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Abstract 
Infertility affects 15–20% of couples and male factors are present in about half of the cases. For many 
aspects related to the diagnostic and therapeutic approach of male factor infertility there is no general 
consensus and the clinical approach is not uniform. In the present document by the Italian Society of 
Andrology and Sexual Medicine (SIAMS), endorsed by the Italian Society of Embryology, Reproduction, and 
Research (SIERR), we propose evidence-based recommendations for the diagnosis, treatment and 
management of male factor infertility to improve patient and couple care. These Guidelines are based on 
two principal aspects: they are couple-oriented and place high value in assessing, preventing and treating 
risk factors for infertility. Components of the initial evaluation should include at minimum medical history, 
physical examination, and semen analysis. Semen microbiological examination, endocrine assessment, and 
imaging are suggested in most men and recommended when specific risk factors for infertility exist or first 
step analyses showed abnormalities. Full examination including genetic tests, testicular cytology/histology, 
or additional tests on sperm is clinically oriented and based on the results of previous investigations. For 
treatment purposes, the identification of the specific cause and the pathogenetic mechanism is advisable. 
At least, distinguishing pre-testicular, testicular, and post-testicular forms is essential. Treatment should be 
couple-oriented, including lifestyle modifications, etiologic therapies, empirical treatments, and ART on the 
basis of best evidence and with a gradual approach. These Guidelines also highlighted that male infertility 
and in particular testicular function might be a mirror of general health of a man. 
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1. Introduction 
Infertility, defined as the inability to conceive after one year of unprotected intercourse, affects 
approximately 15–20% of couples in Western countries and male factors are present in about half of the 
cases [1]. The clinical approach to male factor infertility is not uniform, and sometimes the diagnostic 
approach is limited to semen analysis. Treatment of the male partner might not be performed at all, 
directly addressing the couple to assisted reproduction techniques (ART). Similarly, too often a definition of 
“idiopathic infertility” is used, but it is quite evident that this term should be reserved to cases in which 
there is no identifiable cause after a detailed and meticulous diagnostic process. 
Indeed, not only male infertility can be caused by a variety of aetiologies and pathophysiologic 
mechanisms, but also it might reflect the general health of a man [2]. Furthermore, only a correct and 
extensive diagnostic process could direct further therapy and influence prognosis. Nevertheless, infertility 
is not a matter of the woman or the man, and the clinical approach should be personalized and should 
consider different aspects of that particular couple. 
In fact, a typical malpractice is to focus the attention just to one of the partners (usually the female), 
whereas both partners should be evaluated simultaneously. The fertility potential of each partner and/or 
specific conditions affecting a member of the couple influence the clinical and treatment approach. For 
example, mild reduction of sperm number and/or quality could be compatible with natural fertility when 
the female is at her top fertility capability (young, no infertility causes and risk factors) or might be a 
cofactor of infertility when the fertility potential of the partner is reduced (e.g., older, presence of infertility 
causes and risk factors). 
Furthermore, the identification of subjects with signs of spermatogenic and endocrine testicular 
impairment is important for their follow up and prognosis, independently from their ability to conceive 
naturally or by ART.  
Guidelines and expert opinion papers for the diagnostic evaluation of male infertility exist, but there is no 
general consensus for many aspects related to diagnosis and treatment [1, 3-11]. The aim of this article is 
to summarize the position of the Italian Society of Andrology and Sexual Medicine (Società Italiana di 
Andrologia e Medicina della Sessualità, SIAMS) for the diagnosis and treatment of male factor infertility. 
The Guideline has been endorsed by the Italian Society of Embryology, Reproduction, and Research (SIERR). 
 
Statements 
● Male factors are present in about half of the cases of couple infertility, either alone or in combination 

with female causes. 
● The diagnostic and therapeutic workup for the male partner of an infertile couple should consider the 

fertility potential and risk factors of both partners. 
● The results of diagnostic tests should be interpreted in the context of the couple and not as independent 

predictor of (in)fertility. 
● Gynaecologists and andrologists should proceed jointly in deciding the clinical approach of the infertile 

couple. 
● If the couple is referred for evaluation before 12 months of regular and unprotected intercourse have 

passed, the diagnostic evaluation could be postponed only when no risk factors for infertility in both 
partners (including age) are present. 

● The aim of investigation is to have a diagnosis based on etiologic and pathophysiologic mechanisms, 
which will guide the appropriate treatment and has prognostic value for the fertility outcome of the 
couple. 

 
2. Methods 
SIAMS commissioned an expert task force to provide an updated guideline on male factor infertility. 
Following scrutiny and discussion of the best evidence from published literature available, the authors 
generated a series of consensus recommendations according to the Grading of Recommendations, 
Assessment, Development, and Evaluation (GRADE) system [12]. The strength of recommendations and the 
quality of the evidence are expressed in four levels:  ØOOO denotes “very low-quality evidence”, ØØOO 
“low quality”, ØØØO “moderate quality” and ØØØØ “high quality”. In addition, the number ‘1’ denotes a 
strong recommendation and is expressed with the phrase ‘we recommend’, whereas the number ‘2’ 
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denotes a weaker recommendation and it is expressed with the phrase ‘we suggest’. Statements in which 
evidence is not supported by specific studies and/or might represent standards of good clinical practice 
have been enunciated as “Expert Opinion” based on clinical experience of the members of the task force. 
The strength also reflects the confidence that authors have that patient and couples with infertility who 
receive recommended care will be better off. Although male infertility and spermatogenic function might 
be associated with endocrine disorders of the testis, these Guidelines do not refer specifically to 
management of male hypogonadism (low testosterone), and the corresponding SIAMS Guidelines should 
be followed to this regard. 
According to SIAMS rulings, these Guidelines have been prepared by a team of experts on the topic 
coordinated by the senior author and two members of the Guideline Committee of the Society, then sent 
to the SIAMS Executive Committee and to the Directors of all SIAMS Excellence Centres for revisions and/or 
approval. Guidelines have then been announced by mail and published for two weeks on the Society’s 
website, siams.info, so that all SIAMS Members could provide further comments and suggest additional 
minor revisions. Following this last step, the present manuscript has been submitted to the Journal of 
Endocrinological Investigation. 
 
3. First step analysis 
3.1. Risk factor assessment: history and physical examination 
Recommendations 
● We recommend a first level andrological assessment (history, general physical and genital examination) 

in all male partners of couples referred for fertility evaluation (Expert Opinion)  
● We recommend taking a careful medical, reproductive and familial history with focus on specific causes 

of infertility (Supplementary table 1) and genetic/environmental/lifestyle risk factors for infertility (table 
1) (Expert Opinion) 

 
Evidence 
History and physical examination should be part of the initial evaluation of men referred for fertility 
evaluation. They allow the identification of important aspects that might guide further evaluations. A 
general physical examination is important mainly to assess signs of hypoandrogenism and anthropometric 
measures. Physical examination of the penis and the scrotum is essential to assess the testes and 
epididymes for volume consistency and nodules/cysts, the efferent ducts for total or partial absence, and 
the spermatic veins for varicocele. Seminiferous tubules contribute to over 80% of the total testis volume, 
hence a positive linear correlation between testis size and sperm count has been described [13]. The 
combined evaluation of testis volume (by Prader orchidometer) and of testis consistency is clinically useful. 
For instance, very small and firm testes are typically found in patients with Klinefelter syndrome [14]. Small 
and soft testes is a typical finding in central hypogonadism. Testicular hypotrophy with impaired sperm 
production is a risk factor for testicular germ cell tumour (TGCT) [15] and it might be associated with 
hypogonadism (low testosterone). An enlarged epididymis might indicate a partial or a total obstruction of 
the seminal tract. An absent vas deferens at palpation might indicate agenesis. Varicocele is assessed by 
visualizing and palpating dilated testicular veins within the spermatic cord after Valsalva manoeuvre.  
Sexual function and frequency of intercourse should be evaluated, as erectile dysfunction (ED), low libido, 
and ejaculatory dysfunction are frequent findings in men of infertile couples and might represent both the 
cause and consequence of the infertility status. 
 
Values 
Careful medical, reproductive, sexual, and familial history and physical exam are essential starting points to 
orient towards the underlying aetiology and to undertake additional targeted diagnostic steps. The 
identification of risk factors impacts on patient’s management and might ameliorate reproductive potential 
(e.g. anabolic substance abuse, smoking, obesity, etc).  
 
3.2. Semen analysis 
Recommendations 
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• We recommend performing semen analysis as a first level investigation in all male partners of couples 
referred for fertility evaluation (Expert Opinion) 

• We recommend confirming results of semen analysis by performing at least one repetition, especially in 
case of abnormal results (1, ØØØO) 

• We suggest completing routinely semen analysis with a vitality test, especially in samples with low 
motility (2, ØØOO) 

• We recommend performing semen analysis in specialized laboratories with trained personnel following 
World Health Organization (WHO) recommendations (Expert Opinion) 

• We recommend performing semen analysis in specialized laboratories participating to both internal and 
external quality programs (1, ØØØO) 

• We recommend including semen analysis in an appropriate and thorough diagnostic process before 
considering treatments (Expert Opinion) 

 
Evidence 
Semen analysis is necessary to investigate the fertility potential of the male partner of a couple and it is 
essential for the assessment of male health in relation to andrological pathologies that need to be 
monitored or treated [2, 16, 17] and it must be considered a first level laboratory investigation. Due to the 
high intra-individual variability of semen analyses, results should be confirmed with at least one repetition. 
WHO suggests examining two or three semen samples to properly acquire semen characteristics of the 
male [18]. In fact, variability of semen samples can be due to preanalytic (abstinence, seasonality, etc.) and 
analytic variables (casual and systematic errors) and due to biological variability [19]. The sperm 
parameters are a widely used proxy to estimate the individual’s potential fertility [20] and, to avoid 
limitations due to the lack of standardization, semen analysis should be performed in specialized 
laboratories, strictly following the latest WHO recommendations [18]. 
The assessment of seminal fluid should include both a macroscopic (volume, pH, appearance, liquefaction, 
viscosity) and a microscopic evaluation (gamete cellular component: concentration and total sperm 
number, progressive/non-progressive and total motility, abnormal forms; non-gamete cellular components: 
leukocytes, red blood cells, epithelial cells, other round cells such as spermatogonia and spermatids) [18, 
21]. Azoospermia can be diagnosed only after the semen sample is centrifuged and the pellet is thoroughly 
examined. If spermatozoa are found, we can distinguish cryptozoospermia from azoospermia. 
Furthermore, if azoospermia is confirmed, it is necessary to prepare smears for analysis of spermatogenetic 
elements. 
Sperm vitality test should be routinely performed on all samples, and it is particularly informative in semen 
samples with reduced motility [18]. This test confirms the functional status of spermatozoa through dye 
exclusion (dead cells with damaged membrane allow entry of membrane-impermeant stains) and, thus, it is 
important to distinguish between dead and live cells since only viable cells are potentially able to fertilize 
the oocyte in an assisted reproduction cycle. 
It should be stressed that WHO reference ranges are presented as percentiles, as semen parameters are 
generally not normally distributed. The 5th percentile is indicated as the lower reference value for each 
sperm parameter, defining oligozoospermia, asthenozoospermia and teratozoospermia when total sperm 
number is <39 million/ej., progressive motility <30% and normal forms <4%, respectively. 
 
Values 
We place a high value on the recommendations of the semen analyses as the first line in the assessment of 
the fertility potential of the male partners of infertile couples. Nonetheless, several factors affecting its 
reliability need to be considered:  
• laboratory personnel should be trained and experienced; seminologists must take into consideration 

that during the various phases of semen analyses (pre-analytical, analytical and post-analytical), many 
factors can interfere with the reliability of the analysis and a thorough medical history might suggest 
other causes of semen parameters variability [22-24]  

• sperm parameters present a wide intra-individual variability and, thus, at least one repetition of a 
semen analysis might be needed for confirmation - as a spermatogenic cycle lasts about 3 months, this 
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is the optimal time interval needed for semen analysis repetition, unless acute illnesses and/or 
pharmacological treatment have occurred during that interval. 

 
Remarks 
Semen analysis should be inserted in an appropriate diagnostic process, correctly performed and 
interpreted, before it could provide information for medical or surgical therapies and/or to direct the 
couple towards ART. Seminologists should follow internal and external quality control programs [25-27]. 
 
4. Second step analysis 
4.1. Additional tests on semen and sperm analysis 
4.1.1. Urine post-ejaculation 
Recommendation 
• We recommend investigating the presence of spermatozoa in the urine post-ejaculation in azoospermic 

men with low semen volume (< 1.0 ml) or in subjects with aspermia, whenever medical history suggests 
the presence of retrograde ejaculation (1, ØØØO) 

 
Evidence 
In some men, especially after prostate or bladder neck surgery, semen might flow backwards into the 
bladder at ejaculation, resulting in low or very low ejaculate volume or aspermia. To confirm (or to exclude) 
retrograde ejaculation, a sample of post-ejaculatory urine can be analyzed for the presence of 
spermatozoa. A systematic review investigated 28 studies and reported successful isolation of sperm from 
urine and subsequent utilization in ART, with per-cycle pregnancy rates ranging from 20% to 50% in the 
largest case series [28].  
 
Values 
We place a high value on the recommendation of investigating the presence of spermatozoa analyzing 
urine post-ejaculation, particularly after urological surgery for bladder outlet obstruction. Alkalinization of 
the urine through diet and/or by ingestion of sodium bicarbonate might increase the chance that 
spermatozoa passing into the urine will retain their motility. These spermatozoa, in fact, can be retrieved 
from the urine and used for ART.  
 
Remarks 
The clinician should propose this test to men with an ejaculate volume <1.0 ml, after ruling out forms of 
hypogonadism or congenital bilateral absence of vas deferens (CBAVD). The possibility of an incomplete 
collection or a minimal abstinence interval (<1 day) should also be investigated. 
 
4.1.2 Antisperm antibodies 
Recommendations 
● We suggest testing for antisperm antibodies in selected cases (2, ØØØO) 
 
Evidence 
Antisperm antibodies (ASA) might interfere with physiological reproduction at multiple levels, affecting 
sperm number and motility [29], the ability to pass through female genital secretions and the fusion of 
male and female gametes. Immunological causes of infertility are present in 4-10% of infertile couples and 
in 1%–2.5% of fertile men [30, 31]. It might be useful to consider testing semen samples with peculiar 
characteristics such as sperm agglutinations and hypomotility and infertile normozoospermic patients if 
other causes of infertility have been excluded. Since male gametes and immune cells are kept separate by 
Sertoli cells tight junctions (forming the so-called blood-testis barrier), any pathology undermining this 
barrier’s integrity might facilitate the contact of the immune cells with sperm antigens, triggering the 
immune response [32, 33]. No difference in the reproductive outcome of in vitro fertilization (IVF) and 
intra-cytoplasmic sperm injection (ICSI) have been detected in the presence of ASA [33]. 
 
Values 
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We place a moderate value on ASA investigations. In the work up of the infertile male the identification of 
ASA can direct the patient with this specific semen alterations towards assisted reproduction.   
 
Remarks 
Inflammation, traumas, testicular torsions, and many other andrological diseases have been associated 
with ASA formation, requiring investigation of these cases thoroughly. 
 
4.1.3 Additional tests on sperm 
Recommendations 
● We suggest against routine sperm DNA integrity investigation in male partners of infertile couples (2, 

ØØOO)  
 
Evidence 
Sperm DNA strand breaks might occur physiologically during chromatin condensation and reorganization 
and other non-reversible DNA strand breaks can be induced by numerous factors [21, 34, 35] 
(Supplementary table 2). Investigation of sperm DNA integrity could be helpful during the counselling of 
infertile couples, especially if the male partner is more susceptible to sperm DNA damage (recurrent 
pregnancy loss, diabetes, antineoplastic treatments, male genital tract infections, varicocele, exposure to 
toxicants) [36-39]. 
 
Values and remarks 
A clinically relevant cut-off for sperm DNA integrity has not been identified and there is a lack of 
prospective trials using standardized methods. Sperm DNA damage might be investigated through direct 
(TUNEL, COMET) and indirect methods (SCSA, SCD), each with specific advantages and disadvantages (table 
2)[18]. SCD test has been introduced in many laboratories as commercial kits are available. Nonetheless, 
results tend to be subjective (inter-individual variability in cell halo measurement) and not so 
straightforward in their interpretation as this method cannot define a specific type of DNA damage. 
The role of sperm DNA integrity is still debated and despite a link with infertility, poor reproductive 
performance and spontaneous recurrent miscarriage [40, 41], available data are still too limited to 
routinely perform this investigation [42]. This investigation might nonetheless be informative during the 
work up of the infertile couple [6], in selected cases outlined above. 
 
 
4.2. Microbiological/virological analysis 
Recommendations 
● We recommend performing sperm culture with antibiotic sensitivity testing in infertile patients with 

suspected urogenital infection/inflammation (Expert Opinion) 
● We recommend performing Chlamydia trachomatis and Mycoplasmas test by nucleic acid amplification 

tests (NAATs) in urethral swab or urine of patients with suspected urogenital infection (1, ØØØO) 
● We recommend microbiological assessment of the female partner in patients with proven bacterial 

urogenital infection before starting antibiotic therapy (Expert Opinion) 
● We recommend performing Human Papillomavirus (HPV) DNA test in the semen samples of infertile 

patients with asthenozoospermia after having excluded the presence of other seminal infections (1, 
ØØOO)  

 
Evidence 
Prostatitis, vesiculitis, and epididymitis are considered urogenital infection/inflammation [commonly called 
also male accessory gland infections/inflammations (MAGI)] [43]. The diagnosis of urogenital 
infection/inflammation is made when oligo-astheno-, and/or terato-zoospermia associate with the 
following: 
● At least one factor A (positive history for urinary infection, epididymitis, and/or sexually-transmitted 

disease; and/or presence of thickened or tender epididymis, tender vas deferens, and/or abnormal 
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digital-rectal examination) plus at least one factor B (abnormal prostate fluid expression and/or 
abnormal urine after prostate massage); 

● At least one factor A plus at least one factor C [leukocytospermia, and/or abnormal rheological 
parameters of the semen (abnormal aspect, increased viscosity, elevated pH), and/or positive sperm 
culture]; 

● At least one factor B plus at least one factor C; 
● Two or more factors C. 

 
Urogenital infection/inflammation represents a potentially reversible cause of male infertility. The WHO 
guidelines on the diagnosis of infertile couples indicate sperm culture among the diagnostic tests of 
urogenital infection/inflammation [43]. However, there is no consensus concerning the other 
microbiological testing. Some evidence suggests that the Meares-Stamey test could be used for the 
diagnosis of chronic bacterial prostatitis [44-47]. 
No consensus has been reached on the microorganisms to be searched. Chlamydia trachomatis and 
Mycoplasmas (e.g. Mycoplasma hominis, Mycoplasma genitalium, Ureaplasma urealyticum, Ureaplasma 
parvum) represent common causes of non-gonococcal urethritis [48]. A systematic review and meta-
analysis showed a significant association between male infertility and Mycoplasma hominis and 
Ureaplasma urealyticum, but no association was found with Mycoplasma genitalium and Ureaplasma 
parvum [49].  
Culture, direct immunofluorescence assays, enzyme-linked immunosorbent assays or NAATs have been 
developed and used for the diagnosis of Chlamydia trachomatis. Among these, NAATs have the greatest 
accuracy on urethral swabs or urine for the diagnosis of Chlamydia trachomatis [43, 50-54]. Similarly, NAAT 
of the urethral swab is the preferred system to search Mycoplasmas [55, 56], due to their typical slow in 
vitro growth [57]. Generally, meatal swabs should be avoided in men for the low content of cellular 
material, and the urethral swabs should be preferred [58]. 
The prevalence of HPV infection is higher in infertile patients compared to fertile men (20.4% vs. 11.4%) 
[59]. A recent meta-analysis of observational studies (including 5203 men) showed that HPV-positive 
patients have significantly lower conventional sperm parameters and higher miscarriage rate than HPV-
negative patients [60]. Other meta-analytic data support the association between HPV infection and 
astheno-teratozoospermia, high sperm DNA fragmentation, and elevated miscarriage rate in infertile 
patients undergoing ART [61, 62]. 
 
Values 
The evidence on the usefulness of sperm culture in the diagnosis of urogenital infection and in identifying 
its etiology in patients with male factor infertility is of high value and the statement has been issued 
according to the Good Clinical Practice.  
Chlamydia trachomatis and Mycoplasmas analysis by NAAT has higher accuracy on urethral swab compared 
to urine samples [56, 63-65]. 
The recommendation on the evaluation of HPV DNA is of low/moderate quality. It has a higher value in the 
presence of anamnestic or concurrent condylomatosis in patients and/or their partners, HPV infection in 
the partner, and recurrent pregnancy loss. 
 
Remarks 
Only four studies evaluated the effect of HPV infection on pregnancy outcome. Some of the studies 
included in the meta-analysis by Weinberg and colleagues did not clearly define pregnancy and miscarriage 
[60]. 

 
4.3. Endocrine assessment 
Recommendations 
● We recommend measuring serum FSH, LH and total testosterone in the fasting morning in all men with 

oligo-astheno-teratozoospermia (OAT) (any degree) and azoospermia (1, ØØØØ) 
● We suggest measuring sex-hormone binding globulin (SHBG) for the calculation of free testosterone in 

all men with OAT (any degree) and azoospermia (Expert Opinion) 
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● We recommend against directly measuring free testosterone serum levels (1, ØØØO) 
● We recommend measuring serum prolactin in case of hypogonadotropic hypogonadism (1, ØØØØ) 
● We recommend interpreting hormonal data along with the clinical presentation, semen analysis, 

biochemical data and testis volume (Expert Opinion) 
● We suggest measuring serum inhibin B only in selected cases (e.g. severe OAT/azoospermia with normal 

FSH levels) (2, ØOOO) 
 
Evidence 
FSH and testosterone are fundamental for spermatogenesis [66]. The routine immunometric measurement 
of serum testosterone is acceptable, but all kits are inaccurate at low concentrations [67]. The gold 
standard for testosterone measurement is based on mass spectrometry, but this methodology is not 
affordable in every laboratory yet. The current methods to measure free testosterone directly in serum are 
very inaccurate and should be avoided [68, 69]. SHBG measurement and the calculation of free 
testosterone might overcome this issue [70] especially in cases of borderline or low total testosterone 
levels.  
Hypogonadotropic hypogonadism is associated with low testosterone and low/inadequately normal 
gonadotropin levels, oligozoospermia, OAT or azoospermia. In such cases, imaging studies and hormonal 
evaluation of hypothalamus-pituitary function are required in order to indicate or exclude organic causes, 
such as prolactin-secreting pituitary adenoma [8].  
Elevated serum FSH levels (>10 IU/L) are indicative of a primary spermatogenic failure, especially at the pre-
meiotic level, since the presence of normally proliferating spermatogonia is generally associated with 
normal FSH levels. Severe OAT/azoospermia with normal FSH and testis volume, low semen volume and 
low pH are suggestive of distal genital tract obstruction involving seminal vescicles, a suspicion 
corroborated by normal levels of inhibin B and by completing the diagnostic workup with 
scrotal/transrectal ultrasound exam. An obstructive condition should be distinguished from a meiotic or 
late spermatogenic arrest and this cannot be done on the basis of hormonal measurements only [71]. In 
fact, serum FSH levels might be normal in case of OAT/severe OAT/azoospermia due to meiotic or post-
meiotic spermatogenic arrest. Low inhibin B levels (<100 pg/ml) suggest insufficient spermatogonial 
proliferation but are not fully informative of the histological picture [72-74]. 
 
Values 
We place very high value on the endocrine assessment of OAT and azoospermia, since it allows the 
distinction between primary and secondary spermatogenic failure and the recognition of hypogonadism, 
providing the indication for a rational infertility treatment in case of secondary hypogonadism. Moreover, 
hormonal measurements could be useful for the decision whether to treat or not infertile men with 
empirical approaches. Hormonal measurements alone, however, do not allow an etiological diagnosis in 
the vast majority of cases and should always be interpreted together with the complete clinical, 
biochemical and instrumental data set. 
 
Remarks 
Men with impaired semen parameters tend to have lower testosterone levels than men with normal semen 
analysis [75, 76]. Elevated FSH serum levels suggest Sertoli cell only syndrome, severe 
hypospermatogenesis or an early block of the spermatogenetic process. In case of low testosterone with 
low-normal gonadotropin levels and/or elevated serum prolactin, the workup should continue with the 
complete assessment of the pituitary function. 
 
4.4. Imaging 
4.4.1. Scrotal US 
Recommendations 
● We recommend testicular ultrasound (US) as part of routine investigation of the male partner of 

infertile couples (1, ØOOO) 
● We recommend testicular US in men with azoospermia and OAT and men with risk factors for infertility 

and testicular cancer (1, ØØØØ) 
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Evidence 
Testicular US is a non-invasive diagnostic test performed in men with fertility problems, scrotal pain, genital 
inflammation, palpable scrotal abnormalities.  
Scrotal US evaluation, in conjunction with semen analysis and as an adjunct to physical examination, should 
be performed in the initial assessment of men of infertile couples. The testicular US is the gold standard for 
scrotal investigation by assessing reproductive, inflammatory and neoplasia related features. In particular, 
it can detect alterations in volume, echotexture and vascularization of the testis and epididymis that could 
be associated with sperm abnormalities or inflammation (orchitis, epididymitis) [77]. It is important in 
assessing testicular volume, which is generally overestimated by Prader orchidometer [78, 79]. Reduced 
testicular volume (<12 ml) [80] is associated with impaired semen parameters [81], reduced fertility [82] 
and hypogonadism [83]. Various testicular US parameters can be combined to predict sperm and 
testosterone level impairment [84]. In addition, scrotal US can detect lesions within the testis and 
epididymis suggesting benign or malignant findings [85, 86]. Furthermore, scrotal US provides information 
on epididymal and deferential abnormalities or agenesis, often correlated with obstructive infertility [77, 
87].  
Finally, colour Doppler US (CDUS) is able to detect and stage varicocele, which could exert a negative 
impact on sperm parameters [77, 85]. Supplementary table 3 reports the main information given by 
testicular US. 
 
Values 
Testicular volume is tightly associated with both sperm and hormonal parameters. Scrotal US has a relevant 
role in testis volume assessment, when Prader orchidometer is unreliable. Recently, reference values in 
healthy fertile men have been defined by a multicentre study of the European Academy of Andrology [88]. 
Scrotal US might detect signs of testicular dysgenesis, often related to impaired spermatogenesis and to a 
higher risk of malignancy, or testicular lesions suggestive of malignancy. 
 
Remarks 
We recommend using scrotal US in everyday clinical practice in the diagnostic work-up of infertile men with 
oligozoospermia or azoospermia. Importantly, infertility is a risk factor for testicular cancer [15]. 
Furthermore, infertile men with testicular microcalcification were found to have a ~ 18-fold higher 
prevalence of testicular cancer [89, 90].  
 
4.4.2. Trans-rectal ultrasound 
Recommendations 
● We recommend performing trans-rectal ultrasound (TRUS) prostate-vesicular scan in patients with 

suspected distal ductal obstruction or abnormalities (1, ØØØO) 
● We suggest considering TRUS prostate-vesicular scan in infertile patients with urogenital 

infection/inflammation to assess its extension and prostate and seminal vesicles echo-pattern (2, 
ØØOO) 

 
Evidence 
TRUS of the prostate and seminal vesicles allows the identification of congenital (e.g. atresia/stenosis, 
midline prostatic cysts, or congenital cysts) or acquired (e.g. infection/inflammation, calcifications, or 
iatrogenic) causes of ejaculatory ducts obstruction and other abnormalities, which affect 1-5% of male 
infertile patients [91]. 
In patients with obstructive azoospermia, prostate-vesicular TRUS plays a role in the decision-making (for 
example suggesting sperm retrieval by testicular sperm extraction) [77]. 
A low volume of prostate and seminal vesicles suggests hypogonadism, even if the clinical impact of the 
prostate-vesicular TRUS in the management of male hypogonadism is low [77]. 
Prostate-vesicular TRUS provides information on echo-pattern abnormalities (e.g. hypo- or 
hyperechogenicity, calcifications, hyperemia, etc.) of both glands in infertile patients with urogenital 
infection/inflammation [43, 77, 92-96]. This might be useful to distinguish between uncomplicated 
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(prostatitis alone) and complicated (prostate-vesiculitis or prostate-vesicular-epididymitis), unilateral or 
bilateral, and hypertrophic-congestive or fibro-sclerotic forms of urogenital infection/inflammation, which 
may impact differently on sperm parameters [97-101]. This evidence attributes to prostate-vesicular TRUS a 
possible prognostic value. However, its role in the decision-making of infertile patients with urogenital 
infection/inflammation has not been fully shown by prospective studies [77]. Supplementary table 4 
highlights the main features of urogenital infection/inflammation detected by TRUS. 
 
Values 
The evidence supporting the usefulness of prostate-vesicular TRUS in patients with suspected obstruction 
or other anomalies of the seminal tracts is of high quality and is released according to a systematic review. 
The evidence supporting the usefulness of prostate-vesicular TRUS in the management of infertile patients 
with urogenital infection/inflammation is of low quality. 
 
Remarks 
The quality of the evidence is limited by the lack of population cohort studies evaluating the usefulness of 
prostate-vesicular TRUS in patients with urogenital infection/inflammation and, prospectively, its clinical 
impact in the management of infertility in these patients. 

 
5. Third step analysis 
5.1. Testicular cytology/histology 
Recommendations 
● We suggest performing testicular fine needle aspiration cytology (when available) to distinguish 

obstructive from non-obstructive azoospermia (2 ØØOO) 
● We recommend against performing testicular histologic analysis by open biopsy with the sole diagnostic 

purpose, unless it is associated with cryopreservation of sperm for future ICSI (Expert Opinion) 
 
Evidence 
Azoospermia and severe oligozoospermia might be caused by different alterations of spermatogenesis or 
might be the result of obstruction/sub-obstruction of the seminal tract. In cases of azoospermia, clear 
distinction between obstructive and non-obstructive forms is fundamental for further clinical and 
therapeutic approach. History, testicular volume, semen characteristics, imaging, and endocrine 
assessment in most cases allow distinguishing the two forms [102]. However, the gold standard is 
histopathology analysis of the testes [4, 8]. Fine needle aspiration cytological analysis has been proposed as 
an alternative to standard biopsy in the evaluation of azoospermic and severely oligozoospermic men 
[103]. It allows the classification of spermatogenic alteration in Sertoli cell-only syndrome, 
hypospermatogenesis, germ cell maturation arrest. The identification of the specific testicular alteration 
might also have implication for treatment, as for example FSH treatment is better suggested when 
oligozoospermia is caused by hypospermatogenesis without maturation arrest [104-106]. 
Testicular histology by open biopsy is the gold standard for histopathology of the testis, but it is not 
recommended for diagnostic purposes in infertile men [4]. 
 
Values and remarks 
The evidence regarding testicular fine needle aspiration cytology as a diagnostic procedure in infertile 
males is low and this technique is available only in a few centres. However, it is a minimally invasive, office-
based, procedure in which testicular material is retrieved from both testes with a fine needle, with or 
without local anaesthesia. Other than diagnostic information, it might have prognostic value for 
subsequent sperm retrieval by testicular sperm extraction (TESE) and response to FSH treatment. Testicular 
histology by open biopsy is an invasive procedure, which is not recommended with the sole purpose of 
diagnosis [4], but it should be associated with cryopreservation of sperm, in order not to repeat testicular 
sperm retrieval at time of ICSI [107]. 
 
5.2. Genetic testing 
Recommendations 
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● We recommend targeted genetic testing in infertile men in order to identify the aetiology and to assess 
the risk of transmission to the descendants (1, ØØØØ)  

● We recommend karyotype analysis in men with sperm concentration ≤10 mill./ml and affected by 
primary testicular disturbances and/or with positive family history for chromosomal anomalies or for 
recurrent abortion (1, ØØØO) 

● We recommend: i) screening for Yq microdeletions in men with a sperm concentration ≤5 mill./ml and 
affected by primary testicular disturbances (1, ØØØO); ii) defining the extension of AZFa and AZFb 
deletions since the distinction between partial and complete deletions is highly relevant for the 
prognosis of TESE outcome (1, ØØØØ)  

● We recommend screening of mutations of the cystic fibrosis transmembrane conductance regulator 
(CFTR) gene in patients with congenital uni-or bilateral absence of vas deferens (1, ØØØØ) 

● We suggest screening of a panel of candidate genes in patients with congenital hypogonadotropic 
hypogonadism (HH) (2, ØØOO) 

● We suggest sequencing of androgen receptor (AR) gene in suspected mild forms of androgen resistance 
(2, ØØØØ) 

● We recommend providing genetic counselling to all couples with a genetic abnormality (1, ØØØØ).  
 
Evidence 
The risk of genetic anomalies correlates inversely with sperm count and shows the highest frequency in 
non-obstructive azoospermic men (NOA) [108]. Structural chromosomal anomalies are 10 times higher in 
severe OAT patients in respect to the general population [108] and might lead to abortion or congenital 
anomalies in the offspring. AZF deletions (in cases spermatozoa can be found in the ejaculate or retrieved 
by TESE) will be obligatorily transmitted to the male offspring. Y chromosome microdeletion screening in 
azoospermic men prior to TESE has a prognostic value, i.e. in case of complete AZFa and AZFb deletions the 
likelihood of sperm recovery is virtually zero [109]. Recessive CFTR mutations cause congenital absence of 
vas deferens (CAVD) without unilateral renal agenesis in over 90% of cases [110].      
 
Values 
We place high value to the recommendations given that genetic testing is a prerequisite for an appropriate 
management of the infertile couple [109, 111]. Besides diagnosing the cause of infertility, it might have 
relevance for decision making on the feasibility of testis biopsy. Some genetic factors have consequences 
not only on reproductive but also on general health (Klinefelter syndrome, CFTR mutations, Kallmann 
syndrome, etc) of the carrier and his descendants [112].   
 
Remarks  
The distinction between primary testicular impairment and congenital obstructive/subobstructive forms is 
crucial, as for example karyotype and Y chromosome microdeletions analysis should be performed in the 
first cases and CFTR mutations in the second. 
In case of CAVD the screening for CFTR mutations in the female partner is mandatory before TESE/ICSI, due 
to the high frequency of healthy carriers in the general population. Mutation screening in candidate genes 
for HH or in the AR gene should be performed based on the clinical assessment. Long term follow-up is 
requested in Klinefelter patients and in all men with hypoandrogenism. 
A growing number of novel monogenic causes of primary testicular failure (quantitative or qualitative 
defects) are under validation, but not yet available for routine testing [108, 113]. 
 
6. General health of infertile men 
Recommendations 
● We suggest attentioning cardiometabolic and bone health in infertile men with azoospermia and 

oligozoospermia, particularly when primary testicular damage and/or alteration of the LH-T axis exists (2 
ØOOO) 

● We suggest regularly following up of infertile men with signs of primary testicular damage and/or 
alteration of the LH-T axis, independently from the outcome of fertility treatments (Expert Opinion) 
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Evidence 
Observational and prospective, longitudinal studies showed that infertile men have more comorbidities and 
increased mortality than controls [2, 82, 83, 114-118]. Infertile men with poor semen quality have been 
described to be at risk for metabolic syndrome and osteoporosis [2, 83, 119], are at higher risk of 
hospitalization, in particular for cardiovascular diseases and diabetes mellitus, and have higher long-term 
morbidity [117, 118]. Infertile men are also at risk for clinical and subclinical hypogonadism [2, 81, 119], and 
their clinical sequelae. A large study on more than 5,000 men showed that low sperm count is associated 
with poorer metabolic, cardiovascular, and bone health. Importantly, although hypogonadism is mainly 
involved in this association, a low sperm count in itself seems to be a marker of general male health [2]. A 
recent systematic review confirmed the interconnections between a man's fertility and overall health [120].  
 
Values 
We suggest paying attention to the cardiometabolic and bone health of men with infertility, as testicular 
function might be considered as a mirror of general health. Attention should be particularly given to 
infertile men at risk for future clinical hypogonadism and these patients should be regularly followed up.  
 
Remarks 
The population of infertile males has a unique opportunity for health assessment and disease prevention. 
When appropriate diagnostic workup is performed in infertile men, patients might benefit from the 
identification of clinically significant comorbidities and risk factors. Therefore, the diagnosis of male 
infertility might allow a window into future comorbidity and/or mortality. The early identification of 
hypogonadism, metabolic derangements, and osteopenia/osteoporosis allows for more adequate 
management, follow up, treatment, and lifestyle modifications.  
 
7. Approach to treatment 
7.1. Lifestyle 
Recommendations 
● We recommend life-style changes (including decrease alcohol intake, weight loss, increased physical 

activity, smoking cessation) in men with infertility to improve general health (1, ØØØO) 
 
Evidence 
Moderate alcohol consumption has an impact on aspects of health including infertility: higher alcohol 
intake can result in a detrimental effect on male fertility [121]. Alcohol consumption seems to have a 
negative impact on sperm morphology, motility and oxidative stress [121, 122]. Heavy alcohol consumption 
has also a negative impact on male sexual performance and testosterone levels, which can be restored by 
alcohol cessation. 
Obesity can have a significant impact on male fertility in addition to other potential risks (e.g. 
cardiovascular disease, diabetes) [123]. Several studies demonstrated that an increase in body mass index 
(BMI) is correlated with a decrease in sperm concentration and motility [124]. Sperm DNA damage is also 
increased in obese men [125]. A relationship also exists between obesity and ED [126]. Therefore, an ideal 
weight might provide a way for men to restore or increase fertility, and weight loss aids in ameliorating 
seminal and hormonal parameters [127, 128]. Similarly, physical activity is suggested to be beneficial, 
though too much exercise might be detrimental. 
Men who smoke tend to have decreased total sperm count, sperm concentration, motility, normal 
morphology, semen volume and fertilizing capacity [129]. Smoking could reduce the mitochondrial activity 
in spermatozoa further leading to a decreased fertilization capacity [130]. Furthermore, smoking impacts 
on DNA integrity of the sperm and on the amount of seminal leukocytes, which might lead to reactive 
oxygen species (ROS) generation. 
Other lifestyles might affect a man’s fertility, although with lower evidence. Slight variations of the scrotal 
temperature are able to damage spermatogenesis: an increase of 1°C is correlated to a 14% drop in 
spermatogenesis [131], and exposure to high temperature leads to increase in apoptosis [132]. Men tend 
to have a decline in semen parameters during infertility treatment and during this period they might 
experience anxiety or depression disturbances [133]. Stress increases adrenergic activation, leading to 
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more vasoconstriction in the testis that results in lower testosterone level and decrease spermatogenesis 
[134]. Finally, occupational exposure to heavy metals, organic solvents and ionizing radiation might 
negatively affect semen quality [135]. These factors, together or independently, might result in failure to 
conceive, and might also result in the conception of non-viable embryos during IVF [136]. 
 
Values 
The lifestyle factors discussed above might potentially impact male fertility. A healthy lifestyle might 
benefit fertility and maximize fertility treatment outcome. 
 
Remarks 
Changes in lifestyle might improve not only semen quality, but also general health. 
 
7.2. Non-hormonal treatment 
7.2.1. Nutraceuticals/antioxidants 
Recommendations 
● We recommend against treatment with nutraceuticals/antioxidants in unselected infertile men to 

increase sperm parameters (Expert Opinion) 
● We suggest considering the use of nutraceuticals/antioxidants in selected patients with idiopathic 

oligozoospermia and/or asthenozoospermia and/or clearly sign of high oxidative stress, since in some 
cases they might improve sperm parameters (2, ØOOO) 

● We cannot recommend either for or against the use of nutraceuticals/antioxidants to increase the 
pregnancy rate (Expert Opinion) 

 
Evidence 
The Cochrane review on the use of antioxidants for the treatment of male infertility showed among couples 
attending fertility clinics an increase of the live-birth rate (OR 1.79, n=750) and the clinical pregnancy rate 
(OR 2.97, n=786) in the treated-arm compared to placebo. However, no effect was found when studies at 
high risk of bias were not included in the analysis [137]. Overall, 18 different oral compounds were 
assessed.  
Several meta-analyses support the use of antioxidants to improve sperm parameters. In particular, 
selenium, coenzyme Q10 (CoQ10), and ω3 fatty acids seem effective in increasing sperm count [138, 139], 
selenium, carnitines, CoQ10, zinc, and ω3 fatty acids seem to improve sperm motility [138-142], CoQ10, 
selenium, ω3 fatty acids, and carnitines might ameliorate the percentage of spermatozoa with normal 
morphology [138, 139, 142]. However, these studies show a high degree of heterogeneity, due to the 
different therapeutic schemes used (antioxidant molecule(s) and doses, treatment length). In contrast, a 
meta-analysis did not report any effect of supplementation with folate compared to placebo on sperm 
parameters [143]. A systematic review and meta-analysis of 61 studies [59 of which were randomized 
controlled trials (RCTs)] recently confirmed the efficacy of up to a six-month-long therapeutic regimen with 
a specific antioxidant on conventional sperm parameters (data for pregnancy rate were limited) [142]. L-
carnitine (1-3 g daily) improved significantly sperm concentration and motility, whereas L-carnitine plus L-
acetylcarnitine (for 2 months) only ameliorated motility compared to placebo, and Coenzyme Q10 (CoQ10) 
(200-300 mg daily) significantly improved sperm concentration, motility, and morphology. A more recent 
RCT in unselected men with OAT showed no effect of a combination of antioxidants on sperm parameters 
and pregnancy rate [144]. A large multicentre RCT on couple planning infertility treatment (irrespectively 
on male factors or semen alterations) showed no effect of folic acid and zinc supplementation by male 
partners for 6 months on semen parameters and birth rates [145]. 
Oxidative stress can damage sperm DNA integrity and meta-analyses have shown that higher sperm DNA 
fragmentation is associated with worse pregnancy outcome [146-148]. Therefore, antioxidants could be 
considered for the treatment of male idiopathic infertility with proven sperm DNA damage. However, the 
Cochrane review found that the effect on sperm DNA fragmentation in unselected men was not significant 
[137]. Similarly, a combination of antioxidants did not improve sperm DNA fragmentation in unselected 
men with high DNA fragmentation [144]. 
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Values 
The data supporting the use of antioxidants/nutraceuticals to improve pregnancy outcome are of low 
quality. A higher value might be placed after the exclusion of microbial urogenital infection and in the 
presence of documented increased sperm DNA fragmentation as indirect parameter of increased oxidative 
stress. 
 
Remarks 
The evidence reported mainly derives from RCTs. However, it is limited by the low total number of events, 
by extremely high heterogeneity in inclusion and exclusion criteria, and by the different therapeutic 
schemes used in the various studies. If nutraceuticals/antioxidants have a role in increasing semen 
parameters and pregnancy rates, selection of patients is fundamental [149]. For example, many studies did 
not exclude microbial urogenital infection [137, 142]. This might limit the reliability of their findings since 
microbial inflammation negatively impacts sperm DNA fragmentation [149, 150]. There is an urgent need 
for RCTs in selected patients showing high ROS levels in their semen in order to verify whether antioxidants 
may have a rational in these men. 
 
7.2.2. Treatment of urogenital infection/inflammation 
Recommendations 
● We recommend antibiotic treatment in patients with bacterial urogenital infection and their partner to 

cure infection (1, ØØØO) 
● We suggest considering the use of antibiotics in infertile patients with bacterial urogenital infection to 

improve sperm parameters (2, ØOOO) 
● We cannot recommend either for or against the use of antibiotics in infertile patients with urogenital 

infection to increase the pregnancy rate and sperm DNA fragmentation (Expert Opinion) 
 
Evidence 
Bacterial urogenital infection alters sperm parameters and might lead to male infertility [151-153]. 
Antibiotics should be prescribed to patients with urogenital infection and their partners only when germs 
are present and in a concentration considered pathogenic. Evidence from clinical trials [97, 154-156] and 
one prospective observational study [151] supports the concept that antibiotic administration might 
improve sperm quality in infertile patients with urogenital infection, although no difference on sperm 
quality was reported in a single study [157]. One prospective study reported the amelioration of sperm 
DNA fragmentation following antibiotic treatment [151] but there is a lack of properly sized and designed 
trials evaluating this aspect. Therefore, no specific recommendation of the effects of antibiotic therapy on 
sperm DNA fragmentation can be made. Similarly, few properly designed studies have so far been 
published on the impact of antibiotic therapy on pregnancy rate in infertile patients with urogenital 
infection. One study supports an improvement of pregnancy rate after antibiotic therapy [156], but no 
effect was found in two clinical trials [155, 158]. 
Some studies suggest the use of non-steroidal anti-inflammatory (NSAI) drugs (e.g. salicylates, fenamic 
acids, profens, Cox-2 inhibitors, arylacetics, etc.), glucocorticoids, and fibrinolytic agents (e.g. 
serratiopeptidase, bromelin, escin) after germ eradication in bacterial and abacterial urogenital infection. A 
randomized prospective study showed a higher efficacy of NSAI drugs plus carnitine given with a sequential 
scheme than their combination or their single administration (NSAI or carnitine) on sperm motility and 
viability [159]. However, the evidence is still insufficient to make a recommendation on this aspect. 
 
Values 
Data supporting the use of antibiotics in patients with bacterial and abacterial urogenital infection are of 
low quality. 
 
Remarks 
Few RCTs have evaluated the effects of antibiotic treatment in bacterial urogenital infection and overall 
they include a limited number of patients. Only one RCT has so far been performed on the treatment of 
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abacterial urogenital infection and the effects on the pregnancy outcome in patients with urogenital 
inflammation have been rarely reported [160]. 

 
7.3. Hormonal treatment 
Recommendations 
● We recommend against treatment with androgens in men considering parenthood (1, ØØØØ) 
● We suggest treatment with FSH in selected men with oligozoospermia and/or asthenozoospermia and 

FSH plasma levels <8 IU/L and no signs of obstruction of the seminal tract to increase sperm quantity 
and quality and pregnancy rate (natural and by ART) (2, ØØOO) 

● We recommend against FSH treatment for improving pregnancy rate without a specific couple-oriented 
diagnostic workup (1, ØØØØ) 

● We recommend combined FSH and hCG treatment in men with hypogonadotropic hypogonadism, 
including congenital forms, to induce spermatogenesis (1, ØØØØ) 

● We cannot recommend either for or against anti-oestrogens (tamoxifen or clomiphene) and aromatase 
inhibitors to increase sperm quantity and quality and pregnancy rate (Expert Opinion) 

 
Evidence 
A quantitatively and qualitatively normal spermatogenesis requires the combined effects of FSH and 
testosterone. As a consequence, different hormonal treatments have been proposed to replace and correct 
hormonal deficiencies (such in case of hypogonadotropic hypogonadism) and/or to force spermatogenesis 
in an empirical way in patients with normal hormonal levels (such as in case of idiopathic OAT), including 
gonadotropins, anti-oestrogens, and aromatase inhibitors. The evidence is strong that treatment of 
hypogonadotropic hypogonadism with gonadotropins is effective in stimulating spermatogenesis and 
increasing pregnancy rate [113]. A large number of studies showed that FSH treatment is rational and 
effective in increasing sperm number and improving sperm quality (in particular sperm motility and DNA 
fragmentation) and pregnancy rate in men of infertile couples affected by idiopathic oligozoospermia 
and/or asthenozoospermia with FSH plasma levels within the normal range (<8 IU/L) [104, 161, 162]. Few 
RCTs have been performed in this field, but meta-analysis confirmed the efficacy of FSH treatment in this 
selected group of infertile men [163-165]. Purified and recombinant FSH (originators and biosimilars) seem 
to have comparable results [166]. FSH treatment has also been shown to decrease sperm DNA 
fragmentation in RCT [167]. 
Anti-oestrogens (tamoxifen or clomiphene) and aromatase inhibitors are used off-label in infertile men to 
increase gonadotropin secretion from the pituitary and to decrease the conversion of testosterone to 
oestradiol respectively. Two meta-analyses showed that anti-oestrogens might be effective in increasing 
sperm parameters and pregnancy rate in infertile patients with idiopathic infertility, but the evidence is of 
low quality and few RCTs have been performed [168, 169]. A meta-analysis showed that aromatase 
inhibitors increase sperm parameters, but the evidence is of low quality and data of pregnancy are not 
available [170]. 
 
Values 
We place high value in selecting the correct conditions that might benefit from FSH treatment to maximize 
the rate of responders. We place high value in considering this treatment in a couple-oriented manner 
(therefore including female age and female factors of infertility), considering that treatment should be 
done for at least 3-4 months before an effect on semen parameters is evident. 
 
Remarks 
The scheme of FSH treatments (dose, duration) should be personalized, however RCTs on this topic have 
not been performed and usually a fixed scheme (for example 150 U three times per weeks for 3-4 months) 
is used. Anti-oestrogens and aromatase inhibitors are not registered for treatment of male infertility in 
many countries, including Italy. 
 
7.4. Varicocele 
Recommendations 
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● We recommend evaluating both partners, together with the options available, to determine the 
approach to varicocele treatment (1, ØØOO) 

● We suggest treating varicocele in infertile couples in which the male partner has abnormal semen 
parameters and the female partner has normal fertility or a potentially treatable cause of infertility and 
time to conception is not a concern (2, ØOOO) 

● We suggest only monitoring in cases with subclinical varicocele (2, ØØØO) 
 
Evidence 
Varicocele is clinically defined as a palpable elongated, dilated and tortuous testicular pampiniform plexus 
of veins in the spermatic cord. A subclinical varicocele is not detected on physical examination but only 
identified on CDUS. 
Varicocele was reported in 15-20% of the normal adult male population [171] and the European Academy 
of Andrology showed that varicocele detected by CDUS was found in 37.2% of healthy, fertile men and was 
not associated with seminal or hormonal parameters, but men with severe (grade IV and V) varicocele had 
higher LH levels [88]. This prevalence is similar to that reported in primary infertile men [172, 173]. 
However, varicocele is the most commonly described diagnosis in men presenting with infertility [174, 
175]. 
Although the association between varicocele and male fertility is not clear, varicocele might have negative 
effects on semen quality and sperm function and might be associated with progressive decline in testicular 
function and testicular volume. Increased scrotal temperature, hypoxia and reflux of toxic metabolites have 
been described as the causes of spermatogenic damage associated with increased oxidative stress (OS) and 
sperm DNA damage [38]. 
Meta-analyses show semen quality improvement (including decreased sperm DNA damage) following 
palpable varicocele repair by surgery with respect to no-surgery [38, 176]. There is some evidence that 
treatment of varicocele in men from couples with otherwise unexplained infertility might improve the 
chance of pregnancy, although there is no evidence whether any treatment compared to no treatment in 
subfertile men might be of benefit on live birth rates [177]. 
Varicocele repair results in an increase in testosterone levels [178] and testicular volume in young men 
[179]. Therefore, although not included in the primary aim of the present guidelines, we would consider 
varicocele repair in young males with progressive testicular failure and/or decrease of seminal parameters.  
Subclinical varicocele should only be monitored because no significant post-operative fertility improvement 
has been described [180]. 
 
Values and remarks 
We place high value in considering possible varicocele treatment in a couple-oriented manner. We value 
the recommendation to avoid the treatment of subclinical varicocele. We place a relatively high value to 
the suggestion regarding varicocele repair in case of progressive failure of testicular function and 
monitoring only cases with subclinical varicocele. Whether treatment of varicocele might increase the 
pregnancy rates during IVF is still debatable [181]. 
 
7.5. Approach to NOA 
Recommendations 
● We recommend preferring the use of TESE to testicular sperm aspiration (TESA) in NOA patients (1, 

ØØØØ) 
● We suggest choosing between micro-TESE (mTESE) and conventional-TESE (cTESE) case by case and 

according to ART centre set-up, where the use of an operating microscope is available and according to 
the surgeon’s expertise (2, ØØØØ) 

 
Evidence 
NOA is characterized by severely compromised spermatogenesis, resulting in the absence of spermatozoa 
in the ejaculate. Methods of surgical sperm retrieval (SR) approaches include cTESE, mTESE, and 
percutaneous TESA. In a meta-analysis including 117 studies, no differences in SR rates between cTESE and 
mTESE was found [182]. Conversely, another meta-analysis including 15 studies reported that SR rates 
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using mTESE were significantly higher (52%) than cTESE (35%) and cTESE had double probability of SR 
compared to TESA (56% vs 28) [183]. Similarly, in a systematic review of studies comparing cTESE and 
mTESE, the latter had an overall SR rate ranging from 42.9 to 63.0% compared to 16.7-45.0% of cTESE 
[184]. 
 
Values 
We place a moderate value on suggesting the use of mTESE compared to cTESE, considering the lower 
accessibility of the technique, requiring the use the operating microscope and microsurgical expertise. 
 
Remarks 
SR rates depend on different factors, including patient characteristics, surgeon’s and embryologist’s 
experience, and laboratory technique. 
 
7.6. Approach to obstructive azoospermia (OA) 
Recommendations 
● We suggest choosing between percutaneous (testicular/epididymal) and surgical sperm retrieval in OA 

case by case and according to ART centre set-up (2, ØØOO) 
● We suggest microsurgery in men with OA amenable to reconstruction and according to the surgeon’s 

expertise (2, ØØØØ) 
 
Evidence 
OA results in the absence of sperm and spermatogenetic cells in the ejaculate. Obstruction could be 
proximal or distal, and congenital or acquired. Although most proximal OA can be treated with 
microsurgery reconstruction, surgical SR and ART represent a valid opportunity. SR rates in OA are excellent 
whatever it is the cause of the obstruction [185]. The use of testicular or epididymal surgically retrieved 
sperm has been shown to result in similar fertilization rates (34% to 80%) and clinical pregnancy rates (17% 
to 65%) [186-188]. These data are corroborated also by a meta-analysis and a Cochrane review that found 
no differences using testicular versus epididymal sperm in OA, in terms of fertilization rates, clinical 
pregnancy or live birth rates [187, 189]. Moreover, fresh sperm retrieved from the vas, testis, or epididymis 
showed similar viability compared to frozen-thawed ones and no differences in terms of fertilization and 
clinical pregnancy rates [190-192]. Fresh or frozen sperm retrieved from testis or epididymis in OA 
compared to those from ejaculated of normozoospermic men, affect the fertilization rates but do not affect 
euploidy rate in the embryos [193]. OA and sub-obstructive oligozoospermia might also be the result of 
midline prostatic cysts, which can be successfully treated with trans-rectal ultrasonically-guided cyst 
aspiration [194]. 
 
Values 
We place high value to the recommendation of using a sperm retrieval technique in men with OA 
undergoing ART due to the high SR rates independently of the surgical technique selected. 
 
Remarks 
Since there is no clear evidence of superiority of any technique, the choice of the SR technique should be 
performed considering patients and ART centre characteristics and experience. 
 
7.7. Sperm selection 
Recommendations 
● We recommend performing sperm selection by swim-up or density gradient separation in preparation 

to ART (1, ØØØØ) 
 
Evidence 
Ejaculated male gametes require a maturation process to acquire the ability of interacting with the oocyte 
and acquire their fertilization potential. Sperm capacitation is thus essential for in vivo fertilization and its 
imitation in vitro is the foundation of ART. In fact, sperm processing is necessary to separate spermatozoa 
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from seminal plasma, non-sperm cells and cellular debris, in order to yield a final preparation containing a 
high percentage of viable motile cells with no morphological abnormalities [18]. Numerous studies have 
tried to evaluate different sperm selection methods used in ART, in relation to the recovery of motile 
spermatozoa or the percentage of pregnancy [195]. Most studies did not find differences in the percentage 
of fertilization, implantation and pregnancy between swim-up and density gradient separation [196-203].  
 
Values 
We place a high value suggesting sperm selection techniques in preparation to ART. Their aim is the 
selection of motile spermatozoa to improve the outcome of assisted reproduction and, when inserted in 
the work up of the infertile couple, it can direct towards the most appropriate fertilization method. Swim-
up and density gradient separation are considered the “Gold Standard” among sperm selection techniques 
[204]. In particular, following WHO indications, swim-up can be used when sperm parameters are almost 
normal, while in case of OAT density-gradient separation can be used to retrieve a higher sperm 
concentration. 
 
Remarks 
The choice of sperm selection method must be tailored on the characteristics of the semen. To date, 
however, there is still a great variability in both assessment of sperm parameters and sperm preparation, 
making comparisons extremely difficult [204]. 
 
7.8. ART 
Recommendations 
● We recommend ART for male factors in case other treatments are not indicated or not effective (1, 

ØØØØ) 
● We suggest against alternative sperm selection techniques for ART (2, ØOOO) 
 
Evidence 
Sperm selection and micromanipulation, such as ICSI, is useful for treating male factor infertility. Several 
additional sperm selection methods have been introduced for ART such as, high magnification ICSI, named 
IMSI (intracytoplasmic morphologically selected sperm injection) (table 3). A recent Cochrane meta-analysis 
including 13 RCTs comparing 1256 couples undergoing IMSI and 1519 couples undergoing ICSI [205] 
reported no differences between the two techniques. Low quality evidence was reported for IMSI vs ICSI 
regarding live birth and very-low quality evidence with respect to miscarriage. There was no indication that 
IMSI influenced congenital abnormality rate. 
Another Cochrane meta-analysis focused on advanced sperm selection techniques [Hyaluronic acid-ICSI, 
Magnetic-activated cell sorting (MACS), Zeta sperm selection] vs standard IVF or ICSI [206]. The authors 
included 8 RCTs (4147 women) and found very-low quality evidence. No one of the abovementioned 
additional techniques showed significant differences compared to ICSI in terms of live birth, clinical 
pregnancy and miscarriage. 
The use of microfluidics for sperm sorting has been proposed to improve the SR and reduce ROS production 
[207]. However, RCTs comparing this method with standard methods are still ongoing and only few proof-
of-concept studies have been published. 
 
Values 
We placed a high value to recommendation regarding ART in male factor infertility when other treatments 
are not indicated or not effective. ART should not be the first choice without a comprehensive diagnostic 
work-up of the couple and considering all the available treatments. 
 
Remarks 
ART represents a valid option for treating some conditions as severe OAT, cryptozoospermia, NOA, OA. The 
choice of additional advanced techniques for sperm retrieval and selection is based on low quality 
evidence. 
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8. Preservation of fertility 
Recommendations 
• We recommend offering sperm cryopreservation before medical and surgical treatments inducing 

infertility/sterility (1, ØØØØ) 
• We suggest offering sperm cryopreservation in OAT patients with active desire of fatherhood in case of 

progressive deterioration of semen quality (2, ØØØØ) 
 
Evidence 
Sperm cryopreservation is widely used to maintain these reproductive cells in a vital state at cryogenic 
temperatures (-196°C). Cryoprotectants and adequate cryopreservation methods (rapid or slow freezing 
procedures) prevent freezing damage and preserve the male gametes in a state of “suspended animation”. 
The role of sperm banks is both to preserve the patient’s fertility before starting gonadotoxic treatments 
and to access ART. There are many major indications for sperm cryopreservation, in particular conditions 
where either medical or surgical treatments might interfere with spermatogenesis, genome integrity or 
ejaculation mechanisms (table 4). 
Other indications for sperm cryopreservation are allowing access to ART for patients with spinal cord injury 
[208, 209] and patients with severe alteration of spermatogenesis [210]. The latter might also present 
variations of semen quality that might result in azoospermia, either transient or permanent, and therefore 
cryopreserved semen could represent the only chance of fertility. Patients with NOA and Klinefelter 
syndrome might benefit from cryopreservation from TESE/microTESE [14, 182, 211], whereas patients with 
OA might cryopreserve sperm from percutaneous and surgical sperm retrieval from the testis or 
epididymis. 
Sperm vitrification is emerging as a promising tool to preserve fertility in cases of very low number of 
spermatozoa. Due to scanty and conflicting evidence however, it should still be considered an experimental 
procedure [212]. 
 
Values 
We place a high value on recommending sperm cryopreservation for men with conditions requiring medical 
and surgical treatments inducing infertility/sterility since most of these pathologies have good prognosis 
and these long-surviving patients will face long-term consequences of treatments, including transient or 
permanent damage to spermatogenesis. For example, azoospermia can be present in up to 3-6% of 
patients with testicular cancer two years after chemo-radiotherapy [213]. Several gonadotoxic regimens 
(like BEACOPP for lymphomas) might be associated with longer recovering time for spermatogenesis and 
permanent azoospermia as doses and/or cycles increase [214]. In parallel, sperm DNA damage can be 
detected for up to two years after the end of the treatment. Such damage is more marked in advanced 
stages and is also influenced by the treatment type and dose. Nonetheless, several antineoplastic regimens 
can be compatible with at least a partial recovery of spermatogenesis, and cancer patients in fertile age 
might find in sperm cryopreservation a strong psychological support to deal with the various stages of 
treatment protocols [215]. 
 
Remarks 
To date, rapid sperm freezing is still the gold standard in sperm cryopreservation, offering excellent results 
in terms of post-thawing cell viability and reproductive outcomes [216, 217]. The cumulative rate of 
patients who achieved fatherhood with cryopreserved semen is close to 50% [218]. Thus, clinicians are 
encouraged to discuss post-treatment fertility and possible use of ART, as well as sperm cryopreservation 
strategies. 

 
9. Conclusion 
We provided the first SIAMS and SIERR Guidelines on the clinical and therapeutic approach to male factor 
infertility. These Guidelines are based on two principal aspects: they are couple-oriented and place high 
value in assessing, preventing and treating risk factors for infertility. 
Components of the initial evaluation in men without known risk factors for infertility should include at 
minimum medical history, physical examination, and semen analysis. Semen microbiological examination, 
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endocrine assessment, and imaging are suggested in most men and recommended when specific risk 
factors for infertility exist or first step analyses showed abnormalities. Full examination including genetic 
tests, testicular cytology/histology, or additional tests on sperm is clinically oriented and based on the 
results of previous investigations. 
For treatment purpose, the identification of the specific cause and the pathogenetic mechanism is 
advisable. At least, distinguishing male factor infertility in pre-testicular (hypothalamic-pituitary disorders), 
testicular (primary damage of the testes), and post-testicular (obstructive and subobstructive forms) is 
essential. Treatment should be couple-oriented, and could include lifestyle modifications, etiologic 
therapies, empirical treatments, and ART on the basis of best evidence and with a gradual approach. 
Importantly, early detection of clinical condition at risk for decline in fertility potential and preservation of 
fertility in circumstances able to decrease fertility in men are of crucial importance. These Guidelines also 
highlighted that male infertility and in particular testicular function might be a mirror of general health of a 
man. 
Many areas, especially regarding the best therapeutic approach for male infertility, are still nebulous. We 
plead multicentre RCTs aimed at increasing the level of evidence for some therapeutic interventions and 
identifying novel therapeutic strategies for subgroups of patients with infertility. In general, we advocate 
for more attention and information on reproductive health among the general population and medical 
personnel. 
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Table 1. Risk factors with potential negative effect on male reproduction. The presence of these factors 
should be explored during medical history taking. Major risk factors are those with a proven relevance to 
male infertility. Minor risk factors are those with low evidence and a non-obligate impact on reproductive 
function. The presence of major risk factors implies the need for a comprehensive andrological diagnostic 
workup and take action for changing modifiable risk factors. 

 

Major risk factors Minor risk factors 
Modifiable 

● Anabolic steroid abuse 
● High alcohol consumption (>20 units per week) 
● Recent complain of decreased libido/erectile 

dysfunction 

● Cigarette smoking 
● Marijuana use 
● Obesity/high energy diets 
● Genital heat stress 
● Environmental/occupational exposure to potential 

toxic agents (not always modifiable) 

Unmodifiable 
● Family history for infertility (including premature 

ovarian insufficiency in mother or sister), known 
genetic factors (chromosomal anomalies, cystic 
fibrosis), testis tumour 

● Pubertal disorders 
● History of cryptorchidism, testicular torsion or 

trauma, orchitis, reproductive tract infections, testis 
cancer 

● Testicular hypotrophy 
● Known genetic factors (e.g., chromosomal anomalies, 

cystic fibrosis, thalassemia) 
● Cytotoxic treatment (chemo/radiotherapy) 
● Medications interfering with the central or local 

regulation of testicular function 
● Surgical intervention at the inguinal/scrotal level 

followed by decrease of testis volume or hydrocele 
(including intervention for varicocele) 

● Systemic/chronic diseases (kidney or liver 
insufficiency, haemochromatosis, sarcoidosis, etc) 

● Family history for malformations or repeated 
abortions 

● Advanced age (>45 years) 
● Infertility with previous partner 
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Table 2. Techniques for sperm DNA integrity evaluation. 

 

Method Description Advantages Disadvantages 
SCSA 
(sperm chromatin structure assay) 

A cytofluorimetric method through 
acidic denaturation and acridine orange 
staining 

● Standardized protocol  
● Statistically robust cytofluorimetric 

analyses  
● Defined DNA Fragmentation Index 

(DFI) threshold 

● Indirect test 
● No indication on the type of 

chromatin fragmentation 
 

COMET 
(SCGE, single cell gel electrophoresis) 

A test detecting the “tail” obtained after 
lysis and gel electrophoresis of 
spermatozoa in an alkaline or neutral 
environment  

● Direct test 
● Requires few cells for analysis 

(fluorescence microscope) 
● Evaluates both single(SSBs) and 

double strand DNA breaks (DSBs) 

 

● Threshold values are not well defined 
● Time consuming 

TUNEL 
(terminal deoxynucleotidyl transferase–
mediated fluorescein–dUTP nick end 
labeling 

A test investigating DNA breaks 
highlighted by marked nucleotides 
inserted with the enzime TdT. The 
evaluation can be performed with either 
fluorescence microscope or 
cytofluorimetric analysis. 
 

● Direct test 
● Commercial kits available 
● Evaluates both SSBs and DSBs   

● Not well-defined thresholds  
● Unstandardized assay protocol 

SCD 
(sperm chromatin dispersion) 

A test measuring sperm cells 
sensitivity/resistance to DNA 
denaturation  

● Commercial kit available 
● Quick test 
● No complex equipment needed 

● Indirect test 
● Results are sensitive to technician’s 

experience 
● Interpretation of results might be 

difficult 
● It provides no information on the type 

of chromatin fragmentation 
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Table 3. Recommendations and level of evidence for additional sperm selection methods in ART performed 
for male factor infertility. 
 

Method Level of 
evidence 

Comments 

IMSI (intracytoplasmic 
morphologically selected 
sperm injection) 

ØOOO The current low quality evidence from RCTs does not support or 
refute the clinical use of IMSI. There is uncertainty and very low-
quality evidence that IMSI might increase the chances of a 
clinical pregnancy.  

Hyaluronic acid (HA)-ICSI ØOOO There is uncertainty that HA-ICSI might reduce miscarriage 
compared with ICSI. HA-ICSI vs ICSI effects on live birth was 25% 
ICSI vs 24.5-31% HA-ICSI. Miscarriage per woman was 7% ICSI vs 
3-6% HA-ICSI and per clinical pregnancy 20% ICSI vs 9-16% HA-
ICSI. No significant differences were reported for clinical 
pregnancy, 37% ICSI vs 34-40% HA-ICSI  

MACS (magnetic-activated cell 
sorting) 

ØOOO Very low quality evidence in RCTs reporting live birth, 
miscarriages and clinical pregnancy  

Zeta sperm selection ØOOO Very low quality evidence in RCTs reporting live birth, 
miscarriages and clinical pregnancy 

Microfluidic chip sperm sorting ØOOO Very low quality evidence in retrospective cohort studies. Few 
RCTs still ongoing.  
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Table 4. Main indications to sperm cryopreservation due to possible iatrogenic damage to 
spermatogenesis. 

 

Indication Description 
Cancer and cancer 
treatments 

Systemic and local effects from cancer, as well as chemo and radiotherapy, might interfere 
with either spermatogenesis or genome integrity. Surgical treatments might also entail 
iatrogenic damage to ejaculatory mechanisms [34, 213, 214, 219-224]  

Autoimmune and 
inflammatory 
diseases 

Patients affected by autoimmune/chronic inflammatory diseases often experience 
impaired reproductive function related both to the disease itself and its treatment 
(cyclophosphamide, alkylating agents and other immunosuppressant agents) [225, 226]  

Urological diseases Surgical treatment of many non-oncological urological pathologies (bladder outlet 
obstruction, benign prostatic hyperplasia, etc.) might cause permanent damage to 
ejaculatory mechanisms [28] 
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Figure legends 
Figure 1. Diagnostic flow-chart for male factor infertility. Numbers indicates the corresponding 
recommendations in the text. 
Abbreviations: AR, androgen receptor; ASA, antisperm antibodies; CAVD, congenital absence of vas 
deferens; CDUS, colour Doppler ultrasound; CFTR: cystic fibrosis transmembrane conductance regulator; 
FNAC, fine needle aspiration cytology; FSH: follicle-stimulating hormone; HH, hypogonadotropic 
hypogonadism; HPV: Human Papillomavirus; LH: luteinizing hormone; OAT, oligo-astheno-
teratozoospermia; SHBG: sex hormone-binding globulin; TRUS, trans-rectal ultrasound; UGI, urogenital 
infection/inflammation; US, ultrasound.  
 
Figure 2. Therapeutic flow-chart for male factor infertility. Numbers indicates the corresponding 
recommendations in the text. 
Abbreviations: ART, assisted reproduction technique; ASA, antisperm antibodies; FSH: follicle-stimulating 
hormone; hCG: human chorionic gonadotropin; HH, hypogonadotropic hypogonadism; HPV: Human 
Papillomavirus; OAT, oligo-astheno-teratozoospermia; PESA, percutaneous sperm aspiration; TESA: 
testicular sperm aspiration; TESE: testicular sperm extraction; UGI, urogenital infection/inflammation. 
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Supplementary table 1. The most relevant factors causing infertility. 
 
Infertility category Disease 
Alterations of the hypothalamus-
pituitary-testicular axis (pre-
testicular causes) 

• Congenital: 
- Congenital hypogonadotrophic hypogonadism, syndromic (e.g. 

Kallmann syndrome) or non-syndromic (normosmic) 
• Acquired:  

- Pituitary adenoma 
- CNS malignancy 
- Infiltrative diseases (e.g. haemochromatosis, sarcoidosis) 
- Iatrogenic: transphenoidal resection or radiation 
- Exogenous androgen or testosterone use  

Primary testicular dysfunction 
(testicular causes) 

• Congenital 
- Karyotype anomalies (e.g. Klinefelter syndrome, translocations, 

inversions) 
- Y chromosome microdeletions (AZF regions) 
- 46,XX male syndrome or isodicentric Y chromosome 
- Partial androgen insensitivity syndrome (mild form) 
- Monogenic mutations 
- Cryptorchidism 

• Acquired 
- Orchitis 
- Orchiepididymitis 
- Varicocele 
- Testis malignancy 
- Orchiectomy 
- Cytotoxic chemotherapy or radiotherapy 
- Post-hernioplastic testis atrophy 
- Systemic illnesses (liver or kidney insufficiency) 

Ductal obstruction/dysfunction 
(post-testicular causes) 

• Congenital: 
- Congenital absence of vas deferens with or without unilateral renal 

agenesis 
- Young syndrome 

• Acquired: 
- Vasectomy, 
- Idiopathic epididymal occlusion 
- Bilateral inguinal hernia repair 
- Ejaculatory duct obstruction 
- Infections 
- Diabetes mellitus with vasal peristaltic deficiency 
- Spinal cord injury 
- Multiple sclerosis 
- Neural tube defects 
- Retroperitoneal lymph node dissection and pelvic surgery 

 
  



Supplementary table 2. Pathophysiology of sperm DNA integrity. 
 

Sperm DNA damage Cause 
Physiological DSBs (double strand breaks) Sperm DNA nicks to promote the remodelling of sperm chromatin  
Abortive apoptosis Lifestyle (smoking, obesity, alcohol) 

Diseases and genito-urinary infections/inflammation 
Ageing 
Iatrogenic (drugs, antineoplastic treatments, etc.) 

Defect of chromatin compaction 

Oxidative stress 

 
  



 
Supplementary table 3. Scrotal ultrasound features in male infertility. 
 

 Feature Level of 
evidence 

References 

Testis Volume/symmetry ØØØØ [1-7] 
Echo-texture  ØØØO [8, 9] 
Normal echogenicity  [8, 10] 
Low echogenicity  [11, 12]  
High echogenicity  [8, 10]  
Nodules ØØØØ [13-15] 
Micriolithiasis ØØOO [16, 17]  

Pampiniform plexus Vessels > 2 mm – varicocele 
 

ØØOO [10, 13] 

 
 
  



Supplementary table 4. Colour Doppler ultrasound features of urogenital infection/inflammation. 
 

 Feature Level of 
evidence 

References 

Prostate Asymmetry ØØOO [18-20]  
Non-homogeneity ØØOO [18, 19, 21, 22] 
Areas of low echogenicity ØØOO [19, 23-25]  
Areas of high echogenicity ØØOO [19, 23-25]  
Calcifications ØØOO [19, 23, 24, 26, 27]  
Hyperaemia ØOOO [28] 

Seminal 
vesicles 

Increased antero-posterior 
diameter (>14 mm), uni- 
or bilateral 

ØØOO [19, 29, 30]  

Reduced antero-posterior 
diameter (<7 mm), uni- or 
bilateral 

ØOOO [19]  

Asymmetry >2.5 mm 
compared to the 
contralateral vesicle 

ØOOO [19, 30] 

Fundus-to-body ratio <1 or 
>2.5 

ØOOO [25]  

Polycyclic areas separated 
by hyperechoic septa in 
one or both vesicle 

ØØOO [19, 31, 32]  

Calcifications ØØOO [19, 33]  
Epididymis Low echogenicity ØOOO [34]  

High echogenicity ØOOO [34]  
Hyperaemia ØØOO [19, 33, 35] 
Calcifications ØØOO [19, 33, 35]  
Increased head 
craniocaudal diameter 
(>12 mm) and/or 
increased tail craniocaudal 
diameter (>6 mm)  

ØOOO [36]  
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