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Abstract

Female infertility, a complex and emotionally challenging condition, impacts millions of women worldwide.
Timely and accurate diagnosis is crucial for tailoring effective solutions to overcome fertility challenges.
Transvaginal sonography, a real-time and non-invasive imaging modality, is pivotal in this diagnostic
process. This review focuses on the structural abnormalities of the female reproductive system related to
female infertility, particularly highlighting the capabilities of transvaginal sonography in assessing
ovulatory disorders, structural anomalies, endometrial conditions, ovarian reserve, and other contributing
factors. It is important to note that while transvaginal sonography excels in detecting structural
abnormalities, it may not effectively identify lifestyle and hormonal changes. This limitation underscores the
necessity for a comprehensive diagnostic approach that includes additional modalities to address the
multifaceted nature of female infertility. Despite acknowledging the inherent limitations and operator
dependence of transvaginal sonography, we emphasize its significance in guiding clinicians toward well-
informed decisions and personalized treatment plans. Looking forward, we anticipate the continual
evolution of sonographic technology, offering enhanced diagnostic capabilities. The commitment to
improving fertility outcomes for individuals and couples navigating the intricate path toward parenthood
remains paramount. In conclusion, a holistic diagnostic approach incorporating various modalities is
essential for a thorough understanding and effective management of female infertility.

Categories: Medical Education, Medical Simulation
Keywords: early intervention, structural abnormalities, ovulatory disorders, diagnosis, transvaginal sonography,
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Introduction And Background

Infertility, in the context of female reproductive health, refers to the inability of a woman to conceive and
carry a pregnancy to term despite engaging in regular unprotected sexual intercourse for an extended
period, typically one year. This condition can be emotionally and psychologically distressing for individuals
and couples wanting children. Female infertility can arise from various factors, including ovulatory
disorders, structural abnormalities of the reproductive organs, endometrial issues, hormonal imbalances,
and age-related factors. Understanding the definition of female infertility is essential to address its
significant impact on individuals and society [1-3].

The prevalence of female infertility is a global concern. Around 17.5% of the adult population - roughly 1 in
6 worldwide - experience infertility, showing the urgent need to increase access to affordable, high-quality
fertility care for those in need. It affects millions of women worldwide, becoming a widespread reproductive
health issue. The prevalence varies across regions and populations, influenced by age, lifestyle, and
underlying medical conditions. In this comprehensive review, we will explore the various factors
contributing to female infertility and the role of transvaginal sonography in its diagnosis [4].

Early and accurate diagnosis of female infertility is paramount for several reasons. First, it allows for timely
interventions and fertility treatments, increasing the chances of successful conception. Second, it can help
identify underlying medical conditions or reproductive health issues requiring medical or surgical
management. Third, early diagnosis can alleviate emotional distress for individuals and couples by clarifying
the reasons for fertility struggles. Early diagnosis can save time and reduce the financial burden of
prolonged infertility investigations [5]. Timely diagnosis is particularly crucial given the potential age-
related decline in female fertility. As women age, the quality and quantity of their eggs diminish, making it
increasingly challenging to conceive. Therefore, a prompt and accurate diagnosis can enable healthcare
providers to tailor treatment options to individual needs, potentially improving the chances of a successful
pregnancy [6].

This comprehensive review aims to delve into the pivotal role of transvaginal sonography in diagnosing
female infertility. Transvaginal sonography, a non-invasive and widely accessible imaging technique, has
become a cornerstone in evaluating female reproductive health. This review aims to thoroughly understand
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how transvaginal sonography is used to diagnose various causes of female infertility, including ovulatory
disorders, structural abnormalities, endometrial issues, and more. Additionally, we will explore its
advantages over other diagnostic methods, its limitations, and its role in improving patient outcomes.

Review
Basics of transvaginal sonography

Transvaginal sonography, referred to as transvaginal ultrasound, is a medical imaging technique to visualize
and assess the female reproductive organs and pelvic structures. It involves using a specialized ultrasound
transducer, a transvaginal probe inserted into the vagina. Unlike traditional abdominal ultrasound, which
involves placing the transducer on the surface of the abdomen, transvaginal sonography provides a closer
and clearer view of the pelvic organs [7]. The transvaginal probe emits high-frequency sound waves that
penetrate the vaginal walls and bounce off the internal structures, creating real-time images on a monitor.
These images enable healthcare providers to examine the uterus, ovaries, fallopian tubes, cervix, and other
nearby structures in detail. Transvaginal sonography offers superior image quality and greater sensitivity,
making it a valuable tool for diagnosing various gynecological and reproductive conditions [7].

Advantages Over Other Diagnostic Methods

High-resolution imaging: One of its primary strengths is providing high-resolution, detailed images of the
pelvic organs. This capability allows for detecting subtle abnormalities that might elude other imaging
modalities. Whether identifying small ovarian cysts or characterizing uterine anomalies, the clarity of
transvaginal sonography contributes significantly to diagnostic accuracy [8].

Non-invasive: Unlike invasive procedures like laparoscopy or hysterosalpingography (HSG), transvaginal
sonography is non-invasive. Patients are spared the need for anesthesia or surgical intervention, reducing
risks and minimizing discomfort. This non-invasiveness makes it appealing as an initial diagnostic option

[9]-

Real-time imaging: The real-time imaging capability of transvaginal sonography is a distinct advantage. It
enables dynamic assessment, allowing clinicians to monitor processes such as follicular development,
ovulation, and blood flow within the reproductive organs as they happen. This real-time insight aids in
timing fertility treatments accurately and adapting interventions as needed [7].

Safety: Transvaginal sonography is generally safe and well-tolerated by most patients. Unlike modalities
involving ionizing radiation, it relies on harmless ultrasound waves, making it suitable for repeated use,
especially for monitoring the progress of fertility treatments over time. This safety profile minimizes patient
concerns and enhances clinical utility [7].

Accessibility: Another critical advantage is the widespread availability of transvaginal sonography in
healthcare facilities. This accessibility ensures patients have convenient access to this diagnostic tool,
regardless of geographical location. It promotes timely evaluation and contributes to better patient
outcomes [7].

Safety and Patient Comfort

Minimal discomfort: A transvaginal probe typically induces only mild discomfort or pressure. Patients often
find it well-tolerated, and measures such as the use of lubrication and a gentle approach by the sonographer
are employed to enhance comfort. The transient discomfort is outweighed by the valuable diagnostic
insights it offers [10].

No radiation exposure: A critical safety advantage is the absence of ionizing radiation exposure during
transvaginal sonography. Unlike some diagnostic imaging methods, such as X-rays or CT scans, which carry
inherent radiation-related risks, this modality relies on harmless ultrasound waves. This feature is especially
significant when repeated examinations are necessary, as in the monitoring of fertility treatments [11].

Non-invasive and no anesthesia: One of the most reassuring aspects for patients is that transvaginal
sonography is entirely non-invasive. Patients are not subjected to anesthesia, surgical incisions, or invasive
procedures. This minimizes more invasive diagnostic techniques' physical and psychological burdens [12].

Privacy and dignity: Ensuring patient comfort extends beyond the physical aspects. Healthcare providers
strongly emphasize respecting patient privacy and dignity throughout the procedure. The examination is
conducted discreetly and professionally, allowing patients to maintain their privacy and self-respect [13].

Causes of female infertility
Ovulatory Disorders
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Polycystic ovary syndrome: Polycystic ovary syndrome (PCOS) is one of the most prevalent causes of female
infertility. It is characterized by hormonal imbalances that disrupt the menstrual cycle and ovulation.
Transvaginal sonography plays a pivotal role in diagnosing PCOS by revealing hallmark features within the
ovaries. During the examination, multiple small follicular cysts, often likened to a "string of pearls," can be
identified within the ovaries. These cysts result from arrested follicular development, which prevents the
release of mature eggs. By visualizing these characteristic cysts, transvaginal sonography aids in confirming
the diagnosis of PCOS, guiding treatment strategies, and assessing the response to interventions [14].

Hypothalamic-pituitary-ovarian axis dysfunction: Dysfunction within the hypothalamic-pituitary-ovarian
(HPO) axis can be evaluated through transvaginal ultrasonography, a non-invasive imaging technique
enabling the assessment of ovarian function and follicular development [15]. This dysfunction has
implications for female fertility and ovulation, underscoring the importance of monitoring follicular
development and detecting ovulation in evaluating ovarian reserve function [15]. Key parameters such as
ovarian volume, antral follicle count, peak flow rate of the ovarian interstitial artery, and peak end-diastolic
flow velocity are pivotal indicators [15]. Analyzing the correlation between follicle-stimulating hormone
(FSH) levels, the FSH/luteinizing hormone (LH) ratio, and ultrasound indexes enhances our understanding
of HPO axis function [15]. HPO axis dysfunction may manifest in symptoms like irregular ovulation, cystic
ovaries, and other reproductive disorders [15]. Transvaginal ultrasonography is a valuable tool for assessing
HPO axis dysfunction, providing comprehensive insights into ovarian function, follicular development, and
ovulation. This information aids healthcare providers in identifying the underlying causes of fertility issues
associated with HPO axis dysfunction, facilitating the development of targeted and effective treatment
plans [15].

Structural Abnormalities

Uterine anomalies: Uterine anomalies encompass a diverse range of congenital abnormalities in the
structure of the uterus. These anomalies can include conditions such as a septate uterus (a uterine septum
dividing the uterine cavity), a bicornuate uterus (a uterus with two separate horns), or other variations in
uterine shape. Uterine anomalies can potentially interfere with implantation or increase the risk of recurrent
miscarriages. Transvaginal sonography offers a powerful diagnostic tool for assessing uterine abnormalities.
By providing detailed and real-time visualization of the uterine cavity, this imaging technique allows
healthcare providers to identify structural anomalies accurately. Such information is crucial for guiding
treatment decisions, mainly when surgical correction is necessary to optimize fertility outcomes [16].

Fallopian tube disorders: Proper functioning of the fallopian tubes is essential for fertility, as these slender
tubes are responsible for transporting eggs from the ovaries to the uterus and facilitating the meeting of
sperm and egg for fertilization. Disorders affecting the fallopian tubes, such as blockages, scarring, or
damage, can hinder the fertilization process and the passage of the fertilized embryo into the uterus. When
used with other diagnostic techniques like HSG, transvaginal sonography is a valuable tool for assessing
tubal patency and detecting abnormalities within the fallopian tubes. While transvaginal sonography may
not directly visualize the fallopian tubes, it can provide insights into other pelvic structures that may
indirectly suggest tubal issues. HSG or laparoscopy may be employed to comprehensively evaluate the
fallopian tubes [17].

Endometrial Issues

Endometriosis: Endometriosis is a challenging condition in which tissue similar to the uterine lining
(endometrium) grows outside the uterus, often in the pelvic cavity. This abnormal tissue growth can lead to
pelvic pain and is a known cause of infertility. Transvaginal sonography plays a crucial role in diagnosing
endometriosis by enabling the visualization of endometrial implants, cysts (endometriomas), and adhesions
within the pelvis. During the examination, healthcare providers can identify these characteristic features,
helping to confirm the diagnosis of endometriosis. Early detection through transvaginal sonography is
essential for timely intervention and management of the condition, which can improve fertility outcomes
for affected individuals [18].

Asherman's syndrome: Asherman's syndrome results from forming intrauterine adhesions or scar tissue
within the uterine cavity. These adhesions typically develop following uterine surgeries, such as dilation and
curettage, or as a result of uterine infections. Asherman's syndrome can obstruct the passage of sperm and
interfere with embryo implantation. Transvaginal sonography is a valuable tool for assessing the uterine
cavity and identifying the presence of adhesions. By visualizing these adhesions, transvaginal sonography
contributes to diagnosing Asherman's syndrome. This information guides healthcare providers in developing
appropriate treatment strategies, which may include surgical intervention to remove the adhesions and
restore uterine health, ultimately improving fertility prospects for affected individuals [19].

Age-Related Infertility

Age-related infertility is a significant concern for women as they grow older. Advancing age can profoundly
affect female fertility, primarily due to the natural aging process impacting the ovaries. Transvaginal
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sonography is valuable for assessing and understanding age-related fertility changes [20]. One of the
primary factors contributing to age-related infertility is the decline in the quantity and quality of a woman's
eggs. The ovaries contain a finite number of eggs; as a woman ages, this ovarian reserve diminishes.
Transvaginal sonography plays a crucial role in evaluating ovarian reserve through several vital parameters:

Antral follicle count: Transvaginal sonography allows healthcare providers to conduct an antral follicle
count. Antral follicles are small, immature ovarian follicles that can be visualized on ultrasound. The
number of antral follicles detected during transvaginal sonography provides valuable information about a
woman's ovarian reserve. A lower antral follicle count may indicate a reduced pool of available eggs, which
can impact fertility potential [21].

Ovarian size and morphology: Transvaginal sonography also enables the assessment of ovarian size and
morphology. Changes in ovarian size, such as a decrease in volume, can indicate age-related changes in
ovarian function. Additionally, alterations in ovarian morphology, such as cysts or structural irregularities,
can be identified through transvaginal sonography [22].

Other Contributing Factors

Hormonal imbalances: Hormonal imbalances, such as thyroid disorders (hypothyroidism or
hyperthyroidism) or hyperprolactinemia (elevated levels of the hormone prolactin), can disrupt the delicate
hormonal regulation of the menstrual cycle and ovulation. These imbalances can lead to irregular or absent
ovulation, making conception difficult. Transvaginal sonography can be instrumental in detecting structural
abnormalities within the pituitary gland or thyroid gland that may contribute to these hormonal imbalances.
While it does not directly diagnose hormonal issues, transvaginal sonography provides valuable insights into
these glands' health, aiding in identifying potential underlying causes of fertility challenges. This
information guides healthcare providers in formulating appropriate treatment strategies to address
hormonal imbalances and improve fertility prospects [23].

Lifestyle and environmental factors: Lifestyle factors, such as excessive stress, poor nutrition, smoking,
excessive alcohol consumption, and exposure to environmental toxins, can exert a significant impact on
female fertility. These factors can disrupt hormonal balance, affect the menstrual cycle, and contribute to
fertility challenges. While transvaginal sonography does not directly diagnose lifestyle and environmental
factors, it plays a role in ruling out structural and physiological causes of infertility. By eliminating
structural issues as the primary cause, healthcare providers can guide patients toward a more comprehensive
assessment of their overall health and well-being. This comprehensive approach may involve lifestyle
modifications, nutritional guidance, stress management strategies, and environmental toxin avoidance to
optimize fertility [24].

Transvaginal sonography technique

Preparation of the Patient

Informed consent: Begin by obtaining informed consent from the patient. During this process, thoroughly
explain the nature and purpose of the transvaginal sonography procedure, ensuring the patient is fully aware
of what to expect. Describe any potential discomfort, risks, or complications associated with the
examination. Encourage the patient to ask questions and address any concerns before proceeding. Obtaining
informed consent ensures ethical practice and fosters trust and cooperation between the patient and the
healthcare provider [25].

Empty bladder: Instruct the patient to empty her bladder before the examination. A partially filled bladder
can interfere with the sonographer's ability to obtain clear and accurate images of the pelvic organs.
Furthermore, an empty bladder enhances patient comfort during the procedure, as it minimizes pressure on
the bladder and reduces the likelihood of discomfort. Ensure the patient understands the importance of this
step and provide ample time for her to use the restroom before the examination [26].

Positioning: Assist the patient in assuming the lithotomy position, a standard and widely used position for
transvaginal sonography. In this position, the patient lies on her back with her feet in stirrups. The lithotomy
position facilitates easy access for the transvaginal transducer, allowing the sonographer to obtain optimal
imaging of the pelvic structures. Ensure the patient is comfortable and properly positioned, and provide any
necessary support to maintain this posture throughout the examination [7].

Privacy and comfort: Prioritize the patient's privacy, dignity, and comfort throughout the procedure. Create
a welcoming and confidential environment that fosters trust and reduces anxiety. Offer the patient a gown
or drape to cover herself and maintain her modesty. Address any questions or concerns the patient may have,
and provide clear instructions regarding the procedure's progression. Always maintain open communication
with the patient, encouraging her to communicate discomfort or distress during the examination. Adhering
to the principles of patient-centered care ensures a positive experience and practical cooperation during
transvaginal sonography [27].
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Equipment and Transducer Selection

Transvaginal transducer: Select a transvaginal probe or transducer designed explicitly for intravaginal use.
These transducers are typically high-frequency, offering superior image resolution for gynecological
examinations. Ensure that the transducer is in optimal working condition and has a sterile cover or has been
thoroughly cleaned and disinfected according to established protocols before each examination. Patient
safety and hygiene are paramount, and using a sterile cover or proper disinfection procedures minimizes the
risk of infection [12].

Ultrasound machine: Ensure that the ultrasound machine used for transvaginal sonography works
appropriately. Regular maintenance and calibration of the machine are essential to guarantee accurate and
reliable imaging. The machine should also be set to the appropriate settings for gynecological examinations.
This includes selecting the correct mode (such as B-mode or Doppler) and adjusting parameters like gain and
frequency to optimize image quality [7].

Gel and lubrication: Have an appropriate ultrasound gel or lubricant readily available for the procedure. The
gel is essential for facilitating the movement of the transducer and ensuring good acoustic contact with the
patient's body. It also enhances patient comfort during the examination. Ensure the gel is suitable for
transvaginal use and does not cause irritation [28].

Sterile covers and infection control: If using disposable sterile covers for the transvaginal transducer, ensure
an adequate supply. If reusable transducers are employed, stringent infection control protocols must be
followed to clean and disinfect the transducer between patients. Compliance with infection control
measures is critical to prevent the transmission of infections and ensure patient safety [29].

Scanning Protocol and Procedures

Initial survey: The examination begins with an initial survey of the pelvis. During this phase, the
sonographer systematically assesses the adnexa (which includes the ovaries and fallopian tubes), the uterus,
and the surrounding pelvic structures. This comprehensive survey sets the foundation for further evaluation
[30].

Ovarian assessment: Following the initial survey, the focus shifts to the ovaries. The sonographer evaluates
the ovaries for size, shape, and the presence of any abnormalities. This assessment includes measuring the
ovaries' size and inspecting for cysts, follicles, or other anomalies. In cases where ovarian reserve
assessment is necessary, the antral follicle count is measured, providing valuable information about the
quantity of available eggs [31].

Uterine assessment: The examination then proceeds to assess the uterus. The sonographer examines the
uterus's size, shape, and position, looking for any deviations from normal. Additionally, the endometrial
thickness is measured, which can provide insights into the menstrual cycle phase and potential causes of
abnormal bleeding. Abnormalities within the uterine cavity, such as polyps or fibroids, are also carefully
evaluated [32].

Fallopian tube assessment: If required, the tubes are assessed for patency and any structural abnormalities
that might impede their function. Techniques like color Doppler may detect blood flow within the tubes.
Assessing fallopian tube health is particularly important in cases where tubal factors may contribute to
infertility [33].

Documentation: The sonographer meticulously documents all relevant measurements and findings
throughout the examination. This documentation includes capturing images and, in some cases, videos that
provide a visual record of the examination. These records are valuable references for diagnosis, treatment
planning, and follow-up consultations [34].

Patient interaction: Effective communication with the patient is a continuous aspect of the procedure. The
sonographer interacts with the patient, explaining each step of the examination, sharing findings in real-
time, and addressing any concerns or discomfort the patient may experience. Open communication ensures
the patient's comfort and informed participation and enhances the patient experience [35].

Interpretation of Sonographic Finding

Normal vs. abnormal findings: The first task in interpretation is to distinguish between normal and
abnormal findings. This determination relies on established criteria and guidelines, considering factors such
as the patient's age and menstrual cycle phase when relevant. Typical anatomical structures and
physiological variations are assessed to provide context for identifying abnormalities [36].

Pathological conditions: When abnormal findings are identified, the sonographer carefully identifies and
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documents any pathological conditions present. These conditions may include ovarian cysts, uterine
fibroids, endometrial polyps, anatomical anomalies (such as uterine septums or bicornuate uteri), or other
abnormalities within the pelvic organs. Its location, size, and shape characterize each finding and other
relevant characteristics to describe the pathology accurately [37].

Differential diagnosis: When abnormalities are identified during the sonographic examination, the
sonographer typically focuses on reporting the sonographic findings. Subsequent consideration of potential
differential diagnoses is usually within the purview of the clinician. This crucial step involves the clinician
evaluating a range of clinical scenarios and conditions that could explain the observed sonographic
abnormalities [38]. The differential diagnosis process plays a pivotal role in guiding the next steps of the
diagnostic journey. Clinicians may decide on further investigations, such as additional imaging modalities
like MRI or CT scans, or specific laboratory tests like hormonal assays [38]. By emphasizing the collaboration
between sonographers and clinicians, this approach ensures a comprehensive assessment and aids in the
formulation of an accurate diagnosis and tailored treatment plan.

Reporting: The sonographer compiles the interpretation of findings into a clear and comprehensive report.
This report summarizes the findings, including measurements, descriptions of abnormalities, and any
clinical implications. The report is a critical communication tool between the sonographer and the referring
healthcare provider, ensuring that the provider receives all necessary information for clinical decision-
making. The report is typically prepared promptly to facilitate timely patient care [39].

Follow-up and management: In collaboration with the patient's healthcare team, the sonographer
determines appropriate follow-up and management plans based on the sonographic findings. This may
involve consultations with gynecologists, reproductive endocrinologists, or other specialists. The
information provided through transvaginal sonography contributes to developing individualized treatment
strategies and interventions to address the underlying causes of female infertility. Follow-up examinations
and assessments are scheduled as needed to monitor progress and evaluate treatment outcomes [40].

Role of transvaginal sonography in diagnosing female infertility

Ovulatory Disorders

Follicular monitoring, transvaginal sonography, is an invaluable tool for assessing follicular development, a
central component of the ovulatory process. This monitoring process involves meticulously tracking ovarian
follicles’ growth and maturation throughout the menstrual cycle, typically commencing in the early
follicular phase. The advantages of transvaginal sonography for follicular monitoring are well-documented
in the literature [41]. One crucial aspect is its capacity to identify abnormal follicular development. Through
high-resolution imaging, transvaginal sonography can pinpoint irregularities in follicular growth, such as
the absence of dominant follicles or irregular growth patterns. This information is pivotal in diagnosing
ovulatory disorders like anovulation or oligo-ovulation [42].

Additionally, transvaginal sonography plays a pivotal role in accurately timing ovulation. By closely
monitoring follicular development, clinicians can predict and precisely time the occurrence of ovulation.
This timing is of paramount importance for planning fertility treatments, including intrauterine
insemination or in vitro fertilization (IVF), to maximize the chances of conception [5]. The technique also
extends its utility to measuring the antral follicle count, representing the number of small, resting follicles
in the ovaries. Antral follicle count offers valuable insights into ovarian reserve, indicating the quantity and
quality of eggs remaining in the ovaries. A lower antral follicle count may suggest diminished ovarian
reserve, a significant concern in infertility evaluation [21].

Furthermore, transvaginal sonography excels in detecting and evaluating ovarian cysts, whether functional
or pathological (e.g., endometriomas). This capability yields several advantages, including precise
identification and characterization of ovarian cysts. The high-resolution imaging provided by transvaginal
sonography allows for accurately determining the cyst's presence, size, and exact location within the ovaries,
essential for differentiating between benign and potentially malignant or complex cysts [453].

Moreover, transvaginal sonography enables longitudinal monitoring of ovarian cysts, a critical aspect of
clinical practice. Ovarian cysts can undergo dynamic changes over time, and this technique facilitates the
systematic tracking of these alterations. Clinicians can use transvaginal sonography to monitor shifts in cyst
size, composition, and appearance throughout the menstrual cycle or over extended periods, aiding in
distinguishing between simple, functional cysts and more complex or persistent cysts that may require
medical or surgical management [44].

Structural abnormalities

Uterine Anomalies Assessment

Transvaginal sonography extends its diagnostic capabilities to the realm of reproductive health by detecting
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various uterine anomalies and conditions that can significantly impact fertility. First and foremost, it excels
in identifying congenital uterine anomalies, such as septate or bicornuate uteri. These anomalies can disrupt
fertility by altering the uterine structure, potentially leading to implantation difficulties or recurrent
miscarriages. Transvaginal sonography's ability to visualize the internal uterine architecture in detail allows
for the early diagnosis of these conditions, facilitating timely interventions and management [45].

Furthermore, the technique assesses uterine size, shape, and position within the pelvis. Deviations from
normal uterine dimensions and orientation can indicate structural abnormalities that may impact fertility.
For instance, a retroverted uterus can pose challenges during conception. Transvaginal sonography's
capacity to capture these parameters comprehensively evaluates the uterine environment [46].

In addition to congenital anomalies and structural assessments, transvaginal sonography is crucial in
identifying intrauterine adhesions, known as Asherman's syndrome. This condition arises due to the
formation of scar tissue within the uterine cavity, potentially obstructing the passage of sperm or hindering
embryo implantation. Moreover, the technique is adept at detecting uterine fibroids (leiomyomas) and
benign growths within the uterine wall. Depending on their location and size, fibroids can interfere with
fertility and may necessitate management or removal [47].

Tubal Patency Evaluation

Transvaginal sonography plays a critical role in assessing the condition of the fallopian tubes, which holds
significant relevance in the context of fertility evaluation and management. One of its primary functions is
the evaluation of fallopian tube patency. Through transvaginal sonography, clinicians can detect the
presence of fluid accumulation within the fallopian tubes, a condition known as hydrosalpinx. Hydrosalpinx
can disrupt the transport of both egg and sperm, thus impeding the chances of conception. Identifying
hydrosalpinx using sonography provides crucial insights for clinicians when investigating fertility challenges
[48].

Moreover, transvaginal sonography is adept at identifying tubal obstructions or abnormalities that may
impede fertility. Such obstructions can result from scarring, infections, or previous surgeries. The
technique's capacity to visualize the fallopian tubes and discern these issues aids in pinpointing potential
causes of infertility [49].

Furthermore, transvaginal sonography is a pivotal guide in determining the following steps when concerns
about tubal patency arise. In cases where abnormalities are detected, clinicians may recommend additional
procedures such as HSG and contrast imaging studies to provide a more detailed assessment of tubal
function. The insights gleaned from transvaginal sonography serve as a foundation for clinical decisions,
ensuring that patients receive appropriate and timely interventions to address tubal-related fertility issues
[50].

Endometrial Evaluation

Transvaginal sonography is a valuable diagnostic tool in detecting and assessing endometrial polyps,
providing critical information for healthcare providers and patients. First, it offers high-resolution, real-time
imaging that enables the clear visualization of endometrial polyps within the uterine cavity. These polyps
appear as distinct, abnormal structures during the examination, allowing for their identification and
characterization [51].

Beyond mere visualization, transvaginal sonography allows for precise measurements of the size and
location of endometrial polyps. This quantitative data is essential for determining the severity of the polyp,
its potential impact on fertility, and whether intervention, such as removal through polypectomy, is
warranted to enhance fertility prospects. The ability to measure these parameters aids in assessing the
urgency and necessity of clinical intervention [52].

Moreover, the visual and quantitative data obtained through transvaginal sonography serve as a cornerstone
in guiding clinical decision-making. Healthcare providers can use this information to make informed
decisions regarding managing endometrial polyps. Clinicians can determine the most appropriate course of
action to optimize fertility outcomes depending on the polyp's size, location, and the patient's clinical
context. This tailored approach ensures that patients receive individualized care that addresses their needs
and concerns [53].

Assessment of Endometrial Thickness

Transvaginal sonography plays a crucial role in the assessment and monitoring of endometrial thickness
throughout the menstrual cycle, particularly in the context of fertility treatments. First, it allows for
measuring endometrial thickness during different menstrual cycle phases. This assessment is vital to ensure
the endometrium achieves an optimal thickness conducive to successful embryo implantation. A thin or
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inadequate endometrial lining can present significant challenges to successfully establishing pregnancy [54].

Furthermore, in fertility treatments such as IVF, the ability to monitor changes in endometrial thickness is
paramount. Transvaginal sonography facilitates real-time tracking of endometrial changes throughout the
treatment cycle. Healthcare providers can closely monitor the thickness and receptivity of the endometrial
lining, allowing them to adjust the timing of embryo transfer with precision. This personalized approach
enhances the chances of successful implantation and subsequent pregnancy, ensuring the embryo is
introduced into an environment optimal for implantation [55].

Monitoring Ovarian Reserve

Counting antral follicles: Transvaginal sonography allows the precise counting of antral follicles within the
ovaries. Antral follicles are small, immature ovarian follicles that can be visualized on ultrasound.
Healthcare providers can estimate the remaining eggs in a woman's ovaries by counting these antral
follicles. A lower antral follicle count may indicate a reduced ovarian reserve, which can impact fertility
potential. This information is instrumental in guiding treatment decisions, such as selecting fertility
treatments or determining the optimal timing for assisted reproductive technologies (ART) [56].

Evaluating ovarian size and morphology: Transvaginal sonography enables the evaluation of ovarian size
and morphology. Changes in ovarian size, such as a decrease in volume, can indicate age-related changes or
conditions that may affect ovarian function. Additionally, alterations in ovarian morphology, such as cysts
or structural irregularities, can be identified through transvaginal sonography. This comprehensive
assessment provides insights into overall ovarian health, aiding healthcare providers in understanding
potential factors affecting fertility [57].

Predicting response to ART: Transvaginal sonography assists clinicians in predicting a patient's response to
ovarian stimulation protocols in ART, such as IVF. Transvaginal sonography helps tailor ART protocols to the
individual patient by assessing the ovarian reserve and follicular development. Predicting the ovarian
response ensures that the appropriate dosages of medications are administered, optimizing the chances of a
successful IVF cycle and minimizing the risk of complications [58].

Identification of Other Contributing Factors

One of its vital roles is in identifying pelvic inflammatory disease (PID), an inflammatory condition of the
female reproductive organs often caused by sexually transmitted infections or other infections. PID can lead
to tubal scarring, pelvic pain, and infertility. Transvaginal sonography plays a crucial role in identifying
signs of PID by enabling healthcare providers to visualize inflammatory changes in the pelvis. This includes
the detection of fluid-filled pouches known as tubo-ovarian abscesses, which indicate severe pelvic
inflammation and the potential for tubal damage. Assessing the extent and severity of pelvic inflammation
through sonography provides valuable information for diagnosis and management, facilitating early
intervention and treatment to prevent further damage to the reproductive organs [59].

Additionally, transvaginal sonography evaluates uterine fibroids (leiomyomas) and pelvic adhesions (scar
tissue), which can negatively impact fertility outcomes. It allows healthcare providers to identify the
presence, size, and location of uterine fibroids, which can distort the uterine cavity or block the fallopian
tubes, potentially affecting fertility-accurate characterization of fibroids through sonography guides
treatment decisions, including whether surgical intervention is necessary. Furthermore, in cases where
fibroids are present, transvaginal sonography assesses their impact on the uterine cavity, as distortion of the
uterine cavity can hinder embryo implantation and pregnancy. Sonographic findings aid in developing
appropriate treatment strategies, such as myomectomy or hysteroscopic resection, to optimize fertility
outcomes [60-62].

Moreover, transvaginal sonography is instrumental in detecting the presence of pelvic adhesions or scar
tissue within the pelvic cavity, which can result from previous surgeries, infections, or conditions like
endometriosis. Identifying pelvic adhesions through sonography guides healthcare providers in
understanding potential sources of fertility challenges and aids in planning interventions to address them,
helping individuals and couples on their journey to achieving a successful pregnancy [63-65].

Comparisons with other diagnostic methods
Hysterosalpingography

HSG and transvaginal sonography are two diagnostic methods used in gynecology to assess the uterine
cavity and fallopian tubes. These techniques have distinct differences in imaging, uterine and tubal
assessment, patient experience, and limitations [66]. Transvaginal sonography employs ultrasound waves to
generate real-time images without exposing the patient to ionizing radiation. This non-invasive approach
provides detailed visualization of the uterine cavity, allowing the detection of structural abnormalities,
endometrial polyps, or fibroids. However, it has limitations in directly assessing tubal patency, as it can only
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indirectly detect fluid accumulation (hydrosalpinx) and may not offer definitive results [67].

In contrast, HSG involves using X-rays and a contrast dye, which exposes the patient to ionizing radiation. It
primarily focuses on the uterine cavity but may not provide as detailed information about uterine anomalies
as transvaginal sonography. However, it excels in directly evaluating tubal patency by visualizing the flow of
contrast dye through the fallopian tubes, offering more conclusive results [68]. The patient experience differs
between the two procedures as well. Transvaginal sonography is generally well-tolerated, with minimal
discomfort associated with inserting the ultrasound probe and no exposure to radiation. In contrast, HSG
may cause discomfort or cramping during the procedure, and some patients may experience allergic
reactions to the contrast dye, making it a less comfortable option for some individuals [48].

Both techniques have their limitations. Transvaginal sonography is limited in directly assessing tubal
patency and may miss subtle abnormalities. On the other hand, HSG is limited in providing detailed
information about ovarian structures and exposes the patient to ionizing radiation, which can be a concern,
particularly for women of reproductive age [69].

Laparoscopy

Laparoscopy and transvaginal sonography are contrasting approaches to assessing pelvic and abdominal
organs, each offering unique advantages and disadvantages in gynecology [7]. Transvaginal sonography is a
non-invasive technique that does not necessitate anesthesia or surgical incisions. It provides indirect
visualization of pelvic structures through ultrasound, which can be valuable for identifying certain
gynecological conditions but cannot directly inspect tissues. This procedure is generally associated with
minimal post-procedure discomfort and allows for a rapid recovery. It is also more cost-effective and readily
available compared to laparoscopy. However, its diagnostic range is limited to the pelvic region and may not
effectively assess abdominal or retroperitoneal structures [70].

In contrast, laparoscopy is an invasive surgical procedure requiring anesthesia and small incisions to insert
a laparoscope. This approach offers direct visualization and inspection of pelvic and abdominal organs. It is
well-suited for detecting subtle abnormalities, adhesions, and conditions like endometriosis that may not be
as easily identified through transvaginal sonography. Despite its diagnostic advantages, laparoscopy entails
a more extended recovery period due to the surgical nature of the procedure. Additionally, it is more
resource-intensive, requiring specialized surgical facilities, equipment, and skilled surgeons, which can
make it a costlier option [71].

Blood Tests (Hormonal Assessments)

Blood tests and transvaginal sonography are valuable tools in assessing fertility, each offering distinct types
of information and serving different purposes in the diagnostic process [72]. Using ultrasound to visualize
pelvic structures, transvaginal sonography provides structural and anatomical information. It is beneficial in
diagnosing structural abnormalities, ovarian pathologies, and endometrial conditions. However, it primarily
focuses on the pelvic region and may not provide insights into systemic hormonal imbalances [70].

In contrast, blood tests are designed to measure hormonal levels related to fertility. They assess hormones
such as FSH, LH, anti-Miillerian hormone, and estradiol, which offer critical insights into ovarian function
and hormonal imbalances. Blood tests have a broader diagnostic range, as they can evaluate hormonal status
across the entire endocrine system, providing valuable information about the patient's overall hormonal
health [73]. Transvaginal sonography and blood tests are often used complementarily to assess female
infertility. Transvaginal sonography can provide structural information about the uterus, ovaries, and
fallopian tubes, while blood tests offer hormonal insights. Together, these diagnostic tools provide a more
comprehensive evaluation of the patient's reproductive health [7].

Timing is an important consideration when comparing these methods. Transvaginal sonography provides
real-time information about pelvic structures, allowing for dynamic assessment during the menstrual cycle.
On the other hand, blood tests offer a snapshot of hormonal levels at the specific time the test is performed,
often requiring multiple blood draws at different points in the menstrual cycle to gather comprehensive data
[74]. In terms of cost and convenience, transvaginal sonography is typically less expensive and more readily
available, and it can be performed at various stages of the menstrual cycle. Blood tests may involve multiple
blood draws and require specific timing in the menstrual cycle, which can be less convenient for some
patients [75].

Limitations and challenges of transvaginal sonography

Operator Dependence

Experience and skill: Transvaginal sonography requires high skill and experience for operators. It involves
the skillful insertion and manipulation of an ultrasound probe within the patient's vagina to obtain clear
images of pelvic structures. Inexperienced or untrained operators may need help to achieve the necessary
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precision, resulting in suboptimal image quality and potentially inaccurate interpretations of findings.
Skilled operators are better equipped to recognize normal anatomy and identify abnormalities [7].

Subjectivity: The interpretation of sonographic findings can be subjective, and different operators may
provide varying assessments of the same images. This subjectivity arises from differences in training,
experience, and personal judgment. As a result, there is potential variability in the diagnosis or evaluation of
conditions, which can affect patient care. Standardized protocols and guidelines are often used to mitigate
this subjectivity to assist operators in their assessments [76].

Technical proficiency: Properly adjusting the ultrasound settings, selecting the appropriate transducer
(probe), and effectively maneuvering the transducer within the vagina are essential for obtaining clear and
accurate images during transvaginal sonography. Technical proficiency is crucial in optimizing image quality
and ensuring that critical anatomical structures are adequately visualized. Operators must be well-versed in
their equipment and possess the skills to conduct the examination efficiently and effectively [7].

Patient Factors

Patient discomfort: Transvaginal sonography involves the insertion of an ultrasound probe into the vagina,
which can be uncomfortable or even painful for some patients, especially those with conditions like
vaginismus (involuntary muscle spasms of the vaginal wall) or pelvic pain. This discomfort can lead to
patient anxiety, reduced cooperation, and suboptimal image acquisition. Healthcare providers should be
attentive to patient comfort and provide support to minimize discomfort during the procedure.

Obesity: In obese patients, excess abdominal and pelvic adipose tissue can present challenges for
transvaginal sonography. The increased tissue thickness can impede the penetration of ultrasound waves
and hinder the visualization of pelvic structures. Operators may need to adjust techniques, use specialized
transducers, or consider alternative imaging modalities to overcome these challenges when evaluating obese
patients.

Anatomical variations: Variability in pelvic anatomy among individuals is common and can pose challenges
during transvaginal sonography. Pelvic structures may have different positions, orientations, or sizes,
making operators need to adapt their approach to obtain optimal images. Operators must be skilled in
recognizing and accommodating these anatomical variations to ensure accurate assessments.

Limited Visualization of Certain Structures

Deep pelvic structures: Transvaginal sonography is limited in visualizing deep pelvic structures in the
retroperitoneal space or behind the uterus. Conditions affecting these areas may not be adequately assessed
using transvaginal sonography alone, necessitating alternative imaging modalities or laparoscopy for a more
comprehensive evaluation.

Intestinal gas: Intestinal gas in the abdomen can create acoustic artifacts and interfere with the
visualization of adjacent structures. This limitation can make it challenging to accurately assess areas near
the bowel, and it may require the patient to prepare by fasting or altering their diet to reduce gas before the
examination.

Small lesions: Small and subtle lesions or abnormalities may not readily appear on transvaginal sonography.
These can include tiny ovarian cysts, early-stage tumors, or small uterine fibroids. Additional imaging
modalities, such as MRI, CT scans, or even laparoscopy, may be needed for accurate detection and
characterization.

Scar tissue: Scar tissue resulting from previous surgeries or PID can obscure the visualization of nearby
structures. This can pose diagnostic challenges, particularly when assessing the integrity of the uterus,
fallopian tubes, or ovaries. Careful interpretation and consideration of clinical history are essential in these
situations.

Tubal assessment: Transvaginal sonography can provide indirect clues to tubal patency by detecting fluid
accumulation (hydrosalpinx), but it may not reliably confirm or rule out tubal obstruction. For a definitive
assessment of the fallopian tubes, procedures like HSG or laparoscopy may be required.

Endometrial assessment: Transvaginal sonography detects common endometrial abnormalities such as
polyps. However, subtle changes or small lesions within the endometrial lining may be challenging to
visualize. In such cases, a hysteroscopy procedure that involves direct visualization of the uterine cavity
with a thin, lighted tube may be necessary for a more detailed assessment.

Conclusions
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In conclusion, transvaginal sonography stands as a cornerstone in the diagnostic arsenal for female
infertility, offering a non-invasive and real-time window into the complex world of pelvic health. Its
significance lies in its versatility, enabling the detection of ovulatory disorders, structural anomalies,
endometrial conditions, and more. As we look toward the future, the continual evolution of sonographic
technology promises even greater precision and diagnostic capability. However, the true power of
transvaginal sonography is realized when coupled with a proactive approach to early diagnosis and timely
intervention. By encouraging individuals and couples to seek medical guidance at the onset of fertility
concerns, we pave the way for tailored treatment plans, fertility preservation, and, ultimately, the fulfillment
of the cherished dream of parenthood.
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