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The aim of this review was to provide an updated assessment of the present diagnostic tools and clinical symptoms and signs to evaluate
uterine fibroids (UFs) on the basis of current guidelines, recent scientific evidence, and a PubMed and Google Scholar search for peer-
reviewed original and review articles related to clinical signs and diagnosis of UFs. Approximately 50%-75% of UFs are considered
nonclinically relevant. When present, the most common symptoms are abnormal uterine bleeding, pelvic pain and/or bulk symptoms,
and reproductive failure. Transvaginal ultrasound is recommended as the initial diagnostic modality because of its accessibility and
high sensitivity, although magnetic resonance imaging appears to be the most accurate diagnostic tool to date in certain cases. Other
emerging techniques, such as saline infusion sonohysterography, elastography, and contrast-enhanced ultrasonography, may
contribute to improving diagnostic accuracy in selected cases. Moreover, artificial intelligence has begun to demonstrate its ability
as a complementary tool to improve the efficiency of UF diagnosis. Therefore, it is critical to standardize descriptions of transvaginal
ultrasound images according to updated classifications and to individualize the use of the different complementary diagnostic tools
available to achieve precise uterine mapping that can lead to targeted therapeutic approaches according to the clinical context of
each patient. (Fertil Steril® 2024;122:12-9. ©2024 by American Society for Reproductive Medicine.)
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uring the last few years, impor-
D tant advances in the patho-

physiology of uterine fibroids
(UFs) have been made, revealing poten-
tial new diagnostic and therapeutic ap-
proaches that may provide a
paradigmatic change in the manage-
ment of this disease.

Traditionally, UFs have been asso-
ciated with classical risk factors, such
as race, aging, and obesity, but it has
been suggested that uterine stem cells
of all women may have an intrinsic
risk for the development of UFs, which
can be increased by several “hits” to the
hormonal stem cell pathways along
their lifetime (1-4). Therefore, UFs

may be presented throughout the
lifetime of a woman, being more
frequent during the reproductive age
from adolescence to menopause when
hormonal inputs are greater (5).
Nonetheless, many women presenting
UFs do not present clinical symptoms
or signs, with 50%-75% of UFs being
considered as nonclinically relevant
(2, 6, 7).

According to the literature, the
incidence of UFs among the population
is variable, ranging from 5.4%-77% in
women of reproductive age. The upper
limit of the incidence of UFs seems to
be at around 50 years of age, with
women at this age presenting a 10-
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fold increased risk of developing UFs
compared with those in their 30s. How-
ever, this increased risk disappears after
the age of 60 (5), because UFs are
responsive to estrogens and progestins,
and thus, when menopause occurs, UF-
associated symptoms may spontane-
ously resolve and cease (8, 9). The aim
of this review was to provide an up-
dated overview of the clinical symp-
toms to evaluate UFs and the current
diagnostic tools available.

CLINICAL SYMPTOMS OF UFs

The most common symptoms of the
presence of UFs are heavy menstrual
bleeding or abnormal uterine bleeding
(AUB), pelvic pain and/or bulk symp-
toms, and reproductive failure.

Abnormal uterine bleeding

Although the association between AUB
and UFs has been reported, its patho-
physiological mechanisms are not yet
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clearly established because many women with UFs may pre-
sent entirely normal bleeding patterns. Once bleeding is
defined as abnormal, the well-known acronym PALM-
COEIN (polyp, adenomyosis, leiomyoma, malignancy, and
hyperplasia; coagulopathy, ovulatory disorders, endometrial,
iatrogenic, and not otherwise classified) is usually used for
categorizing causes (10).

When AUB is present, in 45.7% of the cases, there is an UF
associated with bleeding (11). However, when UF is diag-
nosed, it does not exclude the presence of other causes of
AUB that may coexist with UF, such as adenomyosis, and
thus its presence should be assessed (12). In addition, hormon-
al dysfunction in the premenopausal period may represent a
confounding factor in the diagnosis of AUB associated with
UFs (13, 14).

Regarding the location of UFs, it has been thought that
women with submucosal fibroids, particularly those distort-
ing the uterine cavity, were more likely to present AUB (15).
However, there is current debate assessing the main possible
causes provoking AUB, apart from the location itself. One
of the main theories explaining the cause of AUB in patients
presenting UFs seems to be the presence of increased micro-
scopic myometrial venous dilatations in the uterine tissue
surrounding UFs. These dilatations are produced by increased
production of vascular endothelial growth factor, epidermal
growth factor, and platelet-derived growth factor in the
microenvironment, inducing increased angiogenesis, endo-
metrial decidualization, and reduced hemostasis. Moreover,
abnormal myometrial contractions have been related to
induced AUB through a cascade of cytokines in the extracel-
lular matrix cells surrounding UFs.

Finally, in many cases, AUB may lead to chronic iron
deficiency and chronic anemia, although the women may
be asymptomatic because of the chronic nature of this condi-
tion (13, 16-19).

Pain and bulk symptoms

Other symptoms related to UFs include complaints of chronic
pelvic pain, dysmenorrhea, premenstrual pelvic pain, inter-
course pain, and bladder pressure. However, an interesting in-
ternational survey showed that women diagnosed with UFs
compared with women without UFs significantly more often
reported pain symptoms such as pressure on the bladder
(32.6% vs. 15.0%), chronic pelvic pain (14.5% vs. 2.9%), pain-
ful sexual intercourse (23.5% vs. 9.1%), and pain occurring
midcycle, after, and during menstrual bleeding (31.3%,
16.7%, 59.7%, vs. 17.1%, 6.4%, 52.0%) (20). Although these
are common symptoms, their correlation with the size, num-
ber, or position of UFs has yet to be clearly established (21),
and some investigators suggest that the characteristics of
UFs may not correlate with bulk symptoms (22).

Reproductive failure

Reproductive failure is another clinical sign related to the
presence of UFs. Some mechanisms of association between fi-
broids and infertility have been proposed, and epidemiolog-
ical studies have shown that women with infertility had a
2.18 higher incidence of UFs (23).
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Fibroid-related infertility may be caused by several mech-
anisms, such as uterine cavity deformation, impaired
endometrial-myometrial blood supply, disturbed uterine
contractility, hormonal, paracrine, and molecular changes,
and impaired endometrial receptivity and gene expression.
All these mechanisms were reviewed by Donnez et al. (4) in
the same series of Views and reviews (24). The disruption of
physiological myometrial contractility may interfere with
both spermatozoa progression and embryo implantation
(25), and moreover, UFs may alter the pelvic anatomy and
impair the function of the fallopian tubes (26, 27). On the
other hand, serosal UFs that have no impact on the uterine
cavity do not seem to be related to reproductive failure or
affect invitro fertilization treatment results (28, 29).

Fibroids during pregnancy

In relation to how UFs may change during pregnancy, some
imaging studies have shown an increase in leiomyoma volume
at any time during pregnancy, but others have noted size
reduction or no change (30, 31). In addition, in late pregnancy
and puerperium, the tendency is for volume reduction (32). The
growth of UFs during pregnancy may occur mainly in the first
seven gestational weeks because of increased estrogen levels
and also human chorionic gonadotropin, angiogenic, and
growth factors. The growth of UFs has a nonlinear trend in
pregnancy, with a median change in volume up to 140% in
early gestation. Conversely, in the postpartum, sustained
ischemia and apoptosis promoted by uterine remodeling dur-
ing its involution contribute to the shrinkage of UFs (33).

DIAGNOSTIC TOOLS AND CLASSIFICATION OF
UTERINE FIBROIDS
Transvaginal ultrasound

When clinical symptoms or signs suggest the possible pres-
ence of UFs, the first line diagnostic technique that should
be performed is transvaginal ultrasound (TVUS) because of
its accessibility and low cost (10), as well as its high sensitivity
and specificity comparable to magnetic resonance imaging
(MRI) (34), offering the possibility of a precise mapped
description of the UFs present in the uterus (35). A comparison
of UF detection accuracy between TVUS and MRI (36) is re-
ported in Table 1.

Uterine fibroids affecting the junctional zone (JZ) seem to
present fewer cytogenetic abnormalities, a different pattern of

TABLE 1

Comparison of uterine fibroid detection accuracy between
transvaginal ultrasound (TVUS) and magnetic resonance imaging
(MRI).
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TVUS MRI
Sensitivity (%) 99 (92-100) 99 (92-100)
Specificity (%) 91 (75-98) 86 (71-94)
Positive predictive value (%) 96 (88-99) 92 (93-97)
Negative predictive value (%) 97 (82-100) 97 (85-100)
Mension. Personalized diagnosis of UFs. Fertil Steril 2024.
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vascularization, be more responsive to gonadotropin-
releasing hormone analogues, and have fewer recurrences af-
ter surgery (17). Thus, an adequate description of the presence
of JZ involvement is essential because it may influence symp-
toms and their response to treatments. In addition, different
patterns and scores of myometrial vascularization provide
important information regarding the growth of UFs (37, 38).
The high diagnostic accuracy of these factors contributes to
helping clinicians select better-targeted treatments or the
clinical management of patients according to their different
myometrium involvement and vascularization.

Furthermore, an adequate description of the inner myo-
metrium (corresponding to the JZ), the middle myometrium
(extending from the JZ to the venous and arterial arcuate ves-
sels of the uterus), and the outer myometrium (located be-
tween the arcuate vessels and the uterine serosa) helps to
achieve precise uterine mapping of the location of UFs. The
vascular arcuate, observed in the sagittal plane in two-
dimensional TVUS with the application of color or power
Doppler, serves as a reference for the differentiation of uterine
layers, which have been correlated with the presence of
different symptoms (39). An example of uterine vascular
arcuate is visible in Figure 1.

The Morphological Uterus Sonographic Assessment
group description reports the sonographic features of the my-
ometrium using gray-scale sonography, color/power Doppler,
and three-dimensional ultrasound imaging, highlighting
important characteristics of UFs, such as number, size, local-
ization, echogenicity, acoustic shadow, vascularization,
fibroid type, minimal distance to the serosa, and minimal dis-
tance to the mucosa. On the other hand, specific classifica-
tions of submucosal UF, such as the size, topography,
extension, penetration, and wall, and the Lasmar classifica-
tion, provide information on the expected difficulty and
complexity of hysteroscopic UF resection according to the
size, topography, extension, penetration, and wall of submu-
cous UFs (40). The Lasmar score is usually obtained by

diagnostic hysteroscopy, despite some investigators suggest-
ing that TVUS may be able to provide the score when per-
formed in the luteal phase of the menstrual cycle, avoiding
office hysteroscopy without a loss of diagnostic accuracy
(41). International validation of this classification for predict-
ing hysteroscopic UF removal among a total population of
465 women showed that size, topography, extension, pene-
tration, and wall <4 presented 100% of UF hysteroscopic
resection success, although successful resection was achieved
in 77.2% of women with a score >4 (42).

Furthermore, when UFs present an atypical appearance
on TVUS, a differential diagnosis between UFs, uterine
smooth muscle tumors of uncertain malignant potential
(STUMP), and leiomyosarcomas is necessary. No specific
characteristics of TVUS have proven to be effective for differ-
entiating “typical myoma” from “STUMP” and leiomyosarco-
mas because of the lack of large series describing TVUS
characteristics of diagnosed leiomyosarcomas. Nonetheless,
some investigators have attempted to identify and define
atypical signs using TVUS that might be suspicious of an
atypical UF with a possible increased risk of finally becoming
a STUMP or a lelomyosarcoma (43).

Typical UFs may present changes in morphology in
response to different triggers. When UFs grow, the vasculari-
zation might be compromised, presenting, in some cases, par-
tial necrosis classified as different kinds of pathologic
degeneration (hyaline, myxoid, cystic, red, or dystrophic
degeneration). Initially, these degenerations are difficult to
detect using TVUS, with the only sign being a hyperechoic
border without detection of power Doppler flow in the UF
core. It is only in the late phase of internal UF necrosis that
the resulting edema might present as a mixed echogenicity
with hypoechoic cystic areas inside the UF (44, 45). These hy-
poechoic internal cystic areas with increased core vasculari-
zation, visualized using power Doppler as large UF-like
uterine masses, can be suggestive of malignant myometrial
tumors (46, 47).

Uterine vascular arcuate observed in the sagittal plane in two-dimensional transvaginal ultrasound with the application of color or power Doppler
and description of the endometrium (blue), inner myometrium/junctional zone (red), the middle myometrium (orange: extending from the
junctional zone (JZ) to the venous and arterial arcuate vessels of the uterus), the outer myometrium (yellow: located between the arcuate
vessels and the uterine serosa), and uterine serosa (green).

Mension. Personalized diagnosis of UFs. Fertil Steril 2024.
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Magnetic resonance imaging

Magnetic resonance imaging is the other remarkable imaging
technique to assess UFs, presenting a high sensitivity and
specificity (Table 1) and according to some investigators, is
the most accurate diagnostic test to assess UFs (43). Notwith-
standing, in cases of women presenting large UFs or a uterus
that rises out of the pelvis, some investigators showed up to
36% discrepancies between clinicians in the classification of
these cases when assessing UFs using TVUS, thus concluding
that MRI appears to be superior to TVUS when assessing >4
fibroids or a uterus >375 cm® (48). Moreover, MR is a helpful
complementary imaging technique to TVUS when assessing
women presenting coexisting endometriosis and adenomyo-
sis (36). Magnetic resonance imaging allows differentiation
between UF and adenomyosis despite both appearing as hy-
pointense lesions on T2-weighted images because adenomyo-
sis usually shows poorly defined margins and an irregular
shape, contrary to UFs. However, some studies have demon-
strated that two-dimensional TVUS has a similar sensitivity
and specificity for the diagnosis of adenomyosis compared
with MRI (49). Table 2 shows the comparison of the advan-
tages and disadvantages of TVUS and MRI as tools for the
diagnosis of UFs.

Despite the better reproducibility of MRI, its interpreta-
tion might be more difficult than TVUS images. When degen-
eration is seen using TVUS, it is usually visualized as
hypoechoic internal cysts and calcifications. However, when
assessed using MRI, different patterns of signal intensity are
seen depending on the pathologic degeneration subtype.
T2-weighed images may show hypointensity in typical UFs
to marked hyperintensity in cystic degenerated UFs and hy-
percellular fibroids, although many cases may present iso-
hypointensity in T1-weighted images (43).

Nonetheless, the differential diagnosis between UFs and
uterine sarcoma is another indication for the use of MRI to
assess uterine masses. According to a recent meta-analysis,
MRI seems to be superior to TVUS in differentiating UFs
from uterine sarcomas, presenting a sensitivity of 90% and
a specificity of 96%, with a pooled accuracy of 97% (50),
although TVUS has a sensitivity and specificity of 76% and
89%, respectively (51). Some of the image characteristics
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associated with an increased risk of malignancy are the
absence of a clear myometrial origin, the lack of a normal
endometrial stripe, intermediate signal intensity on T2-
weighted images, T2-weighted signal heterogeneity, signs of
intratumoral hemorrhage, heterogeneous contrast enhance-
ment, hyperintensity on high-b-value diffusion-weighted im-
ages, and low apparent diffusion coefficient values (43).

Despite these possible associations, there is still a lack of
consensus because of contradictory findings in different
studies and the overlap of these associations between benign
and malignant lesions (52). Nevertheless, key points are start-
ing to flourish, as Sato et al. (53) reported that UF-like masses,
seen as hypointense in diffusion-weighted imaging, should be
considered benign with 100% sensitivity and 949% specificity.

Therefore, indications for MRI to evaluate UFs comprise
these cases with uncertainty regarding the anatomical origin
of the mass, in cases of the large uterus with the presence of
multiple leiomyomas, in cases with clinical suspicion of coex-
istence of endometriosis or adenomyosis, and in cases in
which atypical signs have been seen using TVUS to assess
the risk of malignancy.

Other techniques

During the last decade, other complementary techniques have
been tested, and others have been developed to provide help
for precise uterus mapping in specific cases. Techniques
such as hysteroscopy and saline infusion sonohysterography
(SIS) may help in cases in which TVUS presents doubts about
an intrauterine image and in planning submucosal UF surgi-
cal interventions. Hysteroscopy remains the gold standard
tool for the detection of intrauterine abnormalities, but SIS
is a highly sensitive and specific test for the diagnosis of uter-
ine polyps, submucous myomas, and intrauterine anomalies,
being comparable to hysteroscopy with a sensitivity of 88%
(85%-900%) and specificity of 94% (93%-96%) (54, 55). Saline
infusion sonohysterography provides intracavity images of
submucosal UFs with a high level of accuracy and is less inva-
sive than hysteroscopy (56), and some studies have suggested
that SIS may avoid hysteroscopy in some cases (57-59). One
of its main uses is the study of infertility because SIS

TABLE 2

Comparison of the advantages and disadvantages between transvaginal ultrasound (TVUS) and magnetic resonance imaging (MRI) as tools for

the diagnosis of uterine fibroids (UFs).

Advantages Disadvantages
TVUS High S and Sp Efficacy decreases when
Faster uterus >375 mL and presenting >4 UFs
Lower cost Operator-dependent
Better accessibility
MRI High S and Sp Higher false findings rate compared with TVUS

Better efficacy when uterus
volume >375 mL and presenting >4 UFs
Not operator-dependent

Reproducibility
S = sensitivity; Sp = specificity.
Mension. Personalized diagnosis of UFs. Fertil Steril 2024.

Increased cost
Time consuming
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combines the features of hysteroscopy and TVUS and can
simultaneously visualize tubal patency, the uterine cavity,
and other pelvic pathologies.

Elastography is an ultrasound technique that measures
the stiffness of uterine tissue on the basis of differences in
elasticity in response to compression or vibration (60).
Although it is still in the research stage, elastography is a
promising tool and may have a role in the diagnosis of UFs
because of its low cost and noninvasiveness. It has been
mainly tested in the differential diagnosis with adenomyosis,
observing that UFs and adenomyosis may have different elas-
tographic characteristics with different color patterns, with
UFs, in most cases, being darker than adjacent myometrium,
compared with a brighter appearance in cases of adenomyosis
(61, 62). Elastography has been also compared with MRI in the
assessment of UFs, obtaining a Cohen'’s kappa of 1.0 with MRI
(60). Furthermore, some studies have also suggested a role of
elastography in the diagnosis of malignant uterine tumors,
because these tumors are known to present increased stiffness
because of biomechanical modifications in uterine tissue (63).

Moreover, contrast-enhanced ultrasound (CEUS) is a
technique that uses endovenous gas-filled microbubbles
with diameters <8 um, and a lipid, protein, or polymer shell
as ultrasound contrast agents to enhance the microvascula-
ture of the myometrium (64). Thus, CEUS provides additional
details compared with TVUS and SIS in terms of the pseudo-
capsule of fibroids, central necrosis, and intralesion vascu-
larity patterns (65). Previous studies using CEUS have
already assessed the normal behavior of UFs, showing that
they tend to enhance earlier than the surrounding myome-
trium, and the peak of intensity differs depending on the de-
gree of fibroid degeneration. Most fibroids (94.5%) present a
more rapid ultrasound contrast agent wash-out than the
surrounding myometrium (66). A recent systematic review
reported a diagnostic accuracy for CEUS of 97.5% for intra-
mural fibroids and 96.3% for other types (67), and some

investigators compare its high accuracy to MRI in uterine
mass assessment, with a correlation of R = 0.97 (P<.001)
(68). Despite its high accuracy, there is no data regarding uter-
ine malignancies with CEUS. Nonetheless, CEUS may be a
useful future tool because of its ability to better assess UF
vascularization patterns than TVUS Doppler, and the visual-
ization of microvessels seems to be helpful in differentiating
UFs from malignant uterine tumors (67). Figure 2 shows the
future diagnostic tools for the complete evaluation of UFs.

On the other hand, the use of older techniques, such as
computed tomography, has been also assessed in the diag-
nosis of UFs, but do not seem to be useful for the assessment
of UFs. However, incidental UFs are sometimes found on
computed tomography, appearing as diffuse uterine enlarge-
ment or lobulated uterine contours demonstrating a density
similar to that of normal uterine myometrium or in the
form of uterine calcifications. Some investigators assessed
the imaging of UFs using 18F-fluorodeoxyglucose positron
emission tomography imaging, with UFs showing physiolog-
ical 18F-fluorodeoxyglucose uptake in 10.4% of premeno-
pausal and 1.2% of postmenopausal women, with
maximum standard uptake values ranging between 3.0 and
10.0, and in degenerated UFs, standard uptake value may be
higher compared with nondegenerated lesions (69).

Finally, artificial intelligence (Al is currently being eval-
uated for different uses in the diagnosis of uterine alterations.
For example, an Al-assisted method to assist junior ultraso-
nographers in improving the diagnosis of UFs was evaluated,
with Al improving the results and being comparable to those
of senior clinicians (70). Even more significantly, other inves-
tigators have used Al as a complementary diagnostic tool to
existing three-dimensional TVUS images or for real-time
automatic-assisted detection, presenting an average accuracy
of 90%-95% for detecting UFs and achieving a detection
speed of 0.28 seconds per image using deep learning-based
algorithms, demonstrating that Al may be a helpful tool to

Other
techniques

Non-invasive assessment of intrauterine
images.

Non-invasive assessment of uterine stiffness.
Possible use in differential diagnosis of UFs,
adenomyosis and malignancy suspicion.

Assessment of uterine vasculature patterns.
May substitute MRI with less cost. Possible
use in malignancy suspicion.

Future diagnostic tools for a complete evaluation of uterine fibroids (UFs). CESU = contrast-enhanced ultrasound; MRI = magnetic resonance
imaging; SIS = saline infusion sonohysterography; TVUS = transvaginal ultrasound.

Mension. Personalized diagnosis of UFs. Fertil Steril 2024.
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improve the efficiency of the diagnosis and follow-up of UFs,
and may change the way UFs are diagnosed in the near future
(71, 72).

CONCLUSIONS AND ESSENTIAL POINTS

UFs manifest throughout a woman'’s life, with increased fre-
quency during the reproductive years, yet many cases remain
asymptomatic. It is critical to be aware of the symptoms and
signs that may lead to a possible diagnosis of the presence of
UFs. When a UF is suspected, the first diagnostic tool chosen is
TVUS for its high sensitivity and specificity, low cost, and
good accessibility.

Standardized descriptions of TVUS images according to
updated classifications are decisive for achieving individual-
ized therapeutic approaches within the clinical context of
each patient.

Magnetic resonance imaging has been also shown to be a
helpful complementary imaging technique to TVUS for the
assessment of women presenting with coexisting endometri-
osis and adenomyosis. In cases of multiple UFs (>4), a large
uterus (>375 cm®), or doubts of malignancy, MRI appears
to be superior to TVUS.

New techniques, which are still mainly in the research
stage, may contribute to improving diagnostic accuracy in
certain situations in the near future. These techniques include
SIS to complement intrauterine images visualized using
TVUS, and elastography and CEUS for the differential diag-
nosis between UFs, adenomyosis, and uterine malignancies.
Finally, Al-assisted techniques may improve efficiency in
the diagnosis and follow-up of UFs and may change the
way UFs are diagnosed in the near future.
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