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Abstract

Uterine Artery Embolization (UAE) is a minimally invasive procedure
that has emerged as a transformative option for managing uterine
leiomyomas (fibroids), postpartum hemorrhage, and other gynecological
conditions. While traditional surgical interventions like hysterectomy and
myomectomy remain standard, UAE offers a safer alternative for patients
seeking uterine preservation or fertility maintenance. This article examines
the efficacy, innovations, and challenges of UAE, with a focus on its
expanding applications and implications for patient care. Existing research
highlights high success rates of UAE, achieving significant symptom relief
in over 90% of cases by occluding uterine arterial blood supply with embolic
agents to induce localized ischemia and fibroid necrosis. Innovations in
embolic materials, such as hydrophobic injectable liquids, and procedural
techniques like transradial access have enhanced safety, reduced
complications, and improved patient outcomes. The effectiveness of UAE
in treating rarer conditions, including uterine arteriovenous malformations
and adenomyosis, demonstrates its versatility. However, questions remain
about its long-term reproductive impact, especially concerning fertility
outcomes and pregnancy rates, as conflicting data suggest potential risks.
This critical review addresses these gaps by synthesizing existing studies
to assess comparative efficacy of UAE against surgical options, its safety
profile, and its role in advancing minimally invasive gynecology. By
exploring both well-established and emerging applications, this article
underscores the importance of UAE in reducing morbidity, improving
quality of life, and preserving reproductive potential. Further research
is essential to refine patient selection criteria, optimize techniques, and
better understand the long-term outcomes of the procedure, ensuring UAE
continues to evolve as a valuable minimally invasive option within modern
gynecological care.
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Arterial embolization is a minimally invasive, non-surgical procedure

within the field of interventional radiology that targets diseased vasculature.
This technique involves administering embolic agents via a transcatheter into
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versatility of this procedure across a wide range of clinical
applications [1,2].

The first documented case of embolization dates to 1904
when Robert Darwin occluded the carotid artery to reduce
blood supply to the head and neck [3]. Early techniques
employed steel pellets to deliberately block and redirect
blood flow, eventually evolving to the use of gelatin pieces
mixed with saline [4]. Modern advancements have introduced
a broad spectrum of embolic materials, including metallic
coils, liquid embolic agents, and shear-thinning biomolecules,
which, coupled with X-ray guidance, enhance precision and
minimize patient risks [5].

This paper specifically focuses on uterine artery
embolization (UAE), a procedure targeting the uterine artery,
which is in the gluteal region and branches from the internal
iliac artery to supply blood to the uterus and placenta [6]. The
first obstetric application of UAE was reported in 1979 when
a woman experiencing severe vaginal bleeding following a
prolonged childbirth underwent successful embolization of
the uterine artery without complications [7].

Primary indications for UAE include uterine fibroids
and postpartum hemorrhage [8]. However, contraindications
such as chronic pelvic infections, previous pelvic radiation,
refractory coagulopathy, use of GnRH hormone analogs, and
renal impairment must be considered [9]. UAE provides a
safe and minimally invasive alternative to traditional surgical
interventions, such as hysterectomy and myomectomy,
offering significant advantages in terms of reduced pain,
improved quality of life, and faster recovery times. With its
transformative impact on uterine condition management,
UAE represents a pivotal advancement in gynecological care.
A deeper understanding of its physiological mechanisms
underscores its clinical value and broad applications.

Mechanism of Action

UAE primarily works by employing an interventional
radiological technique to occlude the arterial blood supply to
theuterus. Thisisachieved through the selective administration
of embolic agents to the uterine arteries, inducing ischemic
infarction in areas where uterine fibroids are present. The
procedure significantly reduces uterine and fibroid volumes,
which correlates with improved symptoms and overall
quality of life for patients suffering from symptomatic uterine
fibroids [10]. Embolic agents such as gelatin sponge particles
and polyvinyl alcohol (PVA) particles are used to block the
blood supply to the uterus by creating an upstream occlusion.
These agents not only alleviate symptoms associated with
uterine fibroids but also play a critical role in managing
abnormal vascular structures, including pseudoaneurysms.
By inducing infarction, the procedure facilitates necrosis
of collateral vessels and vascular anomalies, leading to a
reduction in mass and associated symptoms, including pelvic
pain and heavy menstrual bleeding [11].
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Further research emphasizes that the precise delivery of
embolic agents improves the chances of success because
controlled necrosis allows the preservation of healthy adjacent
uterine tissue. Subramaniam et al. highlighted UAE as a
well-established technique for conditions such as postpartum
hemorrhage, demonstrating its minimally invasive nature
compared to more invasive techniques traditionally used
to manage such issues. This approach not only improves
recovery times but also enhances patient comfort and overall
outcomes [12].

The resultant occlusion of vessels decreases forward
perfusion and nutrient supply to fibroid tissues, prompting
a cascade of cellular events leading to apoptosis and tissue
remodeling. Necrosis effectively removes fibroids and
leads to uterine mass shrinkage, providing patients with
symptomatic relief. Long-term studies have shown that UAE
offers sustainable relief from symptoms, often eliminating the
need for invasive surgical options such as hysterectomy [11].

In conclusion, UAE is a highly effective, minimally
invasive approach for managing serious gynecological
conditions. Through precise delivery and effective vessel
occlusion, UAE provides significant symptom relief, improves
quality of life, and reduces the risks associated with more
invasive procedures. Understanding the mechanism behind
UAE lays the foundation for identifying the patient groups
and clinical scenarios best suited for this transformative
procedure.

Populations: Indications and Contraindications

UAE is commonly performed in women of reproductive
age, typically between their 30s and 50s, who suffer from
symptomatic uterine fibroids. These fibroids often cause
issues such as pelvic pain, heavy menstrual bleeding, and
other related complications. The “ideal” candidate is a
woman with no UAE contraindications, presenting with
heavy menstrual bleeding or dysmenorrhea with intramural
fibroids, premenopausal, and no desire for future pregnancy
[13]. However, women still looking to conceive may view
uterine artery embolization as a better alternative to other
treatments, as it may still allow for possible conception.
Fertility rates after uterine fibroid embolization have been
approximated to be just under 40%, with possibly higher rates
in younger mothers [14]. African American women are also
associated with a higher likelihood of undergoing UAE due
to the higher prevalence of fibroids within this demographic,
as well as the fertility-preserving potential of the procedure
[15]. Collaboration between interventional radiologists and
obstetrician/gynecologists is imperative to allow for full
assessment and evaluation of clinical care procedures [16].

Indications for UAE extend beyond symptomatic fibroids,
addressing ailments such as abnormal uterine bleeding,
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Figure 1: Anatomical representation of uterine artery embolization (UAE) for fibroid treatment. The zoomed-in panel provides a detailed
view of the embolization process at the arteriole level, demonstrating the relationship between the uterine artery branching from the internal
iliac artery and its supply to the fibroid tissue. The embolic agents (shown in blue) are delivered via catheter to occlude the vessels feeding
the fibroid, leading to ischemic necrosis and subsequent lysis of the fibroid tissue. This minimally invasive approach effectively reduces blood
supply to the fibroid while preserving normal uterine tissue perfusion through collateral circulation

dysmenorrhea, pelvic pain, impaired urination, bowel
dysfunction, infertility, and recurrent pregnancy loss [17]. A
systematic review and meta-analysis on the effectiveness of
UAE for adenomyosis demonstrated symptom improvements
in 83% ofpatients [ 18]. While clinical outcomes are promising,
more randomized controlled trials (RCTs) are needed to
further solidify the efficacy of UAE for adenomyosis and
establish it as a standard indication. The Quality of Life after
Embolization vs. Hysterectomy in Adenomyosis (QUESTA)
trial is one ongoing RCT that may provide valuable insights.

Similarly, UAE is indicated for uterine arteriovenous
malformations (AVM) and cervical ectopic pregnancy [19-
21]. UAE has also been shown to be a safe and effective
procedure for managing emergencies such as primary
postpartum hemorrhage, severe hemorrhage during pregnancy
termination, and prophylactic use in cases of retained products
of conception, abnormal placental implantation, or pregnancy
termination [22].

For cesarean scar pregnancy (CSP), UAE has emerged
as a minimally invasive option for managing this rare but
potentially life-threatening condition characterized by
implantation of the gestational sac within a cesarean scar.
UAE is increasingly recognized for its ability to control
bleeding while preserving uterine integrity, especially in
early CSP, where timely intervention can prevent severe
complications such as uterine rupture or hemorrhage [23,
24]. Studies highlight the efficacy of UAE in reducing
hemorrhage risks and facilitating safer management of CSP

without necessitating invasive surgical interventions [23].
Additionally, combining UAE with methotrexate injections
has been shown to enhance the effectiveness of treatment in
these cases [25].

When compared to traditional surgical strategies, such
as laparoscopic excision or hysteroscopic resection, UAE
offers a less invasive alternative with fewer complications.
Surgical approaches often result in higher blood loss,
longer recovery times, and potential fertility compromise,
particularly in severe cases requiring hysterectomy [26, 27].
Aortic balloon occlusion (ABO) is another option explored in
CSP management. Although ABO reduces bleeding during
surgery, it is more invasive than UAE and carries risks
such as complications from balloon placement and reduced
perfusion to lower body regions [28]. UAE, by contrast, has
demonstrated superior outcomes in minimizing bleeding and
preserving uterine integrity, particularly in early CSP [29,
27].

Absolute contraindications for UAE include pregnancy
and acute genital infection, as disruption to blood flow
in these conditions could lead to worsening outcomes
[30, 31]. Relative contraindications include malignancy,
immunocompromised states, kidney dysfunction, blood
clotting disorders, and allergic sensitivity to contrast
dyes. Anatomical abnormalities, such as a common artery
supplying the uterus and ovaries, are also considered relative
contraindications, along with the presence of an intrauterine
device (IUD). Subserosal or submucosal pedunculated
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fibroids and the desire to maintain fertility further underscore
the need for individualized clinical judgment [32]. Thorough
history-taking and evaluation are critical to ensure the safety
and efficacy of UAE in each case.

Careful assessment of the populations suitable for
uterine artery embolization (UAE), along with a thorough
understanding of its indications and contraindications, is
essential for ensuring optimal clinical outcomes. UAE
is most indicated for women with symptomatic uterine
fibroids, adenomyosis, arteriovenous malformations, or other
gynecological conditions associated with significant bleeding,
pelvic pain, or infertility. Absolute contraindications, such as
malignancy, pregnancy, and acute genital infections, must be
ruled out, and relative contraindications, including anatomical
anomalies or coexisting medical conditions, require careful
evaluation. With these considerations in mind, the next step
is to explore how UAE is performed, detailing the procedural
techniques involved.

Stepwise Procedures in UAE

UAE begins with thorough pre-procedure planning. This
includes a comprehensive patient assessment, administration
of prophylactic antibiotics to reduce infection risk, and
sedation to ensure patient comfort. Imaging studies, such as
MRI or ultrasound, are employed to assess the size, number,
and location of fibroids or hemorrhage sites. These studies
aid in selecting appropriate embolic agents and guiding the
procedure [33,34]. Access to the uterine arteries is typically
achieved through the femoral artery, although transradial
access is an alternative based on patient anatomy and
clinician preference. Under fluoroscopic guidance, a catheter
is navigated into the uterine arteries, and embolic agents—
such as calibrated microspheres or polyvinyl alcohol (PVA)
particles—are introduced to occlude blood supply to targeted
areas [35-38]. The choice of embolic materials is based on
their occlusive properties, durability, and compatibility with
the vascular characteristics of fibroids or hemorrhage sites.
Advanced imaging, including contrast-enhanced ultrasound
and MRI, further enhances visualization during and after the
procedure, ensuring precision and minimizing the risk of
non-target embolization [39-41].

The inclusion of a superior hypogastric nerve block
(SHNB) has greatly improved pain management during UAE.
The superior hypogastric nerve plexus transmits pelvic pain
signals, and SHNB blocks these signals, reducing pain during
and after the procedure. This technique decreases reliance on
narcotic analgesia, thereby minimizing associated side effects
such as nausea and sedation [42,43]. Patients who undergo
UAE with SHNB report lower pain scores and require less
opioid use compared to those without the nerve block,
leading to faster recovery and often same-day discharge [42].
Enhanced pain control not only improves the immediate
procedural experience but also facilitates quicker recovery,
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enabling patients to resume normal activities sooner. In
contrast, patients undergoing UAE without SHNB typically
require higher doses of opioids, which can prolong recovery
and increase pain management-related risks [43].

UAE can be performed using selective or non-selective
embolization techniques, allowing for personalization based
on patient needs. Selective embolization targets specific
vessels, preserving healthy uterine tissue and making it ideal
for patients desiring fertility preservation. Non-selective
techniques, on the other hand, treat larger arterial branches
and are often employed in urgent scenarios [44-46]. Both
approaches show high success rates, with over 90% of cases
achieving effective symptom relief [47-52].

The integration of SHNB exemplifies the evolving
sophistication of UAE, complementing other advancements
such as precision imaging and tailored embolic agents.
Together, these innovations solidify UAE as a minimally
invasive and effective treatment option. By offering significant
benefits in pain management, faster recovery, and favorable
fertility preservation, UAE continues to surpass traditional
surgical alternatives. As advancements in UAE enhance
patient outcomes, it remains critical to evaluate alternative
treatments better suited for certain clinical scenarios or
individual patient needs.

Alternative Treatments

While UAE is an effective treatment, other surgical or
medical management options may be better alternatives
based on the specific size and location of the fibroid, age
of the woman, symptoms, access to treatment, and desire
to maintain fertility. Each patient requires a comprehensive
assessment to determine which treatment modality is best
suited for their unique situation. At times, a combination of
treatment modalities may even prove effective for a certain
subset of patients. Pre-operative UAE has also been shown to
be safely performed in both myomectomy and hysterectomy,
potentially reducing intraoperative blood loss and improving
outcomes for high-risk patients [53].

Gonadotropin-releasing hormone (GnRH) agonists
provide menopausal-like effects by decreasing progesterone
and estrogen production through desensitization of GnRH
receptors, ultimately reducing the size and volume of
fibroids. This approach is particularly beneficial for women
approaching menopause, seeking symptom reduction, or
requiring preoperative preparation [54, 55]. However,
the effects are not sustained after cessation, with fibroid
growth rebounding within six months. Side effects include
vaginal dryness, hot flashes, muscle pain, mood swings, and
vasomotor symptoms, necessitating hormonal "add-back"
therapy with estrogen and/or progesterone to mitigate toxic
effects [55].

In contrast, GnRH antagonists competitively bind to
GnRH receptors, leading to immediate suppression of
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1. Access
A small incision is made within
the groin region to access the
femoral artery
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4. Blocking the Vessels
Tiny particles are introduced through

the catheter into the uterine arteries,
selectively blocking blood flow.
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2. Navigation

Under fluoroscopic x-ray guidance,
a catheter is threaded to reach the
uterine arteries

e

A1

3. Identifying the Arteries
Contrast dye is injected to identify the
arteries feeding the fibroids

Figure 2: Step-by-step illustration of the uterine artery embolization (UAE) procedure. The procedure consists of four critical stages: (1)
Access: Initial femoral artery access is achieved through a small incision in the groin region using sterile technique. (2) Navigation: Under real-
time fluoroscopic guidance, a specialized catheter is advanced through the vascular system to reach the uterine arteries, typically proceeding
from the femoral artery through the internal iliac artery. (3) Arteriography: Radiopaque contrast medium is injected to create an angiographic
roadmap, enabling precise identification of the arteries supplying the fibroids. This step is crucial for targeting the embolic material and
avoiding non-target embolization. (4) Embolization: Calibrated microspheres or other embolic agents are precisely delivered through the
catheter to occlude the vessels feeding the fibroids, resulting in selective devascularization while preserving normal uterine tissue perfusion.

gonadotropins. Linzagolix, a GnRH antagonist, demonstrated
significant reductions in heavy menstrual bleeding during
phase 3 trials, without increasing osteoporosis risk [56].
However, dose-dependent adverse effects like hot flashes
and endometrial hyperplasia have been observed, although
"add-back" therapy substantially reduces these issues [56,
57]. Serum lipid increases noted with elagolix administration
highlight the need for further research to evaluate potential
contraindications [57].

The levonorgestrel intrauterine system (LNG-IUS),
commonly used for contraception, thickens cervical mucus
and suppresses endometrial growth, effectively reducing
menstrual blood loss and possibly fibroid volume [58]. A
systematic review highlighted its efficacy in reducing bleeding
by 55.6%, though it was less effective for adenomyosis and
endometrial hyperplasia [59].

Selective progesterone receptor modulators (SPRMs)
inhibit cell proliferation and inflammation, offering another

treatment avenue. By reducing inflammatory markers like
TGF-B, IL-6, and IL-10, SPRMs promote fibroid symptom
relief without significantly affecting vascularization [60].
Short-term SPRM treatment was less effective than GnRH
agonists in reducing fibroid size but associated with fewer
side effects like hot flashes [61, 62].

Non-hormonal treatments, such as tranexamic acid,
inactivate plasminogen activators, preventing fibrinolysis
and reducing menstrual blood loss without affecting fibroid
size [63]. NSAIDs, which inhibit prostaglandin synthesis,
offer pain relief and symptom control without altering fibroid
dimensions [64].

Surgical treatments like UAE and myomectomy are
frequently compared for their distinct advantages. UAE
reduces symptoms such as heavy menstrual bleeding and
pelvic painin 85-90% of patients [65, 66]. Itachievesa 10-15%
recurrence rate within five years, with fewer complications,
shorter recovery times, and lower major complication rates
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(1-3%) than surgical alternatives [65-67]. However, minor
complications like post-embolization syndrome occur in 30-
50% of cases but are self-limiting [67].

Myomectomy, which removes fibroids while preserving
the uterus, is ideal for fertility preservation. Symptom relief
ratesare comparableto UAE (80-90%), thoughrecurrencerates
are higher—up to 30% within five years for multiple fibroids
[68, 69]. Minimally invasive techniques reduce recovery
times but pose risks such as intraoperative hemorrhage,
infection, and uterine rupture [70]. UAE and myomectomy
differ in recovery times and fertility outcomes. UAE enables
quicker recovery (one week), while myomectomy requires
several weeks, depending on surgical complexity. Pregnancy
rates of up to 59.5% have been reported following UAE [71,
72].

Hysterectomy is the most “radical” surgical approach
for uterine fibroids and must be considered if symptoms
become severe enough and other methods are not proving to
be effective. Complete removal of the uterus will offer the
most long-term relief for the patients but completely inhibits
their childbearing potential. In an observational cohort study
comparing hysterectomy, myomectomy, and UAE, similar
symptom relief was found 1-year post-treatment, but more
solidified improvements were observed for hysterectomy
treatment groups every year thereafter [73]. However, as with
any surgery, this comes with increased recovery times and
postoperative risks of infection.
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In cases of cesarean scar pregnancy (CSP), UAE has
gained recognition as a minimally invasive alternative to
surgical interventions and aortic balloon occlusion (ABO).
UAE controls bleeding by selectively occluding uterine
arteries supplying the gestational sac, preserving uterine
integrity while achieving a success rate exceeding 85% in
hemorrhage control [74, 75]. Compared to surgical approaches
like laparoscopic excision or hysteroscopic resection, UAE
reduces recovery times and complications [76]. While ABO
effectively reduces intraoperative blood loss, its invasiveness
and perfusion-related complications make UAE a preferred
alternative [77, 78].

Surgical interventions for CSP, while effective, are
associated with higher risks of significant blood loss,
infection, and longer recovery times. Hysterectomy remains
a last resort for severe CSP cases, particularly when fertility
preservation is no longer a priority [79]. UAE, however,
stands out as a promising alternative for managing CSP,
offering shorter recovery times, lower complication rates,
and the ability to preserve fertility, making it an integral
component of comprehensive CSP management strategies
[80, 81].

By integrating UAE and other treatments into a
personalized approach, clinicians can address a range of
conditions effectively while considering patient-specific
factors like fertility preservation, recovery time, and symptom
relief. The subsequent focus shifts to examining the efficacy
and outcomes of UAE.

Table 1: Comparison of Treatments Strategies in Uterine Fibroids with advantages and disadvantages and clinical outcomes.

Treatment Advantages

Minimally invasive, symptom relief

UAE in >85% of cases, reduces heavy
bleeding and fibroid size

Reduces fibroid size and volume,
effective preoperatively, beneficial
for symptom management near
menopause

GnRH Agonists

Rapid symptom relief, reduces
GnRH Agonists | heavy menstrual bleeding, dose-
dependent efficacy

Reduces blood loss and possibly

Disadvantages

Possible non-target embolization,
rare complications, may require
reintervention in some cases

Side effects include bone loss, hot
flashes, and mood swings; rebound
growth after cessation

Risk of hot flashes, endometrial
hyperplasia, and increased serum lipid
levels without add-back therapy

Less effective in severe fibroid cases;

Recovery Time |Impact on Fertility

Preserves
fertility; slightly

~1 week
lower pregnancy rates
than myomectomy
Immediate Not suitable for long-

symptom relief term fertility preservation

Immediate Limited impact on long-
symptom control | term fertility preservation

Minimal recovery Fertility resumes

LNG-IUS fibroid volume, effective for mild to | device-specific risks such as expulsion . immediately after
) time needed
moderate symptoms or discomfort removal
Reduces inflammation and fibroid Limited by potential hepatotoxicity (e.g., | Short-term - .
. . ) . . Fertility preservation
SPRMs size with fewer side effects than ulipristal acetate); not approved for long- | recovery after )
. : . possible
GnRH agonists term use in all regions treatment
Removes fibroids while preserving . . L 2-6 weeks,
. Risk of surgical complications such as ) .
Myomectomy the uterus, improves symptoms, L } . ; depending on Preserves fertility
. . . bleeding, infection, and uterine scarring
higher quality of life post-treatment approach
Hysterectomy Definitive treatment with complete | Major surgery with longer recovery, risk 4-8 weeks Eliminates fertility

symptom resolution.

of infection, and complete loss of fertility

GnRH, gonadotropin-releasing hormone; LNG-IUS, levonorgestrel intrauterine system; SPRMs, selective progesterone receptor modulators;

UAE, uterine artery embolization
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Table 2: Comparison of Treatments in Cesarean Scar Pregnancy with advantages and disadvantages and clinical outcomes.

Treatment Advantages Disadvantages
Minimally invasive, N .
L . Rare complications like non-
preserves uterine integrity, R .
UAE . .| target embolization; requires
high success rate (>85%) in specialized expertise
managing CSP P P
. . Invasive; risks include
Reduces intraoperative o
. . complications from balloon
ABO blood loss effectively during
surger placement and reduced lower
gery body perfusion
. Directly resolves CSP; I—!lghgr risk of complications,
Surgical significant blood loss, longer

effective for severe or

Interventions
advanced cases

risks

hospital stays, and infection

Bleeding Control and Recovery Time Impact on Fertility

Highly effective at controlling
hemorrhage; typically outpatient
procedure with ~1-week recovery

Preserves fertility

Effective at minimizing bleeding during
surgery; slightly longer recovery due to
invasiveness

Fertility preservation
depends on the extent
of surgical involvement

Potentially
compromises fertility,
particularly with
hysterectomy

Provides direct bleeding control;
recovery can take several weeks,
depending on the surgical approach

ABO, aortic balloon occlusion; CSP, cesarean scar pregnancy; UAE, uterine artery embolization.

Efficacy and Outcomes

Theefficacy of UAE in treating various obstetric conditions
has been well documented across multiple studies and it has
been proven to be safe, effective, and minimally invasive
for treating uterine arteriovenous malformations (AVMs),
fibroids, and obstetric hemorrhage. Advantages of UAE over
other treatment options include no general anesthesia, no
surgical incision, and no blood loss or transfusion required,
with a shorter recovery time in general [82].

The use of UAE in the treatment of arteriovenous
malformations was found to have a technical success rate
of 100% and a clinical success rate of 92% with a sample
size of 225 patients in a prospective review [37]. The study
also demonstrated that the 210 patients who were not lost to
follow-up had no recurrence of bleeding by the 53-month
mark. Of note, a total of 90 patients required re-embolization
and there were 3 cases that required hysterectomy. However,
the authors concluded that UAE is a safe, effective,
minimally invasive method to treat uterine AVMs with long-
term efficacy [37]. Other studies in the literature support the
conclusion that bilateral UAE is an effective method to control
bleeding uterine arteriovenous malformations, controlling
hemorrhage, and preserving fertility [83].

The efficacy of UAE in the treatment of symptomatic
uterine fibroids has been established as effective and safe,
especially for those patients who like to preserve their uterus
[82, 84]. According to a study from Kohi et al. in 2018,
the expected outcomes following a UAE for the treatment
of uterine fibroids are a 50 to 60% fibroid size reduction,
40 to 50% uterine size reduction, 88 to 92% reduction of
bulk symptoms, greater than 90% elimination of abnormal
uterine bleeding, and 80 to 90% patient satisfaction [85]. In
a literature review from 2013, it is reported that a reduction
in menorrhagia occurs in 80-93% of patients and the mean
decrease in fibroid size varies from 50-78% [82]. The efficacy

of UAE in treating various uterine fibroids is dependent on
the size of the fibroid, and traditionally UAE has been most
effective in treating fibroids <8 cm in diameter [86]. Today, it
is widely accepted that UAE is the standard procedure for the
treatment of uterine fibroids around the world [84].

Studies have shown that UAE is also an effective
treatment option for addressing postpartum hemorrhage
(PPH). In a literature review, it was concluded that UAE is a
safe and effective method of controlling severe PPH in 90%
to 95% of cases regardless of the cause for PPH. Compared
to other treatment options such as hysterectomy, uterine or
hypogastric artery ligation in treating PPH, UAE has been
shown to have higher success rates (>90%) and is thus
recommended to be the first choice in treatment for patients
who are hemodynamically stable [87].

Other reports in the literature support the use of UAE
as an effective method to control obstetric bleeding from
non-uterine arteries [88, 89] and postpartum hemorrhage
following myomectomy to avoid more invasive procedures
such as a hysterectomy [90]. The application of UAE in
patients with placenta accreta spectrum after abdominal aortic
balloon occlusion has shown promising results in reducing
hemorrhage and the need for extensive interventions like
hysterectomy [11].

Overall, the cumulative evidence underscores the
efficacy, safety, and minimally invasive nature of uterine
artery embolization for a range of obstetric and gynecologic
indications, including fibroids, uterine AVMs, and postpartum
hemorrhage. Multiple studies report high technical and
clinical success rates, substantial symptom relief, and
meaningful reductions in fibroid size, all while preserving
fertility in most cases. These findings affirm UAE as a robust
alternative to more invasive treatments, offering advantages
such as shorter recovery times, avoidance of major surgery,
and the potential to retain uterine function. Having reviewed
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the position of UAE among various treatment modalities, a
thorough assessment of its safety and potential complications
is crucial to assess its potential in the treatment landscape.

Safety and Complications

UAE is generally considered a safe and minimally invasive
procedure for a range of gynecological conditions, including
uterine fibroids, obstetric hemorrhages, and postpartum
hemorrhage (PPH). While the procedure boasts a favorable
safety profile, certain side effects and complications warrant
attention to optimize patient outcomes and guide appropriate
patient selection.

The most reported side effect post-UAE is pelvic pain,
attributed to ischemia of the fibroid and transient ischemia
to the myometrium. This pain typically resolves within
1-3 days and is effectively managed with pain relievers
[91]. Another frequent complication is post-embolization
syndrome, occurring in approximately 30-50% of patients,
characterized by fever, malaise, nausea, and pain. While this
syndrome is self-limiting, it can temporarily affect recovery
and is managed with supportive care, including analgesics
and antiemetics [12, 91].

In the context of PPH, UAE has demonstrated high
efficacy in controlling severe bleeding, with success rates
often exceeding 90-97% in cases involving uterine artery
pseudoaneurysms, retained products of conception, or uterine
atony [92]. However, complications unique to this scenario,
such as uterine necrosis, occur in 1-5% of cases and emphasize
the importance of careful monitoring when embolization
is performed in emergent or complex settings [93-95].
Additionally, the risk of intrauterine infection or pelvic
abscess is approximately 6-7%, though these complications
are generally manageable with antibiotics [95].

Rare but serious complications associated with UAE
include arterial dissections during catheterization, resulting
in potentially fatal hemorrhage if not promptly treated [96].
Non-target embolization, which can damage adjacent organs,
and complex sequelae such as gynecologic fistulas or ovarian
thrombosis have also been documented, though they remain
exceedingly rare (<1%) [97-99]. A unique case report noted
severe hyperkalemia and acute kidney failure following UAE
for a large fibroid, underscoring the importance of recognizing
necrotic tissue as a potential source of complications [100].

Despite these risks, studies consistently show that UAE is
associated with lower rates of major complications compared
to surgical interventions like hysterectomy or myomectomy.
Major adverse events occur in only 1-3% of cases, compared
to 10-30% for surgical alternatives, making UAE a safer
choice for many patients seeking fertility preservation or
minimally invasive treatment options [91, 95].

By balancing safety of UAE with comprehensive patient
selection, close monitoring, and post-procedure care, it
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remains an effective, fertility-sparing intervention for diverse
gynecological and obstetric conditions. While it boasts high
success rates and a favorable safety profile, clinicians must
remain vigilant about potential complications, including post-
embolization syndrome, uterine necrosis, and rare but serious
events like arterial dissections and non-target embolization.
These risks, although uncommon, highlight the importance
of careful patient selection and thorough monitoring. Overall,
UAE offers significant advantages over surgical alternatives,
with lower rates of major complications and preserved
fertility, making it a compelling choice for many patients.
While these recognized safety considerations highlight the
potential of UAE, additional drawbacks must also be weighed
when selecting the most appropriate treatment strategy.

Drawbacks

Overall, there is a reported 14.4% reintervention rate in
UAE over a 3—5-year period, and major complications can be
expected in 5% of cases that are most common within the first
month following procedure [85, 86]. In comparison of UAE
to myomectomy, an alternative treatment for uterine fibroids,
it has been reported that UAE is associated with a shorter
hospital stay with fewer major interventions, but higher rates
of minor complications and increased likelihood of surgical
intervention within 2 to 5 years [85, 86]. Comparing UAE
to hysterectomy, it has been established that UAE results in
less bleeding, shorter hospital stay, and quicker resumption
of work in the short term, with similar outcomes and quality
of life in the long term [86]. With these comparisons, there
are a handful of drawbacks for patients and clinicians to
consider regarding treatment with UAE compared to other
treatment options, some of which include infection, injury,
fertility concerns, menstrual irregularities, uterine necrosis,
and allergic reactions.

Active pelvic infection is widely understood to be a
contraindication to UAE. The risk of infections following
UAE procedures ranges from 0.9%-2.5% with infections
arising through the hematogenous spread of vaginal flora
via the cervical canal [101]. In the context of bilateral UAE
following postpartum hemorrhage, there are case reports that
suggest an increased likelihood of developing necrotizing
myositis [81]. A recent study from 2020 found a 0.9% rate of
postoperative uterine infection following UAE compared to a
less than 4% rate of postoperative uterine infection following
myomectomy [101]. Yet to mitigate this risk, prophylactic
antibiotics are routinely administered to patients before the
procedure and are a recommendation according to the 2018
guidelines on Antibiotic Prophylaxis during Vascular and IR
procedures [101, 102].

One commonly reported complication is the vaginal
expulsion of infarcted fibroids, where necrotic fibrinous tissue
still attached to the myometrium is expelled. According to
previous studies, fibroid expulsion after UAE was reported
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in 5-15% of cases, with time periods ranging from days to
years [103]. In one case report, fibroid expulsion 11 years
following UAE presented as a small bowel obstruction that
is thought to be due to the development of uteroenteric
fistulas, requiring physicians to be aware of the potential for
this complication [104]. These extremely rare presentations
typically require hysterectomy and surgical intervention. In
the setting of fibroid expulsion, this usually results in the need
for further medical intervention to manage the fibroid and
prevent additional injury [91].

Some of the most frequently reported drawbacks in the
literature are fertility concerns following

UAE procedures. There is a large degree of uncertainty in
the data surrounding fertility following UAE, with conflicting
reports suggesting its effect on pregnancy and miscarriages
[86, 105]. A systematic review comparing fertility outcomes
in females undergoing UAE vs myomectomy found that
those patients who underwent UAE exhibited lower rates
of pregnancy and higher risks of miscarriage [106, 107]. A
literature review in 2019 concluded that the true fertility rate
following UAE is approximately 38.3% after comparing 5
studies with a total of 224 patients [14]. The data suggests
that UAE may compromise reproductive outcomes, though
the degree to this may be due to factors such as patient
age, and the extent of fibroid involvement. It is currently
recommended that counseling of women regarding fertility
following UAE should be individualized [85].

Menstrual cycle disruption is another potential
complication associated with UAE procedures. In an
observational study involving 66 premenopausal women,
15% of participants failed to resume normal menstruation due
to premature ovarian failure [108]. For certain women, this
amenorrhea results in infertility, hormonal imbalances, and
long-term consequences for reproductive health.

Uterine necrosis following uterine artery embolization is
a rare but serious complication that has been reported in the
literature [81]. While the overall incidence of complications
associated with uterine artery embolization is low, at around
1%, the incidence of uterine necrosis after UAE can be as
high as 9.4% in patients with postpartum hemorrhage [81]. It
is also more prevalent in patients with comorbidities such as
diabetes [14].

Hypersensitivity reactions to the contrast used during
UAE are rare but worth mentioning. These reactions range
from mild, localized itching at the injection site, to systemic
allergic reactions requiring intubation and hospitalization
[109]. Though incredibly rare, the possibility of these
reactions justifies the need for careful monitoring both during
and after the procedure, especially for those patients with
previous allergies.

While UAE offers significant benefits—such as shorter
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hospital stays and reduced perioperative morbidity—clinicians
should be mindful of potential drawbacks. Reintervention
rates, minor complications like infection or fibroid expulsion,
and concerns surrounding fertility or menstrual disruption
warrant thorough counseling and proactive management
strategies. Rare but serious events, including uterine necrosis
and hypersensitivity reactions, underscore the importance of
careful patient selection, prophylactic measures, and vigilant
post-procedural follow-up to optimize patient outcomes.
Despite these complications, uterine artery embolization
is generally regarded as safe, conservative, and minimally
invasive in the treatment of uterine fibroids. It also is a
promising option for future advancements in expanding its
application and improving its efficacy.

Future Directions and Research

UAE has firmly established itself as a pivotal intervention
for managing numerous gynecological conditions, yet ongoing
advancements in technology continue to redefine its potential.
Innovations in embolic materials, catheter techniques,
imaging modalities, and adjunct therapies are paving the way
for safer, more effective, and patient-centered approaches
to this minimally invasive procedure. Concurrently, future
research must address critical areas such as long-term
reproductive outcomes, complication management, cost-
effectiveness, and technological integration to ensure UAE
evolves as a leading treatment option.

Building on traditional agents like polyvinyl alcohol
(PVA) particles, emerging materials such as biodegradable
microspheres, hydrophobic injectable liquids (e.g., PHIL),
and drug-eluting beads (DEBs) are expanding therapeutic
possibilities. Biodegradable microspheres offer controlled
degradation, reducing ischemic complications while
preserving uterine function [110, 111]. Hydrophobic
injectable liquids like PHIL enable precise embolization with
rapid solidification, minimizing non-target effects [111, 112].
Meanwhile, DEBs combine vessel occlusion with localized
drug delivery, enhancing symptom relief and reducing fibroid
size, particularly in complex or recurrent cases [113-115].
Despite these advances, challenges related to cost, clinician
training, and validation of long-term outcomes require further
exploration [110, 111].

Complementing advancements in embolic materials,
refinements in catheter technology and vascular access
hold significant promise. The transradial approach (TRA) is
gaining traction as an alternative to the traditional transfemoral
approach (TFA), offering shorter recovery times, reduced
access-site complications, and lower radiation exposure [73,
116, 117]. Additionally, next generation microcatheters allow
precise navigation of complex vascular anatomies, reducing
the risk of non-target embolization [118, 119]. These technical
advances are bolstered by innovative imaging solutions,
such as contrast-enhanced ultrasound (CEUS) for real-time,
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radiation-free guidance [39, 120], three-dimensional imaging
for comprehensive uterine assessments [121], and MRI
guidance for high-resolution targeting and post-procedural
monitoring [122]. Collectively, these developments enhance
procedural efficiency, safety, and outcomes [123, 124].

Expanding its therapeutic potential, UAE has shown
promise as a minimally invasive treatment for uterine and
cervical cancers, particularly as an adjunct to traditional
therapies. By selectively occluding uterine arteries, UAE
reduces blood flow to tumors, causing ischemia and shrinkage.
This approach is particularly effective for hypervascular
tumors and is performed under imaging guidance to minimize
damage to surrounding healthy tissue [125, 126]. UAE
has proven effective in controlling hemorrhage in uterine
arteriovenous malformations associated with cancer and
managing significant bleeding in advanced cervical cancer,
often serving as a palliative measure [127, 128]. Moreover,
its ability to reduce tumor vascularity can enhance the
efficacy of chemotherapy and radiation, positioning UAE as
a valuable component of multidisciplinary cancer care.

While UAE’s safety and effectiveness are well-established,
key knowledge gaps remain, particularly in its application
to malignancies. The long-term effects on fertility, tumor
recurrence, and overall survival require further investigation
[126, 129]. Standardizing protocols for integrating UAE into
cancer treatment pathways and refining patient selection
criteria are critical steps toward optimizing its role in this
context [128]. Furthermore, exploring the synergistic effects
of UAE combined with systemic therapies and advancements
in embolic materials could unlock additional therapeutic
benefits [37, 125].

Future research must also address broader concerns,
including the impact of UAE on reproductive outcomes.
Although UAE generally preserves fertility and reduces
symptoms like heavy menstrual bleeding and pelvic pain [45],
some patients experience amenorrhea or cycle irregularities
[130, 131]. Understanding how factors such as patient age,
fibroid characteristics, and ovarian reserve influence these
outcomes is essential, with anti-Miillerian hormone (AMH)
levels serving as a key marker for ovarian function [11, 126,
132]. Promising pregnancy rates of approximately 59.5%
have been observed [133], but further studies are needed to
evaluate conception and miscarriage risks based on individual
patient profiles [37, 129, 134, 135].

Complication management remains a vital research area.
Although major complications, such as uterine necrosis (1—
3%)and fistula formation (0.1-1%), are rare, improving patient
selection through advanced imaging and comorbidity scoring
could further mitigate these risks [136, 137]. Managing post-
embolization syndrome, which affects 30-50% of patients,
is also crucial to enhancing recovery and satisfaction [138].
Additionally, while shorter hospital stays in UAE confer
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economic advantages over surgical alternatives [128], studies
examining long-term reintervention rates are needed to refine
cost-effectiveness models [139-141].

Finally, emerging technologies like artificial intelligence
(Al), virtualreality (VR),and telemedicine offer transformative
potential for UAE. Al can streamline procedural planning
and vascular mapping [142], VR provides advanced training
tools for interventional radiologists [143], and telemedicine
expands access to expert guidance for remote care [144].
Addressing challenges related to data security, infrastructure,
and cost will be crucial for integrating these innovations into
routine practice [145]. Although preliminary studies show
substantial promise [ 146, 147], further validation is needed to
ensure widespread clinical adoption.

UAE is ultimately poised to become an increasingly
transformative intervention, with advancements in embolic
materials, catheter technologies, imaging techniques,
and adjunct therapies driving safer, more effective, and
personalized treatments. Addressing key research gaps, such
as long-term fertility outcomes, optimal patient selection,
and integration with systemic therapies, will expand the
role of UAE in managing gynecological conditions and
malignancies. Innovations like artificial intelligence, virtual
reality, and telemedicine promise to enhance procedural
precision, clinician training, and patient access. As these
developments converge, UAE is set to redefine minimally
invasive gynecological care, offering improved outcomes,
reduced complications, and greater accessibility for diverse
patient populations.

Conclusion

In conclusion, uterine artery embolization (UAE) has
emerged as a transformative and versatile procedure within
interventional radiology and gynecology, redefining the
management of a wide range of gynecological and obstetric
conditions. By leveraging advancements in embolic materials,
catheter technology, and imaging modalities, UAE offers
patients a minimally invasive, fertility-preserving alternative
to traditional surgical interventions. Its applications
extend beyond fibroid management to include postpartum
hemorrhage, adenomyosis, and even novel roles in cancer
care, demonstrating its broad clinical utility. Compared to
surgical options, UAE provides faster recovery times, reduced
complications, and greater patient satisfaction, reinforcing its
status as a safe and effective treatment choice.

However, challenges remain, particularly concerning
long-term outcomes such as fertility preservation, recurrence
rates, and the management of rare complications like uterine
necrosis or post-embolization syndrome. These areas
necessitate ongoing research to refine patient selection,
optimize procedural techniques, and expand indications for
UAE. The integration of innovative technologies such as
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artificial intelligence for procedural planning, biodegradable
embolic agents for targeted therapy, and advanced imaging
techniques promises to further enhance the efficacy and
safety of UAE.

As healthcare increasingly prioritizes personalized
medicine, UAE exemplifies the potential of minimally
invasive approaches to align treatment with individual patient
needs. Through continued interdisciplinary collaboration
and advancements in technology, UAE holds the potential
to not only improve outcomes for patients but also set new
benchmarks for gynecological care globally. Its trajectory
as a preferred therapeutic option underscores the balance of
clinical innovation and patient-centered care, paving the way
for future breakthroughs in interventional radiology as well
as gynecology.

Key Points

* Minimally Invasive Technique: UAE is a non-surgical
procedure targeting vascular conditions with high
precision, minimal recovery time, and preservation of
uterine function.

» Diverse Indications: It is effectively used for symptomatic
uterine fibroids, adenomyosis, postpartum hemorrhage,
and uterine arteriovenous malformations.

e Advanced Embolic Materials: Innovations such as
biodegradable microspheres and drug-eluting beads
enhance procedural efficacy and reduce complications.

* Enhanced Imaging: Real-time guidance with advanced
imaging modalities, including MRI and contrast-enhanced
ultrasound, improves targeting accuracy.

* Fertility Considerations: UAE preserves fertility for many
patients, though outcomes may vary based on factors like
age and fibroid characteristics.

» Safety Profile: With lower rates of major complications
compared to surgical interventions, UAE offers a
favorable alternative for many patients.

* Complications Management: Common issues like post-
embolization syndrome are manageable, but rare events
such as uterine necrosis require vigilance.

e Comparative Outcomes: UAE achieves symptom
relief and quality-of-life improvements comparable
to or exceeding surgical options like myomectomy or
hysterectomy.

*  Emerging Applications: Potential use in cancer treatment
and integration with adjunct therapies underscores the
expanding therapeutic scope of UAE.

* Future Directions: Research into long-term outcomes,
advanced materials, and integration with Al and
telemedicine could further refine the role of UAE in
clinical practice.
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