. Stem cells have the ability to differentiateinto various cell types, such as neuronal, smooth muscle, andendothelial cells [112]. This process makes them a potential candidateto aid in the regeneration and repair of the damaged corpus cavernosalnerve, as well as mitigate the effects of trauma, tobacco use, andneuropathic diseases (e.g., diabetes) that adversely affect the nervoussystem [1].In addition, paracrine signaling may recruit other cells to helprepair damaged penile tissue in ED. During this process, theendogenous repair systems are stimulated by the release of cell-repaircytokines, allowing stem cells that do not directly interact with thetarget to perform healing functions nevertheless [144]. The paracrineeffect stimulates nervous and vascular tissue repair using anti-apoptotic and pro-angiogenic molecules, revealing that direct stem cellincorporation is not necessarily required for an effective therapy [144].



Many types of stem cells, including mesenchymal stem cells,placental matrix-derived stem cells, mesenchymal stem cell-derivedexosomes, adipose-derived stem cells (ADSCs), bone marrow-derivedmononuclear stem cells, umbilical cord tissue or blood stem cells, andurine-derived stem cells, have been used in most studies that useregenerative treatments for ED [10]. Table 17.1 presents a selection ofstudies evaluating the potential of diverse stem cell types for treatingand managing ED.
Table	17.1 Source and type of stem cells and the parameter of therapy in selected preclinicalstudies evaluating the potential of stem cells for treating and managing erectile dysfunction (ED)[26]
Cell
type

Source	of	stem	cell Type	of	ED Parameter	of	therapy References

ADSCs Bilateral groin,inguinal area,epididymal adiposetissue, humanadipose tissues
Type 1 diabeticED, CNI-ED, age-associated ED ICP-MAP, smooth muscle,nNOS, cavernosum pyroptosis,VEGFA, eNOS, growth factor [22, 24, 45,64, 172]

MSCs Human umbilicalcord, human gingiva,bone marrow Type 1 diabeticED, type 2diabetic ED, CNI-ED, age-associated ED
ICP-MAP, microRNAsequencing, growth factor,eNOS. nNOS, TGF-β, smoothmuscle, collagen

[45, 74, 93,142, 154,155]
USCs Urine Type 2 diabeticED, CNI-ED ICP-MAP, morphometricassessment, smooth muscle,nNOS, collagen [51, 159]
PSCs Human placental CNI-ED ICP-MAP, nNOS, eNOS, MPG�luorescence [37, 57]
MDSCs Gastrocnemius,abdominal muscles Type 2 diabeticED Tunel assay, smooth muscle,urethral pressure pro�ilemeasurement, blood vesselformation, angiogenic capacity

[100, 110]
ED erectile dysfunction, ADSC adipose-derived stem cell, MSCmesenchymal stem cell, USC urine-derived stem cell, PSC placental stemcell, MDSC muscle-derived stem cell, CNI cavernous nerve injury, ICP-
MAP intracavernosal pressure-mean arterial pressure, VEGFA vascular



endothelial growth factor A, eNOS endothelial nitric oxide synthase,
nNOS neuronal nitric oxide synthase, TGF-β transforming growthfactor-beta, MPG major pelvic ganglionStem cell therapy for ED primarily relies on ADSCs and MSCs, whileUSCs, PSCs, and MDSCs play a smaller role. Despite all the progress inthis �ield, current stem cell treatments can still only partially restoreerectile function. As most stem cells need to be modi�ied further beforethey can be used to treat ED, there is an increasing demand for morepotent or engineered stem cells to effectively address ED caused byvarious factors.Cavernous pericytes have recently come to be understood to play akey role in neurovascular regeneration and vascular maintenance in EDpatients [162, 167]. Pericytes exhibit stem cell-like characteristics andcan differentiate into chondrocytes, adipocytes, granulocytes, andosteoblasts [2]. These characteristics open the possibility thatpericytes, or pericyte-differentiated cells, have the potential to improveED treatment.
Platelet-Rich	Plasma	Therapy
Overview	of	PRP	TherapyPlatelet-rich plasma is an autologous derivative of whole bloodcontaining higher-than-average platelet concentrations and platelet-related growth factors. Platelets, or thrombocytes, are derived frommegakaryocytic cells in the bone marrow and circulate in thebloodstream at concentrations ranging from 150,000 to 400,000platelets/uL [60]. These cells participate in in�lammation, cellproliferation, angiogenesis, and wound healing while also responsiblefor aggregation [60]. Since PRP therapy was �irst introduced inhematology in the 1970s to treat thrombocytopenia [60], it has beenused for various indications, and its broad potential as a regenerativetherapy has drawn great interest from scientists. Table 17.2 provides aselected list of PRP-based growth factors and platelet cytokines, alongwith their cell sources.



Table	17.2 A partial list of PRP-based growth factors and platelet cytokines and their cell sources
PGF	and
cytokines

Cell	sources Function	and	effects

PDGF
(AA-BB-
AB)

Platelets,endothelialCells,macrophages,smooth musclecells
Mitogenic for mesenchymal cells and osteoblasts Stimulateschemotaxis and mitogenesis in �ibroblast/ glial/smooth musclecells; regulates collagenase secretion and collagen synthesis;stimulates macrophage and neutrophil chemotaxis

TGF	(α–
β)

Macrophages, Tlymphocytes,keratinocytes Stimulates undifferentiated mesenchymal cell proliferation;regulates endothelial, �ibroblastic, and osteoblastic mitogenesis;regulates collagen synthesis and collagenase secretion; regulatesmitogenic effects of other growth factors; stimulates endothelialchemotaxis and angiogenesis; inhibits macrophage andlymphocyte proliferation
VEGF Platelets,macrophages,keratinocytes,endothelial cells

Increases angiogenesis and vessel permeability; stimulatesmitogenesis for endothelial cells
EGF Platelets,macrophages,monocytes Proliferation of keratinocytes, �ibroblasts, stimulates mitogenesisfor endothelial cells
(a-b)-FGF Platelets,macrophages,mesenchymalcells,chondrocytes,osteoblasts

Promotes growth and differentiation of chondrocytes andosteoblasts; mitogenic for mesenchymal cells, chondrocytes, andosteoblasts
CTGF Platelets,�ibroblasts Promotes angiogenesis, cartilage regeneration, �ibrosis, andplatelet adhesion
IGF-1 Platelets,plasma,epithelial cells,endothelialcells,�ibroblasts,osteoblasts,bone matrix

Chemotactic for �ibroblasts and stimulates protein synthesis.Enhances bone formation by proliferation and differentiation ofosteoblasts

HGF Platelets,mesenchymalcells Regulates cell growth and motility in epithelial/endothelial cells,supporting epithelial repair and neovascularization during woundhealing



PGF	and
cytokines

Cell	sources Function	and	effects

KGF Fibroblasts,mesenchymalcells Regulates epithelial migration and proliferation
Ang-1 Platelets,neutrophils Induces angiogenesis stimulating migration and proliferation ofendothelial cells. Supports and stabilizes blood vesseldevelopment via the recruitment of pericyte
PF4 Platelets Calls leucocytes and regulates their activation. Microbiocidalactivities
SDF-1α Platelets,endothelialcells, �ibroblasts Calls CD34+ cells, induces their homing, proliferation anddifferentiation into endothelial progenitor cells stimulatingangiogenesis. Calls mesenchymal stem cells and leucocytes
TNF Macrophages,mast cells, Tlymphocytes Regulates monocyte migration, �ibroblast proliferation,macrophage activation, angiogenesis

Adapted from [54, 119]Abbreviations: PDGF platelet-derived growth factors, TGF transforminggrowth factor, VEGF vascular endothelial growth factor, EGF epidermalgrowth factor, FGF �ibroblast growth factor, CTCG connective tissuegrowth factor, IGF insulin-like growth factor, HGF hepatocyte growthfactor, KGF keratinocyte growth factor, Ang-1 angiopoietin-1, PF4platelet factor 4, SDF stromal cell-derived factor, TNF tumor necrosisfactorPRP is a therapeutic option that can be used alone or in conjunctionwith other procedures. Numerous studies in various medical �ields,including sports medicine, cosmetology, ophthalmology, cardiology,tissue engineering, plastic surgery, trauma surgery, nerve and nervetrunk restoration, and the treatment of type 2 diabetes mellitus and itscomplications, have demonstrated the safety and ef�iciency of PRPtherapy.The regenerative capacity of a diverse biologically active PRPcellular cocktail has shown promising results for treatingmusculoskeletal disorders (orthobiologics). PRP therapies are currently



considered a viable treatment option with clinical bene�its, backed upby encouraging reports of patient outcomes [12, 157].The ef�icacy and safety of PRP have been demonstrated in variousmedical conditions. However, there is still a lack of suf�icientrandomized clinical trials to provide a complete understanding of thepotential complexities of PRP therapy on the body’s healing processes.It is important to note that while PRP therapy is gaining popularity, thecomplexity of the physiological pathways cannot be overstated. Thelimited knowledge about the mechanism of action of PRP, the scarcity oflarge-scale studies, and the most rudimentary theories must beacknowledged. When analyzing studies, the authors considered the lackof standardization in preparation methods and the variability in PRPcontext and product quality. Various blood cell concentrations, such asleukocytes, platelets, and red blood cells, are common, making itdif�icult to study PRP products’ correct biological properties andef�icacy. Some of the clinical trials available did not use standardizedterminology.In conclusion, PRP therapy, derived from autologous blood, hasadvanced from its original application in hematology to become aversatile regenerative option. Studies across several medical domains,including musculoskeletal disorders and diabetes mellitus, support thesafety and potential clinical bene�its of PRP therapy. Nevertheless, thepresent scenario highlights the importance of caution due to theincomplete comprehension of its mechanisms, absence ofstandardization, and inconsistencies in product quality. Despite itspotential, a comprehensive understanding of PRP’s in�luence on healingprocesses necessitates additional investigation through robustrandomized clinical trials and standardized protocols.
Current	Research	and	Developments	in	Using	PRP	Therapy
for	ED,	PE,	and	Other	Sexual	DysfunctionsIn recent years, PRP therapy has emerged as a promising non-surgicaltreatment option for ED [41]. Epifanova et al. laid the groundwork byinvestigating the mechanisms of PRP [21]. Building on this, a



randomized clinical study conducted by Epifanova and Chalyjdemonstrated statistically signi�icant improvements in Peak SystolicVelocity and International Index of Erectile Function (IIEF-5) scoresafter PRP administration [39]. However, the absence of a true placebogroup and limited long-term results tempered the impact of their study.Alkhayal and Lourdes expanded the scope by administeringintracavernosal PRP injections to men with ED, reporting signi�icantimprovements in IIEF-5 and successful intercourse rates [5].Nevertheless, the study faced limitations such as unclear proceduresand the absence of a placebo group.Tas et al. delved into the effectiveness of autologous PRP applicationin ED patients with metabolic syndrome, showing a signi�icant increasein mean IIEF-EF scores. Despite this, the median value remained withinthe mild-moderate classi�ication, indicating minimal clinicalimprovement. Concerns about the lack of a placebo group and a smallcohort size emphasize the need for more extensive and blinded trialsbefore validating PRP as an ED treatment modality [143].Matz et al. prioritized safety in their study, using Platelet-RichFibrin-Matrix (PRFM) injections for both ED and PE. The studydemonstrated no decrease in IIEF-5 evaluations and reported minoradverse events, such as mild penile bruising, in a small cohort [103].However, the study faced limitations like the absence of a control groupand a small sample size.The �ield took a signi�icant leap with the �irst randomized controlledtrial (RCT) evaluating PRP for ED [124]. This double-blinded placebo-controlled study, involving two groups of 30 patients each,demonstrated that 76% of PRP patients achieved minimal clinicallyimportant difference at 1 month compared to 25% in the control group.The study reported short-term improvements in erectile function andsupported further investigation of PRP, given its exclusion of moresevere ED cases and surgical causes.A recent prospective, randomized, double-blind, placebo-controlledclinical trial found no difference in the percentage of men meetingminimum clinically important difference 1 month after treatment or



any changes in penile Doppler parameters from baseline to 6 months oftreatment with PRP vs the placebo group [101]. In contrast, anotherrecent placebo-controlled study on platelet-rich plasma in thetreatment of ED found the patients’ overall and intercourse satisfactionlevels were higher in the PRP group than the placebo group, asdemonstrated by higher IIEF scores, with maximum improvement atthe 3-month follow-up. There were no reports of plaque formation,subcutaneous bruising, or any other major side effects amongparticipants, suggesting PRP is a safe and promising method for theimprovement of mild to moderate erectile dysfunction [134].In conclusion, the available evidence suggests that PRP is a safetreatment option for ED, but its pathogenic basis and exact mechanismsare unknown. The available RCTs provide valuable data, emphasizingthe need for ongoing studies to address the heterogeneity amongcurrent works and fully elucidate PRP’s therapeutic potential in ED andPE. Studies on PRP therapy for Peyronie’s Disease (PD) face limitations,often characterized by small cohorts and a lack of placebo controls. Acase report by Marcovici in 2018 showcased improved penile curvaturewith PRP combined with daily penile pump use [99].The �irst clinical studies con�irming the safety of “PRP for PD” dateback to 2014 [32]. In a preclinical study, Culha and colleagues utilized arat model, injecting TGF-β1 to create PD-like conditions. The studyconcluded that PRP therapy may not be effective for PD and couldinduce �ibrosis, highlighting limitations such as the lack of qualitativeand quantitative analysis of growth factors in PRP [32].Marcovici’s clinical case described two PRP injections at the point ofmaximum penile curvature, coupled with daily penile pump use,resulting in a signi�icant reduction in curvature angle after 2 months[99]. However, the study lacked a penile ultrasound scan,documentation of calci�ications, and the use of PDQ and IIEF-5assessments.Matz et al. [103] evaluated the effects of PRFM injections in PDtreatment, reporting an increase in IIEF-5 score and a decrease in



penile curvature angle for 80% of patients [103]. However, limitationsincluded varying injection numbers among patients and the absence ofa placebo group.While PRP is biologically plausible and appears to be safe for EDand PD, its exact mechanisms remain elusive. The literature review byEpifanova et al. [41] emphasized the need for large, placebo-controlled,multicenter studies to con�irm or deny the effectiveness of PRP [41].A recent study in 2024 evaluated the feasibility, ef�icacy, and safetyof a combined treatment approach for PD involving percutaneousneedle tunneling, penile modeling, and PRP injection in thirty-sixpatients with PD. The results showed a signi�icant improvement incurvature angle, with a mean improvement difference of 16.85 degreesand a mean improvement percentage of 47.7%. The treatment was welltolerated, with no major complications reported. However, the studyhad limitations, such as a small sample size and the lack of a placebogroup. Further research is needed to validate these �indings in largerstudies [6].Given the heterogeneity of PRP preparation and treatmentprotocols, as well as the potential need for repeated injections tomaintain local growth factor activity, the optimal injection volume,interval, and frequency for ED and PD remain unde�ined [41].Determining the safe and effective adjustment of ED and PD degreeswith PRP, identifying contraindications, and assessing age-relatedoutcomes are additional challenges that warrant further investigation.
Protein	Therapy
Overview	of	Protein	TherapySince the introduction of the �irst recombinant protein therapeutic drug(human insulin) in 1978, the United States Food and DrugAdministration (FDA) has approved and used approximately 239protein therapeutic drugs [83, 148]. Protein therapies were previouslyused infrequently, but their use and frequency have recently increaseddramatically [96], with many therapeutic proteins currently in clinicaltrials. Protein therapy has numerous advantages; due to its high



speci�icity, autologously produced proteins are well tolerated and lesslikely to elicit an immune response, making them an alternative to genetherapy for diseases with gene mutations or deletions [83]. As a result,protein therapy has found a place as a key therapeutic agent in almostevery �ield of medicine. Furthermore, the FDA has approved roughly 79therapeutic monoclonal antibodies (mAbs), the primary form oftherapeutic protein [3, 97]. Table 17.3 summarizes selected preclinicalprotein- and antibody-based therapeutic candidates investigated inexperimental models of ED, categorized according to their proposedroles in angiogenesis and nerve regeneration.
Table	17.3 Preclinical protein therapy on ED biotherapeutics
Protein	type Protein

names
Type	of	ED Target	signaling References

Recombinant
protein

HEBP1 Type 1 diabeticED Angiogenesis, ROS,PI3K/AKT/eNOS [162]
VEGF VasculogenicED, age-associated ED,CNI-ED

Angiogenesis, smooth muscleintegrity [67, 117,130]
Angiopoietin-1 Type 2 diabeticED Angiogenesis, eNOSphosphorylation [72]
COMP-angiopoietin-1 Type 1 diabeticED, high-cholesterol ED Angiogenesis, NO-cGMP, ROS,tight junction [73, 131]
Angiopoietin-4 Type 1 diabeticED Angiogenesis, Tie2, eNOSphosphorylation [79]
HGF Type 1 diabeticED Angiogenesis, ROS, smoothmuscle integrity [33, 95]
Sonichedgehog CNI-ED, age-associated ED Nerve regeneration,neurotrophic factors [25, 122,123]DKK2 Type 1 diabeticED, CNI-ED Angiogenesis, nerveregeneration, Ang1-Tie2, eNOSphosphorylation, ROS,neurotrophic factors

[52, 164]
Apelin Type 1 diabeticED, CNI-ED Angiogenesis, NO-cGMP, ROS [79]



Protein	type Protein
names

Type	of	ED Target	signaling References

LRG1 Type 1 diabeticED Angiogenesis, nerveregeneration, tight junction,eNOS phosphorylation, ROS,PI3K/AKT/NFkB
[165]

BDNF CNI-ED, age-associated ED Angiogenesis, nerveregeneration, nNOS, cGMP [67, 89]
Monoclonal
antibody

TrkA CNI-ED Nerve regeneration, nNOS,smooth muscle integrity [88]
Ninjurin 1 Type 1 diabeticED, CNI-ED Angiogenesis, Ang1-Tie2, eNOSphosphorylation, ROS,neurotrophic factors [163, 166]

Polyclonal
antibody

proNGF CNI-ED Angiogenesis, nerveregeneration, nNOS, eNOSphosphorylation cGMP [27]
ED erectile dysfunction, VEGF vascular endothelial growth factor, COMPcartilage oligomeric matrix protein, HGF hepatocyte growth factor,
BDNF brain-derived neurotrophic factor, DKK2 dickkopf WNT signalingpathway inhibitor 2, HEBP1 heme-binding protein 1, LRG1 leucine-richalpha-2-glycoprotein 1, TrkA tyrosine receptor kinases, proNGFprecursor for nerve growth factor, CNI cavernous nerve injury, eNOSendothelial nitric oxide synthase, NO nitric oxide, cGMP cyclicguanosine monophosphate, ROS reactive oxygen species, PI3Kphosphoinositide 3-kinase, AKT protein kinase B, NFkB nuclear factorkappa B, nNOS neuronal nitric oxide synthase
Recombinant	Protein	Therapy	for	ED,	PE,	and	Other	Sexual
DysfunctionsTable 17.3 showcases select preclinical research outcomes of proteintherapy for ED, summarizing 15 currently prescribed proteins or mAbsand organizing them based on their respective contributions toangiogenesis and nerve regeneration. Recombinant protein is a class ofprotein medication derived from recombinant DNA or recombinantRNA technology. It offers reduced toxicity, fewer side effects, and a



more notable curative effect [82]. Recombinant protein therapies forED are still in their infancy, according to a comprehensive review of theliterature that we conducted.Numerous studies have explored the ef�icacy of protein therapiesutilizing angiogenic growth factors and neurotrophic factors inaddressing ED. Initial demonstrations have revealed the signi�icantrestoration of erectile function in rat models of vasculogenic andneurogenic ED using recombinant VEGF or a combination of VEGF plusBDNF protein [130].Further investigations explored the restoration of erectile functionthrough repeated ICIs of angiopoietins, such as angiopoietin-1, COMP-angiopoietin-1, angiopoietin-4, and hepatocyte growth factor, indiabetic ED mice highlighted the induction of cavernous angiogenesis,NO-cGMP activity, tight junction expression, and reduction in reactiveoxygen species (ROS) production [26].The sonic hedgehog (Shh) cascade emerged as a critical regulator oferectile function, notably reduced in diabetic and neurogenic EDconditions. The Podlasek CA group extensively studied the Shhsignaling pathway in 23 related studies on ED treatment [25]. Pro-angiogenic proteins, including DKK2 and LRG1 recombinant proteins,have been demonstrated to have the potential to promote theregeneration of penile blood vessels and nerves, reduce ROSproduction, and restore erectile function in different ED models [26].It is evident from these studies that therapeutic candidate proteinspredominantly belong to the category of angiogenic and neurotrophicfactors [89]. However, limitations in protein therapeutics, such as highproduction costs and challenges in effective tissue penetration, havekept most of them in the preclinical stage. The need for developingmore candidate proteins in the future is emphasized, as this wouldcontribute signi�icantly to understanding ED mechanisms andadvancing therapeutic drug development.
Antibody	Therapy	for	ED,	PE,	and	Other	Sexual	Dysfunctions



Neutralizing mAbs, recognized as recombinant proteins derived from Bcells, have gained prominence in the biopharmaceutical market due totheir heightened safety, lower toxicity, higher speci�icity, and singularbiological function [147]. Despite their widespread use in variousmedical �ields, such as cancer, asthma, arthritis, transplant rejection,and infectious diseases, their application in treating ED has beenlimited, with only three studies published.ICIs of tyrosine kinase receptor type 1 mAbs (TrkA-mAbs) wereshown to signi�icantly inhibit sympathetic nerve regeneration andstimulate parasympathetic nerve regeneration in CNI-induced ED rats[88]. This ultimately led to the promotion of erectile function. Yin et al.[163] discovered that intracavernosal blocking of ninjurin 1 expressionin diabetic and CNI-induced ED mice rescued erectile function byinducing Ang1-Tie2 signaling, increasing neurotrophic factorsexpression, and reducing ROS production. Chung et al. [27]demonstrated that neutralizing antibodies to proNGF could also rescueerectile function by regulating neurotrophic and angiogenic factors inCNI-induced ED mice.Despite the promising outcomes of these studies, it is important tonote that mAb preparation is time-consuming (taking 6–9 months) andexpensive. Additionally, the production system is currently applicableonly to mice and rats. As antibody-based drug therapy for ED is still inits early stages, the identi�ication of new target antigens becomescrucial for the future development of effective antibody-basedtherapeutic drugs [147].
Low-Intensity	Shockwave	Therapy	(LISWT)
Mechanisms	of	Low-Intensity	Shockwave	Therapy	in	Tissue
RegenerationLow-intensity extracorporeal shockwave therapy (Li-ESWT) is a non-invasive technique utilizing targeted acoustic waves to induce a stresseffect. The shockwaves exert stress through direct mechanical force andcavitation bubble-related mechanisms [46]. Cavitation impact is morelikely to affect blood vessels, potentially causing lesions, while



microbubbles from bubble implosion contribute to endotheliumdisruption, promoting neoangiogenesis [34]. Microbubble collapseinduces shear stress, simulating endothelial nitric oxide production,and may enhance Schwann-cell-mediated nitrergic-nerve repair afterinjury [46]. However, the precise mechanism of Li-ESWT for EDremains not fully understood, including factors in�luencing treatmentsuccess.In recent years, Li-ESWT has emerged as a promising treatment forvasculogenic ED, offering a potential cure, the most desired outcome forED sufferers [17]. Studies in vitro and in animals have explored theeffects of low-intensity shockwaves, indicating positive outcomes innerve, endothelium, and smooth muscle regeneration [87, 126].Reviews have hypothesized that shockwave-induced microtrauma leadsto angiogenic neovascularization, improving penile blood �low [116].Systematic reviews and meta-analyses on Li-ESWT for human EDtreatment have been conducted, acknowledging the wide heterogeneityof evaluated variables in the literature.Recent reviews highlight Li-ESWT as a valid option for EDtreatment, particularly for patients with poor responses to oralmedications and aversion to invasive procedures [17]. The IIEF-5 scoreand Erectile Hardness Score (EHS) improved in treated patients, withsustained results at 12 months of follow-up, emphasizing treatmenteffectiveness. Few studies reported low-grade complications, indicatingthe procedure’s safety [17]. Further research is crucial to identifypatients who will bene�it most from Li-ESWT and establish optimaltreatment protocols.
Current	Research	and	Developments	in	Using	LISWT	for	ED,
PE,	and	Other	Sexual	DysfunctionsExtracorporeal shockwave therapy (ESWT) has been gainingrecognition as an effective treatment for ED, especially in non-responders to PDE5is [115, 146]. Several clinical trials and studies havecon�irmed that Li-ESWT signi�icantly improved erectile function andpenile hemodynamics using focused ESWT without adverse effects [56,



140]. Comparative studies of focused, unfocused, and radial shockwavemodalities for ED have reported variable �indings, and treatmentprotocols remain heterogeneous. Eryilmaz et al. reportedimprovements after both focused and unfocused ESWT, with greaterimprovement in the unfocused group [42], whereas sham-controlledstudies of radial pressure wave therapy have not consistentlydemonstrated superiority over placebo in men with mild-to-moderateED [132].The use of ESWT for PD has appeared to generate bene�icial effects,including but not necessarily limited to pain relief. However, themechanism remains uncertain, and various schools of thought exist.ESWT may directly damage and remodel the plaque and may alsoincrease local circulation due to the heat of ESWT. This heat promotesin�lammation and increased macrophage activity, culminating in plaquedestruction and resorption [34].The potent mix of platelet growth factors and cytokines maydiminish PD plaques and improve penile curvature. Platelet moleculesinclude PDGF, VEGF, TGF-b, IGF, FGF, and others that can lead tovigorous tissue repair by inducing the in�lammatory and proliferativephases of wounds. These molecules regulate cell growth and divisionand stimulate extracellular matrix production in tissue healing.Additionally, the plasma contains proteins such as �ibrinogen,vitronectin, and �ibronectin that play integral roles in regulating cell-cell interactions and the spatial organization of cell healing [150].Research on Li-ESWT for ED has revealed promising outcomes,particularly in various rat models and clinical studies. Li-ESWT wasdemonstrated to have the ability to partially ameliorate ED in type 1diabetic rats with increased endothelial cell regeneration and reducedsmooth muscle atrophy, correlating with elevated expressions of nNOS,eNOS, and VEGF signaling pathways. This effect was attributed to therecruitment of endogenous MSCs and the potential induction of nerveregeneration, endothelial cell proliferation, and increased smoothmuscle content in the penis [71].



Further investigations extended to neurovascular ED models andaging-induced ED models demonstrated that Li-ESWT inducedangiogenesis and tissue regeneration in damaged penile areas. Thetreatment recruited endogenous progenitor cells and proliferatedSchwann cells, ultimately improving erectile function [26].Transitioning to clinical studies, positive outcomes in patients withvasculogenic ED included increased IIEF scores after Li-ESWTtreatment. However, the lack of standardized treatment protocolsresulted in varied research approaches. Con�licting results werereported, with some studies questioning the long-term effectiveness ofLi-ESWT. To reconcile these con�licting results, meta-analyses of RCTshave shown signi�icantly improved IIEF and EHS scores in patientstreated with Li-ESWT compared to controls. Subsequent meta-analysescontinued to present varied results, emphasizing the need forstandardized treatment protocols [26].While most studies have focused on vasculogenic ED and Peyronie’sdisease, a pilot study of Li-ESWT after bilateral nerve-sparing radicalprostatectomy reported potential bene�it in erectile function recovery,with modest improvements in IIEF-5 scores [49]. Subsequent meta-analytic evidence suggests a possible early bene�it in post-prostatectomy ED recovery, although long-term outcomes remaininconclusive [26].In summary, Li-ESWT presents itself as a promising alternativetreatment for ED, with evidence supporting its ef�icacy in preclinicaland clinical studies. However, the lack of standardized treatmentprotocols and the variation in patient populations contribute to theongoing debate over its long-term effectiveness. Despite thesecontroversies, Li-ESWT remains a viable and safe short-termalternative for ED treatment. Further research, particularly in re�iningtreatment protocols and exploring speci�ic signaling pathways, isessential for establishing stronger evidence in its favor.
Combination	Regenerative	Therapy



Various studies have highlighted the signi�icant activation of humanADSCs, bone marrow-derived MSCs, and human MSCs proliferation anddifferentiation through Li-ESWT treatment [86]. Thus, Li-ESWT has thepotential to enhance the quality of ADSCs for cell therapy inregenerative medicine applications. Investigations into the combinedeffect of Li-ESWT with stem cell therapy for ED treatment havereported that combining Li-ESWT with ADSCs therapy outperformedindividual treatments in restoring damaged nerves and improvingcorpus cavernosum angiogenesis. For example, Li-ESWT combined withbone marrow-derived MSC therapy signi�icantly improved erectilefunction and penile blood �low compared to monotherapy [135].However, it is crucial to acknowledge that research on the combinedtreatment of ED with Li-ESWT and stem cells is still in its early stages,and extensive research data are required to determine the optimalregimen for maximizing therapeutic effects. Larger clinical trials withextended follow-up periods are essential to assess ef�icacy, safety, andlong-term outcomes.In Peyronie’s disease, PRP-based approaches have been explored aspotential regenerative treatments because platelet-derived growthfactors may contribute to angiogenesis, cell proliferation, extracellularmatrix remodeling, and tissue repair. Small clinical studies and casereports have reported improvements in penile curvature or erectilefunction after PRP- or PRFM-based injections, sometimes incombination with hyaluronic acid or penile pump therapy. However, theavailable evidence remains limited by small sample sizes,heterogeneous protocols, short follow-up, and the lack of robustplacebo-controlled trials [39].In a small pilot study, Lander et al. evaluated autologous stromalvascular fraction (SVF) isolated from lipoaspirate and injected intoPeyronie’s plaques in combination with penile shock wave therapy. At 6months, patients reported subjective reductions in plaque size andpenile curvature, and 7 of 11 patients reported improved erectilefunction. However, these �indings should be interpreted cautiously



because the study was limited by its small sample size, subjectiveoutcome measures, and lack of a placebo or sham-control group [81].
Gene	TherapyIn the context of current treatment options with low response rates,gene therapy is being investigated as a potential therapeutic strategyfor male sexual dysfunction, particularly ED, PE, and related diseases.
Gene	Editing
Overview	of	Gene	EditingGene editing involves modifying the genetic material of a livingorganism through actions like removing, replacing, inverting,translocating, or inserting DNA sequences. In the realm of biomedicalresearch, gene editing serves purposes such as unraveling genefunctionality, simulating human diseases, delving into diseasedevelopment, and potentially rectifying or averting human disorders. Itopens new therapeutic possibilities for cases related to geneticalterations. Some common genome editing methods include clusteredregularly interspaced short palindromic repeat-Cas protein (CRISPR-Cas), zinc-�inger nucleases (ZFNs), and transcription-activatingnucleases (TALENs), which offer precise modi�ication capabilitiestargeting genes associated with diseases [105].The CRISPR-Cas9 system is the most renowned gene editing toolamong many approaches. Yoshizumi Ishino et al. [70] discovered anunusual repetitive DNA sequence, later identi�ied as CRISPR, found inthe gene cluster of Escherichia coli during the analysis of genesresponsible for the isozyme conversion of alkaline phosphatase [70].The CRISPR-Cas9 technology allows for nucleic acid modi�ications;through the mechanism of gene cutting and stitching, damaged DNAloci can be identi�ied and replaced with functional sequences, aiding ingene function restoration.In December 2023, Casgevy, a therapeutic intervention utilizingCRISPR-Cas9 gene editing technology, became the �irst FDA-approved



treatment for patients with sickle cell disease (SCD) aged 12 and above[44, 120]. Previously, Casgevy was approved in the UK for treatingtransfusion-dependent β-thalassemia in patients aged ≥12 years forwhom hematopoietic stem cell (HSC) transplantation is appropriateand a human leukocyte antigen matched related HSC donor is notavailable and SCD in patients aged ≥12 years with recurrentvasoocclusive crises (VOCs) who have the βS/βS, βS/β+, or βS/β0genotype for whom HSC transplantation is appropriate and a humanleukocyte antigen matched related HSC donor is not available.Furthermore, integrating the CRISPR-Cas9 system with biologicalcarriers like lipid nanoparticles or viral vectors for gene deliveryexhibits promising prospects in disease therapies [40]. The advantagesof CRISPR-Cas9 technology are combined with the protective qualitiesof biological materials in this comprehensive method, making preciseand ef�icient gene manipulation possible while enhancing safetyprecautions. In addition to patient gene editing, the CRISPR-Cas9technique is intended to regulate antimicrobial-resistance microbes bymodifying the bacterial disease-causing gene sequence [30].
Current	Research	and	Developments	in	Using	Gene	Editing
for	ED,	PE,	and	Other	Sexual	DysfunctionsNumerous gene mutations or polymorphisms have been identi�ied asbeing connected with male sexual dysfunction diseases. For instance,polymorphisms such as MTHFR 677TT, eNOS intron 4 VNTR, G894T,T786C, rs2682826, and Pea3 (Pea3 null) are considered to be related toerectile dysfunction occurrences [9, 11, 109, 118, 152, 161].Polymorphisms in genes like SLC6A4, dopamine transporter gene(SLC6A3, DAT1), the 5-hydroxytryptamine (5-HT) system, andandrogen receptor are associated with premature ejaculation [77, 108,133, 149, 151]. Furthermore, it has been found that a number of genesare connected to the underlying causes of ailments, including diabetes,hypertension, dyslipidemia, pituitary gland diseases, and several otherillnesses that are connected to male sexual dysfunction [173]. Zhang etal. [171] used CRISPR/Cas9 technology delivered via a lentiviral vector



to knock out TEAD1 in corpus cavernosum smooth muscle cells derivedfrom diabetic rats with ED. TEAD1 knockout induced phenotypicmodulation of CCSMCs from a synthetic toward a contractile phenotype,as re�lected by increased SMMHC and calponin expression and reducedPCNA expression.While the potential of editing genes, especially those passed tofuture generations (germline editing), is exciting, ethical and legalhurdles need careful consideration. The intricate nature of genes andthe dif�iculty of ensuring complete safety add another layer ofcomplexity. These challenges are further compounded by the risk ofunintended consequences (off-target effects) and the high costsinvolved. Researchers are addressing these issues with innovativesolutions. They are developing improved methods, including enhancednucleases, sophisticated delivery mechanisms, and advancedbioinformatics tools, to accomplish more precise editing while alsopredicting and minimizing unexpected consequences. Despite thesechallenges, the potential for precise gene editing in gene therapyremains promising. Continued research and innovation are expected tore�ine existing techniques and unlock new disease treatmentpossibilities [38, 113, 137].
Modulation	of	the	Nitrergic	System
Overview	of	NOS	Gene	Therapy	and	Other	Gene	Therapies
Targeting	the	Nitrergic	MechanismsNitric oxide (NO) is a powerful vasodilator produced when L-arginine isoxidized to L-citrulline by the enzyme nitric oxide synthase (NOS) (Fig.17.1). It plays an important function in achieving a penile erection byrelaxing the smooth muscle tissues of the arteries and cavernosalbodies, increasing blood �low to the penis. Different isoforms of NOS,such as neuronal NOS (nNOS) in the non-adrenergic and non-cholinergic nerves, endothelial NOS (eNOS) in the penile arteries’endothelium, and inducible NOS (iNOS), contribute to penile erection.Reduced NO production due to decreased NOS expression may occur in



patients with diabetes, cardiovascular diseases, high-cholesterol levels,or aging, often associated with ED [16].

Fig.	17.1 Schema of l-arginine and nitric oxide synthase (NOS) catabolism [102]Elevated endogenous NOS inhibitors and increased arginase activitymay lead to NO de�iciency. Gene therapy aimed at enhancing theexpression of eNOS, nNOS, iNOS isoforms, or optimizing other factorsrelated to nitrergic mechanisms, such as protein inhibitor of NOS,cGMP-dependent protein kinase G1 (PKG1), and anti-arginase, couldenhance NO production or optimize signaling pathways mediated byNO intermediates [145, 168].
Current	Research	and	Developments	in	Using	Gene
Therapies	Targeting	the	Nitrergic	Mechanisms	for	ED,	PE,
and	Other	Sexual	DysfunctionsResearch on diabetic or elderly mouse models has shown promisingoutcomes for treating male sexual dysfunction, particularly erectiledysfunction. Xu et al. [156] demonstrated the role of iNOS and the effectof angiotensin 1-7 (Ang-[1-7]) on NOS levels in the pathogenesismechanism of diabetes-induced erectile dysfunction (DMED). In the



experiment by Silva et al. [136] using a diabetic mouse model witherectile dysfunction, the synthetic peptide PnPP-19 enhanced erectilefunction by activating nNOS and iNOS through the NO-activated cGMPpathway. The activity of PKG1 is reduced in the corporal tissue ofdiabetic mice with ED. Bivalacqua, Kendirci, et al. [15] demonstratedthat in vivo gene transfer of PKG-1α into the penile corpus cavernosumin diabetic mouse models restored PKG activity and improved erectilefunction during nerve stimulation. In the same year, another study byBivalacqua, Burnett, et al. [14] was conducted on B6/129 mousemodels with age-related erectile dysfunction. Adenoviral gene transferof anti-arginase reduced arginase protein and mRNA in the aged mousepenile tissue, enhancing eNOS activity and penile cGMP levels, therebyrestoring erectile function. Arginase may be a novel moleculartherapeutic target for age-related ED (ED due to vascular factors).Furthermore, decreased NO levels seem to be linked withindividuals experiencing PE. According to Otunctemur [114], aftertreatment with SSRIs like �luoxetine, paroxetine, and sertraline, NO mayhelp prolong ejaculation time [114]. However, additional research isrequired to con�irm the hypothesis and the role of NO in the physiologyof the disease and PE treatment.Gene therapy targeting the NO system is a new treatment approachbeing actively researched to improve male sexual function. Althoughpreliminary preclinical research has shown encouraging results, morehuman-subject clinical research is required to evaluate its ef�icacy andsafety.
Growth	Factors
Overview	of	Growth	FactorsNeurological damage due to spinal cord injury, pelvic or retroperitonealsurgery or trauma, and diabetic autonomic neuropathy may causeerectile dysfunction and ejaculatory dysfunction, including retrogradeejaculation, anejaculation, delayed ejaculation, reduced ejaculatevolume, and infertility [47].



Therefore, restoring damaged cavernous nerve sites may facilitatethe restoration of erectile function and sensory transmission. Someidenti�ied growth factors include �ibroblast growth factor 21 (FGF21),neurotrophin-3 (NT3), glial cell-derived neurotrophic factor (GDNF),and neurturin (NTN), insulin-like growth factor-1 (IGF-1), brain-derived neurotrophic factor (BDNF), vascular endothelial-derivedgrowth factor (VEGF), and many others [21].
Current	Research	and	Developments	in	Using	Growth
Factors	for	ED,	PE,	and	Other	Sexual	DysfunctionsIn Yang et al.’s study [160], it was demonstrated that there is arelationship between FGF21 and ED in populations with T2DM and inmouse models with diabetes. Bennett and colleagues reported thatgene therapy to deliver NT3 via herpes simplex virus (HSV)intermediates in treating diabetes-induced ED yielded feasible resultsin animal models [13]. GDNF and NTN are essential for cavernous nervesurvival and regeneration. Kato et al. [76] provided NTN factor throughHSV vector intermediates in a mouse model of nerve injury-induced ED,resulting in signi�icantly increased intracavernous pressure/arterialpressure compared to the control group [76]. Pu et al. [125] reportedstudy results of gene transfer through adenovirus vector intermediatesof IGF-1 into cavernous bodies in diabetic mice, which improvederectile function along with increased expression of IGF-1 mRNA andprotein in cavernous tissues [125]. Gholami et al. [53] reported studyresults evaluating VEGF and BDNF through adeno-associated virus(AAV) intermediates in a mouse model of nerve and blood vessel-related ED associated with high cholesterol [53]. Gene therapy throughgrowth factors is a promising direction that may help restore erectilefunction when cavernous nerves are damaged.
Ion	Channels
Overview	of	Modulation	of	K+	ChannelsIon channels such as Ca2+, K+, Cl, and Na+ play an important role inrelaxing smooth muscle tissues of the penis and causing penile erection



by stabilizing cell membrane potential and reducing nerve and musclecell sensitivity. Among these, the large-conductance Ca2+-activatedpotassium channel (BK or Maxi-K) and ATP-sensitive K+ channels(KATP) are studied for treating ED [78].
Current	Research	and	Developments	in	Using	Modulation	of
K+	Channels	for	ED,	PE	and	Other	Sexual	DysfunctionsIn 2006, Arnold Melman and colleagues conducted a phase 1 clinicalsafety trial by injecting hMaxi-K into the penis to treat ED in 11patients, showing initial improvement in erectile function (EF) [104].This was the �irst human clinical trial of gene therapy for ED; althoughthe results were promising, the lack of a control group preventedconclusive �indings. Therefore, further study is needed to assess thisapproach’s safety and effectiveness.In a study by So et al. [138], naked K(ATP) channel cDNA wasinjected into aging-related ED mice. The results showed increasedintracavernosal pressure (ICP) in response to cavernous nervestimulation compared to age-matched control mice, associated withelevated levels of KATP channel mRNA (Kir 6.1 and 6.2) in the penis.Additionally, the piezo-type mechanosensitive ion channelcomponent 2 (PIEZO2) ion channel has been found to play a role inperipheral nerve sensitivity, which could be applied in treating PE usingmolecular biology and electrophysiology methods [23].
Gene	Delivery	Systems
Overview	of	Non-viral	Vector	and	Viral	VectorsGene therapy involves introducing speci�ic genetic material that canalter cell function into a patient, in order to treat a genetic disease.Gene replacement, which involves delivering a functional gene toreplace a non-functional gene; gene silencing, which involvesinactivating a mutated gene that has become toxic to cells; geneaddition, which involves overexpressing a “foreign” or exogenous geneto affect cellular function; and gene editing, which involves



permanently altering a gene in a patient’s genome. These are the fourmain approaches to gene therapy.The success and effectiveness of gene therapy partly depend onef�icient gene delivery systems into the target tissue or cells. Thiscrucial step is carried out using either viral or non-viral vectors. Viralvector-based gene therapy is carried out by in vivo delivery of thetherapeutic gene to the patient using retroviruses-based vectors,adenoviruses (Ads), or adeno-associated viruses (AAVs). Alternatively,the delivery of the therapeutic transgene can be carried out ex-vivo byadding it to the patient’s cells which have been removed and culturedoutside of the body. The altered cells will then be reintroduced backinto the patient [19].Non-viral vectors include electroporation, chemical transfection,mechanical transduction, and fusion of cas9 with cell-penetratingpeptides and other vectors.Each system has its own advantages and challenges, affecting itsapplicability in different gene therapies. Viral vectors have a greaterimmune response and various degrees of alteration, while non-viralvectors have lower immunogenicity. Viral vectors are more ef�icient ingene delivery and distributing genetic characteristics across multiplecell generations, whereas non-viral vectors often exhibit short-termgene expression due to limited maintenance of delivery vehicles inloaded cells. Another advantage of viral vectors is their easierre�inement and production than non-viral vectors. However, using viralvectors also carries risks, such as endogenous viral recombination,cancer development, and immunological reactions.
Current	Research	and	Developments	in	Using	Gene	Delivery
Systems	for	ED,	PE,	and	Other	Sexual	DysfunctionsCombining gene delivery systems with various gene therapies,especially the CRISPR-Cas9 system, brings signi�icant potential and newtreatment directions for many diseases such as β-Thalassemia, sicklecell anemia, cystic �ibrosis, HIV infection, Duchenne musculardystrophy, cancer, etc. [40].



In addition to Casgevy therapy, Lyfgenia was also FDA-approved inDecember 2023 [44]. Lyfgenia is a cell-based gene therapy that uses alentiviral vector to genetically modify autologous hematopoietic stemcells to produce HbA^T87Q and is approved for patients aged 12 yearsand older with sickle cell disease and a history of vaso-occlusive events.Using CRISPR/Cas9 technology delivered via a lentiviral vector,Zhang et al. knocked out TEAD1 in corpus cavernosum smooth musclecells derived from diabetic rats with erectile dysfunction and showedthat TEAD1 knockout induced phenotypic modulation from thesynthetic to the contractile type [171] Kato et al. [76] used herpessimplex vector to deliver neurturin to treat ED caused by cavernousnerve injury [76].
Combining	Cellular	Regenerative	and	Gene
TherapyCurrent research �indings on the synergies between cellularregenerative and gene therapy in male sexual dysfunction haveprovided fascinating insights into novel treatment approaches for ED.Combining the regenerative potential of cell therapy with gene therapyoffers a new frontier for research into treating male sexualdysfunctions. A study by Lee et al. [84] demonstrated the use of a geneexpression system driven by a speci�ic promoter for gene therapy inrats with cholesterol-induced ED, showcasing the potential of geneticinterventions in treating vasculogenic ED [84]. A study by Hakim et al.[62] highlighted the emergence of novel treatment approaches for ED,aiming at curing and restoring the condition’s underlying causes [62].This emphasis on cure aligns with the current trend toward combiningcellular regenerative and gene therapy in tackling male sexualdysfunction. Additionally, Soebadi et al. [139] showcased the potentialof stem cells as a curative treatment for ED through preclinical studiesand early-phase clinical trials, indicating a promising direction forintegrating cellular regenerative therapies into the treatment landscapeof male sexual dysfunction. Moreover, the research by La Favor et al.



[80] on hydrogen sul�ide therapy reversing erectile dysfunction inWestern diet-fed mice highlights the importance of innovativetherapeutic approaches in addressing sexual dysfunctions [80]. Thisstudy underscores the potential of novel therapies, such as hydrogensul�ide treatment, to effectively combat the physiological challengescontributing to male sexual dysfunction.A study by Liu et al. demonstrated the association between ED andimpaired endothelial function and disruption of the VEGF signalingpathway. The study also promoted the recovery of erectile function byenhancing endothelial function and increasing smooth muscle contentusing ADSCs modi�ied by the VEGF gene, showing their superiority inimproving erectile function in DMED rats compared to unmodi�iedADSCs [90]. However, transgenic technology has limited clinicalapplication due to the risk of integrating exogenous genes into the hostgenome. EPCs can produce mature endothelial cells both in vitro and invivo, and they are crucial for the regeneration of damaged blood vesselsin vivo [153]. Paracrine stromal cell-derived factor-1 (SDF-1) fromADSCs was shown to enhance the “value-added” differentiation of EPCsand enhance cavernous smooth muscle and nNOS expression [158].Additionally, SDF-1 demonstrated a synergistic effect of thecombined transplantation of ADSCs and EPCs on the repair of theendothelial function. This approach presented as signi�icantly moretherapeutic effect than either treatment alone, opening up new avenuesof treatment for patients with type 2 diabetes [158]. Luo and colleaguesfound that shNLRP3 lentivirus can protect the paracrine function ofADSCs. They enhanced their ability to improve diabetic ED in ahyperglycemic state by reducing cavernous endothelial dysfunction andsmooth muscle cell injury through anti-apoptotic and anti-ROSdeposition mechanisms [98]. Furthermore, overexpression orknockdown of certain genes, such as NRIP1 and HIF 1α in stem cells,increased their response to a hyperglycemic hypoxic environment [98].Overall, the current research �indings on the synergies betweencellular regenerative and gene therapy provide a glimpse into thepromising future of male sexual dysfunction treatment. By integrating



these two therapeutic approaches, researchers are moving closer todeveloping comprehensive and effective strategies to enhance malesexual health and function.
Ethical	and	Legal	ConsiderationsEthical considerations are paramount in the development andapplication of any innovative therapy. The �ield of cellular regenerativeand gene therapy for male sexual dysfunction involves a complexinterplay of ethical and legal considerations. With the focus often onef�icacy and safety, the ethical implications of cellular regenerative andgene therapies cannot be overlooked. Stem cell therapy raises variousbioethical, legal, and societal concerns that necessitate a thoughtfulapproach by researchers, legal authorities, and social activists [106].As researchers focus more on the molecular mechanisms and geneexpression systems related to sexual dysfunction, it becomesimperative to address the ethical dimensions of using thesetechnologies in clinical settings as well. For instance, the study onantiretroviral-free HIV-1 remission after allogeneic stem celltransplantation delves into ethical implications by closely monitoringthe achieved viral remission, highlighting the importance of ethicalimplications of such therapies [65]. Furthermore, the paper onnephropathic cystinosis in adults emphasizes oral cysteamine therapy’snatural history and effects [50]. While not directly related to malesexual dysfunction, this study underscores the signi�icance of long-termtherapy in mitigating complications, which could be a vitalconsideration in the context of regenerative therapies for sexualdysfunction.Patients undergoing these innovative treatments must be fullyinformed about the procedures, potential risks, bene�its, andalternatives. Studies emphasize the importance of patient educationand awareness to enable individuals to make well-informed decisionsregarding their treatment options [28]. This sheds light on theimportance of informed consent and patient awareness before



undertaking any therapeutic intervention, aligning with the ethicalconsiderations in the �ield.Moreover, the future of male infertility management and assistedreproduction technology paper alludes to the need for carefuldiagnosis, patient education, and obtaining informed consent beforecommencing treatment [107]. Studies have emphasized the need forclear guidelines to govern the application of stem cells and genetherapies in clinical practice for cellular regenerative and genetherapies for male sexual dysfunction [61], where regulatoryframeworks and international standards come into play to ensureethical practices and patient safety. At the time of this publication, theNHS “Clinical Commissioning Policy” for Erectile dysfunction [31]referred to the study by Karakus and Burnett and state that, due toinsuf�icient data to support long-term safety and ef�icacy of all noveltherapies for sexual dysfunction (apart from penile implants), includingintracavernosal stem cell therapies, shockwave therapy, and penilevascular surgery should be regarded as investigational [75].On another note, there is currently a lack of global uniformity in theregulations governing cell and gene therapy reimbursement andpricing. Regulatory barriers can, in practice, slow down technologicaladvancements and prevent novel medications from entering themarket. As an example, while Americans and Germans have access to87% and 63% of new drugs, respectively, South Koreans have access toonly 35% of new drugs on average [121]. To support the expansion ofthe market for gene and cell therapies, authorities have attempted toconstruct some forward-looking regulatory guidelines to lay the groundfor regulatory harmonization. Attempts toward coordinating pricingand reimbursement (P&R) and regulatory processes have also initiatedvarious forms of harmonizing movements and “horizon-scanning”initiatives [85].In conclusion, the literature review reveals a multifaceted landscapewhere ethical implications, patient awareness, and regulatoryframeworks converge in the realm of cellular regenerative and genetherapy for male sexual dysfunction.



Challenges	and	Future	Directions
Challenges	in	Implementing	Cellular	Regenerative	and
Gene	TherapiesAlthough cellular regenerative and gene therapies have shown promisein identifying and treating various diseases, they also carry risks andchallenges, including unintended mutations, tumor formation, long-term health impacts on patients, and cost-effectiveness.One of the signi�icant challenges is the risk of unintended mutationsor cancer cell contamination in cancer patients [58, 59]. These methodsmay have short-term bene�its, but their long-term usefulness and safetyfor future patient health are unknown. Gene editing could introduceunpredictable genetic changes, potentially impacting futuregenerations. This raises concerns about the lasting consequences ofgene therapies and regenerative medicine for human health.Another risk is the occurrence of adverse immune reactions duringstem cell transplantation and gene editing. To mitigate negativeimmune reactions and enhance their safety, biocompatible materialscombined with gene editing techniques such as CRISPR/Cas9 aim toensure biological compatibility, avoiding immune reactions,in�lammation, or cell toxicity [39]. Furthermore, bioengineeredmaterials can be surface-modi�ied and formulated with immunemodulators, helping to limit immune cell activation and preventadverse immune reactions [43].Additionally, biocompatible materials can only target certain typesof cells or speci�ic tissues for gene editing. Therefore, precise targetingtechniques are required to minimize off-target effects, allowingbiocompatible materials to detect and attach to target cells or tissues[174].Treatment costs are also a consideration. Gene editing andregenerative medicine techniques are modern methods that utilizeadvanced technologies and machinery, making the implementationcosts relatively high. Therefore, �inding ways to reduce costs is crucial,ensuring that more people can access these therapies [35].



Future	Technological	Advancements	and	Innovations
Nanomedicine	Targeted	Drug	DeliveryOne signi�icant and promising advancement for the future applicationin treating male sexual disorders is nanotechnology [94].Nanotechnology can precisely and ef�iciently deliver drugs to thenecessary sites in the body, minimizing side effects and enhancingtreatment ef�icacy. Hosny and Aljaeid used nanoparticles containingsildena�il in the treatment of ED in their study on rabbit models,reported higher bioavailability and sustained action of sildena�il [66].In the study by Cheng et al. [24], the Neuregulin-1 gene was transferredinto ADSCs using superparamagnetic iron oxide nanoparticles tofurther enhance the therapeutic ef�icacy of ADSCs by locally retainingADSCs in the corpus cavernosum and exerting the effects of stem celltherapy on ED patients.Dapoxetine is heavily metabolized in the liver, resulting in poor oralbioavailability. In Fouad et al.’s study [48], an instantly-dispersiblenanocarrier powder system (IDNPs) was developed to deliverdapoxetine intranasally in rabbit models [48]. The improvedpermeation and bioavailability suggest that IDNPs could be a promisingmodel for delivering drugs through the intranasal route, bypassing�irst-pass hepatic metabolism.
Personalized	Therapies	Based	on	Genetic	Pro�ilingGenetic pro�iling helps clinicians understand the genetic makeup ofeach individual and design tailored treatment strategies for diagnosisand treatment. In recent years, personalized medicine combined withnanotechnology has improved biological availability and providedbetter compatibility, resulting in maximum treatment ef�icacy withcontrolled drug release mechanisms to ensure that the drug reaches thetarget accurately and at the right time. Both nanotechnology andpersonalized medicine based on genetic pro�iling are consideredpromising medical directions [4].
Integration	of	AI	and	Machine	Learning



Recent studies on arti�icial intelligence (AI) and machine learning haveshown promising potential in optimizing treatment processes,predicting occurring reactions, and selecting effective treatmentmethods to support medical research. However, these systems aredeveloped based on a large amount of high-quality initial data to ensurethe accuracy and reliability of predictions. When combined with geneediting, regenerative medicine, and precision medicine, allowingpersonalized treatment methods based on genetic pro�iling helpsoptimize treatment outcomes and minimize the risk of unintendedadverse effects [36]. Furthermore, in the �ield of reproductive support,AI and machine learning assist in sperm selection for IVF/ICSI, oocytecollection, gamete quality assessment, assisting protocols for controlledovarian hyperstimulation, donor matching, or selecting and rankingembryos for transfer and cryopreservation [170]. Additionally, clearregulations and assessment procedures are necessary to ensure thesesystems are developed and implemented safely and reliably [129].
ConclusionAlthough male sexual dysfunction is becoming increasingly prevalent,current treatment methods still have many limitations, so �inding newtreatment methods is necessary. Currently, regenerative medicine andgene editing therapies are promising new treatment avenues for theirpotential applications in treating various diseases, including malesexual dysfunction.Recent studies suggest that SCT, PRP therapy, protein therapy, andLi-ESWT may contribute to tissue regeneration and improvements inmale sexual function. These approaches may offer new therapeuticopportunities for conditions such as ED and PE, although furtherclinical validation is required before their broader clinical application.Additionally, gene therapy is gaining popularity, with gene editingmethods like CRISPR/CAS9 or targeting the nitrergic system, growthfactors, K+ channels, and gene delivery systems being utilized to modifygene variants related to male sexual dysfunction. This offers new



potential for treating and preventing these conditions. Furthermore,the proposed combination of cellular regeneration and gene therapymay provide signi�icant bene�its by increasing treatment ef�icacy andimproving patient outcomes.Although results from initial experiments on animal models andpreliminary clinical trials show positive outcomes, integratingregenerative medicine and gene therapy also presents many challengesand potential risks. From regulatory barriers to social and ethical issuesand legal regulations to the risk of off-target mutations, adverseimmune reactions, cancer development, long-term health impacts,complex technical machinery, and expensive treatment costs, all mustbe carefully controlled and further researched before clinicalapplication.Recently, with advances in nanotechnology, personalized medicinebased on genetic pro�iles, and the integration of arti�icial intelligenceand machine learning, some of these challenges can be addressed, andnew potential for the treatment of male sexual dysfunction can beopened up.In conclusion, despite the remaining challenges and risks, cellularregeneration and gene therapy approaches are opening new prospectsfor improving the quality of life for patients with male sexualdysfunctions. Continued research and collaboration, as well as ensuringethics in the development process, are essential to ensure that thesemethods can become a reality in the near future.
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Bennett NE, Kim JH, Wolfe DP, Sasaki K, Yoshimura N, Goins WF, Huang S, Nelson JB, de GroatWC, Glorioso JC, Chancellor MB. Improvement in erectile dysfunction after neurotrophicfactor gene therapy in diabetic rats. J Urol. 2005;173(5):1820–4. https:// doi. org/ 10. 1097/ 01. ju. 0000158056. 66236. 1f.[PubMed]14. Bivalacqua TJ, Burnett AL, Hellstrom WJ, Champion HC. Overexpression of arginase in theaged mouse penis impairs erectile function and decreases eNOS activity: in�luence of in vivogene therapy of anti-arginase. Am J Physiol Heart Circ Physiol. 2007;292(3):H1340–51.https:// doi. org/ 10. 1152/ ajpheart. 00121. 2005.[PubMed]15. Bivalacqua TJ, Kendirci M, Champion HC, Hellstrom WJ, Andersson KE, Hedlund P.Dysregulation of cGMP-dependent protein kinase 1 (PKG-1) impairs erectile function indiabetic rats: in�luence of in vivo gene therapy of PKG1alpha. BJU Int. 2007;99(6):1488–94.https:// doi. org/ 10. 1111/ j. 1464-410X. 2007. 06794. x.[PubMed]16. Bivalacqua TJ, Musicki B, Usta MF, Champion HC, Kadowitz PJ, Burnett AL, Hellstrom WJ.Endothelial nitric oxide synthase gene therapy for erectile dysfunction. Curr Pharm Des.2005;11(31):4059–67. https:// doi. org/ 10. 2174/ 1381612057749133 45.[PubMed]17. Bocchino AC, Pezzoli M, Martıńez-Salamanca JI, Russo GI, Lo Giudice A, Cocci A. Low-intensity extracorporeal shock wave therapy for erectile dysfunction: myths and realities.Investig Clin Urol. 2023;64(2):118–25. https:// doi. org/ 10. 4111/ icu. 20220327.[PubMed][PubMedCentral]18. Brown C, McKee C, Bakshi S, Walker K, Hakman E, Halassy S, Svinarich D, Dodds R, GovindCK, Chaudhry GR. Mesenchymal stem cells: cell therapy and regeneration potential. J TissueEng Regen Med. 2019;13(9):1738–55. https:// doi. org/ 10. 1002/ term. 2914.[PubMed]19. Bulcha JT, Wang Y, Ma H, Tai PWL, Gao G. Viral vector platforms within the gene therapylandscape. Signal Transduct Target Ther. 2021;6(1):53. https:// doi. org/ 10. 1038/ s41392-021-00487-6.[PubMed][PubMedCentral]20. Burnett AL, Nehra A, Breau RH, Culkin DJ, Faraday MM, Hakim LS, Heidelbaugh J, Khera M,McVary KT, Miner MM, Nelson CJ, Sadeghi-Nejad H, Seftel AD, Shindel AW. Erectiledysfunction: AUA guideline. J Urol. 2018;200(3):633–41. https:// doi. org/ 10. 1016/ j. juro. 2018. 05. 004.[PubMed]21. Campbell JD, Burnett AL. Neuroprotective and nerve regenerative approaches for treatmentof erectile dysfunction after cavernous nerve injury. Int J Mol Sci. 2017;18(8) https:// doi. org/ 10. 3390/ ijms18081794.22. Chen X, Yang Q, Xie Y, Deng C, Liu G, Zhang X. Comparative study of different transplantation

https://doi.org/10.1097/01.ju.0000158056.66236.1f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15821595
https://doi.org/10.1152/ajpheart.00121.2005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17071735
https://doi.org/10.1111/j.1464-410X.2007.06794.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17355372
https://doi.org/10.2174/138161205774913345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16378511
https://doi.org/10.4111/icu.20220327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=36882170
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9995960
https://doi.org/10.1002/term.2914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=31216380
https://doi.org/10.1038/s41392-021-00487-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=33558455
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7868676
https://doi.org/10.1016/j.juro.2018.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29746858
https://doi.org/10.3390/ijms18081794


methods of adipose tissue-derived stem cells in the treatment of erectile dysfunction causedby cavernous nerve injury. Andrologia. 2021;53(4):e13950. https:// doi. org/ 10. 1111/ and. 13950.[PubMed]23. Chen Z, Yuan M, Ma Z, Wen J, Wang X, Zhao M, Liu J, Zhang X, Zhao S, Guo L. Signi�icance ofpiezo-type mechanosensitive ion channel component 2 in premature ejaculation: an animalstudy. Andrology. 2020;8(5):1347–59. https:// doi. org/ 10. 1111/ andr. 12779.[PubMed]24. Cheng J, Zheng Z, Tang W, Shao J, Jiang H, Lin H. A new strategy for stem cells therapy forerectile dysfunction: adipose-derived stem cells transfect Neuregulin-1 gene throughsuperparamagnetic iron oxide nanoparticles. Investig Clin Urol. 2022;63(3):359–67. https:// doi. org/ 10. 4111/ icu. 20220016.[PubMed][PubMedCentral]25. Choe S, Kalmanek E, Bond C, Harrington DA, Stupp SI, McVary KT, Podlasek CA. Optimizationof sonic hedgehog delivery to the penis from self-assembling nano�iber hydrogels topreserve penile morphology after cavernous nerve injury. Nanomedicine. 2019;20:102033.https:// doi. org/ 10. 1016/ j. nano. 2019. 102033.[PubMed][PubMedCentral]26. Chung DY, Ryu JK, Yin GN. Regenerative therapies as a potential treatment of erectiledysfunction. Investig Clin Urol. 2023;64(4):312–24. https:// doi. org/ 10. 4111/ icu. 20230104.[PubMed][PubMedCentral]27. Chung DY, Song KM, Choi MJ, Limanjaya A, Ghatak K, Ock J, Yin GN, Hong CH, Hong SS, Suh JK,Ryu JK. Neutralizing antibody to proNGF rescues erectile function by regulating theexpression of neurotrophic and angiogenic factors in a mouse model of cavernous nerveinjury. Andrology. 2021;9(1):329–41. https:// doi. org/ 10. 1111/ andr. 12873.[PubMed]28. Chung E. Regenerative technology to restore and preserve erectile function in men followingprostate cancer treatment: evidence for penile rehabilitation in the context of prostatecancer survivorship. Ther Adv Urol. 2021;13:17562872211026421. https:// doi. org/ 10. 1177/ 1756287221102642 1.[PubMed][PubMedCentral]29. Ciccocioppo R, Cantore A, Chaimov D, Orlando G. Regenerative medicine: the red planet forclinicians. Intern Emerg Med. 2019;14(6):911–21. https:// doi. org/ 10. 1007/ s11739-019-02126-z.[PubMed]30. Citorik RJ, Mimee M, Lu TK. Sequence-speci�ic antimicrobials using ef�iciently deliveredRNA-guided nucleases. Nat Biotechnol. 2014;32(11):1141–5. https:// doi. org/ 10. 1038/ nbt. 3011.[PubMed][PubMedCentral]31. Consultant in Public Health, N. M. a. L. Clinical Commissioning Policy: Erectile Dysfunction—

https://doi.org/10.1111/and.13950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=33600019
https://doi.org/10.1111/andr.12779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32100938
https://doi.org/10.4111/icu.20220016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35534221
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9091825
https://doi.org/10.1016/j.nano.2019.102033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=31173931
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194284
https://doi.org/10.4111/icu.20230104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=37417556
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10330409
https://doi.org/10.1111/andr.12873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32696589
https://doi.org/10.1177/17562872211026421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34434257
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8381411
https://doi.org/10.1007/s11739-019-02126-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=31203564
https://doi.org/10.1038/nbt.3011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=25240928
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4237163
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Prostate cancer (PCa) remains the second most commonly diagnosedcancer and the �ifth leading cause of cancer-related death among menworldwide, with an estimated 1.5 million new cases and 397,000deaths in 2022 [1]. Management of PCa is guided by tumor stage andrisk pro�ile, with available treatments including radical prostatectomy(RP), radiotherapy (RT), androgen deprivation therapy (ADT), andchemotherapy [2]. However, surgery and RT can disrupt cavernousnerve function and penile vascular integrity [3], leading to sexualdysfunction characterized by erectile dysfunction (ED), ejaculatory andorgasmic disturbances, and broader psychosexual effects such asreduced sexual con�idence and libido [4]. Ultimately, ED continues to bethe most prevalent sexual consequence, adversely affecting quality oflife and the well-being of intimate partners [4, 5].Estimating the true incidence of ED after PCa treatment ischallenging because of heterogeneous diagnostic criteria and multiplepatient- and treatment-related factors, including age, baseline EF,radicality of surgery with regards to nerve-sparing, follow-up duration,use of multimodal therapy, and penile rehabilitation [6, 7]. ED followingPCa treatment is common, with reported incidence rates varyingbetween 30% and 80%, depending on the speci�ic treatment modality,patient characteristics, and pre-treatment erectile function (EF) [8]. Ina cohort of men with localized PCa, ED occurred in 44.2% overall [9],with reported rates higher after RP (56.1–65.3%) than after RT(30.4%–33.8%) [9, 10]. Notably, these studies were based on clinicaldiagnosis of ED, while survey-based assessments of perceived EF havereported markedly higher prevalence, with rates up to 91% [5].Additionally, the timing of assessment is important, as EF following RPhas been shown to recover in a time-dependent manner, particularlywithin the �irst 2 years after surgery [11]. In contrast, ED after RT hasbeen shown to increase over time, affecting roughly one-third ofpatients at 1 year and up to one half at 5 years [12]. In one study, RTwas associated with a longer median time to ED diagnosis comparedwith RP (346 vs 133 days) [9]. Furthermore, RP was also associated



with a higher likelihood of penile prosthesis implantation comparedwith RT (3.6% vs 1.4%) [9].When strati�ied by surgical approach, robotic-assisted RP (RARP)demonstrates improved EF preservation relative to laparoscopic RP(LRP) and open techniques, whereas laparoscopic and open approachesshowed comparable outcomes [13]. The use of nerve-sparingtechniques is a major determinant of EF recovery after RP [14, 15], withnon–nerve-sparing surgery associated with an approximately 70%lower likelihood of recovery compared with nerve-sparing procedures[16]. Conversely, reported rates of radiation-induced ED vary widely inthe literature, ranging from 17% to 90% [11]. Interestingly,brachytherapy (BT) demonstrated superior erectile outcomescompared with external-beam radiotherapy (EBRT) or RP [12], withdifferences diminishing and outcomes becoming comparable at longerfollow-up [17]. Another treatment-related factor in�luencing erectileoutcomes is the use of ADT, with studies showing that patientsreceiving ADT have signi�icantly poorer EF at follow-up compared withthose not exposed to ADT [18].Several patient-related factors have been shown to in�luence EDoutcomes, including younger age, lower prostate-speci�ic antigen (PSA)levels, and better pretreatment sexual function scores [15]. Younger agehas been associated with improved EF recovery following RP, with onestudy reporting a higher likelihood of return to baseline functionamong younger men, despite an overall recovery rate of only 23% [19].Comorbid conditions such as diabetes have been associated withpoorer erectile outcomes, including a reduced likelihood of EF recovery(OR 0.43) and an increased risk of severe ED (OR 1.85) [20]. Thepresence of vascular risk factors, including hypertension, cigarettesmoking, and hypercholesterolemia, has been associated with poorerEF outcomes following RP [21].
Anatomy,	Vascularization	and	Innervation	of
the	Prostate	and	Penis



To understand how PCa treatments can lead to ED, it is important to�irst review the complex anatomy of the prostate and its relationshipwith the structures responsible for erection. The prostate gland issituated within the male pelvis and is commonly described as having aninverted conical shape. Its base lies adjacent to the bladder neck, whilethe apex is closely associated with the external urethral sphincter [22].Improved understanding of prostate anatomy over recent decades hasre�ined surgical techniques, with EF recovery closely linked topreservation of prostatic vascular supply and neurovascular bundles(NVBs) anatomy.
Vascularization	of	ProstateThe arterial supply to the prostate is variable, most commonly arisingfrom the internal pudendal artery (35–56%), followed by the gluteal–pudendal trunk (15–28%), and less frequently from the obturatorartery (10–12%). Typically, two bilateral arterial pedicles can beidenti�ied: a posterior branch that courses around the seminal vesiclesand vas deferens toward the prostatic base, and an anterior branch thatruns along the lateral surface of the prostate toward the apex [23].Studies have suggested that the anterior arterial pedicle, which coursesalong the lateral aspect of the prostate toward the apex as an anteriorcapsular branch, may play a role in preserving postoperative erectilefunction and penile integrity, as preservation of these small brancheshas been associated with improved EF recovery [24].Notably, substantial inter- and intraindividual variation exists inmale pelvic vascular anatomy, including the presence of accessory oraberrant pudendal arteries (APAs), which have been reported in 4–75%of individuals [25]. These vessels generally originate from internal iliac,external iliac, or obturator arteries, coursing along the tendinous archof the pelvis or the anterolateral aspect of the prostatic apex [26].Transection of accessory pudendal arteries has not been shown toindependently predict postoperative erectile dysfunction [27].However, as these vessels may contribute to penile arterial in�low, their



preservation during radical prostatectomy is generally advocated [27,28].
Innervation	of	ProstateThe neural pathways governing erection, ejaculation, and urinarycontinence arise from the inferior hypogastric (pelvic) plexus, which isembedded within a sagittally oriented �ibro-fatty plane between thebladder and rectum [29, 30]. The extent of pelvic lymph node dissectionmay expose this region to surgical manipulation, thereby increasing therisk of neural injury. Standard dissection, limited to the common iliacbifurcation or ureter, primarily endangers the pelvic plexus and erectilenerves near the internal iliac vessels, whereas extended dissection addsrisk in the presacral region and medial to the common iliac arteries [31,32].NVBs consist of microscopic nerve �ibers originating from theinferior hypogastric plexus and closely associated vascular structures,coursing along the lateral and anterolateral surfaces of the prostate [26,33]. These �ibers are predominantly concentrated posterolaterally, witha higher proportion located anterolaterally at the prostatic apex [34].Overall, the NVBs are enclosed within a multilayered periprostaticfascia that variably adheres to or separates from the prostatic capsuleand covers the outer surface of the prostate [26]. Multiple dissectionplanes can be identi�ied within the periprostatic fascia, permittingvarying degrees of nerve-sparing and forming the basis of theincremental nerve-sparing concept. Traditionally, three principal planeshave been described: an intrafascial plane along the prostaticpseudocapsule that enables maximal preservation of the neurovascularbundles; an interfascial plane within the periprostatic fascia allowingpartial or complete nerve sparing depending on anatomical variation;and an extrafascial plane lateral to the levator ani fascia, which resultsin complete excision of the neurovascular bundles [26]. With theintroduction of robotic surgery and enhanced optical magni�ication, afour-grade nerve-sparing approach based on lateral prostatic venouslandmarks has been proposed. In this system, grade 1 dissection



follows the plane between the prostatic pseudocapsule andperiprostatic veins and represents maximal nerve preservation, whileprogressively more lateral dissections toward the levator ani fascia(grades 2–4) correspond to decreasing degrees of nerve sparing,ultimately resulting in a non–nerve-sparing technique [35].
Physiology	of	ErectionPenile erection, also known as tumescence, refers to the physiologicalprocess during which the penis becomes engorged with blood, typicallyin response to sexual arousal but occasionally occurring spontaneously.A comprehensive understanding of penile anatomy, neurovasculature,and related hormonal and molecular factors is essential tounderstanding tumescence physiology. An understanding of theunderlying physiology informs medical intervention, making it afundamental aspect of ED management. The mechanism of penileerection is shown in Fig. 18.1.



Fig.	18.1 Integrated neurovascular and molecular mechanisms of penile erection anddetumescenceThe physiology underlying an erection can be delineated intoprocesses of arterial dilation and venous occlusion. Typically,tumescence ensues following sexual stimulation. This sequence inhibitsthe sympathetic nervous system, activates the parasympatheticnervous system, and releases pro-erectogenic neurotransmitters fromthe cavernous nerves. Consequently, parasympathetic nerve activationresults in a reduction of intracellular calcium levels, leading torelaxation of cavernosal and arterial smooth muscles. This relaxationeffect signi�icantly enhances blood �low, increasing it by approximatelytwenty to forty times within the expanding sinusoids of the corporacavernosa. As these sinusoids expand, the peripheral regions of thecorpora near the tunica albuginea commence venous occlusion. Theemissary veins are compressed between the sinusoids and the inelastictunica albuginea, thereby sustaining tumescence [36].In most men, intracavernous pressure elevates to an average ofapproximately 100 mmHg. The pressure within the corpus spongiosumtypically remains about one-third of that observed in the corporacavernosa. This disparity is attributable to the weaker and more elastictunica albuginea, which facilitates minimal venous occlusion.Contraction of the ischiocavernosus and bulbospongiosus musclesduring the rigid erection phase elevates pressure within all threechambers and the glans penis. Sexual intercourse and repetitive penilestimulation induce robust contractions of these muscles, therebyforcing additional blood into all chambers and increasing rigidity. Thisstage is referred to as the rigid erection phase, during which intra-erectile pressures can attain several hundred millimeters of mercury[37, 38].The intracorporeal pressure begins to decline only during thesecond phase of detumescence. The initial phase is characterized by atransient increase in pressure resulting from the contraction oftrabecular smooth muscles within the sinusoids against an occludedvenous system. During the subsequent phase of detumescence,



expansion of the emissary veins facilitates drainage of the sinusoids,leading to a gradual decrease in intracorporeal pressure. The �inalphase of detumescence involves a rapid decline in pressure, coincidingwith fully restored venous drainage and baseline arterial �low [39].
Treatment	Effect	Leading	to	ED
RPRP is a common treatment for localized PCa. While effective in terms ofoncological control, it is also associated with a high incidence of ED.From a 5-year-follow-up study of the Prostate Cancer Outcomes Studyin the early 2000s, at 60 months, only 28% of the men had erections�irm enough for intercourse, compared with 22% at 24 months(p = 0.003) [40]. This correlation is chie�ly attributable to the closeanatomical proximity between the prostate and the cavernous nerves,which are vital for penile erection. Despite the adoption ofcontemporary nerve-sparing techniques, these delicate neurovascularstructures are often vulnerable to intraoperative traction, compression,thermal injury, ischemia, and postoperative in�lammation, which canlead to neuropraxia—a temporary yet functionally impactful disruptionof neural signaling. Consequently, the initiation of tumescence may behindered, resulting in immediate postoperative erectile dif�iculties [41].Beyond acute nerve injury, the long-term decline in EF after RP iscaused by secondary structural changes within the corpora cavernosa.Extended penile �laccidity leads to chronic hypoxia, which encouragesapoptosis, pyroptosis, and autophagy of cavernous smooth muscle cells,along with a phenotypic shift toward �ibrosis (Fig. 18.2). This processresults in cavernous �ibrosis and veno-occlusive dysfunction, or“venous leak,” making erections dif�icult or impossible to sustain. Whilerecovery is possible, it is often slow. Nicolai et al. reported that 60–85%of men who undergo bilateral nerve-sparing RP eventually regain someEF, typically within 12–24 months [42].



Fig.	18.2 Causes of erectile dysfunction following radical prostatectomyEfforts to diminish the incidence of ED associated with RP haveadvanced over a period exceeding one hundred years. The initialdescription of the perineal approach to radical prostatectomy wasprovided by Young in 1905, subsequently followed by Millin’sretropubic technique in 1945, which established the groundwork forcontemporary radical retropubic prostatectomy (RRP). Early resultswere modest regarding sexual function, with nearly universalpostoperative ED reported [43, 44]. A signi�icant paradigm shifttranspired in 1983 when Walsh delineated the posterolateral NBVs andsubsequently pioneered the nerve-sparing RRP technique. Throughmeticulous dissection within the lateral pelvic fascia and thepreservation of the NVBs, Walsh et al. demonstrated an early recoveryof erectile function, with �ifty percent of the patients attainingpenetrative intercourse postoperatively [45, 46]. This innovation hasconsiderably enhanced postoperative erectile outcomes and continuesto serve as the fundamental element of contemporary RP.Technological advances have further re�ined surgical precision, andthe contemporary ED rates following RP were somewhat better. LRP



emerged in the 1990s but was limited by its technical complexity. Thewidespread adoption of RARP followed the introduction of the da Vincisystem in 2000. Menon et al. later optimized this approach through theVattikuti Institute prostatectomy technique, which enhanced thepreservation of the NVB and lateral prostatic fascia. As a result, RARPhas become the leading surgical method for PCa in the United States[47–49]. According to a systematic review of 6 studies comparing RARPwith RRP, and 4 studies comparing RARP with LRP, the 12- and 24-month potency rates ranged from 54% to 90% and from 63% to 94%,respectively. Higher 12-month potency rates after RARP were found, incomparison with RRP (odds ratio [OR]: 2.84; 95% con�idence interval[CI]: 1.46–5.43; p = 0.002). There was no signi�icant difference inpotency rates between RARP and LRP [7]. Meta-analytic data exhibitenhanced recovery of EF following RALP in comparison to open andconventional laparoscopic techniques at both early and latepostoperative intervals [41]. Recent innovations, such as transvesicalRARP and Retzius-sparing or Hood techniques, seek to further preserveanatomical structures pertinent to erectile and urinary functions,although comprehensive outcome data from large-scale studies remainscarce [50, 51].Intraoperative cavernous nerve monitoring has become anadjunctive strategy to minimize nerve injury. Electrical nervestimulation systems, such as CaverMap, have been extensivelyresearched; however, their application is constrained by low speci�icityand a high incidence of false-positive results [52, 53]. Advancedimaging technologies, including optical coherence tomography, providereal-time, high-resolution visualization of neural structures and arecurrently undergoing active investigation. Other modalities—such asoptical nerve stimulation, �luorescence labeling, and multiphotonmicroscopy—continue to be experimental owing to practical andtechnical limitations [54–56].Importantly, the psychosocial consequences of ED following RP aresubstantial, frequently contributing to depression, anxiety, andimpaired quality of life [4]. As such, contemporary care increasingly



integrates psychological counseling alongside medical therapy.Emerging regenerative approaches—including low-intensityshockwave therapy (LISWT) and stem cell-based interventions—aim torestore neurovascular integrity rather than merely manage symptoms,representing a promising future direction in post-RP sexualrehabilitation [57].Overall, continued advancements in surgical technique,intraoperative nerve preservation, and structured postoperativerehabilitation remain essential to minimizing ED and improving long-term functional outcomes following RP.
EBRTEBRT for pelvic malignancies is a well-recognized cause of radiation-induced ED (RiED), which typically manifests as a gradual andprogressive decline in EF between 6 months and 3 years aftertreatment [58]. Contemporary studies indicate that approximately 30–50% of men encounter new-onset or deteriorating ED following EBRT,primarily attributable to cumulative radiation-induced damage to thepenile vasculature and the progressive degeneration of the cavernoustissue nerves [59–61]. The peak incidence of ED generally occursbetween 6 months and 2 years after RT [62, 63]. From a cohort of PCapatients who received EBRT without the use of antiandrogen, at16 months post RT, only 60% (compared to 81% at baseline) couldattain erection, and 27% (compared to 44% at baseline) could haveerection that permitted intercourse [64].RT-associated ED underscores the constraints of precedingmethodologies and the biological susceptibility of erectile tissues toionizing radiation. Initial two-dimensional radiotherapy and three-dimensional conformal RT (3DCRT) were characterized by imprecisetarget delineation, leading in overexposure of adjacent tissues toexcessive radiation. Consequently, prospective investigations havedocumented a markedly heterogeneous range of ED incidences,spanning from 7% to 72% following 3DCRT [65–69]. The integration ofcomputed tomography (CT) and magnetic resonance imaging (MRI)



substantially enhanced target accuracy, with CT reducing target errorby over 30% and MRI exhibiting superior soft-tissue resolution incomparison to CT alone [70–72].These technological advancements in imaging facilitated theadoption of intensity-modulated radiation therapy (IMRT) during the1990s, a technique that permits highly conformal dose delivery throughcomputer-controlled beam modulation. IMRT diminishes radiationexposure to adjacent erectile structures while preserving oncologicef�icacy. Nevertheless, ED persists as a prevalent issue; Brown et al.reported that 50% of patients treated with IMRT experienced severeED (SHIM <10) at a median follow-up of 36.8 months [73].Hypofractionated radiotherapy further enhances this approach byleveraging the differential DNA repair capacity between tumor andnormal tissues. Stereotactic body radiotherapy (SBRT), an ultra-precisemodality of hypofractionation, has demonstrated improvedpreservation of EF, with reported functional erection rates of 57% at24 months and 45% at 60 months in patients with baseline intacterectile functionality [74].More recently, image-guided radiation therapy (IGRT) has facilitatedreal-time visualization and adaptive treatment planning utilizing on-board CT or MRI. Data from the CHHiP trial IGRT substudydemonstrated a reduction in radiation dose to the penile bulb and acorresponding decrease in the risk of severe ED [75]. BT, whichadministers radiation directly to the prostate through implantedisotopes such as iodine-125 or palladium-103, has also been correlatedwith a reduced incidence of ED, with reported rates varying from 5% to51% depending on the technique employed and its combination withEBRT [44]. Emerging particle therapies, such as proton and carbon-iontherapy, utilize the Bragg peak effect to optimize tumor dosing whileminimizing damage to adjacent tissues. Extended follow-up of protontherapy indicates a reduction in EF from 90% at baseline toapproximately 62–67% over a period of one to 5 years [76].The pathophysiology of RiED is multifactorial and primarilyvascular and neurogenic. Initial angiographic investigations revealed



obstructive pathology in the internal pudendal arteries withinirradiated pelvic regions [77]. In addition, Doppler ultrasound studiescon�irmed arterial insuf�iciency as a principal mechanism [78].Preclinical data further indicate that radiation diminishes nerve �iberscontaining nitric oxide synthase within the corpora cavernosa, therebyimpairing smooth muscle relaxation and penile hemodynamics [79].Patient-related factors, including age, socioeconomic status, and accessto specialized care, further in�luence the risk of ED subsequent to RT[80, 81].Management of RiED emphasizes early intervention throughstructured penile rehabilitation, often initiated during or immediatelyafter radiotherapy [42]. First-line therapy consists of PDE-5 inhibitors,followed by vacuum erection devices, intracavernosal alprostadilinjections, or intraurethral therapy in nonresponders. LISWT hasgained interest for its potential to promote neovascularization, whilepenile prosthesis implantation remains a de�initive and highly effectiveoption for refractory cases.Ongoing technological re�inements persist in their emphasis onreducing radiation exposure to vital sexual structures. Contemporaryplanning guidelines advocate for constraining the mean dose to thepenile bulb to less than 50 Gy, with ultra-conformal techniquesfrequently aiming for doses below 20 Gy [82]. The utilization ofhydrogel spacers, such as SpaceOAR, enhances the separation betweenthe prostate and neighboring tissues and has been correlated witherectile preservation rates exceeding 60% [83]. Future advancementsthat incorporate molecular imaging, real-time adaptive IGRT, and moresecure BT isotopes are anticipated to further diminish the incidence ofED caused by RT (Table 18.1).
Table	18.1 EBRT dose constraints and clinical protocol
Category Component Clinical	recommendation

Dose
constraints

Mean PenileBulb Dose Keep mean penile bulb dose below a speci�ic threshold (e.g.,<20–22 Gy) to signi�icantly reduce severe ED risk [84]



Category Component Clinical	recommendationMax PenileBulb Dose Limit the near-maximum (D2%) to a speci�ied maximum (e.g.,<50–56 Gy) [85].OtherStructures Emerging protocols also limit mean dose to penile crura (e.g.,<4.7 Gy) and internal pudendal arteries [86]
Clinical
protocol

TargetingMethod Use IMRT or SBRT with daily IGRT to minimize margins [87]
ProtectiveMeasures Use of hydrogel spacers (e.g., SpaceOAR) to distance targetvolumes from healthy tissue [83]

Rehabilitation
[42]

First-Line(Oral) PDE5 inhibitors taken daily or on-demand, started during orshortly after treatmentMechanicalAids Daily use of a VED to prevent penile shortening and tissue�ibrosisEscalation ICI or intraurethral alprostadil if oral medications are ineffective
ED Erectile dysfunction, IMRT Intensity-Modulated Radiotherapy, SBRTStereotactic Body Radiotherapy, IGRT Image-Guided Radiation Therapy,
PDE-5 Phosphodiesterase-5, VED Vacuum Erection Device, ICIIntracavernosal injections
Systemic	TherapiesSystemic therapies for PCa, particularly ADT and chemotherapy, canalso impair EF. ADT works by reducing testosterone levels, which arecritical for maintaining libido and EF. Testosterone plays a key role inthe regulation of nitric oxide synthase, the enzyme responsible forproducing nitric oxide in the corpora cavernosa, which is essential forinitiating the erectile process [88]. By lowering testosterone levels, ADTdiminishes sexual desire and reduces the ability of the penile arteries todilate in response to sexual stimulation, leading to ED.Although chemotherapy-induced ED has not been conclusivelyestablished in clinical studies, emerging evidence suggests an indirectassociation. In animal models, Kataoka et al. showed that docetaxeltreatment led to reduced testosterone levels and a signi�icant decreasein the intracavernosal pressure-to-mean arterial pressure (ICP/MAP)ratio, indicating impaired erectile hemodynamics [89]. Clinically, a



multicenter study involving 428 PCa patients reported gonadaldysfunction in 48% of those receiving oral anticancer agents such asplatinum compounds and paclitaxel, suggesting that chemotherapy mayindirectly impair erectile function through endocrine disruption [90].In addition, taxanes such as docetaxel are known to cause peripheralneuropathy, which may further compromise neural signaling involvedin erection [91, 92]. Psychological sequelae of chemotherapy, includinganxiety, depression, and fatigue, may further exacerbate ED bydeteriorating overall physical and mental health. Nevertheless, directclinical evidence linking chemotherapy to ED remains limited,highlighting the need for focused prospective studies.In contrast, the mechanisms by which ADT induces ED are wellcharacterized. Men undergoing long-term ADT often experience aprofound loss of sexual interest and a marked decrease in the frequencyof spontaneous erections. Testosterone plays a critical role inmaintaining the structural and functional integrity of the corporacavernosa [37, 41, 42, 90]. Androgen deprivation triggers smoothmuscle atrophy and progressive replacement with collagen �ibers,leading to corporal �ibrosis and loss of elasticity [93]. This structuralremodeling results in corporal veno-occlusive dysfunction, wherebyvenous out�low cannot be adequately restricted to sustain an erection.Simultaneously, diminished androgen levels lead to a decrease in theexpression of nitric oxide synthase, resulting in reduced nitric oxideavailability and compromised endothelial-dependent vasodilation.Consequently, this impairs erectile responses even during sexualstimulation, as demonstrated by Zhou et al. in an animal study [94].From a retrospective review of a prospective RT cohort of PCa patients,the use of ADT was found to be associated with worse EF at 1 yearregardless of the disease risk, and also at 3 years for the high-riskpatients [95]. The ef�icacy of PDE-5 inhibitors in treating ED for men onADT, however, was debatable. From a randomized double-blindedcrossover trial among intermediate-risk PCa patients who receivedEBRT and ADT, sildena�il led to signi�icant improvement in theprobabilities of erectile response by approximately 20% for patients



receiving ≤120 days of ADT. However, merely 21% of the patients had atreatment-speci�ic response, that only lasted during the sildena�ilphase, but not during the placebo phase [96]. While PDE-5 inhibitorsimprove ED related to ADT, at least in a subset of patients, the lack oftestosterone might make it more challenging to achieve satisfactoryerections, even with pharmacological assistance.Despite advances in hormonal manipulation, most patientseventually progress to mCRPC, leading to the widespread adoption ofandrogen receptor pathway inhibitors. Abiraterone has demonstratedsigni�icant survival bene�its in castration-resistant disease, with Ryan etal. reporting a median overall survival of 34.7 months in theabiraterone group compared with 30.3 months in the placebo group,along with marked improvements in radiographic progression-freesurvival [97]. Contemporary treatment strategies frequently combineADT with androgen receptor antagonists to achieve maximal androgenblockade. Novel approaches, such as bipolar androgen therapy (BAT)and rapid androgen cycling (RAC), aim to exploit tumor vulnerabilitythrough abrupt hormonal �luctuations; however, clinical evidenceremains limited. Notably, Teply et al. reported a ≥50% PSA reduction in15 of 21 asymptomatic mCRPC patients treated with BAT afterenzalutamide failure [98].Regardless of therapeutic re�inements, ED remains an almostinevitable consequence of ADT. A comprehensive review by Gryzinski etal. demonstrated a threefold increase in ED risk among patientsreceiving ADT [99]. This effect is primarily attributable to testosteronede�iciency, which induces endothelial dysfunction, reduces penile blood�low, decreases nitric oxide bioavailability, and alters PDE-5 signaling,collectively impairing erection quality and durability [100]. Whileexogenous testosterone supplementation may improve EF, it iscontraindicated during ADT due to the risk of stimulating tumorprogression [101, 102]. Future ADT protocols may bene�it from routineassessment of EF, enabling early identi�ication and timely managementof treatment-related ED.



Combination	TreatmentCombination therapies, such as RP followed by RT or the combinationof RT and ADT, are often used in patients with high-risk or locallyadvanced PCa. Unfortunately, these multimodal treatments areassociated with a higher risk of ED compared to monotherapy. Althoughthese multimodal strategies enhance oncologic outcomes, theysigni�icantly escalate the risk and severity of ED through cumulativeand often synergistic mechanisms [103–105]. These cumulative effectsof surgery, RT, and hormonal therapy increase the likelihood of damageto the neurovascular structures and penile vasculature that are criticalfor erections [106].The combination of RP and RT exempli�ies this additive injury. RPprimarily impairs EF through cavernous nerve trauma andpostoperative neuropraxia, while subsequent RT induces progressivevascular injury, smooth muscle loss, and corporal �ibrosis [44, 107].Together, these effects signi�icantly diminish erectile recovery relativeto either modality utilized independently, even amidst the era of nerve-sparing surgery and conformal RT planning [6]. Similarly, thecombination of RT and ADT notably deteriorates erectile functionoutcomes. Neurovascular damage caused by radiation is exacerbated byhypogonadism associated with ADT, which suppresses libido, impairsendothelial function, and accelerates apoptosis of smooth muscle cellsand collagen deposition within the corpora cavernosa [62, 78, 108].When it comes to salvage RP following primary RT, the functionaloutcomes are notoriously adverse. According to a systematic review,the ED rates for salvage RP after RT could reach 80–100% [109]. These�indings suggest that the detrimental effects of PCa treatments onerectile function can be cumulative in nature.Clinical studies consistently demonstrate higher rates of persistentED in patients receiving combined RT and ADT, particularly withprolonged androgen suppression [110]. In advanced PCa, combinedsystemic treatment modalities—such as ADT in conjunction withandrogen receptor pathway inhibitors or chemotherapy—arecommonly linked to nearly universal sexual dysfunction. The



substantial and enduring suppression of androgen levels, coupled withthe potential neurotoxic and vasculotoxic effects of systemic agents,results in irreversible structural and functional damage to erectiletissue [97, 111].The increased risk of ED associated with combination therapyre�lects the convergence of neurogenic injury, vascular compromise,hormonal depletion, and corporal remodeling [112]. Consequently, EDtends to be more severe, recovery becomes less predictable, andresponsiveness to conventional treatments is diminished. Preservationstrategies therefore prioritize prevention over restoration, includingreducing the radiation dose to erectile structures, limiting ADTduration when oncologically appropriate, and initiating early penilerehabilitation through the use of PDE-5 inhibitors, vacuum erectiondevices, or intracavernosal therapy [113, 114].Emerging advances—such as ultra-conformal and image-guided RT,improved nerve-sparing and robotic surgical techniques, andregenerative approaches including LISWT—offer promise in mitigatingthe sexual morbidity of combination therapy [48, 115, 116].Nonetheless, the preservation of EF in this context continues to bechallenging, emphasizing the importance of individualized treatmentplanning, early intervention, and comprehensive patient counseling.
Predictors	of	Erectile	Dysfunction	Following
Prostate	Cancer	TreatmentThere are several variables in�luencing the EF outcomes after thetreatment in men with PCa. Some of these disease-related factors arethe PSA, Gleason score, and clinical or pathological cancer staging.These can indirectly predict the occurrence of ED following differenttreatment options as these factors can interact synergistically toin�luence EF.
PSA



PSA level itself does not directly lead to ED. Higher PSA levels per se oras one constituent of nomograms predict advanced disease and higherrisk of extracapsular extension (ECE), which may indicate moreextensive treatments such as non-nerve-sparing RP or high-dose RT[117]. These more aggressive treatments carry a higher risk of ED dueto increased likelihood of damaging the neurovascular structuresinvolved in EF [40, 117]. In a longitudinal study of 195 men withlocalized PCa, men with higher baseline PSA predicted a more rapidlydeclining sexual function over time [118].
Gleason	ScoreThe Gleason score, which is used to grade the aggressiveness of PCa,also in�luences treatment decisions that impact EF. Patients with a highGleason score are more likely to undergo radical treatments, includingnon-nerve-sparing surgery or high-dose RT [117]. These treatments areassociated with a higher risk of ED compared to more conservativeoptions, such as nerve-sparing surgery or active surveillance, which areoften chosen for patients with lower Gleason scores [119]. In aretrospective review of 79 men who underwent bilateral nerve-sparingLRP, there was a signi�icant association between ED and Gleason score[120]. A multivariate logistic regression identi�ied Gleason score (OR4.749) as independent predictor of ED. On the other hand, men with EDhad a higher risk of high Gleason score. In a study of 1421 men, those inthe low EF group were signi�icantly associated with a higher Gleasonscore (OR 1.910) and large tumor volume (OR 1.390) [121]. Therefore,the Gleason score indirectly predicts the likelihood of post-treatmentED by guiding the selection of treatment modalities that have differentrisks for sexual dysfunction.
cT	StagingThe clinical T stage of PCa is another important predictor of post-treatment ED. Men with organ-con�ined PCa have signi�icantly better EFoutcomes compared to those with locally advanced or metastaticdiseases. EF in men with localized diseases is more often responsive to



treatment strategies for ED. Patients with more advanced clinical stage(T3-T4) are more likely to require extensive surgical resection orhigher doses of RT, both of which increase the likelihood of damagingthe NVBs and penile blood vessels. Worse still, locally advanceddiseases are more susceptible to the need for multimodal therapies[122]. In contrast, selected patients with early-stage disease (T1-T2)may be candidates for nerve-sparing surgery or even focal therapywhich are associated with a lower risk of ED [64, 123].
Initial	Erectile	FunctionOne of the most reliable predictors of post-treatment EF is the patient’sbaseline EF prior to treatment. Patients who have good EF beforetreatment are more likely to retain some degree of EF after treatment,particularly if they undergo nerve-sparing surgery or are treated withlower doses of radiation. In contrast, patients who have pre-existing EDare at higher risk of experiencing further deterioration in their sexualfunction after treatment [107]. The presence of spontaneous erectionbefore RT was found to positively predict the chance of attainingerection that allows intercourse post-treatment [123]. Pre-treatmentdocumentation and counseling about EF preservation are thereforecrucial, especially for men with pre-existing ED, who may be moremotivated to choose treatments that maximize their chances ofretaining sexual function.
Spontaneous	Recovery	of	EFWhile many men experience immediate or early ED following PCatreatment, some patients may experience spontaneous recovery of EFover time. This is particularly true for men who undergo nerve-sparingRP, as the cavernous nerves may gradually regenerate or recover fromtemporary injury caused by the surgical procedure. Studies have shownthat EF can improve spontaneously within 24–48 months post-operatively, although the degree of recovery is variable and oftenincomplete [124]. Factors that may contribute to spontaneous recovery



include the extent of nerve preservation, the patient’s age, and theirbaseline EF [7].
Erectile	Function	Preservation	in	PCa
ManagementOncological control remains the primary concern of PCa management.However, preservation of EF becomes equally important as thiswarrants active treatment in many men. Commencing sexualrehabilitation before the initiation of surgical treatment seems toensure a better recovery of EF after the surgery [125]. This can beachieved through multimodal strategies. Emerging techniques in nerve-sparing re�inement during RP, use of PDE5 inhibitors and regenerativetherapies may preserve EF after PCa management.
Nerve	PreservationNerve-sparing technique was introduced in the 1980s to decrease theadverse effects of RP particularly ED [44]. This approach comprises ofmeticulous dissection of the NBVs that are located within theposterolateral periprostatic fascial layers which are fundamental forpenile erection. This can preserve erectile function withoutcompromising oncologic control.In a comparative study including 147 patients, the intrafascialnerve-sparing RP group was found to have a better potency rate andshorter time of return of continence, as compared to the interfascialnerve-sparing RP group. The bene�it came with the cost of higherpositive surgical margin rates in patients with pT3 disease in theintrafascial group [126]. Similarly, a relatively high positive surgicalmargin rate of 30.7% was found to be associated with the intrafascialapproach, from another large cohort of LRP [127]. Ultimately, thesuccess of nerve-sparing RP in preserving EF depends on severalfactors, including the surgeon’s experience, the extent of the tumor, andthe patient’s preoperative sexual function. In a systematic review andmeta-analysis of 124 studies comprising of 73,448 patients, the



estimated absolute risk of ED was lowest in bilateral nerve-sparingsurgery (30.6%) compared to unilateral-nerve-sparing (50.5%) andnon-nerve-sparing surgery (72.1%) [128].Several intraoperative strategies to enhance the preservation of EFhave been investigated. For instance, some advocate the use ofintraoperative nerve monitoring (IONM) to identify and protect thecavernous nerves during surgery. This technique involves the use ofelectrical stimulation to locate the nerves, allowing the surgeon toavoid damaging them during dissection [129]. However, from a recentrandomized trial, the use of ProPep® Nerve Monitoring System did notresult in better continence and erection outcomes following unilateral-nerve-sparing or non-nerve-sparing RARP [130]. Up to date, there hasnot been conclusive evidence to support the role of IONM in preservingerectile function after RP.
Minimal	Invasive	Versus	Open	SurgeriesRP has evolved from open surgery to include minimally invasiveapproaches such as laparoscopic and robot-assisted procedures. OpenRRP is still considered as the gold standard for the surgicalmanagement of men with organ-con�ined PCa [131]. Sexual potencyafter bilateral nerve-sparing RP is 31–86% of sexually active men withnon-metastatic disease [132]. Contemporary evidence showed that theincidence of ED after RP is more than half of cases despite the advancesand innovation in surgical techniques [133]. After surgery, return tosubjective baseline erection is rare [134].In a comparative meta-analysis of 13 studies comprising of 6281men, RARP was associated with signi�icantly more effective in EFpreservation at 3, 6, and 12 months after surgery compared to thosewho underwent LRP [135]. Similar results were demonstrated inanother meta-analysis showing RARP provided not only superioroncological control but also better EF recovery compared to LRP asshown in the improvement of the IIEF-5 scores [136]. RARP has shownquicker potency recovery as compared to open RP [131]. Even in high-risk PCa, RARP is bene�icial for the long-term EF recovery 12 months



after the surgery [16]. Surgeon’s expertise can be contributory to therecovery of EF after RP. Annual surgeon caseload of more than 25 RPcases per year or total cumulative experience of more than 1000 casesdemonstrated superior erectile function outcomes after RP [137].Younger men (<60 years old), preoperative potency and bilateral nerve-sparing surgery are positive predictors of EF following RARP [138].Recovery in EF can occur after 12 months after surgery [139].Despite the advantages of LRP and RARP, further prospectiverandomized studies are necessary to further determine the de�initiverole of these surgical techniques in the treatment of men with organ-con�ined PCa.
PDE-5	InhibitorsPDE-5 inhibitors, which include sildena�il, tadala�il, avana�il, andvardena�il, are generally considered as the �irst line of treatment inproperly selected men with PCa suffering with ED [140]. By enhancingblood �low, PDE-5 inhibitors can help improve erectile responses inmen who have undergone PCa treatment [119].The early use of PDE-5 inhibitors after RP—often referred to as“penile rehabilitation”—has been associated with better EF outcomes.A randomized study suggested that the early group (in which patientstook sildena�il starting from their foley catheter removal) had better EFrecovery than the delayed group (in which sildena�il was started3 months after nerve-sparing RP) [141]. Likewise, the REACCT trialdemonstrated the ef�icacy of daily 5 mg tadala�il in contributing to therecovery of EF after RP and the prevention of penile �ibrosis.Nevertheless, the use of tadala�il failed to improve unassisted erectionafter cessation of active therapy for 9 months [113]. From a systematicreview and network meta-analysis of penile rehabilitation strategyafter nerve-sparing RP, only pelvic �loor exercise and sildena�il used inregular high doses (100 mg daily) were associated with signi�icantlyhigher likelihood of EF recovery. The on-demand use of PDE-5inhibitors was no better than placebo [142].



However, care must be taken that the possible improvement in on-medication EF does not necessarily translate to improved spontaneousEF in the long-term. From a 2018 Cochrane review, scheduled PDE-5inhibitors resulted in little to no difference in both short-term and long-term (greater than 12 months) self-reported potency (short-term: RR0.97, 95% CI 0.62 to 1.53; long-term: RR 1.00, 95% CI 0.60 to 1.67; bothvery low quality evidence) [143]. There was a paucity of evidence tosupport the use of PDE-5 inhibitors in improving post-RP ED especiallyin the long-term [143].
Intracavernosal	InjectionsIntracavernosal injections (ICI) of alprostadil (prostaglandin E1) havebeen a widely utilized strategy to treat ED. Its vasodilatory effectencourages blood �low into the cavernosal bodies. In post-prostatectomy settings, ICI is commonly adopted in non-responders toPDE-5 inhibitors [107].From a prospective cohort of 87 patients who received laparoscopicnerve-sparing RP, ICI was started 1 month after surgery; alprostadil ICIimproved EF after 1 year in terms of the mean IIEF-15 score anderection hardness score (EHS), but remained below preoperative levels[144]. In that study, the adverse impact of pain on sexual rehabilitationwas signi�icant during the �irst 6 months and diminished over time[144]. ICI often causes penile pain, which may ultimately lead to a hightreatment discontinuation rate [144, 145].In a prospective non-randomized study, men with functionalpreoperative erections who underwent various forms of RP (bilateral-,unilateral-, or non-nerve-sparing RP) were treated with oral sildena�ilpostoperatively. Non-responders were switched to ICI using TriMix(papaverine, phentolamine, prostaglandin E1), starting on average4 months post-surgery. At 18 months, none of the patients reportedpain or prolonged erections, suggesting that non-alprostadil injectablesmay cause less pain. However, the authors urge caution due tounresolved issues regarding penile pain pathophysiology and the lack



of comprehensive time-based assessments of ICI-related symptoms[146].
Mechanical	TreatmentsIn addition to pharmacological interventions, mechanical devices suchas vacuum erection devices (VEDs) and penile implants are used in themanagement of ED following PCa treatment. VEDs are external devicesthat create a vacuum around the penis, drawing blood into the corporacavernosa and inducing an erection. VEDs have some initial promise aspart of a penile rehabilitation program to increase blood �low to thepenile tissues and prevent �ibrosis [147].Implantable penile prostheses (IPP), on the other hand, offer thelast resort for men who fail to respond to other treatments. There aretwo main types of penile implants: in�latable and malleable. In�latableimplants consist of cylinders that are surgically placed inside thecorpora cavernosa, a pump that is implanted in the scrotum, and a �luidreservoir that is placed in the abdomen. The patient can in�late thedevice manually to achieve an erection. Malleable implants consist of�lexible rods that can be bent into an erect or �laccid position. For EDpatients, penile implants are typically considered a last resort afterother treatments have failed [148].When it comes to treatment of post-prostatectomy ED, the role ofearly adoption of IPP has been investigated. From a study comparingtadala�il (20 mg three times/week) versus three-piece in�latable IPPamong 174 patients who had ED 6 months following bilateral nerve-sparing RP, the IPP group not only had better improvement in IIEFscores from immediately after surgery to 2 years than the tadala�ilgroup (20.4 1.3 vs 8.1 2.4, P < 0.001), but it also demonstrated betterself-reported erection frequency, �irmness, penetration ability,maintenance and erection con�idence [149].The choice of IPP after PCa treatment was also found to be relatedto the index PCa treatment. From a retrospective Surveillance,Epidemiology, and End Results (SEER) cohort, IPP implantation wasmore frequent for prostatectomy patients than for radiation patients



(3.6% vs. 1.4%, p < 0.001) [9]. Technically, adhesions may develop inthe retropubic space following RP, which increase the dif�iculty indissection during placement of the �luid reservoir. The 3-yearreoperation rates of IPP following RP and RT were reported to be11.1% and 13.1%, respectively [150]. These risks and bene�its of IPPshould be balanced and discussed during preoperative counseling.
Regenerative	TherapiesEmerging paradigms in regenerative medicine aim to preserve EF byrepairing the nerves and vascular structures responsible for penileerection. Several regenerative therapies are classi�ied into cellular-based biomaterials and device-related technology [151]. The mainregenerative approaches include stem cell therapy (SCT), platelet-richplasma (PRP) and LISWT.SCT is a promising regenerative strategy by repairing damagedtissues through cellular proliferation and differentiation. Earlier studydemonstrated injection of bone marrow mononucleated cells tomanage ED after RP [152]. There were signi�icant improvements of theintercourse satisfaction and EF in 12 men with localized PCaparticularly those who received higher doses. In an open-label phase 1clinical trial of men with ED after RP, 53% of continent men whoreceived a single intracavernous injection of autologous adipose-derived regenerative cells (ADRC) reported EF suf�icient for intercoursefor 1 year [153]. SCT exhibited numerous concerns hindering it to beaccepted as a standard of care in ED treatment in men with PCa. As ofnow, SCT is still in the experimental stages and not ready for routineclinical use due to the lack of high-level evidence.Clinical application of PRP in the treatment of ED in men with PCastill lacks robust evidence and existing trials are not standardized.Proposed bene�icial effects of PRP are the release of multiple growthfactors and differentiation factors on platelet activation [154]. In a pilotstudy of 16 men with a median time since surgery of 24 months, use ofPRP showed improvement of EF after bilateral nerve-sparing RP [155].



However, this did not proceed with unassisted erection enough forsexual intercourse.The release of vascular endothelial growth factor and endothelialnitric oxide synthase is believed to be the main effect of LISWT [151].This process is known to promote angiogenesis and neovascularizationresulting to signi�icant improvement in EF. Shockwave therapy for EDseems to have bene�icial effects in the treatment of ED in men with PCa.LISWT showed signi�icant increase in EF in men following bilateralnerve-sparing RP compared to those men with organic causes of ED[156]. Single treatment cycle which includes 4 sessions over 2 weeksand with application at least 6000 pulses in each session resulted inpositive outcome. This is better achieved if the pulses are distributedthroughout the crura and both corpora cavernous of the penis. A meta-analysis reviewed the outcomes of LISWT in men with ED post-RP, andfound that in IIEF scores performed 3–4 months after LISWT, the groupreceiving LISWT showed statistically signi�icantly better results thanthe control. Nevertheless, from the only two studies that measured theresults after 9–12 months, there was no statistical difference betweenthe two groups. However, the long-term ef�icacy and optimal treatmentparameters, such as the intensity and duration of shockwave therapy,still warrant further investigations [157]. Up till now, there is noconclusive evidence that LISWT therapy confers clinically meaningfulbene�its to men suffering from ED after RP.Despite the bene�icial effects of these regenerative therapies, thereare considerable concerns particularly the long-term ef�icacy and safety[158]. There is a scarcity of high-quality clinical trials that supportthese emerging treatments as a standard care. Further studies arewarranted to de�ine the role of these alternative treatment options inthe management of men with PCa suffering from ED.
ConclusionPreserving EF after PCa treatment remains a critical goal, but itdepends on several factors including the type of treatment, the stage of



cancer, and nerve-sparing techniques used during surgery. Advances intreatments, such as robotic-assisted surgeries, pharmacological andmechanical therapies, show promise in reducing the impact on sexualhealth. However, patient recovery varies, and long-term outcomesrequire individualized care plans and rehabilitation strategies. Ongoingresearch is essential to optimize post-treatment quality of life for PCasurvivors.
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IntroductionErectile dysfunction (ED) is a common male sexual dysfunction thatadversely impacts beyond psychosexual domains to the general healthproblem, well-being, and other aspects of the patient’s quality of life[41, 65]. Although it is estimated that ED affects 20% of men above40 years of age, with the incidence increasing with the old age groupand those with medical comorbidities such as diabetes mellitus and
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cardiovascular or neurological pathologies; younger men can developED secondary to recreational drug use and pornography addiction [41,49, 65].The true dichotomy between psychogenic and organic causes of EDis likely not distinct in many cases, and most men often exhibitmultifactorial causes that can contribute to ED [6, 18, 19, 51, 61]. It isthought that the basic pathophysiology of ED relates to underlyingendothelial dysfunction in which the vasodilation of penile blood �lowis not possible and/or coexisting veno-occlusive dysfunction. BecauseED can pose as a silent marker and predictor of comorbidities,especially future cardiovascular disease, earlier diagnosis of ED andsubsequent optimal management of ED may provide an opportunity toprevent future cardiovascular events. In men presenting withcomplaints of ED, screening for, monitoring, and appropriately treatingdiseases that are comorbid with ED is essential [6, 18, 19, 51, 61].Screening for and appropriately treating ED is important for enhancedlife quality and improved motivation in men with existing EDcomorbidities or risk factors.While conventional medical therapy such as phosphodiesterasetype 5 inhibitors and intracavernosal injection of vasoactive agent(s)are effective, these medications are not without side effect pro�iles andtheir use negates sexual spontaneity [6, 18, 19, 51, 61]. Hence,mechanical therapy may offer a different approach to managing ED andcircumvent some of the current limitations of medications. Mechanicaldevices for ED can largely be classi�ied under 3 broad categories,namely (1) penile implants, (2) regenerative therapy (shockwavetherapy and penile vibratory device), and (3) static (external) devices(such as penile vacuum erection pump, wearable sleeve, wearabledildos, and external penile exo-devices) [18, 19, 32, 33, 48, 68, 70]. Thefollowing book chapter provides a narrative overview of contemporarymechanical interventions for ED and examines the currentunderstanding of the proposed mechanism(s) of action and scienti�icprogress in this �ield.



Penile	Prosthesis	Implants
Types	of	Penile	ImplantsPenile prosthetic implants are broadly divided into two categories:in�latable and semi-rigid (or malleable) devices (see Fig. 19.1). Thehistory of penile prostheses has been characterized by successiveimprovements in devices and techniques based on trial and error [50].The non-in�latable (semi-rigid) penile prostheses maintain constantlength, girth and axial rigidity but can be bent for concealment andstraightened for intercourse [15]. Hydraulic implants rest in a state ofsoft �laccidity for easy concealment and can be in�lated to a rigid state,with an increase in girth, length (some models) and rigidity, whenintercourse is desired. These are the most frequently used types inWestern developed countries [28] and are considered the (more) idealimplants since they mimic normal erections.



Fig.	19.1 Commercially available malleable and in�latable penile prosthesis devices. (Devicesdepicted are (1) Boston scienti�ic AMS 700 IPP, (2) Coloplast Titan IPP, (3) Zephyr IPP and (4)Rigicon In�la10 IPP (5) Coloplast Genesis prosthesis; (5) Boston Scienti�ic Tactra prosthesis; (7)Rigi10® prosthesis; (8) Promedon Tube malleable prosthesis; (9) Zephyr ZSI 100 (malleable)prosthesis; (10) Zephyr ZSI 100 FTM prosthesis; (11) Shah prosthesis. All images are obtainedfrom online images and derived from the following scienti�ic journals [15, 18, 19]. All images areopen-access images and obtained directly from product websites
In�latable	Penile	ImplantsThe most popular and common in�latable (hydraulic) penile implantshave three-piece components: (1) a pair of cylinders to be placed insidethe corpora cavernosa, (2) a reservoir that is placed either in theretropubic space or submuscular compartment, and (3) a pump that islocated within the scrotum. The in�latable devices currently availableare produced by four companies: Boston Scienti�ic: AMS 700 Series™(Marlborough, MA, USA), Coloplast: Titan™ (Humlebæk, Denmark),Zephyr ZSI™ (Switzerland) and Rigicon™ (Ronkonkoma, NY, USA) (Fig.19.1). In contrast, the two-piece in�latable implants have a smallhydraulic reservoir in the proximal part of the cylinders and a pump tomove that liquid to the distal part of the corpora cavernosa. Currently,the only company that produces this type of implant is Boston Scienti�icunder the name AMS Ambicor™ [18, 19]. The classic indication ofconsidering them as an option for patients in whom it is desired toavoid reservoir implantation due to a surgical history is now obsoletegiven the currently described alternatives for ectopic location.Various studies have evaluated overall satisfaction with thesedevices, observing high satisfaction rates between 76 and 98% [4, 28].These devices are available in different sizes and smaller cylinderdiameter devices such as AMS CXR™, Titan NB™, and In�la 10 NB™ areused in patients with signi�icant corporal �ibrosis such as in post-priapism, history of explant due to infection, and severe Peyronie’sdisease [18, 19]. These devices only require an intracorporeal diameterof 10 mm [60] and can also be useful in patients with sensoryneurological lesions [5].
Malleable	Penile	Implants



In patients with malleable implants, the penis remains in a constantstate of semi-rigidity. In recent decades, there have been technologicaland design advances to improve the overall clinical effectiveness,durability, and axial rigidity of this type of device (Fig. 19.1) [15]. Themost recent addition to this market was the Boston Scienti�ic Tactra™model which includes a unique dual-layer silicone shell around anickel-titanium alloy [54]. Among the malleable models, those with ahydrophilic coating are those produced by Coloplast and Rigiconcompanies. Shah hinged non-in�latable implant offers the bene�its ofvery low cost (USD 300), two removable sleeves that allow thediameter of the implant to be changed from 15 to 13 to 11 mm (in thelonger versions) or from 13 to 11 to 9 mm in the shorter versions, andcan be cut or trimmed anywhere (since there is no metallic core) whichallows it to be shortened or narrowed for a customized �it in cases ofsevere corporal �ibrosis [15].It is generally accepted that malleable implants have a lower risk ofmechanical failure and revision surgeries than hydraulic implants [15].Patients with malleable implants report a lower, although adequate,degree of satisfaction (66.1–88.7%) compared to in�latable devices [2].None of the malleable implants available has been shown to besigni�icantly superior in terms of satisfaction to others in its class.
Arguments	for	Opting	for	a	Speci�ic	Type	of	Penile
Prosthesis	ImplantThere are multiple factors to consider when deciding which implantshould be chosen for each patient: indication for surgery, medical andsurgical history, manual dexterity of the patient and availability ofcollaboration on the part of the couple to activate the device, costs,penile size, previous penile surgeries, experience, and training of thesurgeon. In principle, the best devices available are hydraulic implants.However, in many countries, malleable implants are used morefrequently due to their low cost (10–25% of the cost of hydraulic ones)or lack of reimbursement of hydraulic prostheses [28, 30].



Also, malleable implants are simpler devices, easier to implant andassociated with fewer mechanical complications. These implants maybe the best alternative for patients who do not have the dexterity ormanual strength to manipulate the pump and who cannot count on thecollaboration of their partner for this purpose [15]. The other clinicalsettings where malleable implants play an important role are asfollows.(a) Early implantation for patients with refractory ischaemicpriapism [52]. Patients with priapism can develop severe ED andintracavernal �ibrosis resulting in a marked decrease in penile sizeand making late implantation technically dif�icult. The experienceof the acute or early use of malleable prosthesis implantation inthese cases has been published with the idea of maintaining thedimensions of the corpora cavernosa as much as possible with arelatively easier and safer intervention than that of theimplantation of a multi-component prosthesis. There is also thepossibility of subsequently replacing it with a hydraulic prosthesisif the patient so wishes [76].

 
(b) Use of malleable implants during salvage procedures.  In cases where infection has occurred after penile prosthesisimplantation and the implant is removed, there is a signi�icant decreasein the size of the corpora cavernosa due to �ibrosis. To avoid thiscomplication, large-volume implanters recommend a salvage procedurewhere an extensive lavage is performed followed by immediate re-implantation of a new prosthesis. In these cases, advantages areattributed to the use of malleable implants: fewer components, fasterintervention, lower potential for infection [29].(c) It has classically been mentioned that patients with spinal cordinjury are candidates for a malleable implant. However, theavailable data do not support the use of these devices given thehigher rate of erosion due to continuous pressure on the

 



especially labile tissues of these patients [77]. The lack ofdexterity for patients with high lesions can be treated with theactivation of a hydraulic implant by the partners. The merepresence of the hydraulic cylinders or their partial activation issuf�icient support for those patients who use a condom catheter.While malleable implants have been reported to have lower rates ofrevision, mechanical failure and overall satisfaction, published studiesreported higher rates of erosion compared to hydraulic implants [10,39, 47]. In�latable implants have higher satisfaction rates and are themost frequently implanted, especially in Western developed countriesand, in general, are the preferred devices [36].
Recent	Advances	in	Penile	ImplantsIn the last 50 years, penile prosthesis implants have gone through manymodi�ications and technological advances. These have allowed thewidespread use of implants for the de�initive treatment of ED, andthese advances have allowed the selection of the best materials, optimaldesigns, and robust components [58].In the last three decades, there have been a series of very signi�icantadvances in these devices. One of them is speci�ically aimed at one ofthe most feared complications in the postoperative period: infection.The presence of infection leads to the need for device removal withsubsequent shortening of the penis secondary to �ibrosis. In 2000, AMSequipped its devices with “Inhibizone™” technology, which consists of acoating composed of rifampin and minocycline that has been shown tocontrol the growth of the main bacteria that cause infection [9, 46].Coloplast subsequently developed a hydrophilic coating(polyvinylpyrrolidone) that aims to reduce bacterial adhesion and canabsorb any water-soluble antibiotics which allows the implant surgeonto select the antibiotics to be used as the coating [74]. The infectionrates of implants with this type of coating are lower than thosereported in series with implants without it [23].One of the most frequent complaints of patients after the implant isthe “loss” of penile length. Based on previous models (Ultrex™) and



correcting the technical causes of the previously presented failures,AMS in 2006 introduced the LGX cylinders that allow controlledexpansion in diameter and length [16]. These devices are preferablyindicated in patients without �ibrotic pathology. In terms of cylinderexpansion, the Coloplast Titan provides a larger diameter when thecylinders are fully in�lated compared to Rigicon In�la10 and AMS LGXdevices [18, 19].One of the drawbacks that previously occurred in hydraulicimplants was spontaneous activation when liquid was transferred fromthe reservoir to the cylinders due to pressure changes (auto-in�lation).To avoid this problem, Mentor™ developed a valve system (lock-outvalve) [73]. This advance also created the opportunity to locate thereservoir in non-traditional “ectopic” locations outside of Retzius space.The device pump allows the liquid to be transferred from the reservoirto the cylinders and generate the necessary rigidity in them. Thiselement of the implants has evolved to facilitate manipulation andmake it more comfortable and easier to use [27]. AMS obtainedauthorization in 2004 for the “Tactile Pump™” which presents changesin the surface of the bulb to reduce the slippage of the pump duringactivation [22]. One of the most signi�icant improvements in thedeactivation system occurred 2 years later. The “momentary squeeze”system incorporates a one-touch de�late button that allows completeevacuation of the cylinders after a single compression of the button[37]. Until then, continuous pressure on the de�late button wasrequired for de�lation. In turn, the pumps of Coloplast devices haveimproved in different generations with One Touch Release™ (OTR) [66]and Titan Touch Pump. Zephyr Device Pump (ZSI 475 pump) iscomposed of a single open-close reinforced valve limiting the risk ofmechanical failure and auto-in�lation [21]. On Rigicon (Rapid Pump)models, the deactivation button is located on the side of the pump,potentially facilitating manipulation of the system [18, 19]. InNovember 2023, the FDA approved a new pump (Tenacio™) designedby Boston Scienti�ic that requires fewer activation movements, has a



greater distance between the activation bulb and the deactivationbutton and prominent grips for easier use.Concerning the reservoir, relevant modi�ications have also beenintroduced in recent years. In 2000, Coloplast introduced changes inthe layout of the implant neck that, associated with the describedautoactivation system, allowed the development of implant techniquesin cases where it is preferable not to use the Retzius space [56]. In2010, Boston Scienti�ic launched a �lat pro�ile reservoir called“Conceal™” that allows it to be implanted under the abdominal wallwithout producing the protrusion that the traditional sphericalreservoir would generate [24]. For its part, Coloplast introduced theCloverleaf reservoir, which also acquires a �lattened con�iguration whenfull. These devices have allowed the expansion of the use of three-component hydraulic devices for patients who have undergonelaparoscopic and Robot-assisted radical prostatectomy, by allowingectopic implantation of that part of the system [34]. Rigicon marketsthe AdaptiveReservoir™ which is made of a material that assumes theshape of the site where it has been implanted. The Zephyr implantreservoir is cylindrical in shape and is pre-connected to the pump [21].The recent rise of the infrapubic approach has meant thatmanufacturers produce three-element implants with adapted lengths ofthe connecting tubes between the cylinders and the pump according tothe type of surgical approach chosen [3, 53]. Another technical advanceis the subcoronal approach for 3-piece in�latable implants that allowunfettered access to the corpora in cases where simultaneous corporalreconstruction is needed [18, 19].For FtoM transgender patients with neo-phallus, Zephyr hasdesigned a speci�ic model of hydraulic implant composed of a singlecylinder with a glans-shaped distal tip and a 2.5-cm proximal plate foran anchorage that can be �ixed to the pubic periosteum to give implantstability [57].
Current	Limitations	of	These	Devices



Despite the enormous advances in this area of medical devices andsurgical techniques, challenges remain to be overcome. The fact ofplacing a foreign body in a closed cavity with a vascularization systemthat favours venous stasis, such as the corpora cavernosa, makes thenatural defence mechanisms insuf�icient to prevent associatedinfections. The implications that the development of an infection intheir genitals has on the patient with the physical and psychologicalimpacts and subsequent consequences make it necessary to furtherdevelop techniques to prevent infections associated with implants.There is currently no medical device that is free of associated infectionswhen implanted, but in penile prosthesis implants, prevention, andstrategies to reduce associated complications become more relevant.The progressive increase in the resistance of microorganisms againstantibiotics and antifungals puts pressure on the implants of the futureto evolve to the use of new technologies that do not depend on the useof antibiotics susceptible to generating resistance [60].The available implants still have a considerable number of failuresassociated with mechanical problems due to material wear or failure ofthe pump or its de�lation mechanism.The use of systems that use liquid to generate the rigidity of thecylinders has been the essential concept of implants that resemble thephysiological conditions of the penis. The advantages have been evidentin these decades, but the fact of depending on the use of this principleimplies a system of multiple components subject to failure due to lossof liquid from the system in its elements or failure of the systems tomove it. The development of new materials/systems could simplify themechanism for obtaining rigidity in the shaft of the penis. An exampleof these investigations was presented with a prototype of an implantcomposed of a nickel-titanium alloy with changes in structuregenerated by temperature [40].A considerable percentage of patients present signi�icantpostoperative dif�iculties in activating and deactivating hydraulicimplants. In some cases where dexterity limitations are not evident inthe pre-implant evaluation, serious dif�iculties arise for the patient to



properly manipulate the pump. Studies are in development where thehydraulic system uses a piezoelectric pump activated wirelessly [54].Another proposed version of electronic IPP resides in a wirelesslycontrolled external module and an implantable module in which theexternal control module may transmit wireless power and controlsignals to be received by circuitry on a �lexible printed circuit board inthe implantable module to cause a motor and pump combination totransfer �luid from a reservoir in the implantable device [71]. The�lexible printed circuit board, motor, and pump may be placed withinthe �luid reservoir, which provides a heat sink that preventsoverheating of the implant.The shape of the implant cylinders is standard and this fact hasbeen questioned recently. When obtaining three-dimensional models ofnormal cavernous bodies and comparing them with those of cylinders,signi�icant discrepancies in size and shape are observed, especially atthe distal tips. Currently, when performing the implant surgery, weadapt the albuginea of the corpus cavernosum around the device, andin some patients, especially in cases of Peyronie’s or �ibrosis, this canpose a challenge. In the future, it would be desirable to have thepossibility of modelling the design of the implants according to theanatomy of the corpus cavernosum of the patients, especially in thosewith a signi�icant corporal �ibrosis [31].The information related to the implant life, mechanical failures,percentage of infection and satisfaction with the implants is still quitelimited [18, 19]. There are no prospective comparative studies of theclinical course of patients with different types and brands of implants.A common multicentre international research effort in collaborationwith manufacturers would shed more light on being able to offer thebest alternative available according to the characteristics of eachpatient and allow better decision-making in a consensual manner thatreduces the associated anxiety on the part of both patients andinfrequent implanters.One of the main limitations to access to this excellent therapeuticoption for patients with erectile dysfunction is the cost of the implants



and the coverage of the procedure and devices by the different healthsystems. The consequent advances undoubtedly imply an increase inthe cost of the devices, which will impose greater access restrictions onmany patients within the already tight global health payment system[38]. Additionally, the awareness about penile prosthesis among thegeneral medical community and even among urologists who are notdedicated to sexual medicine is low and, consequently, the generalpopulation has a very limited idea of this treatment option and itsbene�its. The open dissemination of this therapeutic option is facedwith barriers associated with the taboo on topics related to sexualityand must be overcome according to an approach adapted to differentcultures.Without a doubt, penile prosthesis implants are the best therapeuticalternative for patients with refractory ED. Despite this fact, it isestimated that only 5% of potential candidates in industrializedcountries receive an implant as a treatment solution. This �igure islikely signi�icantly lower in countries with fewer health resources.There are economic barriers, training of the medical team, andinformation on the availability of the treatment as well as the implantthat must be overcome. Likewise, the implants of the future must besimpler devices that come closer to physiological �laccidity and erection(increase in diameter, length, and size) and not just intracavernosalrigidity.
Mechanical	Devices
Regenerative	Therapy	(Shockwave	Therapy	and	Penile
Vibratory	Device)Contemporary treatment for ED improves the penile rigidity withoutaltering the underlying pathogenesis of ED which often relates toendothelial dysfunction. Hence, there is a strong interest inregenerative therapy that improves endothelial dysfunction to increasepenile blood �low, regenerate cavernous nerve, and reverse trophicchanges within the cavernosal smooth muscle [7, 12].



Since its initial introduction in the early 2010s, low-intensityextracorporeal shockwave therapy (LIESWT) has gained popularity as atreatment for ED. It is postulated that LIESWT causes repetitive shearstress (microtrauma) to target tissue stimulating vascular regeneration(neovascularization) through the release of various angiogenic growthfactors and cytokines and recruitment of stem cells responsible forendothelial remodelling and tissue regeneration [13, 14, 67]. Publishedsystematic reviews and meta-analyses reported good clinical ef�icacyand safety pro�ile [20, 25, 43, 45, 78], while published guidelinesadvocate the use of LiESWT as treatment in younger “healthy” menwith vasculogenic ED [8, 17, 42].While literature supports the bene�its of LIESWT with improvederectile function in the short-term, longer-term outcomes in terms ofclinical durability and physiological changes to the corporal tissueremain uncertain [17]. The patient selection appears paramount totreatment success and patients with mild-moderate ED, younger agegroup, those with minimal cardiovascular comorbidities, and theabsence of diabetes or cavernous nerve injury are likely going to reporthigher EF recovery and spontaneous erection. To date, there is nowidely adopted treatment template and treatment protocols are oftenbased on manufacturer’s guidelines and it remains unknown if onemachine is superior to another [14]. At this stage, long-term multi-institutional randomized placebo-controlled studies with dose-�indingstudies are required to compare various treatment protocols and shockwave machines, and the potential synergistic role of concurrent use ofadjunctive measures such as PDE5i. Future research should incorporatea cost-effective analysis model, how to miniaturize shock wavetechnology with better energy delivery for use at home, and the role ofconcurrent administration of similar regenerative technology to treatmen with ED.Like LIESWT for ED, impulse magnetic-�ield therapy has gainedinterest in the �ield of sexual medicine. Magnetic pulse �ields induce analternating current within the body’s electrolytes to increase oxygenuptake by the cell, enhance blood circulation, and reverse functional



impairment. Older literature showed that impulse magnetic stimulationcan improve erectile function in men with ED [55, 64], although therehave not been any recent studies since the delivery of this treatmentmodality can be cumbersome, not readily available, and expensivewhen compared to the more “mobile” and simpler LiESWT.Penile vibratory stimulation (PVS) has been marketed as a safe andeffective mechanical device to aid erection. The proposed mechanism ofaction is thought to occur through vibratory stimulation to cavernosalnerve �ibres to induce NO release and re�lex parasympathetic erection[63]. To date, 2 PVS devices have been commercialized namely Viberect(Re�lexonic, Chambersburg, Pennsylvania, USA) and Ferti Care(Multicept, Albertslund, Denmark), although the latter is designed moretowards patients with ejaculatory dysfunction [11, 59].Another proposed option for using the device is for penilerehabilitation after nerve-sparing radical prostatectomy [1, 26].Nonetheless, it is important to note that PVS alone is unlikely to be“more” effective than the current standard of therapy such as PDE5i orICI therapy. Furthermore, vibrator use can cause bothersome physicalside effects when used improperly. At present, no good data issupporting or refuting the idea that vibrator use habituates individualsto certain ways of sexual stimulation even in patients with orgasmicdisorder.
Static	(External)	Devices	(Penile	Pump,	Wearable	Sleeve,
Wearable	Dildos,	External	Penile	Exo-devices)In contrast to mechanical devices that regenerate tissue and promoteneovascularization, these mechanical devices provide an external “exo-skeleton” to improve penile rigidity [48, 68]. The static (external)device offers a less invasive alternative to penile prosthesisimplantation since patients do not need to undergo surgery, can usethese devices anytime and it is essentially “reversible” in nature.The vacuum erection device (VED) has been around since the 1980sas an easy, readily available, and simple device for ED, consisting of acylinder and a pump which can be powered manually or by battery. It



employs negative pressure to dilate the cavernous venous sinuses,increase the perfusion of the cavernous artery and venous blood, andultimately achieve the goal of producing penile erection. An externalconstriction ring is placed at the base of the penis to prevent blood �lowduring intercourse to maintain an erection. This device can bypass thelimitations of PDE5i and ICI therapy to directly achieve an (arti�icial)erection. In recent years, VED has regained popularity as a form ofpenile rehabilitation by preserving erectile function through anti-hypoxic, antiapoptotic, and anti-�ibrotic mechanisms by improving thearterial blood �low into the penis [72, 75].The use of VED may complement a PDE5i, especially in diabetic menwith severe ED who have only a partial response to a PDE5i. One studyreported that the combined use of sildena�il and a VED signi�icantlyenhanced erectile function and improved the outcome [69].Interestingly, more recent studies have highlighted that frequent VEDuse could promote the recovery of penis function and size through therelease of certain growth factors and cytokines to improve corporaloxygenation [35, 62]. However, the optimal duration of VED useremains unknown based on cavernosal oxygenation pro�ile, and there isno clarity on which device is best since there is no regulatorygovernance in the production of VED. Compared to contemporarypenile rehabilitation strategies, VED therapy has the advantages ofbeing non-invasive and having fewer systemic side effects. Nonetheless,common adverse effects include penile bruising if used excessively(especially in patients on anti-coagulants), and penile sensory changessuch as numbness, coldness and/or pain.Over the years, several wearable penile external devices haveallowed men with ED to be able to achieve sexual penetration and havebeen developed to assist patients with medical-refractory ED who arenot suitable for or cannot afford penile prosthesis implants [48, 68, 70].The ‘Erektor’ or “Elator” (San Diego, California, USA) external penilesupport device is composed of a rigid rod with two rings at either endwith the base rings available in different sizes. The device frame isadapted to be �itted to the penis with the two rings encircling the penis



and is individually customized to the patient’s phallic length. Thisdevice has been shown to enhance the penile length, provide supportalong the ventral aspect of the penis, and strengthen penile rigidityduring sexual intercourse [44]. Similarly, another penile support deviceconsists of a penile cast that can also be worn externally duringintercourse akin to a “dildo” but has a window available in the distalpart of the cast as the corona and glans opening to allow for glanssensation during intercourse (Takehisa Iwai T. Iwai, personalcommunication). This penile cast is available in 3 sizes based on theuser’s penile size. There have been no published trials to establish theef�icacy of the device currently. Other silicone-made sexual aids such aspenile sleeves which function like a hollow, strap-on dildo are designedto �it the outer surface of the penile shaft and can provide sexualpenetration and improve sexual pleasure. It is important toacknowledge that while commercially available products fromreputable companies such as Tenga (Tokyo, Japan) and Doc Johnson(North Hollywood, California, USA) have assisted men with ED to havesatisfactory sexual lives and alleviate the psychosexual distress, therehave been no independent trials or research done to validate thedevices’ intended functions and the speci�ic circumstances for use [48,68, 70].The medical literature concerning the use of sex aids is very limitedand consists predominantly of observational studies. Although sex aidscan often be used in a non-discriminatory fashion, their clinicaleffectiveness and safety risks in real-life scenarios are poorly discussedin the scienti�ic literature. To date, none of the major internationalorganizations have provided formal recommendations. Nonetheless,these devices can be integrated into existing sexual practice and mayprovide adjunctive assistance to the individual or couple might havesome physical and/or psychological consequences. Hence, cliniciansneed to familiarize themselves with the range of sex aids aimed ataugmenting sexual function and sexual satisfaction in men with sexualdysfunction.



Future	DirectionsWhile contemporary and standardized treatment for ED predominantlyalleviates the symptom of ED rather than underlying endothelialdysfunction, scienti�ic advances in regenerative technology such asLIESWT offer these patients the opportunity to regain erection with orwithout medications. Given that ED affects men beyond psychosexualimpairment, it is important to address other non-sexual issuesincluding concomitant medical comorbidities since the presence of EDis often a precursor of underlying cardiovascular health risk.Innovations in surgical techniques and device technology have resultedin better design, more robust devices and greater clinical outcomes,especially patient satisfaction rates following penile prosthesisimplantation. Sexual aids such as external mechanical penile deviceshave clinical and research relevance and their utility invariablyincreases in the future through the incorporation of state-of-the-arttechnology such as the sexbots (humanoid sexual robots), integration ofvirtual reality and remotely accessed devices. Nonetheless, in theseevolving sexual treatment options, governmental regulations andhigher-level clinical evidence are necessary for these advances in penileprosthesis implants and mechanical devices for ED to continue toprovide effective and safe treatments for this group of vulnerablepatients.
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Medical	Treatment	of	EDErectile dysfunction (ED) is a common sexual disorder in men thatsigni�icantly impacts quality of life. Although the true global burdencontinues to evolve, it was previously estimated that approximately 322million men would be affected by ED worldwide by 2025 [21]. Amongmen diagnosed with ED, 68% present with comorbid conditions such ashypertension, dyslipidemia, diabetes mellitus (DM), and depression[29]. ED is also a common complication among men with cancer. Asystematic review and meta-analysis estimated an overall prevalence of40.7% with approximately 42.7% of cases occuring after cancertreatment [27].Accordingly, the initial approach to ED management should includelifestyle modi�ications and the treatment of underlying chronicconditions. Subsequent therapeutic strategies may involve oral
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phosphodiesterase type 5 inhibitors (PDE5i), intracavernosalinjections, topical or intraurethral alprostadil, vacuum erection devices,and penile prothesis implantation [14], in line with the guidelines ofthe American Urological Association (AUA) and the EuropeanAssociation of Urology (EAU). Moreover, several novel agents are beingexplored as potential advancements in ED therapy. These include lowintensity shock wave therapy (LISWT) stem cell therapy, platelet-richplasma (PRP) injections, gene therapy, amniotic �luid matrices, Rho-kinase inhibitors, melanocortin receptor antagonists, maxi-K channelactivators, soluble guanylate cyclase stimulators, and nitric oxidedonors [20].
Classi�ication	of	Drugs	for	the	Treatment	of	EDThe therapeutic approaches for ED can be broadly categorized into twomain groups based on their route of administration: local treatments,including intracavernosal, topical, and intraurethral agents andsystemic treatments, such as oral and sublingual formulations.
Intracavernous,	Topical,	and	Intraurethral	AgentsAlprostadil is the primary agent administered via intracavernosalinjection for the treatment of ED. It may also be used in combinationwith papaverine and phentolamine. In 1996, prostaglandin E1 (PGE-1)became the �irst and only penile injectable approved by the U.S. Foodand Drug Administration (FDA) for ED treatment. Papaverine, an opiumalkaloid originally derived from Papaver somniferum, was identi�ied asa potential intracavernosal agent by the French surgeon Ronald Virág inParis in 1982. Phentolamine, introduced in 1978, is a non-selectivealpha-adrenergic antagonist that inhibits smooth muscle contraction.Although it exhibits limited ef�icacy as monotherapy, phentolamineremains effective in combination regimens. Prostaglandins E1 and E2are also utilized in intraurethral therapies for ED.More recently, transdermal delivery systems have emerged as safeand convenient alternatives to oral administration by bypassing hepaticmetabolism. Studies involving sildena�il citrate-loaded nanostructured



lipid carriers and solid lipid nanoparticles have demonstrated effectivelocal release through penile skin [31]. Similarly, tadala�il—owing to itslow aqueous solubility—bene�its from transdermal administration viananostructured lipid carriers [3]. Avana�il, which is practically water-insoluble, has been formulated using solid lipid nanoparticlesembedded in hydrogel �ilms to enhance skin penetration and improvebioavailability [19]. In addition to PDE5 inhibitors, compounds such asalprostadil, papaverine, testosterone, and minoxidil are being exploredin various topical and transdermal formulations. For example,alprostadil creams containing penetration enhancers havedemonstrated promising ef�icacy in clinical studies.
Oral	and	Sublingual	AgentsA variety of PDE5i are available for the treatment of ED. U.S. FDA-approved agents include sildena�il, vardena�il, tadala�il, and avana�il. Inaddition to these, other commercially available PDE5is—such aslodena�il, udena�il, and mirodena�il—are marketed in certain countries,although they have not received FDA approval.
Overview	of	Oral	PDE5i
History	of	the	Development	of	PDE5	InhibitorsThe observation of penile erection as a side effect during Phase Iclinical trials of sildena�il—originally developed for the treatment ofangina—led to the hypothesis that PDE5i could be effective inmanaging ED [6]. Following a series of clinical trials, sildena�il becamethe �irst PDE5 inhibitor approved by the U.S. FDA for the treatment ofED in 1998.Sildena�il has since become a widely used and transformativetherapy for millions of patients, generating substantial market demandand spurring the development of several additional PDE5 inhibitors,including tadala�il, vardena�il, avana�il, udena�il, and mirodena�il.Vardena�il, the second PDE5 inhibitor to be introduced, received FDAapproval in August 2003. Later that year, tadala�il was also approved.



Avana�il became the most recent addition, obtaining FDA approval in2012.A comparative overview of the approved PDE5 inhibitors withrespect to their pharmacokinetic parameters, duration of action, foodinteractions, enzyme selectivity, and adverse event pro�iles is presentedin Table 20.1.
Table	20.1 Comparison of Pharmacokinetics, Pharmacodynamics, and Side Effect Pro�iles ofApproved PDE5i
Parameter Sildena�il Tadala�il Vardena�il Avana�il

Onset	of	action 30–60 min 30 min 30–60 min 15–30 min
Tmax ~0.8 h ~2 h ~0.7–0.9 h ~0.6–0.75 h
T½ 2.6–3.7 h 17.5 h 3.9 h 6–17 h
Duration	of	effect Up to 12 h Up to 36 h 4–6 h 6–8 h
Food	effect Delayed by high-fatmeal No signi�icanteffect Delayed by high-fat meal Minimaleffect
Selectivity	(PDE5) Moderate High High Very high
PDE6	inhibition
(visual	SE)

Yes (blue vision) Minimal Moderate Minimal
PDE11	inhibition
(myalgia)

No Yes Minimal No
Common	adverse
effects

Headache, �lushing,visual changes Myalgia, backpain Headache, nasalcongestion Headache,�lushing
FDA	approval	year 1998 2003 2003 2012
PDE5i Phosphodiesterase type 5 inhibitors, Tmax Time to maximumplasma concentration, T½ Elimination half-life, PDE5Phosphodiesterase type 5, PDE6 Phosphodiesterase type 6, SE Sideeffect, PDE11 Phosphodiesterase type 11, FDA U.S. Food and DrugAdministration
Phosphodiesterase	SelectivitySildena�il, vardena�il, and tadala�il are all selective inhibitors ofphosphodiesterase type 5 (PDE5), with vardena�il demonstrating the



highest in vitro potency against PDE5 and minimal cross-reactivity withother phosphodiesterase isoforms. Tadala�il is also highly selective forPDE5 but exhibits strong inhibitory activity against PDE11, which isbelieved to contribute to the back and muscle pain (myalgia) reportedby some men during treatment. This is likely due to the abundantexpression of PDE11 in skeletal muscle cells.PDE1, expressed in the brain, myocardium, and vascular smoothmuscle, may also be affected by non-selective inhibition, potentiallyresulting in vasodilation and tachycardia. Among the three agents,tadala�il exhibits the highest selectivity for PDE5 over PDE1, followedby vardena�il and sildena�il.Inhibition of PDE6 which is exclusively expressed in the retina andplays a key role in visual signal transduction—may lead to transientvisual disturbances. Inhibition of PDE6, particularly by sildena�il and toa lesser degree by vardena�il, may cause transient visual disturbances,whereas tadala�il has minimal effect on this enzyme [4].
Dosing	and	AbsorptionSildena�il is available in 25 mg, 50 mg, and 100 mg tablet formulations.Vardena�il is typically initiated at a dose of 10 mg, which may betitrated to 5 mg or 20 mg based on individual ef�icacy and tolerability.Tadala�il is commonly prescribed at an initial on-demand dose of10 mg, while daily dosing regimens include 2.5 mg and 5 mgpreparations. Avana�il is usually started at 100 mg, with alternativedoses of 50 mg or 200 mg employed depending on clinical response.The absorption and bioavailability of sildena�il and vardena�il areknown to be delayed and reduced when taken with a high-fat meal. Incontrast, the pharmacokinetics of tadala�il are not signi�icantly affectedby dietary fat intake [9].Udena�il is initiated at a dose of 100 mg, with the option to increaseto 200 mg if necessary; daily dosing of 25 mg, 50 mg, or 75 mg is alsoused in clinical practice [16]. Lodena�il is available in 20 mg, 40 mg, and80 mg doses, while mirodena�il is marketed in 100 mg tabletformulations.



Duration	of	ActionSildena�il reaches a maximum plasma concentration (Tmax) atapproximately 0.81-1 h and has a terminal half-life T½ of 2.6–3.7 h. Itsonset of action occurs within 30 to 60 min after administration, witheffects lasting up to 12 h. However, its ef�icacy is reduced when takenwith a high-fat meal. Vardena�il has a Tmax of 0.7–0.9 h and a T½ of3.9 h, with an onset of action similarly observed at 30 to 60 min post-administration. Tadala�il, in contrast, demonstrates a longerpharmacokinetic pro�ile, with a Tmax of approximately 2 h and a T½ of17.5 h. Its effects begin within 30 min, reaching peak ef�icacy around2 h after ingestion, and may persist for up to 36 h.
Metabolism	and	ExcretionEach PDE5i is primarily metabolized by the hepatic cytochrome P450(CYP) isoenzyme system, particularly CYP3A4. Additional minormetabolic pathways include CYP2C9 for sildena�il, CYP3A5 and CYP2Cfor vardena�il, and CYP2C for avana�il.Sildena�il undergoes biotransformation to produce an activemetabolite that retains approximately 50% of the parent compound’spotency and contributes to around 20% of its total pharmacologicalactivity. Similarly, vardena�il and avana�il also form active metabolitesthat enhance their overall pharmacodynamic effects [13]. PDE5inhibitors are predominantly excreted as metabolites via feces, with asmaller proportion eliminated through the urine [13].
Adverse	EventsPDE5i differ in their side effect pro�iles. Common adverse eventsassociated with these agents include headache, facial �lushing, nasalcongestion, nasopharyngitis, and dyspepsia. Although rare, seriouscomplications such as prolonged erections lasting more than 4 h andpriapism have been reported. In addition, cases of non-arteriticanterior ischemic optic neuropathy (NAION) have been documentedfollowing PDE5i use.



Tadala�il is uniquely associated with back pain and myalgia. Thesesymptoms are typically mild to moderate in severity, appear 12–24 hpost-administration, and generally resolve within 48 h without theneed for medical intervention. Visual disturbances—most notably abluish tint to vision—have been observed with sildena�il and areattributed to its inhibitory action on the PDE6 isoenzyme in the retina.Compared to sildena�il and vardena�il, tadala�il exhibits signi�icantlylower inhibitory activity against PDE6 [37].
Safety	and	Drug	InteractionsFor patients with mild to moderate renal impairment, dose adjustmentsare generally not required for sildena�il, vardena�il, or avana�il.However, in individuals with severe renal dysfunction, sildena�il shouldbe initiated at a reduced dose of 25 mg. In those with moderate renalimpairment (creatinine clearance [CrCl] 30–50 mL/min), tadala�ilshould be initiated at 5 mg, with a maximum cumulative dose of 10 mgwithin a 48-h period, and should not be administered more than oncedaily.In cases of mild to moderate hepatic impairment, the recommendedstarting dose is 25 mg for sildena�il and 5 mg for vardena�il, with amaximum daily dose of 10 mg. Tadala�il should not be used at dosesexceeding 10 mg in this population, while no dosage adjustment isnecessary for avana�il. In the presence of severe hepatic impairment,the use of any of the four agents is not recommended.The co-administration of moderate to strong CYP3A4 inhibitors(e.g., erythromycin, ketoconazole, itraconazole, ritonavir) or CYP3A4inducers (e.g., rifampin, phenytoin) can signi�icantly affect the plasmaconcentrations of PDE5is, potentially altering their ef�icacy and safetypro�iles.Nitroglycerin and other organic nitrates increase the synthesis ofcyclic guanosine monophosphate (cGMP), while PDE5i inhibit theenzymatic degradation of cGMP. The concomitant use of these agentscan result in excessive accumulation of intracellular cGMP, leading to asynergistic and potentially dangerous drop in blood pressure.



Therefore, the combined use of PDE5I�s and any form of organic nitrateis contraindicated.If nitrate administration becomes necessary, appropriate timeintervals must be observed based on the speci�ic PDE5 inhibitor used.At least 24 h should elapse after the last dose of sildena�il or vardena�il,12 h for avana�il, and 48 h for tadala�il. Nitrates should only beadministered under strict medical supervision following theseintervals. In emergency situations where patients experience chest painafter recent PDE5i use, alternative non-nitrate anti-anginal agents—such as calcium channel blockers or beta-blockers—may be consideredwhen clinically appropriate [28].
Ef�icacyPDE5i are widely regarded as the �irst-line pharmacological treatmentfor ED. Clinical studies have demonstrated that PDE5 inhibitors areboth effective and well tolerated, with ef�icacy reported in over 80% ofpatients compared to placebo [11]. Despite their overall success,discontinuation rates remain high, ranging from 30% to 70%. Thesedropouts are primarily attributed to suboptimal therapeutic response,lack of satisfaction, and adverse events [7, 35].
Recent	Technological	Advances	in	Oral	Drug
Delivery
ODx	TypesOrally disintegrating tablets (ODTs) and oral disintegrating �ilms(ODFs), collectively referred to as orodispersible dosage forms (ODx),are fast-dissolving drug delivery systems designed to disintegraterapidly upon contact with approximately 2 mL of saliva in the oralcavity. This rapid disintegration enables direct drug absorption throughthe buccal mucosa, allowing the active compound to bypass �irst-passhepatic metabolism and enter systemic circulation ef�iciently. Byimproving bioavailability and reducing the frequency of dosing, ODx



formulations aim to enhance patient compliance and minimizesystemic side effects.
Orally	Disintegrating	Tablets	(ODTs) These solid dosage formsdisintegrate quickly on the tongue, releasing the drug for absorptionthrough the buccal mucosa. Examples include Adcirca® ODT andCialis® Rapid-Dissolve.
Orodispersible	Films	(ODFs) These thin, �lexible polymer-based�ilms adhere to the tongue and dissolve rapidly, providing a discreetand convenient alternative. An example is Tadaner�i®.The key differences between ODTs and ODFs—including disintegrationtime, manufacturing complexity, stability, and patient compliance—aresummarized in Table 20.2.
Table	20.2 Comparison between Orodispersible Tablets (ODT) and Orodispersible Films (ODF)
Feature ODT ODF

Form Solid tablet Thin, �lexible polymeric �ilm
Disintegration	time Rapid (<60 seconds), but may dependon pressure/position on tongue Typically faster disintegrationthan ODT
Need	for	water No No
Ease	of	swallowing Easier than tablets, but may still posedif�iculty for some Excellent option for patientswith dysphagia
Taste	masking Generally more challenging Easier to incorporatesweeteners/�lavors via �ilmcoating
Stability Sensitive to humidity and heat Generally more sensitive thanODT
Manufacturing
complexity

Moderate High (requires �ilm casting andprecise drying conditions)
Patient	compliance
(elderly/children)

High Very high
ODT: Orodispersible Tablets, ODF: Orodispersible Films



ODx	FormulationsOne of the major challenges in pharmaceutical development is the pooraqueous solubility of many active pharmaceutical ingredients (API).Several strategies have been employed to enhance solubility, includingnanoparticle systems, lipid-based formulations, solid dispersions (SDs),particle size reduction, salt formation, and prodrug synthesis [34].Among these, solid dispersion (SD)—a homogeneous mixture of one ormore APIs dispersed in an inert polymeric carrier—is considered aparticularly promising approach for improving both solubility and oralbioavailability.The most effective form of SD is molecular dispersion, in which theAPI is uniformly distributed at the molecular level within the polymermatrix. Various manufacturing techniques can be used to produceamorphous SDs, including solvent evaporation, melting, spray drying,freeze-drying, hot-melt extrusion, and milling [32]. Solid dispersionsoffer several advantages, such as particle size reduction to themolecular level, decreased crystallinity, and enhanced wettability andporosity. Upon contact with aqueous media, the polymer carrierdissolves, releasing the API as �ine colloidal particles. This increasedsurface area facilitates faster dissolution and improved bioavailability[36].Orodispersible �ilms (ODFs) are a relatively novel dosage formconsisting of thin polymeric strips—approximately the size of a postagestamp—that rapidly dissolve or disintegrate upon contact with thetongue, typically within 1 min, without the need for water orswallowing. Compared to conventional oral dosage forms such astablets or capsules, ODFs have been shown to improve drug deliveryand enhance clinical outcomes [8, 12]. Their ease of administration,reduced risk of choking, precise dosing, and suitability for patients withdysphagia make them particularly bene�icial for elderly and pediatricpopulations. Furthermore, advancements in manufacturingtechnologies have made ODFs increasingly cost-effective alternatives totraditional dosage forms [12].



In the context of ED, tadala�il (TAD), a long-acting PDE5i, hassigni�icantly transformed treatment paradigms due to its favorablesafety pro�ile, prolonged duration of action, and high permeability.Since its market introduction in 2003, tadala�il has been commerciallyavailable in yellow, �ilm-coated tablets (FCTs) for oral administration[26]. However, its clinical performance is limited by poor aqueoussolubility and a slow dissolution rate, which contribute to inconsistentabsorption, �luctuating plasma drug levels, and variable therapeuticresponses [5]. Additionally, some patients experience dif�iculties withconventional tablets due to swallowing challenges or psychologicaldiscomfort.Pharmaceutical researchers have created tadala�il ODx in responseto these worries, providing a practical and possibly more approachablemethod of treating ED.In response to these limitations, pharmaceutical research hasfocused on developing alternative formulations of tadala�il that improvepatient adherence and pharmacokinetic reliability. ODx, including ODFsand solid dispersion-based systems, have emerged as promisingsolutions. Strategies include the use of solid dispersions (SDs) toenhance solubility and dissolution [30], and the development oftadala�il ODFs to offer faster onset of action and improved convenience.
Metabolism	and	ExcretionODx, including ODTs and ODFs, are designed to dissolve rapidly in theoral cavity. These formulations may allow partial absorption of the drugthrough the oral mucosa before it reaches the gastrointestinal tract. Asa result they achieve a faster onset of action compared withconventional oral tablets offer several pharmacokinetic advantagesover conventional oral formulations. One notable bene�it is their abilityto bypass enzymatic degradation in the gastrointestinal (GI) tract andavoid �irst-pass metabolism in the liver. As a result, ODx formulationscan potentially enhance drug bioavailability by facilitating directabsorption through the oral mucosa.



However, current evidence indicates that the metabolic pro�iles ofODTs and ODFs do not signi�icantly differ from their conventionalcounterparts at later pharmacokinetic stages.Park et al., compared tadala�il pharmacokinetics afteradministration of a new ODF vs a �ilm-coated tablet and found that theTmax, time to maximum plasma concentration; Cmax, maximum plasmaconcentration were comparable between the two forms and concludedthat the ODF formulation of tadala�il exhibited comparablepharmacokinetic, safety, and tolerability pro�iles to the �ilm-coatedtablet (FCT) formulation [26].Following the success of orodispersible tadala�il formulations,recent developments have focused on similarly creating sildena�ilproducts that dissolve rapidly in the mouth. Novel sublingual �ilmscontaining sildena�il citrate have shown very fast disintegration times—under 30 s—and bioavailability similar to standard oral tablets.Importantly, these �ilms can reach peak plasma concentrations (Tmax)up to 20 min faster in healthy volunteers. Early Phase I trials indicatethat therapeutic blood levels (Cmax and Cmin) remain within theeffective range, without requiring increased doses. Additionally,incorporating cyclodextrin complexes has effectively masked the drug’scharacteristic bitterness, which improves patient adherence and allowsdiscreet administration without water [15].
Bene�its	of	ODx
Improved	 medication adherence: Rapid disintegration and ease ofadministration facilitate consistent drug intake, particularly amongpatients with dysphagia or pill aversion.
Faster	 onset	 of	 action: Buccal and sublingual absorption routes mayenable quicker systemic absorption compared to traditional oraltablets, potentially shortening the time to achieve an erection.
Enhanced	 patient	 satisfaction	 and	 con�idence: The convenience andpotentially quicker ef�icacy of ODx formulations may positivelyin�luence patient perception and satisfaction with ED therapy.



Greater	 compliance	 for	 mobile	 or	 busy	 individuals: The ability toadminister the medication without water makes ODx formulationssuitable for individuals who travel frequently or have limited accessto water during daily activities.
Discreet	 administration: Particularly relevant for orodispersible �ilms,the unobtrusive mode of use can reduce psychological barriers andself-consciousness often associated with ED treatment [26].

Challenges	and	Considerations
Stability	 concerns: Compared to conventional tablets, ODTs and ODFsare generally more sensitive to moisture and temperature variations,requiring stringent formulation and protective packaging measuresto maintain stability.
Taste-masking	 requirements: Tadala�il possesses an inherently bittertaste, which may reduce patient acceptability. Effective taste-maskingstrategies, such as the incorporation of sweeteners, �lavoring agents,or polymeric coatings, are essential to ensure compliance.
Potential	 need	 for	 dosage	 adjustments: Although buccal andsublingual absorption can accelerate drug onset, overall systemicbioavailability may be lower than with traditional oral routes,necessitating dose modi�ications in some cases.
Higher	 production	 costs: The development and manufacturing of ODxformulations involve specialized technologies and materials, whichmay lead to increased production costs compared to conventionaltablets [10].

Optimizing	the	ODx	Experience:	Novel	Excipients,
Nanotechnology,	and	Taste	MaskingWhile current tadala�il ODx offer signi�icant advantages overconventional tablets, there’s always room for improvement. Thissection explores promising optimization strategies focusing on novelexcipients, nanotechnology, and taste-masking approaches.(i) Novel	 Excipients  



Advanced	 superdisintegrants: Novel agents such as sodiumstarch glycolate and croscarmellose sodium can acceleratedisintegration times and facilitate rapid drug release, therebyimproving onset of action.
Bioadhesive	 polymers: Incorporating bioadhesive excipients—such as hyaluronic acid and chitosan—can improve buccalmucosal adhesion, potentially enhancing local residence timeand systemic absorption, which may lead to improvedbioavailability.
Taste-masking	 polymers: To address the inherent bitterness oftadala�il, polymers such as cyclodextrins and cellulosederivatives have been employed for taste masking. Thesematerials not only improve palatability but also supporteffective drug release and patient adherence [2].(ii)

Nanotechnology

Nano-carrier	 systems: Encapsulation of tadala�il innanocarriers such as liposomes or micelles may enhance itsaqueous solubility, facilitate improved absorption through thebuccal mucosa, and enable more targeted interaction withspeci�ic receptors. These systems hold promise for increasingboth therapeutic ef�iciency and selectivity [22].
Tadala�il-loaded	 nano�ilms: The incorporation of tadala�il intonanostructured orodispersible �ilms may enable even fasterdissolution upon contact with the tongue. This rapiddisintegration can lead to a quicker onset of action andpotentially improve patient adherence due to ease of use andenhanced convenience [22].

 

(iii) Taste-Masking	 Polymers

Sweeteners and �lavoring	 agents: The use of sweeteners such assucralose, combined with pleasant �lavoring agents like citrusor mint, can substantially improve the palatability of tadala�il
 



orodispersible formulations, which is essential for ensuringpatient acceptability and compliance.
Microencapsulation	 techniques: Tadala�il particles can becoated with taste-masking polymers using microencapsulationmethods to prevent their direct interaction with oral tastereceptors. This approach offers a more pleasant mouthfeelwhile maintaining rapid drug release.
Liposomal	 formulations: In addition to enhancing absorption,liposomal encapsulation of tadala�il also provides effectivetaste masking by enveloping the drug within phospholipidbilayers, minimizing its exposure to taste buds during buccaladministration [17].

Charting	the	Future:	Research	and	Development	Directions
for	ODxWhile current orally disintegrating tadala�il formulations represent asigni�icant advancement in the management of ED, substantialopportunities remain for further innovation and re�inement. Futureresearch is anticipated to focus on both enhanced drug deliverymechanisms and personalized treatment strategies.(i)

Enhanced	 Drug	 Delivery	 Technologies

Mucoadhesive	 systems: The use of novel mucoadhesivepolymers or nanoparticles may prolong buccal residence time,facilitating sustained drug release and potentially extendingtherapeutic ef�icacy [33].
Triggered-release	 systems: Incorporating pH-sensitive orenzyme-responsive polymers into ODx formulations can enablesite-speci�ic drug release within the oral cavity, therebymaximizing local absorption and minimizing systemicvariability [1].

 
(ii) Personalized	 Medicine	 Approaches



Pharmacogenomics-based	 formulation	 design: Understandinghow genetic polymorphisms affect tadala�il metabolism andabsorption may guide the creation of individualized ODTstailored to patient-speci�ic metabolic pro�iles [23].
Genetic	 markers: The identi�ication of genetic markers linked toa person’s reaction to tadala�il may allow for the modi�icationof ODT dosages to maximize effectiveness and reduce sideeffects [23].

 
(iii)

Combination	 Therapies

Combination	 with	 PDE5	 inhibitors: Combining tadala�il andother PDE5 inhibitors together may have synergistic effects,decrease dosage requirements and minimize side effects [25].
 

(iv)
Innovative	 Manufacturing	 Methods

3D	 printing: Additive manufacturing technologies such as 3Dprinting enable the production of personalized ODTs withprecise drug dosages, customizable drug combinations, andrapid disintegration pro�iles tailored to individual patientneeds [24].
Micro�luidic	 chip	 technologies: Micro�luidic platforms offerhighly controlled environments for ODT fabrication, enablinguniform dispersion of active pharmaceutical ingredients andconsistent drug release characteristics across batches [10].

 
(v) Patient-Centric	 Design	 Features

Enhanced	 palatability: Improving taste and mouthfeel remainsa critical factor in increasing patient acceptability andadherence, particularly for populations with heightened tastesensitivity.
Dispenser	 innovations: User-friendly, portable, and protectivedispensing devices—especially for orodispersible �ilms—canimprove ease of administration, dose accuracy, and product

 



stability during storage and transport.
Integration	 with telemedicine	 platforms: Incorporating ODT-based ED therapies into digital health ecosystems may enhanceaccessibility for patients in remote or underserved areas,especially those with limited mobility or reluctance to seek in-person care [18].
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IntroductionMale lower urinary tract symptoms (LUTS) and benign prostatichyperplasia (BPH) are common conditions that are closely associatedwith sexual dysfunction. Although initially considered as normalconsequences of ageing, growing evidence shows that these conditionsare closely related [1]. With the development of new medical and
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minimally invasive treatment options, major professional organizationssuch as the EAU and AUA have adapted treatment considerations,particularly in patients with coexisting sexual dysfunction [2, 3]. Thischapter will discuss the relationship between LUTS/BPH and malesexual dysfunction in detail.
Epidemiology	of	LUTS	and	Sexual	Dysfunction
Epidemiology	of	LUTSMale LUTS are divided into three groups: storage (or irritative)symptoms, voiding (or obstructive) symptoms and post micturitioncomplaints [2, 4]. These symptoms were majorly linked to bladderoutlet obstruction (BOO) that develops as benign prostatic hyperplasia(BPH). Although it is majorly correlated to BPH (28%–33% in men over70 years), a growing of research shows that LUTS also frequently arisefrom causes other than the prostate [2]. Bladder disorders such asdetrusor overactivity (overactive bladder), detrusor underactivity(underactive bladder), bladder stones or malignancy can also be thecause of male LUTS [4, 5]. Another cause of LUTS came fromneurological aspect such as multiple sclerosis, Parkinson disease,stroke, spinal cord injury. Notably, there are some neurologicalconditions where LUTS can be an early symptom in the presentation ofthe neurological disease [5]. Metabolic syndrome such as obesity,hyperinsulinaemia and in�lammation causing LUTS through endocrineand vascular mechanism [6]. Other less common contributors such asurinary tract infection; urethral strictures; drug-induced urinarydysfunction (e.g. anticholinergics, opioid analgesics, antidepressants,�irst-generation antipsychotics and certain cardiovascular agents like β-blockers, thiazide and potassium-sparing diuretics) can all produceurinary retention or incontinence [7, 8].Globally, approximately 63% of adult men experience LUTS. Whensymptom severity is considered, about 31% are affected by moderate-to-severe LUTS. The prevalence of moderate-to-severe LUTS hasincreased over the past three decades, rising from 27.4% in 1990–1999



to 31.9% in 2000–2009, and reaching 36.2% in 2010–2019 [9]. Age isone of the key epidemiologic determinant of LUTS. Approximately 25%of men aged 40–49 years experienced LUTS, while more than 80% ofmen aged 70–79 years reported symptoms, often with histologicevidence of benign prostatic hyperplasia [10, 11]. Studies conductedacross �ive European countries and Canada highlight regionaldifferences in LUTS type and frequency. In the European ProspectiveInvestigation into Cancer (EPIC), 26% of men reported obstructiveLUTS, while 51% reported irritative LUTS [12]. In contrast, a Malaysiancommunity survey found that 16.3% of men aged 40 years and olderhad clinically signi�icant LUTS, de�ined as an International ProstateSymptom Score (IPSS) of ≥8 [13]. LUTS tend to worsen over time, witha U.S. cohort of men aged 40–75 years showing progression rates of18.5 per 1000 person-years from mild to moderate–severe LUTS and44.9 per 1000 person-years from moderate-to-severe LUTS. Over3 years, symptoms worsened in 54.8% of men, while 27.1% improved[11].
Epidemiology	of	Sexual	DysfunctionReported prevalence rates of erectile dysfunction (ED) varyconsiderably across studies. Globally, estimates range from 13% to71%, whereas in the United States, �igures fall between 18% and 69%.It is projected that by 2025, the total number of men affected by ED willexceed 322 million worldwide [14]. The prevalence of ED increasessubstantially with advancing age [15]. Among adults younger than40 years, approximately 1% to 10% are affected. For men aged 60 to69 years, prevalence increases to 20% to 40%. In men aged 70 yearsand older, prevalence rates rise to between 50% and 100% [14].Severity, as measured by the �ive-item International Index of ErectileFunction (IIEF-5), also correlates with age. In a large community-basedsample: Among young adults aged 18–34 years, 6.5% exhibited severeED, de�ined as an IIEF-5 score of 0– 7. Among men aged 50 to 64 years,13.7% were classi�ied as having severe ED. Among elderly individuals



aged 65 years and older, 24.9% were classi�ied as having severe ED[15].On the other hand, the prevalence of premature ejaculation in adultmales ranges from 6–40% worldwide [16]. There are severalpremature ejaculation de�initions published from 1970 to 2021 [17].The reported incidence of premature ejaculation is primarily a functionof how the condition is de�ined, and psychological factors are the mostcommon underlying cause. The prevalence rate of prematureejaculation mean-weighted is 14.19%. But in comparison, apsychogenic ejaculatory complaint shows dominate over somatogenicimpaired ejaculatory control (18.22% vs 9.97%) [18].
Epidemiologic	Association	of	LUTS	and	Sexual	DysfunctionA meta-analysis indicated that individuals with more severe LUTS had3.31 times higher odds of experiencing sexual dysfunction [19]. Erectiledysfunction and ejaculatory dysfunction are highly prevalent amongmen with LUTS, with both conditions demonstrating strongassociations with advancing age and increased LUTS severity. AEuropean clinical characteristics study reported erectile dysfunction in40% of men younger than 60 years and in 80% of those aged 70 yearsor older. Additionally, a signi�icant correlation exists between age andLUTS severity, with 55% of cases classi�ied as mild and 70% as severe[20]. The prevalence of PE among men with LUTS ranges from 12% to77%, with most studies demonstrating signi�icant associations betweenLUTS and PE [21]. Multiple studies have demonstrated that greaterLUTS severity correlates with increased risk and severity of PE [19, 20].In the EpiLUTS study, the overall prevalence of PE was 16%. Additional�indings indicate that men with multiple LUTS experienced morefrequent PE, and speci�ic symptoms such as terminal dribble,incomplete emptying and split stream were signi�icantly associatedwith PE [22]. Furthermore, a study in Korea reported that PEDT scorescorrelated signi�icantly with IPSS scores (r = 0.310, p < 0.001), and thisrelationship remained signi�icant after adjusting for age, metabolicsyndrome components, testosterone and erectile function [23]. Overall,



LUTS, PE and ED are signi�icantly and independently correlated. Menwith more severe LUTS exhibit higher rates of both PE and ED [19, 21,24].
Common	Pathogenic	Pathways	of	LUTS	and
Sexual	DysfunctionA substantial body of previously suggested epidemiologic data con�irmsa strong association between LUTS and sexual dysfunction, suggestingan underlying pathophysiologic interplay rather than incidentalconcurrence. Here, we discuss the proposed pathogenic pathwayslinking LUTS and sexual dysfunction.
NOS—NO—cGMP	PathwayThis proposed mechanism links erectile dysfunction and LUTS toreduced neuronal nitric oxide synthase (NOS)/nitric oxide (NO)production across pelvic organs, including the penis, bladder andprostate [25]. NOS comprises three major isoforms with distinct roles.Neuronal and endothelial NOS (nNOS and eNOS) are constitutivelyexpressed and require Ca2+ for activation, whereas inducible NOS(iNOS) is Ca2+-independent, tetrahydrobiopterin-dependent andprimarily expressed in immune-related cells [26]. In penile tissue,erection involves a dual NO pathway, in which neurogenic NO mediatesthe immediate relaxation of the corpus cavernosum, while endothelialNO sustains the erectile response [27]. While NOS signalling is wellestablished in penile physiology, its role within the prostate is lessclearly understood [25]. Available evidence suggests that in the humanprostate, eNOS primarily contributes to the maintenance of localvascular perfusion, whereas nNOS is involved in regulating smoothmuscle tone and glandular function, including epithelial andsubepithelial cell proliferation [28]. Collectively, these changes promoteprostatic structural remodelling and increased contractile activity,which increase outlet resistance, impair bladder compliance, ultimatelyleading to LUTS [29].



Studies have examined NOS isoform expression in prostatic tissueusing multiple complementary techniques, including NADPH-diaphorase histochemistry as a marker of NOS localization,immunohistochemical staining with isoform-speci�ic antibodies andmolecular analyses such as reverse transcriptase-polymerase chainreaction (RT-PCR) [26, 30]. nNOS expression in the human prostate hasbeen demonstrated in nitrergic nerve �ibres of the �ibromuscularstroma and in ganglion cell bodies of the dorsal capsule [26, 31]. NOSexpression has also been observed in the glandular epithelium,particularly in the transitional zone, and was subsequently attributed tonNOS [26, 32, 33]. In one study, several nNOS-expressing axonalprojections were observed in close proximity to stromal smooth musclecells, possibly suggesting an important role for the nitrergic system inthe autonomic regulation of prostatic smooth muscle tone, particularlyin mediating relaxation [26]. In contrast, eNOS expression is largelycon�ined to vascular endothelial cells, including small vessels traversingglandular structures, while the glandular epithelium shows no eNOSexpression [26, 32]. In relation to the prostatic smooth muscle, in vitrostudies suggest that NOS-derived NO acts as a non-adrenergic, non-cholinergic neurotransmitter that modulates smooth muscle tone,facilitating relaxation [34, 35]. Interestingly, several studies havereported a reduced density of nitrergic innervation in hyperplasticprostate tissue compared with normal prostate [32, 36]. In addition,mRNA analyses indicate that NOS expression is decreased in BPHrelative to normal prostate, and this reduction correlates positivelywith advancing age and increased prostate volume [37]. These �indingssuggest that impaired local nitrergic innervation contributes to thedynamic component of LUTS associated with BPH.Further, along this signalling cascade, cGMP-dependent proteinkinase (cGK) activation and its subsequent breakdown byphosphodiesterase enzymes provide important evidence for therelevance of this pathway in LUTS/BPH. Multiple studies havedemonstrated the expression and tissue-speci�ic localization of cGMP-dependent protein kinase type I (cGKI) in the human prostate [38, 39].



In addition, cGK enzymes and their downstream effector, cGMP, havebeen identi�ied within stromal regions of the prostatic transition zone[39]. Furthermore, the activities of PDE4 (cAMP-speci�ic) and PDE5(cGMP-speci�ic), have been identi�ied in prostate tissue from thetransition zone [34], providing a mechanistic rationale for the potentialimpact of PDE5 inhibition on LUTS, with evidence presented later inthis chapter. Collectively, the identi�ication of key proteins andmediators of the NO signalling pathway within the transition zonestrongly supports a role for this system in regulating dynamic prostaticfunction. A schematic of the proposed mechanistic pathway ispresented in Fig. 21.1.

Fig.	21.1 Proposed Mechanistic Pathway of NOS/NO/cGMP signalling in prostatic hyperplasia-mediated LUTS. (Adapted from Yu et al. [40])
RhoA—Rho-Associated	Protein	Kinase	PathwayBeyond NO-driven reductions in intracellular Ca2+, an additionalpathway involved in erectile regulation is the RhoA and Rho-associatedprotein kinase (ROCK) pathway. They are expressed in many tissuesthroughout the body and are involved in regulating a variety of



physiological functions. Their expression is around 17-fold higher inthe corpus cavernosum than in the ileum, where they help maintaintonic contraction of penile smooth muscle and thus keep the penis in a�laccid state [41, 42].In the classical Ca2+-dependent pathway, activated GPCR-PLC-IP3-DAG signalling pathway promotes Ca2+ release from the sarcoplasmicreticulum, increasing intracellular Ca2+. Ca2+–calmodulin activatesmyosin light chain kinase (MLCK), and myosin light chainphosphorylation is determined by the balance between MLCK andmyosin light chain phosphatase (MLCP) [43]. The small monomericGTPase RhoA acts by activating ROCK, which phosphorylates themyosin-binding subunit of MLCP, inhibiting MLCP activity, leading toactin–myosin interaction and promotes smooth muscle contraction(Fig. 21.2a) [44]. Inhibition of MLCP shifts the Ca2+–force relationshipleftward, thereby enhancing contractile force at a given Ca2+concentration, a process termed Ca2+ sensitization (Fig. 21.2b, c).Moreover, activation of the RhoA–ROCK pathway also counteracts NO-dependent smooth muscle relaxation through two distinct mechanisms:by downregulating eNOS expression and by directly suppressing eNOSactivation [45].



Fig.	21.2 (a) Schematic depiction of RhoA-ROCK pathway in lower urinary tract smooth musclecells. Adapted from Christ and Andersson [43]. (b) Relationship between intracellular calciumlevels, myosin phosphorylation, and C) Force generation in calcium-sensitized and desensitizedsmooth muscle. MRLCp = the phosphorylated regulatory light chain of smooth muscle myosin;SR = sarcoplasmic reticulum; PLC = phospholipase C; DAG = diacylglycerol; PKC = protein kinase C;IP3 = inositol triphosphate; MLC = myosin light chainRegulation of MLCP has been proposed as a key mechanismunderlying increased Ca2+ sensitivity in smooth muscle tissues,including that of bladder and prostate, with important implications forBPH and LUTS [43]. Collectively, current evidence suggests that M3receptor–mediated activation of the human detrusor primarily involves



Ca2+ entry through L-type Ca2+ channels and suppression of MLCP viaRho-kinase and PKC, resulting in enhanced Ca2+ sensitivity of thecontractile apparatus [46–49]. Similarly, �indings from an in vitro studyof prostatic tissue demonstrate the presence of both RhoA and Rho-kinase in prostatic smooth muscle cells [50]. In a study of humanprostatic tissue, Rho-kinase inhibition reduced norepinephrine-induced contractions in permeabilized human prostate tissue atconstant intracellular Ca2+, indicating that RhoA/ROCK-dependent Ca2+sensitization contributes to prostatic smooth muscle contraction andmay be a therapeutic target in BPH [51].
Autonomic	Hyperactivity,	Pelvic	Ischaemia	and	Metabolic
Syndrome	(MetS)Prostatic smooth muscle tone is predominantly regulated bysympathetic innervation acting via α1-adrenergic receptors,particularly the α1A subtype, which mediates contraction of stromalsmooth muscle and contributes to the dynamic component of bladderoutlet obstruction [52]. Similarly, heightened sympathetic activitypromotes cavernosal smooth muscle contraction and penilevasoconstriction, thereby impairing relaxation and contributing toerectile dysfunction [53]. This hypothesis is attractive in that it uni�iesclinical physiological �indings in LUTS, BPH and ED with underlyingbasic science evidence. Nonetheless, it is unclear whether symptomprogression re�lects heightened central responsiveness to peripheralsignals or primary alterations in bladder or penile function leading toincreased central activation [25].Elevated autonomic nervous system (ANS) drive has beenimplicated in the development of BPH and ED in ageing animal models[54]. Consistent �indings have been reported in spontaneouslyhypertensive rats, which display autonomic dysregulation accompaniedby prostatic enlargement, erectile impairment, increased urinaryfrequency and detrusor overactivity [55]. In this model, erectiledysfunction is associated with abnormal responses to cavernosal nervestimulation and heightened smooth muscle contractile activity [56].



Autonomic hyperactivity in LUTS/BPH has been evaluated in humanstudies using heart rate variability (HRV), most often throughfrequency-domain indices such as low frequency (LF), high frequency(HF) and the LF/HF ratio as an estimate of relative sympatheticpredominance. Using these measures, LUTS cohorts repeatedly show ashift consistent with higher sympathetic tone, most consistentlyre�lected by reduced HF compared with controls [57, 58]. In men withBPH-related LUTS, resting HRV similarly shows a pro�ile compatiblewith relative sympathetic predominance, characterized bycomparatively higher LF and lower HF components [59]. Additionally,autonomic measures have also been linked to biological features ofBPH, including reported correlations between HRV parameters andtotal PSA, as well as between plasma adrenaline and prostateenlargement metrics [59]. Notably, autonomic balance may bemodi�iable with therapy. In one study by Shim et al. (2017), following12 weeks of α-blocker treatment, individuals with initially elevatedLF/HF ratios demonstrated a reduction in this index alongsidesymptomatic improvement [60].There is a high prevalence of vascular risk factors (hypertension,diabetes, hypercholesterolaemia, smoking) in elderly men, suggestingthe possible involvement of atherosclerosis in the aetiology of BPH. In arabbit model mimicking pelvic atherosclerosis, chronic bladderischaemia caused severe bladder �ibrosis, smooth muscle atrophy andreduced compliance, whereas hypercholesterolaemia alone inducedsimilar but less pronounced changes [61]. Likewise, chronic ischaemialeads to stromal �ibrosis, cystic atrophy of glandular elements andenhanced contractility of prostatic tissue, while also impairingneurogenic relaxation in response to electrical �ield stimulation [62,63]. Clinical studies demonstrate that pelvic ischaemia is closelyassociated with worse LUTS/BPH symptoms and erectile dysfunction[64, 65]. Men with signi�icant aortoiliac or iliac artery obstructionexhibit increased storage and voiding symptoms, bladder dysfunctionand impaired sexual function, likely mediated by ischaemia-relatedbladder neurogenic sensitization, as re�lected by elevated urinary NGF



levels [65]. Importantly, endovascular revascularization improves LUTS,bladder dynamics and erectile function, supporting pelvic ischaemia asa modi�iable contributor to both LUTS/BPH and ED [64].Several mechanisms may underlie these observations. Chronicischaemia is associated with increased TGF-β1 production, whichcorrelates with the extent of �ibrotic remodelling [61]. It also disruptsneurogenic relaxation of the prostate, likely through impairment of thenitric oxide pathway, leading to reduced tissue elasticity and increasedsmooth muscle tone [63]. Moreover, pelvic ischaemia secondary toatherosclerosis may integrate multiple pathogenic pathways bypromoting autonomic nervous system hyperactivity, decreasing NOSexpression and upregulating Rho-kinase activity [29].Metabolic syndrome (MetS) is a common and multifactorialcondition characterized by central obesity, dyslipidaemia, hypertension,insulin resistance with hyperinsulinaemia and impaired glucosetolerance, all of which are recognized cardiovascular risk factors.Growing clinical evidence links MetS and its components to thedevelopment and progression of lower urinary tract symptoms (LUTS)and erectile dysfunction (ED) [29, 66]. Central obesity, a key earlyfeature of metabolic syndrome, is strongly linked to LUTS and ED.Visceral fat secretes adipocytokines that enhance sympathetic activityand promote proin�lammatory and proatherogenic states, with elevatedlevels of mediators such as resistin, leptin, TNF-α, IL-6, C-reactiveprotein, �ibrinogen and plasminogen activator inhibitor. Conversely,reduced adiponectin in visceral obesity is associated with insulinresistance and endothelial dysfunction, both of which contribute to thedevelopment of LUTS and ED [67]. Insulin resistance accompanied bycompensatory hyperinsulinaemia has been repeatedly linked toLUTS/BPH and erectile dysfunction, in part through heightenedautonomic sympathetic activity [68]. Hyperglycaemia may intensifythese effects by increasing intracellular calcium levels in smoothmuscle and neural cells, further augmenting sympathetic tone. Inaddition, insulin can stimulate insulin-like growth factor signalling,encouraging prostatic cellular growth and proliferation, while other



processes such as advanced glycation end-product formation andoxidative stress may also contribute to the development of LUTS andED (Fig. 21.3) [69]. A key vascular consequence of MetS is pelvicischaemia due to atherosclerotic and microvascular dysfunctioninvolving the bladder, prostate and penis. Although its exact role inLUTS and ED is still being clari�ied, growing evidence supports MetS asa central contributor, with lifestyle and pharmacological interventionsoffering potential for prevention and treatment [69].

Fig.	21.3 Proposed role of sympathetic overactivity as a shared pathway linking metabolic andlifestyle comorbidity to LUTS/BPH and erectile dysfunction. (Adapted from McVary and McKenna[25])
Psychological	FactorsSeveral psychological factors have also been examined in relation toLUTS and ED. A systematic review and meta-analysis demonstrated astrong bidirectional relationship between lower urinary tractsymptoms (LUTS) and depression in men. The presence of LUTS wasassociated with nearly a threefold increased risk of depressivesymptoms, while depression similarly conferred a comparable increasein the risk of LUTS [70]. This bidirectional association is furthersupported by evidence indicating that depression and anxiety arelinked to the subsequent development of storage, but not voiding LUTS,while men with voiding LUTS show an increased risk of developing



anxiety during follow-up [71]. A similar bidirectional relationship hasalso been observed between depression and ED [72], whereas evidencesupporting a similar association with anxiety disorders remains morelimited [73].Psychological stress can in�luence lower urinary tract functionthrough central, autonomic and spinal mechanisms. At the central level,stress activates the hypothalamic–pituitary–adrenal (HPA) axis,particularly the hypothalamic paraventricular nucleus [74, 75]. Thisleads to corticotropin-releasing factor (CRF) signalling and alteredactivity in brain regions involved in both stress processing andmicturition control such as the prefrontal cortex, amygdala,hippocampus and pontine micturition centre [76, 77]. In parallel, stressactivates the sympathetic-adrenal system, increasing sympatheticout�low that contributes to urinary dysfunction, a �inding supported byboth animal models and clinical studies and partially reversible with α-blockers or sympatholytic agents [78, 79]. Together, these mechanismsexplain how psychological stress can promote LUTS throughcoordinated effects on central regulation and autonomic balance.
Effect	of	LUTS	Treatment	to	Sexual	Dysfunction
—Source	or	Solution?As discussed, LUTS are inseparable with its impact to sexualdysfunction. Sexual dysfunction and LUTS were widely assumed as oneof the natural consequences of ageing [1]. However, LUTS are morebothering as it negatively affect quality of life, general health status andeven mental health [80]. These impacts lead to more patients comecomplaining LUTS more than their sexual dysfunction. Moreover,managing LUTS also carries its adverse events, and one of them issexual dysfunction; for instance, 5-alpha reductase inhibitors (ARIs) arerelated to reduced libido, ED and ejaculatory disorders [2]. For years,innovations in surgical techniques and medication for LUTS haveevolved to preserve men’s sexual function. Holistic approaches towards



LUTS are prioritized and sexual function preservation is one of theaspects.
Medical	and	Surgical	Treatment	of	LUTS	Affecting	Sexual
FunctionStrong association between male LUTS/BPH and male sexualdysfunction in terms of pathophysiology and treatment-related adverseevents. Both ED and ejaculatory dysfunction (EjD) are known sideeffects of oral medications and surgical interventions such astransurethral resection of the prostate (TURP) [81–84].
Medical	Treatment	and	LUTSMedical therapy has been proven effective in managing LUTS but,commonly, these medications cause ejaculatory problems and erectiledysfunction [85]. Alpha-blockers and 5-alpha reductase inhibitors(5ARI) are commonly used medication for LUTS [86].Medical treatments with alpha-blockers cause EjD throughinhibition of the sympathetic smooth muscle innervation of theprostate, bladder neck and ejaculatory ducts resulting in anejaculationand/or retrograde ejaculation. However, alpha-blockers differ in theirlikelihood of causing EjD and these are related to various factors suchas binding af�inity/selectivity for α1-adrenergic receptor subtypes,binding to other receptor-mediated mechanisms, and the differentvolume of distribution [87]. A meta-analysis showed that alpha-blockers affected ejaculatory function (OR: 7.53, 95% CI: 3.77 to 15.02,
p < 0.00001), with higher odds in uroselective alpha-blockers(tamsulosin and silodosin) (OR: 11.46, 95%CI: 5.58 to 23.54,
p < 0.00001). On the other hand, non-selective alpha-blockers(doxazosin, terazosin and alfuzosin) had not signi�icantly found tocause ejaculatory problems. Meanwhile, alpha-blockers did not affecterectile function [88]. Alpha-blockers are thought to have differentbinding selectivity for alpha1-adrenergic receptors causing differenteffects on ejaculation. Ejaculatory problem after using alpha-blockerswas thought to be the consequence of bladder neck relaxation, resulting



in retrograde ejaculation [88]. However, later studies found thattamsulosin and silodosin are related to peripheral effect on the vasdeferens and/or seminal vesicles and a central effect in thecoordination of ejaculation [89]. The incidence of PE is not commonlyseen with alpha-blockers although it is possible that men with ED couldacquire PE secondary to performance anxiety and due to the need to‘ejaculate’ before the erection is lost. Theoretically, alpha-blockerscould contribute to an improvement of penile erection through α-adrenergic mechanisms that may cause alterations in the balance ofpenile vasoconstrictive and vasorelaxant forces, and by blocking theactions of norepinephrine at α1-adrenoceptors on cavernosal smoothmuscle cells with ensuing cavernosal smooth muscle vasodilation andpenile erection [90]. Conversely, α1-blockers with excessivehypotensive effects might produce anti-erectile effects by reducingpenile �illing pressure and producing penile detumescence.The 5-alpha reductase inhibitor (5ARI) use has been associatedwith a myriad of male sexual dysfunctions—known as 5ARI syndrome—resulting in low libido, ED, EjD and orgasmic disorder. The 5ARI isresponsible for inhibiting the conversion of testosterone todihydrotestosterone (DHT), and the decreased circulating DHT resultedin these sexual problems in men [91]. The presence of adverse sexualeffects is associated with decreased self-esteem, quality of life andability to maintain an intimate relationship, thereby worsening theoverall sexual satisfaction and experience. 5ARI was found to have atwo-fold higher risk for sexual dysfunctions in BPH patients [92].Another study also showed the use of 5ARI for BPH patients increased1.55 times the risk of having erectile dysfunction and 1.69 times therisk of having lower libido [93]. Erectile dysfunction and low libidowere found to be the effect of decreased dihydrotestosterone levels anddecreased of nitric oxide synthase (NOS) activity, both of which have arole in erectile function and libido [94]. Regarding ejaculatory function,5ARI has been reported to have 2.73 times higher risk of havingejaculatory problems. The risk increases in the combination of 5ARIand alpha-blockers up to 3.75 times [95]. The development of PE in



5ARI is likely related to the presence of ED rather than the de novoeffect and most patients report a decreased or no ejaculation [91].Inhibition of 5ARI additionally in�luences progesterone anddeoxycorticosterone levels which may alter psychological functions,including increased depression, melancholy and loss of general well-being [91]. While systematic review and meta-analysis have shown theadverse sexual impact of 5ARI [93, 96], there is no consensus regardingthe relation between 5ARI dosage and the likelihood of sexualdysfunction. The so-called 5ARI syndrome and sexual dysfunctionremain a clinical challenge [97], given that literature on the use of 5ARIrelated to the development of sexual dysfunction may persist in asubset of men, irrespective of age, drug dose or duration of study,highlighting the possibility of epigenetic susceptibility, and potentiallyrelated psychological problems associated with the development ofsexual dysfunction related to 5ARI use. Furthermore, controversiescontinue to exist in the literature since many clinical studies suffer fromincomplete or inadequate assessment of adverse events and oftenlimited or inaccurate data reporting regarding psychosexual harmsrelated to 5ARI.
Surgical	Treatment	and	LUTSWhile TURP is considered the standard surgical comparator and is themost common form of surgical intervention in male LUTS/BPH, it isassociated with both ED and EjD postoperatively. The proposedpathophysiological mechanisms related to the development of EDfollowing TURP are thought to arise from the transmission of high-frequency generated energy current close to the capsule potentiallyaffecting nearby cavernous neuromuscular bundles, especially inposterolateral capsular perforation [98, 99], and the presence of othernon-sexual TURP adverse events such as dif�icult or prolonged recoveryfrom surgery causing unwanted psychosocial distress to the men [99].In conventional TURP, a randomized controlled trial study found 81%of the subjects experienced retrograde ejaculation, compared to only17% in ejaculation-preserving TURP [100]. Furthermore, a big data



from 1,014 subjects showed worsened ejaculatory function after TURP[101]. The TURP-related EjD is related to the decreased ejaculatevolume from resection of the prostatic tissue, inadvertent resection ofprostatic tissue near the bladder neck (failure of the intrinsicsphincteric mechanism resulting in retrograde ejaculation) orverumontanum (direct damage to the ejaculatory duct opening andunderlying apparatus resulting in anejaculation) [99]. Hence, thecomplaint of PE is not common in TURP patients. In many instances,patients may report a lack of orgasm associated with the decreased orabsent ejaculation which adversely impacts their sexual satisfactionand erectile function [102]. The presence of urinary complications suchas urinary urgency, stricture or incontinence will directly impact sexualoutcomes too. Resection near the apical prostatic tissue can increasethe risk of external urethral sphincteric injury and the subsequentdevelopment of stress urinary incontinence and climacturia caninvariably worsen sexual function and satisfaction rates [98, 99].
Nocebo	EffectThe concept of the nocebo effect was �irst introduced by Kennedy [103]in 1961, who recognized that many reported adverse effects are oftendriven by the nocebo response, stressing that these reactions arise frompatient expectations rather than the drug itself and should not bemistaken for genuine pharmacologic toxicity, as doing so risksabandoning otherwise effective therapies. It re�lects patientexpectations rather than the intrinsic pharmacological action of thedrug, and misinterpreting these reactions as true toxicity may result inthe unnecessary rejection of effective treatments [104].In terms of LUTS intervention, nocebo effects were observed insome medications. A substantial placebo/nocebo component has beenobserved in �inasteride users who are warned about potential adverseeffects, which may help account for the high rate of self-reported sexualdysfunction, including persistent symptoms, particularly amongindividuals active in online forums and blogs [105]. Mondaini [106] in2007 conducted a study in which �inasteride was given to two different



groups, in which one group was counselled about the side effect of thedrug and the other was not. The study found that only 15.3% of thesubject complained about sexual adverse effect in the ‘uncounselled’group compared to almost half of the subjects in counselled group(43.6%). The study concluded that the nocebo effect occurs frequentlyin clinical practice [106]. On the other hand, Sertkaya and Ozkaya [107]investigated another commonly used LUTS drug, silodosin. The studyfound no signi�icant difference between the side-effect-informed groupand the other uninformed group in terms of erectile dysfunction,anejaculation and decreased libido. However, the percentage ofanejaculation and decreased libido was notably higher in the informedgroup (22.7% vs 14.3% and 3% vs 1.6%, respectively). The authorsnoted that informing the patient about the side effects is a matter ofdebate [107]. Indeed, informing the patient about side effects maycause a nocebo effect. However, further investigation must be donebefore concluding whether clinician should or should not inform thepatient about their sexual adverse event after receiving LUTStreatment.
Strategies	to	Preserve	Sexual	Function	and
Minimize	ED	and	EjD	After	LUTS	Treatment
Medical	Treatment	for	Concomitant	LUTS/BPH	and	Sexual
DysfunctionAs discussed in previous paragraphs, both alpha-blockers and 5ARI cancause various forms of male sexual dysfunction, although not everypatient will report ED or EjD with these drugs. Oral phosphodiesterasetype 5 inhibitor (PDE5i) is considered the �irst-line treatment for menwith ED. To date, tadala�il, a long-acting PDE5i, remains the only drugapproved for the treatment of male LUTS/BPH with or without ED[108]. Proposed mechanisms of action of tadala�il in male LUTS/BPHinclude the positive effects on nitric oxide (NO)-cyclic guanosinemonophosphate (cGMP) pathway to induce prostate smooth musclerelaxation and regulation of the α-adrenergic-afferent nerve activity in



the bladder neck, prostate and urethra; increased oxygenation andperfusion of pelvic organs; and enhancement of the NO inhibition of theoveractive afferent nerve activity within the bladder [108, 109].Tadala�il has been reported to be effective both as a monotherapy andadd-on therapy in patients with LUTS secondary to BPH and ED.Combination therapy with either an alpha-blocker (such as tamsulosin)[110–114] or 5ARI [115, 116] may provide a greater overallimprovement of symptoms when compared with monotherapy,especially in terms of erectile function outcomes. While there are otherPDE5i available in the commercial market such as sildena�il, vardena�iland avana�il, there is no research to compare which regimen is the bestchoice to use for treating the LUTS secondary to BPH [117].Nonetheless, for a PDE5i drug to be effective in treating maleLUTS/BPH, it is likely a long half-life of action is required for the drug toimprove BPH-related symptoms and maintain a therapeutic effect onthe bladder outlet throughout the entire day.While beta-3 agonist drug is not designed to treat ED, it is effectivein treating the storage symptoms of patients with male LUTS/BPH[118, 119] and some studies have highlighted that beta-3 agonist canimprove erectile function due to the vasodilatory effect through the NO-cGMP signal transduction pathway and inhibition of the RhoA/Rho-kinase pathway [120, 121]. Nonetheless, beta-3 agonist drug is notlicensed to treat ED alone. Several research efforts have been made todevelop new therapeutic modalities targeting the LUTS with collateralpreservation (or improvement) of underlying sexual function such asdrugs targeting the NO pathway, modulating oxidative stress andprostatic in�lammation, peripheral neuromuscular/neuronalmechanisms and agonists/antagonists of endogenous peptides [122–124], although the translation from basic research to clinicalapplication is lacking and further large multi-centre clinical trials areneeded to assess the effect of these new drugs to determine clinicalef�icacy and safety pro�ile. For men with concomitant LUTS/BPH andPE, evidence guiding treatment remains limited. Alpha-blockers havebeen theorized to suppress ejaculatory mechanisms, which



paradoxically lengthens the intravaginal ejaculatory latency time (IELT)[84], although real-life study demonstrated little bene�it for PE [125].Other commonly used agents for PE such as selective serotoninreuptake inhibitors (SSRIs) may be co-administered with minimalpharmacokinetic interaction [126].
Reducing	Postoperative	Sexual	Dysfunction	After
Conventional	TURPMinimization of postoperative sexual dysfunction from conventionalTURP could be achieved through more careful surgical techniques byavoiding prostatic tissue resection around the bladder neck and distalprostatic urethra (apex of prostate tissue near the verumontanum)which is crucial to the preservation of ejaculatory function. Apicalsparing TURP has been advocated to preserve anterograde ejaculationpostoperatively [127, 128]. When EjD and/or ED arise following TURP,active sexual function rehabilitation should be instituted. The role ofpenile rehabilitation following prostate cancer surgery has beenaccepted as the standard of care but this concept has not been exploredin detail among patients with sexual dysfunction following BPH surgery[129]. Whether penile rehabilitation can improve erectile function andother sexual health outcomes, especially in patients with pre-existingsexual dysfunction, will require further research. Regarding ejaculationdisorders (retrograde ejaculation or anejaculation), strategies such asthe use of alpha-agonists (pseudoephedrine), electroejaculation orpenile vibratory stimulation can be offered [130]. However, their effectscan be counter-productive (such as the use of alpha-agonists can closethe bladder outlet and worsen urinary symptoms) or have limitedbene�its. Preservation of erectile and ejaculatory functions is likelydependent on the patient’s pre-existing comorbidities, especiallypreoperative sexual function, and the extent of ‘damage’ to the prostateand surrounding structures, accounting for factors such as psychosocialconsiderations, such as whether the partner is sexually active andemotionally supportive, the on-going use of erectile medications and



psychosexual counselling, also affect the recovery and maintenance ofsexual function.
Surgical	Alternatives	to	TURP	for	LUTS/BPHIn recent years, there has been an increased emphasis and renewedinterest in the role of minimally invasive surgical therapy (MIST) formale LUTS/BPH [69, 131]. These new technologies for BPH surgicalinterventions have been designed to target rapid recovery andsymptom relief with relatively low complication rates compared toTURP [132]. These MISTs aim to preserve various male sexual functiondomains such as erectile and ejaculatory functions with animprovement in urinary function for sexually active men who arecontemplating BPH surgery [133]. While conventional TURP resectsprostate tissue to open the prostatic urethra and bladder outlet, thesenovel minimally invasive surgical interventions either expand theprostatic tissue or cause delayed prostatic tissue cavitation. Currentcommercially available MISTs for male LUTS/BPE can be largely dividedinto 2 categories, namely endourological and endovascular.Endourological interventions can be either prostatic ablative or non-ablative technology, with the Rezum water vapour thermal therapy(Boston Scienti�ic, MA, USA) in the former group while ProstaticUrethral Lift (also known as Urolift) (Tele�lex Inc., Pleasanton, CA, USA),Temporary implantable nitinol device (TIND) (Medi-Tate Ltd., Hadera,Israel), and Optilume BPH catheter system (Urotronic, Inc. MN, USA) inthe latter group. Prostatic artery embolization constitutes the mainendovascular approach in the treatment of male LUTS/BPE.It is dif�icult to directly compare these MISTs since there are limiteddirect comparative clinical trials with available studies reporting short-term outcomes, and there was considerable heterogeneity in thepatient demographics and study methodology. Nonetheless, a networkmeta-analysis tried to compare monopolar TURP, bipolar TURP(bTURP), PVP, holmium laser enucleation of the prostate (HoLEP),diode LEP, thulium LEP (ThuLEP), bipolar enucleation of the prostate,open prostatectomy, laparoscopic simple prostatectomy, prostatic



urethral lift (PUL), prostatic arterial embolisation (PAE), Aquablationand sham. PUL showed higher mean difference in IIEF-5 score in the�irst month up to 60 months post-intervention. However, the data ofPUL is limited on prostate volume under 60 mL. Moreover, openprostatectomy was found to have signi�icantly lower IIEF-5 scorecompared to HoLEP, but no other comparison reached statisticalsigni�icance [134]. Another network meta-analysis comparing differentMiSTs concluded an uncertain result on its effect towards sexualfunction, both erectile function and ejaculatory function, compared toTURP. The study noted many major concerns towards the availablestudies, including inconsistency, within-study bias and imprecision[135]. Moreover, a meta-analysis study of 10 articles comparingendoscopic enucleation of the prostate (EEP) and TURP found that EEPhas a slightly better bene�it on erectile function in the long term (meandifference 1.00, 95% CI: 0.95–1.05 at 48 months and mean difference1.08, 95% CI: 1.03–1.13 at 60 months for IIEF-5 score) [136]. In studieswith longer follow-up (>5 years), similar preservation of sexualoutcomes has been reported for PUL, Rezum and Aquablation [137–139]. Data has shown that most BPH surgeries have comparableadverse effect on erectile function. Similar evidence from otherpublished systematic reviews and network meta-analyses [82, 140–143] support these MISTs as effective treatments with considerableimprovements in various urinary parameters with the preservation ofvarious male sexual domains postoperatively especially erectilefunction and, to a larger extent, ejaculatory function too, in men withmale LUTS/BPH compared to TURP.Several alternatives are available to make ejaculatory functionbetter after prostate surgery, including urethral-sparing robotic-assisted prostatectomy, ejaculatory-preserving TURP and MiSTs [100,144, 145]. Ejaculatory dysfunction was reported as low as 3.2%–10.8%for Rezum, 7%–15% for Aquablation, and 13.3%–56% forembolization. Meanwhile, PUL, iTIND and the optilume BPH cathetersystem were found to have the superiority in preserving ejaculatoryfunction compared to other conventional treatments [145].



Despite the attractiveness of these MISTs, there remains a concernabout whether longer-term preservation of ejaculation is possible ifprostate volume involutes over time, and the indirect injury of erectile(cavernous) nerves from the transmission of energy by prostaticablative MIST could potentially lead to ED and indirectly EjD withlonger follow-up [146]. The concept of sexual rehabilitation withspecialized pelvic �loor exercises and the use of PDE5i in the earlypostoperative period in men following BPH surgery is intriguing andrequires formal evaluation given the positive outcomes observed in thepenile rehabilitation cohort following radical prostatectomy [147].
Future	DirectionsIncreased awareness of the association between male sexual functionand LUTS/BPH coupled with greater public demands for more effectivebut safer treatments have resulted in clinical challenges and newpriorities reshaping consumer needs and clinician decision-making. Inthe search for the optimal BPH therapy, it has become clear thatsexually active men are keen to maintain, if not improve their sexualfunction with BPH treatment. BPH medical therapy that targets bladderneck and prostate volume invariably causes unwanted ED and EjD, andnewer drug designs would need to offset these structural alterationswhile improving penile blood �low and safeguarding the ejaculatoryapparatus. Drugs targeting oxidative stress (chronic in�lammatoryprocess) and NO-cGMP pathways will likely offer the best of bothworlds in terms of clinical improvements in urinary and sexualfunctions.Numerous innovative MISTs are in various research, developmentand clinical testing stages to enhance surgical outcomes with excellentsafety records and importantly, minimal to no adverse impact onvarious male sexual domains. The dif�iculty in surgical interventionresides in successfully ‘un-obstructing’ the bladder outlet whilepreserving key structures responsible for erection and ejaculatoryfunctions. Mechanical devices that open the prostatic urethra with



minimal prostatic apoptosis would maintain the prostatic contributionto seminal �luid and should preserve the ejaculatory function. Furthervalidation with validated objective assessments and direct comparativelarge well-designed and multi-centre studies are desired to examine theactual role of MIST in clinical practice and whether MIST can replaceTURP as the new standard of surgical care in male LUTS/BPH.
References1. Rosen RC, Giuliano F, Carson CC. Sexual dysfunction and lower urinary tract symptoms (luts)associated with benign prostatic hyperplasia (bph). Eur Urol. 2005;47(6):824–37.[PubMed]2. Cornu JN, Gacci M, Hashim H, Herrmann TRW, Malde S, Netsch C, et al. EAU guidelines onnon-neurogenic male lower urinary tract symptoms (luts). In: EAU Guidel Off. EAU; 2025.3. Sandhu JS, Bixler BR, Dahm P, Goueli R, Kirkby E, Stoffel JT, et al. Management of lowerurinary tract symptoms attributed to benign prostatic hyperplasia (bph): aua guidelineamendment 2023. J Urol. 2024;211(1):11–9.[PubMed]4. Wei JT, Dauw CA, Brodsky CN. Lower urinary tract symptoms in men: a review. JAMA.2025;334(9):809–21.[PubMed]5. Panicker JN, Fowler CJ, Kessler TM. Lower urinary tract dysfunction in the neurologicalpatient: clinical assessment and management. Lancet Neurol. 2015;14(7):720–32.[PubMed]6. Oztekin CV, Kaya-Sezginer E, Yilmaz-Oral D, Gur S. Male urogenital disorders and metabolicsyndrome: possible links, characteristics and potential treatment strategies. Curr Pharm Des.2018;24(9):1019–33.[PubMed]7. Wessells H, Morey A, Souter L, Rahimi L, Vanni A. Urethral stricture disease guidelineamendment (2023). J Urol. 2023;210(1):64–71.[PubMed]8. Dobrek L. Lower urinary tract disorders as adverse drug reactions—a literature review.Pharmaceuticals. 2023;16(7):1031.[PubMed][PubMedCentral]9. Huang J, Chan CK, Yee S, Deng Y, Bai Y, Chan SC, et al. Global burden and temporal trends oflower urinary tract symptoms: a systematic review and meta-analysis. Prostate CancerProstatic Dis. 2023;26(2):421–8.[PubMed]

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15925080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=37706750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=40658396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26067125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29237379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=37096574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=37513941
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10383968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=36414786


10. Maharajh S, Abdel Goad EH, Ramklass SS, Conradie MC. Lower urinary tract symptoms (luts)in males: a review of pathophysiology. S Afr Fam Pract. 2015;57(2):88–92.11. McNicholas T, Kirby R. Benign prostatic hyperplasia and male lower urinary tract symptoms(luts). BMJ Clin Evid. 2011;2011:1801.[PubMed][PubMedCentral]12. Irwin DE, Milsom I, Hunskaar S, Reilly K, Kopp Z, Herschorn S, et al. Population-based surveyof urinary incontinence, overactive bladder, and other lower urinary tract symptoms in �ivecountries: results of the epic study. Eur Urol. 2006;50(6):1306–15.[PubMed]13. Mohamad Anuar MF, Solihin Rezali M, Mohamed Daud MA, Ismail SB. A community-basedstudy on lower urinary tract symptoms in malaysian males aged 40 years and above. Sci Rep.2022;12(1):2345.[PubMed][PubMedCentral]14. Shamloul R, Ghanem H. Erectile dysfunction. Lancet Lond Engl. 2013;381(9861):153–65.15. Amand C, Tong S, Tardy AL, McGraw T, Stewart A, Cruz-Rivera M. A population-based surveyof self-reported and iief-de�ined erectile dysfunction among adult men in the United States in2021. BMC Public Health. 2025;25(1):4172.[PubMed][PubMedCentral]16. Sihotang RC, Alvonico T, Taher A, Birowo P, Rasyid N, Atmoko W. Premature ejaculation inpatients with lower urinary tract symptoms: a systematic review. Int J Impot Res.2021;33(5):516–24.[PubMed]17. Althof SE, McMahon CG, Rowland DL. Advances and missteps in diagnosing prematureejaculation: analysis and future directions. J Sex Med. 2022;19(1):64–73.[PubMed]18. Opolony M, Rettenberger M, Briken P, Turner D. Examining the prevalence of prematureejaculation as a three-dimensional construct of sexual dysfunction-a systematic review. J SexMed. 2025;22(10):1718–36.[PubMed]19. Song G, Wang M, Chen B, Long G, Li H, Li R, et al. Lower urinary tract symptoms and sexualdysfunction in male: a systematic review and meta-analysis. Front Med. 2021;8:653510.20. Vallancien G, Emberton M, Harving N, van Moorselaar RJA, Alf-One Study Group. Sexualdysfunction in 1,274 european men suffering from lower urinary tract symptoms. J Urol.2003;169(6):2257–61.[PubMed]21. Lee JH. Associations between premature ejaculation, lower urinary tract symptoms, anderectile dysfunction in middle-aged korean policemen. J Sex Med. 2014;11(6):1512–8.[PubMed]

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21871136
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3217770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17049716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=35149733
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8837662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=41310571
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12659121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32393845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34895858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=40794861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12771764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24528521


22. Coyne KS, Sexton CC, Thompson CL, Milsom I, Irwin D, Kopp ZS, et al. The prevalence of lowerurinary tract symptoms (luts) in the USA, the UK and Sweden: results from the epidemiologyof luts (epiluts) study. BJU Int. 2009;104(3):352–60.[PubMed]23. Wein AJ, Coyne KS, Tubaro A, Sexton CC, Kopp ZS, Aiyer LP. The impact of lower urinary tractsymptoms on male sexual health: epiluts. BJU Int. 2009;103(Suppl 3):33–41.[PubMed]24. Gacci M, Eardley I, Giuliano F, Hatzichristou D, Kaplan SA, Maggi M, et al. Critical analysis ofthe relationship between sexual dysfunctions and lower urinary tract symptoms due tobenign prostatic hyperplasia. Eur Urol. 2011;60(4):809–25.[PubMed]25. McVary KT, McKenna KE. The relationship between erectile dysfunction and lower urinarytract symptoms: epidemiological, clinical, and basic science evidence. Curr Urol Rep.2004;5(4):251–7.[PubMed]26. U� ckert S, Richter K, Fischer K, Tsikas D, Kuczyk MA. Re-evaluation of theimmunohistochemical distribution of isoforms of nitric oxide synthase in the humanprostate: a light and electron microscopical study. Andrologia. 2021;53(7) Available from:https:// onlinelibrary. wiley. com/ doi/ 10. 1111/ and. 14098.27. Andersson KE. Erectile physiological and pathophysiological pathways involved in erectiledysfunction. J Urol. 2003;170(2S) Available from: http:// www. jurology. com/ doi/ 10. 1097/ 01. ju. 0000075362. 08363. a4.28. Kedia GT, U� ckert S, Jonas U, Kuczyk MA, Burchardt M. The nitric oxide pathway in the humanprostate: clinical implications in men with lower urinary tract symptoms. World J Urol.2008;26(6):603–9.[PubMed]29. McVARY K. Lower urinary tract symptoms and sexual dysfunction: epidemiology andpathophysiology. BJU Int. 2006;97(s2):23–8.[PubMed]30. Gradini R, Realacci M, Ginepri A, Naso G, Santangelo C, Cela O, et al. Nitric oxide synthases innormal and benign hyperplastic human prostate: immunohistochemistry and molecularbiology. J Pathol. 1999;189(2):224–9.[PubMed]31. Hedlund P, Ekström P, Larsson B, Alm P, Andersson KE. Heme oxygenase and no-synthase inthe human prostate—relation to adrenergic, cholinergic and peptide-containing nerves. JAuton Nerv Syst. 1997;63(3):115–26.[PubMed]32. Bloch W, Klotz T, Loch C, Schmidt G, Engelmann U, Addicks K. Distribution of nitric oxidesynthase implies a regulation of circulation, smooth muscle tone, and secretory function in

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19281467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19302500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21726934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15260924
https://onlinelibrary.wiley.com/doi/10.1111/and.14098
http://www.jurology.com/doi/10.1097/01.ju.0000075362.08363.a4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18607596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16507050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10547579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9138243
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IntroductionDespite signi�icant advancements in the technological landscape for the treatment ofmajor pelvic surgeries such as urological surgeries for prostate cancer, invasive bladdercancer, and colorectal surgeries, a considerable number of patients continue to grapplewith the dual challenges of erectile dysfunction (ED) and stress urinary incontinence(SUI) following their initial treatments. Pelvic trauma can also lead to both ED and SUIas well. Additionally, climacturia, described as urinary leakage during sexualintercourse, can also occur. These complications signi�icantly impact the quality of lifeand overall well-being of affected individuals, underscoring the importance ofelucidating the frequency, etiology, and optimal management strategies for theseconcurrent conditions.Studies have reported varying incidences of both ED and SUI, both separately and incombination, among patients undergoing treatment for prostate cancer and invasivebladder cancer. The incidence rates for these two complications have been reported torange between 6% and 94% for ED and between 3% and 74% for SUI [1–5].Climacturia can occur in up to 68% of men following prostatectomy [6]. While theprevalence of ED following prostate cancer treatment has been extensivelydocumented, relatively fewer studies have focused on the incidence of SUI in thispopulation. The reported impairment in quality of life for SUI and ED is 13% and 46%,respectively [7]. Despite the identi�ication of quality-of-life impairment, the combined
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prevalence of ED and SUI has not been adequately de�ined, necessitating furtherresearch to better understand the epidemiological landscape of these conditions in thecontext of cancer treatment. Blunt pelvic trauma account for almost 10% of alltraumatic injuries in U.S.A [8]. and 2% of them will have urethral disruption [9]. Pelvicfracture after blunt pelvic trauma is associated with post-injury ED. Its true incidence ishard to estimate, due to many factors, such as the time from injury till data collectionand biased subjective reports of patients. Taken these under account, the estimatedincidence of ED after pelvic fracture is approximately 5% to 20% which in cases ofpelvic fracture urethral injuries (PFUI) rises up to 42–62% [10, 11]. Pelvic trauma inmen can also cause SUI, in cases of blunt or penetrating lacerations at the bladder neckand prostatic urethra which eventually compromise the internal sphincter mechanism[12], but data are very limited since this particular population is poorly evaluated inthe literature [13], therefore its true incidence cannot be estimated. Radiation therapycan also cause both ED and SUI with different mechanisms. ED is a common side effectof both external beam radiation therapy (EBRT) and brachytherapy due to neuronal,vascular and muscular damage. Radiation may also affect the bladder wall by causing arare condition called radiation cystitis, which includes hematuria, urge incontinenceand decreased bladder capacity but even rarer may weaken the pelvic �loor musclesthus leading to SUI in the long term.The initial step in the treatment of both ED and SUI typically involves conservativemanagement strategies, including lifestyle modi�ications, pharmacotherapy, and pelvic�loor exercises. While these interventions may yield positive outcomes for somepatients, a subset may experience persistent or resistant symptoms, necessitatingsurgical intervention.The decision to pursue surgical intervention for ED and SUI requires acomprehensive assessment of patient-speci�ic factors, including the severity ofsymptoms, underlying etiology, and patient preferences. Various surgical options areavailable for the treatment of ED and SUI, ranging from minimally invasive proceduresto more extensive surgical interventions. However, the optimal surgical approach willvary based on individual patient characteristics and treatment goals. Regardless of theapproaches, the surgical treatment of ED is primarily focused on penile prosthesisimplantation. On the other hand, arti�icial urinary sphincter (AUS) is highlighted forSUI, while male sling surgeries are prominent for mild to moderate cases. Additionally,treatments such as Mini-Jupette suspension may be recommended for climacturia [6].Patients may be considered for surgical treatment in the �irst year after conservativeand medical treatments have been attempted and failed to alleviate their symptoms.
Available	Surgical	Methods	for	ED	and	SUI
ED:



Modern penile implants replaced the use of rudimentary penile stiffeners more than50 years ago, when Scott et al. in 1972 [14] and Small in 1978 [15] introduced the useof the three-piece in�latable implant and the semirigid (malleable) rod prosthesis,respectively. Even now, despite the major advances in pharmacotherapy, such as thediscovery of PDE5 inhibitors and intracavernosal injections of vasoactive agents, theystill are men’s suffering from ED last resort, either when they are not suitable for anypharmacotherapy or when they do not respond to them.Since the beginning, there were two types of penile implants: the Scott in�latableand the Small-Carrion semirigid rod. Through the years many improvements have beenmade, regarding the material, coating, etc., but these two categories stand still, thehydraulic and the semirigid. The hydraulic group includes the two-piece and the three-piece in�latable devices, which give the patient the element of spontaneity and can bein�lated at any given time. It can be coated with antibiotic or not. The two-piece devicesare mostly preserved for patients at higher risk of complications with the site ofreservoir placement, especially in patients who have had a previous abdominaloperation. The most popular three-piece devices are the AMS 700CX/CXR (BostonScienti�ic, Minnetonka, USA) and the Titan (Coloplast, Minneapolis, USA). On the otherhand, the semirigid devices are easier to implant, easier to manage and of coursecheaper, but they have the disadvantage of having the patient in a permanent erectionstatus, which may cause discomfort. Regarding the ef�icacy, all types are ef�icacious butin terms of patient’s satisfaction there aren’t any prospective RCTs comparing thedifferent types.
SUI:Persistent post-prostatectomy incontinence is one of the most severe adverse effectswith a tremendous impact on patient’s quality of life. After conservative treatment’s(lifestyle interventions, weight loss, physical activity, and pelvic �loor muscle training-PFMT) and medical (duloxetine, anticholinergic, or b3 agonist) failure, surgicaltreatment is a one-way solution. In order to achieve continence, urethral resistancemust be restored, either passively or actively. Depending on the severity of SUI, varioustechniques and devices have been developed.
Bulking	AgentsUrethral bulking agents consist a minimal invasive treatment for men with mild tomoderate SUI or those who are un�it for a more aggressive approach. When injected inthe urethral wall, at the level of external sphincter, they add bulk, thus increasing thepassive urethral resistance. In terms of ef�icacy, there is only one RCT which ful�illedthe inclusion criteria for a Cochrane review, which compared the Macroplastiqueinjection versus the implantation of an arti�icial urethral sphincter (AUS). The studyreported a signi�icant improvement for both procedures in men with mild SUI, and asigni�icant supremacy of AUS in cases of severe SUI [16].



There is very limited evidence that bulking agents are effective for the treatment ofPPI. The data for their long-term ef�icacy, even for cases of mild SUI are discouraging,since the long-term cure rate is about 10.3% [17]. Although the complications are mildand rare, the low cure rates make them an option only for men with mild SUI or forthose who cannot undergo a more invasive operation, hence the weak strength ofrecommendation by the EAU 2023 guidelines [18].
Male	SlingsVarious kinds of male slings have been proposed for mild and moderate PPI, includingnon-adjustable and adjustable sling, autologous or synthetic, while their �ixation can beachieved either via a transobturator or a retropubic approach. They restore continenceby compressing directly the bulbar urethra resulting in coaptation of the urethrallumen and/or by repositioning it [19, 20]. Autologous slings are practically abandoned,except in some neurogenic cases and bone anchored also, due to their highcomplication rates.(a) Non-adjustable Slings Non-adjustable male slings are placed under the urethra and after any adjustmentsmade during the operation no further can be performed postoperatively. Currently,there are 4 slings commercially available: AdVance (Boston Scienti�ic, Minnetonka,USA), Virtue (Coloplast, Minneapolis, USA), Surgimesh M-SLING (Aspide Medical,France) and I-STOP TOMS (CL Medical, France).(b) Adjustable Slings Adjustable male slings offer tension adjustment at the level of compression of theurethra postoperatively. Three main systems are commercially available at thismoment, the Argus, Argus classic and Argus T (Promedon, Cordova, Argentina [21] theATOMS (A.M.I., Feldkirch, Austria) [22], and the Remeex [23].
Compression	Devices(a) Arti�icial Urinary Sphincter Arti�icial Urethral Sphincter (AUS) is one of the oldest surgical treatments for SUIand till now the standard treatment for moderate to severe male SUI. AUS restorescontinence by applying circumferential compression to the urethra via its cuff which isplaced around and is �illed with liquid. The cuff can be in�lated and de�lated, just like anIPP, allowing the patient voluntary control over micturition.The AMS 800 (Boston Scienti�ic, Marlborough, MA, USA) is a three-componentdevice, consisting of an in�latable cuff, a control pump and pressure regulating balloonand is still the reference system worldwide, [24] although other systems have been



developed, such as the two-component ZSI 375 [25] or Br-SL-AS 904 [26], the Victoand Victo+ (Promedon, Cordoba, Argentina), and the Rigicon Conticlassic andContire�lex devices, with little so far data regarding their ef�icacy and safety.(b) Periurethral Balloons The ProAct (Uromedica, Inc., Plymouth, MN, USA) system is actually a set of 2balloons which are implanted via a perineal incision laterally under the bladder neck.Each balloon has 2 lumen and a volume-adjustment-port. Once the device is placed, thesurgeon can adjust the volume of the balloon postoperatively, thus achieving theoptimal peri-urethral compression. The device should be avoided in men who have hadpelvic radiotherapy, but it can be used as a salvage therapy, after a failed male slingimplantation [27].
Simultaneous	Operation	for	ED	and	SUISimultaneous surgeries for ED and SUI represent a complex but increasinglyrecognized approach in the treatment of patients with concurrent urologicalconditions. The feasibility of performing both surgeries simultaneously has been ahighly intriguing topic.Historically, the concept of simultaneous surgery for ED and SUI dates back severaldecades, alongside early pioneers in the �ield investigating the feasibility and safety ofsuch interventions. In 1987, Scott et al. shared their initial experiences in the literaturewith the application of IPP and AUS in 72 patients without a control group between1973 and 1986 [28]. Subsequently, numerous studies have continued to emphasize thefeasibility and potential bene�its of this groundbreaking approach. Evaluating theadvantages and disadvantages of this simultaneous surgical approach in terms ofsuccess (ef�icacy and satisfaction), complications (perioperative, postoperative), cost,and surgical duration would be more appropriate, akin to conducting a SWOT(strength, weakness, opportunity, and threat) analysis.Parulkar et al. [29] conducted a study in which they applied combined implants forboth ED and urinary incontinence and followed up with 60 patients grouped accordingto different sphincter implantations. In the study, it was reported that in two patients,all components of the sphincter had to be removed due to infection. Additionally, in thesame study, it was noted that penile prostheses were removed in two patients due toinfection limited to the penile prosthesis components, and in three patients, both thesphincter and penile implants had to be removed due to infection. Therefore, as asigni�icant disadvantage of simultaneous surgical intervention, they highlighted thedif�iculty in preventing the spread of infection to other components when an infectionoccurs in any component [9]. In 2005, Rhee [30] reported a series where penileprosthesis (PP) + male sling was applied to four patients without a control group,achieving a 100% success rate and observing no complications.



In the same year, Sellers et al. [31] compared in�latable penile prosthesis(IPP) + arti�icial urinary sphincter (AUS), AUS only, and IPP only groups. They reportedthat dual implantation in a single-stage procedure reduced the operation time by24.7%, and there were no infections or erosions in the prostheses. Additionally, theyprovided the initial cost and cost-bene�it analysis of dual implantation compared tosingle implantation [31]. Simultaneous implantation also provided approximately$7000 in cost savings [31]. In the same study, they highlighted the delayed widespreadadoption of dual prosthesis implantation due to perceived increased infection rates. Oncontrary, dual implantation theoretically reduces the risk of infection compared tostaged procedures [31]. In 2006, Kendirci et al. [32] reported the outcomes of a studyinvolving 22 patients who underwent IPP + AUS application. They noted complicationsincluding urethral erosion in 2 patients (9%) and reservoir migration in 2 patients(9%). They also stated that no prosthetic infections occurred postoperatively, and theoverall revision rate was 14%. The reasons for revision included urethral erosionassociated with AUS device in 2 patients and reservoir migration in 1 patient. Theydetermined that urethral erosions occurred in patients who had received radiotherapy[32].In 2008, Mancini et al. [33] conducted a study involving a total of 95 patientscomparing PP + AUS vs. PP vs. AUS, where all surgical procedures were performed bytwo staff surgeons. They reported that there was no difference in satisfaction betweenthe combined surgical with prosthesis group and the prosthesis-only group for penileprosthesis outcomes. They also noted that although there was no statisticallysigni�icant difference in revision rates, three out of 33 patients (9.1%) in the combinedsurgery group underwent revision surgery, while one out of 31 patients (3.3%) in theprosthesis-only group underwent revision surgery [33]. In the same study, similarresults were also expressed for AUS outcomes. Regarding AUS revision, 6 patients(18.2%) in the combined surgery group and 4 patients (12.6%) in the AUS-onlysurgery group required revision, with 1 patient in each group requiring prosthesisremoval. As a result, Mancini et al. stated that with careful preoperative evaluation ofpatients and in indicated cases, synchronized implantation could be offered initially,potentially preventing additional time, pain, cost, and risk associated with secondaryprocedures [33].In their study comparing PP + sling with PP and sling groups, Gorbatiy et al. [34]analyzed the surgical duration, length of hospital stay, bleeding, and cost outcomes.They found no signi�icant differences between groups in terms of surgical duration(98 ± 24 min for PP; 86 ± 24 min for sling; 177 ± 17 min for dual implant), estimatedblood loss (57 ± 30 mL for IPP; 48 ± 59 mL for sling; 49 ± 5 mL for dual implant), andpostoperative hospital stay (1.2 ± 0.45 days for IPP, 0.7 ± 0.48 days for sling, and1.1 ± 0.50 days for dual implant). Interestingly, they found that dual implantation withapproximately $9000 in cost savings when compared to the aggregated cost ofindividual procedures, similar to that reported by Sellers eta al [31, 34]. Rolle et al. [35]



retrospectively compared PP + AUS with asynchronous PP + AUS applications. Theyfound similar success rates between PP + AUS (87%) and asynchronous PP + AUS(86%) groups, with only one case of infection requiring reoperation observed in thePP + AUS group. They stated that synchronous surgery was more advantageous interms of surgical duration and noted the absence of any major complications in surgery[35]. In their study, Segal et al. [36] compared PP + AUS with asynchronous PP + AUSand PP vs. AUS in a larger patient cohort, published one year after the aforementionedstudy. Segal and colleagues reported that insertion of IPP was halted in one case due tointraoperatively detected distal urethral injury. They indicated no difference in terms ofinfection, erosion, and mechanical failure between combined procedures with both IPPand AUS and other groups. Furthermore, in the same study, consistent with previousresearch, they con�irmed that combined procedures had longer implantation timescompared to single prosthesis placement, with combined procedures taking longer(218.1 min) and individual procedures being shorter in total (145.9 min for IPP onlyand 114.7 min for AUS only), consistent with previous studies [16]. In a study with thesame study groups designed, Patel et al. [37] conducted a much larger study in 2019,indicating a different situation regarding reoperation. When compared with men whounderwent only penile prosthesis implantation, they found that those with both penileprosthesis and arti�icial urinary sphincter had a higher likelihood of undergoingrevision surgery for in�latable penile prosthesis at 1 year (OR 2.08, 95% CI 1.32–3.27,
p < 0.01) and 3 years (OR 2.60, 95% CI 1.69–3.99, p < 0.01). In the same study, whencompared with those with only an arti�icial urinary sphincter, they showed thatpatients with both in�latable penile prosthesis and arti�icial urinary sphincter did nothave a higher likelihood of undergoing arti�icial urinary sphincter revision surgery at1 year (p = 0.76) or 3 years (p = 0.73) [37]. In the studies conducted by Bolat et al. with11 cases and Martinez-Salamanca et al. with 32 cases, where AUS + IPP was appliedand there was no control group; Bolat et al. [38] reported a success rate of 89%, withone case experiencing urinary infection and one case requiring reoperation due toinfection. Martinez-Salamanca et al. [39], on the other hand, reported a success rate ofover 96% and performed reoperation in a total of 4 cases, with 2 cases of urethralerosion, and 1 case each of reservoir migration and corporal extrusion. Martinez-Salamanca et al. [39] highlighted that three additional patients planned for deviceremoval had a history of prior adjuvant/salvage radiotherapy. In this study, theypresented a short surgical duration for PPI + AUS application with a median (range) of57 [42–84] minutes, contributing to the literature.In recent years, studies without control groups have drawn attention to thesimultaneous application of IPP with mini-Jupette, modi�ied mini-Jupette, and ProACTincontinence surgeries. The information about the surgical methods has beenhighlighted here only by their names, as further details regarding the procedures willbe discussed in subsequent sections. Andrianne R [40]. reported an average surgicalduration of 72 min (SD = 19.8) in a series of 15 patients who underwent mini-Jupette



Sling + IPP application. Surgically, they observed a 93% improvement in incontinenceand an 80% improvement in climacturia by the end of the sixth month. They noted nopostoperative immediate or delayed complications related to IPP or “Mini-Jupette”procedures, except for one case of urinary retention and two cases of postoperativedysuria (20%) [40]. Valenzuela et al. [41], who employed a similar method, reported a93% improvement in climacturia and an 85% improvement in subjective SUI. Theynoted one case requiring reoperation for mesh removal due to urethral erosion, whilethe prosthesis was preserved. Yiou & Binhas [42] reported the surgical duration inpatients undergoing PP + ProACT and asynchronous PP + ProACT applications. Theaverage operation time was 133.4 ± 14 minutes in cases of combined implantation,while it was reported as 33.8 ± 4.8 minutes for ProACT device and penile prosthesisasynchronous implantation, and 78.8 ± 8.5 minutes, respectively. They notedsatisfaction among patients in both scenarios and observed no reoperations. However,Ya�i et al. [43], who applied a similar method, reported complications in 5 out of 38patients (13.2%) who underwent Mini-Jupette placement, with 4 patients requiringdevice removal. They noted that the overall complication rates were similar to thosereported with male suburethral slings. Regarding success rates, they reported asubjective improvement of 89.3% in incontinence and 92.8% in climacturia.The results of the most recent study conducted by Van Huele & Van Renterghem[44] in 2023, where they applied simultaneous three-piece IPP implantation with AUS,found a median (IQR) surgical duration of 45 (41.25–58) minutes, a social continencerate of 96%, and a patient satisfaction rate of 88%. No complications related toinfection were noted. With a revision rate reported as 16% (4 patients), theymentioned that revision was necessary in two cases (8%) due to sphincter prosthesisleakage, in one case (4%) due to glans erosion, and in another case due to urethralatrophy requiring cuff downsizing [44].It is important to note that comparing simultaneous operations with two-stagesynchronous operations involves various challenges. Firstly, the differences amongoperating surgeons and the surgical techniques applied are the most signi�icantparameters affecting reoperation, infection, and success outcomes. Additionally, thevariations in healthcare reimbursement systems across countries and the differencesin prosthetic and sphincter brands also pose challenges in cost assessment. Regardingthe treatment of ED, surgical penile prosthesis implantation is performed, and withinthis practice, there are variations such as penoscrotal and suprapubic applications, aswell as options for malleable and in�latable penile prosthesis applications. For SUI, thechoice of treatment depends on the severity of symptoms, discomfort level, and historyof radiotherapy. Options may include AUS procedures, male sling surgeries (such asAdVance or InVance), or methods like ProACT [42], Mini-Jupette [43], and modi�iedMini-Jupette [41]. All these factors make it challenging to conduct a homogeneousevaluation.



Pyrgidis et al. [45] provided a comprehensive review of the current literature,stating that simultaneous surgical procedures for ED and SUI reduce costs andrehabilitation duration, and are safe and effective. In our clinical experience, withappropriate patient education, simultaneous surgery offers various potentialadvantages, including reducing the overall treatment burden for patients, shorteningrecovery times, and potentially lowering healthcare expenditure. Additionally,simultaneous surgery reduces the need for repeated hospitalizations and exposure toanesthesia, thereby minimizing associated risks and optimizing patient comfort. Whilewe may not have experienced a signi�icant difference in mechanical failure andinfection rates, it is evident that the surgical complexity associated with perioperativecomplications in simultaneous operations would affect both surgeries.However, skepticism regarding simultaneous surgery persists within the medicalcommunity, primarily driven by concerns surrounding perioperative complications,surgical complexity, and the potential for compromised outcomes. Critics caution thatsimultaneous surgery may increase the risk of intraoperative and postoperativecomplications, such as infection, bleeding, and device malfunction. Furthermore, thetechnical intricacies of performing two distinct procedures concurrently maynecessitate a higher level of surgical expertise and precision, posing challenges forsome urological surgeons.To facilitate a comprehensive understanding of the advantages and disadvantagesof simultaneous surgery versus two-stage sequential operations, a comparativeanalysis can be conducted, summarizing key considerations in a structured format. Atable outlining the bene�its and drawbacks of each approach, including factors such asperioperative risks, recovery times, functional outcomes, and patient satisfaction, canserve as a valuable tool for clinicians and patients alike in making informed treatmentdecisions.Advantages and disadvantages of simultaneous surgery for erectile dysfunction(ED) and stress urinary incontinence (SUI) represent crucial considerations in thedecision-making process for clinicians and patients. A comprehensive understanding ofthe potential bene�its and drawbacks associated with this approach is essential forinformed treatment decisions.
Advantages	of	Simultaneous	SurgeryComprehensive management: Simultaneous surgery offers the opportunity forcomprehensive management of both ED and SUI in a single operative session,addressing multiple urological concerns simultaneously.Reduced treatment burden: By combining procedures into a single operative session,patients may experience reduced treatment burden, including fewer hospital visits,decreased recovery time, and potentially lower overall healthcare costs.Improved patient convenience: Simultaneous surgery may enhance patientconvenience by minimizing the need for multiple surgical interventions and



associated recovery periods, allowing for a more streamlined treatment experience.Potential synergistic effects: Some studies suggest that simultaneous surgery for EDand SUI may yield synergistic effects, with improvements in one conditionpotentially enhancing outcomes in the other.
Disadvantages	of	Simultaneous	SurgeryIncreased perioperative risks: Performing two distinct procedures concurrently mayincrease the overall perioperative risks, including complications such as infection,bleeding, and anesthesia-related adverse events.Technical complexity: Simultaneous surgery requires a higher level of technicalexpertise and precision due to the complexity of performing two distinct proceduresconcurrently, posing challenges for some urological surgeons.Potential for compromised outcomes: Critics of simultaneous surgery raise concernsregarding the potential for compromised outcomes, including suboptimal functionaloutcomes, device malfunction, and the need for revision surgery.Patient selection challenges: Identifying suitable candidates for simultaneous surgeryrequires careful patient selection and consideration of individual factors such asoverall health status, comorbidities, and surgical risk pro�ile.In conclusion, while simultaneous surgery for ED and SUI offers several potentialadvantages, including comprehensive management and reduced treatment burden, it isnot without its challenges and limitations. Careful patient selection, meticuloussurgical planning, and ongoing research are essential to optimize outcomes and ensurepatient safety in the context of simultaneous surgery for ED and SUI.
Selection	of	the	Appropriate	Combined	Method	of
Synchronous	Management.	Patients’	AssessmentThe choice of an appropriate combined treatment strategy for patients withconcomitant ED and SUI is a critical aspect of urological practice. Central to thisdecision-making process is the evaluation of the severity of SUI, given that theplacement of a penile prosthesis often emerges as the sole viable option for EDtreatment in the context of combined pathology.Assessing the severity of SUI involves a comprehensive evaluation of urinarysymptoms and functional impairment. Various clinical tools and diagnostic modalitiescan be employed to gauge the severity of SUI and inform treatment decisions. Videourodynamics, a dynamic imaging study that combines conventional urodynamic testingwith �luoroscopy or ultrasound, offers valuable insights into bladder and urethralfunction during voiding, providing detailed information about bladder capacity,detrusor pressure, and urinary �low rates. Additionally, pad usage quanti�ication,wherein patients record the frequency and volume of urinary leakage using absorbent



pads, serves as a practical and cost-effective method for assessing the severity of SUIand monitoring treatment outcomes over time.Once the severity of SUI has been established, a range of treatment options may beconsidered based on individual patient characteristics, treatment goals, andpreferences. Non-invasive interventions, such as lifestyle modi�ications, pelvic �loormuscle exercises, and pharmacotherapy, may be recommended as initial managementstrategies for mild to moderate SUI. For patients with persistent or refractorysymptoms, minimally invasive procedures, such as urethral bulking agents or mid-urethral slings, may be considered to provide additional support to the urethra andimprove continence.In cases where conservative and minimally invasive interventions fail to adequatelyaddress the severity of SUI, surgical intervention may be warranted. The placement ofan arti�icial urinary sphincter (AUS) represents a gold standard surgical treatment forsevere SUI, offering reliable and durable control of urinary leakage. Additionally, thecombined placement of an AUS and a penile prosthesis during a single surgicalprocedure, known as synchronous surgery, offers several potential advantages,including reduced overall treatment burden, streamlined recovery periods, andimproved patient satisfaction.Since individuals tend to experience more complaints related to SUI on a daily basiscompared to those related to ED (such as the expectation of a higher frequency ofurination per day than the need for daily sexual intercourse), prioritizing SUI hasemerged as the forefront. However, it should be evaluated in conjunction with thealgorithm presented below.The algorithm for AUS implantation and PP for both ED and SUI is displayed inTable 22.1:
Table	22.1 AUS implantation algorithm
Patient	evaluation

 Obtaining	a	detailed	medical	history,	assessing	symptoms	and	complaints.
 Measurement	of	symptoms	of	erectile	dysfunction	and	urinary	incontinence	using	validated
questionnaires	such	as	the	international	index	of	erectile	function	(IIEF)	and	the	international
consultation	on	incontinence	questionnaire	(ICIQ)

Physical	examination

 Conducting	a	general	physical	examination	and	pelvic	examination.
 Evaluation	of	speci�ic	�indings,	such	as	penile	deformities	or	urethral	stricture

Laboratory	tests

 Measurement	of	serum	hormone	levels,	especially	testosterone	levels.
 Performing	other	laboratory	tests	as	necessary

Psychosocial	assessment

 Identi�ication	of	psychosocial	factors	such	as	anxiety,	depression,	or	relationship	problems
 Measurement	of	psychological	effects	using	validated	questionnaires	(e.g.,	Beck	depression	inventory)



Imaging	and	other	tests

 Performing	imaging	tests	such	as	ultrasonography,	radiography,	or	other	imaging	modalities	as
necessary
 Conducting	urodynamic	tests,	especially	for	evaluating	stress	urinary	incontinence

Evaluation	of	treatment	options

 Considering	various	treatment	options	including	medication,	surgery,	or	other	interventions
 Conducting	a	bene�it-risk	analysis	of	treatment	options

Involvement	of	the	patient	in	the	decision-making	process

 Providing	information	about	treatment	options	to	the	patient	and	considering	their	preferences.	(if	the
patient	does	not	prefer	simultaneous	surgery,	prioritization	between	ED	and	SUI	surgeries	should	be
determined.	For	this	purpose,	each	condition	should	be	evaluated	separately	in	a	joint	assessment,	and
discussed	with	the	patient	regarding	treatment	options.)
 Offering	patient	education	and	support	services

Follow-up	and	monitoring

 Regularly	assessing	the	effectiveness	of	treatment	and	revising	the	treatment	plan	as	needed
 Monitoring	treatment	outcomes	using	validated	questionnaires	such	as	the	IIEF	and	ICIQIn summary, the selection of the appropriate combined method of synchronousmanagement for patients with ED and SUI requires a comprehensive assessment of SUIseverity and consideration of individual patient factors. By employing a multimodalapproach to SUI evaluation and treatment, clinicians can optimize outcomes andimprove quality of life for affected individuals.
Combination	Therapy
PP	+	AUSIt was Wilson et al. [46] who realized that the traditional implantation of an AUS whichrequired 2 incision, one perineal for the cuff and one suprapubic for the balloon andpump, was time and effort consuming, therefore, a single penoscrotal incision wasproposed, which allows the simultaneous implantation of a penile prothesis along withan arti�icial sphincter.Just a few centimeters below the penoscrotal junction, a single incision is made,which provides an excellent exposure to both the corpora and the proximal bulbarurethra. The advantage of performing an upper transverse scrotal incision is that thebulbocavernous muscle is left intact, thus allowing the AUS cuff to be placed at thebulb, if it is retracted ventrally. After a circumferential dissection of the urethra,adequate space is made for the cuff to be placed properly.Next step is PP implantation. Vertical corporotomies are performed, followed bydilation and accurate measurement to input the cylinders. Once the cylinders are inplace, the corporotomies are water-tight closed. The reservoirs for both IPP and AUSare placed prevesically, within the retropubic space, through the transversalis fascia, oralternatively in the epigastric are, superior to the transversalis fascia, while the pumps



are placed into the scrotum, underneath the scrotal skin and the dartos, leaving thetunica vaginalis intact [32, 46, 47].
PP	+	Male	SlingRhee et al. [30] were the �irst to describe a technique for the concomitant implantationof in�latable and malleable penile prostheses along with a synthetic (silicone coatedpolypropylene) male sling. The procedure was performed by the same surgeon. A totalof 4 patients suffering from post-prostatectomy ED and urinary incontinenceunderwent the implantation of an InVance (AMS) male sling using 6 bone screwsdrilled into the descending pelvic rami bilaterally via a 2 cm perineal raphe incision.One end of the silicone coated propylene synthetic mesh was tied down with thepreloaded sutures attached to the bone screws. The penile prosthesis (in�latable orsemirigid) was placed via a penoscrotal incision, with extra care taken when thedrilling was performed, in order to avoid extreme bleeding in case of corpora violation.Gorbatiy and his associates, 5 years later, described a new technique where a singleincision was required to achieve a simultaneous placement of both a bulbourethralmale sling and a penile prothesis [34]. A 4 cm midline perineal incision is performed,providing access to the inferior pubic rami for the placement of the AdVance sling.Bone drill is used to insert 3 screws on each side of it. When placing the sling, thebulbospongiosus muscle is dissected for a triangle to be created, with corpusspongiosum being the medial portions and the ischiocavernosus the hypotenuse. Thecentral tendon is dissected off the bulbous urethra. The transobturator fossa isaccessed with the helical trocars exiting at the apex of the dissection between urethraand the pubic rami. After that, dissection of the perineal-scrotal fat takes place, untilboth corpora cavernosa are visible. The Buck’s fascia is uncovered and a verticalcorporotomy is made bilaterally, followed by dilation of the corpora thus makingproper space for cylinders implantation. The placement of the reservoir is facilitatedthrough the same perineal incision, sometimes with an extension of it superiorly, forthe surgeon to safely reach the inguinal ring. Tubes are connected and then the pump isleft to rest in the dependent dartos pouch of the scrotum, which lies right above theprimal incision, providing an easy access to it.
PP	+	“Adrianne	Mini-Jupette”It was Robert Adrianne in 2005 who described a new surgical technique which allowedthe placement of a graft across the male urethra while implanting a penile prothesis,having two birds killed with one stone, meaning dealing with both ED along withclimacturia and/or mild SUI, after a radical prostatectomy. The graft was sutured tomedial aspect of each corporotomy, lying there just like a miniskirt, hence the name“Mini-Jupette” in French.The success of this technique is based on the hypothesis that as the cylinders of thepenile prothesis are expanding, the graft itself would apply tension on the urethra, thusreducing climacturia, perhaps and a mild SUI, via a passive and an active compression



of the urethra. He never formally published his results, but he inspired many to pursuitthis approach.The perfect candidate for this procedure is a patient suffering from ED andclimacturia with/or mild SUI (the patient is using no more than 2 pads per day), after aradical prostatectomy. After placing the patient in a supine position with a slightTrendelenburg position a 4 cm transverse incision is made 2–3 cm below thepenoscrotal junction, or a sub-coronal one, providing an excellent exposure of proximalcrural corpora cavernosa and bulbar urethra. Two bilateral symmetrical corporotomiesare made as any standard IPP implantation and the distance between the medialaspects of them is carefully measured. Afterward, a mini-jupette graft is fashionedbased on these measurements. Its dimensions are the size of the corporotomy whichrepresents the length, and the medial inter-corporal distance which represents thewidth of the graft. After the size of the graft is determined it is sewn in place to themedial corporotomies, in such a way to avoid urethral injury. After the slinginstallment, the IPP is implanted, and the device is activated to achieve sling’s optimalcompression on the urethra [43]. There is an ongoing debate regarding the material ofwhich the graft is made of. It is up to the surgeon, but many believe that a synthetic oneis better than cadaver fascia.Recently a new, modi�ied approach was proposed by Valenzuela et al. [41]. It is amodi�ied approach of standard mini-jupette where a male urethral minimal sling(MUMS), in particular a Virtue (Coloplast Corporation, Humlebaeke, Denmark)mono�ilament polypropylene mesh sling is placed more proximally along the bulbarurethra (proximal to the corporotomy) and sutured to the lateral corpora. Thisapproach requires a smaller corporotomy and minimizes the risk of suture injury ofthe prothesis during closure.
PP	+	ProACTThe ProAct (Uromedica, Plymouth, MN, USA) device was designed to �ill the gapbetween the arti�icial sphincter, which attempts to replace the physiological function ofthe external sphincter, and male slings, which restore continence by compressing theurethra more proximally, most of the times at the level of bulbar urethra. The rationalebehind this device is that the underlying detrusor function is most likely to change asthe patient grows older, therefore the need for adjusting the outlet resistance in orderto achieve continence.The device was introduced by Hubner and Schlarp in 2005 [48] and is made fromsilicon elastomer, a material very similar to the one used for AUS. It consists of anexpandable silicon balloon attached to a re-injectable titanium port and the kitincludes two of them, each one to be placed to either side of the bladder neck, at thevesicourethral anastomosis, above the pelvic diaphragm.Under general anesthesia, patient is placed in lithotomy position. A rigid cystoscopeis used to inject contrast medium to identify the bladder neck. A horizontal perineum



incision of 1.5 cm is made to expose the urethra and the descending pubic ramus under�luoroscopic control. A sharp tipped, reusable trocar combined with a “U-shaped”canula is used to insert the balloons bilaterally, with the �ixed cystoscope acting as aguide for proper implantation of them. Each balloon has two lumens, the �irst onecontains a push wire while the second one serves as a conduit for in�lation with amaximum capacity of 8 ml.At the beginning, the implantation was performed under endoscopical and�luoroscopical guidance [48–50], but Gregori et al. [51] proposed the use of transrectalultrasound guidance for the implantation, to avoid unnecessary radiation exposure forboth the patient and the surgical team.Having the device placed, the physician can easily adjust the volume of the balloons,thus achieving the optimal urethral resistance, without the need of another surgicaloperation.Yiou and Binhas in 2015 [42] were the �irst to propose the implantation of an IPPand ProAct for ED and SUI. Ten patients with severe ED and moderate SUI, after radicalprostatectomy were enrolled in this study, where 6 of them underwent a synchronousimplantation of IPP and the ProAct device (with the prothesis implanted �irst) whilethe other four had an asynchronous placement of the devices. At all patients, atransverse scrotal incision was performed to gain access for the IPP placement and theProAct device was inserted under endoscopic and �luoroscopic control as describedabove.
PP	+	Bulking	AgentsThere aren’t any data in the literature regarding PP implantation after bulking agentsfor SUI, or bulking agents after PP, let alone supporting simultaneous placement ofpenile protheses and bulking agents. It would be interesting to design a study focusedon sequential implantation of PP and bulking agents, but it would be prudent to �irstinject the agent, in order to avoid any instrumentation damage, once the PP is in place.
Complications,	Prevention,	and	TreatmentPerforming a sole implantation of a PP, an AUS or any other device includes the risk ofcomplications, let alone performing two at the same time. It is more than reasonablethat one can assume that the rate of complications should be at least the sum of thoseexpected when performing each one. Unfortunately, in this case, the level of dif�icultyincreases, even in the most skillful hands. Therefore, surgeons need to understand andrecognize the risks to eliminate or at least minimize complications. There are fewstudies comparing head-to-head the rate of complications when performing a two-stage or one-stage surgery for both ED and SUI after radical prostatectomy [35, 36], notto mention studies comparing head-to-head different combinations of implants, whichsurprisingly both are in favor of synchronous and in fact Rolle et al. [15] reported thatpatients who underwent a two-staged operation would have chosen the one-stage if



they have been asked in the �irst place, while Segal et al. [36] reported that those whoexperienced a complication with one device didn’t have one with the other one.Complications can be categorized in intraoperatively or postoperatively, they can beinfectious or non-infectious, and they can be device or tissue related.
InfectionThe greatest fear of a surgeon performing implantation of any kind is the colonizationof a graft or a prothesis, during or after the operation. Infection rates vary dependingon the combination of implants. Wilson et al. reported an overall infection rate of 9% atsynchronous implantation of IPP and AUS (Wilson) while Parulkar and Barrett had anoverall infection rate of 11% [29]. On the other hand, Martinez-Salamanca et al.reported zero prosthetic infections in a series of 32 participants who underwentsynchronous dual implantation [39]. When it comes to IPP plus male sling theincidence of infection is practically zero [30, 34], but the number of participants weresmall. As for IPP plus mini-Jupette, Ya�i et al. reported only one incident of infection outof 38 participants in their study [43].The procedure begins when the patient is placed on the operating table and notwhen the �irst cut is being made. Infection generally occurs at the time of surgery ordue to early postoperative bacteremia and can be surgical site infections (SSI) orinfections of the device itself. SSIs develop right after surgery with only skininvolvement and can be treated relatively easy as any other SSI by administratingantibiotics. On the other hand, device infections can be acute or chronic. Acuteinfections usually occur within 6 weeks of implantation and involve Gram-negative rodbacteria while chronic infections occur after 6 weeks and most of the times aresubclinical, due to common skin �lora, such as S. aureus. The underlying mechanism isbio�ilm formation due to bacterial contamination at the time of implantation [52].Shaving must be performed in the operating theater with clippers. Surgeons mustmeticulously wash their hands for at least 5 to 10 min. Proper sterilization of the areawith chlorhexidine-alcohol solution [53, 54], as it has shown to be superior to astandard povidone-iodine solution and prophylactic chemoprophylaxis with antibioticscovering Gram-positive and Gram-negative bacteria complete the list of minimummeasures that should be taken to avoid infections. AUA guidelines insist on avoidingsuch an operation in presence of systematic, cutaneous, or urinary tract infection [55].Unfortunately, there is no consensus regarding which kind of antibiotic regimens oneshould use as prophylaxis. AUA guidelines till 2012 edition recommended the use ofaminoglycoside plus vancomycin or a �irst- or second-generation cephalosporin onehour before surgery [56], but Gross et al. demonstrated that microorganisms isolatedfrom infected protheses were not covered by the antibiotics recommended in both EUAand AUA guidelines at the time [57], therefore none of them proposes a speci�iccombination. In order to further minimize the risk of infections, advances in deviceengineering have been made. AMS developed an antibiotic-impregnated prosthesis



with rifampin and minocycline, the AMS Inhibizone in 2001 [58] to be later followed in2002 by Coloplast (former Mentor Corporation) with the addition of a hydrophilic-coating to their successful Alpha-1 model, which can uptake antibiotics whenimmersed in solution [59]. The coating is up to surgeon’s discretion. There is noconsensus upon the best choice for antimicrobial solution, but a large cohort,multicenter, retrospective analysis by Towe et al. in men with diabetes who underwenta Coloplast Titan implant, highlighted that combination of vancomycin with gentamicinwas the most ef�icacious for preventing postoperative infections [60]. All these break-throughs reduced the overall rate of infection to 1–2% [61–66].In order to further minimize the risk of infection during the operation, the “no-touch” technique was introduced in 2011 by Eid et al. [67]. The concept is really simple,after initial dissection down to Buck’s fascia, all the instruments and gloves must bereplaced, along with all the covers of the surgical �ield, since they are consideredcontaminated. A new drape is placed, and a small window is created above the originalincision. This manipulation ensures minimal contact with patient’s skin, surgeon’shands, instruments involved and above all the prosthesis itself. Authors have reporteda remarkably decreased infection rate to 0.46%.The duration of postoperative prophylaxis is also debatable. Dropkin et al.demonstrated that patients who undergo IPP insertion most likely will not bene�it fromroutine administration of any antibiotic regimen after they have been discharged [68]but many experts believe that a 5 to 14 days administration of a combination of oralagents including quinolones, penicillin and cephalosporins, with use of trimethoprimeor doxycycline in areas with high prevalence of MRSA is in order [65].The majority of postoperative infections occur within 3 months period of time. Inthe unfortunate event of prosthetic infection, removal of the prosthesis is mandatory,with antibiotic administration. Mulcahy was the �irst to describe a “salvage” technique[69] which includes replacement of the infected device and wash-out protocol with aninfection-free rate of 82%. Since then, signi�icant improvements have been made [70–72] but this isn’t the rule. Any attempt should be avoided in case of sepsis, unregulateddiabetes urethral erosion or tissue necrosis. The patient should be fully informed aboutthe pros and cons of such an approach.Finally, one can argue that performing a two-staged operation can lead to increasedrates of infection, due to longer operative time, but in experienced centers, the totaloperative time needed for synchronous procedures is slightly longer, therefore, it is insafe range.
Urethral	InjuryA rare but serious and signi�icant complication of placing a PP is urethral injury. Thetrue incidence is unknown, but many studies estimate it from 0.1% to 3% [73–76].Urethral injuries occur either during the operation as a direct injury, while the surgeonis performing dilation of the corpora (mostly in cases of excessive �ibrosis such as



concomitant Peyronie’s disease and previous use of intracavernous injections) [75], orafter the surgery, due to erosion by the implanted cylinders. Depending on the site ofinjury, its extent, and surgeon’s experience, it could lead to operation termination andlate implantation; therefore, one should be able of preventing and dealing with such acomplication.Regarding the sequence of a dual PP and AUS implantation, most surgeons prefer toperform the AUS procedure �irst. Such a thing requires the circumferential mobilizationof the bulbar urethra, along with corpora dissection, which is a prerequisite for the AUScuff implantation, so if a urethral injury occur, there will be no reason for discardingany of the prosthesis in case of procedure cancelation [77].A total of 71% of urethral injuries involve distal urethra and occur during distalcorpus cavernosum dilation [78]. In the same study, the majority of urologistsperforming implantations would abort the procedure (55%) and revisit after aminimum of 6-month delay, while only a few (10.7%) would continue, repairing theurethral defect, before placing the cylinders, thus increasing the chance of infections. Ifsomeone chooses to repair the injury, then the defect should be closed in 2 layers.Mid-urethral injuries are very rare. Most of the times they occur during the initialcorporotomy or at distal corpora dilation. If the defect is easily accessible, then theclosure will be performed in 2 layers, if not, then a penis degloving is mandatory forproper exposure and repairment.Proximal urethral injuries comprise only 12.5% of urethral injuries and they occurduring the initial dissection and exposure of the corpora. Because of their location theycan be easily recognized during the operation, therefore late presentations of suchinjuries are very rare [76, 78]. Since they can easily be detected, a primary two-layerrepair is the treatment of choice. When the defect is small, urethral catheterization onlyand healing on second degree is also an alternative. Proximal urethral injuries occurbefore the dilation of corpora; therefore, the next logical step for a surgeon is to abortthe procedure [79–81], but Anele et al. demonstrated that synchronous urethroplastyduring the time of implantation is feasible [75]. Interestingly, in Sexton’s survey 20.6%of surgeons answered that they would proceed to such an approach, with thispercentage rising with surgeon’s self-con�idence and experience (surgeons performingmore than 50 procedures per year) [78].Although urethral injury during penile prosthesis is relatively rare, 73% ofrespondents in Sexton’s survey reported at least one career injury [78]. Managingurethral injuries depends on location and surgeon’s experience. Although most of thetimes abortion seems to be a one-way street, in selected cases and experienced hands,synchronous urethral repair, and prosthesis placement could be a safe alternative.
ErosionErosion of IPP cylinders can occur into the urethra, the glans, or the distal corpora, andthe overall rate is 1–6% [82]. Risk factors include diabetes mellitus, spinal cord injury,



and patients with vascular disease [83, 84]. Urethral erosion after AUS implantationcan occur in about 8.5% of the cases [85] and is mostly associated with previousradiotherapy and penoscrotal approach [86]. Parulkar and Barrett [29] were the �irstto report a combined rate of 11% for infection/erosion after dual implantation of IPPand AUS with no comparative data though, between synchronous and asynchronousdual implantation. Erosion is also one of the most common complications in adjustablemale slings with an estimated rate of around 10% [87]. As for mini-slings, Valenzuela etal. reported only one incidence out of 27 participants in their dual implantation of IPPand a MUMS [41].
Urethral	AtrophyUrethral atrophy can occur in 7.9% of AUS implantation [85] and it is mostly associatedwith previous radiation therapy, older age and delay in placing an AUS after prostatecancer treatment [88].Dual implantation of AUS and IPP has been criticized in the past for harnessing anincreased risk of urethral atrophy, since the original approach did not offer as proximalas needed urethral cuff placement, but this hazard has been minimized since Wilsonintroduced his modi�ied approach in 2010 which allows a more proximal cuffplacement [89].
Glans	HypermobilityFloppy glans is a common complication with a reported incidence up to 5% [82] afterpenile prosthesis implantation, and it can be associated with some anatomic variation,where the corpora do not extend the full distance into the glans and there is a lack ofunderlying support from the corpora-glans ligament [90], or it can be the result ofinserting an undersized cylinder.Often it is “self-corrected,” as part of normal healing and capsule formation,otherwise surgical intervention is needed, which includes a hemi-circumcisionalincision at the opposite side of the defect and anchoring of the of the glans to theadjacent tunica albuginea [91].
Decreased	Glans	SensationGlans numbness is a very rare condition, and it can theoretically occur after aninfrapubic approach or after a surgical intervention for restoring glans hypermobility[92].
Glans	Ischemia	and	NecrosisGlandular ischemia is a rare postoperative complication, after IPP surgery, with only afew cases reported in the literature [93–95] with the largest series being those ofWilson et al., including 21 patients [96]. The underlying mechanism seems to bedisruption of glanural blood supply which is facilitated by the dorsal penile arteriesand corpus spongiosum muscle. The risk can be minimized by avoiding sub-coronal



incisions or penile degloving in high-risk patients such as diabetics, smokers, andpatients who had undergone radiotherapy. Salvage techniques can be applied [88] butusually immediate removal of the device should be performed to avoid glans necrosis[87].
HematomaScrotal hematoma is a dreadful complication and its incidence ranges from 0.2 to22.2% [97]. Prevention measures include running corporotomy closures, meticulousbleeding restriction and rarely use of suction draining, which if necessary, can beplaced at the lowest point of the scrotal dissection [98, 99]. “Mummy wrap” techniquewas described by Gerard Henry in 2009 [100] which decreases hematoma formation.
Mechanical	FailureAll implants are prone to failure over time. The current IPP and AUS devices have gonethrough multiple revisions to minimize device malfunction and mechanical failure[101]. Cylinder, tubing or reservoir leaks, cylinder aneurysms, and connectordisruption are the most common incidents for penile protheses [102], while pressure-regulation balloon is the main cause of AUS failure, followed by cuff or pumpmalfunction [103]. The true incidence is dif�icult to be estimated since data arecon�licting. Parulkar and Barrett [29] reported an overall rate of 48% mechanicalfailure for AUS, with a proportional high rate when older versions of AUS wereimplanted. Kendirci et al. [32] reported 2 incidents of reservoir migrations out of 22patients (9%). Recent data estimate the risk for AUS alone at 2.2–2.5% [25]. The ratefor IPP alone is less than 5% after 5 years of follow-up [61, 106, 107] and for theRemeex system is 21% [108].Little can be done to avoid a mechanical failure besides the obvious: meticulousimplantation, proper measurement of cylinders [52], and AUS cuff [109].Other complications, less speci�ic, are postoperative pain and edema which caneasily be addressed with anti-in�lammatory agents and cold dressings. Bladderperforation is a rare but severe complication. It can be easily con�irmed by cystoscopy.If it is minor, then placing a simple urethral catheter for a few days can solve the day,but when it is major, then an open bladder repair should be performed to restore thedamage. The easiest way to avoid such a complication is of course having the bladderemptied prior the operation.A comparative list of complications type and rates, regarding synchronous dualimplantation for ED and SUI can be found in Table 22.2, while tips and tricks can befound summarized in Table 22.3.
Table	22.2 Complication types and rates
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number
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mean
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Mean
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up
(months)

Author Reference
number

Year Type	of	Implants Number
of
patients

mean
age

Complications Number	of
explanations

Mean
follow-
up
(months)

Parulkar
and
Barrett

[29] 1989 PP (various) + AUS(AMS 792/800) 40 55.1 3explantationsdue toinfection (IPPor AUS)
35.7

Wilson	et
al

[46] 2003 PP (N/A) + AMS 800AUS 14 N/A 1 IPPexplantationdue toinfection, AUSwas salvaged
12

Sellers [31] 2005 IPP + AUS 15 N/A 0 0 N/A
Rhee [30] 2005 Semirigid AMS650 + InVAnce (N = 1) 4 70.5 0 0 14.75

In�latable 700CX + InVAnce(N = 3) 17
Kendirci	et
al

[32] 2005 AMS 700 CX+ AMS800 AUS 22 64 Urethralerosion n = 2(9%)Reservoir migration n = 2 (9%)Revision 14%
Gorbatiy	et
al

[34] 2010 IPP AMS 700CX + InVance/advance 8 N/A 0
Segal	et	al [36] 2013 IPP + AUS 55 65.3 IPP erosion

N = 2 (3.6%)Infection N = 0Mechanical failure N = 3 (5.5%)AUS erosion
N = 3 (5.5%)Infection N = 2((3.6%)Mechanical failure N = 9(16.4%)

Yiou	and
Binhas

[42] 2015 Coloplasttitan + ProAct 6 66.8 0 0 22.7
Salamanka
et	al

[39] 2015 N/A 32 66 1 IPPexplantation 12
2 Ausexplantation

Ya�i	et	al [43] 2018 IPP + mini-Jupette 38 65.3 Signi�icantpostoperativepain n = 1 n = 4 5.1
Coloplast titan 31 Hematomaformation n = 1



Author Reference
number

Year Type	of	Implants Number
of
patients

mean
age

Complications Number	of
explanations

Mean
follow-
up
(months)AMS 700 LGX 4 Urethro-corporal �istula n = 1AMS 700 CX 3 Death due to pulmonaryembolism n = 1

Valenzuela
et	al

[41] 2019 IPP (various) + MUMS 36 67.7 Transienturinaryretention n = 2,(6%)
1 explantation 5.9

Prolonged urinary retention
n = 1, (3%)Mesh erosion
n = 1, (3%)Persistent scrotal pain(5 months) n = 1, (3%)

Andrianne [40] 2019 PP (various) + miniJupette 15 65.9 1 urinaryretention 107
Table	22.3 Tips and tricks
Preoperative
measures

 1. Advise the patient to quit smoking 2. Advise the patient to be euglycemic 3. Be aware of any skin infections 4. Must have a negative urine culture
Peri/intraoperative
measures

 1. Meticulous hand-washing, some surgeons advocate in favor of at least 10 min 2. Proper antimicrobial prophylaxis 3. Highly trained and experienced personnel 4. Safety checklist implementation 5. Appropriate instruments 6. Proper sterilization of the area with chlorhexidine-alcohol solution 7. Change gloves frequently in critical steps 8. Place a urethral catheter in order to avoid bladder injury 9. No-touch technique minimizes infection rates10. Standardized technique minimizes complications11. Usage of antibiotic coated implants12. Wilsons’modi�ied approach allows a more proximal cuff placement13. In cases of PP + AUS implant the AUS �irst, so if a urethral injury occur, there will be noreason for discarding any of the prosthesis in case of procedure cancellation
Postoperative
measures

 1. “Mummy wrap” technique 2. Drain placement to reduce the formation of hematomaPatients considered for a synchronous implantation should be carefully evaluatedas mentioned before, and wisely selected. One must offer tailor-made solutions for



every patient, meaning that the surgeon must consider the severity of each conditionalone. PP implantation is a one-way street, in cases of severe ED, which do not respondto any conservative treatments, but the choice of AUS over a male sling depends on theseverity of SUI. In cases of severe SUI, implantation of AUS seems the only solution, butfor mild to moderate degree of SUI a male sling is a considerable option, even thoughthere are data supporting that AUS can be signi�icantly better than �ixed sling formoderate post-prostatectomy SUI [109] but we have to take into account also thecombined cost. The ideal candidate for male sling is someone with an estimated 24-hpad weight of less than 500 g at least 6 months following radical prostatectomy(although pad test isn’t always accurate regarding SUI severity) with some residualurinary sphincteric function and adequate detrusor contraction for overcoming thearti�icial resistance of the sling [20, 77, 108, 110].Patient’s or partner’s dexterity is a prerequisite, in order to have a happy ending forboth of them. Comorbidities such as diabetes mellitus or immunosuppression mayincrease the risk of complications. Evidence about diabetes is con�licting. There is alarge review by Christodoulidoy and Pearce in 2016, which did not demonstrate anystatistically signi�icant increased infection rate [111], while Gon et al. highlighted thatthere is an increased risk of PP prosthesis infection with an odds ratio of 1.53 [112].Most surgeons believe that diabetes is an independent risk factor for infection after PPimplantation, but unfortunately, there isn’t a safe threshold of preoperative HbA1clevels that would predict a positive outcome of the surgery [113] although a study byHabous et al. determined that the statistically ideal is 8.5% even though the optimalone is 7.5% [114].
ConclusionsSimultaneous prosthetic implantation surgery for both ED and SUI after radicalprostatectomy promises to kill two birds with one stone. In terms of ef�icacy and safety,the results are comparable to two-stage procedures. In terms of cost, it saves moneyand time (lesser days and cost of hospitalization, lesser anesthesia time, lesser cost ofoperations, lesser days of absence form work). Patients considered for a dualimplantation should be thoroughly evaluated prior the procedure. They should beinformed about the pros and cons of such an operation. Last but not least, the patient’sand his partner’s needs and expectations should be totally taken into account; after all,a well-informed patient is a happy and satis�ied patient.Despite the promising data, we still need more prospective studies, with moreparticipants to evaluate and standardize the techniques. It is crucial also that suchprocedures be performed by experienced surgeons in specialized centers with largenumbers of operations to provide the patients with the best of care.
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IntroductionPeyronie’s disease (PD) is characterized by the development of �ibrousplaque within the tunica albuginea, which prevents the tunicaalbuginea from expanding during an erection, resulting in acharacteristic penile curvature. Clinically, this penile curvature is mostproblematic as it often leads to sexual dif�iculties. In severe cases, it canalso result in a penis deformity such as a collar or hour-glass penisduring erection, which can add to the patient’s psychological distress.The disease primarily affects middle-aged men and is increasing inprevalence, with a prevalence of 0.4–20% of adult men [1–3]. Theprevalence is estimated to be much higher if asymptomatic patients areincluded. Recently published studies often report higher prevalence
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rates than in the past, likely due to the underestimation of pastprevalence rates and increased awareness and interest in Peyronie’sdisease in recent years.Currently, the most widely accepted and used guidelines for PD arethe guidelines published by the European Association of Urology (EAU),the American Urological Association (AUA), and InternationalConsultation on Sexual Medicine (ICSM), respectively [4–6]. Thede�inition of PD in each guideline is listed in Table 23.1.
Table	23.1 De�initions of Peyronie’s disease
EAU
[4]

A connective tissue disorder, characterized by the formation of a �ibrotic lesion or plaquein the tunica albuginea, which leads to penile deformity
AUA
[5]

An acquired penile abnormality characterized by �ibrosis of the tunica albuginea, whichmay be accompanied by pain, deformity, erectile dysfunction (ED), and/or distress
ICSM
[6]

Psychosexual condition characterized by the presence of penile pain, curvature and/ordeformity, with a potential palpable plaque and concomitant sexual dysfunction
Pathophysiology	and	EtiologyThe exact pathogenesis of PD is unclear, but it can be described as theresult of chronic microtrauma to the penis resulting in improper woundhealing. When microscopic damage is caused by ongoing behaviorssuch as sexual activity, blood leaks from the microvessels of the corporacavernosa tissue and pools in the subtunical layer of the tunicaalbuginea. Here, �ibrin deposits, macrophages, neutrophils, etc., gather,causing an in�lammatory response. These cells secrete cytokines andvasoactive factors that accelerate the �ibrosis process, most notablytransforming growth factor-β1 (TGF-β1), which increases the synthesisof collagen. Over time, defects in tissue recombination, i.e.,dysregulation of collagen synthesis and inadequate dissolution ofnodules, develop [7, 8]. In addition to trauma, genetic predispositionsuch as HLA-B27 and autoimmune abnormalities are also involved inthe pathogenesis of Peyronie’s disease [9].



Commonly reported risk factors or comorbidities includehypertension, diabetes, dyslipidemia, ischemic heart disease,autoimmune disease, erectile dysfunction, smoking, alcoholconsumption, low testosterone levels, and a history of pelvic surgery[10–12].
Symptom	and	Clinical	ManifestationThe clinical course can be divided into active and stable phases, andtreatment is differentiated accordingly [13].
Active	DiseaseThis phase is characterized by rapidly changing symptoms, and pain inthe penis or glans during erection or �laccid state is common. The onsetof these symptoms may coincide with an injury to the penis duringsexual activity, although in vast majority of cases there is no etiologicalhistory of penile injury. At this stage, a tender �ibrous plaque may bepalpable with a concomitant de novo penile curvature. During thisperiod, the symptoms are dynamic and largely progressive. This resultsin increased anxiety and mental distress. Erectile function may benormal or decrease as the disease progresses.
Stable	DiseaseThis is when clinical symptoms are no longer changing and are stable,usually 12–18 months after the �irst symptoms. Characteristically, thepenile pain tends to subside. Penile curvature is common, which isindependent of the size or extent of the �ibrous plaque. Peniledeformity is common in the ventral, dorso-lateral, and dorsal regions(e.g., wasting, S shape, hour-glass).Penis curvature resolves spontaneously in 3–13% of cases, becomes�ixed in 36–67% of cases, and continues to progress in 21–48% ofcases. Erectile pain is present in 20–70% of patients and graduallydecreases, disappearing in 90% of patients after 12 months [1–3].



Erectile dysfunction is present in as many as half of cases (8–52%),and Dupuytren’s contracture is reported in 4–26% [14, 15].
DiagnosticsA diagnosis of PD can often be made based on medical history andphysical examination alone. It is important to determine whether thedisease is progressive or stable, which is essential in determining whenand how to treat it. In addition, a history of penile surgery, mechanicalmanipulation of the urethra, penile injury, medications, Dupuytren’scontracture/plantar fascial contracture, family history of �ibroticdisease, smoking, dyslipidemia, hypertension, diabetes, andcardiovascular disease are all risk factors for erectile dysfunction.Abnormalities of the penis during erection, such as pain, �ibrous plaque,hour glass deformity, penis shortening, distal �laccidity, hinge effect,direction and degree of penile curvature, and the degree of erectiledysfunction should be evaluated. When assessing the penis, the size,location, intensity and number of the �ibrous plaques should be noted.The patient may take a picture of their erect penis from 2 angles athome to document the distorted erection. Additionally, an erection maybe induced in the clinic, using intracavernosal injection, to assess thecurvature in the erect state and to judge whether there is signi�icant ED.In some cases, an arti�icially induced erection and a penile duplexultrasonography [16] is necessary; this can help delineate calci�iedplaques and their nature. Doppler ultrasound is helpful in assessingerectile function and haemodynamics of the penis. MRI of the penis canoccasionally be requested to assess a detailed anatomy of the erectpenis.
TreatmentIn the early stages of PD, or the active phase, penile pain is common,especially during erections, and treatment with non-steroidal anti-in�lammatory drugs is recommended. Psychological distress is common



during this active phase due to the pain, development of penile plaque,and rapid progression of penile deformity, so psychological counselingor therapy is also recommended to alleviate this distress.Once the pain has subsided and the penile plaque or deformity is nolonger problematic, a variety of treatment options are available,depending on the severity of the symptoms and the patient’s wishes.Over time, it is not uncommon for multiple penile deformities or sideeffects to develop. The active and stable phases can exist on acontinuum, and the disease can at times revert from one phase to theother. Pain can be an issue in the stable phase due to the torque of thepenis during sexual intercourse. In general, treatment is usually startedwhen penile pain appears or penile curvature becomes problematic.Speci�ic treatments include oral medications that act systemically orlocally, injectable drugs that are injected directly into the lesion, andsurgical treatments. The current recommendations from the EuropeanAssociation of Urology (EAU) [4], American Urological Association(AUA) [6], and International Consultation on Sexual Medicine (ICSM)[5] guidelines are summarized in Table 23.2.
Table	23.2 Treatment recommendations for Peyronie’s disease
Treatment	methods EAU AUA ICSM

Oral	non-steroidal	anti-in�lammatory	medications N.A. O N.A
Oral	phosphodiesterase	type	5	inhibitors X N.A O
Oral	potassium	para-aminobenzoate O X O
Oral	vitamin	E,	tamoxifen X X X
Oral	acetyl	esters	of	carnitine,	pentoxifylline,	colchicine X X X
Intralesional	treatment	with	steroids O O O
Intralesional	interferon O O O
Intralesional	verapamil O O O
Topical	verapamil O O X
Electromotive	therapy	with	verapamil O X X
Penile	traction	devices,	vacuum	devices O O O
Extracorporeal	shockwave	for	curvature	and	plaque X X X



Treatment	methods EAU AUA ICSM

Extracorporeal	shockwave	for	pain O O O
Intralesional	collagenase	clostridium	histolyticum O O O
Tunical	shortening	procedures O O O
Grafting	techniques O O O
Penile	prosthesis	implantation O O O
Radiotherapy N.A. X N.A
N.A no comments in the guidelines, O recommended or possible, X notrecommended, EAU European Association of Urology, AUA AmericanUrological Association, ICSM International Consultation on SexualMedicine
Nonsurgical	TreatmentConservative or nonsurgical treatment of Peyronie’s disease is anadjunctive, supportive treatment that is usually performed to relievesymptoms and control disease progression in patients in the earlystages of the disease [17, 18].
Intralesional	TherapyThis method is an attractive treatment alternative as it increases thedrug concentration locally in the area of constriction of the lesion andavoids systemic side effects [19]. The main indications for thistreatment are when the penile curvature is not severe (≤ 30), the size ofthe penile �ibrous plaque is small and it is not calci�ied, the deformity ofthe penis is minimal, and especially when the patient wants to avoidsurgical treatment.In the past, several non-speci�ic therapeutic drugs had been used,but their ef�icacy has been unclear. Recently, collagenase clostridiumhistolyticum (Xia�lex®, Auxilium Pharmaceuticals, Inc.) has beendeveloped as an injectable therapy to reduce curvature without theneed for surgery.
Collagenase	Clostridium	Histolyticum



Collagenase clostridium histolyticum (CCH) (Xia�lex®) is an injectabledrug that contains a mixture of two enzymes, class I and class IIcollagenase, which cleaves collagen at different sites, making it easier tobreak down �ibrous plaques [20].With the recent demonstration of the drug’s intralesional ef�icacy inDupuytren’s contracture, its ef�icacy in Peyronie’s disease has also beendemonstrated, making it the only FDA-approved treatment forPeyronie’s disease. Its primary effect is to reduce penile curvature inPeyronie’s disease at rest.The use of CCH is contraindicated in hour-glass deformity, ventralcurvature, calci�ied �ibrous plaques, and �ibrous plaques at the base ofthe penis.The treatment regimen consists of two Xia�lex® injectionsadministered into the peyronie’s plaque, 3 days apart with gentle penilestretching and modeling to help break the collagen. The process isrepeated at 6 weeks, up to a maximum of 4 treatment cycles. The pricefor a treatment cycle can range between $ 8000–$12,000 in the USA.Each vial of Xia�lex® costs around $ 4000–$ 5000. Xia�lex® was fullywithdrawn from the European market in March 2020, due tocommercial reasons.Ecchymosis of the penis, penile swelling, and penile pain occurredin almost all patients, but most resolved spontaneously. Rupture of thebody of the penis is rare, but intercourse should be avoided for 4 weeksafter injection to prevent this. Based on the results of previous studies,[21–23] improvement in penis curvature is consistent, with 31.4–42.9% of patients showing improvement, with an average improvementof 17° and 50–60% of cases reported improved ability to haveintercourse. However, there was no improvement in pain, nodule size,or ED. [24]
InterferonTheoretically, it may improve penis curvature by decreasing �ibroblastproduction of collagen and increasing collagenase production [25]. Inclinical studies, it has been shown to help relieve penile pain and



improve penile blood �low [26, 27]. Side effects such as sinusitis, penisswelling, and �lu-like symptoms occurred in 40–100% of patients, butwere usually mild and rarely required further treatment. Currently, thistreatment modality is not widely utilized due to its poor ef�icacy,practical drawbacks, and side effects.
VerapamilIt is a typical calcium channel blocker that controls �ibroblast function,�ibrous tissue production, and inhibits in�lammatory responses, and hasbeen used as a typical intralesional treatment for Peyronie’s disease inthe past. However, in recent years, it has been reported that theimprovement in penile curvature is not as pronounced as in the earlyclinical results. Therefore, verapamil 10 mg injected into the plaquesevery 2–4 weeks may be used to reduce the size and intensity of penile�ibrous plaque. It has no signi�icant side effects and is inexpensive toutilize, so it may still play a role in the treatment of this condition [28].
Oral	MedicationsThe effectiveness of oral therapy in treating Peyronie’s disease remainslargely uncertain, with existing studies showing only minimal impacton reducing penile deformity. This is likely due to variations in thestudies, such as small sample sizes, different stages of the disease, andlimited measurable outcomes [5, 6]. Although vitamin E, tamoxifen,carnitine, colchicine, L-arginine, and pentoxifylline have been tried inthe past for their antioxidant, anti-in�lammatory, and anti-�ibroticproperties, none have successfully corrected penile curvature. Whilerandomized trials have found that oral treatments like vitamin E,colchicine, carnitine, potassium aminobenzoate, and tamoxifen aremostly ineffective, more recent research suggests that pentoxifyllineand low-dose tadala�il may offer some bene�its in managing Peyronie’sdisease [29–31]. Oral therapy might be especially useful in the earlystages of the disease, particularly for men experiencing unstable orworsening penile curvature and painful erections, or for those who arenot ready or willing to pursue surgical options.



Other	Therapies
Penile	Traction	Therapy	and	Vacuum	Erection	Device	(VED)It involves wearing a device that physically elongates the penis for acertain number of hours per day to stretch the penis to provideadditional length, reduce curvature, or shorten it. It can be appliedduring both the active and stable phases of the disease, and isparticularly effective when combined with intralesional drug injectiontherapy, or as an adjunctive procedure before or after radical penilesurgery. However, traction of the penis for a prolonged period of timecan be uncomfortable for the patient and should be performedselectively [32]. Martinez-Salamanca et al. showed in 55 men withacute-phase Peyronie’s disease using PTT for 6 months improved theircurvature from 33° to 15° at 6 months and 13° at 9 months whencompared to 41 untreated controls [33]. Macdonald et al. reviewed 20men with Peyronie’s using VED 10 min twice daily with mean curvatureimprovement of 23° with mean follow-up period of 14 months [34].
Extracorporeal	Shock	Wave	TherapyIn theory, it is thought to disrupt �ibrous plaque and induce itsdissolution and resorption [33, 34]. Taken together, clinical studieshave shown that it is helpful in relieving pain during erection, but not inreducing the size or curvature of penile �ibrous plaque [35, 36]. It maybe considered as a treatment for pain in Peyronie’s disease, but thebene�it-cost ratio should be considered [37].
Surgical	TreatmentsIn patients with Peyronie’s disease, the goal of surgery is to correct thepenile curvature to the point where sexual activity is not impaired anderectile function is maintained at preoperative levels. In general, theyounger the patient, the more likely it is that the penile curvature willcause mental distress in addition to physical disability. In addition, ifthere is a ventral curvature, vaginal penetration is more dif�icult.Therefore, the following cases of Peyronie’s disease, i.e., [1] severepenile curvature, [2] deformity such as hour-glass or wasting, which



causes dif�iculty in sexual penetration, [3] severe penis shortening, [4]erectile dysfunction, and [5] a combination of the above factors, areindications for surgery. On the other hand, patients who haveunrealistically high expectations or those with early-stage Peyronie’sdisease are not suitable candidates for surgical treatment. It is alsoimportant to determine the timing of surgery, which should only beperformed when the disease is stable, usually around 12 months afterthe �irst symptoms. A detailed examination for penile vasculardisorders or sexual dysfunction should be performed prior to surgery,and the appropriate surgical procedure should be selected afterevaluation of all factors. Peyronie’s disease corrective surgery can becategorized into three types: penile tunical shortening procedure,penile tunical lengthening procedure, and insertion of penileprosthesis. Penile tunical shortening and penile tunical lengtheningprocedures are recommended for patients who have normal erectionsor for whom oral pharmacotherapy is effective. Penile implants are agood option for patients with severe erectile dysfunction who havefailed medications [38, 39]. The treatment algorithm is summarized inFig. 23.1.



Fig.	23.1 Algorithm for surgical treatment of Peyronie’s disease
Preoperative	PreparationThe basic principle when considering surgery is that it should beperformed when Peyronie’s disease is in a stable phase. Surgery isusually considered at least 6–12 months after onset, when there is nochange in �ibrous plaque or curvature for 3–6 months, or when there issevere deformity that interferes with or makes intercourse dif�icult[40]. Surgery may also be considered when conservative treatmentfails, when penile �ibrous plaque is extensive to begin with, or when thepatient wants quick results. It is also possible to skip nonsurgicaltreatment and proceed directly to surgery, but patients should be fullyinformed of the potential side effects of surgery and give informedconsent [29, 41].



It is of utmost importance that patients considering surgery arefully counseled and informed of realistic expectations for the outcomeof surgery. Patients often have unrealistic expectations, which can leadto post-operative dif�iculties for both patients and healthcare providers.Components of informed consent should include a discussion ofpossible treatment options and their advantages and disadvantages,and an explanation of how they apply to the patient’s current state ofPeyronie’s disease. Realistic expectations and potential complicationsof the proposed surgery should be fully explained and agreed upon [40,42].
Tunical	Shortening	ProcedureThe tunica albuginea shortening procedure is a surgical technique tostraighten the penis by shortening the long and convex part of the penisto equalize with the opposite side. In patients with good erectilefunction, moderate penile length, without complicated deformities suchas hour-glass deformity or hinge effect, and/or severe curvature (e.g., >60°), the tunica albuginea shortening procedure may be an appropriatesurgical option. Although various methods and variations have beendescribed, no one method is superior to the others, and each should betailored to the individual patient.The Nesbit	 procedure involves removing a portion of the tunicaalbuginea opposite the point of curvature and suturing it [43, 44]. Thetraditional Nesbit procedure with excision of an ellipse of tunica mayrarely increase the risk of ED secondary to postoperative veno-occlusive dysfunction [45]. However, several modi�ications of the Nesbitprocedure have been published recently, which are considered the saferoption and preferred method nowadays since they do not cause veno-occlusive ED. The Yachia	 technique, instead of removing a portion of thetunica albuginea, involves making a longitudinal incision and suturing itin a transverse direction. The penile	 plication	 technique involvesshortening the tunica albuginea by passing sutures through anappropriate range of the tunica albuginea and tying them in a knot,rather than resection or incision of the tunica albuginea [46–48].



In general, tunical shortening procedures are successful incorrecting the curvature in more than 85% of patients. Recurrence ofcurvature and penis hypoesthesia are uncommon (~10%) and the riskof postoperative ED is low. Disadvantages include penis shortening, andit does not resolve hinge or hour-glass deformity and may even worsenit. Other complications may include persistent penile pain, persistenceor recurrence of penile curvature (>30°, 8–11%), penile hematoma (0–9%), requirement for circumcision, palpable suture knots, anddecreased penile sensation. These are rarely the cause of postoperativesexual dysfunction, but patients may perceive penis shortening to begreater than it actually is. Therefore, measuring and recordingstretched penile length intra-operatively before and after surgery,regardless of the technique used, is paramount for both patientinformation and medico-legal cases [49–52, 53].
Tunical	Lengthening	ProcedureThe tunica albuginea lengthening procedure is a surgical method thatinvolves incision or partial excision of the �ibrous plaque or concavity ofthe penis, followed by the use of a graft to cover the defect. In patientswith good erectile function, the tunica albuginea lengthening proceduremay be an appropriate option if there is severe penis shortening,complex curvature, simple curvature greater than 60°, large �ibrousplaque, or complex deformity such as hour-glass or hinge effect.The ideal graft should be traction-resistant, easy to suture andmanipulate, �lexible, readily available, cost-effective, and minimizeinfection, especially when using autografts (Table 23.3). However, nograft meets all of these requirements. In the case of the tunicaalbuginea lengthening procedure, structures within the deep penilefascia, such as the neurovascular bundle, are mobilized and temporarilyretracted; hence, there is a risk of temporary neuropraxia or evenpermanent numbness. Although damage to the cavernosal artery israre, the likelihood of postoperative erectile dysfunction is reported tobe higher (10–50%) than in the tunica albuginea shortening procedurefor a variety of reasons. The presence of preoperative erectile



dysfunction, the use of larger grafts, age over 60 years, and dorsalcurvature are considered poor prognostic factors for surgical outcome[54].
Table	23.3 Summary of grafts used in plaque incision and grafting and their advantages versusdisadvantages
Graft Type Advantages Disadvantages

Saphenous	vein Autologous Easily available, goodhandling characteristics Additional operative time, donorsite morbidity
Buccal	mucosa Autologous Easily available,excellent take Donor site morbidity, limitedsize for larger defects
Tunica	vaginalis Autologous Thin and pliable, singleoperative �ield Limited structural strength,limited surface area
Dermal	grafts Autologous Pliable and readilyavailable Donor site scar, variablethickness, quality, lack ofanchorage
Cadaveric	human
pericardium

Allograft Readily available off theshelf, good handling High cost, risk of contracture,risk of disease transmission
Fascia	lata Allograft Strong, durable Limited availability, cost
Small	intestinal
submucosa	(SIS

Xenograft Excellent remodellingproperties Potential for calci�ication, cost
Bovine/porcine
pericardium

Xenograft Good strength andtensile properties Contraction and possibleimmune reaction
Synthetic PTFE/Dacron Unlimited supply,consistent Higher infection risk, poor long-term outcomesThere are four main types of grafts: autograft, allograft, xenograft,and synthetic graft, each with its own advantages and disadvantages,and there is no consistent evidence that any one graft is superior to theothers [55].For autografts, venous grafts, mainly saphenous vein, are commonlyused, and recently buccal mucosal grafts have also been used. Dermalgrafts are rarely used due to their lack of anchorage and potential forvenogenic erectile dysfunction [56, 57]. Tunica albuginea grafts are themost histologically suitable, but caution should be exercised due to the



limited size that can be obtained and the possibility of weakeningpenile support [58, 59].For allografts, cadaveric pericardium is commonly used. Cadavericdura mater is no longer used due to concerns about possible infection[60].For xenografts, type I collagen-based xenografts such as smallintestinal submucosa or bovine pericardium are commonly used.Recently, grafting with collagen �leece (TachoSil©) has beenincreasingly used due to several key advantages, such as shortersurgical time, ease of application, and hemostatic effect [61].For synthetic grafts, polyester (Dacron®) andpolytetra�luoroethylene (Gore-Tex®) have been introduced, but are notrecommended due to the potential for infection, in�lammation, allergicreactions, and signi�icant �ibrosis [62–64].The tunica albuginea lengthening procedure does not actuallylengthen the penis, but rather extends the �ibrous plaque to the lengthof the original tunica albuginea. Nevertheless, postoperative penileshortening has been reported, with rates ranging from around 30% forsaphenous vein grafts, 23% to 30% for allografts, and 13% to 20% forxenografts, depending on the type of graft used to cover the �ibrousplaque [4]. The exact cause of penile shortening after tunica albuginealengthening procedures has not been reported.In tunica albuginea lengthening procedures, the risk of erectiledysfunction is greater than in tunica albuginea shortening procedures,with rates of up to 50% reported.Recurrence of curvature occurs due to failure to wait for the diseaseto stabilize, reactivation of the condition after stable disease hasoccurred, or use of absorbable sutures which lose their hold beforehealing is complete. Therefore, it is recommended that non-absorbablesutures or slowly resorbing absorbable sutures (e.g., polydioxanone) beused. If non-absorbable sutures are used, the knots should be buried toavoid irritation of the penile skin, but the use of slow resorbablesutures (e.g., polydioxanone) may reduce the likelihood of thisoccurring [65]. Changes in penile sensation are associated with damage



to the neurovascular bundle, the degree of dissection required toremove �ibrous plaque, and postoperative in�lammation and �ibrosis atthe graft site. Reduction in penile sensation has been reported in ratesup to 25%, but most studies report 5% or less [55].
Penile	Prosthesis	Implantation	with	Penile	ReconstructionFor men with ED who want to preserve penile size, penile prosthesisimplantation is advised [54]. The in�latable penile prosthesis generallyprovides higher functional outcomes and greater patient satisfactioncompared to malleable implants [5, 6]. Although penile prosthesisimplantation alone is usually adequate to correct minor penilecurvature, patients with a residual curvature greater than 30° mayrequire additional procedures such as repeated manual modeling,penile plication, or plaque incision with grafting during surgery [4–6].However, using graft material is linked to an increased risk of prostheticinfection [5]. New surgical methods aimed at enhancing penile lengthand girth during prosthesis implantation, utilizing various modi�iedsliding techniques, [38] have shown high rates of patient satisfactionbut carry serious risks, including glans necrosis and penile gangrene[66].
Novel	Pharmacological	TreatmentsRecent advancements in the treatment of Peyronie’s disease haveintroduced novel therapeutic options that show promise in improvingpatient outcomes. Among these, stem cell therapy and platelet-richplasma (PRP) injections are gaining attention for their potential topromote tissue repair and reduce �ibrosis [67]. Stem cells, particularlymesenchymal stem cells, have demonstrated anti-�ibrotic andregenerative properties in early studies, suggesting their potential toreverse the effects of Peyronie’s disease [68]. PRP therapy, whichutilizes a concentration of the patient’s own platelets, is believed torelease growth factors that can facilitate tissue healing and decreaseplaque formation. In addition to these injectable therapies, H100



topical gel has emerged as a non-invasive treatment option [69]. Thisgel contains a combination of verapamil, a calcium channel blockerwith anti-�ibrotic effects, along with other active ingredients that aim tosoften the plaques and improve penile curvature. Preliminary studieson H100 gel have shown promising results in reducing penile curvatureand improving patient-reported outcomes. These novel therapies,though still under investigation, offer exciting new avenues for themanagement of Peyronie’s disease, potentially improving ef�icacy whileminimizing invasiveness compared to traditional surgical approaches.
ConclusionPeyronie’s disease is one of the most dif�icult conditions to treat in the�ield of andrology. Patients vary in the nature and severity of theirsymptoms, their level of psychological distress, and their desires andexpectations for treatment. Treatment for this condition must takethese variables into account. In general, in the acute phase of thedisease, oral pharmacotherapy, such as anti-in�lammatory medications,is indicated, along with psychological counseling. In the stable phase ofthe disease, a variety of treatment options are available to relieve thepatient’s sexual dysfunction. Various surgical treatments have beendeveloped to correct penile curvature and have become the mainstay oftreatment. However, each of these surgical procedures has its owndisadvantages and should be used judiciously in properly selectedpatients. The recent development of collagenase clostridiumhistolyticum as an intralesional injection has opened up a newtherapeutic option for nonsurgical treatment to reduce penilecurvature, but cost is a concern. Advances in intralesional injectionsand newer drugs may alter the treatment in the future and lead tooptimal management of the disease.
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1651559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16422829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16753449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18650828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16470210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21324095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32542884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24261900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=32223874
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7492030


Husain J, Lynn NN, Jones DK, Collins GN, O’Reilly PH. Extracorporeal shock wave therapy inthe management of Peyronie’s disease: initial experience. BJU Int. 2000;86(4):466–8.[PubMed]36. Kim KS, Choi YS, Bae WJ, Cho HJ, Ha US, Hong SH, et al. Ef�icacy of low-intensityextracorporeal shock wave therapy for the treatment of chronic pelvic pain syndrome IIIb: aprospective-randomized, double-blind, placebo-controlled study. World J Mens Health.2022;40(3):473–80.[PubMed]37. Chitale S, Morsey M, Swift L, Sethia K. Limited shock wave therapy vs sham treatment in menwith Peyronie’s disease: results of a prospective randomized controlled double-blind trial.BJU Int. 2010;106(9):1352–6.[PubMed]38. Hatzichristodoulou G, Meisner C, Gschwend JE, Stenzl A, Lahme S. Extracorporeal shock wavetherapy in Peyronie’s disease: results of a placebo-controlled, prospective, randomized, single-blind study. J Sex Med. 2013;10(11):2815–21.[PubMed]39. Di Mauro M, Russo GI, Della Camera PA, Di Maida F, Cito G, Mondaini N, et al. Extracorporealshock wave therapy in Peyronie’s disease: clinical ef�icacy and safety from a single-armobservational study. World J Mens Health. 2019;37(3):339–46.[PubMed][PubMedCentral]40. Chung E. Penile reconstructive surgery in Peyronie disease: challenges in restoring normalpenis size, shape, and function. World J Mens Health. 2020;38(1):1–8.[PubMed]41. Segal RL, Burnett AL. Surgical management for Peyronie’s disease. World J Mens Health.2013;31(1):1–11.[PubMed][PubMedCentral]42. Matsushita K, Stember DS, Nelson CJ, Mulhall JP. Concordance between patient and physicianassessment of the magnitude of Peyronie’s disease curvature. J Sex Med. 2014;11(1):205–10.[PubMed]43. Kadioglu A, Kucukdurmaz F, Sanli O. Current status of the surgical management of Peyronie’sdisease. Nat Rev Urol. 2011;8(2):95–106.[PubMed]44. Taylor FL, Levine LA. Surgical correction of Peyronie’s disease via tunica albuginea plicationor partial plaque excision with pericardial graft: long-term follow up. J Sex Med.2008;5(9):2221–8. discussion 9–30[PubMed]45. Nesbit RM. Congenital curvature of the phallus: report of three cases with description ofcorrective operation. J Urol. 1965;93:230–2.[PubMed]

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10971273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34448374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20438568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23898925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=30929330
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6704308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29623703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23658860
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3640147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24119178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21304544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18637996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14260875


46. Sokolakis I, Schonbauer P, Mykoniatis I, Kubler H, Gschwend J, Lahme S, et al. Long-termresults after surgical treatment of congenital penile curvature using a modi�ied Nesbittechnique. World J Mens Health. 2020;38(4):564–72.[PubMed]47. Carson CC, Levine LA. Outcomes of surgical treatment of Peyronie’s disease. BJU Int.2014;113(5):704–13.[PubMed]48. Sassine AM, Wespes E, Schulman CC. Modi�ied corporoplasty for penile curvature: 10 years’experience. Urology. 1994;44(3):419–21.[PubMed]49. Licht MR, Lewis RW. Modi�ied Nesbit procedure for the treatment of Peyronie’s disease: acomparative outcome analysis. J Urol. 1997;158(2):460–3.[PubMed]50. Yachia D. Modi�ied corporoplasty for the treatment of penile curvature. J Urol.1990;143(1):80–2.[PubMed]51. Nooter RI, Bosch JL, Schroder FH. Peyronie’s disease and congenital penile curvature: long-term results of operative treatment with the plication procedure. Br J Urol. 1994;74(4):497–500.[PubMed]52. Klevmark B, Andersen M, Schultz A, Talseth T. Congenital and acquired curvature of the penistreated surgically by plication of the tunica albuginea. Br J Urol. 1994;74(4):501–6.[PubMed]53. Thiounn N, Missirliu A, Zerbib M, Larrouy M, Dje K, Flam T, et al. Corporeal plication forsurgical correction of penile curvature. Experience with 60 patients. Eur Urol.1998;33(4):401–4.[PubMed]54. Chahal R, Gogoi NK, Sundaram SK, Weston PM. Corporal plication for penile curvature causedby Peyronie’s disease: the patients’ perspective. BJU Int. 2001;87(4):352–6.[PubMed]55. Geertsen UA, Brok KE, Andersen B, Nielsen HV. Peyronie curvature treated by plication of thepenile fasciae. Br J Urol. 1996;77(5):733–5.[PubMed]56. Mulhall J, Anderson M, Parker M. A surgical algorithm for men with combined Peyronie’sdisease and erectile dysfunction: functional and satisfaction outcomes. J Sex Med.2005;2(1):132–8.[PubMed]57. Langston JP, Carson CC 3rd. Peyronie disease: plication or grafting. Urol Clin North Am.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=31496150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24219080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8073558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9224323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2294269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7820430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7820431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9612685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11251529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8689121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16422916


2011;38(2):207–16.[PubMed]58. Devine CJ Jr, Horton CE. Surgical treatment of Peyronie’s disease with a dermal graft. J Urol.1974;111(1):44–9.[PubMed]59. Garcia-Gomez B, Ralph D, Levine L, Moncada-Iribarren I, Djinovic R, Albersen M, et al. Graftsfor Peyronie’s disease: a comprehensive review. Andrology. 2018;6(1):117–26.[PubMed]60. Teloken C, Grazziotin T, Rhoden E, Da Ros C, Fornari A, Soares FC, et al. Penile straighteningwith crural graft of the corpus cavernosum. J Urol. 2000;164(1):107–8.[PubMed]61. Da Ros CT, Graziottin TM, Ribeiro E, Averbeck MA. Long-term follow-up of penile curvaturecorrection utilizing autologous albugineal crural graft. Int Braz J Urol. 2012;38(2):242–7.discussion 8–9[PubMed]62. Collins JP. Experience with lyophilized human dura for treatment of Peyronie disease.Urology. 1988;31(5):379–81.[PubMed]63. Lahme S, Gotz T, Bichler KH. Collagen �leece for defect coverage following plaque excision inpatients with Peyronie’s disease. Eur Urol. 2002;41(4):401–5.[PubMed]64. Schiffman ZJ, Gursel EO, Laor E. Use of Dacron patch graft in Peyronie disease. Urology.1985;25(1):38–40.[PubMed]65. Faerber GJ, Konnak JW. Results of combined Nesbit penile plication with plaque incision andplacement of Dacron patch in patients with severe Peyronie’s disease. J Urol. 1993;149(5 Pt2):1319–20.[PubMed]66. Ganabathi K, Dmochowski R, Zimmern PE, Leach GE. Peyronie’s disease: surgical treatmentbased on penile rigidity. J Urol. 1995;153(3 Pt 1):662–6.[PubMed]67. Asmundo MG, Durukan E, von Rohden E, Thy SA, Jensen CFS, Fode M. Platelet-rich plasmatherapy in erectile dysfunction and Peyronie’s disease: a systematic review of the literature.World J Urol. 2024;42(1):359.[PubMed][PubMedCentral]68. Israeli JM, Lokeshwar SD, E�imenko IV, Masterson TA, Ramasamy R. The potential of platelet-rich plasma injections and stem cell therapy for penile rejuvenation. Int J Impot Res.2022;34(4):375–82.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21621087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4273261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29266877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10840434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22555030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3363774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12074811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3155581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8479026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7861510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=38811395
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11136842


[PubMed]69. Twidwell J, Mahon J, Tortorelis D, Levine L. Transdermal application of H100 gel to the penileshaft in patients with Peyronie’s disease in�iltrates the tunica albuginea. Int J Impot Res.2024;36(2):107–9.[PubMed]

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=34743193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=38218956


(1)(2)(3)(4)(5)
 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2026E. Chung et al. (eds.), Advances	 in	 Andrologyhttps://doi.org/10.1007/978-3-032-29112-7_24
24.	Diagnosis	and	Management	of
Ejaculatory	DysfunctionEric Chung1, 2, 3  , Balantine Eze3, 4   and Selahittin Çayan3, 5Department of Urology, Princess Alexandra Hospital, University ofQueensland, Brisbane, QLD, AustraliaAndroUrology Centre, Brisbane, QLD, AustraliaGlobal Andrology Forum, Moreland Hills, OH, USAUrology Division, Department of Surgery, Enugu State University ofScience and Technology Teaching Hospital, Enugu, NigeriaFaculty of Medicine, Department of Urology, Mersin University,Mersin, Turkey 
Balantine	Eze
Email:	balantine.eze@esut.edu.ng

Keywords Ejaculatory dysfunction – Medical therapy – Surgicalinterventions – Pathphysiology – Clinical outcomes
IntroductionEjaculation and orgasm can be distinct yet synchronized events thatoccur at the peak of sexual arousal culminating in overall sexualsatisfaction. The interplay between the ‘objective’ (i.e. ejaculation) and‘subjective’ (i.e. orgasmic) elements of male sexual climax are complexand remain incompletely understood. While most men have somecontrol over the timing of ejaculation during a sexual encounter, menwho ejaculate before or shortly after penetration, without a sense of
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control, or unable to ejaculate after prolonged sexual intimacy, willexperience psychosexual distress related to ejaculatory dysfunction(EjD). The spectrum of EjD extends from premature ejaculation (PE)and retrograde ejaculation (RE) to delayed ejaculation (DE) andanejaculation (AE) [7, 21, 24, 50, 58]. The speci�ic diagnosis isdetermined by whether ejaculation occurs early, late or not at all.While PE and RE are well-de�ined with set criteria, DE, AE andanorgasmia are among the least common and least understooddomains of male sexual health dysfunction [39, 45, 58]. Currenttreatment strategies for EjD involve psychosexual counselling,behavioural modi�ications, topical and mechanical devices, as well aspharmaceutical and surgical interventions. It is important tounderstand the complex nature of the human mind and the interactionsbetween various neurobiology and pelvic structures responsible formale ejaculation [45, 50, 58]. Hence, no one treatment likely solves EjDbut rather a holistic, multifaceted approach that is personalized to one’sneeds and preferences to the maximum clinical ef�icacy and least sideeffect pro�ile.The following book chapter provides a narrative review of thevarious de�initions and underlying pathophysiological mechanismsresponsible for PE, RE, DE and AE. This review provides a targetedclinical assessment and an overview of the treatment strategies will becovered although it is impossible to provide a full comprehensivereview on this very broad topic of EjD.
De�initionsMajor scienti�ic organisations have carefully de�ined PE based on twokey factors namely the lack of control with a short time to ejaculationduring coitus and the ensuing psychosexual distress experienced by thepatient. The International Society of Sexual Medicine (ISSM) andsubsequently the International Consultation on Sexual Medicine (ICSM)de�ined PE as ‘a male sexual dysfunction characterized by ejaculationwhich always or nearly always occurs prior to or within about one



minute of vaginal penetration (lifelong PE), or, a clinically signi�icantand bothersome reduction in latency time, often to about 3 min or less(acquired PE), with associated negative personal consequences, such asdistress, bother, frustration, and/or the avoidance of sexual intimacy’[39, 47, 52].On the other hand, the American Psychiatric Association’sDiagnostic and Statistical Manual of Mental Disorders 5th edition(DSM-V) de�ines PE as ‘a persistent or recurrent pattern of ejaculationoccurring during partnered sexual activity within approximately 1minute following vaginal penetration and before the individual wishesit’ with this disorder must be present in 75% or more of sexualencounters and persistent over at least the last 6 months and the manmust experience personal distress related to the dysfunction, and thecondition cannot be better explained by a comorbid or concomitantdiagnosis [8]. The DSM-V de�inition permits the categorization of PEinto lifelong versus acquired and generalized versus situational sub-types. Similarly, the World Health Organization’s InternationalClassi�ication of Diseases 11th edition (ICD-11) mirrors that of DSM-Vto de�ine PE as ‘ejaculation that occurs prior to or within a very shortduration of the initiation of vaginal penetration or other relevant sexualstimulation, with no or little perceived control over ejaculation’ and ‘thepattern of early ejaculation has occurred episodically or persistentlyover a period of at least several months and is associated with clinicallysigni�icant distress’ [26].In contrast to the speci�ic end-point criteria to de�ine PE, the exactde�inition of DE appears more ambiguous and not time-de�ined [46].Patients with DE experience dif�iculty achieving sexual climax,sometimes to the point that they are unable to climax during sexualactivity. The ISSM and ICSM de�ined DE as the persistent or recurrentdif�iculty, delay in, or absence of attaining orgasm after suf�icient sexualstimulation, which causes personal distress, and that DE is furthersubclassi�ied as lifelong and acquired (secondary) DE [39]. Lifelong,alternatively classi�ied as primary, delayed ejaculation was de�ined as alifelong experience or inability to ejaculate in almost all (75–100%)



occasions of coital activity, associated with distress. Voluntary cessationof coital activity may subsequently occur after a variable time to avoidfrustration, physical exhaustion or genital irritation of self or partner.Men with lifelong DE might or might not be able to achieve ejaculationby subsequent non-coital activity, including masturbation. The DSM-Valso de�ines DE as the condition in which a man experiences ‘a markeddelay in ejaculation’ or ‘marked infrequency or absence of ejaculation’and the disorder must be present in 75% or more of partnered sexualencounters and persistent over at least the last 6 months, with thepatient must not desire delay of ejaculation and he must experiencepersonal distress [8].On the other hand, RE is a unique form of EjD that refers to thecondition in which semen is not ejected antegrade but rather �lows intothe bladder during climax [26]. Interestingly, it does not specifywhether there is an early ejaculatory component although to qualify forthe strict de�inition of RE, a post-orgasmic urine sample should becollected to con�irm the presence of spermatozoa.AE refers speci�ically to the absence of seminal ejaculation withsexual climax and may be subclassi�ied as (1) emission less; when thepatient is unable to discharge semen into the posterior urethra, and (2)expulsion less; when the patient is unable to vigorously dischargesemen from the external urethral meatus [27, 39, 58]. Anorgasmia maybe conceptualized as an extreme variant of DE or AE in which orgasmcannot be achieved. The ICD-11 de�ines anorgasmia as ‘the absence ormarked infrequency of the orgasm experience or markedly diminishedintensity of orgasmic sensations. The pattern of absence, delay ordiminished frequency or intensity of orgasm occurs despite adequatesexual stimulation, including the desire for sexual activity and orgasm,has occurred episodically or persistently over a period of at leastseveral months, and is associated with clinically signi�icant distress’[26].Ejaculatory dysfunction has a wide range of severity assymptomatology varies based on subjective interpretation by thepatient. Moreover, there is no standard characterization of symptom



bother as an unbearable change in sexual function to one man who maybe of little bother to another. The term dysfunction is thus reserved forejaculatory issues that cause signi�icant distress to the patient.
Pathophysiology	and	Neurobiology	of	Various
Forms	of	EjDThe male sexual response cycle is thought to occur in four stages sexualexcitement and ful�ilment, starting with sexual desire and followed byarousal, then climax and �inally resolution. The sexual climax consists oforgasm, a sensation of intense pleasure, relaxation or intimacy thataccompanies peak sexual arousal, followed by ejaculation withantegrade expulsion of semen from the penis [4]. While these eventsoccur typically simultaneously, these are distinct physiologicalprocesses that may occur, or not occur, independently.The process of ejaculation is highly coordinated and modulatedthrough a network of spinal centres (see Fig. 24.1). The ejaculatoryre�lex comprises sensory receptors and areas, afferent pathways,cerebral sensory areas, cerebral motor centres, spinal motor centresand efferent pathways. Ejaculation is triggered by the integration oftactile (e.g. sensation from genital or other peripheral nerves) and non-tactile (e.g. sexually arousing audio and visual inputs) stimuli in thebrain. Although ejaculation occurs in the pelvis, central nervous system(CNS) involvement plays a critical role, and various aspects of the brainsuch as the amygdala, hypothalamus, and cerebellum are connectedthrough a complex ejaculatory network to the spinal ‘ejaculatory’centres [22]. Neurotransmitters involved include dopamine,norepinephrine, serotonin, acetylcholine, oxytocin, gamma-aminobutyric acid and nitric oxide although it emerged that the balancebetween dopamine and serotonin is critical to normal ejaculation. Ingeneral, dopaminergic and oxytocinergic activation stimulatesejaculation and orgasm whereas serotonergic and GABA-ergicactivation opposes ejaculation and orgasm.



Fig.	24.1 Ejaculatory re�lex is highly coordinated and modulated through a network of sensoryreceptors and areas, afferent pathways, cerebral sensory areas, cerebral motor centres, spinalmotor centres and efferent pathwaysWithin the spinal centre, the dorsal grey column and theintermediolateral column of thoracolumbar segments providesympathetic out�low while the sacral parasympathetic nuclei areresponsible for parasympathetic out�low. Somatic �ibres innervating theurethral sphincter and pelvi-perineal striated muscles are located inOnuf’s nucleus, in the ventral horn of S2–S4 segments. It is thought thatthe sympathetic effect is dominant during ejaculation, responsible forcontrolling the contractile activity of the seminal tract smooth muscle.The role of the parasympathetic nervous system in ejaculation remainssomewhat unclear, and is thought to play a role in preventing the re�luxof seminal �luid through the ejaculatory duct, as well as the secretion ofseminal �luid. Finally, somatic �ibres carried by the pudendal nerve arethought to play a role in ejaculation through control of pelvic striatedmuscles [4, 16]. The penis is innervated by a complex system of somatic



and autonomic nerve �ibres that mediate sexual response. The dorsalnerve branches from the pudendal nerve provides somatic innervationto the penis and mediates contraction of the pelvic �loor muscles toachieve rigidity and plays a role in discharging ejaculatory �luid.Ejaculation consists of two distinct phases namely emission andexpulsion of seminal �luid. Emission is a centrally mediated actioncharacterized by the secretion of seminal �luid (from seminal vesicles,prostate and bulbourethral glands) into the proximal urethra, closure ofthe bladder neck, and contraction of smooth muscles throughout theseminal tract (mediated by the sympathetic nervous system). Theexpulsion of seminal �luid, a re�lex driven by the somatic nervoussystem (pudendal nerve) with nominal input elicited through aninvoluntary sympathetic spinal cord re�lex, consists of rhythmiccontractions of the bulbospongiosus and ischiocavernous musclesleading to forceful expulsion of seminal �luid from the urethral meatusand penis. Normal antegrade ejaculation relies heavily on the normalfunction of the prostate and bladder neck.Orgasm is the cerebral processing of sensory stimuli from thepudendal nerve related to the pleasurable sensation associated withthe contraction of the relevant pelvic muscles and presents a transientneurological state characterized by intense feelings of pleasure,relaxation and intimacy [4, 16, 22]. Orgasm is typically experienced atpeak sexual arousal and is followed in men by a refractory periodduring which arousal and sexual climax are not possible.
Diagnostic	EvaluationThe key to identifying the various forms of EjD resides in the accuratediagnosis of the sexual complaint. It is important to distinguishwhether the patient has EjD or other forms of male sexual dysfunctionsuch as low sexual desire, erectile dysfunction or orgasmic, disorders.In many instances, it is not uncommon for these sexual complaints tocoexist together since the underlying pathophysiology and contributingcauses could be similar [36, 39, 45, 50, 58]. The history should establish



the time of onset of EjD, whether ejaculation occurs on every/almostevery attempt and with every partner, latency time to ejaculation andthe presence or absence of other sexual dysfunction/s such as erectionor orgasm. Questionnaires such as the Premature EjaculatoryDiagnostic Toll (PEDT), Premature Ejaculation Pro�ile (PEP), and theMale Sexual Health Questionnaire (MSHQ) have been validated for useto provide a clearer diagnosis [39, 50, 58]. The time betweenpenetration and ejaculation, the patient’s ability to control or delayejaculation, and the presence and extent of negative psychologicalconsequences such as bother, distress and/or the avoidance of sexualactivity are keys to the diagnosis of EjD. The interpersonal dynamics,relationship stress. Presence of dyspareunia, genital pain disorder,history of STI, a sexual aversion disorder and/or any other sexualdysfunction in the patient and his partner should be established. Theidenti�ication of other relevant factors such as medical comorbidities(such as mental well-being, cardiovascular disease, diabetes mellitus,thyroid disorders, neurological conditions or pelvic dysfunction) andcertain medications (such as antidepressants, antipsychotics, opioids,benzodiazepines or recreational drugs) can play a critical role in thedevelopment and/or progression of EjD [36, 45, 50, 58].A focused physical examination is useful to assess for risk factorsand exclude causal diseases such as testicular mass, prostateabnormality, penile deformity or signs of neurological disorders.Various standardized questionnaires have been developed to aid thediagnosis of speci�ic male sexual dysfunction and these includevalidated instruments such as the Male Sexual Health Questionnaire,Male Sexual Quotient, Index of Premature Ejaculation, PrematureEjaculation Pro�ile or the Premature Ejaculation Diagnostic Tool.Laboratory or imaging studies are rarely required although serumtestosterone should be pursued as indicated and PSA for suspectedprostatitis [36, 45, 50, 58]. Urine culture and STI screen may beconducted in the setting of patients with a history of urethral discharge,hematuria or STI. It is also important to establish whether ejaculation isabsent or (actually) retrograde by examining the presence of



spermatozoa in post-ejaculation �irst void urine. Highly specializedinvestigations such as nerve conduction studies and functional brainimaging tests are usually conducted by specialists followingappropriate consultation and only in carefully selected patients withEjD. Cystoscopy can be both diagnostic and therapeutic in the settingsof urethral stricture or ejaculatory duct obstruction.
Clinical	Management	for	PE,	DE	and	AEClinical management for PE, DE and AE in terms of providing a holisticand multi-disciplinary approach with the incorporation of the followingtreatments.1. Psychosexual and behavioural modi�ications  2. Pharmacological agents—established and novel drugs 3. Surgical interventions  
Psychosexual	and	Behavioural	Modi�icationsThe major aim of psychosexual and behavioural modi�ication therapy inthe management of ejaculatory dysfunction is to identify psychologicalissues such as performance anxiety, strains in interpersonalrelationships and loss of self-con�idence occasioned by a history of non-satisfactory sexual performances that may have contributed to thedevelopment of ejaculatory dysfunction. To address those issuespsychosexual and behavioural modi�ication therapy plays a key role [5].Psychotherapy is usually given by psychologists or sex therapistswho are specially trained and dedicated to administering this type oftherapy. Therapy sessions could be held for individuals, couples or as agroup therapy. Psychosocial variables are always important to considerin the setting of delayed ejaculation (DE). The fact that approximately75% of males with DE can achieve ejaculation through solitary



masturbation, infers that a large proportion of DE is in�luenced bypsychological or environmental factors and can be ameliorated bypsychosexual and behavioural therapy [40].Behavioural modi�ication therapy works by helping men recognizemid-level ranges of excitement before the point where ejaculationbecomes inevitable and helping them delay ejaculation by decreasingstimulation. This can be achieved by the man contracting the pelvicmuscles and or his partner �irmly squeezing the glans penis betweenthe thumb ventrally and the index/middle �ingers dorsally (squeezetechnique); or temporal withdrawal or/and change of position or apause in thrusting movement (start/stop technique). Behaviouralmodi�ication therapy techniques commonly supplementpsychotherapeutic modalities [38]. These behavioural modi�icationtechniques function by gradually increasing IELT, sexual con�idence andself-esteem [38]. For delayed ejaculation, behavioural modi�icationtherapy involves asking individuals and couples to experiment withvarious forms of sexual stimulation, such as manual stimulation of thepenis or perineum, oral sex, use of lubricants or vibrators, or change inposition, as this additional stimulation may trigger orgasm [40].Usually, psychological therapy, behavioural therapy andpharmacotherapy are combined to harness the synergistic power ofthese therapies to provide patients with ejaculatory dysfunction rapidsymptom improvement. This is important because of the multifaceteddomains of sex and ejaculation which are often affected by the complexinterplay of psychological, religious, social and biological factors.
Established	PharmacotherapySome medications have been tested over time and proven to beeffective in the management of ejaculatory dysfunction (see Table 24.1).Most of the medications are prescribed off-label without the approvalof governmental regulatory agencies except paroxetine which hasreceived approval for the management of PE in more than 50 countries[32]. These medications include the following classes of drugs.



Table	24.1 Established drugs for ejaculatory dysfunction
Drugs Mechanism	of	action Ejaculatory

dysfunction

Selective	serotonin
reuptake	inhibitors

Increases the concentration of serotonin in thesynaptic junction by inhibiting the post-synapticreuptake Prematureejaculation
Tricyclic
antidepressants

Inhibiting serotonin and norepinephrine reuptakewithin the presynaptic terminals Prematureejaculation
Opioids Acts on opioid mu-receptor agonist and weakserotonin-norepinephrine receptor inhibitoractivities Prematureejaculation
PDE5	inhibitors Inhibits the breakdown of cyclic guanosinemonophosphate Prematureejaculation
Topical	anaesthetics Reduces glans sensitivity Prematureejaculation
Cabergoline Dopamine D2 receptor agonist that increasesdopamine neurotransmission and reduces thelevel of prolactin Delayedejaculation oranejaculation
Bupropion Inhibits the reuptake of dopamine andnorepinephrine Delayedejaculation oranejaculation
Flibanserin Serotonin 1A agonist and a serotonin 2Aantagonist Delayedejaculation oranejaculation
Pseudoephedrine	or
phenylephrine,	and
midodrine

Alpha-adrenergic agonist Retrogradeejaculation
Selective	Serotonin	Reuptake	Inhibitors	(SSRI)The use of SSRIs has revolutionized and has become the bedrock of thepharmacological management of premature ejaculation. Drugs in thisclass have become �irst-line drugs and work by increasing theconcentration of serotonin in the synaptic junction by inhibiting thepost-synaptic reuptake of serotonin and exploiting the inhibitory effectof serotonin on ejaculation to increase the intravaginal ejaculatorylatency time [6]. SSRIs can be administered on demand (4–6 h beforeintercourse) or daily. Daily treatment is preferable for people with



lifelong premature ejaculation but is less effective in ejaculation delay[41, 61].Unwanted side effects may occur at the onset of treatment butusually resolve within 2–3 weeks of initiation of therapy with SSRI.These include fatigue, nausea, diarrhoea, increased perspiration,reduced sexual desire and erectile dysfunction [20, 32]. SSRI should beavoided in men less than 18 years of age (because of increased risk ofsuicidal ideation/suicide) and in men with a history of bipolar disorder(because of increased rate of agitation and hypomania) [35].SSRIs usually used in the treatment of PE include paroxetine (10–40 mg/day), sertraline (50–200 mg/day), �luoxetine (20–40 mg/day)and citalopram (20–40 mg/day). They are safe, well-tolerated andeffective. Paroxetine has been shown to be the most ef�icacious inincreasing IELT over baseline [32, 65]. Since patients can experienceSSRI withdrawal symptoms (dizziness, headache, nausea, vomiting,diarrhoea and irritation), sudden cessation of therapy with SSRI orrapid dose reduction is not advised.Dapoxetine is the �irst to receive approval speci�ically as a drug forthe treatment of PE. As a short-acting SSRI with a half-life of about 1.4 h[34], it is suitable for on-demand use (1–2 h) before intercourse) andhas been found to increase IELT in a dose-dependent fashion [12]. It israpidly absorbed and eliminated, with minimal accumulation and nowithdrawal symptoms after abrupt discontinuation and reduction ofdosage. In men with PE and erectile dysfunction, it is effective and well-tolerated in combination with phosphodiesterase-5 inhibitors (PDE5i)[63]. Treatment-related ASEs were uncommon, dose-dependent andlargely mild to moderate in severity. The most common adverse eventsare headache (5.6–8.8%), dizziness (5.9–10.9%) and nausea (11.0–22.2%) Severe or serious side effects occurred infrequently in less than5% of patients and included syncope [63]. The usual daily dose is 30–60 mg.
Tricyclic	Antidepressants	(TCA)



The only tricyclic antidepressant that has been in use for prematureejaculation is clomipramine. It also has a serotonin-norepinephrinereuptake inhibitor effect. It is used as a second line to SSRI because ithas more adverse effects. Adverse effects are common and occur inmore than 50% of patients [18] taking these medications and areattributable to their antimuscarinic effects; they include dry mouth,constipation, loss of appetite, sleepiness, weight gain, sexualdysfunction and obstructive lower urinary tract symptoms [31]. It canbe used on demand (2–6 h before intercourse) or daily at a dose of12.5–50 mg/day. Sudden cessation of medications and dose reductioncan cause withdrawal symptoms (dizziness, headache, sweating).
OpioidsOpioids have been used off-label for the treatment of PE. Tramadol is acentrally acting opioid mu-receptor agonist but its ef�icacy in treatingPE is due to its SSRI and weak serotonin-norepinephrine receptorinhibitor (SNRI) activities [12]. Tramadol at a dose of 25–100 mg aresafe and effective and can be used on a daily dosing regimen or ondemand [30]. Tramadol is often not used as �irst-line therapy for PE asit is associated with more adverse side effects (terminal dribble, ED,somnolence, headache, dizziness, constipation, nausea, vomiting, drymouth, dizziness, pruritus and vomiting) than paroxetine [37]. There isalso a potential for addiction since it is an opioid.
PDE5	InhibitorsPDE5 inhibitors as monotherapy for the treatment of PE have yieldedmixed results. It is usually used in combination with SSRI. Even thoughPDE5i’s are signi�icantly more effective than placebo at increasing IELT[10], therapy for isolated PE or PE associated with ED with SSRIs plusPDE-5 inhibitors is associated with a signi�icantly greater increase inmean IELT compared with SSRI or PDE-5 inhibitor alone [11].
Topical	Anaesthetics



Topical/ local therapy for PE is appealing as an effective topical therapythat will circumvent the systemic effects of oral therapy. Topicalanaesthetics work under the assumption that PE may result fromincreased/abnormally high glans sensitivity and that topicalanaesthetics can reduce glans sensitivity and thereby delay ejaculation.Common topical local anaesthetics available as a cream, gel or spray forthe management of PE include EMLA (a cream consisting of 2.5 gprilocaine eutectic and 2.5 lidocaine), Severance Secret (SS) cream (amixture of Bufonis	 veneum extract, Asiasari	 radix extract, Caryophylli
�los extract, Cinnamomicortex extract, and Ginseng Radix Alba fructose),topical eutectic mixture for premature ejaculation (TEMPE) or PSD502(a combination of 7.5 mg prilocaine eutectic mixture and 22.5 mglidocaine), and lidocaine spray 5% [11]. Though topical anaestheticshave been found to increase IELT in men with premature ejaculationmore effectively than placebo, sildena�il, tadala�il, paroxetine anddapoxetine, they have unique adverse effects which include reducedsensation in the penile shaft, loss of erection, localized irritations and(when not used with a condom) numbing of the partner’s vagina andfemale anorgasmia [53].
Dopamine	Receptor	Agonist/Dopamine	Reuptake
InhibitorsCabergoline is a potent dopamine receptor agonist and acts at D2receptors. By increasing dopamine neurotransmission and reducing thelevel of prolactin, it is thought to promote ejaculation. Cabergoline isusually administered at a dose of 0.5 mg twice/week. Bupropion is anatypical antidepressant that inhibits the reuptake of dopamine andnorepinephrine. Compared to other antidepressants, bupropion hasbeen shown to have lower rates of adverse sexual side effects and mayeven enhance sexual function in some patients; it is commonly used asan agent in depressed men when SSRIs cause delayed or anejaculationat a daily dose of 150–300 mg [20].
Hormonal	Treatment



Hormonal regulation plays a critical role in the physiology of orgasmand ejaculation. Correction of identi�ied endocrinopathies has a crucialplace in the treatment of DE. Testosterone replacement has beenevaluated as a potential treatment for DE. Corona et al. [17] compared Tlevels among 2437 men with PE or DE versus those without ejaculatorydysfunction and demonstrated lower total and free T levels amongpatients with DE; patients with DE also had a higher prevalence oftestosterone de�iciency than patients with PE. In men with DE withproven testosterone de�iciency, a trial of testosterone therapy,preferably a short-acting testosterone formulation (administered 1 hbefore sexual activity), is considered [43].
Novel	PharmacotherapyThe search for the ideal drugs for ejaculatory dysfunctions is still on.Emphasis has shifted from developing drugs targeting speci�icreceptors such as α-1 adrenergic antagonists and oxytocin agonists tonew targets such as the serotonin receptors. Efforts have also beenmade to develop new formulations and combinations of traditionaltherapeutic agents.PSD502 is a novel compound of lidocaine-prilocaine delivered as anaerosolized metered spray. PSD502 has received marketing approval inEurope but is not yet available as a licensed prescription in the UnitedStates [13]. Its novel design allows only shallow penetration into themucosa of the glans penis, and therefore the keratinized skin of theshaft is not affected. There are minimal reports of transfer to partnersdue to this non-penetrating unique formulation.Dyclonine is a local anesthetic usually used in dentistry andalprostadil is a vasodilator/prostaglandin E1. A topical mixture ofdyclonine and alprostadil in a cream formulation has been evaluated asa treatment for PE. The product is applied 5–20 min before intercourseto the tip of the penis in the region of the meatus and has been found toreduce the degree of stimulation to the penis. These topicalformulations when used alone or when used as an adjunct to either



SSRIs or PDE5 inhibitors have been reported to be more effective in PEthan a placebo [32].Because emission and ejaculation are under the control of thesympathetic component of the autonomic nervous system, α-adrenergicantagonists can delay ejaculation and increase IELT. Several α-adrenergic antagonists have been tried but only Silodosin, a selectiveα1A-adrenoceptor antagonist is very effective in improving symptomsand increasing IELT in patients with PE following on-demand use of 4mg silodosin orally 1 h before sexual intercourse [51].Botulinum toxin is a biological exotoxin with high potency producedby gram-positive Clostridium	 botulinum. Out of the seven serotypesavailable, only type A and type B are useful clinically [9]. Botulinumtoxin A can theoretically help patients with PE by inhibiting therhythmic contractions of the bulbospongiosus muscle duringejaculation. More studies still need to be done to determine the ef�icacyand safety of Botulinum toxin A injection into the bulbospongiosusmuscle for the management of PE as available studies show mixedresults [3, 54].For delayed ejaculation, efforts continue to be made by researchersto develop medications that increase neurotransmitters in the brainthat promote ejaculation (dopamine or oxytocin) or decrease inhibitoryneurotransmitters (serotonin) to treat this disorder. Drugs that haveshown some positive results include amantadine, cyproheptadine,yohimbine, buspirone, and bethanechol [43].Flibanserin is a drug that has been approved by the Food and DrugAdministration (FDA) in the USA for the treatment of hypoactive sexualdesire disorder in both pre and post-menopausal women. Flibanserin isboth a serotonin agonist and antagonist. It is a serotonin 1A agonist anda serotonin 2A antagonist and can improve sexual desire by enhancingthe downstream release of dopamine and norepinephrine thatenhances sex desire while reducing the inhibitory effect of serotoninrelease in the brain circuits responsible for reduced sexual interest anddesire [59]. Off-label use of �libanserin has been shown to be helpful forprimary anorgasmia though with some side effects [48].



Surgical	Interventions	in	Premature
EjaculationSurgical or interventional methods may be indicated for patients withpremature ejaculation who have no response or poor response topharmacological, psychological, and behavioural therapies. Thesemethods for the interventional treatment of premature ejaculationinclude selective penile dorsal nerve resection, cryoablation and pulsedradiofrequency, pudendal neuromodulation, injection of materials intothe glans penis with hyaluronic acid, Botulinum toxin A injection intothe bulbospongiosus muscles, implantation of graft material underBuck fascia, neuromuscular electrical stimulation of the pelvic �loormuscles and transcutaneous posterior tibial nerve stimulation [21, 23,58, 62].
Selective	Penile	Dorsal	NeurectomyPenile sensitivity plays one of the key roles among the pathologicmechanisms of premature ejaculation. The number of dorsal nervebranches positively correlated with penile sensitivity [23]. Therefore,selective dorsal neurectomy for decreasing penile sensitivity is apromising treatment for patients with lifelong PE who have no or poorresponse to medical therapy or refuse oral medication. It is an invasiveand irreversible treatment procedure and has been applied as aseparate procedure or combined with penile glans augmentation. Aftercircumcision incision, the dorsal nerve of the penis can be identi�ied,and 3–4 branches of the penile dorsal nerve are removed at highmagni�ication such as loop or microscope. Although the currentguidelines do not suggest penile dorsal neurectomy as a treatmentoption in patients with premature ejaculation, it provides an ef�icacyrate of 90% with a signi�icant increase in IELT [33, 64]. In a study by Liuet al., they demonstrated the dorsal penile nerve branches of patientswith lifelong PE were larger in numbers and thicker than those withoutlifelong PE, and selective dorsal neurectomy was effective in improvinglifelong PE by IELT prolongation and ejaculation controllability, with



few post-operative complications. However, it has no widespreadapplication areas, because of its side effects including penile numbness,penile pain and penile paresthesia [29].
Cryoablation	and	Pulsed	RadiofrequencyIt has been tried to treat resistant patients with PE by cryoablation orpulsed radiofrequency neuromodulation of the dorsal penile dorsalnerve to reduce hypersensitive peripheral sexual input signals andinhibit penile hypersensitivity [23]. In a study of 15 men with PE, IELTincreased from 18.5 to 139.9 s at 3 weeks after the pulsedradiofrequency procedure with no side effects [12].
Implantation	of	Graft	MaterialsPenile sensitivity is considered to be one of the key pathologicmechanisms of PE. An acellular dermal matrix graft as an inner condomwas inserted into Buck’s fascia as the subcutaneous pocket of the penisin 20 men with PE [62]. After the procedure, the IELT signi�icantlyincreased from 0.67 to 2.37 min with no serious complications oradverse effects.
Injections	Materials	into	the	Glans	PenisInjection materials have been considered to make bulky barriers thatreduce the access of tactile stimuli to sensation receptors of theglandular penis. Hyaluronic acid is the mainly used injection material[49, 55, 66]. Glans penis augmentation using hyaluronic acid isproposed to act as a bulking agent that blocks accessibility and inhibitstactile stimulation of the dorsal nerve receptors to improve ejaculatorycontrol and ejaculation latency time. After local anaesthesia to the skinof the glans penis for 30 min, approximately 2 ml of hyaluronic acid isinjected into the different parts of the glans penis via a 30-gaugeneedle. The ef�icacy and safety of glans penis augmentation withhyaluronic acid has been demonstrated in the studies. However, moststudies are low quality with no control group and lack of long-termfollow-up. In the prospective controlled studies, the mean IELT highly



signi�icantly increased to approximately 350 s with the hyaluronic acidinjections, compared to controls [49, 55, 66]. In addition to an increasein the IELT, hyaluronic acid provided approximately 2 cm girthenhancement compared to controls in a multicenter randomizedcontrolled trial [2]. IELT also signi�icantly increased from 5.36 ± 3.51 to7.86 ± 4.73 min in the hyaluronic acid injection group and from5.23 ± 3.55 to 6.43 ± 4.22 min in the controls with no serious adverseevents in both group. Although studies reported no severecomplications, some case reports showing glans necrosis, �ibrosis andgranuloma formations have been reported. Therefore, the possibility ofsuch complications should be explained with caution to patients whodesire such injections.
Botulinum	Toxin	A	InjectionBotulinum toxin A injections have been used in the treatment ofdifferent urogenital disorders especially to increase bladder capacityand to decrease involuntary bladder contractions. The idea of usingBotulinum toxin A injections into the bulbospongiosus muscle in thetreatment of premature ejaculation is to inhibit rhythmic contractionsof the bulbospongiosus and ischiocavernosus muscles, leading to adecreased expulsion phase of the ejaculation. The ef�icacy of injectionusually starts at one week and lasts approximately 6–9 months. In arecent randomized controlled trial, 98 men with lifelong PE wererandomized as a 100-unit injection into two bulbospongiosus musclesand saline injection as a placebo group [54]. The treatment groupshowed notably extended intravaginal ejaculatory latency times,compared to their initial performance after treatment. In addition,there were enhancements in PEP scores, and notably, no signi�icantcomplications were reported. In another recently published prospectiverandomized study, the treatment group with the same injection(100 units of Botulinum toxin) failed to prove clinical ef�icacy for thetreatment of lifelong premature ejaculation when compared to aplacebo [3]. Therefore, the guidelines suggest the use of Botulinum



toxin A injections as an experimental therapy, and should not be offeredto patients with premature ejaculation in clinical practice.
Neuromuscular	Electrical	StimulationElectrical stimulation of pelvic �loor muscles before planned sexualactivity can prevent the rhythmic contractions necessary forcompleting the ejaculatory process by maintaining sub-tetaniccontinuous contraction and prolonging the ejaculation time in patientswith PE. In an experimental rat study, low-frequency (2 Hz) electricalstimulation applied to the male rats signi�icantly prolonged theejaculation time [15]. A prospective, single-blinded, self-controlledstudy, consisting of 23 patients with lifelong PE, found 85%experienced prolonged masturbation ejaculatory latency time (MELT)under transcutaneous electrical stimulation (TES) compared with thesham treatment, with the mean MELT values increased 3.5-fold underTES [57]. In another prospective, randomized double-blind clinicalstudy, 51 patients with lifelong PE were randomized as the treatmentand control group to assess the feasibility, safety and ef�icacy of thevPatch, a miniaturized on-demand perineal transcutaneous electricalstimulation device for treating PE [56]. The baseline geometric meanIELT signi�icantly increased from 67 to 123 s in the TES group,compared with an insigni�icant increase from 63 to 81 s in the controlgroup.
Transcutaneous	Posterior	Tibial	Nerve	StimulationTranscutaneous posterior tibial nerve stimulation (TPTNS) has beenintroduced as a new treatment option for PE [21, 60]. The rationale forusing TPTNS for premature ejaculation was to inhibit the emission andexpulsion phases of ejaculation. In a phase II single-arm study toevaluate the ef�icacy and safety of TPTNS for PE treatment, 54.5%showed tripled baseline IELT scores at 12 weeks. The IELT increased4.8-fold, 6.8-fold and 5.4-fold at 12, 24, and 48 weeks, respectively. Oneepisode of constipation was reported, and one patient reported asensation of heat in the leg during one therapy session. The �indings



suggest that TPTNS therapy delays ejaculation in patients with lifelongpremature ejaculation, with no serious secondary effects [60]. However,controlled trials with many patients with PE or sample sizes are neededto verify these results.
Surgical	Interventions	in	Delayed	EjaculationSeveral surgical interventions for the treatment of delayed ejaculation(DE) exist, but none has been formally approved by the US Food andDrug Administration. Given the paucity of effective treatments for DE,some clinicians have explored non-pharmacological strategies such aspudendal nerve release, intracavernosal injections, platelet-rich plasmaand surgical interventions [58]. No published, peer-reviewed dataexists supporting any of these approaches. Given the risks and potentialexpense, the guidelines do not recommend the use of any invasiveprocedure for DE outside the context of an ethical board-approvedclinical trial in which participants give informed consent forparticipation in research. Therefore, clinicians should counsel patientswith delayed ejaculation that no currently available data indicates thatinvasive non-pharmacological strategies are of bene�it.
Surgical	Interventions	in
Anejaculation/Retrograde	EjaculationFertility potentials for men with anejaculation/retrograde ejaculationinclude medication with α-agonist agents, penile vibratory stimulation(PVS), prostatic massage, electro-ejaculation (EEJ) andtesticular/epididymal sperm retrieval procedures such as testicularsperm extraction/aspiration (TESE/TESA) and/or microsurgicalepididymal sperm aspiration/ percutaneous epididymal spermaspiration (MESA/PESA).PVS and EEJ via rectal prob. are commonly used methods in thetreatment of men with spinal cord injury who seek children. PVS is the�irst-line therapy for the treatment of patients in which all spinal cord



components (both the sympathetic and the parasympatheticmechanisms) of the ejaculation re�lex and the dorsal nerve of the penisare intact. The treatment with PVS consists of vibration applied to thepenis, usually on the dorsum or the frenulum, for up to 10 min [19]. Thetreatment can be intermittent or continued until antegrade ejaculationoccurs. Autonomic dysre�lexia sometimes may occur in patients withspinal cord injuries above the level of T6. Sperm obtained with PVS canbe used for intrauterine insemination (IUI) and in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI), and therefore cost-effective and easy pregnancies can be achieved instead of more invasivetesticular or epididymal sperm extraction. PVS is successful in 86% ofmen with SCI whose level of injury is T10 or rostral [25].If PVS fails or the level is caudal to T10, the patients are referred forEEJ. EEJ consists of the electrical stimulation of the nerves and smoothmuscle of the pelvic muscles, the prostate and seminal vesicles, throughthe rectum in patients affected by a complete SCI. Usually, EEJ isconsidered second-line therapy for patients who fail with PVS [19]. Thechange in retrograde ejaculation is higher for EEJ than for PVS;therefore, if an antegrade ejaculation is not obtained following theelectrostimulation, a retrograde ejaculation may be suspected and acatheter can be placed to collect semen from the bladder. Sperm isobtained via EEJ in 95% of men with SCI, and outcomes of IVF/ICSIresulted in a 37.5% pregnancy rate per cycle, 50% pregnancy rate percouple, 33.3% live birth rate per cycle and 43.8% live birth rate percouple [25]. In cases PVS and EEJ failed, sperm can be obtained withTESE/TESA and/or MESA/PESA procedures. Theoretically, spermretrieval rates with these methods are 100% to use for ICSI.
Surgical	Treatment	of	Ejaculatory	Duct
ObstructionEjaculatory duct obstruction may cause hematospermia, decreasedejaculated volume and abnormal sperm parameters leading toinfertility in males. The standard treatment of ejaculatory duct



obstructive pathologies is transurethral resection of the ejaculatoryduct (TURED). TURED can be performed via monopolar or bipolarcautery or laser incisions such as neodymium, holmium or thuliumenergy sources [28, 42, 44]. Alternative treatment methods for TUREDinclude transutricular seminal vesiculoscopy, TRUS-guided re-canalization and balloon dilation and laparoscopic excision of theexternal prostatic ejaculatory duct cyst [1, 14].Cystourethroscopy should be performed at the beginning of theTURED procedure to evaluate the anterior, bulbous and posteriorurethra to exclude unusual cystoscopic �indings such as distortedanatomy of the verumontanum, in�lammatory calci�ications, ejaculatoryduct cysts and midline cysts.Laser techniques include Holmium laser incision with wavelength2140 nm, solid-state laser, absorbed by water, normal saline asirrigating �luid, 532 nm (Greenlight) vaporization, Diode laservaporization and Thulium: yttrium–aluminium–garnet Laser (Tm:YAG). The advantages of the laser technologies include increasedvisibility, avoiding complications of monopolar TURED with functioningin normal saline instead of conventional non-conductive irrigation �luid,better hemostasis, early catheter removal and shorter hospitalization,and it can be performed under anti-coagulants. Its disadvantagesinclude needing experience and endoscopic skills, and the mostcommon post-operative complication is dysuria.Several studies revealed that treatment of ejaculatory ductobstructive pathologies by TURED may lead to a 60–70% improvementin semen parameters and achieve spontaneous pregnancy in 20–34%of the cases [1]. In a systematic review, consisting of 29 studies with634 patients with ejaculatory duct obstruction who had surgery withdifferent techniques, the improvement rates in semen parameters were83.0% in semen volume, 63.0% in sperm motility and 62.5% in spermconcentration [42]. The natural pregnancy rate across the studies was amedian of 25.0%. Improvements in both outcomes were greater inpatients with congenital etiologies and partial EDO. In the samesystematic review, differences in surgical technique did not appear to



affect outcomes. Complications range from 0 to 24% and includehematuria, infection (epididymoorchitis), retrograde ejaculation, re�lux,�istula, ED and stenosis. Positive effects of TURED on ART are to obviatethe need for ART (20–40%), to downstage the level of ART from IUI tospontaneous pregnancy (13%) or from IVF/ICSI to IUI (50%) [28].Transurethral seminal vesiculoscopy is an alternative method withlow cost especially in patients with hematospermia to show real-timeimages [14]. It is performed through the distal ejaculatory duct, notinserting into the opening of the ejaculatory duct, passing the innerwall of the utricle entrance. This method provided the disappearance orreduction of hematospermia in 68.06% and 12.5% of the patients,respectively. However, it has no widespread application areas, becausethe current guidelines do not recommend it as a �irst-line treatment.
Future	DirectionsWhile the actual prevalence of EjD is often under-reported and under-recognized, the experience of many clinicians suggests that the problemis not rare and can be a source of considerable embarrassment anddissatisfaction for patients. The interplay between the ‘objective’(ejaculation) and ‘subjective’ (orgasm) elements of male sexual climaxare complex and remain incompletely understood. It is thought that PEoften affects younger men while DE and AE are more common in oldermen.Over the past 20–30 years, the treatment armamentarium for EjDhas expanded from behavioural psychotherapy to drug treatmentsand/or surgical interventions. Multiple well-controlled, evidence-basedstudies have demonstrated the ef�icacy and safety of various drugs inPE and to some extent DE, RE and AE too. Nonetheless, publishedliterature supports the concurrent role of psychotherapeutictreatments in a holistic multi-disciplinary care model. The role ofsurgery as an effective (and safe) treatment for PE remainscontroversial since its longer-term outcomes are unknown and the riskof ED and glans numbness or hyperesthesia has serious consequences.



Neuromyogenic (functional) pathologies, which impair peristalsis, leadto hypotonia/atonia in the male reproductive tract, and cause partialejaculatory duct obstruction, are pathologies still to be investigated.Dynamic diagnostic methods to evaluate these pathologies andtreatment with neuromodulation are the current topics of experimentalresearch. Surgery remains largely ineffective in cases of DE, RE and AE.Patients with fertility issues relating to DE, RE or AE may bene�it frommechanical devices or consider various sperm retrieval methods in thesetting of IVF.There is a pressing need for additional epidemiological datarelevant to speci�ic geographical regions and the development ofevidence-based de�initions in the current sociocultural environment.Appropriately designed studies to establish the prevalence andcharacteristics of EjD will enable better-designed clinical trials whichwill provide a more robust evidence basis for management. Furtherresearch is necessary to elucidate the neurobiology of various forms ofEjD. Innovative assessment tools such as vibrational thresholds,somatosensory latency testing and functional imaging modalities willplay a role in providing clinically usable data and may in the future haveclinical relevance. Scienti�ic advances in novel molecules, includingmelatonin, carbon monoxide and nitric oxide may also have relevanceto ejaculation and orgasm that is not completely understood.
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IntroductionChronic orchialgia (CO) is de�ined as pain or discomfort of the testis orits surrounding tissues, lasting for more than three months andhampering the daily activities. It is known by several terminologies likechronic scrotal content pain, chronic testicular pain, chronic scrotalpain, testalgia, testicular pain syndrome. It is an extremely vexingcondition affecting physical, mental, and psychological wellbeing of thepatient. Although there are various etiologies proposed, however,signi�icant number of cases are idiopathic. The absence of clearguidelines for diagnosis, evaluation, and management not only poseschallenges for patients but also for the treating physician.
Epidemiology	and	ImpactChronic orchialgia, or chronic testicular pain, is a condition that affectsmen of all ages, but the causes and rates vary. Regardless of age orcause, CO signi�icantly reduces quality of life across physical,psychological, and social domains due to persistent pain, anxiety,depression, and sexual dysfunction [1, 2].It is common in children, with a prevalence of 0.8–30%. Earlyrecognition and prompt treatment are crucial to prevent complicationslike testicular loss. Timely diagnosis can be challenging in children dueto dif�iculties in localizing and communicating the source of pain. Inyoung adults, it’s often due to trauma, vasculitis, or unknown reasons,occurring in 0.5–3% of cases [3, 4].It is relatively uncommon in the elderly but can be associated withvarious underlying conditions. Common causes include inguinal hernia,varicocele, or epididymal cysts with rates increasing to 2–8% in thoseover 50 years [5, 6]. Age-related changes and comorbidities cancomplicate the clinical presentation and delay diagnosis.In immunocompromised individuals, such as those with HIV/AIDSor receiving immunosuppressive therapy, CO may be associated with



opportunistic infections like orchitis or epididymo-orchitis.Immunocompromised status may also increase the risk of testicularabscess formation, which requires prompt surgical intervention.Diabetic men are at an increased risk of developing CO due toautonomic neuropathy and vascular dysfunction. Diabetic orchitis,epididymitis, and testicular infarction are more common in thispopulation.Access to healthcare and diagnostic resources can be limited in low-income settings, making evaluation and management more challenging.Delayed presentation is common, leading to increased risk ofcomplications.
Etiology	and	PathogenesisChronic orchialgia refers to persistent testicular or scrotal pain lastingat least three months. It mainly involves pain in the testicle, but can alsoaffect other areas like the epididymis, paratesticular structures, andspermatic cord [7]. Its causes can be broadly categorized as direct,which arises from testicular and paratesticular pathologies, andindirect, which arises from intra-abdominal pathologies.The somatic supply to the testes and scrotum originates from theL1–L2 and S2–S4 nerve roots through the iliohypogastric, ilioinguinal,genitofemoral, and pudendal nerves [8]. The testes are embryologicallyderived from the same level as the kidneys. As a result, they have 90%sympathetic autonomic innervation, originating from the T10–L1segments, and 90% parasympathetic innervation, originating from theS2–S4 segments. Superior spermatic nerves, composed of �ibers fromthe renal and intermesenteric plexuses, follow the testicular artery tothe testis. Middle spermatic nerves arise from the superior hypogastricplexus, pass to the mid-ureter, and travel alongside the vas deferens tothe internal ring, where they join the spermatic cord. Inferior spermaticnerves originate from the pelvic plexus (inferior hypogastric plexus)and join the middle spermatic nerves at the prostate-vesical junction.Some afferent and efferent �ibers decussate to the contralateral pelvic



plexus, which may explain how lesions in one testis affect the functionof the other testis [9].Chronic testicular pain often originates from the same causes asacute testicular discomfort. This includes torsion of the testicles,epididymitis, tumors, obstructions, varicocele, spermatocele,epididymal cysts, hydrocele, damage after hydrocele or hernia surgery,and post-vasectomy issues [7]. Scrotal pain may arise from intra-abdominal processes like ureteral calculi, inguinal hernia, abdominalvascular aneurysms, and retroperitoneal tumors. Symptoms like a newonset varicocele, inguinal bulge, abdominal bruit, or hematuria mayindicate retroperitoneal or pelvic pathology. Spinal pathology should beconsidered in patients with concurrent back pain or neurologicalsymptoms. Even though there are several potential causes of CO,around 25–50% of cases are idiopathic [8]. Psychological factorscontributing to genital pain should be considered in CO. In a study of 48men with no etiology, many showed signs of conditions likesomatization disorder, depression, and substance dependency, alongwith low social support [10].Parekattil and his colleagues retrospectively reviewed a prospectivestudy comparing the spermatic cord biopsies obtained in mappedfashion in 56 patients with CO at a total of 57 MicrosurgicalDenervation of the Spermatic Cord (MDSC) procedures. Similarsampling was done in 10 controls without CO undergoing electiveinguinal/cord surgery for other reasons, such as varicocele or testiculartumors. They found three primary locations (trifecta nerve complex)for signi�icant Wallerian degeneration (WD) in the CO group. Indecreasing order of nerve density, they were (1) cremasteric muscle�ibers (mean 19.1 nerves per patient with 33% to 67% WD), (2) peri-vasal tissues and vasal sheath (mean 9.4 nerves per patient with 63%WD), and (3) posterior peri-arterial/lipomatous tissue (mean 3.3nerves per patient with 35% WD). Another area of interest was thepericord (extra-cord) sheath and veins, with a mean of 2.4 nerves perpatient with 23% WD. They concluded that the spermatic cord has adistinct anatomical distribution of nerves, with a unique pattern of WD,



and targeting of these abnormal nerves may improve microsurgicalcord denervation ef�icacy in CO patients [11].Chronic orchialgia often begins after scrotal or testicular injury.This acute pain can cause nerve sensitization, leading to modulation ofnerve pathways and hypersensitivity. Wallerian degeneration, aheightened immune cell response, may cause in�lammationsurrounding nerves, leading to neural hypersensitivity [12]. Parekattiland his colleagues found increased nerve density in the spermatic cordof patients with CO, supporting this hypothesis [11]. Thishypersensitivity can result in allodynia or hyperalgesia, which canpersist even months after the injury has healed. However, where thereis no obvious trauma, the precise mechanism of WD activation remainsunclear. Pain from nearby organs sharing the same nerve pathway withthe scrotum can also contribute to chronic testicular pain. Additionally,CO might be part of a larger behavioral syndrome, starting with painand being reinforced by internal or external factors, providingsecondary bene�its to the patient [13].
Diagnosis	and	EvaluationDiagnosing CO relies on a thorough patient history to uncover possibletriggers and associated factors. Standardized tools like the ChronicEpididymal Pain Scale or Pain Disability Questionnaire can helpmeasure symptom severity objectively [3, 14]. Additionally, imagingsuch as ultrasound, MRI, or CT scans helps in identifying potentialstructural issues like lesions, torsion, in�lammation, or neoplasm [4,15].
Treatment	OptionsA multi-disciplinary approach to patients with CO is recommended.This may involve pain management specialists, psychiatrists, pelvic�loor physical therapists, primary care physicians, and urologists.Conservative treatments should be attempted before considering



invasive surgeries [16–18]. While there’s no set consensus ontreatment protocols, initial interventions typically focus on non-invasive methods. If these fail, referral to an urologist for procedural orsurgical options may be considered (Table 25.1).
Table	25.1 Treatment options
Treatment
approach

Details

Neural	blockade Local anesthetics (e.g., lidocaine, bupivacaine) or corticosteroids injected totemporarily relieve pain and aid in identifying the pain source
Cryoablation Ultrasound-guided targeted micro-cryoablation of spermatic cord nerves toinduce localized freezing and disrupt nociceptive signaling
Botulinum	toxin
injections

Injection of 100–300 units of botulinum toxin to induce temporaryparalysis of cremaster muscle and spermatic cord, relieving muscularspasm-associated pain
Amniotic	tissue
injections

Injection of cryopreserved amniotic membrane and �luid to promotenerve/tissue regeneration and reduce in�lammation
Pulsed
radiofrequency
ablation

Short bursts of high-frequency alternating current to modulate nociceptivenerve conduction and alleviate pain
Transcutaneous
electrical	nerve
stimulation

Low-voltage electrical current delivered through skin electrodes to inhibittransmission of pain signals
Varicocelectomy Surgical ligation or removal of dilated spermatic venous plexus in cases ofvaricocele-associated CO
Vasectomy
reversal

Reversal of vasectomy procedure may alleviate CO in some cases of post-vasectomy pain syndrome
Microsurgical
denervation	of
spermatic	cord

Open or robotic-assisted surgical denervation of spermatic cord, disruptingtesticular innervation from genitofemoral and ilioinguinal nerves; providesdurable pain relief in 70–90% of cases
Epididymectomy Surgical removal of the epididymis for isolated epididymal pathology likecysts or obstructive lesions
Orchidectomy Removal of the testis via inguinal or high scrotal approach, considered a lastresort for severe, intractable CO refractory to other treatments
Robotic	intra-
abdominal
denervation

Emerging surgical technique targeting proximal denervation of spermaticcord at its origin, potentially providing long-term analgesia whilepreserving the testis



Conservative	ManagementThe initial course of treatment involves dietary and lifestylerecommendations, which typically include avoiding chocolate, citrus,strong spices, caffeine, and constipation as well as extended periods ofsitting.Antibiotics prescribed are usually trimethoprim/sulfamethoxazoleor a quinolone because of their lipid solubility. They are typicallyprescribed for two to four weeks. Antibiotic therapy is notrecommended for empiric use, unless there are objective signs or areasonable suspicion of an infection [7].Non-steroidal anti-in�lammatory drugs (NSAIDs) are typically usedas the �irst line of pharmacological therapy. The mechanism of action ofNSAIDs is well established, as are their analgesic and anti-in�lammatoryproperties. Recurrence rates after successful NSAID use are as high as50%; however, easy availability and relatively lesser side effects makeNSAIDs the �irst choice of medications. Narcotic analgesics should beavoided except in cases of occasional breakthrough pain [19].Tricyclic antidepressants work by blocking the reuptake ofnorepinephrine and serotonin in the brain. Their analgesic effect isthought to be due to inhibition of sodium and L-type calcium channelblockers in the dorsal horn of the spinal cord. Tertiary amines in thisclass (amitriptyline and clomipramine) are more effective forneuropathic pain than secondary amines (desipramine andnortriptyline) but are also more sedating and more likely to beassociated with postural hypotension. They are usually given as a singledose at bedtime and will typically require at least two to four weeks toshow effectiveness, although it may take up to eight weeks [20].If tricyclic therapy is not successful, the next conservative therapyapproach would be to add an anticonvulsant such as gabapentin andpregabalin. These are recommended due to their proven ef�icacy inneuropathic pain and their relative lack of side effects. In a small study,over 60% of patients with idiopathic CO showed signi�icant pain relief.However, comprehensive large-scale studies are still needed to con�irmthese �indings [20].



Pelvic �loor physical therapy is useful for those with pelvic muscledysfunction or identi�iable myofascial trigger points. In properlyselected patients, about 50% have noted improvement in their painafter 12 sessions. It also appears that physical therapy can improvepain and quality of life (QOL) scores for CO patients even after othertreatments [21]. Nielsen and his colleagues found 85% reduction inorchialgia using trigger point dry needling after an average of 4.6sessions. They also noted improvements in pain and QOL scoressuggesting that dry needling could be an alternative treatment optionin combination with other therapies [22].
Minimal	Invasive	TreatmentMinimally invasive techniques like nerve blocks using local anesthetics(e.g., lidocaine, bupivacaine) or corticosteroids can help diagnose andtreat symptoms for certain patients. These blocks can temporarilyrelieve pain from a suspected source and also offer therapeutic bene�its[5, 14]. They can predict how patients might respond to surgicaltreatments for CO. Another option, ultrasound-guided cryoablation,freezes and destroys nerves in the spermatic cord to reduce painsignaling [6, 22].Botulinum toxin injections induce temporary paralysis of thecremaster muscle and spermatic cord to relieve muscular spasm-mediated pain. Typical doses range from 100 to 300 units [23]. A studyby Khambati et al. found that onabotulinumtoxinA (Botox) cord blocksprovide pain relief for men with Chronic Epididymitis Symptoms (CSP)for a three-month period. Up to 56% had sustained pain reduction andreduced tenderness even after three months. However, by six months,most men had returned to their baseline levels of pain and tenderness[24]. Dockrey et al. found no superiority of onabotulinumtoxinA pluslocal anesthesia for pain control in men with CSP. Botulinum may be aviable, minimally invasive treatment option for CSP patients, but mayrequire frequent retreatment due to the likelihood of recurrence of pain[25].



Pulsed radiofrequency (PRF) ablation or transcutaneous electricalnerve stimulation (TENS) is additional minimally invasive options formodulation of afferent neurotransmission. Pulsed radiofrequency usesshort bursts of high-frequency alternating current to modulatenociceptive signaling [26], providing a non-neurogenic, non-surgicaltreatment for various painful conditions. It alters pain signals throughbiological changes, reducing sensation in the affected area. Whilestudies on PRF are limited, most focus on nerves like the ilioinguinalnerve or genital branch of the genitofemoral nerve. In a double-blind,sham-controlled clinical trial, 80% of patients treated with PRFexperienced a 50% reduction in Visual Analogue Scale (VAS), pain scorecompared to 23.3% in the sham group [21, 27–29].Transcutaneous electrical nerve stimulation uses low-voltageelectrical current delivered through skin electrodes to inhibit painsignal transmission [1, 3]. A study by Tantawy et al. found that TENSreduced VAS pain scores and improved patients’ quality of life twomonths after the intervention, indicating its potential for pain relief[30].Vibratory treatment, a non-invasive method used for non-urologicalpainful conditions like �ibromyalgia, muscle pain, and diabeticneuropathy, has shown promising results in reducing daily pain andfrequency in 78% of patients using a battery-operated massage ball forfour weeks. However, further studies are needed to demonstrate theirclinical bene�its [31, 32].Amniotic tissue injections using cryopreserved amniotic membraneand �luid may promote regeneration of damaged nerves/tissues andblunt in�lammation via the tissue’s anti-in�lammatory properties [1, 2].
Surgical	ManagementWhen it comes to managing patients who do not respond to medicaltreatments, surgical intervention becomes a crucial consideration.Patient selection is crucial to the success of surgical treatment. Oneimportant criterion for surgical consideration is the patient’s response



to cord block. Those with 50% pain reduction are more likely to bene�itfrom surgical intervention [33].Varicoceles are present in 2–10% men with CO. Varicocelectomywith ligation or removal of dilated spermatic venous plexus may beindicated for CO arising from varicocele [5, 8]. Studies show that 72.4–94.3% of men experience either partial or complete pain reductionfollowing varicocele surgery [34–37].Vasectomy pain syndrome is a rare but common side effect ofvasectomies, characterized by acute post-procedural pain lasting overtwo to four weeks and CO [38, 39]. It can be triggered by sexual activity,ejaculation, or physical exercise. The exact cause is unknown, but it isbelieved to be caused by back pressure from congestion duringejaculation. Perineural �ibrosis, caused by �luid discharge into thecaudal epididymis, raises back pressure and causes pain. If conservativetreatments fail, MDSC may be recommended. Reversing a vasectomycan help treat post-vasectomy pain syndrome, which has shownsigni�icant pain relief rates. Nerve entrapment, post-operative scarring,persistent vasoconstriction, and neuropathic causes are the reasons forinadequate pain reduction after the procedure [40].Microsurgical Denervation of the Spermatic Cord is the mostextensively studied treatment option in CO. Excellent surgical outcomeshave made it the surgical procedure of choice for unresponsiveconservative therapies. Several studies indicate a success rate of 70–100% for MDSC, especially if patients have had a positive response to aspermatic cord block [41–45].The procedure is technically challenging, requiring an advancedmicroscope to identify the small veins, arteries, and lymphatic vessels.The basic principle involves separating the trifecta nerve complexwithin the spermatic cord, which denerves the testis fromhypersensitive nerves. This principle accounts for its consistently highsatisfaction rates. The procedure is usually done through an inguinalincision, and the spermatic cord is exposed and delivered out of thewound. The peri-vasal fascia is stripped, and a vasectomy is typicallyperformed if not previously performed. The procedure involves



denuding the spermatic cord including cremasteric muscles leavingbehind a bridge of internal spermatic artery, vein, and few lymphaticvessels.Microsurgical Denervation of the Spermatic Cord can lead tosurgical complications, including testicular atrophy, hydrocele, woundinfection, incisional hematoma, and in severe cases, testicular loss.Around 70–80% of men experience complete relief of symptoms, andanother 10–20% have partial pain relief after MDSC. While completepain relief may take up to three months, approximately 40% reportedcomplete pain relief immediately after the procedure.Epididymectomy is a potent surgical option for chronic painlocalized to the epididymis, such as from spermatocele or granuloma. Itis also effective in controlling post-vasectomy pain as an alternative tovasectomy reversals. West and his colleagues in their study showed that90% patients had a sustained improvement of their scrotal pain afterthree to eight years [46]. A separate study found signi�icantimprovements in pain scores in the post-vasectomy group, with 93.3%experiencing reduced or no pain compared to the non-vasectomy group[47, 48].In stubborn cases unresponsive to other interventions,orchidectomy involving removal of the testis via inguinal or high scrotalapproach may be required as a last resort, though it is associated withpsychological impacts [4, 15]. The inguinal approach has better resultsthan the scrotal approach. Patients should be informed and counseledaccordingly, as even this last-resort treatment may not be 100%effective in treating chronic pain and may cause hypogonadism [49].Emerging techniques like robotic intra-abdominal denervationtarget proximal denervation at the origin of the spermatic cord forpotential long-term analgesia while preserving the testis [1, 50]. Astudy by Calixte et al. found that targeted robotic-assisted intra-abdominal denervation (TRAAD) of the genitofemoral and inferiorhypogastric nerves proximal to the internal inguinal ring is a viabletreatment option for patients with chronic groin pain refractory toMDSC/targeted MDSC or orchiectomy for CO. The technique preserves



the ilioinguinal nerve and only ligates the genitofemoral and inferiorhypogastric nerve within the abdomen above the internal inguinal ring.Seventy-one percent of patients experienced signi�icant pain reduction,and 33% experienced complete relief. The study concluded that TRAADof the genitofemoral and inferior hypogastric nerves is a viabletreatment option for patients with chronic groin pain when MDSC ororchiectomy fails [51].
ConclusionChronic orchialgia presents a formidable challenge for both patientsand healthcare providers. As our understanding of the underlyingpathophysiology deepens, conservative and minimally invasivetreatment options continue to evolve. These advancements aim toalleviate pain and enhance patients’ quality of life.
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IntroductionProstatitis is a commonly encountered disease in urology clinics,characterized by lower urinary tract symptoms (LUTS) and pain in thepelvic region. It is often associated with symptoms suggestive of lowerurinary tract and sexual dysfunction, as well as negative cognitive,behavioral, or emotional outcomes [1]. According to the NationalInstitutes of Health (NIH) recommendations, prostatitis, which isclassi�ied into four separate groups, including Type I and Type IIprostatitis, is considered a clinical condition caused by bacterial
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pathogens [2]. Approximately 10% of cases of prostatitis, a commondiagnosis, are associated with proven bacterial infection.
Epidemiological	PrevalenceThe prevalence of prostatitis in population-based studies of men aged20 to 79 years ranges from 2.2% to 9.7%, with an estimated overallprevalence of approximately 8.2% [3]. Prostatitis accounts forapproximately 5% of outpatient visits and 8% of urologist visits amongmen aged 18 and older and 1% of primary care physician visits. In menexperiencing symptoms of prostatitis, bacteria have been found to bepositive in only about 10% of prostate �luid cultures [4]. Chronicbacterial prostatitis (CBP) can develop in approximately 10% of menwith acute bacterial prostatitis (ABP) [5, 6].
EtiologyProstatitis has long been considered a pathology associated withbacterial pathogens, but over the years, it has been categorized intodifferent subgroups, such as Type III CP/CPPS, which include similarsymptoms but lack a bacterial pathogen. The etiology and pathogenesisof the disease, classi�ied into four separate groups according to the NIH,have not yet been fully elucidated.
NIH	Category	I:	Acute	Bacterial	Prostatitis	(ABP)Escherichia coli is identi�ied as the primary causative agent of acutebacterial prostatitis. Other potential pathogens include Pseudomonasaeruginosa, Enterococcus, Proteus, Klebsiella, Enterobacter, andSerratia species. In sexually active individuals, Neisseria gonorrhoeaeand Chlamydia trachomatis should also be considered as possiblepathogens.
NIH	Category	II:	Chronic	Bacterial	Prostatitis	(CBP)CBP prevalence is very low, accounting for only 5–10% of all prostatitiscases. Pathogens responsible for this syndrome include both gram-positive and gram-negative bacteria, as well as pathogens causingcomplex urogenital system infections.



NIH	Category	III:	Chronic	Prostatitis	and	Chronic	Pelvic	Pain
Syndrome	(CP-CPPS)Due to the inability to demonstrate positive cultures and identify thecausative agent, the etiology of most CP/CPPS cases remains uncertain.In recent years, there has been an acceleration in research efforts in the�ield of molecular biology aimed at elucidating the etiology of thissyndrome.
NIH	Category	IV:	Asymptomatic	In�lammatory	ProstatitisStudies have shown that men with asymptomatic in�lammatoryprostatitis can have semen containing a large number of bacteria fromup to eight different organisms. The number of bacteria may be directlyproportional to the white blood cell count.
Risk	FactorsRisk factors for the development of prostatitis generally includeprostatic infections resulting from ascending urinary tract infections.Microorganisms typically reach the prostate through ascending routesfrom the urethra, re�lux of infected urine into prostatic ducts, direct orlymphatic spread of bacteria from the rectum, and hematogenousdissemination. Chronic prostatitis, classi�ied under NIH Category III,comprises the largest and most complex group of patients withprostatitis, also posing the greatest challenge for treatment. It is asyndrome where a uropathogenic agent cannot be demonstrated usingstandard microbiological methods, forming a complex patient group forwhich etiology remains incompletely understood as research continues.
PathophysiologyProstatitis has long been considered a pathology associated withbacterial pathogens, but over the years, it has been categorized intodifferent subgroups, such as Type III CP/CPPS, which include similarsymptoms but lack a bacterial pathogen. The etiology and pathogenesisof the disease, classi�ied into four separate groups according to the NIH,



have not yet been fully elucidated. In this context, the etiopathogenesiswill be evaluated in subgroups according to the NIH classi�ication.
NIH	Category	I:	Acute	Bacterial	Prostatitis	(ABP)Acute bacterial prostatitis is primarily caused by Escherichia coli. Otherpotential pathogens include Pseudomonas aeruginosa, Enterococcus,Proteus, Klebsiella, Enterobacter, and Serratia species. In sexually activeindividuals, Neisseria gonorrhoeae and Chlamydia trachomatis shouldalso be considered as possible pathogens. Cryptococcus, Salmonella,and Candida species are possible causes in individuals with humanimmunode�iciency. In particular, infections that develop aftertransurethral procedures are mostly due to Pseudomonas species [7].These species have a high resistance rate to carbapenems andcephalosporins. Postoperative infections can occur after transrectalprostate biopsies. A decrease in the rate of postoperative prostatitis hasbeen observed due to perioperative antibiotics. However, the rate ofprostatitis induced by �luoroquinolone-resistant pathogens and broad-spectrum beta-lactamase-producing E. coli has signi�icantly increased[8].Due to its acute clinical presentation, ABP is an acute in�lammatorycondition of the prostate, which is easier to diagnose and treatcompared to other categories. ABP presents with sudden onset ofmoderate to high fever, weakness, chills, lower urinary tract symptoms,and most importantly, perineal prostatic pain. Arthralgia and myalgiaare often present. On digital rectal examination, the prostate isedematous, �irm, warm, and tender to palpation. The prostate isindurated and enlarged. The most serious complication of ABP isbacteremia and sepsis. Acute urinary retention may develop. A rarecomplication of ABP is prostatic abscess. Prostatic abscess typicallyoccurs in immunocompromised patients. It can be caused by variousbacteria, primarily Escherichia coli (70%), as well as Pseudomonas andother coliform bacteria. While Staphylococcus aureus can cause abscessformation by hematogenous spread to the prostate, anaerobic bacteriacan rarely lead to abscess formation. Transurethral resection or



drainage under radiological guidance can be performed for thetreatment of these abscesses [9].
NIH	Category	II:	Chronic	Bacterial	Prostatitis	(CBP)Patients in this category have recurrent urinary tract infections causedby a localized bacterial agent demonstrated by prostatic in�lammationand localization testing. Unlike ABP, systemic symptoms are not presentin this group. Localized symptoms described under ABP are present.The prostate may be normal on digital rectal examination or irregularinduration may be palpated. Sometimes crepitation can be obtained.CBP prevalence is very low, accounting for only 5–10% of allprostatitis cases. Pathogens responsible for this syndrome include bothgram-positive and gram-negative bacteria, as well as pathogens causingcomplex urogenital system infections. Many animal studies have shownthe formation of a bio�ilm layer in the prostatic acini in cases of chronicinfection. This bio�ilm helps create suitable growth conditions forpathogens, which prolongs and supports this pathogenic condition[10]. Neisseria gonorrheae and Chlamydia trachomatis, as sexuallytransmitted diseases, along with Staphylococcus aureus, Trichomonasvaginalis, Klebsiella pneumoniae, Ureaplasma urealyticum, Mycoplasmahominis, Proteus mirabilis, Serratia marcescens, and Enterobactercloacae, are among the possible pathogens [10, 11].
NIH	Category	III:	Chronic	Prostatitis	and	Chronic	Pelvic
Pain	Syndrome	(CP-CPPS)This group constitutes the largest and most complex group of patientswith prostatitis, including most prostatitis patients, and is also the mostchallenging to treat. CP-CPPS is characterized by prostatic pain andaccompanying lower urinary tract symptoms, and it is a syndromewhere a uropathogenic agent cannot be demonstrated using standardmicrobiological methods [12]. Due to the inability to demonstratepositive cultures and identify the causative agent, the etiology of mostCP/CPPS cases remains uncertain. In recent years, there has been anacceleration in research efforts in the �ield of molecular biology aimed



at elucidating the etiology of this syndrome. Studies suggest thatCP/CPPS may be associated with infections (bacterial andviral pathogens, including Chlamydia, cytomegalovirus, and herpessimplex virus), as well as with uric acid levels, in�lammation,autoimmunity, or neuromuscular mechanisms [13]. Some researchstudies suggest that CP/CPPS may be due to hidden prostatic bacterialinfections [14]. It is also crucial to consider psychological factors as acontributing factor to the etiology of Type III prostatitis. Therefore,psychotherapy and behavioral support are recommended to bene�itpatients [15]. Since there are no de�initive and accurate diagnostic testsfor evaluating CP/CPPS patients, it is often challenging to proposetherapeutic regimens for the treatment of this syndrome. CP/CPPS canbe triggered by multiple factors. Studies suggest that intraprostaticre�lux leads to chemical damage triggering an immune response, whichmay be a potential starting mechanism for chronic in�lammation, andhyperalgesia develops in periprostatic nerve cells [16]. Furthermore,studies suggest that individual genetic characteristics and painthresholds may be associated, and damage to antinociceptive pathwaysdue to de�iciencies in the norepinephrine pathway (such as patientswith chronic �ibromyalgia) may also be a contributing factor [16].Prostate massage secretion (EPS) and urine samples taken afterprostate massage (VB3) are divided into two subgroups based on thepresence or absence of white blood cells (WBCs), in�lammatory andnon-in�lammatory. The predominant symptom in patients with chronicpelvic pain syndrome is usually localized pain in the perineum,suprapubic area, and penis. This pain can also be present in thetesticles, inguinal area, and hips. A history of pain associated withejaculation is often obtained [17]. Additionally, lower urinary tractsymptoms may be present. Symptoms tend to �luctuate over time.Due to the diverse and varied complaints of patients in this group,the Chronic Prostatitis Collaborative Research Network (CPCRN) hasde�ined a symptom index to investigate the impact of these complaintson patients’ quality of life. This index is called the NIH-ChronicProstatitis Symptom Index (NIH-CPSI) [18]. This index consists of 13



items grouped into three main scoring categories: Pain, UrinarySymptoms, and Quality of Life. In the clinical evaluation of a patientwith CP-CPPS, along with NIH-CPSI, the Meares–Stamey test,uro�lowmetry or postvoid residual urine measurement, and cytologicalevaluation of urine are recommended.Patients in Category III are divided into two separate subgroups:in�lammatory (IIIa) and non-in�lammatory (IIIb). This differentiation isbased on the �indings of white blood cells in EPS, VB3, and seminal �luidsamples. While the NIH system makes this distinction based on whiteblood cells, it has not de�ined a speci�ic number for diagnosis. In thetraditional system, the presence of 10 white blood cells in each high-power �ield suggests prostatic in�lammation [19].
NIH	Category	IV:	Asymptomatic	In�lammatory	ProstatitisThis condition is characterized by a signi�icant presence of leukocytesand/or bacteria in prostatic specimens (EPS, semen, tissue biopsy)without typical symptoms. Patients are usually investigated due tobenign prostatic hyperplasia (BPH) and high PSA levels, andin�lammation is diagnosed during the examination of EPS. There is noconsensus on its clinical signi�icance. In cases like these, antimicrobialtherapy should be initiated before procedures such as cystoscopy,prostate biopsy, and transurethral resection [20].
Clinical	PhenotypingChronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) ischaracterized by a complex clinical presentation involving a range ofsymptoms, including urinary complaints, pelvic pain, sexualdysfunction, and psychiatric issues. Unlike acute bacterial prostatitis,where patients exhibit similar symptoms and respond uniformly totreatment, CP/CPPS presents a signi�icant challenge due to itsheterogeneity. Recent insights underscore that individuals withCP/CPPS constitute a diverse group with distinct etiologicalmechanisms, necessitating personalized therapeutic approaches.



UPOINT	Clinical	PhenotypingIn response to this complexity, a practical clinical phenotyping systemknown as UPOINT (Urinary, Psychosocial, Organ-speci�ic, Infection,Neurologic/Systemic, and Tenderness) has been proposed [21]. Derivedfrom the work of Shoskes, this six-point classi�ication system aids incategorizing patients with urologic chronic pelvic pain syndrome(UCPPS) into domains based on speci�ic clinical manifestations. Thedomains include urinary (U), psychosocial (P), organ-speci�ic (O),infection (I), neurological (N), and muscle tension/tenderness (T).Recent modi�ications to the UPOINT system have suggested theaddition of an “S” domain, addressing sexual dysfunction. This addition,termed UPOINTs, re�lects the recognition of the signi�icant impact ofCP/CPPS on sexual function, providing a more comprehensive approachto patient assessment [22]. The strength of the UPOINT system lies inits ability to quickly categorize patients into one or more domains,facilitating the design of individually tailored therapeutic plans whichwill be discussed later in this chapter.Patients with the “Urinary” phenotype complain of LUTS, includingbothersome nocturia, daytime frequency, or urinary urgency. They mayhave an NIH-CPSI urinary score > 4 and may experience incompleteemptying of the bladder. The “Urinary” domain is often among the mostcommonly positive domains in men with CPPS, ranging from 60–72%of CPPS populations [21, 23]. A postvoid bladder scan should beobtained in these patients to evaluate elevated residual urine or urinaryretention.Patients in the “Psychosocial” domain often have depression ordepressive symptoms, anxiety, stress, and poor coping/adjustmentmechanisms [21, 24]. Patients may also catastrophize, characterized bya sense of helplessness and hopelessness about the condition andrumination about their symptoms. Patients with CP/CPPS have a highprevalence of psychological issues and may have a history of sexual orother physical abuse, which is associated with poorer quality of life.The “Organ-speci�ic” patients have complaints that implicate theprostate and/or bladder as symptom drivers [21]. Prostate-related



symptoms can include prostate tenderness to palpation, white bloodcells in EPS, hematospermia, and prostate calci�ications. Bladder-related symptoms can include pain with bladder �illing that improveswith voiding and Hunners’ lesions seen on cystoscopy. These symptomssuggest a diagnosis of interstitial cystitis/bladder pain syndrome.Patients with CP/CPPS are often prescribed empiric antibiotics,which are rarely effective at improving symptoms. The “Infection”domain refers to instances where patients have uropathogenic bacteriain urine, EPS, or the urethra without meeting criteria for UTI orCategory I or II prostatitis. Mycoplasma and Ureaplasma may be suchpathogens present that are not commonly tested [21, 25].The “Neurological/systemic” patients can be characterized by painoutside the lower abdomen, genitals, and pelvis, �ibromyalgia, chronicfatigue syndrome, irritable bowel syndrome, and/or other systemicpain complaints [21, 26].Lastly, patients in the “Tenderness” domain have spasm, tenderness,and/or trigger points of the pelvis or abdominal muscles diagnosed onDRE and genital and abdominal examinations. [21].
DiagnosisChronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) lacksde�initive gold standard tests for diagnosis. Evaluation begins with ameticulous physical examination and a thorough review of medicalhistory to identify symptoms associated with prostatitis. To achieve acomprehensive assessment, obtaining a complete list of otherconcurrent health issues is also advised [27].
Diagnosis	CriteriaFor the evaluation of CP/CPPS, the use of standardized questionnairesand forms can be bene�icial. Presently, the National Institutes of Health(NIH) Chronic Prostatitis Symptom Index (NIH-CPSI) is widelyemployed for assessing chronic prostatitis symptoms. Thisquestionnaire, consisting of nine sections providing information on



urinary symptoms, pain, and quality of life, allows for independent orsummarized scoring to analyze three speci�ic domains. The symptomindex is utilized to monitor changes in the disease process [18].Alongside NIH-CPSI, the Meares-Stamey test, uro�lowmetry, postvoidresidual urine measurement, and cytological evaluation of urine arerecommended.
Diagnostic	Approach	and	ModalityNumerous studies have indicated that CP/CPPS patients often exhibitpsychosocial symptoms and depression. Consequently, it is crucial toidentify these symptoms alongside physical symptoms, emphasizingthe recommendation for psychological counseling for CP/CPPS patients[28].The NIH consensus panel suggests additional tests for theassessment of CP/CPPS. Patients with incomplete bladder emptyingshould be evaluated for postvoid residual urine. Assessment of urineretention is bene�icial in cases of recurrent urinary tract infections andstorage symptoms. Evaluation of urinary �low rates can providevaluable information about overall voiding status. A decrease inmaximum �low rate may indicate reduced detrusor contractility orobstruction at the bladder outlet. Urine cytology can identify possibleurological epithelial malignancies that may cause obstructive orirritative voiding symptoms [29].Many research studies propose the performance of a quantitativeprostatic localization study known as the Meares-Stamey four-glasstest. However, due to its time-consuming nature, a study by Nickel et al.introduced a simpler screening test named the two-glass test. In acomparative study evaluating the two-glass test against the four-glasstest in the initial assessment of men diagnosed with CP/CPPS, bothtests yielded similar results [30].For patients experiencing localized urethral or penile pain, dysuriasymptoms, or those with a history of sexually transmitted diseases orunprotected sexual intercourse, obtaining urethral swabs isrecommended [31].



Urodynamic studies should be conducted in patients predominantlypresenting with voiding symptoms. The results of this study offervaluable information to support the assessment of postvoid residualurine and urinary �low. Urodynamics or video urodynamics can assist indetecting any obstruction and sphincter dyssynergia. Unlike prostatitis,these disorders can be treated with various therapeutic options,addressing the lower urinary system and pelvic pain symptomsexperienced by patients [29].Cystoscopy can also be utilized as a helpful tool for evaluatingpatients with CP/CPPS or as an additional method to assessurodynamic studies. Cystoscopy is recommended in patients with ahistory of hematuria or abnormal cytology. Additionally, in patientswith irritative or obstructive symptoms, cystoscopy can be a valuablediagnostic method for assessing potential malignancy [31].Imaging studies using Doppler ultrasonography have observedincreased blood �low to the prostate in patients suffering fromCP/CPPS. Abnormalities in the ejaculatory duct and seminal vesicle canbe determined using transrectal ultrasonography (TRUS). This imagingtechnique can be useful in evaluating patients with hematospermia orejaculation pain [10].Serum PSA and CP/CPPS: Monitoring serum prostate-speci�icantigen (PSA) levels should not be considered a useful or reliablediagnostic tool for evaluating CP/CPPS patients. If S-PSA levels increasein men with CP/CPPS symptoms, assessment for chronic bacterialprostatitis (CBP) and prostate malignancy is recommended [32].
Differential	Diagnosis
NIH	Category	I:	Acute	Bacterial	Prostatitis	(ABP)Physical Examination: Acute bacterial prostatitis can be diagnosedthrough a physical examination. A comprehensive examination of thegenital area, abdomen, perineum, and prostate should be conductedduring the initial visit. Due to the potential pain and risk of bacteremia,the massage or localization examination of an acutely infected prostateis contraindicated.



Urinalysis and Culture: In cases of acute bacterial prostatitis,performing urinalysis and culture is crucial. A midstream urine cultureshould be obtained and analyzed for the presence of white blood cells.If the leukocyte count is greater than 10 per �ield, the diagnosis will bepositive. In patients with compatible symptoms of a palpable bladder ordischarge, an evaluation for residual urine should be conducted.Imaging: Imaging studies are not routinely preferred during theinitial evaluation. However, before initiating initial treatment,computed tomography scanning or transrectal prostateultrasonography (TRUS) may be bene�icial in determining prostaticabscess/pathology. For ABP patients with obstructive symptoms orpost-micturition residual urine, bladder scanning or pelvic ultrasoundis recommended [10, 33].Serum PSA: Elevated prostate-speci�ic antigen (PSA) levelsassociated with acute bacterial prostatitis can lead to confusion andanxiety in patients. Therefore, routine screening with PSA is notrecommended for ABP patients [32].
NIH	Category	II:	Chronic	Bacterial	Prostatitis	(CBP)Physical Examination: A physical examination should be conductedduring the evaluation of chronic bacterial prostatitis. The examinationshould encompass the external genital area, pelvic �loor, prostate,abdomen, and perineum.4-Glass or 2-Glass Test: This method is still considered the “goldstandard” for localizing prostatic infection. It is an accurate and simplemethod for screening bacteria. Aseptic technique should be used forsampling. Prostate secretions can be obtained by systematicallymassaging each lobe of the prostate [30].Semen Cultures: Studies in the literature indicate that semen hashigher sensitivity than expressed prostatic secretion (EPS) fordiagnosing CBP. Therefore, semen analysis is recommended [34].Transrectal Ultrasonography of the Prostate: TRUS is consideredoptional but not mandatory, as it provides information only about the



structure of the prostate and does not reveal information about speci�iccategories of prostatitis [10].Urodynamic Examination: Urodynamic examination cannot bereliably used as a diagnostic test for prostatitis. However, it can behelpful in demonstrating bladder problems or obstruction [29].
NIH	Category	IV:	Asymptomatic	In�lammatory	ProstatitisAsymptomatic in�lammatory prostatitis is most commonly diagnosedincidentally after a prostate biopsy or spermogram test. Evaluation ofpatients with asymptomatic in�lammatory prostatitis can be performedusing the prostate-speci�ic antigen (PSA) test, which is the mostcommonly used diagnostic tool. Additionally, diagnoses can be madethrough tests such as semen analysis, prostate tissue, or expressedprostatic secretion (EPS) tests that provide information aboutin�lammation in the absence of symptoms 10, 32].
TreatmentThe multifactorial nature of CP/CPPS results in the absence of the goldstandard of treatment. Holistic and multimodal therapy that covers thebiopsychosocial aspects is generally preferred over monotherapy toalleviate the symptoms and improve the quality of life in patients withCP/CPPS [35]. Moreover, several meta-analyses have shown thatmonotherapies rarely result in clinically signi�icant NIH-CPSI scorereduction (>6) and limited long-term outcomes. The currentmanagement options for CP/CPPS are variable, ranging frompharmacological to non-pharmacological modalities. Previously, acombination of medical treatments, particularly the Triple As (αblockers, antibiotics, and anti-in�lammatory), was often prescribed forCP/CPPS [35–37]. However, with the advancements in medical scienceand technology, several novel therapies emerged and were investigated,expanding the range of treatment options available for tailoredapproaches to each CP/CPPS case.
Pharmacological	Treatment



The most commonly used �irst-line treatment options for CP/CPPS areantibiotics, analgesics/anti-in�lammatory, with additional α blockers ifthere are obstructive symptoms of LUTS. Alpha-blockers can relieve thesymptoms of LUTS by inhibiting type 1 alpha-adrenergic receptors,thus preventing smooth muscle contractions in the ureter, prostate, andbladder. This agent, speci�ically alfuzosin, was also found to have ananti-in�lammatory effect in neurogenic in�lammation [38].Compared to other medications, α blockers are the most extensivelystudied. Based on a pooled analysis of 18 articles, α blockers couldreduce the total NIH-CPSI score up to 5.01 (95% CI: −7.41 to −2.61) atshort-term follow-up with tamsulosin as the one showing the biggestimprovement (−5.89 decrease of CPSI score) [1]. In long-term follow-up, the improvement of NIH-CPSI score with α blockers was 5.60 (95%CI -10.89 to −0.32) based on only four studies. Nevertheless, theadverse events, such as dizziness and postural hypotension, seemed tobe higher compared to the placebo, with a risk ratio of 1.60 (95% CI:1.09 to 2.34). Due to the low quality of studies, the overall effect of αblockers for CP/CPPS is uncertain. In spite of that, the Prostatitis ExpertReference Group in 2015 suggested that CP/CPPS patients whoexperience substantial voiding LUTS may consider using α blockers,especially the uroselective ones such as tamsulosin, to minimize therisk of adverse effects [39]. It may be used for 4–6 weeks beforeconsidering other treatments. Similarly, the European Association ofUrology (EAU) guidelines for chronic pelvic pain in 2024 also stronglyrecommend α blockers for patients with a duration of primary prostatepain syndrome (PPPS) of less than 12 months [40].For antibiotics, in the case of chronic bacterial prostatitis (CBP),�luoroquinolone can generally be given as the �irst-line treatment. Ifintracellular bacteria are known to cause CBP, then macrolide ortetracycline can be given. Metronidazole is considered in the case ofCBP due to Trichomonas	 vaginalis [41]. Similar to α blockers, in vitrostudies showed that certain antibiotics (levo�loxacin and cipro�loxacin)also have anti-in�lammatory effects. Based on a meta-analysis of only 5studies, the use of antibiotics, speci�ically quinolone, improves CP/CPPS



symptoms with the improvement of NIH-CPSI score of −2.43 (95% CI−4.72 to −0.15) without additional risk of adverse events [1]. Alpha-blockers as adjunctive treatment to antibiotics did not result in anydifferences compared to antibiotics alone, at least for the �irst 6 weeks[42]. The EAU guidelines in 2024 continue to recommend the use of�luoroquinolone or tetracycline for a minimum of 6 weeks forindividuals who have not received prior treatment and haveexperienced PPPS for less than 12 months [40]. Nevertheless, therepeated use of antibiotics is discouraged if there is no proof ofinfectious cause based on cultures and no signi�icant symptomimprovement by controlling infection.Anti-in�lammatories are the last “A” in Triple As a medication forCP/CPPS, which includes but is not limited to non-steroidal anti-in�lammatory drugs (NSAIDs), corticosteroids, ibuprofen, and a musclerelaxant. Based on the pooled analysis of 585 participants in sevenstudies, anti-in�lammatories had a small impact on total NIH-CPSIscores with a mean difference (MD) of −2.50 (95% CI −3.74 to −1.26)and no increased risk of adverse effects [1]. Similar results with MD of−2.56 (95% CI −4.50 to −0.62) were found in a pooled analysis of �ivestudies that analyzed the ef�icacy of NSAIDs compared to placebo. Dueto the limited quality of research and a small patient sample size, theEAU recommendations only provide a weak recommendation for theuse of NSAIDs in treating PPPS [40]. Clinicians should also take intoaccount the potential long-term impact of NSAIDs. Generally, NSAIDsuse should be halted if there is no improvement in symptoms after 4–6 weeks of treatment initiation [39].The other way to improve LUTS in CP/CPPS patients is to use 5-alpha reductase inhibitors (5-ARIs). These can regress the prostaticepithelium and suppress the angiogenesis in prostatic glands todecrease in�lammation. However, the clinical studies are limited andunderpowered, resulting in con�licting results of their ef�icacy. In arandomized trial of 64 participants, �inasteride resulted in a non-signi�icant improvement in the NIH-CPSI compared to placebo at MD of4.60 but without any association to increased adverse events [43]. In



the other study by Kaplan et al., a signi�icant reduction of NIH-CPSIscores was found in the �inasteride group but not in the saw palmetto(Serenoa repens) group [44]. Due to the limited evidence, 5-ARIscannot be routinely recommended in CP/CPPS cases but may beconsidered in a selected cases, if there is a concomitant benignprostatic enlargement.Phytotherapy, such as quercetin, pollen extract, cranberry juice,calendula and curcuma, pumpkin seed oil, terpene mixture, cernilton,eviprostat, saw palmetto extract, and multi-ingredient herbalformulations, is one of the emerging alternative therapies for CP/CPPS,especially due to the lack of proven ef�icacy of conventional therapies[45]. A meta-analysis of �ive studies found its possible ef�icacy to reduceprostatitis symptoms compared to placebo (MD −5.02; 95% CI −6.81 to−3.23) but without any improvement in sexual dysfunction [1].Furthermore, the network meta-analysis demonstrated a favorableef�icacy (Risk ratio [RR]: 1.6, 95% CI 1.1 to 2.3) for phytotherapy [46].The majority of phytotherapy has anti-in�lammatory and analgesiceffects as a mechanism to improve prostatitis symptoms. As it isgenerally well-tolerated, phytotherapy can serve as a promisingtreatment as monotherapy or adjunctive treatment. However, morewell-conducted research should be done before any speci�icrecommendations about phytotherapy for CP/CPPS can be made.Another pharmacological agent that can be offered for PPPS basedon a weak recommendation from the EAU guidelines is pentosanpolysulfate (PPS), a semi-synthetic drug from beech-woodhemicellulose. One clinical study found that the use of 300 mg of PPSorally three times a day for 16 weeks could signi�icantly improveoverall symptoms and QoL, with greater improvement compared toplacebo in terms of QoL (22% vs 12%, p = 0.031) [47]. However, ameta-analysis of two studies of moderate to low quality only found aprobable little to no impact of pentosane on prostatitis symptoms andadverse events [1]. The other therapies that have been investigated forCP/CPPS are allopurinol, traditional Chinese medicine, anticholinergic,antidepressants, phosphodiesterase-5 inhibitor, pregabalin (anti-



epileptic that is approved for neuropathic pain), mepartricin (acompound known to decrease estrogen levels in the prostate),tanezumab (monoclonal antibody), and za�irlukast (leukotrieneantagonist) [1]. However, the evidence of these agents is limited and,therefore, should be used in case of any indication according to thephenotypic pro�ile of CP.In a recent network meta-analysis published in 2022, a combinationof anti-in�lammatories (ibuprofen and thiocolchicoside—a musclerelaxant) with doxazosin was more effective than placebo (MD −4.80,95% CI −9.20 to −0.40) [48]. In further Bayesian rank analysis, thecombination of ibuprofen, thiocolchicoside, and doxazosin ranked �irstto improve total NIH-CPSI analysis, while the combination oftamsulosin and levo�loxacin was found to be the most effective in termsof ranking �irst for both NIH—CPSI pain and urinary scores. However,despite the effectiveness of combining oral therapy, there was nosigni�icant statistical distinction between using a single therapy andusing a combination of therapies, in general. Furthermore, the majorityof trials exhibited a high risk of incomplete outcome data bias.Therefore, the authors have concluded that there is insuf�icientevidence to substantiate the ef�icacy of oral pharmacologicaltreatments for CP/CPPS.A more invasive pharmacological agent, intraprostatic injection ofbotulinum toxin A (BTA) and pelvic �loor muscle BTA injections havebeen investigated in two trials. Theoretically, BTA will inhibit therelease of the neurotransmitter acetylcholine from nerve ends, whichconsequently leads to muscular relaxation and pain reduction. Theintraprostatic BTA injection was found to be well-tolerated and cansigni�icantly improve prostatitis symptoms with MD of −25.80 (95% CI−30.15 to −21.45) compared to placebo [49]. Signi�icant improvementswere seen in pain, urinary, and QoL domains. While the potentialadvantages of intraprostatic BTA injections appear promising, theexisting evidence is insuf�icient to make any de�initiverecommendations regarding the use of BTA for treating CP/CPPS [50].On the other hand, pelvic �loor muscle BTA injections failed to show any



ef�icacy for CP/CPPS based on NIH-CPSI score when compared toinjection of normal saline [51].
Non-pharmacological	Treatment
Lifestyle	Modi�icationBased on the risk factors of CP/CPPS available in the literature, 13recommendations in diet, sexual, and lifestyle habits were developed[52]. The recommendations included the following:1. Abstain from consuming any form of alcoholic beverages.  2. Refrain from consuming spicy foods, including pepper, chili, andcoffee.  3. Adhere to a proper diet that consists of 50% carbohydrates, 30%fats, and 20% proteins on a daily basis.  4. Enhance your consumption of fruits, vegetables, and foodsabundant in natural �ibers.  5. Refrain from having two ejaculations within a single day.  6. Avoid engaging in a period of sexual abstinence that exceeds4 days.  7. Avoid attempting to delay the ejaculation during both sexualintercourse and masturbation.  8. Avoid using interrupted coitus as a form of contraception.  9. Walk and engage in relaxing physical activities.  10. Avoid sedentary activities and sitting for extended periods oftime. Utilize a donut-shaped cushion when sitting for an extendedperiod of time.  
11. Avoid engaging in sports that may cause harm to your prostate,



such as bicycling, motorcycling, and horse riding.  12. Avoid wearing constricting underpants or trousers.  13.
Engage in regular hot baths or bidets to relax and release themuscles in the pelvic area.

 
In a study that included 100 participants, the group of patients whohad a lifestyle modi�ication for 3 months had a signi�icant reduction intotal NIH-CPSI score from 22.1 to 8.1, while the reduction in the controlgroup was only at 4.3 [52]. Despite this, the quality of the study was�lawed, with a high risk of bias in selection, detection, and performance,missing outcome data, and suspected selective outcome reporting,resulting in the uncertainty of ef�icacy. Moreover, no data exist in termsof adverse effects, sexual concern, QoL, and depression/anxiety. As aresult, there is currently no universally accepted recommendation formaking lifestyle changes in males with CP/CPPS.

Physical	ActivityPhysical activity is used in many chronic disease entities to improveQoL, decrease anxiety and stress, and improve overall health function.For CP/CPPS, physical activity was thought to help by improvements inpain sensitivity and changes in immune, neuroendocrine, andautonomic function. In a study of 85 subjects, physical activitysigni�icantly improved the total NIH-CPSI score, especially the pain andQoL domain, but not for the urinary symptoms score [53]. The studywas not blinded and had a high risk of performance and attrition bias.Based on current evidence, the impact of physical activity on managingCP/CPPS is limited.
Prostate	MassageThe exact mechanism of prostate massage for treating CP/CPPS is notyet fully understood. Aside from relieving muscle spasms, improving



blood �low, and disrupting bio�ilm, it was once considered to expelin�lammatory cells and �luid from the obstructed acini in the gland and,therefore, reduce prostate in�lammation and congestion. In a study of81 patients with CP, it was found that additional prostatic massage didnot signi�icantly improve the response of participants to antibioticsbased on NIH-CPSI scores at 4 weeks follow-up [54]. Another study byShen et al. investigated traditional Chinese medicine with or without aprostate massage to 72 participants and found that the combinationgroup had lower scores for pain, urinary, and QoL domains [55].Nevertheless, these studies also had very low quality due to bias. Norecommendations about prostate messages are currently available.Therefore, it should only be used con�ined to clinical trial settings.
AcupunctureAcupuncture is the emerging and most promising non-pharmacologicaltherapy for CP/CPPS. It is now widely used globally for many chronicdiseases including CP/CPPS. In the TCM philosophy, acupunctureaugments pain perception and improves neuromuscular dysfunction byregulating and redistributing neurovascular �low (Qi) and energy �lowthrough the meridians [56]. Another possible explanation is thatacupuncture can promote tissue repair, modulate pain re�lex arcs, andrelease neuropeptides and local endorphins to reduce local pain.Several studies have also demonstrated that acupuncture exhibits anti-in�lammatory and immune-modulating effects [56].There are a number of methods in acupuncture that have beendeveloped, including manual to electronic acupuncture. A meta-analysisof ten high-quality trials involving 798 participants examined theeffects of various acupuncture techniques, including scalp acupuncture,acupoint injection, electric acupuncture, acupuncture, and Tiaoshenacupuncture, on patients with chronic prostatitis/chronic pelvic painsyndrome (CP/CPPS) [57]. The analysis revealed that acupuncturedemonstrated superior outcomes in terms of pain score, NIH-CPSIscore, quality of life score, urinary symptoms, and ef�icacy rate whencompared to sham treatment or Western medicine. The adverse effect



of acupuncture was limited to a minor hematoma and transientsoreness. With the current evidence, the EAU guidelines stronglyrecommend the use of acupuncture for PPPS. A recent study found thatacupuncture may be more effective in treating CP/CPPS in patients wholead an active lifestyle, do not smoke, have no other health conditions,and experience severe symptoms [58]. More research on the long-termef�icacy of acupuncture is warranted.
Extracorporeal	Shockwave	Therapy	(ESWT)Extracorporeal shockwave therapy (ESWT) is a low-intensity energythat has been used widely in urology and other �ields of medicine. Inthe case of CP/CPPS, it has the potential to alleviate pain and othersymptoms by various means, including nociceptor hyperstimulation,passive muscle tone reduction, increased nitric oxide synthesis, localangiogenesis, and interruption of pain nerve impulses [59]. ESWT canalso change the threshold of pain by disrupting pain memories andremodeling neuroplasticity.A recent meta-analysis of 651 patients from 12 randomized trialsfound that the Li-ESWT group had signi�icantly lower total NIH-CPSIscores, pain domain scores, and QoL scores compared to baseline andthe control group at the end of treatment, as well as at 1, 4, 12, and24 weeks after treatment [60]. The reductions in these scores weremore long-lasting and signi�icant when Li-ESWT was paired withpharmacological treatment, compared to when Li-ESWT was used asmonotherapy. Aside from that, erectile function and LUTS symptomswere also improved for at least 12 weeks after treatment based on theVAS score, IIEF score, and IPSS score, respectively. The improvement inIIEF score was postulated due to secondary effect from reduced painand during transperineal ESWT application, and some energy istransmitted to the crura of the corpora cavernosa leading to furtherimprovement of erectile function [59]. In terms of safety, no serious AEswere reported in any trials [60]..Despite the several positive impacts of ESWT proven in trials, theideal protocol, ideal population, and cost-bene�it analysis are unknown.



Therefore, the EAU guidelines do not give any explicitrecommendations on the use of ESWT for CP/CPPS. Lack of familiaritywith ESWT beyond its use in treating ED among urologists also resultsin their hesitancy to recommend ESWT as a viable therapy option forCP/CPPS [60]. Prior to its general use in clinical practice, it is necessaryto conduct a comprehensive study with a longer duration of follow-upto validate the effectiveness of ESWT.
Rehabilitation	and	Other	Physical	TreatmentSeveral other physiotherapy modalities are believed to be bene�icial forCP/CPPS. The treatments mentioned are transrectal thermotherapy,transurethral thermotherapy, tibial nerve stimulation biofeedback,electromagnetic chair, sono-electromagnetic therapy, externalradiofrequency hyperthermia, laser therapy, myofascial trigger pointrelease therapy, osteopathy, tibial nerve stimulation, andtranscutaneous electrical nerve stimulation [61]. Although the trial mayhave reported a favorable outcome, the effectiveness of these methodsremains unknown, mostly due to the low quality and limited number ofparticipants involved in the clinical investigation. Therefore, thesemodalities cannot be recommended as routine treatment, but they holdpotential for future research and larger-scale trials.
Surgical	TreatmentAs the last resort of treatment, surgical treatment is often considered.There is a general agreement that if surgery is chosen, it is preferable tocompletely remove prostate tissue that is in�lamed or infected. A pooledanalysis of case series including 110 patients who underwenttransurethral prostate resection and 21 patients who underwentradical prostatectomy found an improvement of symptoms in 85% and95% of cases, respectively [62]. However, several patients developerectile dysfunction and incontinence after radical prostatectomy. Withthe high risk of treatment, a limited amount of data, and the absence ofrandomized controlled trials, no recommendation for clinical decisions



can be made. Further research with a more minimally invasiveapproach, such as prostate enucleation, may be bene�icial.A study by Zhao et al. found that if the foreskin length covered upthe glans penis in more than half or completely, the odds for CP/CPPSwere higher, with the odds ratio of 1.66 and 1.86, respectively [63]. Thesame group of researchers then analyzed the ef�icacy of circumcisioncombined with antibiotic, anti-in�lammatory, and α-blocker therapy forCP/CPPS. They found that up to 84.6% of 385 participants in thecircumcision group had a decrease of at least four points on the totalNIH-CPSI score from baseline (P < 0.001) [64]. Overall reduction wasalso signi�icantly greater in the circumcision group compared to thecontrol group. However, the small effect size of the research andmoderate-quality evidence cannot serve as the clinical base for furtherrecommendation.
Psychological	TreatmentThe psychological aspect is an important domain in CP/CPPS as it isfrequently associated with pain [65]. Patients with CP/CPPS often havehigher levels of stress, depression, and anxiety compared to healthypopulations. A number of positive coping mechanisms, such asrelaxation training to self-hypnosis, can improve the psychosocial well-being of CPPS patients. A trial of cognitive behavioral therapy (CBT) forCP/CPPS has been conducted by asking the participants to use reactionrecords to report their feelings for 8 weeks. Through weekly 1-hsessions of CBT, the patients were guided to recognize their feelingsand to engage in new positive thinking/behavioral responses. At theend of the trial, the researchers found that CBT can be used as anadjunctive therapy with other treatments but not as a sole modality[66]. Similarly, a preliminary study of 11 men with CPPS found apotential bene�it of psychosocial management techniques. Due to itscomprehensive advantages and minimal adverse effects, psychologicaltreatment can be a justi�iable approach for assisting in pain alleviationor addressing other mental health conditions, but further investigationis encouraged in this �ield.



Multimodal	and	Personalized	ApproachChronic prostatitis has a variety of causes and symptoms that can becategorized based on the UPOINT system. The UPOINT system plays apivotal role in transforming CP/CPPS into a manageable condition. Thetailored approach afforded by UPOINT allows physicians to addressspeci�ic phenotypes present in each patient systematically. Managingexpectations and focusing on improving the quality of life become themain approaches in the management of CP/CPPS. Thus, UPOINT standsas a valuable tool in navigating the intricate landscape of CP/CPPS,offering a path toward more effective and personalized managementstrategies [67].A study analyzed the clinical response of multimodal treatmentguided by UPOINT in 100 males [68]. Using this approach, it was foundthat almost 84% of patients throughout a median follow-up period of50 weeks had a minimum 6-point reduction in the total NIH-CPSI score.The improvements were also seen in all pain, urinary, and QoLdomains. The effectiveness of this approach appears to be unrelated toage, ethnicity, initial degree and severity of the disease, or the numberof therapies used in the multimodal therapy strategy [69]. Classi�icationand treatment options based on the UPOINTS phenotype are outlinedin Table 26.1. An additional “S” for the sexual dysfunction domain wasgiven as around a signi�icant percentage of men with CP/CPPS, up to62%, have concomitant sexual dysfunction, particularly erectiledysfunction, and premature ejaculation [71]. Incorporating a sexualdysfunction component into the UPOINT system could potentiallyenhance the overall well-being of men undergoing treatment forurological CPPS [72].
Table	26.1 UPOINT phenotype system treatment guide
Treatment Domain

U P O I N T S

Alpha-blockers ✓
5-alpha-reductase	inhibitors ✓



Treatment Domain

U P O I N T S

Antimuscarinics ✓
Beta	3	agonist ✓
Dietary/behavioral	changes ✓ ✓
Counseling,	cognitive	behavior	therapy ✓
Antidepressants,	anxiolytics ✓
Stress	reduction ✓ ✓ ✓
Interstitial	cystitis/bladder	pain	syndrome	therapies ✓
Chronic	pelvic	pain	syndrome	therapies ✓
Antibiotics ✓
Neuromodulating	medications ✓ ✓
Pelvic	�loor	physical	therapy ✓
Trigger	point	injection ✓
Shockwave	therapy ✓
Acupuncture ✓
Phosphodiesterase-5	inhibitors ✓Adapted and modi�ied from Dewitt-foy et al. [26] and Maeda et al. [70]
U Urinary; P Psychological; O Organ-speci�ic; I Infection; NNeurologic/systemic; T Tenderness; S SexualIn addition to sexual dysfunction, it has been found that CP/CPPSmay also be associated with reduced quality of sperm and fertilitypotential. Ranging from male accessory gland in�lammation, metabolicsyndrome, in�lammatory bowel disease, and HPV co-infection toautoimmunity has been proposed to be the mechanism linkingCP/CPPS to male infertility [73]. Therefore, patients with knownCP/CPPS are encouraged to adopt a multidisciplinary approach. Arecognition of the biopsychosocial components of CP/CPPS will help increating a holistic approach [74].
Prognosis



The overall QoL of patients with CP/CPPS is similar to that of thosewith angina, myocardial infarction, or Crohn’s disease and even worsethan that of patients with congestive heart failure or diabetes mellitus[75, 76]. Therefore, the primary objective in controlling CP/CPPS is toeffectively mitigate the symptoms to the extent that they have minimalor no in�luence on the physiological and psychosocial aspects ofpatients’ daily lives. Many patients with CP/CPPS can achieve asubjective cure and be completely satis�ied with the treatmentoutcome, even when the CPSI score has not reached zero [77].Signi�icant alleviation of subjective symptoms, negative result inculture, no prostate tenderness, normal urine evaluation, and beingable to engage in sexual activities without pain are several speci�icmeasures on the optimal treatment goal of CP/CPPS [78].
ConclusionMale CP/CPPS affects a large number of individuals and has asubstantial negative effect on their quality of life. The diagnosis ofCP/CPPS is sometimes challenging, and treatment can be dif�icult dueto the varying underlying etiology and symptoms, causing frustrationfor both clinicians and patients. Currently, there is no universallyapplicable therapy that can be applied to all cases. The UPOINT systemis frequently used to determine the phenotypic type of CP/CPPS anddirect the multimodal management. Currently, there are severaltherapy options available for managing CP/CPPS; however, many ofthem lack suf�icient evidence to support their effectiveness. Additionalclinical research will contribute to improved management of patientswith CP/CPPS in the future.
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IntroductionMale sexual dysfunction (MSD) is an increasingly common conditionthat can signi�icantly impact patient quality of life. Its prevalence hassurged in recent years, in both older demographics as well as youngermen [1]. A combination of lifestyle adjustments, environmentalin�luences, and social pressures have come together to worsen thistrend, increasing the urgency to �ind effective interventions [2–4].Pharmacologic and surgical interventions have long been themainstay of the medical treatment of MSD, but wearable male devices
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(WMDs) have emerged as a promising non-invasive alternativedesigned to enhance sexual function and pleasure during intercourse.These devices are often overlooked by patients and clinicians, but offermany advantages over traditional methods, foster patient engagement,and allow for highly personalized treatments.In this chapter, we explore the realm of WMDs tailored to addressMSD. Drawing from thorough research on current literature and marketinsights, our goal is to investigate the landscape of these innovativeproducts and provide readers with the knowledge they need to improvepatient care in MSD.
Wearable	Devices	in	Male	Sexual	Medicine
Constriction	BandsCommonly known as penile rings, constriction bands are wearabledevices designed to enhance erections by applying pressure to the baseof the penis and restrict penile venous out�low. These bands are a non-invasive, user-friendly, and generally affordable solution for menseeking to address MSD [5, 6]. They present discreet options that workindependently of the underlying cause of erectile dysfunction,potentially reducing anxiety levels during sexual encounters.Studies investigating the ef�icacy of constriction bands have beenlimited, but they suggest a potential role in managing mild-moderateED, particularly when used in conjunction with vacuum erectiondevices (VEDs) in post-prostatectomy patients [5]. Additionally, thesedevices may alleviate the severity of climacturia, a common issuefollowing certain urologic surgeries [6].While generally considered safe, improper use of constriction bandsmay pose risks such as injury to the penis or urethra and reducedsensation due to prolong constriction. Extended wear beyondrecommended time limits can lead to venous occlusion, increasing therisk of complications such as venous thrombosis and paresthesia due todecreased arterial perfusion. Some rigid materials used in devices may



also carry the risk of penile entrapment, necessitating emergencyintervention [7–9].Some popular constriction bands include the Maintain Ring Loop,Eddie by Giddy, Xialla, and the FirmTech Performance Ring, eachoffering unique designs aimed at improving functionality and comfort.The Maintain Loop Ring is an excellent example of an adjustableconstriction band. It is made from a medical-grade, latex-free loop thatallows for customization of �it and comfort with a very low cost.Although clinical trials or investigatory evidence speci�ically for thisdevice are lacking, its safety pro�ile is expected to be similar to otherpenile constriction devices [8]. Made of a softer material and adjustablefor easier removal, the risks of complications such as penilestrangulation are theoretically much lower.The Eddie by Giddy is a reusable constriction band that utilizes apatented omega shape that conforms to the male anatomy to work withthe natural shape and physiology while avoiding urethral obstruction[10]. The product advertises clinical trial regulatory evidence in which59 male patients were surveyed and noted signi�icant improvements inerectile function, self-esteem, quality of life, and sexual satisfaction,with overall 95% positive results [10]. The trials referenced are notreadily available for review, and while the structural design of an open-bottom makes the device easy to remove and penile strangulation likelymitigated, this was not speci�ically investigated.The Xialla device consists of a soft silicone ring that �its around thebase of the penis designed to improve function compared toconventional penile rings through a discrete band that anchors the ringto the base of the spine, offering enhanced stability and the bene�it notrequiring an erection to have occurred before placing the device [11].Clinical trials have demonstrated its ef�icacy in improving erectilefunction across various ED etiologies. One study of 21 men with EDcaused by corporal veno-occlusive dysfunction reported signi�icantbene�it to erectile function and sexual enhancement in 66% of patients[12]. Another study of 11 men with post radical prostatectomy EDreported a 54% improvement in penile rigidity suf�icient for



intercourse, and partners reported improved comfort, satisfactorypenetrative rigidity, and acceptable aesthetics when compared tointracavernosal injections [13].The FirmTech Performance ring employs an asymmetrical latch-and-loop design for easy placement and removal while applyingpressure to the base of the penis to maintain erectile rigidity [14].Physician testimonials are available through the product website, andthe website states the device is backed by scienti�ic research. However,no peer-reviewed articles with data to support this claim are currentlypublished, and speci�ic safety data are currently unavailable as clinicaltrials are underway.Constriction bands offer a promising avenue for managing MSD,providing a convenient and effective solution with proper usage.However, caution must be exercised to mitigate potential risksassociated with their use beyond recommended guidelines.
Vibratory	StimulationVibratory stimulation devices improve sexual performance bystimulating penile blood �low and enhancing sensation [15]. Vibratorystimulation can aid in sexual dysfunction and promote pelvic health bycreating involuntary contractions of the pelvic �loor muscles [16].Clinical data speci�ic to these devices are limited, but literature on theuse of penile vibratory stimulation in spinal cord injury patients showspromising results [5]. Vibratory devices are non-invasive, easy to use,and can be worn discreetly under clothing. Potential risks includediscomfort from intense vibration and local skin irritation [6, 15].Prolong Climax Control is a vibratory stimulation device used in a 6-week training program. The program utilizes the “start-stop” techniqueduring masturbation or sexual activity, with gradually increasing theintensity of the stimulation over time [17]. Clinical trials have shownpromising results, with signi�icant delays in time to ejaculation andimprovements in sexual satisfaction reported. An initial study of thetraining program found a delay in time to ejaculation from 48 secondsto 8 minutes 48 seconds on average in 61% of men, compared to



cognitive behavioral therapy which achieved a delay of 2 minutes36 seconds on average in 40% of men [18]. In a study on lifelongsufferers of premature ejaculation who failed to respond to anti-depressants submitted to the FDA, participants using Prolong achieveda median increase in time to ejaculation of 3 minutes and reported animprovement in all aspects of sexual satisfaction with no reported sideeffects [19]. Further research is needed to understand their long-termeffectiveness (Fig. 27.1).





Fig.	27.1 Reviewed devices: (a) Eddie by Giddy, (b) Maintain Loop Ring, (c) Xialla, (d) FirmTechPerformance Ring, (e) Adam sensor, (f) Morari Patch, (g) Virility Medical in2 Patch, and (h)Prolong Climax Control. (All images obtained directly from product websites)While vibratory stimulation may offer a useful tool for managingMSD, more robust clinical studies are required to ascertain theiref�icacy and safety pro�iles comprehensively.
Neuromodulatory	DevicesNeuromodulation utilizes electrical stimulation to in�luence nerveactivity and improve sexual response in men with MSD. These devicesprimarily target the pudendal nerve to delay ejaculation and enhancesexual performance [20]. Notable examples include the Morari Patchand the vPatch / in2 Patch by Virility Medical.One advantage of neuromodulation devices is that they provide anoninvasive, discreet treatment option for MSD. Most are designed asadhesive patches worn on the perineum during sexual activity, allowingtherapy to be delivered with minimal disruption to intimacy [20]. Thesedevices often come with smartphone applications that allow users toadjust stimulation intensity, offering personalized treatment and data-driven insights into sexual function. However, potential risks such asskin irritation, decreased sensation, and rare instances of pudendalnerve injury should be considered, though these risks are generallyminor and infrequent.The Morari Patch is a disposable adhesive patch placed on theperineum, intended to treat premature ejaculation by blockingneurotransmitter signals from the brain, and retrain the brain of menwho may have “learned” to ejaculate before they lose their erection[21]. While clinical data speci�ic to this device are pending, it iscurrently being evaluated in clinical trials, and safety and adverse eventpro�ile are yet to be fully assessed.The vPatch / in2 patch is a wearable skin patch designed to delayejaculation in patients with premature ejaculation by enhancing thecontraction of pelvic �loor muscles through intermittent transcutaneousneuromuscular electrical stimulation (TES) to the super�icial muscles of



the perineum to trigger muscle contraction. The mechanism of action ofthis device, TES, has been studied in a randomized placebo-controlledtrial as a proof of concept. In this study, 23 patients with lifelongpremature ejaculation were randomized to TES or sham applied to theperineum at two visits separated by one week and found thatmasturbation ejaculatory latency time increased in 85% of patientsusing TES compared to sham. There was also a 73.5% self-reportedsense of improvement compared to 41.2% in the sham group. Itdemonstrated a high safety pro�ile, with a 1.08% minor adverse eventrate [20]. A recent sham-controlled, randomized, double-blind study onthe device itself from two international centers looked at 51 patientswith lifelong premature ejaculation and found that intravaginalejaculatory latency time increased signi�icantly from 67 seconds to123 seconds in the active group over a two week period, compared toan insigni�icant increase from 63 to 81 seconds in the sham group.Intravaginal ejaculatory latency time increased by 3.1 times in theactive versus sham group, and no serious adverse events were reported[22].Neuromodulation devices offer a promising approach to treatingMSD, providing personalized treatment options with evolving safetyand clinical data. Further research is warranted to fully understandtheir effectiveness and long-term safety pro�iles.
Penile	Support	/	External	Penile	ProsthesesPenile support devices provide external assistance to men who seek toenhance their sexual experience or participate in penetrativeintercourse. Devices such as the belted prosthetic phallus, penis sleeve,penis sheath, and penis extender are designed to complement theuser’s natural anatomy. They slide over the penis to provide supportand potentially improve satisfaction. These devices are oftenconstructed from silicone or elastomer materials and can be custom�itted to the user’s anatomy. They come in various forms, includingsleeves that cover the penile shaft, sheaths that enclose the entire



penis, and extenders that elongate the penis. Some variants mayincorporate vibratory elements for added stimulation [23].Traditionally marketed as “strap-on dildos,” these devices havegained attention in various communities, although efforts to medicalizetheir terminology, such as “belted prosthetic phallus,” remain limited inadoption. Despite their historical association with the lesbiancommunity, these devices are increasingly recognized for theirpotential bene�its in diverse sexual contexts [23]. These devices are notwell tested or promoted in the medical literature, and healthcareproviders may be unaware of how using an external penile prosthesiscan lead to rewarding sex [24].While these devices do not address erectile dysfunction directly,they can facilitate penetrative intercourse and enhance tactilestimulation. Small clinical studies suggest that they may improve sexualperformance and patient and partner satisfaction, but such studies arelimited to case series and anecdotal reports with limited sample sizesand follow-up data [23, 25, 26].Penile support devices are easy to use, non-invasive, and generallyaffordable. Users should be aware of potential discomfort, decreasedsensation, and local skin irritation associated with prolonged use.Despite these considerations, penile support devices off a promisingavenue for individuals seeking to enhance their sexual experience.
Wearable	Smart	Sexual	DevicesThe world of wearable smart devices is not just about tracking steps ormonitoring heart rates anymore. Fitness trackers, smartwatches, andheart rate monitors have become a mainstay for monitoring variousaspects of health, and now wearable smart sexual devices are emergingas the newest frontier in sexual health.These devices can provide real-time information regarding sexualperformance, offer feedback on sexual performance metrics, and eventhe ability to customize the sexual experience. Advances in sensortechnology and data analytics offer detailed insights into sexualfunction [27–29]. They can be used like a personal sexual health coach



to allow users to customize their experience in the bedroom. Byintegrating sensors and performance tracking, users can quantifysexual function in their natural environment, allowing for remotemonitoring and tracking of changes over time [28]. With a growingbody of literature suggesting a link between cardiovascular �itness andED, smart sexual devices may provide data relating to erectile healthand cardiac functioning as an early indicator of cardiovascular eventrisk [30, 31]. Much like how �itness trackers monitor activity levels andsleep patterns to provide insights into overall health, wearable smartsexual devices provide valuable information for assessing sexual healthand well-being.The ADAM sensor by Adam Health is a ring-like device worn at thebase of the penis overnight to provide continuous monitoring ofchanges in penile tumescence during sleep [32, 33]. These data arethen transmitted to a mobile app, where algorithms analyze andprovide a report on erectile quality. The sensor tracks the number oferection episodes, total erection time, and Tumescence Activity Units,giving users valuable insights into their nocturnal erections and overallsexual health. The ADAM sensor represents a novel approach tomonitoring erectile function, offering an easy-to-use solution forpatients with MSD [32]. While the device is not yet commerciallyavailable, research suggests its potential as a valuable clinical andresearch tool, although further evaluation on safety and adverse eventsis needed [32].Many of the devices discussed above come with smart options thatenhance their functionality. The FirmTech Tech Ring includes sensors totrack vital signs of erectile �itness, such as the number of nocturnalerections, duration of erection, and �irmness of the penis. The vSmart /in2 smart version offers customizable stimulation intensity via a mobileapplication, allowing users to personalize their experience [14].The integration of technology with sexual health represents asigni�icant advancement that can allow people to take control of theirsexual health and improve their experience. Wearable smart sexualdevices can offer more insight and control over sexual health than ever



before. Wearable technology has revolutionized other areas ofhealthcare, and smart sexual devices are poised to play a crucial role inimproving sexual health outcomes.
Future	DevelopmentsLooking ahead, wearable devices for managing MSD are on the brink ofsigni�icant advancement. More precise, personalized interventions andimproved outcomes can be achieved by integrating arti�icialintelligence into data from wearable sexual devices. Integratingtelemedicine with wearable devices can help expand access to sexualhealth care, and remote monitoring can allow for real-time assessmentof sexual function. Patients can be more proactive, and clinicians canremotely monitor patient progress and adjust treatment as needed,enhancing patient care and optimizing outcomes.Further technological advancement in wearable sensors cancontribute to the development of more sophisticated wearable devicesthat capture a broader range of physiological parameters related tosexual function. Enhanced penile tumescence monitoring and biometricsensors can provide a comprehensive picture of sexual health and itsrelationship to overall well-being [27, 28, 32].The future of wearable devices holds the potential forrevolutionizing the diagnosis, treatment, and monitoring of MSD. Astechnology continues to evolve, wearable devices will become key toolsin the �ield of sexual wellness, offering personalized insights, improvedoutcomes, and accessibility to sexual health care.
ConclusionWearable devices for managing MSD offer several advantages, rangingfrom non-invasive treatment options to discreet solutions forenhancing sexual performance. Wearable sexual devices provide avariety of options for addressing different aspects of MSD and makesexual health more accessible to a wider range of individuals with MSD.



The future of wearable devices in managing MSD holds promisewith ongoing advancements in smart devices. These developments arepoised to enhance the accuracy and effectiveness of wearable devices,enabling better assessment and management of sexual health issues.Encouraging clinician utilization of wearable devices in managingMSD is vital. Emphasizing the bene�its of these devices in clinicalpractice, such as improved patient monitoring and tailoredinterventions, can foster their integration into routine assessments andtreatment plans. Education and training can equip clinicians with theknowledge and skills needed to effectively incorporate wearabledevices into patient care, ultimately leading to better sexual wellness.
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IntroductionThere are different groups of men who come for penile enlargementand this distinction is important since one form of treatment may bevery appropriate and useful for one group of men, but not the other [1].These include:(a)

Acquired	 False	 Penile	 Shortness—acquired adult buried penis(AABP) is widely recognized as the only acquired false penileshortness condition.  
(b) Congenital	 Intrinsic	 Penile	 Shortness—this includes isolatedmicrophallus and microphallus in association with correctedsevere hypospadias, epispadias or ectopia vesicae. The latterpresent at adulthood with short broad corpora and chordee with
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present at adulthood with short broad corpora, and chordee withshortening due to inadequate length of the precarious, skin-tube-neo-urethra fashioned in childhood.(c)
Acquired	 Intrinsic	 Penile	 Shortness—it includes Peyronie’s disease,surgical trauma/amputation, fracture pelvis and multipleurethroplasties.  

(d)
Body	 Dysmorphic	 Disorder (BDD)—clinical diagnosis de�ined bythe American Psychiatric Association (APA) [40] as the strongdistress generated by perceived defect (s) or �law(s) in anindividual’s physical appearance. This �law is not observable toothers, or, if it exists, it appears only slightly [2].

 
(e)

Normal	 but	 Short	 Penis—this is another group of men who have apenile length within 2SD and are therefore labelled normal andnot needing treatment, but they are still at the lower end of thenormal, and many of them face rejection or a disparaging remarkfrom a sexual partner that leaves them emotionally shattered.Due to the controversies of the indications as well methods,penile enlargement has been a hot topic in andrology.

 
IndicationStretched penile length (SPL) is the maximum length of the penis whilestretched, measured from the base of the penis, under the pubicsymphysis to the tip of the glans, and is thought to approximate erectpenile length within 10% [3].Congenital and acquired micropenis are the classic surgicalindications for penile elongation surgery after excluding hormonalcauses (and after giving testosterone therapies).True micropenis is de�ined as a normally formed penis that has anSPL that falls below two standard deviations of normal for a patient’sage and race. Normal values for preterm infants born between the 24th



and 36th week of gestation can be calculated using the formula:(0.16 × weeks of gestation) − 2.27 [4].The goal of intervention in these patients is to restore a functionalpenis size in order to allow normal standing micturition, enablesatisfying sexual intercourse and improve patient quality of life.
Non-invasive	Therapies(a)

Penile	 Traction	 DevicesAlso called penile stretchers, penile traction devices aredesigned to stretch the penis over time and provide increasedlength through tissue modi�ication and healing. They requireregular use and expected results are modest, usually accountingfor 1–2 cm of increased length. These techniques have beenstudied primarily in men with penile shortening from radicalprostatectomy for prostate cancer. Results are often temporaryand patient satisfaction has been poor [5].

 
(b)

Vacuum	 Erection	 PumpThese consist of a plastic cylinder placed over the penis and asuction pump to create a vacuum in the tube to stretch the penis.While the expected increase in length is similar to the tractiondevices, some increase in girth is also observed. To achieve thedesired result, the vacuum erection device must be used daily forseveral months [5]. As with traction devices, the length increase isusually transient.

 
(c)

Penile	 ExercisesExercises such as jelqing are often reported as naturalmethods for penile enhancement [6]. Jelqing involves rhythmicstretching and massaging of the penis. While some men claim tohave experienced improvements, evidence-based medical data foreffectiveness are lacking.
 

(d) Endocrinological	 Therapies



(i) Testosterone Therapy
Testosterone enanthate 25 mg every 4 weeks has beenused in prepubertal boys with isolated micropenis and hasbeen shown to increase in penile length of over 100% [7].Testosterone cream has also been tried and there was asigni�icant increase in SPL in 50 prepubertal boys treatedwith testosterone cream 5% (10 mg/daily applied directly tothe phallus) for a duration of 30 days [8]. It remains unclearwhether such early use of androgens has any bene�it onpenile length in adulthood [9–11].However, in male patients with late-onset hypogonadism,testosterone therapy has not been shown to cause anysigni�icant change in penile length [12].

 

(ii) Topical Dihydrotestosterone Gel TreatmentIn Clinical Practice, an Increase in Penile Length HasBeen Reported in Partial Androgen Insensitivity Syndrome(PAIS) [13] and 5α-Reductase de�iciency [14] in Pre- andPeripubertal Patients but Not in Adults. There Are noStandardized Guidelines or Consensus on TherapeuticRegimen for DHT Transdermal Gel Application to GenitalSkin

 

 

(e)
PsychotherapyThere are patients who think they have small penis althoughclinically it is normal. This condition could be due to peniledysmorphophobia disorder (PDD) or small penis anxiety (SPA).This patient would bene�it from referral to psychiatrist forpsychotherapy.

 
Penile	Enlargement	Surgeries
Penile	Lengthening



Ligamentolysis	and	Dorsal	Skin	PlastyThis technique involves an infrapubic surgical incision and the releaseof the ligament attaching the penis to the pubic bone. A combinedelongating V-Y skin plasty may also be considered. Overall, a variableincrease in SPL was observed (1.1–4.3 cm) in the current publishedseries [15, 16]. Postoperative complications were deemed to beminimal (Table 28.1).
Table	28.1 Ligamentolysis and dorsal skin plasty
Author	(year) Year n Study

design
Age,
years

Follow-up,
months

Stretched	penile
length	gain,	cm

Deskoulidi	et	al.
[17]

2023 75 Retrospective NA NA 3
Littara	et	al.	[16] 2019 21 Retrospective 38.08 ± 1.1 12 1.1
Zhang	et	al.	[18] 2019 15 Retrospective 33.2 ± 4.6 3 4.3 ± 1.6
Li	et	al.	[15] 2006 27 Retrospective NR 16 1.1 ± 1.1
Spyropoulos	et
al.	[19]

2005 11 Retrospective 25–25 Not reported 1.6 (1–2.3)
Ventral	Phalloplasty/ScrotoplastyThis intervention involves a ventral shaft skin plasty to move the peno-scrotal angle proximally, thereby increasing the exposure of the penileshaft. Chen et al. performed ventral phalloplasty on 12 patients withsatisfactory results and no complications [20]. Yu et al. reportedoutcomes for 62 patients with an increase in penile length of 2.6 cm.Most patients (93.5%) were satis�ied with the surgical results [21]. Nosigni�icant complications in postoperative settings were reported.
Suprapubic	Lipoplasty/LipectomyThis intervention aims to reduce the size of the suprapubic fat padeither via a minimally invasive approach (liposuction) or surgically(lipectomy). The removal of the suprapubic fat pad aims to increasepenile shaft exposure. Ghanem et al. performed liposuction on 10patients [22]. The reported complications included oedema in 50%,



oedema and ecchymosis in 10% and oedema and hematoma in 10%.Overall, 80% of patients were satis�ied following the procedure. TheShaeer’s monsplasty technique was evaluated in 20 patients [23]. Pre-operatively, �laccid length was 3 ± 0.9 cm, and erect length was 8 ± 4.6cm. At three months post-operatively, the �laccid length was7.1 ± 2.1 cm, with a 57.9% improvement in length, and erect length was11.8 ± 2.1 cm, a 32% improvement.
Penile	Prosthesis	ImplantationThe literature fails to show a direct relationship between PPI and penilelength in men with ED and no concomitant Peyronie’s disease (PD). In astudy by Deveci et al., SPL was evaluated in men undergoing primaryimplant surgery due to diabetes or RP [24]. Seventy two % of patientsreported a subjective decrease in penile length although no statisticallysigni�icant difference was demonstrated in measured SPL. In anotherstudy, 45 patients with PD and no deformity or penile curvature <30° orsevere penile �ibrosis/scarring were implanted with an AMS 700 LGX[25]. The mean SPL improved from 13.1 ± 1.2 cm to 13.7 ± 1.1 cm and14.2 ± 1.2 cm at 6 and 12 months, respectively. Complications related toPPI were infection (0.8% in high volume centre) and mechanical failure.
Corporal	Lengthening	ManoeuvresPenile length restoration using the sliding technique (ST) andconcomitant PPI was �irst described in a small series of 3 patients withend-stage PD associated with severe shortening and further supportedby a larger series of 28 patients in a multi-centre study [26, 27]. Overall,95% of men were satis�ied with their increase in length with an averagepenile lengthening of 3.2 cm. The outcomes of these procedures arelimited, and their utility in clinical practice is questioned due to severecomplications such as penile prosthesis infection and glans necrosis[28].
Penile	DisassemblyThis technique involves the separation of the penis into its anatomicalcomponents and the insertion of autologous cartilage into the space



created between the glans cap and the tip of the corpora cavernosa.Perovic et al., in a study with 19 patients, reported an increase of 3 cmin SPL and 3.1 cm in erect length [29]. The results of this surgery arepoorly documented, and signi�icant complications such as glansnecrosis have led to controversy over its value as a surgical option.
Penile	Enlargement
Filler	InjectionsInjectable �illing materials can be classi�ied according to their differentproperties. They can be autologous, biological or synthetic in nature.The fat injection material is obtained from the patient’s own tissue(autologous), usually by liposuction. Biological �illers can be of humanand animal (collagen) or bacterial (hyaluronic acid) origin. Poly-l-lacticacid (PLA), hydroxyethyl methacrylate, polyalkylimide hydrogel(PAAG), polymethylmethacrylate (PMMA), calcium hydroxyapatite(CHA), silicone and paraf�in constitute �iller materials of syntheticorigin.HA gel is one of the most commonly used injectable �illers in plasticsurgery. Its application for penile girth enhancement has gainedpopularity due to its biocompatibility and infrequent mild temporaryside effects. Cross-linked HA has a more lasting effect over time. Studieshave reported an increase of 1.4 to 3.78 cm in penile girth with HAinjection. Patient satisfaction is high (78–100%), with no severe sideeffects reported [30–36]. Minimal complications were detected in up to9.1% of patients.
Other	Fillers	(Silicone,	Paraf�in)Foreign body injections are still frequently practiced in many countries,either by patients themselves or by healthcare workers, using varioussubstances such as paraf�in, silicone or petroleum jelly (Vaseline) toincrease penile circumference [37–40].This results in a chronic granulomatous in�lammatory foreign bodyreaction. The resultant pathological condition, known as sclerosinglipogranuloma of the penis (also referred to as paraf�inoma or



siliconoma), can range from oedema and infection to Fournier’sgangrene. Penile reconstructive surgeries may be required to removelipogranulomas [41–43].
Autologous	Fat	InjectionThis surgical technique involves thinning the lower abdomen withliposuction and injecting the harvested fat tissue into the penile shaft.Retrospective studies have reported an average increase of 2 to 3.5 cmin penile circumference [44, 45].No statistically signi�icant decrease in IIEF scores was observed, andno serious adverse events were reported. More than 75% of patientswere satis�ied with the procedure. Minimal complications such aspenile oedema and lipogranuloma formation were reported in up to14.7% of patients.
Subcutaneous	Penile	Implant	(Penuma—Himplant)Recently, the silicone penile implant ‘Penuma®’ (International MedicalDevices [Beverly Hills, CA, USA]) has received FDA approval and hasshown promising results for penile girth enhancement. Penuma® is asoft silicone subcutaneous implant placed on 3/4 of the penile shaftand �ixed to the glans with a polyester mesh. Studies have reported anaverage increase in penile circumference of 2 to 5 cm with Penuma®insertion [46, 47]. Recently, the device has been renewed and renamedas Himplant®.
Total	Phallic	ReconstructionThis represents the most complex form of genital reconstruction, aimedat creating a new phallus with a neo-urethra, and is reserved for severepenile insuf�iciency (e.g. congenital micropenis, bladder exstrophy-epispadias complex). Various �laps can be considered to address totalphallic reconstruction. Any perceived bene�its must be carefullyweighed against potential complications [48–51].
Controversies/Ethics



When considering the ethics of penile augmentation, several principlesin medical decision-making must be addressed, including personal,clinical and social factors. For men with micropenis and functionalissues, surgical intervention may be bene�icial. However, those withbody dysmorphic disorder should �irst receive psychological orpsychiatric treatment. Social considerations are multifaceted and mustbe weighed to prevent unnecessary suffering. The primary ethicalquestion is whether prioritizing such surgeries is appropriate givenlimited health resources and societal pressures. Professionally, doctorshave a duty to uphold public trust in the medical profession andpromote patients’ best interests. This involves careful evaluation ofpatients’ overall health, especially psychological aspects, rather thansimply ful�illing requests for surgery with limited evidence of bene�it. Amultidisciplinary approach that is sensitive to patient needs whilemaintaining ethical standards and safeguarding mental health iscrucial. Transparent doctor–patient communication about expectations,risks, bene�its and alternatives is essential for achieving betteroutcomes in this complex �ield.
Current	StatusThe Sexual Medicine Society of North America issued the followingposition statement and guidelines: ‘The Society for the Study ofImpotence has found no peer reviewed, objective or independentlymonitored studies, or other data, which prove the safety or ef�icacy ofpenile lengthening and girth enhancement surgery. The Society believesthat, in men who do not have congenital anatomical anomalies of thepenis, the safety and ef�icacy of penile lengthening and girthenhancement surgery have not been established. Therefore, penilelengthening and girth enhancement surgery can only be regarded asexperimental surgery. The Society is aware of complications andadverse outcomes which should be clearly disclosed to patientsconsidering such surgery. The Society believes that those governmentagencies charged with the regulation of medical practice and the



enforcement of laws prohibiting false or unsubstantiated advertisingclaims should give careful attention to claims made with regard to thesesurgical procedures [52].The European Association of Urology Guidelines on Penile SizeAbnormalities and Dysmorphophobia statement is as follows: ‘Patientswith normal penile size who are seeking penile augmentation should bereferred for psychological evaluation for potential dysmorphophobicdisorders. Penile length and girth enhancements can be achieved via amultitude of treatments, but a personalized management plan is crucialfor satisfactory results. Endocrinological therapies, when indicated, areeffective in the prepubertal setting only. Vacuum therapy has a limitedevidence base in treatment protocols, although acceptable outcomeshave been reported for penile traction therapy. Surgical techniques toenhance penile length and girth have limited evidence and should onlybe proposed after extensive patient counselling’ [1].The Clinical recommendations on penile reconstructive andprosthetic surgery: a consensus statement from the Asia-Paci�ic Societyof Sexual Medicine (APSSM): Patients should be provided withinformation regarding potential complications related to surgery, andstrict adherence to safe surgical principles. Preoperative optimizationof medical comorbidities and stringent postoperative care areimportant to improve patient satisfaction rates. For complex patients,surgical intervention should ideally be referred and performed byexpert high-volume surgeons to maximize clinical outcomes. TheAPSSM advocates for surgeons in AP to individualize surgical optionsbased on patient condition(s) and needs, surgeon expertise, and localresources [53].
ConclusionDue to the controversies and lack of data regarding penile enlargementtreatment, careful counselling of patient is mandatory beforeembarking on any treatment.
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