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Abstract: Abnormal uterine bleeding (AUB) poses a multifaceted challenge in women’s health,
necessitating an integrated approach that addresses its diverse etiologies and clinical presentations.
The International Federation of Gynecology and Obstetrics PALM-COEIN classification system pro-
vides a systematic approach to the diagnosis of AUB in non-pregnant women, based on clinical
and imaging-based categorization of causes into structural (Polyps, Adenomyosis, Leiomyomas
and Malignancy; PALM), and non-structural causes (Coagulopathies, Ovulatory disorders, primary
Endometrial disorders, Iatrogenic and Not otherwise classified; COEIN). On the other hand, placental
disorders, uterine rupture, ectopic pregnancy and retained products of conceptions are the main
causes of uterine bleeding during pregnancy and in the peripartum period. Ultrasound is usually the
first-line imaging technique for the differential diagnosis of causes of AUB. Computed Tomography
may be useful if ultrasound findings are unclear, especially in emergency settings. Magnetic reso-
nance imaging, when indicated, is an excellent second-line diagnostic tool for a better non-invasive
characterization of the underlying cause of AUB. This pictorial review aims to illustrate the main
causes of AUB from the point of view of diagnostic imaging and to show not-so-common cases that
can be treated by means of interventional radiology.

Keywords: abnormal uterine bleeding; diagnostic radiology; interventional radiology; ultrasounds;
computed tomography; magnetic resonance imaging

1. Introduction

Abnormal uterine bleeding (AUB) in non-pregnant women of reproductive age is
defined by the International Federation of Gynecology and Obstetrics (FIGO) as bleeding
from the uterine corpus that is of abnormal duration, volume, frequency, and/or regularity.
AUB may be chronic when it has been present for the previous 6 months, or acute when it is
an episode of heavy bleeding that requires immediate intervention [1,2]. AUB is a common
condition, with a prevalence estimated to be between 10% and 30% among women of
reproductive age [3], and has an important impact on health-related quality of life and high
economic costs for society [4]. The FIGO PALM-COEIN classification system, presented
in 2011 and revised in 2018, provides a systematic approach to the diagnosis of AUB in
women in reproductive age, based on clinical and imaging-based categorization of causes
into structural (Polyps, Adenomyosis, Leiomyomas and Malignancy; PALM), and non-
structural causes (Coagulopathies, Ovulatory disorders, primary Endometrial disorders,
Iatrogenic and Not otherwise classified; COEIN) [5]. Postmenopausal abnormal uterine
bleeding (PMB), defined as spontaneous uterine bleeding that occurs more than one year
after the last menstrual period [6], is also a frequent condition occurring in 1–10% of women
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and accounting for 5% of referrals for gynecological examinations [7,8]. The prevalence of
endometrial cancer in women having PMB is about 1–14%, while 90% of endometrial cancer
patients present with PMB [4]. Therefore, the PALM-COEIN classification can be applied in
cases of PMB, with a recommended initial diagnostic approach aimed at excluding the pres-
ence of endometrial malignancy or endometrial hyperplasia [9–11]. On the other hand, in
pregnant women, abnormal uterine bleeding is a serious obstetrical condition, and uterine
hemorrhage complicates 1–10% of all deliveries, being a leading cause of maternal mortality
and morbidity [12]. Placental disorders, uterine rupture, ectopic pregnancy and retained
products of conception are the main causes of uterine hemorrhage during pregnancy and
in the postpartum period [13–15]. In patients presenting with AUB, the diagnosis is based
on anamnesis, clinical and laboratory findings, and diagnostic imaging [3]. Transvaginal ul-
trasound (TVUS) is usually the first-line imaging technique for the evaluation of AUB both
in premenopausal and in menopausal women [16]. Computed Tomography (CT) may be
useful if ultrasound findings are equivocal, especially in emergency settings [17]. Magnetic
resonance imaging (MRI), when indicated, is an excellent second-line diagnostic tool for a
better non-invasive characterization of the underlying cause of AUB [18,19]. On this basis,
this pictorial review aims (1) to summarize the range of conditions that may manifest with
abnormal uterine bleeding in women in reproductive age, in post-menopausal women and
during pregnancy or postpartum; (2) to describe the typical imaging findings, focusing
on the structural causes of AUB that can be detected by different imaging techniques; and
(3) to illustrate not-so-common cases of AUB that can be managed by an interventional
radiology approach.

2. Relevant Sections
2.1. Differential Diagnosis
2.1.1. Polyp: AUB-P

Endometrial polyps are localized excess growth of endometrial glands and stroma that
extend beyond the surface of the endometrial lining [20]. Endometrial polyps vary from
a few millimeters to several centimeters in diameter and may have a broad base (sessile)
or be attached by a pedicle (pedunculated) [21]. The prevalence of endometrial polyps
is estimated to be from 10% to 30%, being lower in asymptomatic women of reproduc-
tive age and higher in women in postmenopausal age presenting with AUB [22]. Most
endometrial polyps are benign. The risk of malignancy is related to postmenopausal status
and to symptomatic AUB [23]. In a review and meta-analysis of the oncogenic potential
of endometrial polyps, Uglietti et al. found that there was a significant difference in the
prevalence of malignant polyps between postmenopausal and reproductive-age women,
standing at 4.93% and 1.12% respectively. Furthermore, the prevalence of endometrial neo-
plasia within polyps was higher in women with symptomatic bleeding (5.14%) compared
with those without bleeding (1.89%) [24]. The first-line imaging technique for the detection
of endometrial polyps is TVUS, with a sensitivity range from 19% to 96% and a specificity
between 53 and 100%; color-doppler, 3D TVUS and saline contrast sonohysterography
improve the accuracy of 2D TVUS [25–27]. The typical ultrasound appearance of a benign
endometrial polyp is a hyperechogenic endometrial focal lesion with or without regular
small cysts. At Doppler ultrasound examination, an endometrial polyp is characterized
by the presence of a single pedicle artery [28]. Several studies, however, show that these
ultrasound signs have a lower sensitivity and specificity in women with postmenopausal
bleeding and endometrial thickness equal or more than 5 mm [29]. Considering these
limitations and the risk of malignancy, in selected cases, there could be an indication
to perform MRI as a second-line diagnostic tool [30]. On MRI, endometrial polyps are
typically of intermediate signal intensity (SI) compared to that of the endometrium on
T2-weighted imaging (T2WI), show low SI on diffusion-weighted imaging (DWI), and
show moderate contrast enhancement. Specific MRI findings are the presence of a central
fibrous core (low SI on T2WI), intratumoral cysts (high SI on T2WI) and the absence of
endometrial invasion [31,32] (Figure 1). According to guidelines, postmenopausal patients
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with AUB and a suspected endometrial polyp should undergo diagnostic hysteroscopy
with polypectomy. Asymptomatic endometrial polyps in postmenopausal women and in
young women should be removed in case of large diameter (>2 cm) [33].
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Figure 1. Voluminous endometrial polyp. A 76-year-old woman with post-menopausal bleeding.
MRI shows on T2 sequences (a,b) a voluminous mass within the endometrial cavity of intermediate
signal intensity with cystic components and a fibrous core (arrow). The mass demonstrates absence of
endometrial invasion on pre- and post-contrast T1 sequences (c,d) and low signal on DWI with high
signal on the ADC map (e,f). These findings are suggestive of partially expelled endometrial polyp.

2.1.2. Adenomyosis: AUB-A

Adenomyosis is a benign gynecological disorder defined as the presence of ectopic
endometrial glands and stroma within the myometrium, typically surrounded by hyper-
trophic and hyperplastic myometrium, often resulting in an enlarged uterine corpus [34].
Adenomyosis, even if most frequently asymptomatic, has been identified as one of the
structural causes of AUB. The prevalence of adenomyosis is extremely variable, ranging
from 20 to 80% according to age and to co-existing conditions such as endometriosis or
infertility [35]. The exact etiology of adenomyosis remains unclear, but potential risk factors
include hyper-estrogenism, endometriosis, pregnancy, and prior uterine surgeries [36]. The
gold standard for the diagnosis is histological examination on a hysterectomy specimen,
but advances in imaging modalities have made it possible to obtain accurate detection
in cases of patients with a desire for conservative treatment [37,38]. TVUS and MRI are
crucial for accurate diagnosis, with sensitivities of 72–78% and 77%, respectively, and speci-
ficities of 81–82% and 89%, respectively, with TVUS being operator dependent [39]. The
prevailing recent perspective is that MRI may be the most accurate diagnostic tool for iden-
tifying the endometriosis phenotype [34]. MRI is also the preferred modality when there
is association with other uterine pathologies, such as endometriosis and leiomyomas [40].
For TVUS, the MUSA (Morphological Uterus Sonographic Assessment) group proposed
a consensus statement on terms and definitions to describe the sonographic features of
adenomyosis [41]. Typical findings on TVUS include (a) asymmetrical thickening of the my-
ometrial walls (b) myometrial cysts, (c) hyperechoic islands, (d) an irregular junctional zone
(JZ) and (e) interrupted JZ. For MRI, Bazot et al. proposed a classification to distinguish
between internal adenomyosis (subtypes: focal, diffuse, superficial), external adenomyosis
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(subtypes: posterior external, anterior external) and adenomyoma (subtypes: intramural
cystic, intramural solid, subserosal; submucosal) [42]. Characteristics findings of internal
adenomyosis on MRI are millimetric bright foci within the myometrium on T2WI, which
can be hyperintense or isointense on T1WI according to the presence of cyclic hemorrhage,
and an ill-defined endometrial junction. Indirect signs of internal adenomyosis are diffuse
or localized thickening of the JZ considering a threshold thickness of 13 mm or a JZ to
myometrium thickness ratio >40% [40]. On the other hand, external adenomyosis is defined
by the presence of a subserosal mass on the posterior or anterior wall of the myometrium
not affecting the JZ, which shows a hypointense signal on T2WI, with or without a hy-
perintense cystic component on T2WI and sometimes on T1WI. External adenomyosis is
often associated with deep infiltrating pelvic endometriosis [43]. Adenomyomas appear
as a mass within the myometrium, not affecting the serosa nor the JZ. Adenomyomas are
usually hypointense on T2WI, with the possibility of hyperintense cystic foci on T2WI
and/or hyperintense hemorrhagic foci on T2WI and on T1WI [44] (Figure 2). Management
strategies for adenomyosis vary based on the severity of symptoms and the patient’s repro-
ductive goals. Conservative approaches may involve analgesics, hormonal therapies, or
intrauterine devices releasing progestins. In cases in which medical management proves
inadequate or for those who are past childbearing age, more aggressive interventions such
as uterine artery embolization or surgical options like hysterectomy may be considered [45].
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Figure 2. Different endometriosis phenotypes. A 41-year-old patient with a history of infertility,
menometrorrhagias and chronic pelvic pain: MRI shows on sagittal CUBE T2WI (a, arrow) an
extensive posterior external adenomyosis with bright foci on T1WI (b, arrow). There was associated
deep pelvic infiltrating endometriosis and a large submucosal leiomyoma (a,b, star). Another
50-year-old patient with history of metrorrhagias: MRI demonstrates on axial T2WI (c) internal
diffuse adenomyosis with hyperintense foci within the JZ (arrow). Sagittal T2 sequence (d) shows a
diffuse thickening of the JZ (15 mm), prevalent on the posterior wall.
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2.1.3. Leiomyoma: AUB-L

Leiomyomas represent a common etiology of AUB among women of reproductive age.
These benign smooth muscle tumors arising from the myometrium are the most common
benign neoplasm of the uterus, with an estimated prevalence of 20–40% among women
>30 years old, and a higher prevalence in black women [46]. Being estrogen-dependent,
leiomyomas are rare before menarche. Most diminish in size after menopause and often
enlarge during pregnancy or secondary to oral contraceptive therapy [47]. The FIGO classi-
fication system categorizes leiomyomas based on their location within the uterine wall into
(a) submucosal (subtypes: pedunculated intracavitary, submucosal), (b) other (subtypes:
intramural, subserosal, pedunculated subserosal, nonmyometrtrial location), and (c) hybrid,
with both submucosal and subserosal components [48]. The first-line diagnostic imaging
technique is TVUS, which allows for the visualization of the size, number and location of
leiomyomas, with sensitivity and specificity ranging from 65% to 99%, varying with the
experience of the operator [49,50]. Classically, on TVUS, typical leiomyomas appear as
solid, well-defined, homogeneous hypoechoic masses that may show posterior acoustic
shadowing. However, due to the frequent differences in the composition of the extracellular
matrix and fibroblasts or due to the presence of calcification and necrosis, leiomyomas may
have different echogenicity [51]. MRI provides greater detail, aiding in the assessment
of leiomyomas’ characteristics, location, and their impact on adjacent structures, which
is particularly valuable in treatment planning. On MRI, typical uterine leiomyomas ap-
pear as well-circumscribed lesions, with low signaling on T2WI and T1WI and on both
diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) maps, with
the so-called “blackout effect” due to the fibrous component. On post-contrast imaging,
they show variable enhancement patterns [52]. MRI may be useful in the characterization
of atypical myomas with different imaging features such as edema, degeneration (cystic,
myxoid, red degeneration), and different histologic subtypes [53]. Myomas with cystic
degeneration contain fluid areas, appearing with low signal intensity on T1WI and high
signal intensity on T2WI, without contrast enhancement [54]. A myoma with myxoid
degeneration typically presents as a mass within the myometrium, with heterogeneous
components that tend to exhibit lower signal intensity than muscle on T1WI and higher
peripheral signal intensity (due to myxoid deposition) on T2WI. On DWI, the tumor does
not show restricted diffusion due to its myxoid composition, which aligns with the hetero-
geneous hyperintensity observed on T2WI. Leiomyomas with red degeneration typically
appear hyperintense on T1WI and exhibit inhomogeneous hypointensity with a rim of
low signal intensity on T2WI. The extent of contrast enhancement varies depending on
the degree of infarction. In DWI, inhomogeneous restricted diffusion is observable, with a
surrounding hypointense margin on the ADC map [55] (Figure 3). Cellular leiomyomas
(CL), on the other hand, may show global or focal signal hyperintensity on T2WI and lower
ADC values compared to degenerated leiomyomas but higher values compared to uterine
sarcomas (US). Wang et al. found a cutoff ADC value of 1239 × 10−6 mm2/s for differenti-
ating CL from degenerated leiomyomas, and a cutoff ADC value of 839 × 10−6 mm2/s for
differentiating CL from US [56].

The management of leiomyomas is multifaceted and depends on factors such as
the severity of symptoms, the size and location, and the patient’s reproductive goals.
For those seeking fertility preservation, myomectomy, either through hysteroscopy or
laparoscopy, may be considered. Uterine artery embolization presents a non-surgical
alternative [57] (Figure 4). In more severe cases or for women who have completed
childbearing, hysterectomy remains a definitive solution [58,59].
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Figure 3. Leiomyoma with red degeneration. A 43-year-old woman with known submucosal
myoma with recent onset of AUB and pelvic pain. On MRI, T2 axial (a) and coronal (b) sequences
show enlargement of the known submucous leiomyoma with inhomogeneous signal intensity and
peripheral rim hypointensity. The leiomyoma is characterized by signal hyperintensity on T1WI
(c, arrow) and a small enhancing solid portion on post-contrast T1WI (d, arrow). There is no significant
restricted diffusion/hypointensity on the ADC map (e,f).
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Figure 4. Uterine artery embolization for leiomyoma. A 27-year-old patient presenting with
menometrorrhagias and pelvic pain. TVUS and MRI demonstrated a voluminous isthmic uter-
ine leiomyoma (12 cm of diameter). Selective left uterine artery arteriogram (a) shows multiple
vessels feeding the large leiomyoma. Embolization through the release of embolizing microparticles
was performed. Post-embolization left artery arteriogram (b) shows good devascularization of the
leiomyoma. Post-embolization selective right uterine arteriogram (c) showed ectasia of the right tubal
artery with origin of tubo-ovarian trunk for the ipsilateral annexal branches. Given the high risk of
non-target embolization, embolization of the right uterine artery was not performed.

2.1.4. Malignant and Premalignant: AUB-M

AUB-M refers to women with AUB and associated malignant and premalignant lesions
of the uterus (e.g., endometrial carcinoma, leiomyosarcoma, and atypical endometrial hy-
perplasia). The risk of malignant and premalignant lesions of the uterus rises with age and
with post-menopausal status. Although the literature indicates that endometrial atrophy is
the main cause of postmenopausal bleeding (PMB), it must be considered that 1–10% of
women with PMB are diagnosed with endometrial carcinoma (EC). In addition, AUB and
PMB are the initial symptoms in 75% to 90% of patients with EC [8]. The first-line imaging
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technique for the detection of malignancies is TVUS, which allows for detailed visualization
of the endometrium and myometrium, aiding in the assessment of thickness, echogenicity,
and vascular patterns. According to the literature, an endometrial thickness of 4 mm or
less on TVUS has a greater than 99% negative predictive value for EC [60]. Using the Inter-
national Endometrial Tumor Analysis (IETA) terminology, Van Den Bosch et al. described
the typical ultrasound features of endometrial pathologies [61]. Once endometrial hyper-
plasia or cancer is suspected, endometrial sampling is imperative [10]. An endometrial
biopsy provides the definitive diagnosis of EC with the definition of histological subtypes,
grade, depth of invasion and the presence/absence of lymphovascular space invasion.
According to the ESGO guidelines, molecular classification is encouraged in all endometrial
cancer [62]. Histopathological and molecular classification help stratify patients based on
the definition of prognostic risk groups (low, intermediate, high-intermediate, and high
and advanced) [62]. This stratification also enables the identification of distinct therapeutic
strategies with the future prospect of treatments tailored to individual patient profiles [63].
EC is commonly staged according to the FIGO staging system, and surgical staging is
the standard of care (total hysterectomy, salpingo-oophorectomy, peritoneal washing, and
lymph node assessment) [64]. Preoperative imaging for the assessment of local extent is
crucial for treatment planning. MRI is the preferred second-line diagnostic tool for the
assessment of local extent concerning myometrial invasion (<50% or >50%), involvement
of adjacent structures and pelvic metastasis. On MRI, EC is isointense to adjacent normal
endometrium on T1WI, while it shows an intermediate heterogeneous signal on T2WI.
Sagittal and axial oblique (perpendicular to the endometrial cavity) 2D T2W sequences
are mandatory to stage endometrial cancer. Functional MRI sequences are crucial for the
assessment of myometrial invasion (MI). Dynamic contrast-enhanced imaging (DCE-MRI)
allows the detection of the presence of uninterrupted enhancement of the subendometrial
zone at 35–40 s after contrast administration [62], and the optimal timing for the evaluation
of MI is 2 min 30 s (equilibrium phase) [65]. Delayed phase (3–4 min) is useful for the
assessment of cervical invasion. On DWI, EC shows a high signal intensity with low signal
intensity on the ADC map [66,67]. On this basis, in 2019, the updated guidelines of the
European Society of Urogenital Radiology (ESUR) recommended the use of DCE-MRI or a
single post-contrast phase at 2 min 30 s and DWI (with a minimum of two b values of 0
and 800–1000 s/mm2 and at least one plane, preferably an axial oblique plane perpendicu-
lar to the endometrial cavity). Functional sequences are also useful in challenging cases,
e.g., large tumor, tumor isointense to myometrium on T2WI, coexisting leiomyomas or
adenomyosis [62]. Gynecological malignancies may also present with vaginal bleeding in
cases of advanced stages, with the invasion of adjacent structures such as the bladder and
vaginal fornix. In these cases, when surgical treatment is not an option due to a high risk of
complication, interventional arterial embolization is the treatment of choice to interrupt the
bleeding and repristinate blood parameters and hemodynamic stability [68] (Figure 5).

2.1.5. Ectopic Pregnancy

Ectopic pregnancy (EP), defined as the implantation of a fertilized egg outside the
uterine cavity, poses a significant and potentially life-threatening cause of uterine bleeding,
being the leading cause of maternal mortality in the first trimester, with an incidence
of 5–10% of all pregnancy-related deaths [69]. The prevalence of EP has seen a gradual
rise in recent years, attributable in part to increased rates of pelvic inflammatory disease,
tubal damage, and assisted reproductive technologies [70]. While ectopic pregnancies
can occur in various locations, the fallopian tube is the most common site, accounting for
approximately 95% of cases. Other usual locations are in the cervix (1%), in the ovaries
(0.5–3%) and along a previous cesarian scar (6%) [71] (Figure 6).
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Figure 5. Pelvic recurrence of endometrial neoplasm causing vaginal bleeding. A 65-year-old pa-
tient with endometrial neoplasm treated by total hysterectomy, salpingo-oophorectomy, and right
uretero-neocystostomy with DJ catheter placement, presenting with significant vaginal bleeding.
CT investigation (a,b) shows a neoplastic mass (4 × 3 cm) in the right pelvis involving the bladder
trigone, distal ureter, right bladder dome and vaginal dome. Concomitant intravesical clot measur-
ing at least 6 cm and a clot in the right vaginal dome (b, arrow). Selective catheterization of the
right hypogastric artery was performed. Angiography confirmed the presence of a hypervascular
pathological formation of the right pelvis, with disorganized arterial hypervascularization (c). After
superselective coaxial microcatheterization of the main afferent branch of the lesion, its emboliza-
tion with PVA particles (350–500 microns) and occlusion with a 2 × 25 mm metal microspiral was
performed. Control angiography shows effective devascularization of the lesion (d).

Timely diagnosis is crucial to prevent complications such as rupture and hemorrhage.
EP rupture is marked by symptoms such as severe abdominal pain, vaginal bleeding with
the possibility of massive intra-abdominal bleeding and even hemorrhagic shock [72]. After
quantitative measurement of serum beta-human chorionic gonadotropin (β-hCG) levels,
both transabdominal US and TVUS are crucial for the diagnosis. The typical US findings
are an empty uterine cavity with a decidualized endometrium. A typical sign is the “tubal
ring sign”, a ring-shaped lesion with an echoic center and a hyperechoic, hypervascular
rim, representing the gestational sac. Free peritoneal fluid or hemoperitoneum may be
observed [73]. If the US findings are inconclusive, MRI may be helpful in providing a more
accurate anatomic localization. Key MRI findings include a gestational sac-like structure
with low SI on T1WI and high SI on T2WI, dilatated tuba due to hemosalpinx, and tubal
wall enhancement. Hemoperitoneum (free fluid of high SI on T1WI) may be present as
an indirect sign of a ruptured EP [74]. US and MRI are the primary imaging modalities
for evaluating gynecologic pathology; however, CT is frequently performed as the initial
imaging modality in the setting of trauma or in emergency settings when hemoperitoneum
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of unknown origin is suspected and MRI is not available. CT usually shows a pelvic
cystic mass with variable peripheral enhancement, with or without hemoperitoneum [75]
(Figure 7). Treatment modalities for ectopic pregnancy depend on factors such as gesta-
tional age, hemodynamic stability, and the desire for future fertility. Medical management
with methotrexate is often suitable for stable patients with unruptured ectopic pregnan-
cies. Surgical intervention remains the preferred option for cases requiring immediate
intervention [76].
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Figure 6. Scar pregnancy. A 25-year-old female patient with pregnancy on a previous caesarean
section scar, considered at high risk. It was decided to perform a uterine embolization procedure
prior to curettage. After selective catheterization of the uterine arteries (a), bilateral embolization
with gelfoam and calibrated particles was performed. Post-procedural angiography (b) demonstrated
satisfactory devascularization of scar pregnancy.
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Figure 7. Heterotopic pregnancy. A 35-year-old patient pregnant at 17 weeks with sudden abdominal
pain, vaginal bleeding, and hypotension. Transabdominal ultrasound documented viable intrauterine
fetus and hemoperitoneum. Given the unavailability of MRI, an urgent CT scan was performed,
which showed abundant hemoperitoneum (a), intact gravid uterus and a cystic mass with periph-
eral enhancement within the right fallopian tube (b,c, arrows). An emergency laparoscopy was
performed and revealed a congested and swollen right salpinx, site of an ectopic pregnancy. A right
salpingectomy was performed. The patient was then discharged and successfully completed the
intrauterine pregnancy.
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2.1.6. Uterine Rupture

Uterine rupture is a rare and potentially fatal obstetric complication defined as a full
thickness tear of the uterine wall, typically occurring during labor or delivery. The most
common etiological factor is a previous uterine scar, often resulting from a previous cesarean
section [77]. Other risk factors include a history of uterine surgery, trauma, or congenital
uterine anomalies. Uterine rupture may manifest as sudden and severe abdominal pain,
vaginal bleeding and hemoperitoneum rapidly progressive to maternal shock. US in
the initial evaluation may show an abnormality in the uterine wall, a hematoma next
to a hysterotomy scar, free fluid in the peritoneum, or fetal parts outside the uterus [78]
(Figure 8). Uterine rupture necessitates immediate surgical intervention, often requiring an
emergency cesarean section.
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Figure 8. Uterine rupture. A 39-year-old female patient with a history of laparoscopic myomectomy
who was pregnant at 29 weeks presented to the emergency department with abdominal pain and
vaginal bleeding. Transabdominal ultrasound demonstrated hemoperitoneum (a) and a live fetus.
CT scan without contrast medium (axial, b; sagittal, c) was performed urgently with confirmation of
abundant hemoperitoneum. An urgent caesarean section was performed, with evidence of uterine
rupture at the posterior wall in the presence of placenta accreta. Hysterectomy was performed.

2.1.7. Placental Disorders

Placenta Accreta Spectrum (PAS) disorders encompass a spectrum of pathological
conditions characterized by abnormal placentation, leading to potential complications,
from vaginal bleeding to massive obstetrical hemorrhage [14,16]. These disorders, which
include placenta accreta, increta, and percreta, arise when the placental villi invade and
adhere to the myometrium beyond the normal depth, often reaching the uterine serosa or
adjacent organs [79]. US is the first-line technique for the evaluation of the placenta. How-
ever, when US findings are equivocal, MRI is the second-line diagnostic tool to evaluate
PAS disorders. Dark intraplacental bands on T2WI, increased placental thickness, placen-
tal/uterine bulge, myometrial thinning, bladder wall interruption, focal exophytic mass,
and abnormal vascularization of the placental bed are the main MRI findings suggestive
of a PAS disorder [80–82] (Figure 9). Antenatal recognition of PAS disorders is crucial for
optimizing management strategies, which may include planned cesarean delivery, pre-
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operative endovascular interventions, and coordination with a multidisciplinary team to
mitigate the risk of severe bleeding and associated maternal morbidity [57,83].
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Figure 9. Placenta percreta. A 38-year-old woman at 27 weeks of gestation with placenta previa
percreta. Sagittal (a) and axial (b) T2W SSFSE images show a heterogeneous placental signal with
some low signal intensity bands representing venous lakes (arrows). There is also a focal uterine
bulge with thinning of the overlying myometrium. The patient underwent a caesarean section and
extraction of the fetus but no secondment due to placenta percreta. In the post-partum MRI (c), signs
of placental percreta were still present with an image of bladder infiltration (arrow), later confirmed
at cystoscopy. It was decided to perform endovascular devascularization of the placenta percreta
left in situ before proceeding to hysterectomy. Preliminary arteriography of the abdominal aorta
documented hypertrophy of both uterine arteries, clearly greater on the right, which exuberantly vas-
cularized the hypertrophied placenta, supplying multiple intraplacental high-flow vascular lakes (d).
After superselective catheterization with a coaxial microcatheter of both uterine arteries and some of
their distal branches, bilateral embolization was performed by infusion of a suspension of embolizing
particles. The procedure was completed with release of 3 platinum microspirals (3 mm diameter)
at the level of the distal right uterine artery (e), proximal to the origin of the main collaterals and
2 microspirals (3 mm) at the origin of the left uterine artery. At the end of the operation, satisfactory
uterine and placental devascularization was shown (f).

2.1.8. Retained Products of Conception

Retained products of conception (RPOC) typically occur after medical abortion after
the first trimester or can manifest after either vaginal or cesarean delivery. This condition
often manifests with symptoms such as AUB, lower abdominal and pelvic pain, and
vaginal discharge due to infection. It can also cause late complications like the development
of intrauterine adhesions and subfertility [84,85]. The diagnosis of RPOC is commonly
supported by ultrasonography, with color Doppler imaging, which can help detect an
associated underlying AVM. Typical TVUS findings include a thickened endometrium
with a hyperechoic endometrial solid mass with prominent low-resistance color Doppler
flow [86,87]. Traditionally, the management of RPOC involved blind dilation and suction
curettage (D and C). However, contemporary approaches include expectant management,



Diagnostics 2024, 14, 798 12 of 16

uterine artery embolization, and hysteroscopic resection of RPOC, all of which have proven
to be safe and efficient alternatives [88] (Figure 10).

Diagnostics 2024, 14, x FOR PEER REVIEW 13 of 16 
 

 

 
Figure 10. RPOC. A 25-year-old patient who continued to experience vaginal bleeding 1 month after 
natural birth. Ultrasound performed at another center howed the presence of placental residue 
suspicious for accreted succenturiate cotyledon. It was, therefore, decided to perform an 
embolization procedure. Bilateral hypogastric angiography documented the presence of 
hypervascular formation in the central portions of the uterus (a). After superselective coaxial 
microcatheterization of the uterine arteries, they were embolized with absorbable material (b). 
Control angiography documented effective vascularization of the lesion (c). 

3. Conclusions 
Many gynecological and obstetrical pathologies may manifest with abnormal uterine 

bleeding. Diagnostic imaging is necessary for identifying the underling etiology of AUB 
and discriminating conditions posing potential immediate risk to life and those with 
oncogenic potential from those that can be managed conservatively. Radiologists must 
possess a thorough understanding of the prevalent imaging findings, detected through 
US, CT, and MRI, in order to ensure prompt and accurate diagnosis, thereby enabling 
effective collaboration with clinicians. 

Author Contributions: Conceptualization, S.V., P.M. and A.S.; Methodology, S.V.; Validation, P.A.B., 
P.M. and S.S.; Formal Analysis, S.V., P.M. and P.A.B.; Investigation, S.V., A.S., C.C. and P.M.; 
Resources, S.V., A.S., C.C. and P.M.; Data Curation, S.V. and P.M.; Writing—Original Draft 
Preparation, S.V.; Writing—Review and Editing, S.V., C.C., P.M., P.A.B.; Visualization, S.V., A.S., 
P.M. and P.A.B.; Supervision, S.S.; Project Administration, S.V., A.S. All authors have read and 
agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Ethical review and approval were waived for this study due 
to the nature of its design, being a review. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Munro, M.G.; Critchley, H.O.D.; Fraser, I.S. The FIGO classification of causes of abnormal uterine bleeding in the reproductive 

years. Fertil. Steril. 2011, 95, 2204–2208.e3. 
2. Fraser, I.S.; Critchley, H.O.D.; Broder, M.; Munro, M.G. The FIGO recommendations on terminologies and definitions for 

normal and abnormal uterine bleeding. Semin. Reprod. Med. 2011, 29, 383–390. 
3. Wouk, N.; Helton, M. Abnormal Uterine Bleeding in Premenopausal Women [Internet]. 2019. Available online: 

www.aafp.org/afp (accessed on 20 January 2024). 
4. Liu, Z.; Doan, Q.V.; Blumenthal, P.; Dubois, R.W. A systematic review evaluating health-related quality of life, work impairment, 

and health-care costs and utilization in abnormal uterine bleeding. Value Health 2007, 10, 183–194. 
5. Munro, M.G.; Critchley, H.O.; Fraser, I.S.; FIGO Menstrual Disorders Committee; Haththotuwa, R.; Kriplani, A.; Bahamondes, 

L.; Füchtner, C.; Tonye, R.; Archer, D.; et al. The two FIGO systems for normal and abnormal uterine bleeding symptoms and 

Figure 10. RPOC. A 25-year-old patient who continued to experience vaginal bleeding 1 month
after natural birth. Ultrasound performed at another center howed the presence of placental residue
suspicious for accreted succenturiate cotyledon. It was, therefore, decided to perform an embolization
procedure. Bilateral hypogastric angiography documented the presence of hypervascular formation
in the central portions of the uterus (a). After superselective coaxial microcatheterization of the
uterine arteries, they were embolized with absorbable material (b). Control angiography documented
effective vascularization of the lesion (c).

3. Conclusions

Many gynecological and obstetrical pathologies may manifest with abnormal uterine
bleeding. Diagnostic imaging is necessary for identifying the underling etiology of AUB
and discriminating conditions posing potential immediate risk to life and those with
oncogenic potential from those that can be managed conservatively. Radiologists must
possess a thorough understanding of the prevalent imaging findings, detected through US,
CT, and MRI, in order to ensure prompt and accurate diagnosis, thereby enabling effective
collaboration with clinicians.

Author Contributions: Conceptualization, S.V., P.M. and A.S.; Methodology, S.V.; Validation, P.A.B.,
P.M. and S.S.; Formal Analysis, S.V., P.M. and P.A.B.; Investigation, S.V., A.S., C.C. and P.M.; Resources,
S.V., A.S., C.C. and P.M.; Data Curation, S.V. and P.M.; Writing—Original Draft Preparation, S.V.;
Writing—Review and Editing, S.V., C.C., P.M. and P.A.B.; Visualization, S.V., A.S., P.M. and P.A.B.;
Supervision, S.S.; Project Administration, S.V. and A.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the nature of its design, being a review.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Munro, M.G.; Critchley, H.O.D.; Fraser, I.S. The FIGO classification of causes of abnormal uterine bleeding in the reproductive

years. Fertil. Steril. 2011, 95, 2204–2208.e3. [CrossRef] [PubMed]
2. Fraser, I.S.; Critchley, H.O.D.; Broder, M.; Munro, M.G. The FIGO recommendations on terminologies and definitions for normal

and abnormal uterine bleeding. Semin. Reprod. Med. 2011, 29, 383–390. [CrossRef]
3. Wouk, N.; Helton, M. Abnormal Uterine Bleeding in Premenopausal Women [Internet]. 2019. Available online: www.aafp.org/afp

(accessed on 20 January 2024).

https://doi.org/10.1016/j.fertnstert.2011.03.079
https://www.ncbi.nlm.nih.gov/pubmed/21496802
https://doi.org/10.1055/s-0031-1287662
www.aafp.org/afp


Diagnostics 2024, 14, 798 13 of 16

4. Liu, Z.; Doan, Q.V.; Blumenthal, P.; Dubois, R.W. A systematic review evaluating health-related quality of life, work impairment,
and health-care costs and utilization in abnormal uterine bleeding. Value Health 2007, 10, 183–194. [CrossRef] [PubMed]

5. Munro, M.G.; Critchley, H.O.; Fraser, I.S.; FIGO Menstrual Disorders Committee; Haththotuwa, R.; Kriplani, A.; Bahamondes,
L.; Füchtner, C.; Tonye, R.; Archer, D.; et al. The two FIGO systems for normal and abnormal uterine bleeding symptoms and
classification of causes of abnormal uterine bleeding in the reproductive years: 2018 revisions. Int. J. Gynecol. Obstet. 2018, 143,
393–408. [CrossRef] [PubMed]

6. Munro, M.G. Investigation of women with postmenopausal uterine bleeding: Clinical practice recommendations. Perm. J. 2014,
18, 55–70. [CrossRef] [PubMed]

7. Astrup, K.; Olivarius, N.D.F. Frequency of spontaneously occurring postmenopausal bleeding in the general population. Acta
Obstet. Gynecol. Scand. 2004, 83, 203–207. [CrossRef]

8. Reinhold, C.; Khalili, I. Postmenopausal bleeding: Value of imaging. Radiol. Clin. 2002, 40, 527–562. [CrossRef]
9. Clarke, M.A.; Long, B.J.; Del Mar Morillo, A.; Arbyn, M.; Bakkum-Gamez, J.N.; Wentzensen, N. Association of endometrial cancer

risk with postmenopausal bleeding in women a systematic review and meta-analysis. JAMA Intern. Med. 2018, 178, 1201–1208.
[CrossRef] [PubMed]

10. Ring, K.L.; Mills, A.M.; Modesitt, S.C. Endometrial Hyperplasia. Obstet. Gynecol. 2022, 140, 1061–1075. [CrossRef]
11. Papakonstantinou, E.; Adonakis, G. Management of pre-, peri-, and post-menopausal abnormal uterine bleeding: When to

perform endometrial sampling? Int. J. Gynecol. Obstet. 2022, 158, 252–259. [CrossRef]
12. Bláha, J.; Bartošová, T. Epidemiology and definition of PPH worldwide. Clin. Anaesthesiol. 2022, 36, 325–339. [CrossRef]
13. Young, J.S.; White, L.M. Vaginal Bleeding in Late Pregnancy. Emerg. Med. Clin. North Am. 2019, 37, 251–264. [CrossRef] [PubMed]
14. Wang, S.S.; Shum, D.; Kennedy, A. Imaging of Postpartum/Peripartum Complications. Radiol. Clin. North Am. 2020, 58, 431–443.

[CrossRef] [PubMed]
15. Mehrabadi, A.; Hutcheon, J.A.; Liu, S.; Bartholomew, S.; Kramer, M.S.; Liston, R.M.; Joseph, K.S.; Maternal Health Study Group of

the Canadian Perinatal Surveillance System. Contribution of placenta accreta to the incidence of postpartum hemorrhage and
severe postpartum hemorrhage. Obstet. Gynecol. 2015, 125, 814–821. [CrossRef] [PubMed]

16. Wheeler, K.C.; Goldstein, S.R. Transvaginal Ultrasound for the Diagnosis of Abnormal Uterine Bleeding [Internet]. 2016. Available
online: www.clinicalobgyn.com (accessed on 15 February 2024).

17. Iraha, Y.; Okada, M.; Iraha, R.; Azama, K.; Yamashiro, T.; Tsubakimoto, M.; Aoki, Y.; Murayama, S. CT and MR imaging of
gynecologic emergencies. Radiographics 2017, 37, 1569–1586. [CrossRef] [PubMed]

18. Valentin, L. Imaging in gynecology. Best Pract. Res. Clin. Obstet. Gynaecol. 2006, 20, 881–906. [CrossRef] [PubMed]
19. Uhasai, K.; Naik, D.; Rathnamma, P.; Deepti, N. Efficacy of MRI over Ultrasound in Evaluation of Abnormal Uterine Bleeding

with Histopathological Correlation. Cureus 2023, 15, e38560. [CrossRef] [PubMed]
20. Dolan, M.S.; Hill, C.C.; Valea, F.A. Benign Gynecologic Lesions Ultrasound Imaging of Pelvic Structures. In Comprehensive

Gynecology, 8th ed.; Elsevier: Philadelphia, PA, USA, 2022; Chapter 18.
21. Di Spiezio Sardo, A.; Calagna, G.; Guida, M.; Perino, A.; Nappi, C. Hysteroscopy and treatment of uterine polyps. Best Pract. Res.

Clin. Obstet. Gynaecol. 2015, 29, 908–919. [CrossRef] [PubMed]
22. Clark, T.J.; Stevenson, H. Endometrial Polyps and Abnormal Uterine Bleeding (AUB-P): What is the relationship, how are they

diagnosed and how are they treated? Best Pract. Res. Clin. Obstet. Gynaecol. 2017, 40, 89–104. [CrossRef]
23. Lee, S.C.; Kaunitz, A.M.; Sanchez-Ramos, L.; Rhatigan, R.M. The Oncogenic Potential of Endometrial Polyps. A Systematic

Review and Meta-Analysis. Obstet. Gynecol. 2010, 116, 1197–1205. [CrossRef]
24. Uglietti, A.; Buggio, L.; Farella, M.; Chiaffarino, F.; Dridi, D.; Vercellini, P.; Parazzini, F. The risk of malignancy in uterine polyps:

A systematic review and meta-analysis. Eur. J. Obstet. Gynecol. Reprod. Biol. 2019, 237, 48–56. [CrossRef] [PubMed]
25. Vroom, A.; Timmermans, A.; Bongers, M.; van den Heuvel, E. Diagnostic accuracy of saline contrast sonohysterography in

detecting endometrial polyps in women with postmenopausal bleeding: Systematic review and meta-analysis. Ultrasound Obstet.
Gynecol. 2019, 54, 28–34. [CrossRef] [PubMed]

26. Ahmadi, F.; Zafarani, F.; Haghighi, H.; Niknejadi, M.; Vosough Taqi Dizaj, A. Application of 3D ultrasonography in detection of
uterine abnormalities. Int. J. Fertil. Steril. 2011, 4, 144–147. [PubMed]

27. Nieuwenhuis, L.; Hermans, F.; Bij de Vaate, A.; Leeflang, M.; Brolmann, H. Three-dimensional saline infusion sonography
compared to two-dimensional saline infusion sonography for the diagnosis of focal intracavitary lesions. Cochrane Database Syst.
Rev. 2017, 5, CD011126. [CrossRef] [PubMed]

28. Valentin, L. Imaging techniques in the management of abnormal vaginal bleeding in non-pregnant women before and after
menopause. Best Pract. Res. Clin. Obstet. Gynaecol. 2014, 28, 637–654. [CrossRef] [PubMed]

29. Epstein, E.; Ramirez, A.; Skoog, L.; Valentin, L. Transvaginal sonography, saline contrast sonohysterography and hysteroscopy
for the investigation of women with postmenopausal bleeding and endometrium >5 mm. Ultrasound Obstet. Gynecol. 2001, 18,
157–162. [CrossRef] [PubMed]

30. Pintican, R.; Bura, V.; Zerunian, M.; Smith, J.; Addley, H.; Freeman, S.; Caruso, D.; Laghi, A.; Sala, E.; Jimenez-Linan, M. MRI of
the endometrium-from normal appearances to rare pathology. Br. J. Radiol. 2021, 94, 20201347. [CrossRef] [PubMed]

31. Lee, Y.; Kim, K.A.; Song, M.J.; Park, Y.S.; Lee, J.; Choi, J.W.; Lee, C.H. Multiparametric magnetic resonance imaging of endometrial
polypoid lesions. Abdom. Radiol. 2020, 45, 3869–3881. [CrossRef]

https://doi.org/10.1111/j.1524-4733.2007.00168.x
https://www.ncbi.nlm.nih.gov/pubmed/17532811
https://doi.org/10.1002/ijgo.12666
https://www.ncbi.nlm.nih.gov/pubmed/30198563
https://doi.org/10.7812/TPP/13-072
https://www.ncbi.nlm.nih.gov/pubmed/24377427
https://doi.org/10.1111/j.0001-6349.2004.00400.x
https://doi.org/10.1016/S0033-8389(01)00008-2
https://doi.org/10.1001/jamainternmed.2018.2820
https://www.ncbi.nlm.nih.gov/pubmed/30083701
https://doi.org/10.1097/AOG.0000000000004989
https://doi.org/10.1002/ijgo.13988
https://doi.org/10.1016/j.bpa.2022.11.001
https://doi.org/10.1016/j.emc.2019.01.006
https://www.ncbi.nlm.nih.gov/pubmed/30940370
https://doi.org/10.1016/j.rcl.2019.10.007
https://www.ncbi.nlm.nih.gov/pubmed/32044016
https://doi.org/10.1097/AOG.0000000000000722
https://www.ncbi.nlm.nih.gov/pubmed/25751202
www.clinicalobgyn.com
https://doi.org/10.1148/rg.2017160170
https://www.ncbi.nlm.nih.gov/pubmed/28753380
https://doi.org/10.1016/j.bpobgyn.2006.06.001
https://www.ncbi.nlm.nih.gov/pubmed/16904942
https://doi.org/10.7759/cureus.38560
https://www.ncbi.nlm.nih.gov/pubmed/37284410
https://doi.org/10.1016/j.bpobgyn.2015.06.005
https://www.ncbi.nlm.nih.gov/pubmed/26165746
https://doi.org/10.1016/j.bpobgyn.2016.09.005
https://doi.org/10.1097/AOG.0b013e3181f74864
https://doi.org/10.1016/j.ejogrb.2019.04.009
https://www.ncbi.nlm.nih.gov/pubmed/31009859
https://doi.org/10.1002/uog.20229
https://www.ncbi.nlm.nih.gov/pubmed/30693579
https://www.ncbi.nlm.nih.gov/pubmed/24851173
https://doi.org/10.1002/14651858.CD011126.pub2
https://www.ncbi.nlm.nih.gov/pubmed/28472862
https://doi.org/10.1016/j.bpobgyn.2014.04.001
https://www.ncbi.nlm.nih.gov/pubmed/24834911
https://doi.org/10.1046/j.1469-0705.2001.00472.x
https://www.ncbi.nlm.nih.gov/pubmed/11529998
https://doi.org/10.1259/bjr.20201347
https://www.ncbi.nlm.nih.gov/pubmed/34233457
https://doi.org/10.1007/s00261-020-02567-7


Diagnostics 2024, 14, 798 14 of 16

32. Grasel, R.P.; Outwater, E.K.; Siegelman, E.S.; Capuzzi, D.; Parker, L.; Hussain, S.M. Endometrial Polyps: MR Imaging Features
and Distinction from Endometrial Carcinoma. Radiology 2000, 214, 47–52. [CrossRef]

33. Vitale, S.G.; Haimovich, S.; Laganà, A.S.; Alonso, L.; Di Spiezio Sardo, A.; Carugno, J. Endometrial polyps. An evidence-based
diagnosis and management guide. Eur. J. Obstet. Gynecol. Reprod. Biol. 2021, 260, 70–77. [CrossRef]

34. Munro, M.G. Classification and Reporting Systems for Adenomyosis. J. Minim. Invasive Gynecol. 2020, 27, 296–308. [CrossRef]
[PubMed]

35. Vannuccini, S.; Petraglia, F. Recent advances in understanding and managing adenomyosis. F1000Research 2019, 8, 283. [CrossRef]
[PubMed]

36. Puente, J.M.; Fabris, A.; Patel, J.; Patel, A.; Cerrillo, M. Adenomyosis in infertile women: Prevalence and the role of 3D ultrasound
as a marker of severity of the disease. Reprod. Biol. Endocrinol. 2016, 14, 60. [CrossRef] [PubMed]

37. Reinhold, C.; McCarthy, S.; Bret, P.M.; Mehio, A.; Atri, M.; Zakarian, R.; Glaude, Y.; Liang, L.; Seymour, R.J. Diffuse adenomyosis:
Comparison of endovaginal US and MR imaging with histopathologic correlation. Radiology 1996, 199, 151–158. [CrossRef]
[PubMed]

38. Bazot, M.; Cortez, A.; Darai, E.; Rouger, J.; Chopier, J.; Antoine, J.M.; Uzan, S. Ultrasonography compared with magnetic resonance
imaging for the diagnosis of adenomyosis: Correlation with histopathology. Hum. Reprod. 2001, 16, 2427–2433. [CrossRef]
[PubMed]

39. Champaneria, R.; Abedin, P.; Daniels, J.; Balogun, M.; Khan, K.S. Ultrasound scan and magnetic resonance imaging for the
diagnosis of adenomyosis: Systematic review comparing test accuracy. Acta Obstet. Gynecol. Scand. 2010, 89, 1374–1384. [CrossRef]
[PubMed]

40. Bazot, M.; Daraï, E. Role of transvaginal sonography and magnetic resonance imaging in the diagnosis of uterine adenomyosis.
Fertil. Steril. 2018, 109, 389–397. [CrossRef] [PubMed]

41. Van den Bosch, T.; Dueholm, M.; Leone, F.P.G.; Valentin, L.; Rasmussen, C.K.; Votino, A.; Van Schoubroeck, D.; Landolfo, C.;
Installé, A.J.F.; Guerriero, S.; et al. Terms, definitions and measurements to describe sonographic features of myometrium and
uterine masses: A consensus opinion from the Morphological Uterus Sonographic Assessment (MUSA) group. Ultrasound Obstet.
Gynecol. 2015, 46, 284–298. [CrossRef] [PubMed]

42. Bazot, M. Pathologie myométriale. In Imagerie de la Femme–Gynécologie; Nahum, H., Ed.; Lavoisier: Paris, France, 2017.
43. Kishi, Y.; Suginami, H.; Kuramori, R.; Yabuta, M.; Suginami, R.; Taniguchi, F. Four subtypes of adenomyosis assessed by magnetic

resonance imaging and their specification. Am. J. Obstet. Gynecol. 2012, 207, 114.e1–114.e7. [CrossRef]
44. Song, S.E.; Sung, D.J.; Park, B.J.; Kim, M.J.; Cho, S.B.; Kim, K.A. MR imaging features of uterine adenomyomas. Abdom Imaging

2011, 36, 483–488. [CrossRef]
45. Dason, E.S.; Maxim, M.; Sanders, A.; Papillon-Smith, J.; Ng, D.; Chan, C.; Sobel, M. Guideline No. 437: Diagnosis and Management

of Adenomyosis. J. Obstet. Gynaecol. 2023, 45, 417–429. [CrossRef]
46. Baird, D.D.; Dunson, D.B. High cumulative incidence of uterine leiomyoma in black and white women: Ultrasound evidence.

Am. J. Obstet. Gynecol. 2003, 188, 100–107. [CrossRef] [PubMed]
47. Wilde, S.; Scott-Barrett, S. Radiological appearances of uterine fbroids. Indian J. Radiol. Imaging 2009, 19, 222–231. [PubMed]
48. Awiwi, M.O.; Badawy, M.; Shaaban, A.M.; Menias, C.O.; Horowitz, J.M.; Soliman, M.; Jensen, C.T.; Gaballah, A.H.; Ibarra-Rovira,

J.J.; Feldman, M.K.; et al. Review of uterine fibroids: Imaging of typical and atypical features, variants, and mimics with emphasis
on workup and FIGO classification. Abdom. Radiol. 2022, 47, 2468–2485. [CrossRef] [PubMed]

49. Vitiello, D.; McCarthy, S. Diagnostic imaging of myomas. Obstet. Gynecol. Clin. North Am. 2006, 33, 85–95. [CrossRef] [PubMed]
50. Robbins, J.B. ACR Appropriateness Criteria®Abnormal Uterine Bleeding. J. Am. Coll. Radiol. 2020, 17 (Suppl. S11), S336–S345.

[CrossRef] [PubMed]
51. Bajaj, S.; Gopal, N.; Clingan, M.J.; Bhatt, S. A pictorial review of ultrasonography of the FIGO classification for uterine leiomyomas.

Abdom. Radiol. 2022, 47, 341–351. [CrossRef] [PubMed]
52. Kubik-Huch, R.A.; Weston, M.; Nougaret, S.; Leonhardt, H.; Thomassin-Naggara, I.; Horta, M.; Cunha, T.M.; Maciel, C.; Rockall,

A.; Forstner, R.; et al. European Society of Urogenital Radiology (ESUR) Guidelines: MR Imaging of Leiomyomas. Eur. Radiol.
2018, 28, 3125–3137. [CrossRef]

53. Testa, A.C.; Di Legge, A.; Bonatti, M.; Manfredi, R.; Scambia, G. Imaging techniques for evaluation of uterine myomas. Best Pract.
Res. Clin. Obstet. Gynaecol. 2016, 34, 37–53. [CrossRef]

54. Bolan, C.; Caserta, M.P. MR imaging of atypical fibroids. Abdom. Radiol. 2016, 41, 2332–2349. [CrossRef]
55. Lin, Y.; Wu, R.C.; Huang, Y.L.; Chen, K.; Tseng, S.C.; Wang, C.J.; Chao, A.; Lai, C.H.; Lin, G. Uterine fibroid-like tumors: Spectrum

of MR imaging findings and their differential diagnosis. Abdom. Radiol. 2022, 47, 2197–2208. [CrossRef] [PubMed]
56. Wang, C.; Zheng, X.; Zhou, Z.; Shi, Y.; Wu, Q.; Lin, K. Differentiating cellular leiomyoma from uterine sarcoma and atypical

leiomyoma using multi-parametric MRI. Front. Oncol. 2022, 12, 1005191. [CrossRef] [PubMed]
57. Manyonda, I.; Belli, A.M.; Lumsden, M.A.; Moss, J.; McKinnon, W.; Middleton, L.J.; Cheed, V.; Wu, O.; Sirkeci, F.; Daniels, J.P.;

et al. Uterine-Artery Embolization or Myomectomy for Uterine Fibroids. N. Engl. J. Med. 2020, 383, 440–451. [CrossRef] [PubMed]
58. Management of Symptomatic Uterine Leiomyomas: ACOG Practice Bulletin Summary, Number 228. Obstet. Gynecol. 2021, 137,

1131–1133. [CrossRef] [PubMed]

https://doi.org/10.1148/radiology.214.1.r00ja3647
https://doi.org/10.1016/j.ejogrb.2021.03.017
https://doi.org/10.1016/j.jmig.2019.11.013
https://www.ncbi.nlm.nih.gov/pubmed/31785418
https://doi.org/10.12688/f1000research.17242.1
https://www.ncbi.nlm.nih.gov/pubmed/30918629
https://doi.org/10.1186/s12958-016-0185-6
https://www.ncbi.nlm.nih.gov/pubmed/27645154
https://doi.org/10.1148/radiology.199.1.8633139
https://www.ncbi.nlm.nih.gov/pubmed/8633139
https://doi.org/10.1093/humrep/16.11.2427
https://www.ncbi.nlm.nih.gov/pubmed/11679533
https://doi.org/10.3109/00016349.2010.512061
https://www.ncbi.nlm.nih.gov/pubmed/20932128
https://doi.org/10.1016/j.fertnstert.2018.01.024
https://www.ncbi.nlm.nih.gov/pubmed/29566851
https://doi.org/10.1002/uog.14806
https://www.ncbi.nlm.nih.gov/pubmed/25652685
https://doi.org/10.1016/j.ajog.2012.06.027
https://doi.org/10.1007/s00261-010-9640-6
https://doi.org/10.1016/j.jogc.2023.04.008
https://doi.org/10.1067/mob.2003.99
https://www.ncbi.nlm.nih.gov/pubmed/12548202
https://www.ncbi.nlm.nih.gov/pubmed/19881092
https://doi.org/10.1007/s00261-022-03545-x
https://www.ncbi.nlm.nih.gov/pubmed/35554629
https://doi.org/10.1016/j.ogc.2005.12.013
https://www.ncbi.nlm.nih.gov/pubmed/16504808
https://doi.org/10.1016/j.jacr.2020.09.008
https://www.ncbi.nlm.nih.gov/pubmed/33153547
https://doi.org/10.1007/s00261-021-03283-6
https://www.ncbi.nlm.nih.gov/pubmed/34581926
https://doi.org/10.1007/s00330-017-5157-5
https://doi.org/10.1016/j.bpobgyn.2015.11.014
https://doi.org/10.1007/s00261-016-0935-0
https://doi.org/10.1007/s00261-022-03431-6
https://www.ncbi.nlm.nih.gov/pubmed/35347386
https://doi.org/10.3389/fonc.2022.1005191
https://www.ncbi.nlm.nih.gov/pubmed/36276145
https://doi.org/10.1056/NEJMoa1914735
https://www.ncbi.nlm.nih.gov/pubmed/32726530
https://doi.org/10.1097/AOG.0000000000004403
https://www.ncbi.nlm.nih.gov/pubmed/34011880


Diagnostics 2024, 14, 798 15 of 16

59. Tsikouras, P.; Oikonomou, E.; Tsatsaris, G.; Bothou, A.; Kyriakou, D.; Nikolettos, K.; Nalmbanti, T.; Peitsidis, P.; Trypsanis, G.;
Iatrakis, G.; et al. Our Experience with Hydrogel-Coated Trisacryl Microspheres in Uterine Artery Embolization for the Treatment
of Symptomatic Uterine Fibroids and Adenomyosis: A Follow-Up of 11 Years. J. Pers. Med. 2023, 13, 1385. [CrossRef] [PubMed]

60. ACOG Committee Opinion No. 734: The Role of Transvaginal Ultrasonography in Evaluating the Endometrium of Women With
Postmenopausal Bleeding. Obstet. Gynecol. 2018, 131, e124–e129. [CrossRef] [PubMed]

61. Van Den Bosch, T.; Verbakel, J.Y.; Valentin, L.; Wynants, L.; De Cock, B.; Pascual, M.A.; Leone, F.P.G.; Sladkevicius, P.; Alcazar, J.L.;
Votino, A.; et al. Typical ultrasound features of various endometrial pathologies described using International Endometrial Tumor
Analysis (IETA) terminology in women with abnormal uterine bleeding. Ultrasound Obstet. Gynecol. 2021, 57, 164–172. [CrossRef]

62. Nougaret, S.; Horta, M.; Sala, E.; Lakhman, Y.; Thomassin-Naggara, I.; Kido, A.; Masselli, G.; Bharwani, N.; Sadowski, E.; Ertmer,
A.; et al. Endometrial Cancer MRI staging: Updated Guidelines of the European Society of Urogenital Radiology. Eur. Radiol.
2019, 29, 792–805. [CrossRef] [PubMed]

63. Kasius, J.C.; Pijnenborg, J.M.; Lindemann, K.; Forsse, D.; van Zwol, J.; Kristensen, G.B.; Krakstad, C.; Werner, H.M.; Amant, F.
Risk stratification of endometrial cancer patients: FIGO stage, biomarkers and molecular classification. Cancers 2021, 13, 5848.
[CrossRef]

64. Luna, C.; Balcacer, P.; Castillo, P.; Huang, M.; Alessandrino, F. Endometrial cancer from early to advanced-stage disease: An
update for radiologists. Abdom. Radiol. 2021, 46, 5325–5336. [CrossRef]

65. Manfredi, R.; Mirk, P.; Maresca, G.; Margariti, P.A.; Testa, A.; Zannoni, G.F.; Giordano, D.; Scambia, G.; Marano, P. Local-Regional
Staging of Endometrial Carcinoma: Role of MR Imaging in Surgical Planning. Radiology 2004, 231, 372–378. [CrossRef] [PubMed]

66. Beddy, P.; Moyle, P.; Kataoka, M.; Yamamoto, A.K.; Joubert, I.; Lomas, D.; Crawford, R.; Sala, E. Evaluation of depth of myometrial
invasion and overall staging in endometrial cancer: Comparison of diffusion-weighted and dynamic contrast-enhanced MR
imaging. Radiology 2012, 262, 530–537. [CrossRef] [PubMed]

67. Beddy, P.; O’Neill, A.C.; Yamamoto, A.K.; Addley, H.C.; Reinhold, C.; Sala, E. FIGO staging system for endometrial cancer: Added
benefits of MR imaging. Radiographics 2012, 32, 241–254. [CrossRef]

68. Coppola, M.; Giurazza, F.; Corvino, F.; Pane, F.; Silvestre, M. Severe metrorrhagia in patients with advanced gynecologic cancer:
Endovascular treatment benefits in acute and chronic setting. Radiol. Med. 2021, 126, 277–282. [CrossRef] [PubMed]

69. Mullany, K.; Minneci, M.; Monjazeb, R. Overview of ectopic pregnancy diagnosis, management, and innovation. Womens Health
2023, 19. [CrossRef] [PubMed]

70. Chang, H.J.; Suh, C.S. Ectopic pregnancy after assisted reproductive technology: What are the risk factors? Curr. Opin. Obstet.
Gynecol. 2010, 22, 202–207. [CrossRef] [PubMed]

71. Tang, P.; Li, X.; Li, W.; Li, Y.; Zhang, Y. The trend of the distribution of ectopic pregnancy sites and the clinical characteristics of
caesarean scar pregnancy. Reprod Health 2022, 19, 182. [CrossRef] [PubMed]

72. Hendriks, E.; Rosenberg, R.; Prine, L. Ectopic Pregnancy: Diagnosis and Management. Am. Fam. Physician 2020, 101, 599–606.
73. Scibetta, E.W.; Han, C.S. Ultrasound in Early Pregnancy: Viability, Unknown Locations, and Ectopic Pregnancies. Obstet. Gynecol.

Clin. North Am. 2019, 46, 783–795. [CrossRef]
74. Takahashi, A.; Takahama, J.; Marugami, N.; Takewa, M.; Itoh, T. Ectopic pregnancy: MRI findings and clinical utility. Abdom

Imaging 2013, 38, 844–850. [CrossRef]
75. Kao, L.; Scheinfeld, M.; Chernyak, V.; Rozenblit, A.; Oh, S. Beyond ultrasound: CT and MRI of ectopic pregnancy. AJR Am. J.

Roentgenol. 2014, 202, 904–911. [CrossRef] [PubMed]
76. Leslie, P.; Jacqueline, T.; Kelsey, M. Guideline No. 414: Management of Pregnancy of Unknown Location and Tubal and Nontubal

Ectopic Pregnancies. J. Obstet. Gynecol. Can. 2021, 43, 614–630.
77. Tanos, V.; Toney, Z.A. Uterine scar rupture-Prediction, prevention, diagnosis, and management. Best Pract. Res. Clin. Obstet.

Gynaecol. 2019, 59, 115–131. [CrossRef] [PubMed]
78. Sun, S.; Young, K.; Fry, R.; Manuck, T. Sonographic and genetic findings in a case of asymptomatic spontaneous uterine rupture.

Ultrasound Obstet. Gynecol. 2022, 59, 398–399. [CrossRef]
79. Hecht, J.L.; Baergen, R.; Ernst, L.M.; Katzman, P.J.; Jacques, S.M.; Jauniaux, E.; Khong, T.Y.; Metlay, L.A.; Poder, L.; Qureshi,

F.; et al. Classification and reporting guidelines for the pathology diagnosis of placenta accreta spectrum (PAS) disorders:
Recommendations from an expert panel. Mod. Pathol. 2020, 33, 2382–2396. [CrossRef] [PubMed]
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