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Abstract
Uterine fibroids are among the most common benign tumors in women of reproductive age. Their
incidence is higher for African American women compared to Caucasian women. Women with
fibroids may present with heterogeneous symptoms or may be diagnosed incidentally at routine
checkups. Nowadays, a whole arsenal of diagnostic tools exists. Transvaginal ultrasound with color
Doppler and 3D reconstruction, as well as hysteroscopy and nuclear magnetic resonance imaging
(MRI), are the most useful. For the correct management of uterine fibroids, it is important to establish
their location and type, according to existing classifications. Multiple studies have demonstrated their
impact on fertility, especially in the case of submucosal, intracavitary ones. Most of the results in the
literature on this issue come from assisted human reproduction clinics. This review aims to document
the mechanisms by which uterine fibroids lead to low conception rates and clinical pregnancy rates
and the available methods for their treatment to achieve pregnancy.
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Introduction
Uterine fibroids are the most common benign
tumors in women of childbearing age [1], [2].
They consist of smooth muscle cells with a
prominent extracellular matrix (ECM) and
present heterogeneity in size, location,
composition, and number [3]. Afro-American
women have a higher incidence for leiomyoma,
of almost 80% [4], [5], [6], with more severe
clinical symptomatology compared to white
women, who have an approximate incidence of
70% by their late 40’s [7]. Some of the risk
factors for uterine fibroids are nulliparity, early
menarche, personal history of myoma, positive
family history, increased BMI, increasing age
during the reproductive time frame, and black
race [2], [8], [9]. Fortunately, a balanced diet and
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a healthy way of life, as well as multiparity,
proved to be protective factors [2]. Fibroids can
be the cause of a multitude of symptoms or can
be incidentally discovered on routine checkups.
The most common clinical presentations are
urinary and sexual dysfunctions, pressure or pain
in the pelvic area, heavy menstrual bleeding,
abnormal gynecological bleeding, and infertility
[1], [10], [11]. At the ultrasound, fibroids are
identified by the hypoechoic, well-circumscribed
appearance, and circular flow with Doppler. 3D
ultrasound mode or saline infusion helps
determine
localization
(intracavitary,
submucosal, intramural, subserosal), size,
simultaneous presence in multiple locations, and
whether the fibroid impinges into the uterine
cavity [1], [12]. Precise determination helps
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choose the right surgical approach: laparotomy,
laparoscopy, or hysteroscopy.
The lack of randomized controlled studies
(RCTs) between myomectomy and expectant
management, with birth rates as endpoints,
cannot determine a cause-effect relationship
between fibroids and infertility. The state of
knowledge comes from in vitro fertilization
studies that use multiple variables in terms of
infertility determination factors. 27% of patients
who resort to assisted reproduction techniques
(ART) present fibroids [13]. Moreover,
infertility due to only fibroids appears in 1 to 3%
of patients [14], [15].
To anticipate each type of fibroid's impact on
a patient’s reproduction ability, it is important to
recognize each type and to set up the correct
therapeutic management. This paper’s aim is to
emphasize the mechanisms by which uterine
fibroids lead to infertility, as well as the current
approaches to fibroid management in patients
who wish to obtain a pregnancy.

Materials and Method
Research of the literature was conducted in
the databases of PubMed and EMBASE, to select
full-length articles published in peer-reviewed
journals up to 8th November 2021.
We used “MeSH” (PubMed) and “Emtree”
(EMBASE) terms, but also free text words. We
included cohort studies, reviews, systematic
reviews, and meta-analyses. Conference abstract,
letters, editorials and commentaries were
excluded. The keywords included in the search
strategy were leiomyoma/s, myoma, fertility,
infertility, reproduction, surgery, hysteroscopy,
laparoscopy, minimally invasive, laparotomy.
Studies in other language than English were
excluded.

Results and Discussion
Pathophysiology and histopathology
Monoclonal genetic alterations that arise in a
single smooth muscle cell of the uterus trigger
the development of myomas [16], [17]. The
initiators of fibroids are still not well
acknowledged, but estrogens (E) and

progesterone (P), along with their receptors, are
considered promoters of fibroid growth [18].
MicroRNAs are small non-protein-coding RNAs
that target mRNAs for translational repression or
cleavage [19]. Several miRNAs, such as miR106b, miR-200, miR-93, let7, and miR-21,
proved to be dysregulated and strongly
associated with race and tumor size in uterine
myomas compared to normal myometrium [20],
[21], [22]. Some researchers found that mRNA
and protein expression levels of estrogen
receptor (ER) α and β are highly expressed in
leiomyoma compared to normal myometrium
[23]. It was demonstrated that E levels up the P
receptors (PR) and P may promote myoma
growth [24]. Moreover, E suppresses the normal
p53 functions [25] and can alter the expression of
multiple genes such as connexin 43 [26], insulinlike growth factor (IGF-1), IGFRs, MKP-1 [27],
[28]. P downregulates the tumor necrosis factor
(TNF α) [29] and IGF-1 expression [30] and
upregulates the epidermal growth factor (EGF)
[31], transforming growth factor (TGF) β3 [32],
and B-cell lymphoma (Bcl) 2 protein [33]
expression, thus contributes to leiomyoma cell
growth and survival. In addition, epigenetic
mechanisms,
genetic
alterations,
and
extracellular matrix components (ECM) highly
contribute to the initiation and development of
this kind of tumor [18].
Myomas are expanding tumors that grow
between the normal smooth muscle cells. They
surround themselves within a pseudocapsule,
formed
of
fibro-neurovascular
bundles.
Macroscopic evaluation of adjacent myometrium
and pseudocapsule shows a parallel arrangement
of dense capillaries and large vessels forming the
capsule with a separation from the myometrial
vasculature by a narrow avascular cleft [34].
Ordinary leiomyomas are smooth muscle tumors
that can degenerate or not. According to the
degeneration, they can be classified into cystic,
fatty, hemorrhagic, hyaline, or myxoid. Apart
from the general of myomas, some intermediate
variants can be either mitotically active, atypical,
cellular, or smooth muscle tumors of uncertain
malignant potential (STUMP) [35].
Diagnosis and classification
Most classification systems evaluate uterine
leiomyomas by their location. The size and
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number are not currently included in the staging
systems. Fibroids can be categorized as
submucosal, intramural, and subserosal [36]. In
2011, Munro and colleagues subdivided
leiomyomas and included them into the
International Federation of Gynecology and
Obstetrics (FIGO) classification of causes of
abnormal uterine bleeding, as seen in Figure 1
[37]. Type 0 represents the pedunculated
submucosal fibroid, whereas protrusion within
the uterine cavity of more or less than 50% is
represented by type I and type II, respectively.
Type 3 fibroid intercepts the endometrium, while
type 4 is entirely intramural, without contact with
the serosa or the endometrium. Type 5 and type
6 are subserosal with their part in more than 50%
intramural, and less than 50% respectively. Type
7 is pedunculated and subserosal, and type 8 is
other (e.g. ligaments of the pelvis, cervix,
fallopian tube, vagina) [38].

Figure 1 – FIGO classification of fibroids [37]

Any leiomyoma may undergo calcification,
fibrosis, atrophy, or several degrees of
degeneration [39].
As
diagnostic
methods,
hysterosalpingography (HSG) and transvaginal
ultrasound (TVUS) are the most used to assess
the impact of fibroids on the uterine cavity. For
the detection of intrauterine pathology, HSG has
become an outdated method, as it has low
sensitivity (50%) and specificity (20%), with
unlikely precise fibroid localization [40].
Transvaginal ultrasonography scans (TVUS)
have become a gold standard in the diagnosis of
leiomyomas since the 1980s. At the ultrasound
examination, leiomyomas appear as welldefined, concentric, and hypoechoic tumors that
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produce variable acoustic shadows. The level of
fibrous tissue and calcification determines
different grades of echogenicity. Leiomyomas
usually appear hyperechogenic or isoechogenic.
If necrosis appears, anechogenic components or
“internal sonolucent areas” appear within the
leiomyoma [41], [42]. In cervix localization of
the leiomyomas (5%), the uterine canal might get
obstructed and determine fluid accumulation in
the endometrial canal that is easily recognized
during examination [43]. Calcifications appear as
echogenic foci with shadowing [44]. Color
Doppler ultrasonography (Figure 2) is useful in
vascularity assessment, showing circumferential
flow around the lesion (perifibroid plexus – “the
ring of fire” sign), a not very well represented
central flow, and the peripheral centripetal
arterial branches that supply the leiomyoma [44],
[45]. Moreover, torsional or necrotic fibroids will
present low or absent blood flow [44], [46]. The
differential diagnosis of leiomyomas is
extremely important as it starts with the clinical
presentation and continues with ultrasound
examination. The most common pathologies to
be misdiagnosed are endometrial polyps,
adenomyosis, and solid tumors of the adnexa.
Adenomyosis is difficult to be diagnosed
ultrasonographically and can be misdiagnosed
with intramural leiomyomas. Suggestive
ultrasound features for adenomyosis are the
vascular spaces and radial stripes that may
provide a visual effect named “rain in the forest
sign”, thickened uterine wall, subendometrial
echoic
linear
striations,
heterogeneous
echotexture, thickened junctional zone with
unclear myometrial/endometrial margins [36],
[47-49]. In contrast to leiomyomas that cause
enlargement of the uterus with an altered outline,
adenomyosis determines a globular, enlarged,
with regular external outline uterus [50].
Intrauterine benign masses, such as submucosal
fibroids and endometrial polyps, can be easily
mistaken and may result in improper
management and possible injury to the patient.
The endometrial polyps appear as homogeneous
hyperechogenic structures in the uterine cavity,
whereas submucosal fibroids' echogenicity may
vary from hypoechogenic, isoechogenic, to
hyperechogenic or mixed, depending on the
nature and size of the fibroid [51]. In the case of
submucosal fibroids, the distance between the
uterus surface and the outer margin of the fibroid
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called the minimal free myometrial margin has to
be measured. This is important for the decision
of hysteroscopic removal when the minimal free
margin is ranged between 5 and 10 mm [52].
Submucosal myomas represent approximately 510% of all leiomyomas and tend to be
bothersome clinically, causing infertility due to
distortion of the uterine cavity and menorrhagia.
Also, when a pedunculated submucosal fibroid
gets torsioned, the risk for infection and necrosis
increase [49]. Doppler ultrasound helps in
differentiating between the submucosal fibroids
and adenomyosis, with diffusely spread vessels,
from the endometrial polyp, with a single feeding
vessel [50]. 3D TVUS (Figure 3) in association
with saline instillation provides more
information in differentiating submucosal
leiomyomas from endometrial polyps [53]. In
addition, when a submucous myoma undergoes
cystic degeneration, a “honeycomb pattern” may
appear, thus misleading the examiner for an
endometrial
pathology
[54].
Malignant
myometrial lesions, such as STUMP and
leiomyosarcoma, should always be ruled out.
Shortly, a large myometrial tumor, with irregular
vascular distribution, high peak velocity, low
impedance to flow, and inhomogeneous compact
structure
(absence
of
“radial
stripy
echogenicity”, irregular anechoic areas due to
necrosis), may suggest malignancy [49], [55].
Magnetic resonance imaging (MRI) is the
most accurate evaluation for uterine fibroids. The
indications for MRI are reserved for equivocal
ultrasound findings, to establish the histological
origin of the masses (i.e. differential diagnosis
with malignant tumors and adenomyosis) and
their anatomical origin (e.g. uterine vs. intestinal,
adnexal, etc.) [56], [57]. MRI provides additional
information in the diagnosis of leiomyomas,
having a sensitivity of 86-92% and a specificity
of 100% [58].
Uterine leiomyomas and infertility
About 1 to 3% of infertile women present
leiomyomas as the only cause for infertility and
27% of women who address reproductive
assistance present fibroids [59], [60]. Following
FIGO classification, types 0-2 of fibroids are
responsible for low pregnancy rates and
decreased implantation [61].

Figure 2 – Transvaginal color Doppler view of
type 3 (FIGO) leiomyoma (From Prof. Dr. Claudia
Mehendințu’s collection)

Figure 3 – The same leiomyoma observed with 3D
acquisition in the coronal plane; it is easy to see
how the leiomyoma is completely intramural, but
abuts the endometrium (From Prof. Dr. Claudia
Mehendințu’s collection)

Pritts et al. conducted a meta-analysis
analyzing 23 studies on fibroids and their impact
on fertility outcomes. Their results showed
decreased rates at 72% for implantation (95%CI;
RR:0.283; p=0.003) and 67% for ongoing
pregnancies/live births (95%CI; RR:0.318;
p<0.001). Moreover, the spontaneous abortion
rate increases up to 68% in women that present
133
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submucosal fibroids compared to those without
fibroids; subserosal fibroids were considered
negligible in the impact on reproductive
outcomes [61].
The mechanisms that interfere with fertility
outcomes in the presence of myomas may
coexist. The size, number, and location are
important variables that have to be under
consideration. Anomalous endometrial contour
caused by a distorted uterine cavity alters the
sperm transport. An enlarged, deformed uterus
may compromise sperm progression not only by
cervical displacement but also through modified
myometrial contractility. In addition, deviation
or obstruction of the ostia may compromise tubal
patency and tubo-ovarian relationship of ovum
collection. Retained menstrual blood due to a
deformity of the uterus and impeded endometrial
and myometrial vascularization due to
underlying fibromas may hinder sperm transport
and implantation. Moreover, the chronic
inflammatory reaction in the proximity of the
myoma alters the endometrial milieu [62], [63],
[64-68]. There are histological changes in the
endometrium that overlies leiomyomas, such as
atrophy, elongation, ulceration, cystic glandular
hyperplasia, polyposis, distortion of the
endometrial glands, endometrial venule ectasia
[68-71]. Studies revealed that endometrial
receptivity in a fibroid uterus expresses a global
reduction in HOX gene expression, playing an
important role in fertility impairment [68], [72].
Most of the current studies show that
subserosal myomas don’t generate a substantial
effect on fertility potential, and their removal
doesn’t bring a considerable benefit [61], [62],
[67], [73]. In contrast, intramural fibroids have
gained increased attention, especially in the
assisted reproduction field [74]. In line with this,
Sunkara and colleagues focused on the causeeffect relationship between intramural myomas
and fertility and found an association with
decreased live birth rates [75]. In addition,
intramural fibroids localization near the cervix or
the tubal ostium may compromise sperm
progression and fertilization [74].
Leiomyoma treatment from the fertility point of
view
These days, there is a large variety of surgical
and medical options for uterine myomas
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treatment. Minimal invasive techniques, such as
hysteroscopy and laparoscopy, earned more
interest in the last several years. Less invasive
alternative methods, such as uterine artery
embolization, and noninvasive techniques, such
as high frequency magnetic resonance-guided
focused ultrasound surgery (MRgFUS), have
emerged as an alternative for patients who do not
desire surgery [74].
Depending on the type and number of the
fibroids, surgical intervention may be chosen.
For submucosal myomas (Figure 4), the standard
recommendation remains the hysteroscopically
approach (Figure 5). This can either be
performed with mechanical instruments
(mechanical “cold” loops and scissors),
electrocautery (vaporizing electrodes and
thermal loops), intrauterine morcellation, or laser
fibers (“touch” or Yag laser “no-touch”
technique) [76], [77]. From the fertility aspect,
for types 1 and 2 (according to FIGO
classification), the “cold” loop myomectomies
are preferred over “resectoscope slicing” which
can damage the healthy myometrium. The socalled “cold” loop technique combines both
mechanical blunt dissections, with enucleation of
the intramural component and monopolar
electrocautery for the intracavitary component
[74].

Figure 4 – Ultrasonographic view of an
intracavitary, submucosal leiomyoma (From Prof.
Dr. Claudia Mehendințu’s collection)

Pritts et al. showed that surgical removal of
the submucosal fibroids increases (RR 1.72; 95%
CI 1.13–2.58) pregnancy rates and restore live
birth rates (RR 0.98; 95% CI 0.45–2.41) [73].
Similarly, Bulleti et al. demonstrated that women
who undergo submucosal fibroids myomectomy
have more chances for conceiving than those
unoperated (42% vs 11%) [78].
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Figure 5 – Hysteroscopic view of the same
submucosal leiomyoma as in Figure 4

Additionally, Casini et al. showed that
pregnancy rates are higher in women who chose
the surgical treatment of the submucosal fibroids
than those who opt for expectant management
(43% vs. 27%) [79]. For the large submucosal
myomas, GnRH-agonists' administration before
hysteroscopic resection would be useful. This
medication decreases endometrial thickness, the
fibroid’s volume, blood flow, and minimizes the
fluid overload during the hysteroscopic
procedure [80]. Makris et al. showed a pregnancy
rate of 54% after hysteroscopic myomectomy
with fibroids being the only cause of infertility
[81]. Comparably, Shokeir et al. showed a drop
in the miscarriage rate from 61,6 to 26,3% and an
increased pregnancy rate, from 3,8% to 63,2%, in
women who adopted surgical treatment for the
submucosal fibroids [82]. In a study with 41
infertile women, 60,9% obtained a pregnancy
after
hysteroscopic
myomectomy
[83].
Hysteroscopic myomectomy can lead to
intrauterine adhesions that can interfere with
conception, even though it is considered a
procedure with minimal adverse effects [84],
[85].
If the fibroids are larger than 4 to 6 cm, or if
there are multiple fibroids, laparotomy or
laparoscopy may be taken into consideration for
myomectomies. However, myomas present high
recurrence and hysterectomy represents the
definitive treatment in women that are not
interested in preserving fertility [68]. In 2012,
Beneck et al. affirmed that intramural fibroids
impact the pregnancy outcomes at the in vitro
fertilization (IVF)/ intracytoplasmic sperm

injection (ICSI) cycles and myomectomy should
be performed. Women with intramural fibroids
presented an implantation rate of 27,7%
compared to the control group with 16,4% [67].
Casini et al. also showed significantly improved
rates of pregnancy in women with a combination
of submucosal and intramural fibroids (36% vs.
15%) [79]. Bulleti et al. compared women with
intramural and large subserosal fibroids who
underwent myomectomy before IVF treatment
with those who chose expectant/conservative
management. The pregnancy rate increased from
15% to 34% in the myomectomy group [78]. A
laparoscopic technique, called myolysis,
involves the insertion of cryoprobes, fiberoptic
lasers, electrocautery needles, with subsequent
thermal destruction of the fibroids [86].
Laparoscopic procedures appear to be in favor of
abdominal myomectomies (Figure 6), (Figure 7),
(Figure8), with a reduced risk for consequent
uterine rupture, reduced operating time, blood
loss, shorter hospital stay, and increased recovery
time. In the laparoscopic approach (Figure 9),
(Figure 10), (Figure 11), (Figure 12), (Figure 13),
removal of the fibroid specimens from the
peritoneal cavity may be performed either by a
mini-laparotomy or by morcellation (Figure 14).
Most studies did not find significant differences
between
laparoscopic
and
abdominal
myomectomies, in terms of pregnancy rates and
live-birth rates [65], [87], [88].

Figure 6 – Abdominal myomectomy: enucleation
of a type 4 (FIGO) leiomyoma (From Prof. Dr.
Claudia Mehendințu’s collection)
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It is important not to forget that
myomectomies are associated with adhesion
formation, especially in the posterior
compartment of the uterus. Also, intrauterine
synechiae may appear after hysteroscopic
management of leiomyomas [89]. An early
second-look hysteroscopy should be performed
between one to three weeks after myomectomy,
to identify mild or moderate adhesions and to
prevent them [90].

Figure 10 – Laparoscopically enucleation of a type
5 (FIGO) leiomyoma (From Prof. Dr. Claudia
Mehendințu’s collection)

Figure 7 – Abdominal myomectomy: the sutured
uterus following myomectomy (From Prof. Dr.
Claudia Mehendințu’s collection)

Figure 11 – Specimens of leiomyoma after
laparoscopic morcellation (From Prof. Dr.
Claudia Mehendințu’s collection)
Figure 8 – Specimen of leiomyoma after
abdominal myomectomy (From Prof. Dr. Claudia
Mehendințu’s collection)

Figure 9 – Laparoscopically enucleation of a type
5 (FIGO) leiomyoma (From Prof. Dr. Claudia
Mehendințu’s collection)
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Figure 12 – Laparoscopically sutured uterus
(From Prof. Dr. Claudia Mehendințu’s collection)
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Figure 13 – Laparoscopically sutured uterus
(From Prof. Dr. Claudia Mehendințu’s collection)

Figure 14 – Specimens of leiomyoma after
hysteroscopic morcellation (From Prof. Dr.
Claudia Mehendințu’s collection)

Conclusion
Leiomyomas are one of the most common
benign uterine tumors and present a remarkable
prevalence among women with a considerable
impact on reproductive life.
Submucosal
leiomyomas
have
been
undoubtedly linked to reduced fertility. The
evidence is not so abundant for the intramural
fibroids therefore research and more randomized
controlled studies are needed. Myomectomy
definitely improves fertility in patients with
submucosal myomas and should be the treatment
of choice in women with a desire for conception.
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