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ABSTRACT

Abnormal uterine bleeding (AUB) is a common gynecological complaint among premenopausal women, en-
compassing a wide range of underlying disorders that complicate diagnosis and management. The evolving
paradigms in medical science now incorporate advanced imaging techniques, personalized medicine, and mo-
lecular diagnostics to improve the accuracy of diagnoses and the effectiveness of treatment plans. This review
examines recent advancements in the diagnostic approach, including the use of transvaginal ultrasonography,
hysteroscopy, and biomarker analysis, which have significantly refined the identification of endometrial
pathologies. Furthermore, we discuss the shift towards individualized treatment strategies that consider pa-
tient-specific factors such as age, reproductive plans, and comorbidities, facilitating tailored therapies. Special
attention is given to the role of medical therapies ranging from hormonal treatments to novel non-hormonal
drugs, as well as the consideration of minimally invasive surgical options as part of a comprehensive manage-
ment strategy. By integrating current research findings with clinical practice guidelines, this article aims to
provide a synthesized view of the dynamic field of AUB management, proposing a multidisciplinary approach
to enhance patient outcomes in premenopausal women.
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menopausal women represents a significant di-
agnostic and therapeutic challenge within the
field of gynecology. AUB disrupts the normal men-
strual cycle, characterized by deviations in the fre-
quency, volume, and duration of menstrual bleeding.
This condition is a predominant health concern not
only due to its prevalence but also because of its pro-
found impact on a woman's quality of life, encompass-
ing physical discomfort, emotional distress, and social
or occupational disruptions [1].
The management of AUB has historically been dic-

ﬂbnormal uterine bleeding (AUB) in pre-

tated by a combination of empirical approaches and a
limited understanding of its etiology. However, ad-
vancements in medical technology and a deepening of
our pathophysiological understanding have ushered in
an era of more targeted and effective management
strategies [2-4]. These advances facilitate a move away
from the "one-size-fits-all" approach, toward more per-
sonalized medical care, tailored to the unique needs of
each patient based on specific diagnostic data [5].

The International Federation of Gynecology and
Obstetrics (FIGO) provides a classification system that
categorizes AUB into structural and non-structural
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causes, known respectively as PALM (Polyps, Adeno-
myosis, Leiomyomas, Malignancy) and COEIN (Co-
agulopathies, Ovulatory dysfunctions, Endometrial,
[atrogenic, Not yet classified). This classification sys-
tem aids clinicians in pinpointing the precise etiology
of AUB, thereby guiding appropriate and specific
treatment modalities [2, 6].

The diagnostic process for AUB has become in-
creasingly sophisticated, incorporating a range of
modalities such as transvaginal ultrasonography,
which offers a first-line non-invasive method that can
identify structural causes of AUB with high accuracy.
Magnetic resonance imaging (MRI) and hysteroscopy
serve as additional diagnostic tools that provide de-
tailed anatomic and functional insights, particularly
useful in complex cases where initial imaging may not
yield definitive results [7-9].

From a therapeutic perspective, the paradigm shift
toward medical management has reduced the reliance
on invasive surgical procedures. Medications such as
tranexamic acid and non-steroidal anti-inflammatory
drugs (NSAIDs) effectively manage bleeding and pain
associated with AUB [10]. Hormonal therapies, in-
cluding the use of oral contraceptives and proges-
terone therapies, not only regulate menstrual cycles
but also treat underlying disorders like endometrial hy-
perplasia. For cases where medical management is in-
sufficient or inappropriate, minimally invasive
surgical options such as endometrial ablation or resec-
toscopic myomectomy are considered, which preserve
uterine integrity and offer rapid recovery [11, 12].
Moreover, the role of novel therapies and emerging
technologies cannot be overstated. The development
of new pharmaceutical agents targeting specific path-
ways involved in endometrial proliferation and angio-
genesis presents a promising horizon for those affected
by AUB. Likewise, advancements in surgical technol-
ogy continue to refine the safety and efficacy of pro-
cedures, minimizing their invasiveness and associated
risks [5, 13].

The aim of this review is to critically analyze the
latest advancements in the diagnosis and management
of AUB, reflecting on how these have transformed
clinical practices and improved patient outcomes. This
article seeks to synthesize current research findings
with established clinical guidelines to offer a compre-
hensive perspective on the most effective strategies for

managing this condition. The review's significance lies
in its potential to guide clinicians towards more pre-
cise diagnostic techniques and tailored therapeutic in-
terventions, thus ensuring better management of AUB,
minimizing invasive procedures, and enhancing the
quality of life for affected women.

Despite considerable advancements in medical
technology and understanding, many women with
AUB still undergo unnecessary invasive procedures
due to misdiagnosis or suboptimal management. Ad-
dressing this issue, our review highlights the impor-
tance of using a systematic approach for diagnosis,
based on the FIGO classification system, which cate-
gorizes AUB into structural (PALM) and non-struc-
tural (COEIN) causes. This classification is crucial for
directing specific, cause-based therapeutic strategies
which can range from pharmacological treatments to
conservative surgical interventions.

Moreover, this article emphasizes the role of new
diagnostic tools, including advanced imaging tech-
niques and molecular diagnostics, in enhancing the
precision of AUB diagnostics. These technological ad-
vancements not only help in identifying the specific
types of AUB more accurately but also play a pivotal
role in monitoring treatment efficacy and predicting
outcomes. The review also delves into the latest ther-
apeutic options, including the increasing use of med-
ical management over surgical interventions. It
assesses the efficacy of newer pharmacological agents
that target specific pathophysiological pathways in-
volved in AUB, thus offering personalized treatment
options that align with the individual patient profiles.

PATHOPHYSIOLOGY OF ABNORMAL UTER-
INE BLEEDING

Understanding the Biological Foundations

Abnormal uterine bleeding (AUB) in premenopausal
women encompasses a spectrum of symptoms that de-
viate from normal menstrual patterns, characterized
by irregularity in timing, volume, or duration of men-
strual flow. The complexity of AUB stems from the
orchestrated processes governed by the hypothalamic-
pituitary-ovarian (HPO) axis, which regulates the
menstrual cycle through a precise hormonal balance
[14, 15]. Disruptions in this system can lead to a range
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of menstrual irregularities collectively referred to as
AUB.

The menstrual cycle itself is divided into several
phases, each marked by specific hormonal activities.
The follicular phase begins with the secretion of go-
nadotropin-releasing hormone (GnRH) from the hy-
pothalamus, which stimulates the anterior pituitary
gland to release follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) [16]. These hormones
promote follicle development and estrogen production
from the ovaries. Mid-cycle LH surge triggers ovula-
tion, releasing the egg and initiating the luteal phase,
during which the corpus luteum forms and produces
progesterone. This hormone is crucial for stabilizing
the endometrial lining and preparing it for potential
pregnancy. If pregnancy does not occur, progesterone
levels fall, leading to the shedding of the endometrial
lining as menstruation [17].

Disruptions in any part of this cycle can lead to
AUB. These disruptions can be caused by a wide
range of factors, including hormonal imbalances,
structural abnormalities within the uterus, or systemic
medical conditions. To systematically diagnose and
manage AUB, the International Federation of Gyne-
cology and Obstetrics (FIGO) has developed a classi-
fication system known as PALM-COEIN [18, 19].
This system categorizes the causes of AUB into struc-
tural causes (PALM: Polyps, Adenomyosis, Leiomy-
omas, Malignancy) and non-structural causes
(COEIN: Coagulopathies, Ovulatory dysfunctions,
Endometrial, Iatrogenic, Not classified). Understand-
ing this classification is crucial for clinicians to direct
specific investigations and treatments [20].

FACTORS INFLUENCING ABNORMAL UTER-
INE BLEEDING

Hormonal Influence

Hormones play a pivotal role in the pathophysiology
of AUB. An imbalance in estrogen and progesterone
levels is a common culprit. In conditions such as poly-
cystic ovary syndrome (PCOS), ovulatory dysfunction
can lead to prolonged estrogen exposure without prog-
esterone counterbalance, causing endometrial hyper-
plasia and irregular bleeding. Similarly, thyroid
dysfunctions can disrupt the hormonal balance neces-
sary for regular menstruation, leading to AUB [18, 21].

Endometrial Environment

At the cellular level, the endometrial environment
itself is critical in the development of AUB. Local fac-
tors within the uterus, such as the presence of polyps
or fibroids, can mechanically disrupt the endometrium,
leading to bleeding. Moreover, adenomyosis, where
endometrial tissue grows into the uterine muscle, cre-
ates a hyper-vascular environment that is prone to
bleeding. Angiogenic factors, such as vascular en-
dothelial growth factor (VEGF), are often elevated in
these conditions, promoting further vascular instability
and bleeding [19].

Systemic Conditions

Systemic medical conditions also significantly in-
fluence menstrual bleeding. Coagulation disorders,
such as von Willebrand disease, impair the blood's
ability to clot, which can manifest as increased men-
strual bleeding or AUB. Liver disease affects the me-
tabolism of hormones such as estrogen and
progesterone, leading to hormonal imbalances that can
cause AUB. Even medications, particularly anticoag-
ulants or hormone therapies, can induce AUB as a side
effect [20, 21].

Integrative View on AUB

Addressing AUB effectively requires an integra-
tive approach that considers these multifaceted contri-
butions to the pathology. Clinicians must evaluate
hormonal levels, assess for structural anomalies via
imaging like ultrasound or MRI, and consider sys-
temic medical conditions that could be contributing to
the symptoms. This comprehensive approach ensures
that treatment strategies are targeted not just to symp-
tom management but to the underlying causes, en-
hancing the effectiveness of interventions and patient
outcomes [22].

In conclusion, the pathophysiology of AUB is
complex and influenced by an array of factors includ-
ing hormonal imbalances, structural abnormalities,
and systemic conditions. Understanding these factors
is crucial for the effective management of AUB. Em-
ploying the FIGO classification system facilitates a
structured diagnostic approach, allowing clinicians to
tailor interventions accurately and manage AUB ef-
fectively, thereby improving the quality of life for af-
fected women [23]. This comprehensive
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understanding also underscores the importance of on-
going research and education to continuously refine
the approaches to diagnosing and treating this preva-
lent and impactful health issue.

DIAGNOSTIC APPROACHES TO ABNORMAL
UTERINE BLEEDING

Clinical Evaluation

The initial approach to diagnosing abnormal uterine
bleeding (AUB) involves a thorough clinical evalua-
tion that establishes a comprehensive understanding
of the patient's symptoms and medical history. This
step is crucial as it guides the subsequent diagnostic
pathway and informs potential therapeutic strategies
[24-27].

The clinical evaluation begins with a detailed
medical history that should cover the duration, fre-
quency, and volume of menstrual bleeding. Clinicians
should ask about the regularity of menstrual cycles,
the presence of any associated symptoms such as
pelvic pain, and the impact of bleeding on daily activ-
ities. Medical history should also include inquiries into
reproductive history, including pregnancies, childbirth,
and any gynecological surgeries or conditions such as
fibroids or endometriosis [24].

Physical examination is another foundational ele-
ment of the clinical evaluation and typically includes
a pelvic exam. During the pelvic exam, clinicians as-
sess the size and shape of the uterus and ovaries, check
for any abnormalities or masses, and evaluate signs of
hormonal imbalances such as hirsutism or acne. The
examination might also involve a Pap test to check for
cervical dysplasia or cancer if the patient is due for
screening [23].

Documenting symptoms accurately is vital for di-
agnosing AUB. The use of symptom diaries, where pa-
tients record the days they bleed and note the
heaviness of the flow, can provide valuable insights
into the pattern of bleeding. This documentation aids
in differentiating between various types of AUB and
is essential for aligning with the FIGO classification
for more targeted investigations [24, 26].

Advanced Diagnostic Tools

After the initial clinical evaluation, more specific
diagnostic tools can be employed to further investigate
the causes of AUB. The selection of these tools often

depends on the findings from the clinical evaluation
and the suspected underlying causes [26].

Transvaginal Ultrasound

Transvaginal ultrasound (TVUS) is often the first-
line imaging tool due to its non-invasive nature and
effectiveness in evaluating pelvic structures. TVUS
can provide detailed images of the uterus, en-
dometrium, and ovaries, allowing for the identification
of structural causes of AUB such as polyps, fibroids,
and adenomyosis. It can also assess the thickness and
texture of the endometrium, which is crucial for diag-
nosing endometrial hyperplasia or other intrauterine
abnormalities. The major strengths of TVUS include
its accessibility, cost-effectiveness, and detailed visu-
alization of pelvic anatomy. However, its limitations
lie in its operator dependency and less effectiveness
in patients with a high body mass index or those with
extensive pelvic scarring [23, 25].

Magnetic Resonance Imaging (MRI)

MRI is used selectively for diagnosing AUB, par-
ticularly when TVUS results are inconclusive or when
more detailed imaging of the uterine myometrium is
necessary. MRI is highly sensitive and specific for di-
agnosing adenomyosis and distinguishing it from
other uterine pathologies like fibroids. Its multiplanar
imaging capability provides a comprehensive view of
the pelvic anatomy without radiation exposure. How-
ever, MRI is more expensive, less available, and re-
quires more time for both performing the scan and
interpreting the results compared to TVUS [26].

Hysteroscopy

Hysteroscopy is an invasive procedure that allows
direct visualization of the uterine cavity and is used
when there is a need to assess intrauterine pathologies
that might not be adequately visualized by imaging
studies alone. It is particularly useful for diagnosing
and sometimes treating uterine polyps, submucosal fi-
broids, and focal areas of endometrial hyperplasia.
Hysteroscopy provides the advantage of direct visual-
ization and the ability to perform therapeutic interven-
tions simultaneously, such as polypectomy or biopsy.
Its limitations include the need for anesthesia, the risks
associated with invasive procedures, and its depend-
ency on the skill and experience of the operator [27].
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The Role of Laboratory Tests

Laboratory tests play a complementary role in the
diagnosis of AUB. Blood tests, hormonal panels, and
biopsy procedures are critical, especially when non-
structural causes of AUB are suspected [28-30].

Blood Tests

Complete blood count (CBC) can detect anemia,
which may result from chronic heavy menstrual bleed-
ing. Coagulation profiles (PT, aPTT) are essential if a
bleeding disorder is suspected. Thyroid function tests
are also recommended as hypothyroidism or hyper-
thyroidism can cause menstrual irregularities [30].

Hormonal Panels

Hormonal assessments include measuring levels
of estrogen, progesterone, LH, FSH, and prolactin,
particularly when endocrine disorders or ovulatory
dysfunctions are suspected. These tests help in under-
standing the hormonal milieu that may be contributing
to AUB [31].

Endometrial Biopsy

An endometrial biopsy is indicated if there is a
suspicion of endometrial hyperplasia or cancer, espe-
cially in women over the age of 35 or those with risk
factors such as obesity or PCOS. This procedure in-
volves sampling the endometrial tissue and is typically
performed if the endometrial thickness on ultrasound
is greater than the normal limits for the patient's age
and reproductive status [24, 30].

In summary, the diagnostic approach to AUB in-
volves a multi-faceted strategy incorporating clinical
evaluation, advanced imaging, and laboratory testing.
Each diagnostic tool or procedure provides unique and
complementary insights, which collectively contribute
to a comprehensive understanding of the etiology of
AUB. This rigorous diagnostic process is essential for
developing an effective and individualized manage-
ment plan for women suffering from AUB, ultimately
aiming to improve their quality of life and reproduc-
tive health outcomes.

MANAGEMENT OF ABNORMAL UTERINE
BLEEDING

First-line Medical Therapies
The medical management of abnormal uterine bleed-

ing (AUB) aims to alleviate symptoms, improve qual-
ity of life, and address underlying pathologies. First-
line therapies include nonsteroidal anti-inflammatory
drugs (NSAIDs), tranexamic acid, oral contraceptives
(OCs), and hormonal intrauterine devices (IUDs),
each offering unique mechanisms of action and bene-
fits.

NSAIDs

NSAIDs inhibit prostaglandin synthesis, thereby
reducing menstrual blood flow and alleviating associ-
ated pain. These drugs are particularly effective in
women with dysmenorrhea or heavy menstrual bleed-
ing. By inhibiting prostaglandin production, NSAIDs
not only reduce menstrual flow but also mitigate as-
sociated symptoms such as pelvic discomfort and
cramping. Commonly used NSAIDs include ibupro-
fen, naproxen, and mefenamic acid. While generally
well-tolerated, NSAIDs may cause gastrointestinal ir-
ritation or renal impairment, necessitating caution in
patients with preexisting gastrointestinal disorders or
renal insufficiency [28].

Tranexamic Acid

Tranexamic acid is an antifibrinolytic agent that
promotes blood clotting by inhibiting the breakdown
of fibrin, thereby reducing menstrual blood loss. It is
highly effective in reducing the volume and duration
of menstrual bleeding, particularly in women with
menorrhagia or bleeding disorders. Tranexamic acid
is typically administered orally and can be initiated at
the onset of menstruation or upon the onset of heavy
bleeding. While generally safe, caution is advised in
patients with a history of thromboembolic events or
those at risk of thrombosis [29].

Oral Contraceptives (OCs)

Oral contraceptives are commonly prescribed as
first-line therapy for AUB due to their ability to regu-
late menstrual cycles and reduce menstrual bleeding.
Combined oral contraceptives containing both estro-
gen and progestin suppress ovulation, stabilize the en-
dometrium, and reduce menstrual flow. They also
offer additional benefits such as contraception and re-
lief from menstrual-related symptoms such as dys-
menorrhea and premenstrual syndrome.
Progestin-only pills or continuous-cycle regimens may
be preferred in women with contraindications to es-
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trogen or those seeking non-contraceptive benefits of
OCs. Potential side effects of OCs include nausea,
breast tenderness, and breakthrough bleeding, al-
though these typically resolve with continued use [30].

Hormonal Intrauterine Devices (IUDs)

Hormonal IUDs, such as levonorgestrel-releasing
intrauterine systems (LNG-IUDs), offer an effective
and long-term solution for managing AUB. These de-
vices release progestin locally into the uterine cavity,
resulting in endometrial suppression, reduced men-
strual flow, and amenorrhea in some cases. LNG-IUDs
are particularly suitable for women with heavy men-
strual bleeding, as they offer a non-systemic hormonal
approach with minimal side effects. Additionally,
LNG-IUDs provide long-acting contraception, making
them a convenient option for women seeking dual
benefits of contraception and menstrual regulation. In-
sertion of an LNG-IUD is a minor procedure typically
performed in an office setting, with potential side ef-
fects including irregular bleeding, cramping, and ex-
pulsion [31].

New Pharmacological Treatments

In addition to traditional first-line therapies,
emerging pharmacological treatments offer promising
avenues for the management of AUB by targeting spe-
cific pathophysiological pathways.

Gonadotropin-Releasing Hormone (GnRH) Agonists

GnRH agonists suppress the pituitary-ovarian
axis, resulting in hypoestrogenism and amenorrhea.
These agents are particularly useful in the manage-
ment of AUB associated with estrogen-dependent con-
ditions such as uterine fibroids or endometriosis.
While highly effective in reducing menstrual bleeding
and alleviating symptoms, GnRH agonists are associ-
ated with menopausal-like side effects such as hot
flashes, vaginal dryness, and bone loss. Consequently,
they are typically used as short-term therapy or as pre-
operative adjuncts to reduce uterine size and vascular-
ity before definitive surgical management [32].

Selective Progesterone Receptor Modulators (SPRMs)

SPRMs are a novel class of drugs that selectively
target progesterone receptors in the endometrium, ex-
erting both agonistic and antagonistic effects. By mod-
ulating progesterone signaling, SPRMs offer

therapeutic benefits in conditions such as uterine fi-
broids and endometriosis, where aberrant progesterone
action contributes to AUB. Drugs such as ulipristal ac-
etate have demonstrated efficacy in reducing fibroid
size, alleviating symptoms, and improving menstrual
bleeding patterns. While generally well-tolerated,
SPRMs may cause side effects such as headaches, hot
flashes, and gastrointestinal disturbances [33].

The medical management of abnormal uterine
bleeding encompasses a range of therapeutic options
tailored to individual patient needs and preferences.
First-line therapies such as NSAIDs, tranexamic acid,
oral contraceptives, and hormonal IUDs offer effective
symptom relief and menstrual regulation for many
women with AUB. Emerging pharmacological treat-
ments, including GnRH agonists and selective prog-
esterone receptor modulators, present promising
alternatives for women with refractory AUB or those
seeking non-hormonal options. By offering a diverse
array of therapeutic modalities, clinicians can effec-
tively address the complex needs of women with
AUB, improving their quality of life and reproductive
health outcomes [31, 32].

Surgical and Minimally Invasive Interventions
Indications for Surgery

While medical management is often effective for
many cases of abnormal uterine bleeding (AUB), there
are situations where surgical intervention becomes
necessary. Indications for surgery vary depending on
the underlying cause of AUB, the severity of symp-
toms, and the patient's reproductive goals [4, 7].
One common indication for surgery is the presence of
structural abnormalities such as large fibroids, polyps,
or adenomyosis that do not respond to medical thera-
pies. These conditions can cause significant symptoms
such as heavy menstrual bleeding, pelvic pain, and re-
productive issues, warranting surgical intervention to
alleviate symptoms and improve quality of life. Addi-
tionally, women with AUB associated with endome-
trial hyperplasia or malignancy may require surgical
procedures for diagnostic and therapeutic purposes [21].

Several surgical interventions are available for
managing AUB, each with its own effectiveness and
associated risks. Hysterectomy, the surgical removal
of the uterus, is considered the definitive treatment for
many cases of AUB, particularly in women who have
completed childbearing or who have failed other treat-
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ments. While hysterectomy offers a permanent solu-
tion to AUB, it is a major surgical procedure associ-
ated with risks such as infection, bleeding, and
complications related to anesthesia [34].

For women who wish to preserve their fertility or
avoid the risks of hysterectomy, less invasive surgical
options may be considered. Endometrial ablation is a
minimally invasive procedure that destroys the en-
dometrial lining of the uterus, reducing or eliminating
menstrual bleeding. This procedure is suitable for
women with AUB due to benign causes such as fi-
broids or adenomyosis who desire symptom relief
without compromising fertility. However, endometrial
ablation is not suitable for women with endometrial
hyperplasia or malignancy [35, 36].

Minimally Invasive Techniques

In addition to endometrial ablation, other mini-
mally invasive techniques are available for managing
AUB, each with its own advantages and considera-
tions. Myomectomy, the surgical removal of uterine
fibroids, is an option for women with AUB caused by
fibroids who wish to preserve their fertility. This pro-
cedure can be performed via laparotomy, laparoscopy,
or hysteroscopy, depending on the size and location of
the fibroids. While myomectomy can improve symp-
toms and preserve fertility, it is associated with risks such
as bleeding, infection, and fibroid recurrence [1, 37].

Uterine artery embolization (UAE) is another min-
imally invasive option for managing AUB due to fi-
broids. During UAE, tiny particles are injected into
the blood vessels supplying the fibroids, causing them
to shrink and reduce menstrual bleeding. UAE is suit-
able for women who wish to avoid surgery or preserve
their fertility, as it does not involve the removal of
uterine tissue. However, UAE is associated with risks
such as pelvic pain, post-embolization syndrome, and
the potential for complications related to fibroid ex-
pulsion [15].

Patient selection is crucial when considering min-
imally invasive interventions for AUB. Factors such
as age, reproductive goals, the size and location of
uterine abnormalities, and overall health should be
carefully assessed to determine the most appropriate
treatment option for each individual patient. Addition-
ally, thorough preoperative counseling should be pro-
vided to ensure that patients understand the benefits,
risks, and expected outcomes of the chosen interven-

tion [2-8].

Surgical and minimally invasive interventions
play a crucial role in the management of abnormal
uterine bleeding, particularly in cases where medical
therapies are ineffective or contraindicated. Indica-
tions for surgery vary depending on the underlying
cause of AUB and the patient's individual circum-
stances. While hysterectomy remains a definitive treat-
ment option for many cases of AUB, less invasive
techniques such as endometrial ablation, myomec-
tomy, and uterine artery embolization offer alterna-
tives for women who wish to preserve their fertility or
avoid major surgery. By carefully evaluating patient
needs and selecting the most appropriate intervention,
clinicians can effectively manage AUB and improve
the quality of life for affected women [31-35].

EMERGING TECHNOLOGIES AND FUTURE
DIRECTIONS

Innovative Diagnostics and Therapies
Advancements in technology are revolutionizing the
diagnosis and treatment of abnormal uterine bleeding
(AUB), offering new insights and approaches to im-
prove patient outcomes. Cutting-edge research is ex-
ploring innovative diagnostics and therapies that
harness the power of artificial intelligence (Al), gene
therapy, and other novel technologies [32].

Artificial Intelligence in Diagnostics

One promising area of research is the use of Al in
ultrasound analysis for the diagnosis of AUB. Al al-
gorithms trained on large datasets of ultrasound im-
ages can automate the detection of structural
abnormalities such as fibroids, polyps, and adeno-
myosis with high accuracy and efficiency [33, 34].
These Al-driven tools have the potential to streamline
the diagnostic process, reduce interobserver variabil-
ity, and improve diagnostic accuracy, particularly in
cases where subtle abnormalities may be overlooked
by human observers. By enhancing the speed and ac-
curacy of ultrasound analysis, Al technologies hold
promise for earlier detection and intervention in
women with AUB, leading to improved patient out-
comes and reduced healthcare costs [38].

Gene Therapy Approaches
Another area of exploration in AUB research is the
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development of gene therapy approaches to target the
underlying molecular mechanisms driving abnormal
uterine bleeding. Gene therapy holds the potential to
correct genetic abnormalities, modulate hormone sig-
naling pathways, and promote tissue regeneration
within the uterine cavity [39, 40]. For example, re-
searchers are investigating gene editing techniques
such as CRISPR-Cas9 to selectively modify genes as-
sociated with endometrial dysfunction or abnormal
bleeding patterns. By targeting specific molecular
pathways implicated in AUB, gene therapy approaches
aim to provide personalized and targeted treatments
with minimal side effects, paving the way for more ef-
fective and tailored interventions in the future [41].

Integrating Patient-centered Care in AUB Manage-
ment

Personalized medicine is increasingly shaping the
future of AUB treatment, with a focus on integrating
patient preferences, values, and lifestyle adjustments
into management plans. Patient-centered care empha-
sizes the importance of involving patients as active
participants in their healthcare decisions, tailoring
treatments to their individual needs and preferences,
and considering the impact of AUB on their quality of
life [20].

Tailored Treatment Plans

In the era of personalized medicine, treatment
plans for AUB are becoming increasingly tailored to
the unique characteristics and preferences of each pa-
tient. Clinicians consider factors such as age, repro-
ductive goals, comorbidities, and patient preferences
when selecting treatment options, ensuring that inter-
ventions align with the patient's values and priorities.
Shared decision-making between patients and healthcare
providers is central to this approach, empowering pa-
tients to actively participate in their care and make in-
formed choices about their treatment options [1, 7, 11].

Lifestyle Modifications

In addition to medical and surgical interventions,
lifestyle modifications play an important role in the
management of AUB. Patients may be advised to
make dietary changes, incorporate regular exercise
into their routine, manage stress levels, and optimize
their overall health to support hormonal balance and
menstrual regularity. Integrating lifestyle modifica-

tions into AUB management plans can complement
medical therapies, improve treatment outcomes, and
enhance the overall well-being of patients [42].

The future of AUB diagnosis and treatment is
shaped by innovative technologies, personalized med-
icine, and a patient-centered approach to care. Ad-
vancements in Al-driven diagnostics and gene therapy
hold promise for earlier detection, targeted interven-
tions, and improved outcomes for women with AUB.
By integrating patient preferences, values, and
lifestyle adjustments into management plans, clini-
cians can provide more personalized and effective care
that addresses the unique needs of each individual pa-
tient. As research continues to advance and technology
evolves, the landscape of AUB management will con-
tinue to evolve, offering new opportunities to optimize
patient care and improve quality of life.

CHALLENGES AND CONSIDERATIONS IN
ABNORMAL UTERINE BLEEDING MANAGE-
MENT

Managing AUB in Diverse Populations

Treating AUB poses unique challenges across differ-
ent demographic groups, requiring clinicians to con-
sider a range of factors such as age, reproductive
intentions, and co-existing medical conditions [37, 41].

Age-related Considerations

Age plays a significant role in AUB management,
as the etiology and optimal treatment approach may
vary depending on the patient's reproductive stage.
Adolescents experiencing AUB may have underlying
hormonal imbalances or anatomical abnormalities, ne-
cessitating thorough evaluation and tailored interven-
tions. In contrast, perimenopausal and postmenopausal
women may present with AUB due to endometrial
pathology or hormonal fluctuations, requiring different
diagnostic and therapeutic strategies. Additionally,
older women may have comorbidities that impact
treatment decisions, highlighting the importance of a
multidisciplinary approach to care [42].

Reproductive Intentions

The reproductive intentions of women with AUB
influence treatment decisions, particularly regarding
fertility preservation and contraceptive needs. For
women desiring future pregnancies, interventions such
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as myomectomy or fertility-sparing endometrial abla-
tion may be considered to address underlying causes
of AUB while preserving reproductive potential [43,
44]. Conversely, women who have completed child-
bearing may opt for definitive treatments such as hys-
terectomy to alleviate symptoms and minimize the risk
of recurrence. Clinicians must engage in shared deci-
sion-making with patients to align treatment plans
with their reproductive goals and preferences [45].

Co-existing Medical Conditions

Managing AUB in patients with co-existing med-
ical conditions presents additional complexities, as un-
derlying health issues may impact treatment options
and outcomes. Women with conditions such as obe-
sity, diabetes, thyroid disorders, or bleeding disorders
may require tailored approaches to AUB management
to optimize safety and efficacy. Furthermore, medica-
tions used to manage chronic conditions may interact
with AUB therapies, necessitating careful considera-
tion and coordination of care to minimize adverse ef-
fects and drug interactions [42].

Quality of Life and Psychosocial Aspects

The impact of AUB extends beyond physical
symptoms, significantly affecting quality of life and
psychosocial well-being. Heavy menstrual bleeding,
pain, and unpredictable bleeding patterns can impair
daily activities, work productivity, social interactions,
and intimate relationships, leading to emotional dis-
tress and reduced quality of life. Women with AUB
may experience anxiety, depression, social isolation,
and impaired self-esteem, highlighting the importance
of holistic care that addresses psychosocial needs
alongside medical management [7, 39].

Supportive Care and Counseling

Supportive care and counseling are integral com-
ponents of AUB management, providing emotional
support, education, and coping strategies to help
women navigate the challenges of living with AUB.
Clinicians should create a supportive and non-judg-
mental environment where patients feel comfortable
discussing their symptoms, concerns, and treatment
preferences. Patient education about the etiology of
AUB, available treatment options, and expected out-
comes empowers women to make informed decisions
and actively participate in their care. Additionally,

counseling on lifestyle modifications, stress manage-
ment techniques, and self-care practices can enhance
resilience and improve overall well-being [41, 42].

Managing AUB requires a comprehensive and in-
dividualized approach that considers the diverse needs
and circumstances of affected women. Clinicians must
navigate challenges related to age, reproductive inten-
tions, and co-existing medical conditions while prior-
itizing patient-centered care and psychosocial support.
By addressing these challenges and considerations in
AUB management, clinicians can optimize treatment
outcomes, improve quality of life, and enhance the
overall well-being of women affected by this common
and impactful condition.

CONCLUSIONS

The field of gynecology has witnessed substantial
progress in the management of abnormal uterine
bleeding (AUB) among premenopausal women. This
progression has moved from a conventional, broad-
spectrum approach towards a highly sophisticated, in-
dividualized methodology. Developments in
diagnostic technologies, notably transvaginal ultra-
sonography, magnetic resonance imaging (MRI), and
hysteroscopy, combined with advances in molecular
diagnostics, have revolutionized our diagnostic capa-
bilities. Such enhancements in diagnostic accuracy are
critical as they provide a foundation for developing
personalized therapeutic interventions that are intri-
cately aligned with the unique pathophysiological con-
ditions of each patient.

The systematic application of the International
Federation of Gynecology and Obstetrics (FIGO) clas-
sification system has been pivotal. It serves as a struc-
tured framework that assists clinicians in pinpointing
the specific etiologies of AUB, thereby facilitating the
implementation of targeted medical and surgical inter-
ventions. This nuanced understanding allows for a
shift towards primarily medical management, utilizing
hormonal therapies and cutting-edge pharmacological
agents. This approach reflects a paradigm shift focused
on reducing the dependence on invasive surgical pro-
cedures and enhancing overall patient outcomes.

Ongoing advancements in technology and the in-
tegration of personalized medicine principles are con-
tinually refining management strategies for AUB.
These include an emphasis on minimally invasive sur-
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gical techniques when necessary and a focus on pa-
tient-centered care. The field stands on the cusp of fur-
ther transformative developments with the anticipated
integration of artificial intelligence in diagnostic
processes and gene therapy in treatment protocols.
These innovations promise to further elevate the pre-
cision of diagnostics and the effectiveness of treat-
ments.

However, the management of AUB still presents
significant challenges, particularly when addressing
the needs of diverse populations that may have differ-
ent reproductive intentions and coexist with various
medical conditions. An effective management strategy
requires a comprehensive multidisciplinary approach
that encompasses not only advanced diagnostic and
therapeutic techniques but also a strong emphasis on
patient education and psychosocial support. This ap-
proach ensures that all aspects of a patient's health and
well-being are considered, making the management of
AUB more holistic and patient-focused.

Moreover, the quality of life implications for
women suffering from AUB cannot be overstated. The
physical, emotional, and social burdens of this condi-
tion necessitate that therapeutic approaches not only
address the physiological aspects of the disease but
also the psychological and social impacts. Supportive
care, encompassing counseling and lifestyle advice,
plays a critical role in this context, providing patients
with the tools needed to manage their condition effec-
tively.

As we continue to advance in our understanding
and capabilities, the integration of these new technolo-
gies and methodologies into everyday clinical practice
remains essential. Doing so not only optimizes thera-
peutic outcomes but also significantly enhances the
quality of life for women affected by AUB. This on-
going evolution in the field underscores the critical
need for continuous research, innovation, and educa-
tion in gynecology to keep pace with emerging tech-
nologies and changing patient needs. The future of
AUB management looks promising, with the potential
to offer more precise, effective, and less invasive op-
tions for women worldwide.
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