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Abstract

Background: Infertility is a significant global public health issue affecting approximately 15% of couples worldwide. Female
fertility declines with advancing age due to progressive reduction in ovarian reserve and oocyte quality, while male,
anatomical, endocrine, genetic, and environmental factors further contribute to reproductive failure. Accurate laboratory
evaluation is central to identifying the underlying causes and guiding effective management.

Aim: This review aims to provide an updated and comprehensive overview of the laboratory evaluation of infertility,
emphasizing hormonal, semen, genetic, and biochemical assessments while highlighting methodological considerations and
clinical relevance.

Methods: A narrative review of current laboratory practices in infertility evaluation was conducted. The article synthesizes
evidence on endocrine testing, ovarian reserve assessment, ovulatory function, semen analysis, genetic screening,
immunoassay methodologies, and interfering factors affecting test accuracy.

Results: Laboratory evaluation plays a pivotal role in infertility diagnosis, particularly through assessment of the
hypothalamic—pituitary—ovarian axis, ovarian reserve markers (AMH, FSH, AFC), luteal progesterone levels, and
comprehensive semen analysis. Immunoassays remain the mainstay of hormone testing, although interference from
heterophilic antibodies, cross-reactivity, and preanalytical variables may compromise results. Advanced techniques such as
LC-MS/MS improve analytical accuracy in selected cases. Genetic testing and quality control mechanisms further enhance
diagnostic precision and clinical decision-making.

Conclusion: An integrated laboratory approach, supported by rigorous quality control and awareness of assay limitations, is
essential for accurate infertility evaluation. Tailored laboratory investigations enable personalized treatment strategies and
improved reproductive outcomes.
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Introduction

Infertility is characterized by the inability to
achieve conception after 12 months of regular,
unprotected sexual intercourse in women under 35
years of age, or after six months in women over 35
[1]. Globally, infertility affects approximately 15% of
couples, representing a significant public health
concern. Female fecundity begins a gradual decline

around the age of 32, with a more pronounced
decrease after 37, primarily due to the age-related
reduction in functional ovarian reserve. This decline
is associated with an increased incidence of infertility
and spontaneous pregnancy loss, which is largely
attributed to a higher likelihood of chromosomal
nondisjunction in older oocytes [2]. In women aged
40 years and above, initiating an infertility evaluation
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at an earlier stage is often justified. Additional
indications for infertility assessment include irregular
menstrual cycles, male factor infertility, advanced
endometriosis, Millerian duct anomalies, and other
genital tract conditions such as a history of pelvic
inflammatory disease [1]. Fertility preservation
strategies, including oocyte or  embryo
cryopreservation  for  females and  sperm
cryopreservation for males, should also be
incorporated into counseling for patients undergoing
gonadotoxic therapies, such as cancer treatment [3].
The quantity and quality of oocytes are central
determinants of female reproductive potential. The
oocyte pool reaches its peak during the fetal stage,
with an estimated 600,000 oocytes present at birth,
which progressively diminishes throughout a
woman’s lifespan [4]. Maternal age serves as a key
indicator of both oocyte quantity and quality,
representing one of the most critical prognostic
factors in assisted reproductive technologies [5]. The
oocyte maturity  index, which  evaluates
morphological and physiological attributes, can
provide insight into oocyte competence and may
serve as a predictive tool for pregnancy outcomes [6].
Understanding these age-related changes and
implementing early assessment and fertility
preservation strategies are essential for optimizing
reproductive success and guiding clinical decision-
making in infertility management.
Etiology and Epidemiology

Infertility represents a significant global
health concern, with particularly high prevalence in
developed countries, where delayed childbearing has
become increasingly common. Advances in assisted
reproductive technologies have allowed millions of
couples to achieve conception despite underlying
reproductive challenges [7]. The first successful birth
following in vitro fertilization (IVF) occurred in
1978, marking a pivotal milestone in reproductive
medicine. Since then, continuous improvements in
laboratory and clinical protocols have led to
pregnancy rates exceeding 50% per embryo transfer,
significantly enhancing reproductive outcomes for
affected couples [8]. The etiology of infertility is
broadly classified into four categories: female factor,
male factor, combined factor, and unexplained
infertility [1]. The prevalence of female, male, and
combined causes is generally comparable, ranging
between 2% and 30% each, while approximately 10%
to 20% of cases remain unexplained despite
comprehensive  evaluation [9]. Female-related
infertility can be further divided into anatomical
causes, including cervical, uterine, or tubal
abnormalities, and functional causes, such as ovarian,
pituitary, or hypothalamic dysfunction. Polycystic
ovarian syndrome (PCOS) is a leading contributor to
ovulatory disorders, accounting for approximately
70% of cases of anovulation [10]. Advanced maternal
age is a well-established factor that negatively
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impacts fertility. Women of older reproductive age
experience prolonged time to conception and face
increased risks of chromosomal anomalies,
spontaneous miscarriage, and congenital defects [11].
Environmental exposures may also influence fertility,
although the evidence varies in strength and
consistency. Substances such as tobacco smoke,
excessive alcohol, and certain industrial or
environmental toxins have been demonstrated to
impair reproductive function in both men and women
[12].  Collectively,  these etiological and
epidemiological factors highlight the multifactorial
nature of infertility and underscore the importance of
individualized assessment and intervention to
optimize reproductive outcomes.
Pathophysiology

Evaluating infertility requires a systematic
approach aimed at identifying the underlying
etiology. This begins with a comprehensive clinical
history and a detailed physical examination to detect
signs of hypothalamic, pituitary, thyroid, uterine,
tubal, and ovulatory dysfunction. Essential aspects of
the history include menstrual patterns, cycle
regularity, galactorrhea, acne, hirsutism, prior
sexually transmitted infections, and lifestyle factors
that may impact fertility. Physical assessment
incorporates measurement of body mass index, blood
pressure, and a focused breast, abdominal, and pelvic
examination. Imaging, particularly baseline pelvic
ultrasound, is integral to evaluate the morphology
and structure of the uterus, cervix, and ovaries [1].
Infertility workup encompasses both anatomical and
functional considerations; the following discussion
emphasizes functional evaluation in the female
patient. A central component of functional assessment
is the evaluation of ovarian reserve, which reflects
both the quantity and, indirectly, the reproductive
potential of oocytes. Maternal age remains the most
critical determinant of fertility [2]. Functional ovarian
reserve (FOR) can be assessed through biomarkers
such as anti-Millerian hormone (AMH) and basal
follicle-stimulating hormone (FSH) measured during
early menses. AMH is secreted by granulosa cells of
primary, secondary, preantral, and early antral
follicles and provides an estimate of the remaining
follicular pool [13]. However, AMH does not provide
information about oocyte quality, which can only be
evaluated morphologically following oocyte retrieval
[14]. While AMH predicts ovarian responsiveness to
gonadotropin stimulation, it does not directly predict
pregnancy or live birth outcomes. Women with AMH
levels above 1 ng/mL generally exhibit favorable
response to stimulation, although conception remains
possible in those with lower levels, indicating that
AMH should not be used as a sole prognostic
biomarker [15],[16]. AMH remains stable throughout
the menstrual cycle but may be suppressed by
exogenous hormonal therapy [13].
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FSH, measured on cycle days 2 through 5,
serves as an additional marker of ovarian reserve,
reflecting pituitary function under negative estrogen
feedback. As the ovarian follicle pool declines with
age, estradiol production diminishes, leading to
compensatory elevation of FSH [1]. Antral follicle
count (AFC), determined via ultrasound, offers a
further assessment of ovarian reserve by quantifying
visible follicles in both ovaries. While AFC is useful
for predicting ovarian response to stimulation, its
variability across cycles renders it less reliable than
AMH or FSH [1],[17]. Ovulation, the release of a
dominant Graafian follicle from the ovary, is essential
for successful conception and is regulated by a
complex hormonal feedback loop. Pulsatile
gonadotropin-releasing hormone secretion from the
hypothalamus stimulates the pituitary to release FSH
and luteinizing hormone (LH). FSH promotes
follicular growth, while LH facilitates androgen
synthesis, working within the two-cell, two-
gonadotropin model [18],[19]. In this framework,
FSH receptors are expressed on granulosa cells,
whereas LH receptors are primarily on theca cells.
LH-induced androgen production in theca cells is
subsequently aromatized into estrogens by granulosa
cells under FSH stimulation. This tightly regulated
hormonal interplay ensures the maturation of oocytes
and the establishment of an optimal endocrine
environment for fertilization. Understanding these
physiological processes is critical for interpreting
abnormalities in ovulatory function and guiding
interventions in infertile patients.

Specimen Requirements and Procedure

Proper specimen collection is essential for
accurate evaluation of reproductive hormones and
semen parameters in the assessment of infertility.
Venipuncture is the standard method for obtaining
blood specimens to measure luteinizing hormone
(LH), follicle-stimulating hormone (FSH),
testosterone,  anti-Mullerian  hormone  (AMH),
estradiol, and progesterone [20]. Hand hygiene is the
initial critical step in reducing contamination,
followed by thorough skin disinfection using alcohol,
chlorhexidine, or povidone-iodine solutions [21]. The
phlebotomist identifies suitable veins in the cubital
fossa, typically the cephalic, basilic, median cubital,
or median antebrachial veins. To facilitate vein
dilation, a tourniquet is applied for less than 60
seconds at moderate pressure (approximately 60 mm
Hg). Alternatively, a transilluminating device using
infrared light may be employed to visualize veins
more effectively. The dorsal hand veins can serve as
alternative sites, though they tend to be more mobile
and insertion may cause increased discomfort [21].
Venipuncture can be performed using either a straight
needle or a butterfly needle. The butterfly needle
provides stability through its wings, which can be
secured with adhesive tape to maintain proper
placement. The needle should enter the vein at an
angle less than 30 degrees to minimize vessel trauma.
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Blood collection can be achieved using a piston
syringe or an evacuated tube system. The evacuated
tube system is preferred due to its closed design and
safety, facilitating collection into color-coded tubes
containing appropriate additives. To reduce patient
discomfort, distraction techniques can be employed,
and topical anesthetics such as lidocaine or prilocaine
may be applied [21]. Complications are uncommon,
occurring in less than 3% of procedures, and include
superficial phlebitis, localized hematomas, bruising,
prolonged bleeding, arterial puncture, cellulitis, or
rarely aneurysm formation [21].

Semen analysis is another essential
diagnostic procedure in infertility assessment. Men
are instructed to abstain from ejaculation for three to
seven days prior to sample collection. The specimen
is collected by masturbation into a sterile container
and must be examined within one hour to maintain
validity [22]. Patients should empty their bladder
before collection to reduce contamination, and a
minimum of two separate specimens, collected at
least three days apart, is recommended to account for
variability in sperm parameters [23]. Extended
periods of abstinence increase semen volume but may
reduce motility, which is an important consideration
for accurate assessment [22]. In both venipuncture
and semen collection, adherence to proper procedural
protocols ensures reliable results and minimizes the
risk of preanalytical errors. Careful patient
instruction, appropriate timing, and correct handling
of specimens are crucial to optimize the diagnostic
yield for reproductive endocrinology and infertility
evaluation.

Diagnostic Tests

Contemporary evaluation of infertility has
shifted from traditional methods such as basal body
temperature monitoring and postcoital cervical
aspiration to more precise laboratory and imaging
assessments [24]. Current diagnostic protocols focus
on five principal components critical to fertility: the
pituitary gland, ovarian function, fallopian tube
patency, uterine structure, and semen quality.
Laboratory investigations primarily address three of
these areas: pituitary and ovarian endocrine function,
male gamete quality, and genetic predispositions that
may impact reproductive outcomes. Radiologic
imaging complements these analyses by assessing
structural anomalies that may interfere with
conception. Assessment of ovulatory function is
central to the evaluation of female infertility. Women
with menstrual cycles ranging between 25 and 35
days and exhibiting minimal variation, typically less
than three days per cycle, are generally considered
ovulatory. Deviations from this pattern may suggest
impaired ovulation, necessitating further evaluation.
The most reliable laboratory method involves
measuring serum progesterone levels during the
luteal phase, often after cycle day 18, with levels
exceeding 3 ng/mL indicative of ovulatory activity
[1][10]. Additionally, monitoring the luteinizing
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hormone (LH) surge through serial serum
measurements or ovulation predictor Kits can provide
corroborative evidence, although elevated baseline
LH in conditions such as polycystic ovarian
syndrome (PCOS) may yield false-positive results
[25][26]. While basal body temperature monitoring
has been historically used to infer ovulation through a
thermal shift of at least 0.5°C, its reliability is
limited, and the method is largely supplanted by
biochemical assessment [25].

The International Federation of Gynecology
and Obstetrics (FIGO) has introduced the HyPO-P
classification system to categorize ovulatory
disorders, superseding the World Health Organization
1973 classification. This framework divides disorders
into four types: Type | encompasses hypothalamic
etiologies, including genetic, autoimmune, iatrogenic,
and neoplastic conditions; Type Il involves pituitary
dysfunction  from  functional, inflammatory,
traumatic, or vascular causes; Type Il includes
ovarian pathologies, both idiopathic and endocrine-
related; and Type IV is reserved for PCOS [27].
Evaluation of ovarian reserve, representing oocyte
quantity, can be performed via serum anti-Mullerian
hormone (AMH) or basal FSH levels, or by antral
follicle count (AFC) via transvaginal ultrasonography
[1]. Oocyte quality, however, is not assessable until
retrieval and microscopic examination following
ovarian stimulation [28]. Age remains the most
reliable predictor of oocyte quality, with advanced
maternal age  correlating  with  diminished
developmental potential [5]. AMH provides a cycle-
independent measure of ovarian reserve, with levels
below 1 ng/mL typically suggesting diminished
ovarian reserve (DOR), and values under 0.5 ng/mL
predictive of poor response in assisted reproduction,
yielding fewer than three oocytes per cycle [29][30].
Conversely, AMH levels exceeding 3.5 ng/mL
indicate robust ovarian responsiveness but elevate the
risk of ovarian hyperstimulation syndrome (OHSS)
[30].

Basal FSH measurement on cycle days 2-5,
alongside  estradiol  assessment to  prevent
misinterpretation from elevated early-phase estradiol,
serves as a critical marker of ovarian reserve.
Persistently elevated FSH levels (>10 IU/L) indicate
DOR and predict a suboptimal response to ovarian
stimulation. Premature elevation of estradiol (>80
pg/mL) can also reflect early follicular recruitment,
reinforcing the need for repeated evaluation to
confirm  findings  [1][30]. Endocrinological
assessment extends to the broader hypothalamic-
pituitary-ovarian (HPO) axis and associated
comorbidities, including diabetes and thyroid
dysfunction. Hypothyroidism, often reflected by TSH
levels exceeding 4 mlU/mL, correlates with
ovulatory disruption and increased miscarriage risk,
warranting levothyroxine therapy even in the
presence of normal free thyroxine. Hyperthyroidism
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similarly impacts reproductive function, altering
gonadotropin secretion and androgen-to-estrogen
conversion [31]. In women with PCOS, androgen
profiling—including total testosterone, sex hormone-
binding globulin, and calculated free testosterone—is
essential [32]. Screening for congenital adrenal
hyperplasia (21-hydroxylase deficiency) and Cushing
syndrome may be indicated, employing urine cortisol
collection, dexamethasone suppression, or salivary
cortisol assays [33]. Hyperprolactinemia should be
evaluated selectively in women with oligomenorrhea,
amenorrhea, or galactorrhea and is often secondary to
hypothyroidism [34][37]. Male endocrine evaluation
may include a human chorionic gonadotropin (hCG)
stimulation test to assess Leydig cell function, with
failure to increase testosterone beyond 150 ng/dL
indicating primary hypogonadism [38][39].

Semen analysis is conducted with two
separate specimens, ideally collected after 3—7 days
of abstinence, evaluating wvolume, pH, sperm
concentration, total count, motility, progressive
motility, morphology, and agglutination [1][23].
Detection of azoospermia necessitates further
investigation to distinguish obstructive from non-
obstructive etiologies, including post-ejaculate urine
analysis and evaluation for genetic disorders such as
Kartagener syndrome or cystic fibrosis in obstructive
cases [40][41]. Non-obstructive  azoospermia
warrants hormonal assessment, testicular biopsy, or
sperm retrieval techniques [40][42]. Varicocele
diagnosis is confirmed via ultrasonography where
clinically indicated [44]. Exogenous testosterone
suppresses endogenous gonadotropins, potentially
causing oligozoospermia or azoospermia [43].
Genetic evaluation complements laboratory testing,
particularly in  preconception counseling and
infertility with potential hereditary contributions.
Expanded carrier screening assesses autosomal
recessive mutations in women, with subsequent
testing of male partners or donors if positive. Couples
identified as carriers of the same mutation may
pursue preimplantation genetic testing or prenatal
diagnostics, including chorionic villus sampling or
amniocentesis. Disorders relevant to reproductive
assessment include cystic fibrosis, Turner syndrome,
Kallmann syndrome, Y-chromosome microdeletions,
chromosomal aberrations, and Kartagener syndrome
[45]. Professional guidelines recommend karyotyping
selectively in recurrent pregnancy loss, and targeted
carrier screening for conditions such as cystic
fibrosis, spinal muscular atrophy, Fragile X
syndrome, and hemoglobinopathies [46]. Fragile X
screening is particularly indicated in women with
irregular cycles and family histories suggestive of
premature ovarian insufficiency or intellectual
disability. Expanded carrier screening is advised in
populations with elevated prevalence of specific
conditions, such as Ashkenazi Jews [46]. While
laboratory diagnostics form the foundation of
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infertility evaluation, imaging may be warranted to
assess structural abnormalities. Hysterosonography or
hysterosalpingo-contrast ~ sonography  provides
detailed visualization of uterine and fallopian tube
pathology, complementing the functional assessment
derived from laboratory analysis [1][47]. Combined
laboratory and imaging strategies enable a
comprehensive understanding of infertility etiology,
guiding personalized therapeutic interventions.
Testing Procedures

Immunoassays are the  predominant
methodology for measuring reproductive hormones
in clinical laboratories [48]. These assays rely on the
specific interaction between antibodies and antigens
to detect the presence or concentration of target
molecules in biological specimens. The specificity of
antibody-antigen binding enables accurate detection
even in complex biological matrices such as serum,
plasma, or seminal fluid. Immunoassays differ in
design, detection mechanisms, and the manner in
which assay reagents interact with the sample,
allowing flexibility in addressing various clinical and
laboratory needs [49]. Heterogeneous immunoassays
require the physical separation of the antibody-
analyte complex from unbound sample components
before signal detection. This separation can be
achieved through methods such as precipitation,
cross-linking  with  secondary antibodies, or
immobilization on a solid phase. Once unbound
materials are removed via washing steps, detection
reagents are added to quantify the analyte [50]. In
contrast, homogeneous immunoassays do not require
physical separation. These assays can distinguish
between bound and free analytes within the reaction
mixture, streamlining the procedure and reducing
assay time.

Immunoassays also differ in the principles
governing signal generation. Competitive
immunoassays limit available antigen-binding sites,
allowing the endogenous analyte and a labeled analog
to compete for antibody binding. The detectable
signal is inversely proportional to the concentration
of the analyte, such that higher analyte levels result in
a lower signal [51]. Noncompetitive immunoassays,
by contrast, provide an excess of antibody-binding
sites. These assays produce a signal directly
proportional to analyte concentration, allowing for a
more intuitive interpretation of results [52]. A
specific subset, sandwich immunoassays, employs
two antibodies that bind distinct sites on the analyte.
A capture antibody immobilized on a solid surface
extracts the analyte from the sample, while a labeled
detection antibody binds to a different epitope. The
analyte is thus “sandwiched” between the antibodies,
producing a signal that increases with analyte
concentration [53]. Automated immunoassays for
testosterone and estradiol are generally reliable for
use in healthy adult men and women. However, their
accuracy and precision are insufficient when
assessing populations with low steroid hormone
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levels, such as children or adults with hypogonadism
or other endocrine disorders [54]. The Endocrine
Society recommends the use of highly sensitive
assays, including liquid chromatography coupled
with tandem mass spectrometry (LC-MS/MS), in
such cases [55]. LC-MS/MS provides enhanced
accuracy, reduced detection limits, and superior
analytical specificity compared to conventional
immunoassays.  These  techniques,  however,
necessitate highly trained personnel and substantial
laboratory infrastructure, which may limit their
routine use in standard clinical settings [56].

Measurement of free testosterone requires
additional consideration, as equilibrium dialysis or
ultrafiltration performed in specialized reference
laboratories offers the most accurate assessment [57].
These methods account for the proportion of
testosterone that is unbound and biologically active,
which is not reflected in total testosterone assays.
Accurate quantification of free testosterone is critical
in evaluating hypogonadism, infertility, or androgen-
related disorders in both men and women. Overall,
immunoassays remain the cornerstone of endocrine
testing in reproductive medicine due to their
specificity, adaptability, and scalability. Nonetheless,
emerging technologies such as mass spectrometry
provide essential improvements in sensitivity and
precision, particularly in populations with low
hormone concentrations or atypical endocrine
profiles. The integration of these advanced
methodologies ensures that clinical laboratories can
provide reliable, reproducible, and clinically
actionable hormone measurements for infertility
evaluation and broader reproductive health
assessment.
Interfering Factors

Immunoassays are extensively utilized in
clinical laboratories for the measurement of
reproductive hormones due to their high specificity
and sensitivity [58]. However, these assays are
vulnerable to interferences that may compromise
accuracy, potentially leading to falsely elevated or
suppressed results. The susceptibility to interference
depends on the type of immunoassay employed,
whether competitive or sandwich, as well as the
specific mechanisms by which interfering substances
interact with assay components [58]. Understanding
these factors is crucial to ensuring reliable fertility
hormone  assessment.  Heterophilic  antibodies
represent one of the most significant sources of
interference in immunoassays for fertility testing
[59]. These antibodies are multi-specific and can bind
indiscriminately to various elements within the assay.
They may interact with endogenous analytes in the
patient sample, labeled analytes used for detection, or
antibodies incorporated into the assay, including
capture and signal antibodies. Heterophilic antibodies
can also bind to assay conjugates and other
components of the detection system, producing false-
positive or false-negative results [60]. Their presence
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can lead to clinically misleading interpretations,
particularly in hormone measurements such as
luteinizing hormone, follicle-stimulating hormone,
testosterone, and estradiol.

Blocking reagents are commonly applied to
mitigate the effect of heterophilic antibodies. These
reagents neutralize nonspecific binding by weak
heterophile antibodies, thereby reducing assay
interference. A standard approach involves testing a
sample twice, once with the blocking reagent and
once without, followed by comparison of results. A
difference exceeding 50% between the two
measurements indicates the probable presence of
heterophile antibodies [59]. It is essential, however,
to validate that the assay is compatible with the
blocking reagent and that the reagent itself does not
alter assay performance. In samples from healthy
individuals without heterophile antibodies, results
should remain consistent regardless of the blocking
reagent. Despite their frequent use, blocking reagents
are not universally effective, with approximately 20%
to 30% of heterophile antibody cases remaining
undetected [61]. In such scenarios, retesting the
sample on an alternative assay platform is
recommended to confirm results. Cross-reactivity is
another common interfering factor, particularly in
steroid hormone assays. Testosterone immunoassays,
for instance, demonstrate a degree of cross-reactivity
with dihydrotestosterone, another androgen with
structural similarity [62]. This cross-reactivity can
lead to overestimation of testosterone levels,
particularly in patients with altered androgen profiles,
such as those receiving exogenous hormone therapy
or with congenital or acquired endocrine disorders.
Awareness of cross-reactivity is essential for
interpreting  results accurately, particularly in
populations with low testosterone concentrations,
where minor interference can significantly affect
clinical decision-making.

Additional interfering factors may include
sample hemolysis, lipemia, and icterus, which can
affect signal detection and antibody binding.
Exogenous substances, including biotin
supplementation, can also interfere  with
immunoassays that utilize  streptavidin-biotin
chemistry. Laboratory personnel must carefully
evaluate pre-analytical, analytical, and post-analytical
sources of interference to ensure accuracy and
reliability of hormone measurements, particularly in
the context of infertility assessment, where precise
quantification directly influences diagnosis and
treatment  strategies. In summary, while
immunoassays provide highly sensitive and specific
measurements for reproductive hormones, they are
susceptible to interference from heterophilic
antibodies, cross-reactivity, and other sample-related
or chemical factors. Implementation of blocking
reagents, validation of assay compatibility, and
consideration of alternative testing platforms are
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critical strategies to mitigate interference and ensure
reliable laboratory results [58],[59],[60],[61].[62].
Understanding these limitations is essential for
clinicians and laboratory personnel to interpret
fertility testing accurately and guide evidence-based
management in reproductive medicine.
Results, Reporting, and Critical Findings

Clinical laboratories maintain high standards
through certification and inspection via the College
of American Pathologists’ laboratory accreditation
program, which ensures accuracy, reliability, and
reproducibility of test results [63]. This program
involves a comprehensive review process, including
18 detailed checklists, to assess laboratory practices,
personnel competence, equipment calibration, and
quality control measures. Accurate reporting of
laboratory results is essential and must include
patient identifiers, sample collection date and time,
physician and laboratory contact information, and
complete test details. Protocols must also exist for the
timely notification of critical values to ensure
immediate clinical action [64]. Clinicians are
responsible for integrating laboratory findings with
the patient’s clinical presentation. If results appear
inconsistent with the patient’s condition, repeating
the test is warranted to confirm accuracy. Adherence
to these standards supports safe, evidence-based
decision-making and enhances patient care by
minimizing errors in diagnosis and treatment
planning.
Clinical Significance

Following a confirmed diagnosis of
infertility, individualized treatment strategies can be
developed to optimize the chances of conception.
Ovulation induction represents the first-line
therapeutic approach for women with ovulatory
dysfunction.  Pharmacologic agents such as
clomiphene citrate, a selective estrogen receptor
modulator, or letrozole, an aromatase inhibitor, are
commonly used for this purpose. These medications
are typically administered for five consecutive days
during the early follicular phase of the menstrual
cycle and may be combined with timed intercourse or
intrauterine insemination to enhance the likelihood of
fertilization [65]. In cases where conception does not
occur after three cycles of ovulation induction,
escalation to  gonadotropin  stimulation in
combination with in vitro fertilization (IVF) is
recommended [10]. Clomiphene functions by
antagonizing estrogen receptors at the hypothalamus,
thereby disrupting negative feedback and increasing
the secretion of gonadotropin-releasing hormone.
This elevation stimulates the anterior pituitary to
release follicle-stimulating hormone and luteinizing
hormone, promoting follicular recruitment and
maturation. Letrozole, in contrast, inhibits peripheral
aromatase activity, reducing the conversion of
testosterone to estradiol. Lower estradiol levels
relieve hypothalamic-pituitary inhibition, resulting in
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increased FSH secretion and subsequent follicular
development [10].

IVF is considered when ovulation induction
and intrauterine insemination fail. This process
begins with controlled ovarian hyperstimulation
using gonadotropin injections, while closely
monitoring follicular growth and serum estradiol
levels over approximately two weeks. Mature oocytes
are then retrieved transvaginally under ultrasound
guidance and can either be cryopreserved or fertilized
with sperm, optionally using intracytoplasmic sperm
injection. Resulting embryos can be transferred fresh
or cryopreserved for future use. Preimplantation
genetic testing of blastocysts may also be performed
to detect single-gene mutations or confirm normal
chromosomal complement, providing an additional
layer of diagnostic and therapeutic precision [10][66].
Ovarian hyperstimulation syndrome (OHSS) is a rare
but clinically significant  complication  of
pharmacologic  stimulation. Prevention  and
management require careful patient selection,
rigorous monitoring during stimulation, and
adherence to established protocols designed to
minimize the risk and severity of this syndrome [67].
Vigilant monitoring and individualized care remain
essential to optimizing patient safety and treatment
outcomes  throughout  assisted  reproductive
procedures.

Quality Control and Lab Safety

Ensuring the accuracy and reliability of
laboratory  testing relies heavily on the
implementation of rigorous quality control (QC) and
quality assurance (QA) protocols. Quality control
encompasses all procedures used to monitor and
verify that laboratory measurement processes meet
established performance standards and to detect,
prevent, or correct deviations in test results [69]. It
comprises both internal and external components,
each contributing to the overall reliability and
credibility of laboratory operations [70]. Internal
quality control (IQC) typically involves analyzing
commercially available control materials with known
values. When 1QC results fall within predefined
acceptable limits, the measurement process is
considered stable, and patient test results can be
reported with confidence. Conversely, if results
deviate from expected ranges, the measurement
procedure is flagged as unreliable, patient samples
are withheld, and corrective actions must be initiated.
After implementing corrective measures, the
laboratory repeats the testing of both quality control
samples and patient specimens to verify procedural
accuracy [71]. This process ensures that each method
functions correctly and maintains clinical validity
[72].

Standard operating procedures (SOPs) form
the backbone of quality control programs. SOPs must
comprehensively outline all QC processes, including
selection of control materials, statistical analyses to
evaluate  method  performance, criteria for
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acceptability of results, frequency of QC testing,
corrective actions for deviations, and procedures for
documentation and review. SOPs also define
responsibilities, specifying personnel authorized to
establish control limits, review QC results, interpret
data, and approve exceptions or modifications [73].
External quality assessment (EQA) complements
internal control by providing an objective evaluation
of laboratory performance. External agencies supply
unknown samples for testing using the laboratory’s
standard protocols. Results are then compared across
multiple laboratories, enabling assessment of
accuracy and consistency relative to peer laboratories
and expected performance standards [74][75].

Laboratory safety is an integral aspect of
operational quality. Every clinical laboratory must
develop a comprehensive formal safety program,
with oversight from leadership including directors,
supervisors, and managers. A designated safety
officer or safety committee is responsible for
implementation and monitoring of safety policies,
ensuring a safe working environment for all
personnel [76][77]. Education and training are critical
components of the safety program, including
orientation for new employees and ongoing
continuing education sessions emphasizing safe
laboratory practices [78]. Standard precautions
require consistent use of personal protective
equipment (PPE) to prevent exposure to biological
hazards. This includes gloves, gowns, laboratory
coats, masks, face shields, and eye protection [79].
Compliance with Occupational Safety and Health
Administration (OSHA) regulations is mandatory,
including  procedures for protection against
bloodborne pathogens and proper management and
disposal of laboratory-generated medical waste [80].
Collectively, robust quality control measures and
strict adherence to safety protocols are essential to
maintain the integrity of laboratory testing, protect
personnel, and ensure reliable patient care outcomes.
Conclusion:

Laboratory evaluation constitutes the
cornerstone of infertility assessment by providing
objective, reproducible, and clinically actionable data
essential for diagnosis and management. A systematic
approach incorporating hormonal profiling, ovarian
reserve testing, semen analysis, and selective genetic
evaluation allows for accurate identification of
female, male, combined, and unexplained causes of
infertility. Biomarkers such as anti-Mdllerian
hormone, basal follicle-stimulating hormone, luteal
progesterone, and semen parameters offer valuable
insight into reproductive potential when interpreted
within clinical context. Despite their widespread use,
immunoassays are vulnerable to analytical
interference, including heterophilic antibodies,
cross-reactivity, and exogenous substances. Failure to
recognize these limitations may result in misleading
results and inappropriate clinical decisions. The
integration of confirmatory testing, assay validation,
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alternative platforms, and advanced techniques such
as liquid chromatography—tandem mass spectrometry
is therefore critical in complex or discordant cases.
Equally important are strict quality control systems,
accreditation standards, and laboratory safety
protocols that ensure result reliability and protect
laboratory  personnel.  Ultimately,  combining
high-quality laboratory diagnostics with appropriate
imaging and individualized clinical evaluation
enhances diagnostic accuracy, guides targeted
therapy, and optimizes reproductive outcomes.
Continuous advancements in laboratory technology
and adherence to best practices remain essential for
improving infertility care in modern reproductive
medicine.
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