
Review Article

Diagnostic Approaches and Causes of Male Infertility: A Comprehensive Clinical
Review

1,2* 1,2 2Muhammad Irshad Ul Haq , Syed Muhammad Yousaf Farooq  and Muhammad Moazzam

¹Department of Radiography and Imaging Technology, Green International University, Lahore, Pakistan 

²O�ce of Research Innovation and Commercialization, Green International University, Lahore, Pakistan

especially prevalent at rates up to 40% [1]. Infection-

related obstructive pathologies and causes are more 

common, especially in sub-Saharan Africa, which is 

impacting up to 15–20% infertile men regarding the 

prevalence [2]. Higher rates of genetic abnormalities, in 

Middle Eastern populations, with Y-chromosome 

microdeletions are shown to be higher in research, with an 

average of 10–12% of severe oligozoospermia cases [3]. 

Male infertility may result in physical problems with 

reproductive organs, genetic disorders, hormonal 

imbalances, or sperm production or movement issues [4]. 

The general initial evaluation in this case mostly consists of 

Infertility is one of the most triggering issues in the world 

that is affecting couples all over the world, about their 

overall health. At an average of 15%, most couples do not 

conceive after one year or later efforts. Male infertility, as 

de�ned by the World Health Organization (WHO), is a man's 

inability to conceive a child by means of a fertile woman, 

following unprotected and inconsistent sexual activity for 

at least one year. Around 20% cases of male infertility 

contribute to another 30 – 40% independently, combined 

with female factors. Country-Speci�c / Regional Data: 

About 25-30% of couples who seek fertility treatment are 

affected by Male factor infertility, with varicocele being 

I N T R O D U C T I O N

Male infertility accounts for approximately 30–50% of infertility cases worldwide and poses a 

signi�cant reproductive health challenge. This review synthesizes current knowledge on the 

etiology of male infertility, emphasizing the pivotal role of diagnostic imaging, particularly 

ultrasonography, in identifying structural and functional abnormalities. Common causes 

include varicocele, testicular failure, genetic abnormalities such as chromosomal defects and 

Y-chromosome microdeletions, obstructive pathologies, and idiopathic factors. Ultrasound 

techniques, especially scrotal and transrectal ultrasonography, have become essential tools in 

detecting conditions often missed during routine examinations, thereby facilitating accurate 

diagnosis and targeted management. Despite advancements, standardization of imaging 

protocols and access remain limited in resource-constrained settings. An integrated diagnostic 

approach, combining semen analysis, hormonal pro�ling, genetic testing, and imaging, 

enhances diagnostic precision, reduces unexplained cases, and guides personalized 

treatment. Early identi�cation of causative factors is crucial for optimizing reproductive 

outcomes.
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blood hormone tests, semen analysis, and physical 

examination of the affected individual. Whereas helpful 

information is provided by means of these tests, in many 

cases, the information regarding deeper problems is 

missed in such cases and may not be noticeable without 

speci�c medical imaging techniques or diagnosis [5].

Despite signi�cant advances in understanding male 

infertility, major research gaps remain, particularly in low-

resource settings. Standardized imaging protocols for 

scrotal and transrectal ultrasonography are lacking, 

leading to variability in diagnostic accuracy and 

underdiagnosis of structural or obstructive abnormalities. 

Idiopathic infertility continues to account for a large 

proportion of cases, highlighting limitations in current 

genetic, imaging, and functional sperm assessments. 

Additionally, access to advanced diagnostic tools such as 

MRI, AI-assisted imaging, and comprehensive genetic 

testing is limited, restricting personalized treatment 

strategies. Addressing these gaps is essential to improve 

early detection, reduce unexplained infertility, and 

optimize reproductive outcomes globally.

Male Infertility Etiology 

Among the most prevalent causes of male infertility, 

varicocele is considered to be a more treatable and 

common cause, which is characterised by enlargement of 

veins in the scrotum [6]. Some varicoceles can be felt 

during physical examination, but many subclinical 

varicoceles are too small to detect without ultrasound and 

can still harm sperm production [7]. Men with high-grade 

varicoceles were signi�cantly weaker with their semen 

qual ity,  presenting 45% severe azoospermia or 

oligozoospermia, as shown in Nigerian research [8]. It was 

observed in studies that surgical correction supported 

several men recovering sperm parameters by gaining 

natural pregnancy as a result of their marital intercourse [9, 

10], yet normal sperm parameters are still maintained by 

some men with varicocele [11]. When the testicles do not 

function properly, testicular failure happens, and it is 

because of genetic mutations, hormone problems, or 

developmental issues in the male reproductive system. 

Testicular texture, blood �ow, and size can be assessed by 

the ultrasound, which can provide signs pertaining to 

conditions like Leydig cell damage or Sertoli cell-only 

syndrome [12]. One can identify hormone imbalances like 

elevated prolactin through blood tests or low testosterone, 

and they can mostly be correlated with abnormalities of the 

ultrasound [13]. Obstructive pathologies in the epididymis, 

the ejaculatory ducts, or the vas deferens do not allow 

sperm release and cannot be detected by semen analysis 

alone. These problems can be identi�ed by Transrectal 

ultrasound (TRUS), which is speci�cally bene�cial to 

diagnose obstructive azoospermia [14]. Important 

diagnostic information can be provided by testicular size. 

Decreased sperm production is indicated by reduced 

testicular volume generally. According to research, low 

sperm count shows correlation with smaller testicles, 

mostly by depicting hormonal abnormalities such as 

elevated LH or FSH [15]. Research conducted on 1,000 

infertile men revealed the outcome of abnormalities 

through ultrasound, in the seminal vesicles and prostate, 

a m o n g  a l m o s t  3 0 – 3 5 %  c a s e s  [ 1 6 ] .  S o ,  s c r o t a l 

ultrasonography is considered a safer and more effective 

tool. The testicular abnormalities like microlithiasis, 

varicocele, epididymal cysts, and undescended testicles 

can be tested through it. One cannot directly feel during a 

regular examination. According to a study, during physical 

examination, 58% of such abnormalities were not found 

during the test, but those were examined clearly by means 

of ultrasound [17]. In a signi�cant number of cases, men 

may still be infertile, even with normal semen tests. It 

depends upon undiagnosed conditions such as previous 

mumps infection, testicular injur y, or congenital 

abnormalities during the examination. These hidden 

problems can be identi�ed in genetic and ultrasound 

testing [18]. Sperm DNA may be damaged, even in 

subclinical cases, because of oxidative pressure, which 

raises testicular temperature, exacerbated by varicocele 

[19].

Diagnostic Strategies in Male Infertility

Investigations - Structured Order: A systematic hierarchy 

is followed in a comprehensive diagnostic approach. In the 

�rst-line investigations, factors that need to be included 

like detailed sexual and medical history, semen analysis, 

followed by physical examination. While, incorporates 

hormonal pro�ling is incorporated in the second-line 

testing (LH, FSH, testosterone, and prolactin), post-

ejaculatory urinalysis, followed by scrotal ultrasonography 

with Doppler also required. For surgical and advanced 

investigations, testicular biopsy for azoospermia, genetic 

testing (karyotyping, Y-chromosome microdeletion 

analysis), and vasography for suspected obstruction are 

needed [20]. Diverse causes and diagnostic approaches 

are required in male infertility measurement. In about 30 - 

50% infertility cases, male factors are responsible, mostly, 

with etiologies following endocrine disorders, genetic 

syndromes, anatomical abnormalities, and infections [21]. 

Cryptorchidism is a major risk factor that affects 1- 4% of 

newborn males. It is because of abnormal maturation and 

germ cell loss at the earlier stage. It leads to higher 

testicular cancer risk and future infertility [22]. One of the 

most frequent chromosomal abnormalities linked with 

male infertility is Klinefelter syndrome (47, XXY, which 
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causes testicular failure, reduced azoospermia, and 

testosterone production [23]. Prolactinoma lowers 

testosterone levels and disrupts sperm production; it 

interferes with the hypothalamic-pituitary-gonadal axis 

[21]. With the reduction of hypogonadism symptoms 

through testosterone treatment, it also reduces fertility 

and suppresses gonadotropins. A viral infection, known as 

mumps orchitis, may cause persistent azoospermia due to 

irreversible testicular damage [24].

Expanded Discussion About MRI

A crucial role is played by imaging techniques in diagnosis. 

Pertaining to this, for the detection of obstructive factors 

and anatomical features, TRUS and ultrasound are �rst-

line modalities, where MRI becomes the �rst priority when 

ultrasound �ndings become unclear or inconclusive. In this 

case, superior soft tissue characterization is provided by 

MRI and becomes particularly signi�cant to assess 

undescended testes and evaluate complex obstructions, 

by mapping anatomy and �nding out subtle tumors before 

reconstructive surgery [25]. Concerning such bene�ts, the 

limited availability of MRI and its higher cost in low-

resource settings do not fully allow its routine use. 

Limitations of Biopsy Techniques: To for differentiate 

obstructive from non-obstructive azoospermia Testicular 

and to guide about assisted reproductive interventions, 

biopsy becomes necessary test. In this way, two major 

practices are common: needle biopsy and open surgical 

biopsy. Larger tissue samples are provided by open biopsy, 

with means of lower risk of sampling error and better and 

precise histological assessment. For this, hiring costs with 

operating room facilities are required. Needle biopsy (Tru-

cut or �ne needle aspiration) under local anaesthesia can 

be performed as an o�ce procedure, giving lower cost and 

greater convenience. Although there are risks in needle 

biopsy with infection, potential sampling error due to 

smaller tissue volumes hematoma formation [26]. All about 

the process is dependent on local expertise, clinical 

indication, along complete planning of simultaneous 

sperm retrieval for ICSI [27].

Vaso Graphical Role in Surgical Management

Technical Details: Water-soluble radiopaque contrast 

media is employed by Vasography employs, such as iohexol 

or iopamidol, which may be directly injected into the vas 

deferens. Normally, plain radiography or �uoroscopy is 

used as an imaging technique for visualizing the seminal 

vesicles, vas deferens, and ejaculatory ducts. In such a 

technique, puncture with a �ne needle, surgical exposure 

of the vas deferens, or intraoperative protocol is utilized 

(characteristically 27-30 gauge), under �uoroscopic 

guidance, generally, slow injection of 1-3 ml contrast is 

injected, and immediate assessment of obstruction and 

patency sites is conducted [28]. To manage male infertility, 

vasography becomes a signi�cant therapeutic and 

diagnostic tool, especially in obstreperous azoospermia 

cases. In such cases, localized obstruction sites and vas 

deferens patency are assessed primarily, which is 

considered to be extremely important to plan for 

proceeding surgical procedures like vasoepididymostomy 

or vasovasostomy. These microsurgical techniques are 

mostly used in vasography, which is often performed 

alongside, where immediate correction of enabling 

enhancing fertility restoration and identifying obstructions 

and likelihood is performed [28]. The bene�ts of combining 

surgical treatment with vasography have been highlighted 

by recent advancements in andrology clinics, particularly in 

settings with constrained medical facilities. With such 

techniques, patients' enhanced outcomes are achieved 

compared with those formerly deprived of adequate 

access to specialized care [29]. Even, rather its great 

signi�cance, vasography has declined because of less 

invasive imaging modalities as a self-contained diagnostic 

system like MRI and transrectal ultrasound, where 

preoperative evaluation is mostly offered [30]. When direct 

visualization of vasal anatomy is required or non-invasive 

imaging is inconclusive, during surgery there vasography 

remains indicated. Vasography, rather than an outpatient 

procedure to minimize complications, is generally 

recommended intraoperatively, with the recommendation 

of immediate surgical intervention when needed. 

Vasography becomes very important for obstructive male 

i n fe r t i l i t y  t r e a t m e n t  w h e n  i n c o r p o r a t e d  i n t o 

c o m p r e h e n s i ve  t r e a t m e n t  p l a n s ,  c o u p l e d  w i t h 

microsurgical advancements [31].

Associating Diagnostics with Treatment

Therapeutic strategies are directly guided by diagnostic 

�ndings. With abnormal semen parameters, ultrasound-

d e te c te d  va r i c o c e l e  o f  g r a d e  2  o r  3 ,  b y  w h i c h 

varicocelectomy is indicated, and natural conception is 

improved in 40–60% of cases [28]. Biopsy results con�rm 

an obstruction that shows normal spermatogenesis in 

azoospermic men. Also, it guides about sperm retrieval 

techniques for ICSI, where fertilization rates of 50–70% are 

achieved in the process [32]. The in�uence of the choice 

b e t w e e n  v a s o e p i d i d y m o s t o m y  ( fo r  e p i d i d y m a l 

obstruction) and vasovasostomy (for vas obstruction) is 

c a l c u l ate d  by  va s o g ra p hy  � n d i n gs  of  co m p l ete 

obstruction, with patency rates of 85% and 65% 

respectively [33]. The treatment selection is optimized by 

this integrated approach, and reproductive outcomes are 

improved to a great extent [34]. To identify underlying 

causes of male infertility, the importance of clinical 

imaging is emphasized by this review, speci�cally in 
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ultrasound imaging. The routine integration into fertility 

assessments helps improve patients' outcomes by 

addressing diagnostic gaps in male reproductive health.

Pathologic Conditions for Male Infertility

Among the main pathologic conditions responsible for 

male infertility, the main contributing factors are idiopathic 

infertility (35.6%) and testicular disorders (38%), that 

encountered most frequently, closely followed by cases of 

varicocele (Grade 2/3), which affects 35.5% of infertile men 

approximately [34]. According to some research, around 

10% of cases account for Cryptorchidism [35], whereas 

there are major genetic causes related to Y-chromosome 

microdeletions and chromosomal abnormalities (such as 

Klinefelter syndrome), with a percentage of 3.2% and 

10–15% cases, accordingly [36, 37]. This study shows 

consolidated percentage and frequency of the data, 

referring to the most prevalent pathological conditions 

that are linked with male infertility, as re�ected by means of 

the studies conducted between the years 2000-2025 

(Table 1). 

recommended by experts in infertility evaluations [39]. 

Scrotal Causes of Male Infertility: mechanism/pathology 

and clinical impact on fertility are very important (Table 2).
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Table 1: Main Pathologic Conditions Responsible for Male 
Infertility

Pathologic Condition Frequency (%)

Idiopathic (Unexplained) Infertility

Testicular Disorders

Cryptorchidism (Undescended Testes)

Varicocele (Grade 2/3)

Chromosomal Abnormalities

Y Chromosome Microdeletions

Leydig Cell Insu�ciency

Hydrocele (via ultrasound)

Epididymal Cysts (via ultrasound)

Testicular Atrophy (via ultrasound)

356 (35.60%)

380 (38%)

100 (10%)

355 (35.50%)

100 (10%)

32 (3.20%)

25–50 (2–5%)

~60 (~6%)

~90 (~9%)

~120 (~12%)

It was found that Leydig cells contribute to hypogonadism 

insu�ciency, giving poor spermatogenesis, with an 

average of 2–5% of cases similarly [38]. Of these 

characteristics, acquired factors like trauma, endocrine 

tumors, and infections result differently among many 

individuals [39]. Transrectal and scrotal ultrasonography 

have been considered non-invasive and essential 

diagnostic techniques, which signi�cantly enhance the 

abnormalities like: testicular atrophy, hydrocele, and 

epididymal cysts, and these techniques are not only 

apparent through clinical examination but also being 

practiced in ultrasonic diagnosis [40]. Both obstructive 

and non-obstructive causes are identi�ed by ultrasound, 

which provides vascular �ow analysis by means of 

techniques like Doppler ultrasound, which is especially 

signi�cant in azoospermia assessments [41]. Sonography 

remains underutilized, and instead of clinical utility, wider 

a d o p t i o n  of  s t a n d a rd i z e d  i m a g i n g  p r oto c o l s  i s 

Table 2: Scrotal Causes of Male Infertility

Scrotal Cause Mechanism/Pathology Clinical Impact on Fertility

Varicocele

Dilated pampiniform
plexus veins, increased

scrotal temperature,
oxidative stress

Most common;
impairs spermatogenesis,

reduces sperm count/
motility.

Hydrocele

Fluid accumulation
around the testis,

possible local
temperature elevation

May impair
spermatogenesis

Epididymal-
orchitis

In�ammation/infection
of the epididymis/testis

Obstructs sperm
transport, damages tissue

Epididymal
cysts

Cystic lesions in the
epididymis

May obstruct sperm
passage

Trauma
Physical injury to the

scrotum/testes
Disrupts testicular

function

Cryptorchidism
Undescended testis,

abnormal scrotal
development

Reduces testicular
volume, impairs

spermatogenesis

Testicular
microlithiasis

Microcalci�cations in
testicular tissue

Associated with abnormal
sperm parameters

Scrotal AVM

Abnormal arteriovenous
connections, local

hyperthermia, or pressure
effects

Can cause oligospermia
/infertility

Chronic scrotal
hyperthermia

Prolonged elevation of
scrotal temperature

Causes oxidative stress,
spermatogenic arrest

Scrotal wall
pathology

Abnormalities in
scrotal wall layers

Mechanical/in�ammatory
effects, hyperthermia

Table II shows different scrotal problems that can yield 

male infertility. It shows that amongst various causes of 

male infertility, varicocele is the most prevalent, which 

causes oxidative stress in testicles, raises temperature, 

and affects sperm production [40]. There are also many 

other issues, including epididymo-orchitis, hydrocele, 

injuries, cryptorchidism, and cysts, which can block sperm 

movement by damaging the sperm-making environment, 

and this leads to weak fertility among couples [33]. In this 

way, important but less common causes are scrotal 

arteriovenous malformations, testicular microlithiasis, 

and chronic scrotal hyperthermia. These factors combine, 

and the quality and number of sperm are reduced in fertile 

couples. Also, fertility can be affected by scrotal wall 

problems when local conditions, through in�ammation and 

pressure, are changed. Concerning these issues, proper 

treatment by early detection is very important; often, using 

scrotal ultrasound helps cure male infertility by improving 

their health [1, 28]. Sonographic �ndings and clinical 

signi�cance were analyzed (Table 3).
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Table 4: Prevalence of Major Causes of Male Infertility

Idiopathic
(Unknown cause)

Most common; up to 75% in
oligozoospermia cases remain

unexplained

Cause of Male
Infertility Notes/Comments

Varicocele
Most frequent identi�able cause;

higher in secondary infertility

Genetic causes
(chromosomal,

Y deletion)

Includes Klinefelter syndrome, 
Y-chromosome microdeletions

Testicular failure
(primary)

Includes Sertoli cell-only
syndrome, maturation arrest

Obstructive
azoospermia

Includes congenital bilateral
absence of vas deferens, post-

infectious causes

Endocrine
disorders

Prevalence
Among Infertile

Men (%)

30–75

15–40

10–15

10–20

7–13

1–2
Hypogonadotropic hypogonadism,
pituitary/hypothalamic dysfunction

Sexual
dysfunction 8–17

Erectile/ejaculatory disorders;
higher in some populations

Infections
(orchitis,

epididymitis)
5–15

Can cause temporary or
permanent infertility

Congenital
anomalies

2–5
Cryptorchidism, hypospadias,

other urogenital malformations

Lifestyle/
environmental

factors
Variable

Smoking, obesity, toxins, heat,
and medications often overlap

with other causes.

Table V above shows clinical utility & diagnostic value in key 

male infertility tests. A comprehensive diagnostic strategy, 

consisting of sperm function tests such as DNA 

fragmentation assessment, semen analysis, and advanced 

imaging techniques, enhances the diagnostic ability of 

fundamental causes of male infertility. With this proportion 

of unexplained (idiopathic) cases is reduced to a great 

extent [41]. Moreover, valuable information about DNA 

fragmentation testing on sperm quality is depicted in the 
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Table 3: Sonographic Patterns in Male Infertility

The study presents sonographic patterns in male infertility. 

It depicts that by identifying both obstructive and non-

obstructive causes, sonographic evaluation plays a 

signi�cant role in the assessment of male infertility [41]. 

R e g a r d i n g  t h i s ,  t h e  t a b l e  p o r t r a ys  m a n y  v i t a l 

characteristics like reduced testicular volume, indicating 

atrophy, varicocele, testicular echotexture suggestive of 

chronic damage, and heterogeneous [33]. Research 

�ndings indicate obstruction through epididymal 

enlargement, dilated rete testis, and dilated vas deferens, 

causing male infertility. Furthermore, testicular blood �ow 

assessment is carried out by using Doppler ultrasound, 

which helps differentiate between primary testicular 

failure and obstructive conditions affecting male fertility 

[32]. Moreover, diagnostic precision is enhanced using 

hydrocele additional detection, cysts, signs of acute 

in�ammation, and guides management [23, 42]. 

Diagnostic accuracy is enhanced meaningfully by 

integrating these sonographic patterns into clinical 

evaluation, and better targeted treatment is enabled. The 

�ndings discuss the prevalence of the main causes of male 

infertility. It reports Idiopathic infertility to be the most 

frequently occurring category, which is re�ected in certain 

subgroups up to 75% cases, particularly its range observed 

among men with oligozoospermia, and hence, current 

Dilated Vas Deferens
Obstructive

azoospermia

Shows distal blockage,
like an ejaculatory duct

cyst or absence

Hydrocele Hydrocele
May impair fertility by

raising local temperature

Reduced Testicular
Vascularity (Doppler)

Testicular
failure

Points to severe damage
or primary testicular failure

In�ammatory Changes
(Orchitis/Epididymitis)

Orchitis,
epididymitis

Suggests acute
in�ammation that can

damage sperm production

Sonographic Finding Cause of Infertility Clinical Signi�cance

Varicocele (Dilated
Pampiniform Plexus) Varicocele

The most common
ultrasound �nding

associated with poor
sperm production

Reduced Testicular
Volume

Non-obstructive
azoospermia,

testicular failure

Indicates sperm
production failure;

helps rule out
obstructive causes

Heterogeneous
Testicular Echotexture

Atrophy, chronic
orchitis, trauma

Suggests old
damage or in�ammation

affecting fertility

Epididymal
Enlargement

Epididymitis,
obstructive

azoospermia

Indicates in�ammation
or blockage of the sperm

 passage

Testicular/
Epididymal Cysts

Obstruction, post-
infection changes

May block sperm
transport if large; 

sometimes incidental

Dilated Rete Testis/
Epididymal Tubules

Obstructive
azoospermia

Strongly suggests
blockage at the

epididymal or duct level

diagnostic approaches show major gaps in likewise cases 

[43]. Varicocele is the most potentially correctable and 

common identi�able cause in this sense [44]. Other 

factors are also very important, along with primary 

testicular failure and genetic defects, which contribute to 

male infertility the most [40]. Although among the less 

common causes are endocrine and obstructive causes, 

due to the potential for effective interventions, they remain 

clinically signi�cant [33]. There is also the role of infections 

and sexual dysfunction, particularly in speci�c populations 

[45]. The environmental in�uences and lifestyle are a 

severe concern for male infertility. Although due to 

overlapping risk factors, the exact prevalence remains 

unclear. The multifactorial origin of male infertility is 

emphasized by these �ndings, and personalized treatment 

planning and thorough evaluation are highlighted by means 

of all such factors about male infertility [36]. The Findings 

are shown (Table 4).
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Table 5: Clinical Utility and Diagnostic Value, in Key Male Infertility Tests

Diagnostic Test/Approach Diagnostic Value & Clinical Utility Sensitivity/Speci�city

Semen analysis
Cornerstone for initial assessment; identi�es oligozoospermia,

asthenozoospermia, teratozoospermia, and azoospermia
Moderate sensitivity/speci�city

Sperm DNA fragmentation (sDF)
Higher accuracy than conventional semen analysis for detecting

sperm dysfunction; predicts FSH therapy response
Sensitivity 79%, speci�city 86%

Oxidation-Reduction Potential (ORP)
Novel marker for oxidative stress; correlates with poor sperm

parameters; aids in diagnosis and management
Sensitivity 69–81%, speci�city 66–83%

Genetic testing (karyotype, Y del.)
Essential for severe oligo/azoospermia; guides prognosis,

treatment, and genetic counseling
High for known mutations

Comprehensive andrological assessment
Reduces idiopathic cases, enables targeted therapy, and

increases natural pregnancy rates
Reduces the idiopathic rate to 8%

Seminal plasma biomarkers
Emerging non-invasive markers: potential to improve

diagnosis beyond standard semen analysis
Under investigation

Imaging (scrotal US, Doppler)
Detects varicocele, obstruction, and testicular atrophy;

re�nes diagnosis and guides management
High for structural causes

The study depicts selected studies on sonographic techniques used in the evaluation of male infertility. The above selected 

studies are fully pertinent to identify functional and primary structural causes of male infertility using sonographic 

techniques, including TRUS, grey-scale ultrasound, and elastography. Key infertility factors are highlighted through these 

studies, consisting of testicular atrophy, varicocele, microlithiasis, obstructive azoospermia, and epididymal cysts, by 

highlighting major prevalence-related pathologies reported in different studies. The inclusion of these studies is justi�ed 

because clear evidence is provided about the value of diagnostic imaging in detecting both obstructive and non-obstructive 

causes, helping reduce idiopathic cases. Research conducted on parenchymal inhomogeneity, testicular echotexture, and 

elastography showed a correlation between spermatogenic �ndings with sonographic function; while, need for population-

speci�c reference values is emphasized by regional studies, speci�cally, in low-resource settings as Pakistan (Table 6).

Table 6: Selected Studies on Sonographic Techniques used in Evaluation of Male Infertility

Sr.
No.

Study Title Study Type
Sample Size/

Design
Ultrasound
Technique

Infertility Focus Key Findings Gaps/Future Direction

1
Colour Doppler

Ultrasonography as a
Routine Exam

Clinical Study
Not

Reported
Colour

Doppler US
Varicocele,
Obstruction

Improved detection of
vascular issues

Needs protocol
standardization

2
Sonographic Spectrum

of Scrotal Abnormalities
Imaging
Review

Narrative
Grey-Scale

US

Hydrocele, 
Varicocele,

Epididymal Cysts

Detected lesions missed
in the physical exam

Require training and
structured reporting

3
Imaging in Male-Factor
Obstructive Infertility

Focused
Clinical
Review

Clinical Cases
TRUS,

Scrotal US
Obstructive

Azoospermia

Algorithms for imaging
of obstruction are

de�ned

Prospective validation
lacking

4
Testicular Ultrasound

Inhomogeneity
Observational

Study Not Provided
Grey-

Scale US
Testicular Function,

Spermatogenesis

Inhomogeneity
correlates with reduced

sperm quality

Requires large-scale
validation

5
Ultrasound Evaluation

of Varicoceles
Systematic

Review
40+ Studies Doppler US

Varicocele
Grading

Standard grading
criteria established

Implement in low-
resource clinics

6
Sonography as an

Underutilized Diagnostic
Tool

Prospective
Clinic Study 60 men

TRUS,
Scrotal US

Obstructive vs
Non-Obstructive

Azoospermia

Speci�c resistive index
and volume cut-offs

de�ned

Promote in routine
evaluations

7
Role of the US in Male

Infertility Detection Review
Clinical

Synthesis
Scrotal US,

TRUS
Broad Male

Infertility Causes
Diagnostic thresholds

clari�ed for the US

Clinician curricula
development is
recommended

8
Role of Testicular

Elastography
Comparative

Study
42 patients Elastography Spermatogenic

Health

Stiffness re�ects
functional sperm

production

Regional baseline
values required
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table, which can be missed by conventional semen analysis, while a central role is played in detecting vascular and structural 

abnormalities through ultrasonography. It shows the importance of genetic testing, particularly among those patients who 

severely face azoospermia or sperm abnormalities, by supporting the uncovering of Y-chromosome microdeletions or 

chromosomal defects, particularly those not evident in such cases [22]. A patient-speci�c infertility management strategy 

is developed by incorporating these diagnostic tools, which enhances clinical outcomes [40] (Table 5).
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D I S C U S S I O N

Almost half of the infertility cases are prone to the margin 
line. The natural conception rates are signi�cantly 
maintained by early ultrasound detection of varicocele. 
Observed through different studies, Abnormal semen 
parameters and varicocelectomy in men with Grade 2/3 
varicocele result in 40–60% pregnancy rates that naturally 
occur within post-surgery along 12–18 months post-
surgery [35]. Similarly, appropriate surgical intervention is 
enabled by ultrasound-guided diagnosis of obstructive 
azoospermia with vasovasostomy, achieving pregnancy 
rates of 40–50% and patency rates of 85% [2]. Assisted 
reproduction, including imaging, improves ICSI outcomes, 
identifying speci�c causes through comprehensive 
evaluation, following fertilization rates reach almost 65-
75% when biopsy con�rms normal spermatogenesis [3]. In 
the most common diagnosis, Idiopathic infertility is 
observed in up to 75% of certain populations, speci�cally 
among men who are detected with oligozoospermia, and 
diagnostic gaps are identi�ed [44]. In the leading speci�c 
cause, the testicular disorders are common, where 38% of 
infertile men are affected seriously, with varicocele and in a 
treatable condition, being the most frequent occurring in 
35-40% cases. Sperm production is impaired by Varicocele 
with the increase in oxidative stress and scrotal 
t e m p e r a t u r e.  O t h e r  i m p o r t a n t  c a u s e s  i n c l u d e 
cryptorchidism (10%), Leydig cell dysfunction (4%), and 
testicular atrophy (12%) [44]. Chromosomal defects and Y-
chromosome microdeletions reported as genetic 
abnormalities contribute to 10 -15% cases, where the need 
for genetic testing is stressed in severe azoospermia or 
oligospermia cases. Obstructive causes, though less 
common (7–13%), are clinically relevant due to the potential 

for assisted reproductive or surgical treatment [40]. 
Infections,  congenital  anomalies,  and hormonal 
imbalances also give prevalence in many cases. In 
bene�cial diagnostic approaches, Doppler imaging and 
Scrotal ultrasound are essential non-invasive tools to 
detect varicocele, hydrocele, testicular atrophy, and 
epididymal cysts, which may not be found while doing the 
examination. These modalities help identify obstructive 
azoospermia and assess testicular damage or vascular 
�ow abnormalities [42]. However, challenges remain, 
including operator dependency, interpretation variability, 
and lack of standardized imaging criteria. 
As per research, in developing countries as Pakistan, there 
are many limitations, including trained personnel and 
restricted access to technology that hinder diagnosis 
further [13]. By identifying chromosomal abnormalities in 
unexplained infertility, genetic analysis complements 
imaging techniques to probe into the prevalence among 
infertile men. Combining semen analysis, advanced sperm 
tests, imaging, and genetic evaluation reduces idiopathic 
cases and guides personalized treatment. Overall, male 
infertility is multifactorial. A thorough diagnostic approach 
enhances detection of causes, minimizes unexplained 
cases, and supports individualized management 
strategies [45]. Future recommendations should prioritize 
the development and implementation of standardized 
i m a g i n g  p r o t o c o l s  fo r  s c r o t a l  a n d  t r a n s r e c t a l 
ultrasonography to ensure consistent diagnostic accuracy 
across diverse clinical settings. Increased accessibility to 
advanced diagnostic tools, such as genetic sequencing 
and AI-assisted imaging, is essential, particularly in 
resource-limited regions. Furthermore, integrating 

Overall, clinical understanding of infertility causes is developed through these studies, which supports and strengthens the 
incorporation of imaging technology with hormonal assessment and genetic evaluation to diagnose precisely and 
personalize treatment.

12
Prospective

Sonographic Evaluation
Prospective

Study 120 men
Scrotal US,

TRUS
Mixed Infertility

Causes

Comprehensive imaging
increased diagnostic

accuracy

Adaptation in local
clinical protocols

13
West African

Scrotal Abnormalities
Observational

80 subfertile/
40 fertile

Scrotal US
Regional Male

Infertility Patterns
Higher varicocele rates

in subfertile men
Regional imaging

databases needed

14
Central Role of

the US in Function/
Obstruction

Retrospective
Cohort

320 men
TRUS, 

Scrotal US
Ductal Obstruction, 
Testicular Function

Imaging features
correlated with

hormonal pro�les

Link imaging with lab
and endocrine results

15
Super Resolution

Ultrasound Microscopy
Experimental

Study Lab Based
Super-

Resolution US
Microvascular

Evaluation

Visualized tiny
testicular blood vessels

(early stage)
Clinical trials pending

9
Advanced

Sonographic Techniques Review Narrative
TRUS,

Elastography
Idiopathic
Infertility

Discussed advanced
methods (elastography,
microvascular imaging)

Validation in South Asia
is needed

10
Varicocele &

Semen Quality Study
Prospective

Study ~150 men Doppler US Varicocele
Blood �ow associated

with semen parameters
Follow-up studies

needed

11
Genetic Causes +

US Features
Retrospective

Cohort
~200 men

TRUS,
Scrotal US

Genetic
Infertility

Imaging models developed
to predict genetic defects

Integration into genetic
workups is required
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C O N C L U S I O N

The emerging technologies are prospectively promised to 
revolutionize management and diagnose male infertility 
cases across the globe. Detection accuracy can be 
improved by using arti�cial intelligence-assisted imaging 
analysis, and operator dependency can be reduced in 
ultrasound interpretation. Advanced genetic sequencing 
technologies, including whole-exome sequencing and 
next-generation sequencing panels are being utilized. It 
will explore currently disruptive causes of novel genetic 
issues to male infertility as idiopathic. Standardized 
diagnostic protocols are urgently needed for the 
improvement of consistency, particularly for imaging 
techniques, and accessibility of care across the globe, 
particularly in contexts with limited resources for health 
improvement. 

multimodal diagnostics combining imaging, genetic 
testing, and sperm function analysis—into routine clinical 
practice can reduce idiopathic cases and support 
personalized treatment strategies. Finally, fostering 
interdisciplinary collaboration and specialized training for 
healthcare providers will enhance the comprehensive 
evaluation and management of male infertility.
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