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Preface

Dear Reader,

We put in your hands a book that covers all aspects of clinical evaluation and management of uterine
fibroids. We put in a lot of effort to get it in the best possible form to help you help your patients. We hope
you enjoy it, as we enjoyed putting it together.

Our deepest appreciation to our families. Without their support and dedication, we could not have
completed it.

We would also like to acknowledge our dearest friends and colleagues who shared the journey with
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who worked on this book.
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Introduction

A fibroid (or leiomyoma) is a benign, monoclonal, smooth muscle tumor of the uterus, which usually presents
as multiple lesions (Figure 1.1) but can occur as a single lesion (Figure 1.2). Fibroids are diagnosed in 20%—
40% of women, generally after age 30 years, with a stable increase in incidence with increasing age [1]. This
age-related increase in incidence of fibroids should be considered when looking into the relationship between
fibroids and reproductive dysfunction (subfertility or miscarriage), as both are intimately age related.

Although it is biologically plausible and clinically evident that fibroids are associated with reproductive
dysfunction (see Chapter 2), a cause-effect relationship has not been established.

Most symptomatic fibroids can be diagnosed clinically, but crucial clinical information can be obtained
by one imaging modality or another.

Ultrasound is a noninvasive imaging modality that is well tolerated by patients, and it is a rather
inexpensive way to obtain a relatively accurate assessment of fibroids within the pelvis (see Chapter 8).
Assessing fibroid size and location can be beneficial for planning surgery or for monitoring changes in
fibroids over time (Figures 1.3—1.5).

In some complex cases (multiple fibroids, previous surgery, and associated morbidities), magnetic
resonance imaging (MRI) can provide additional valuable information that could help in planning surgery
or guide the choice of alternative therapeutic approaches, such as the use of uterine artery embolization
(UAE) or MRI-guided focused ultrasound (see Chapter 7).

Classification

When fibroids develop from the uterine wall but distort the uterine cavity, it is helpful to detail the
degree of uterine cavity impingement (see Chapter 7) with the Wamsteker and de Blok classification [2].
Following are the types of fibroids:

e 0: 100% of the fibroid is pedunculated into the uterine cavity
* I: Greater than 50% of the fibroid is within the uterine cavity

» II: Less than 50% of the fibroid is within the uterine cavity (i.e., greater than 50% of the fibroid
is within the myometrium)
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FIGURE 1.1 (a) Varying fibroid locations within the uterus; (b) multiple fibroids—intramural, subserosal, and submucosal;
(c) uterus enlarged with intramural fibroids.

FIGURE 1.2  Solitary large fibroid.
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FIGURE 1.3 (a—c) Intramural fibroids.
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FIGURE 1.4 (a—c) Submucosal fibroids.
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FIGURE 1.5 (a) Subserosal fibroid; (b) pedunculated fibroid; (c) Doppler scan showing feeder vessels of pedunculated fibroid.

It can be difficult to assess on two-dimensional (2D) ultrasound scan what type of fibroid a patient has.
Three-dimensional (3D) ultrasound and saline infusion sonohysterography are often used to obtain that
information (Figures 1.6—1.8). A diagnosis that is accurate is critical to determine presurgical treatment,
what type of surgery would be best, and what sort of prognosis a patient can expect [2]. A comparable
classification system has been suggested for intramural and subserosal fibroids in order to describe what
degree of myometrial involvement exists (see Chapter 2 for the detailed classification system). Three-
dimensional ultrasound is becoming an increasingly valuable imaging tool to map out the relationship
between the fibroid and the endometrial cavity.

|
Diagnosis

Two-dimensional ultrasound is the traditional manner of imaging fibroids, although other imaging
modalities exist. For ideal visualization of fibroids, especially of their outline, the best technique uses
a transvaginal scan (TVS) (see Figures 1.3-1.5). With a transvaginal approach, the ultrasound probe is
closer to the uterus, which allows a higher frequency to be used. This higher frequency provides better
definition of the tissues. A patient should empty her bladder first before a TVS is done. The TVS transducer
is curvilinear, multifrequency, and endocavity, with a central frequency that is usually 6.5 MHz. The
ultrasound beam can be highly attenuated by fibroids due to fibroids’ dense and mixed tissue composition.
Thus, poor through transmission and shadowing may result. As a result of this attenuation, sometimes a
lower frequency is used to achieve better penetration of the fibroid in order to see the posterior outline.
When a uterus is significantly burdened by fibroids, a TVS can fail to visualize the entire uterus, and a
transabdominal ultrasound (TAS) is warranted as well.



Fibroids and Reproduction: A Bird’s-Eye View

FIGURE 1.6 Three-dimensional ultrasound showing fundal intramural fibroid.

FIGURE 1.7 SIS showing intramural fibroid protruding in the cavity.
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(a) (b)

FIGURE 1.8 Submucosal fibroid in three-dimensional (3D) view: (a) transverse section; (b) coronal section; (c) rendered
3D ultrasound.

TAS uses a curvilinear, multihertz abdominal transducer that has a central frequency of 3.5 MHz.
The transabdominal approach gives a larger visual perspective to allow for adequate visualization of an
enlarged uterus. The abdominal transducer also can use lower frequencies to achieve better penetration of
tissue. Additionally, harmonic selection as well as higher power settings can improve the visualization of
fibroids on ultrasound. The TAS usually requires a full bladder to see pelvic organs, but such techniques
may be unnecessary when the uterus is significantly enlarged with fibroids. This difference is often
because the bowel loops that often obscure pelvic organs have been displaced by the large fibroid uterus.

The specific appearance of a fibroid’s outline can be well demonstrated on TVS, even of very small
fibroids, because of the fibroid’s pseudocapsule. The fibroid has a mixed tissue composition such that
a heterogenous echo pattern develops on ultrasound. This echo can be highly attenuating for some
fibroids. A fibroid should have a definite outline because heterogenous myometrium without a defined
margin could be adenomyosis instead. Fibroids are typically hypoechoic when compared to neighboring
myometrium, but then sometimes they can be isoechoic (or even hyperechoic if fatty or fibrous changes
have occurred). Cystic degeneration of fibroids can be visualized on ultrasound as a central anechoic
area that can contain internal echoes or fluid/fluid levels [3] (Figure 1.9). When fibroid tissue has been
replaced with fibrous tissue, there is a total increase in reflectivity on ultrasound. Calcification of
fibroids can also occur and is seen as echogenic foci or a bright outer rim that causes posterior acoustic
shadowing on ultrasound.

FIGURE 1.9 (a,b) Degenerating fibroids.
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(a) (b)

FIGURE 1.10 (a,b) Myomectomy showing removal of intramural fibroid.

I
Fertility

How fibroids affect fertility is of great importance to reproductive medicine practitioners
(see Chapter 3), and many uncertainties remain. Fibroids become symptomatic usually after the age
of 35 years, which is the age when fertility starts to decline. However, it is beneficial to first examine
how fibroids may affect fertility and then specifically examine the effects of fibroids on in vitro
fertilization (IVF) outcomes.

Conception

The fact that delayed conception is more frequent in women with fibroids had been highlighted many
years ago. In a retrospective study of women with uterine fibroids who presented in labor, 43% of women
had at least a 2-year history of infertility [4]. More importantly, the spontaneous conception and live
birth rates that follow removal of fibroids (Figure 1.10) may provide indirect evidence that fibroids may
have played an important role in impeding pregnancy and contributed to subfertility. In one study, it was
reported that the cumulative live birth rate following myomectomy was 50% after 1 year of surgery, with
more pregnancies occurring in the second year but at a lower frequency and hardly any beyond 24 months
of observation [5] (Figure 1.11). The cumulative chance of pregnancy was obviously affected by age, as
reported in another study [6] (Figure 1.12).

Miscarriage

* Many studies looking at the relationship between fibroids and miscarriage examine intramural
fibroids, rather than submucosal fibroids [7]. In several studies, intramural fibroids were
associated with an increase in miscarriage rate (see Chapter 4) from 8% to 15% [7]. Additionally,
multiple fibroids, as opposed to a single fibroid, are a significant risk factor for miscarriage
[8]. In one review, miscarriage rates dropped from 41% to 19% after myomectomy for patients
with symptomatic fibroids [9]. However, a recent study reported that the hazard ratio (HR)
for miscarriage is increased in the presence of uterine fibroids (HR = 1.29%, 95% [CI]: 1.02,
1.64), but after adjusting for the confounding variables—maternal age, race/ethnicity, alcohol
use, prior termination of pregnancy, and parity—this increased risk disappeared when adjusted
(HR=0.83%, 95% CI: 0.63, 1.08) [10].
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FIGURE 1.11 Cumulative probability of spontaneous intrauterine pregnancy after myomectomy using the Kaplan and
Meier method (time O is the date of the myomectomy). (From Fauconnier A et al. Hum Reprod. 2000;15:1751-7. With
permission.)
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FIGURE 1.12 Cumulative 24-month probability of pregnancy in 138 women who underwent myomectomy, 32 of whom
were younger than 30 years of age (------------- ), 69 of whom were 30 to 35 years of age (......... ), and 38 of whom were older
than 35 years of age (-- - - - - ) (log rank test, x2,=12.05, P=.0024). (From Vercellini P et al. Fertil Steril. 1999;72:109-14.
With permission.)
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In Vitro Fertilization Outcome

It is suggested by the literature that the number of women who can attribute their infertility as solely
due to fibroids is very low (1%-2.4%) [11]. One study argued that fertility was reduced as a result of
fibroids by identifying that 43% of women with fibroids had at least a 2-year history of infertility [12].
Other prospective studies examined how fibroids affect IVF patients and found reduced success in the
patients with fibroids [13,14]. Chapter 2 provides further details on the relationship between fibroids and
IVF outcomes.

Medical management for fibroids is discussed in Chapter 6, and interventional radiological procedures
are discussed in Chapter 9. The roles of ultrasound and MRI before surgery are discussed in Chapters 7
and 8. Removal of submucosal fibroids is the gold standard for improving fertility (see Chapter 10). For
intramural fibroids, however, the value of removing the fibroid is more controversial, especially when
the cavity is not deformed by the fibroid. One study found significantly lower implantation rates, clinical
pregnancy rates, and live birth rates in women with intramural fibroids undergoing IVF as compared
to a control group [15]. However, the evidence is conflicted on the impact of fibroid size, number,
type, and extent of symptoms [16]. That stated, some studies demonstrate an increased spontaneous
conception rate after myomectomy of 50% to 60% [12], with decreased rates of first- and second-
trimester miscarriages [9,17].

Thus, while a general consensus exists in the literature that fibroids do affect fertility, what to do with
that information is still unknown. It has not been established that removal of fibroids before attempting
IVF could impact the outcome [18—25]. Unfortunately, because no randomized controlled trials have
addressed the value of myomectomy, and methodological limitations of the literature exist, no obvious
guidelines for the management of fibroids in IVF patients have been established. For these reasons,
surgical treatment of fibroids before IVF is an individualized decision that considers fibroid symptoms,
reproductive history (including any previous failed IVF attempts), and patient preference (see Chapters
2 and 11).
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Introduction

Fibroids are the most common benign gynecological tumors, affecting 20%—50% of women [1]. They are
among the factors that may adversely affect embryo implantation and assisted reproduction technology
(ART) outcomes. The current chapter explores the evidence regarding the impact of different fibroid
types on ART outcome with stratification of their impact based on the fibroid characteristics. The
available treatment options that are used to try to improve ART outcome in these patients is highlighted
in accordance with the latest published evidence. This would include surgical, medical, and radiological
interventions.

I
Risk Factors

The risk factors for fibroids are demonstrated in Figure 2.1 [2]. Age and race are known risk factors
for the development of fibroids. Black women have more than a threefold increase in the prevalence

of uterine fibroid than white women [3]. Moreover, fibroid growth rate has been linked with race, as
women of African origin have a relatively constant rate throughout their reproductive life, whereas in
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FIGURE 2.1 Risk factors for fibroids. Race, age, early menarche, nulliparity, obesity, hypertension, caffeine and alcohol
abuse, as well as genetic alterations are included. (Reproduced with Open Access from Donnez J and Dolmans MM. Hum
Reprod Update. 2016;22[6]:665-86.)

Caucasian women, myomas have a faster growth rate until the age of 35 years and a slower rate after
45 years [4]. Additionally, other factors, such as early menarche, nulliparity, obesity, polycystic ovary
syndrome, hypertension, and diabetes, as well as caffeine and alcohol consumption, have been found, in
some studies, to be associated with an increased risk of developing fibroids [5,6].

Chromosomal defects, genetics, epigenetic alterations, steroid hormones, cytokines, chemokines, and
growth factors are all hypothesized to have important roles in the initiation and development of this tumor
[7-13]. Estrogens were believed initially to be responsible for fibroid growth and differentiation. However,
progesterone and its receptors (PR-A and PR-B) are now believed to have a pivotal role in the growth,
differentiation, and proliferation of myomas [14,15].

Classification

Fibroids can be subserosal, intramural (IM), or submucosal (SM) in location (see Figures 1.1, 1.3-1.5).
However, the FIGO classification, introduced in 2011 by the International Federation of Gynecology and
Obstetrics, has been based on the relationship of the myoma with the uterine wall [16]. Eight types of
myomas have been described as well as a hybrid class (association of two types of myomas) (Figure 2.2)
[2]. For a certain category of fibroids, two numbers may be given (e.g., 2-5), the first one referring to the
relationship with the endometrium and the second one with the serosa. This type can indirectly indicate
the size of fibroid, which extends throughout the uterine wall, protruding into the cavity and at the same
time distorting the outline of the uterus (types 2-5).

|
Fibroid and Assisted Reproduction Technology Outcomes: Current Evidence

ART has evolved as an established modality to treat infertile couples and is employed for almost all types
of infertility. Despite advances in ART, the change of embryo implantation is still considered relatively
low. Uterine fibroid is among the factors that may adversely affect implantation and ART outcomes
[17]. A study including patients who had in vitro fertilization (IVF)/intracytoplasmic sperm injection
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FIGURE 2.2 FIGO classification of fibroids according to Munro et al. (2011). Types are from O to 8. 0 = Intracavitary
pedunculated; 1 = submucosal, greater than 50% intracavitary; 2 = submucosal, less than 50% intracavitary; 3 = 100%
intramural, contacting with the endometrium; 4 = intramural; 5 = subserosal intramural; 6 = subserosal, less than 50%
intramural; 7 = pedunculated subserosal; 8 = others (like cervical and parasitic). Two numbers can be given (e.g., 2-5),
the first refers to the fibroid relation with endometrium, and the second refers to its relation with serosa. (Reproduced with
Open Access from Donnez J and Dolmans MM. Hum Reprod Update. 2016;22[6]:665-86.)

(ICSI) reported an incidence of 26.7% for uterine fibroids [18]. The possible adverse effect of fibroid on
ART outcome might be explained by the alteration in uterine vascular perfusion, endometrial function,
myometrial contractility, gamete migration, myometrial/endometrial gene expression, as well as in vital
markers for endometrial receptivity [19-23]. However, the impact of fibroid on ART appears to depend
on its type, size, and number.

Subserosal Fibroids

Subserosal myomas do not seem to affect fertility or ART outcome. A systematic review and meta-analysis
including 23 studies reported that women with fibroids, irrespective of their location, had significantly
lower implantation, clinical pregnancy rate (CPR), and ongoing pregnancy rate (OPR)/live birth rate
(LBR) than control subjects. When the analysis was restricted to subserosal fibroids, no difference was
observed for any of these outcomes. Therefore, the removal of this fibroid type does not offer any benefit
[22]. Infrequently, large subserosal fibroids may impede access to the ovaries for transvaginal ovum
pickup and therefore may warrant treatment.

Intramural Fibroids

The impact of IM myomas on infertility and ART outcome has been controversial. Initially, it was
believed that myomas not protruding into the intrauterine cavity have no adverse effect on fertility or
ART outcome. In 2001, in a systematic review of the evidence, there was no adverse impact of IM fibroids
on pregnancy outcome [24]. However, neither the size nor the number of the myomas were taken into
consideration. In 2005, Benecke and colleagues in a structured literature review reported contradictory
results. They emphasized the presence of a negative impact of IM fibroids on implantation rate and LBR
in women undergoing ART. The included studies did not specify a certain cutoff for the size of IM myoma
that could affect the outcome [25].

Somigliana et al. (2007) performed an updated meta-analysis, including 16 studies, investigating the
influence of fibroids located at different sites in ART cycles. In this critical analysis, the presence of IM
myomas was associated with a significantly lower CPR and delivery rate [26]. Additionally, Pritts and
colleagues (2009), in their meta-analysis, reported an increased spontaneous abortion rate, decreased
implantation rate, and lower ongoing pregnancy/LBRs in the presence of IM fibroids, even with no
cavitary involvement [22].
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Subsequently, Sunkara and colleagues (2010), in a systematic review and meta-analysis of 19
observational studies, focused on the effect of IM myomas without uterine cavity involvement on ART
outcomes. The presence of fibroids was found to reduce both the CPR (by 15%) and the LBR (by 21%)
per IVF cycle compared with no fibroids [27].

Several studies have tried to reach a certain cutoff for the size of IM fibroid, above which this
fibroid is detrimental to ART outcome. Variable cutoffs, from 2 up to 7 cm, have been suggested in
the literature so far, yielding conflicting results [28-31]. There is general agreement, however, that the
cutoff for IM fibroids is 4 cm, above which this fibroid is detrimental to ART outcome even without
cavity distortion [31].

It is important to point out that the reduction in IVF live births in these non-cavity-distorting IM
fibroids does not necessarily mean that their removal will restore the LBRs to the level expected in cases
without myomas [27]. A very important clinical dilemma remains unresolved. However, Benecke et al.
(2005), in their meta-analysis, suggested that the removal of IM fibroid, at least in cases with previously
failed IVF cycles, might improve the outcome. They, however, emphasized the importance of performing
further studies before suggesting such recommendations [25].

Pritts et al. (2009), in their meta-analysis, emphasized the absence of clear evidence that myomectomy
for these lesions will improve the outcome. They recommended performing high-quality studies to detect
the value of myomectomy for IM fibroids, with emphasis on issues such as size, number, and proximity
to the endometrium [22]. Further, Sunkara and colleagues (2010) highlighted that routine myomectomy
for these women is not yet justified, and there is a need to perform a risk-benefit analysis for this surgical
intervention [27].

A prospective, controlled study was performed to evaluate whether fibroid removal prior to conception
may improve pregnancy rates and pregnancy maintenance. Women with IM fibroids and trying to conceive
for at least 1 year without success were included. After myomectomy, pregnancy rates were 56.5% in cases
of IM and 35.5% in cases of IM-subserosal fibroids, respectively. For patients with fibroid who did not
undergo surgery, CPRs were 41% in women with IM and 21.43% in women with IM-subserosal fibroids.
The results were not statistically significant; however, the investigators suggested a possible beneficial
role for removing IM fibroids. This study, however, was in non-ART cycles [32].

In an interesting study, the cost-effectiveness of myomectomy followed by ART or ART with IM
myoma(s) in situ was analyzed. A decision tree mathematical model was used with sensitivity analysis
analyzing published data of eight articles as inputs for costs and probabilities. Pre-ART IM myomectomy
was cost effective when the OPR in the presence of in sifu myomas was less than 15.4%. Meanwhile, when
the OPR was 15.4% or greater in the presence of myoma, myomectomy was reported to be cost effective
only if pregnancy increased by at least 9.6% [33].

Submucosal Fibroids

Regarding SM fibroids, the literature is relatively less uncertain. Current evidence underscores their
potential detrimental effect on fertility and ART outcome. Pregnancy and implantation rates are
significantly lower in patients with SM fibroids. Surgical treatment should be considered in these patients
before resorting to ART treatment [22,34].

In the meta-analysis and systematic review by Pritts et al. (2009), women with SM fibroids had a
significantly lower CPR, implantation rate, and OPR/LBR, and a significantly higher spontaneous
miscarriage rate compared with infertile women without fibroids. Importantly, the CPR was indeed
higher after performing myomectomy in the SM fibroid group (relative risk = 2.034%, 95% confidence
interval = 1.081-3.826, P = .02) [22].

Treatment of Fibroids from the Fertility Aspect

Myomectomy is the standard treatment for SM and IM fibroids before ART. Minimally invasive
approaches such as hysteroscopy and laparoscopy have gained in popularity over the past several years.
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Meanwhile, semi-invasive approaches employing imaging and medical treatment have been introduced
in the updated management of these lesions.

Surgical Treatment
Surgery for Submucosal Fibroids

Hysteroscopy is the optimal approach to deal with most SM fibroids. The use of mechanical
instruments (scissors and mechanical “cold” loops), electrocautery (vaporizing electrodes and thermal
loops), laser fibers (“touch” and “nontouch” technique) [35,36], and/or morcellation [37] have been
described. The use of resectoscope with electrical energy is the most widely applied technique [37].
There is, however, concern from the use of monopolar diathermy and its likely damaging effect on the
surrounding healthy myometrium and endometrium, mainly in type 1 or 2 FIGO classification fibroid,
with possible poorly defined cleavage plane [37,38]. The use of bipolar instruments was suggested
to be much safer, as the current will only pass through the tissue with which the thermal instrument
comes into contact, thus minimizing injury to adjacent structures [37]. Additionally, the concept of
“cold loop” myomectomy has been introduced. This combines both monopolar electrocautery for
excising the intracavitary component and mechanical blunt dissection for enucleating the IM part of
the fibroid [37,39].

Large sessile SM myomas may require a two-step procedure. During the first step, resection of the
protruding portion of the myoma occurs. Interestingly, myometrial thickness was shown to increase upon
removing myoma slices during surgery [40]. This leads to protrusion of the remaining IM portion into the
uterine cavity. During the second-step hysteroscopy, complete resection of the residual IM part, which
has largely moved toward the intrauterine cavity, can be accomplished easily.

Surgery for Intramural Fibroids

Laparoscopy, open abdominal surgery, or a combination of both modalities (laparoscopic-assisted
myomectomy) can be performed for IM fibroids.

Laparoscopy appears advantageous with less severe postoperative morbidity and faster recovery [41].
The selection of surgical approach should be individualized according to the size, number, and location of
fibroids as well as the surgeon’s skill [42]. Laparoscopic myomectomy may not be feasible in the presence
of an IM fibroid greater than 10—12 cm and/or multiple fibroids (four or more) in different sites of the
uterus, which necessities numerous incisions [2,43].

In a Cochrane Systematic Review, open versus laparoscopic myomectomy was compared in two studies.
There was no significant effect of the used modality on LBR, ongoing CPR, pregnancy rate, miscarriage
rate, preterm labor rate, and cesarean section rate [44].

Alternatives to Surgical Interference
Uterine Artery Embolization

In uterine artery embolization (UAE), ischemic necrosis of the fibroid is targeted with subsequent marked
decline in fibroid volume. A decreased uterine volume up to 50% and improvement of symptoms were
reported in some studies [45].

However, fertility after UAE has been questioned, and the impact of this procedure on ovarian reserve
is a considerable concern. In initial reports, transient or permanent amenorrhea and symptoms of ovarian
failure were reported in up to 5% of women who underwent UAE [46]. In a randomized controlled trial
(RCT) comparing UAE and myomectomy, the UAE procedure was associated with less pregnancies and
more miscarriages than myomectomy [47]. Further, 66 women who underwent UAE were prospectively
followed for almost 3 years, and 31 of these cases were seeking pregnancy. Only 1 of these 31 achieved
pregnancy [48]. Zupi et al. (2016) highlighted the results and complications of the UAE procedure. They
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underscored that the desire for future pregnancy is a relative contraindication for this procedure, as the
available data in the literature cannot ensure a good fertility potential [49].

Focused Ultrasound Treatment

This is a noninvasive modality to treat uterine myoma. The high-intensity, focused ultrasound energy
is directed to the fibroid with subsequent coagulation tissue necrosis of the fibroid without damaging
nearby tissues. This treatment is guided with the use of magnetic resonance (high-frequency magnetic
resonance—guided focused ultrasound surgery [MRgFUS]) or ultrasound (ultrasound-guided high-
intensity focused ultrasound [USgHIFU]).

Although the damage to surrounding tissue is expected to be minimal, possible detrimental effects on
critical neighboring structures cannot be excluded [50].

Clark et al. (2014), in their systematic review, emphasized that hypointense fibroids were associated
with increased treatment success, in comparison to hyperintense ones. Notably, hyperintense fibroids were
present in about 59% of young women. Major limitations to this modality are as follows: (1) this technique
does not apply to all patients, (2) financial burden, and (3) fertility potential needs further study [51].

The available data in literature are not enough. Approximately 30% of women underwent further
fibroid surgery or procedures 2 years after MRgFUS [52]. Currently, there is upgrading for screening,
and valid magnetic resonance imaging (MRI)-based prediction models are being advanced for assessing
the therapeutic responses and decreasing treatment failure [53]. Regarding ovarian reserve, in a recent
study, anti-miillerian hormone (AMH) levels before and 6 months after high-intensity focused ultrasound
(HIFU) ablation were measured in 79 cases. No significant difference in AMH levels existed between
the two time points [54]. However, follow-up of ovarian reserve and pregnancy outcome are warranted
in large-scale prospective studies.

Medical Treatment

Medical management of fibroids exploits the progesterone and estrogen responsiveness of uterine fibroids.
Medical treatment, however, is not curative for fibroids. It has been considered as an option for symptom
control and fibroid volume reduction. GnRH analogs have been commonly used. Other therapies including
aromatase inhibitors, selective estrogen receptor modulators, and selective progesterone receptor
modulators (SPRMs) have also been tried without the hypoestrogenic effects of the GnRH analogs.
Currently, the two most studied and promising medical treatments are the GnRH agonist and SPRMs [2].

GnRH Agonists

GnRH agonists induce a state of hypoestrogenemia and temporary menopause with subsequent shrinkage
of fibroids [55]. They cannot be used for long periods due to their side effects, including bone loss and
hot flushes.

In patients with large SM fibroids, the use of a preoperative agonist has the following advantages:
(1) correction of anemia, (2) decrease of myoma size, (3) reduction in endometrial thickness and
vascularization with enhanced visibility and decrease in fluid absorption, and (4) the option of scheduling
operative hysteroscopy at any time [55,56]. However, agonists are not recommended for routine use in
SM fibroids due to increased cost, side effects, as well as postinjection endometrial bleeding due to the
flare-up effect [37].

Regarding laparoscopic and/or abdominal myomectomy, it was suggested that using a preoperative
agonist might obscure the cleavage plane between the pseudocapsule and healthy myometrium. Concerns
from extensive dissection of the fibroid, distortion of the pseudocapsule, and increased operative time
were reported [57]. However, in a systematic review and meta-analysis, the use of an agonist prior to
laparotomic and laparoscopic myomectomy had decreased intraoperative blood loss and the frequency
of blood transfusions. Enucleation time for myoma and difficulty of surgery did not significantly increase
with use of agonist pretreatment [58].

Lethaby et al. (2017), in a recent Cochrane review, underscored the presence of clear evidence that use
of a preoperative agonist reduces fibroid volume and increases preoperative hemoglobin levels; however,
it does increase the incidence of hot flushes [59].
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Selective Progesterone Receptor Modulators

The crucial role of progesterone in the development and growth of myomas has been established.
Therefore, the progesterone pathway can be modulated using SPRMs [60—62]. These compounds exert
either an agonistic or antagonistic effect on progesterone receptors. The mechanism of action of SPRMs
on the receptors depends on their structure and how they alter the receptor conformation, which will
dictate whether SPRM will act more as an agonist or antagonist [63].

Four family members of SPRMs have been investigated in clinical trials: mifepristone, asoprisnil,
ulipristal acetate (UPA), and telapristone acetate [60—62]. The two most studied drugs have been
mifepristone and UPA. Some studies reported a significant reduction of myoma size and improvement in
symptoms upon using mifepristone [64,65]. However, a Cochrane review found no clear evidence for this.
Mifepristone reduced heavy menstrual bleeding and improved quality of life, but it did not significantly
reduce fibroid volume [66].

Meanwhile, encouraging results have been shown with the latest SPRM, UPA, in terms of safety and
efficacy. UPA was compared to GnRH agonist (leuprolide acetate) and placebo in two RCTs. There was
more control of uterine bleeding in more than 90% of cases receiving 3 months of UPA, and the time to
bleeding control was longer in the GnRH agonist group (21 days) than in the UPA group (57 days). More
sustained effect was observed with the UPA group (up to 6 months); meanwhile, rapid regrowth of the
fibroid occurred in the agonist group who did not undergo surgery after the 3 months of treatment [67,68].

In a recent Cochrane review, there was a more significant decrease in uterine volume when using the
agonist than when using the UPA (—47% with agonist compared to —20% and —22% with 5 mg and
10 mg UPA). Control of uterine bleeding and hemoglobin levels was comparable between agonist and
UPA. Significant hot flushes developed with the agonist use [59].

In another recent Cochrane review, there was no difference between leuprolide acetate and UPA
regarding bleeding symptoms and improved quality of life. The investigators emphasized that evidence
is currently insufficient to show different levels of effectiveness between UPA and leuprolide [69].

See Chapter 6 for further details.

Algorithms for Fibroid Management

There is no doubt that surgery is indicated in certain fibroid cases before ART. We need to establish
a systematic approach to these cases and try to accomplish less invasive surgery even with the use of
endoscopy. The site of fibroids according to FIGO classification [16], the number, and myoma volume
are important determinant factors [42].

Type 0 Myomas

Hysteroscopic myomectomy is the ultimate approach [2].

Type 1 and 2 Myomas

The strategy for these myomas depends on the size, presence of anemia, and surgeon skill. Hysteroscopic
myomectomy is a relatively straightforward procedure for experienced surgeons in the case of type 1
myoma, less than 3 cm, in the absence of anemia. However, pre-hysteroscopic medical treatment (GnRH
agonist or UTA) can be applied in cases of type 1 myoma larger than 3 cm, in cases with type 2, and in
patients with type 1 or 2 presenting with anemia. This may induce fibroid shrinkage and enable an easier
approach in the presence of a better general condition [2,70].

It was reported that type 2 myoma might significantly regress in some cases, so that they no longer
disturb the endometrial cavity, and their size becomes lower than the reported detrimental cutoff size;
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therefore, surgery can be avoided [71]. However, this needs to be tested in large-scale studies. Importantly,
it has been suggested that large (greater than 3 cm), type 2 SM fibroids occupying the entire myometrium
are better managed through laparoscopy [72]. Importantly, surgeon skill and preference are major
determinants in dealing with type 2 myomas.

Types 3 through 5 Myomas (Single or Multiple)

Laparoscopic and/or abdominal myomectomy are the standard procedure. Laparoscopic myomectomy
is initially recommended. However, the decision depends on the size, number, and surgeon skill, as
mentioned earlier in this chapter.

If myomas are multiple (two or more), large, or of different types, preoperative medical treatment
(agonist or UPA) may be considered [59,71].

In general, one course of 3 months’ treatment is tried. Two courses of 3 months’ treatment with
UPA were recommended in cases of large, multiple (two or more), or different types of myomas [2,71].
Significant myoma regression was reported in some cases (greater than 50% decrease in volume), so that
the endometrial cavity was not distorted, and patients had undergone ART without surgery [2]. In a recent
Cochrane review, it was emphasized that replication of these studies is recommended before making firm
conclusions. Future studies should target cost-effectiveness and identify the group of fibroid patients who
would benefit from this approach [59].

Conclusion

Fibroids are common in women of reproductive age. Their presence could adversely affect natural fertility
and ART outcomes. Existing evidence indicates that SM and IM fibroids, even without uterine cavity
involvement, may have a detrimental effect on ART outcome. Removal of SM fibroids appears to improve
reproductive outcome. There is, however, insufficient evidence that removing IM fibroids would result in
a favorable impact on ART outcome.

The size, number, location, as well as surgeon’s experience and available equipment are important
determinants in choosing the appropriate therapeutic approach. In women who are desirous of pregnancy,
surgery is the recommended modality, using endoscopy whenever possible. Nonsurgical therapeutic
approaches, such as UAE, MRgFUS, and USgHIFU may be considered when surgery is not feasible or
deemed too risky. There are, however, insufficient data in the literature to ensure a good fertility potential.

Medical treatment, though it has its place, is mainly for preoperative preparation and for only a limited
period of time.
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Introduction

Uterine leiomyomas, or fibroids, are the most common benign tumor of the female reproductive tract
affecting up to 70% of Caucasian women and 80% of Black women by their late 40s [1]. Given their high
prevalence, fibroids can have a significant effect on fertility outcomes, including implantation, ongoing
pregnancy, live birth rate, and spontaneous abortion rate [2].

Approximately one out of every four women undergoing assisted reproductive technologies has fibroids
[3-5]. The anatomic location of a fibroid is thought to be a defining characteristic that influences the
reproductive potential. The gold standard for addressing fibroid-related infertility is myomectomy, which
can increase pregnancy and live birth rates upward of 50%—60% in women without other known causes
of infertility [6].

Several hypotheses have been proposed to explain the relationship between fibroids and infertility. One
mechanism by which fibroids may reduce fertility is through dysregulation of endometrial receptivity.
Endometrial receptivity refers to a defined period in the menstrual cycle where the endometrium allows
for embryo attachment and invasion, triggering a series of events that culminate in a successful pregnancy.

In this chapter, we review the mechanisms by which fibroids can impact endometrial receptivity. Key
mechanisms discussed include mechanical disruption, disruption of implantation (invasion), alteration
of the endometrium’s vasculature, increased inflammation, and dysregulation of genes important during
the window of implantation.

23
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Implantation
Normal Steps of Implantation

The process of embryo implantation is necessary for the establishment of a pregnancy. It involves embryo
apposition, adhesion, and invasion into a receptive endometrium (Figure 3.1). In order for implantation to
occur and a pregnancy to be established, embryo viability and endometrial receptivity need to be in synchrony,
which normally occurs due to complex communication between both the embryo and the endometrium.

Human embryos enter the uterus at around the fifth day after fertilization. At this stage, the embryo
is referred to as a blastocyst and consists of an inner cell mass and an outer trophectoderm layer. The
inner cell mass gives rise to the fetus, amnion, and vascular components of the placenta, while the
trophectoderm becomes the placenta and the chorion. The embryo then interacts with the endometrial
epithelium, which, in a paracrine manner, secretes various cytokines, chemokines, and cell adhesion
molecules (CAMs) [7-9]. These signals facilitate apposition and adherence of the embryo to optimal
implantation sites in the endometrium.

In humans, the endometrium is most receptive to implantation 8—10 days following ovulation [10].
Embryo implantation during this time frame is associated with an 85% ongoing pregnancy rate, whereas
implantation on day 11 is associated with an 11% ongoing pregnancy rate [10]. This optimum time frame
of endometrium receptivity is termed the window of implantation (WOI).

Endometrial el e

gland

Endometrial —d] /
capillary

Endometrial —

stroma

Endometrial —— ===
epithelium —— bk_/l =
- Embryonic pole Syncytiotrophoblast —"
Inner cell o
mass - Blastocyst Cytotrophoblast Hypoblast
cavity ]
Trophoblast Uterine

cavity

Amniotic
cavity

Amnion —

Syncytiotrophoblast hypoblast

Embryonic I
Cytotrophoblast epiblast Maternal blood
yolk sac in lacunae
Extraembryonic
mesoderm

Exocoelomic
membrane

FIGURE 3.1 Steps of implantation. (From Taylor HS, Pal L, Seli E, eds, Conception — Sperm and egg transport,
fertilization, implantation and early embryogenesis. In: Speroff’s Clinicl Gynecologic Endocrinology and Infertility, 9th
edn, Wolters Kluwer, Philadelphia, 2020: 174-95. With permission.)
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Through the actions of progesterone in the luteal phase, the endometrium becomes thicker and vascular
in preparation for implantation. The increase in vascularity and development of stromal spiral arterioles
provide a substrate for embryo invasion and implantation. Optimal sites for implantation need to have
sufficient depth, vascularity, and nutritional richness to support early placentation. Once the embryo
has attached to a receptive area of the endometrium, trophoblast cells invade the maternal circulation to
establish the hemochorial placenta. This structure will maintain high blood flow interchange between
mother and fetus throughout the pregnancy.

Endometrial Receptivity

As mentioned earlier in this section, timing of embryo implantation is critical as the endometrium is
receptive during a very brief window. The endometrium is a dynamic tissue whose growth and regulation
are primarily hormone driven, under the control of cyclical estrogen and progesterone exposure.
Although histologic criteria for dating the endometrium were established in 1950 as the gold standard for
endometrium assessment [11], it turned out to be imperfect secondary to the great intra- and interobserver
variability in interpretation and the potential to miss pathologies [12].

Gene transcription regulates histologic and physiologic changes within the endometrium throughout
the menstrual cycle. With the advent of the Human Genome Project and the study of different “omics,”
gene expression profiling became a potential method to investigate endometrial receptivity [13]. Several
groups have utilized microarray technology to identify genes within the endometrium and correlate their
regulation with specific phases in the menstrual cycle [14-20]. Initial studies looking at RNA transcript
analysis and whole genome-wide sequencing were able to identify unique genes that are temporally
differentially expressed [19,20]. This allowed the identification of a unique molecular signature for
different histologic and physiologic stages of the endometrium during the menstrual cycle.

Several studies have also looked specifically at genes that are regulated during the WOI (Table 3.1)
[14-18]. In a review by the Simon group, they further analyzed five independent (and their own) studies
of endometrial receptivity genes and identified a consensus of 25 WOI genes between all of the studies
that were regulated in the natural cycle [21]. This group went on to be the first to report the sequential
molecular development of the WOI in natural cycles, which is the basis of the endometrial receptivity
assay (ERA) [22]. The ERA test can determine the specific transcriptomic signature from an endometrial
biopsy and identify the WOI in both natural and artificially stimulated cycles [23]. They concluded that
there is a well-defined transition from the prereceptive to receptive state of the endometrium and that
the WOI is primarily induced by gene activation or a “transcriptional awakening process” rather than
gene inactivation [24]. Genes identified that were differentially regulated during the WOI included genes
that regulated cell adhesion, suppression of cell proliferation, cell differentiation, proteolysis regulation,
up-regulation of metabolism, growth factor, cytokine binding and signaling, immune and inflammatory
responses, and responses to wound healing and stress [13].

TABLE 3.1
Studies Comparing Phases of the Menstrual Cycle and Differentially Regulated Genes
Tissues Biopsy Timing

Study Compared (Prereceptive versus Receptive) DEG
[16] LP versus MS CD 9-11 versus LH + (6-8) 136

[15] ES versus MS LH +(2-4) versus LH + (7-9) 693

[14] LP versus MS CD 8-10 versus LH + (8-10) 533

[18] ES versus MS LH + 3 versus LH + 8 107

[17] ES versus MS LH + 2 versus LH + 7 211

Abbreviations: CD, cycle day; DEG, differentially regulated genes; ES, early secretory;
LH, luteinizing hormone; LP, late proliferative; MS, midsecretory.
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Fibroids and Endometrial Receptivity

Given the high prevalence of fibroids in women of reproductive age, it is not surprising that there is also an
association between fibroids and fertility. There are several proposed mechanisms by which fibroids can
cause infertility, which range from mechanical effects on gamete transport and implantation, alterations
in uterine vasculature, inflammatory effects, and direct impact on gene expression during the WOI. There
is a growing body of evidence that supports the concept that fibroids can negatively affect endometrial
receptivity through one or more of these mechanisms.

Mechanical Disruptors

Implantation is a highly coordinated process that occurs in a very finite window during the midsecretory
phase of the menstrual cycle as previously described in this chapter. At the most rudimentary level, in
order for successful implantation to occur, the gametes must be able to travel through the fallopian tubes,
and the resulting embryo must travel back to the endometrial cavity. On a macroscopic level, fibroids can
directly interfere with implantation by blocking gamete and embryo transport. Fibroids that directly block
the lumen of the fallopian tubes can pose as a mechanical barrier to implantation [25].

Gamete transport prior to fertilization is also aided by subtle uterine contractions or uterine peristalsis
[26-28]. Uterine peristalsis is bidirectional and primarily moves in an upward direction, from cervix
toward the fundus, during the proliferative phase of the endometrium so as to aid sperm transport [28].
The direction of the uterine peristalsis changes during menstruation and proceeds from fundal to cervical
[28]. It has been well documented that uterine peristalsis slows and becomes almost undetectable during
the luteal phase, especially around the WOI [28,29]. Studies conducted on infertile patients undergoing
in vitro fertilization (IVF) have found that IVF success rates are reduced in women with high uterine
contractility at the time of embryo transfer [30]. A study conducted by Yoshino et al. evaluated the
effect of uterine peristalsis and pregnancy rates in infertile women with intramural fibroids [31]. The
study group consisted of infertile women with no other obvious cause of infertility other than fibroids
(excluding endometriosis) and excluded women with submucosal fibroids. Patients were grouped based
on frequency of uterine contractions and found that pregnancy rates were significantly higher in the
low-frequency group compared to the high-frequency group (34% in the low-frequency group versus 0%
in the high-frequency group, p <.005) [31]. A follow-up study by the same author evaluated the effect
of myomectomy on subsequent pregnancy rates in patients who were previously assigned to the “high-
frequency” group [32]. Fifteen patients were included in the study, and following myomectomy, 14 out of
the 15 patients had lower levels of uterine peristalsis and now qualified as “low frequency.” The overall
pregnancy rate following myomectomy was 40%, and all pregnancies occurred in patients in the low-
frequency group [32]. Quiescence of uterine peristalsis appears to be an important mechanical contributor
to endometrial receptivity, and intramural fibroids may disrupt this process by promoting increased
peristaltic activity. Estrogen appears to promote uterine peristalsis [26,27,32]. Fibroids are known to
have an increased expression of the aromatase enzyme, which converts androgens to estrogens [33,34].
Perhaps, the increased aromatase activity in fibroids leads to higher local levels of estrogen, resulting in
increased uterine peristalsis and disruption of endometrial receptivity.

Disruption of Implantation

A receptive endometrium is defined by a precise histologic and architectural appearance as well as
the up- and downregulation of specific genes, and expression of cytokines and growth factors. The
histologic appearance of receptive endometrium is characterized by endometrial glands with abundant
stromal edema. The endometrial glands and stroma are essential for implantation. Fibroids appear to be
associated with a reduction in the proportion of endometrial glands overlying the fibroids [35]. Moreover,
endometrial biopsy specimens that compared the endometrium of women with and without intramural
fibroids found that large intramural fibroids are associated with a delay of endometrial development
during the WOI [36].
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Other components of the uterine architecture are involved in implantation. The junctional zone, which
is defined as the innermost myometrial layer, plays a key role in the process of deep placentation of the
invading embryo [37]. The myocytes within the junctional zone exhibit differential expression of estrogen
and progesterone receptors throughout the menstrual cycle, a feature that is not present in myocytes from
the outer myometrial layer [38]. Submucosal fibroids are derived from junctional zone myocytes and thus
may negatively impact implantation through disruption of junctional zone function [37,38].

Aside from histoarchitectural alterations in receptivity, specific types of fibroids may differentially
impact gene expression profiles of the receptive endometrium. HOXAI0 is a transcription factor that
is necessary for endometrial receptivity. Mice with a targeted mutation to Hoxal0 are infertile due to
implantation failure [39]. During the midsecretory phase, around the time of implantation, endometrial
glands upregulate HOXA 10 expression, whereas stromal expression of HOXA 10 remains constant [39,40].
Submucosal fibroids appear to have a larger impact on HOXA 10 expression when compared to intramural
fibroids [40]. Submucosal fibroids are associated with a global reduction in HOXA 10 mRNA expression
within the endometrium [40]. Comparatively, the endometria from patients with intramural fibroids
have similar amounts of HOXAI0 mRNA expression as control patients without fibroids [38]. Stromal
expression of HOX A 10 protein, via immunohistochemistry, is also differentially affected by submucosal
versus intramural fibroids [40]. Endometrial biopsy specimens from directly over a submucosal fibroid
and from nonadjacent endometria remote from the submucosal fibroid have lower levels of stromal
HOXALIO protein expression compared to controls and patients with intramural fibroids [40]. There is
no difference in HOXAI10 stromal expression between controls and patients with intramural fibroids
[40]. It appears that submucosal fibroids have a global effect on endometrial receptivity through stromal
expression of HOXA10. These findings provide a possible mechanism by which submucosal fibroids exert
a more profound effect on fertility compared to other fibroid subtypes.

Angiogenic and Vascular Factors

Angiogenesis and vascular development are critical for successful implantation. As fibroids grow, they
induce vascular changes in the uterine architecture that may impede or hinder implantation. Molecular
changes induced by fibroid growth can lead to an increase in the number of blood vessels and abnormal
vascular function. Certain angiogenic factors such as basic fibroblast growth factor (bFGF) play a key
role in fibroid growth and could potentially interfere with embryo implantation [41].

The bFGF is highly mitogenic and can induce angiogenesis in vivo [42]. This growth factor and its
receptor are expressed in the human myometrium and endometrium [43]. Furthermore, bFGF has been
shown to be stored in the extracellular matrix (ECM) and can initiate remodeling of the ECM, which is
an important step in angiogenesis. Fibroids are characterized by having large amounts of ECM, within
which are large amounts of bFGF [44]. Fibroids are therefore a large reservoir for bFGF, which can impact
endometrial vasculature through a paracrine endocrine effect. A study by Anania et al. compared the
expression of bFGF receptor (FGFR1) between women with fibroids and those without. The study found
that in women with no fibroids, there was a suppression of stromal FGR1 expression during the early
luteal phase, which was not observed in those women with fibroids [45]. The time coincides with embryo
apposition and implantation. This finding is suggestive that the abnormal expression of bFGF and its
receptors induced by fibroids may alter endometrial WOL.

Fibroids also possess an antiangiogenic profile when compared to normal myometrium. Fibroids have
been shown to have higher amounts of antiangiogenic factors, such as collagen 4a2 (COL4A2), and lower
expression of angiogenic promoters, such as connective tissue growth factor (CTGF) and cysteine-rich
angiogenic inducer 61 (CYR-61) [46]. Together these create an antiangiogenic environment that may
impact embryo receptivity and implantation in sites close to the fibroid.

Immunologic and Inflammatory Factors

Endometrial decidualization, promoted by increasing progesterone levels during the luteal phase, leads
to the release of vascular endothelial growth factor (VEGF) and prostaglandins. The increase in vessel
permeability induced by these two substances leads to the extravasation of polymorphonuclear cells
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from circulation. The cells, in turn, release various cytokines that have been shown to play a role in
implantation, including leukemia inhibitory factor (LIF), interleukin-11 (IL-11), and transforming growth
factor 3 (TGF-3). The presence of fibroids can alter the concentration of these cytokines, which may
impact endometrial receptivity.

Both LIF and IL-11 act through the same gp130 signaling pathway [7,47]. Inactivation of this pathway
has been associated with implantation failure in murine models [48]. Mice that are LIF deficient have
recurrent implantation failure secondary to poor endometrial decidualization. Embryos from these
defective mice are able to implant in wild-type mice [49]. Clinically, dysregulation of LIF expression
during the secretory phase has been associated with unexplained infertility and recurrent pregnancy loss
[50]. Peak LIF expression in humans coincides with the WOL. In the presence of submucosal fibroids, this
increase in LIF expression is blunted [51]. Therefore, the presence of fibroids may prevent the release of
cytokines, which are essential for implantation.

IL-11 promotes sustained endometrial decidualization. Murine studies have shown that mice that are
IL-11 deficient experience pregnancy loss by the eighth day due to an inability to sustain decidualization
[52]. In humans, IL-11 is also thought to aid trophoblast invasion [53]. The expression of IL-11 is
diminished during the WOI in women with submucosal fibroids [51]. The diminished expression can
affect the embryo’s ability to implant.

The TGF-( isoforms are cytokines that play a key role in tissue morphogenesis and growth. Fibroids
secrete high levels of the (33 isoforms during the secretory phase. These high levels induce a resistance
of endometrial stromal cells to bone morphogenic protein 2 (BMP-2), which is known to play a role in
effective decidualization and implantation [54]. In BMP-2 knockout mice, defective implantation leads to
early pregnancy loss [55,56]. Levels of TGF-(3 seem to be correlated with fibroid size given that decreased
levels are seen when fibroids shrink in response to gonadotropin-releasing hormone agonist therapy [57].

Natural killer (NK) cells and macrophages are among the immune cells released into the endometrium
during the secretory phase in response to a rise in VEGF and prostaglandins [58]. NK cells are present
during the WOI [59]. NK cells produce VEGF and placental growth factor, which regulate maternal-
uterine vasculature remodeling and trophoblast invasion [60]. In knockout NK mice, pregnancies are
complicated by miscarriages, severe growth restriction, and preeclampsia [61]. During the secretory
phase, the endometria of women with fibroids tend to have an increase in macrophages and a decreased
number of NK cells [62]. This may hinder endometrial receptivity to implantation.

Impact on Gene Expression

Fibroids can impact endometrial gene expression through varying means (Table 3.2). As introduced
earlier in this section, fibroids can alter gene expression indirectly by increasing the secretion of the
cytokine TGF-33, which then causes the downregulation of BMPR-2 expression within the endometrium
[54,57]. Direct regulation of gene expression by fibroids can also occur and appears to be spatially
regulated. The homeobox genes are critical for embryo implantation and have been discussed in detail.

TABLE 3.2

Endometrial Genes Dysregulated by Fibroids

Gene Name Regulation Reference

HOXAI0 Decreased expression with submucosal fibroids (mediated by BMP2); increased [40,63]
expression after myomectomy of intramural fibroid

HOXAIl Increased expression after myomectomy of intramural fibroid [63]

LIF Blunted expression with submucosal fibroids [51]

IL11 Decreased expression with submucosal fibroids [51]

BMPR?2 Decreased expression as a result of increased TGF-33, induced BMP?2 resistance results [54,57]
in downregulation of BMPR2

BTEBI Decreased expression with submucosal fibroids [40]

ITGB3 Increased expression after myomectomy of intramural fibroid, although not significant [63]
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The presence of submucosal fibroids but not intramural fibroids decreases the expression of HOXA10.
In contrast to Rackow and Taylor [40], Unlu et al. found the reverse to be true [63]. They investigated
genes known to be important for endometrial receptivity (HOXA10, HOXA1l, and ITGAV) in infertile
women with either submucosal fibroids, intramural fibroids (noncavitary distorting), or a uterine septum
before and after myomectomy compared to controls [63]. There was a trend in decreased mRNA
expression in HOXA10, HOXA11, and ITGAV in women with submucosal or intramural fibroids that was
not significant compared to controls. However, in women with intramural fibroids after myomectomy,
there was a significant 12.8-fold and 9-fold increased expression of HOXA10 and HOXA11, respectively.
Although nonsignificant, there was also a 26-fold increase in LIF expression and 15.9-fold increase in
ITGB3 expression. Together their data suggest that there is a positive regulatory effect of gene expression
after myomectomy of intramural fibroids. Conversely, they did not find a significant increase in mRNA
expression after myomectomy in women with submucosal fibroids [63].

In another study evaluating intramural fibroids with noncavitary involvement, Horcajada et al. in 2008
performed gene expression analysis on endometrial tissue of women with intramural fibroids compared
to controls without [36]. They identified that 3 of the 25 genes (GPx3, placental protein 14, and aldehyde
dehydrogenase 3 family, member B2 genes) related to the WOI were dysregulated in women with
intramural fibroids greater than 5 cm, suggesting that larger fibroids may have an effect on endometrial
gene expression. However, because the number of genes dysregulated was limited to three, they concluded
that fibroids without endometrial cavity involvement did not affect genes involved in implantation.
Although studies have shown that fibroids do alter gene expression within the endometrium, there are
conflicting data regarding whether submucosal or noncavitary intramural fibroids have a greater impact.
Additional studies are needed in order to further elucidate these findings.

Conclusion

In summary, there are multiple mechanisms by which fibroids can alter endometrial receptivity. Key
mechanisms include mechanical disruption by directly blocking gamete and embryo transport as well as
increased uterine peristaltic activity due to higher levels of estrogen from increased expression of aromatase
enzyme found in fibroid cells. Additionally, fibroids can cause an upregulation or downregulation of
specific genes, such as HOX10A, leading to changes in cytokines and growth factors like bFGF, LIF,
IL-11, and TGF-(3, which may also impact endometrial receptivity.

Research and Future Therapeutics

In the age of personalized medicine and targeted genomics, analysis of the endometrium for optimal
receptivity in the presence of fibroids is an area of future research. The ERA test, a microarray analysis
of 238 genes from tissue obtained by endometrial biopsy, has been developed to assist in identifying the
WOI in patients undergoing IVF to optimize the timing of embryo transfer [23,64]. Though promising,
the ERA is a relatively new diagnostic tool that is currently undergoing multicenter clinical trials, and
additional research outcomes are required to validate its use. Perhaps in the future this technology can
also be applied to assess the endometrial receptivity of uteri affected by fibroids.
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Introduction

Uterine fibroids are the most common benign tumor of the female reproductive tract. Prevalence in the
general reproductive-age population has been estimated at 5.4%, with increasing prevalence in older
age groups [1]. The prevalence in pregnant women has been reported at 0.65%—-10.6% [2—6]. Fibroids
are known to be associated with adverse pregnancy outcomes, such as malpresentation [3], placental
abruption [5,6], preterm delivery [2,3,5,7], cesarean section [2,3,5], as well as increased blood loss with
delivery and need for postpartum blood transfusion [7]. Fibroids may also be associated with infertility,
spontaneous abortion (SA), and recurrent pregnancy loss (RPL), although this association is not as well
established.

The type of fibroid is important in this setting. Subserosal fibroids are currently not thought to contribute
to pregnancy loss or infertility, and myomectomy for subserosal fibroids is not generally offered as
a treatment for women trying to achieve a pregnancy. Submucosal fibroids are associated with lower
fertility rates, but their role in recurrent pregnancy loss is still under investigation [8], as we discuss in
this chapter. Intramural fibroids that distort the cavity are also thought to affect fertility, but even those
intramural fibroids that do not distort the cavity may negatively affect early pregnancy outcomes [3,8—11].
Unfortunately, a lot of the studies do not indicate the type of fibroid participants have, so drawing general
conclusions from these studies can be difficult. Number and location of fibroids are also not discussed in
many studies, and these are all characteristics that studies moving forward should report. There is some
evidence that at least the number of fibroids may matter, with higher SA rates in women with multiple
fibroids compared to women with a single fibroid [12].

Fibroids and Pregnancy Loss

The pathophysiology of fibroids and pregnancy loss as well as recurrent pregnancy loss is not well
understood. Buttram et al. [13] published the first study linking fibroids to pregnancy loss in 1981. They
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performed a literature review of published myomectomy cases and included 59 cases of their own, and they
showed that SA rates decreased from 41% to 19% after myomectomy. They suggested that miscarriage
may occur in women with fibroids because of uterine irritability and contractility, and/or changes in the
endometrial stroma and vasculature that may reduce placental blood flow leading to miscarriage [13].
Fibroids may also degenerate in pregnancy causing an inflammatory reaction with prostaglandin release
and resulting contractions and miscarriage [2].

Several observational studies since Buttram et al’s. paper in 1981 have shown similar results that women
with fibroids may have higher rates of pregnancy loss than women without fibroids. The largest study
published to date was a prospective, age-matched, cohort study that included 143 women with fibroids
diagnosed on first-trimester ultrasound compared with 715 women without fibroids. The risk for SA in
women with fibroids was significantly higher than in women without fibroids (14% versus 7.6%) [12].
However, two older studies failed to find a statistically significant difference in SA rates when studying
a general pregnant population of 12,708 women (492 with uterine myomas) [6] as well as in a population
of 290 patients undergoing in vitro fertilization (IVF) [14].

Klatsky et al. [3] performed a systematic review of 20 studies, which included the three studies
mentioned earlier, and found a statistically significant increase in the cumulative SA rate in women with
submucosal fibroids (n = 15; 46.7% SA rate) compared with controls (n = 151; 21.9%; odds ratio [OR] 3.85;
confidence interval [CI] 1.12-13.27). The correlation was weaker, although still significant, for women
with intramural fibroids and a documented first-trimester ultrasound. The cumulative SA rate for women
with an intramural fibroid was 20.4% (n="719) versus 12.9% in women without fibroids (n=2258; OR
1.82; CI 1.43-2.30) [3].

A recent systematic review of 18 studies that reported pregnancy loss outcomes also found a
statistically significant increase in SA rate in women with fibroids compared with women without
fibroids (relative risk [RR] 1.68; CI 1.37-2.05). Subgroup analyses comparing controls to women with
submucosal fibroids and women with intramural fibroids also showed statistically significant higher
rates of SA in both groups (RR 1.68 for women with submucous fibroids; RR 1.89 for women with
intramural fibroids) [8].

However, an even more recent systematic review and meta-analysis published in 2017 included a
population of 21,829 pregnancies (1394 women with fibroids) and adjusted for possible confounders (e.g.,
age, race, alcohol use, parity, history of prior terminations). It was found that there was no statistically
significant increase in SA rates in women with fibroids compared to women without fibroids (RR 0.82;
CI 0.68-0.98). Studies that included women with RPL, infertility, or assisted reproduction technology
(ART) use were excluded from this meta-analysis [15]. Overall, the data available are conflicting, and a
possible relationship between uterine fibroids and pregnancy loss in the general pregnant population is
yet to be determined.

Fibroids and Recurrent Pregnancy Loss

There are very few studies of the prevalence of fibroids in the RPL population. One prospective cohort
study that included 23 patients with otherwise unexplained primary RPL found one patient (4.3%) with
a submucosal fibroid on hysteroscopy [16]. The prevalence in another study in which 150 patients had
hysteroscopy found two patients (1.3%) with submucosal fibroids, both of which had three or more
recurrent SAs [17]. Saravelos et al. studied a group of 966 women with three or more recurrent SAs and
found an 8.2% (n="70) prevalence of fibroids, including both submucosal and intramural/subserosal
fibroids [10].

A meta-analysis performed by Russo et al. in 2016 included three studies with a total of 711 participants
undergoing RPL investigations. The prevalence of submucosal fibroids and fibroids distorting the cavity
was 4.08%. Prevalence was higher in women with a higher number of losses [18]. However, the authors
indicate that the relationship between fibroids and RPL is yet to be established, as none of the studies that
have been done had an appropriate control group.
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More recently, a study performed in an RPL clinic in Australia assessed uterine anatomy by three-
dimensional (3D) ultrasonography in 190 women and found a fibroid prevalence of 15%, although the
types of fibroids were not noted. Fibroids were more common in women older than 35 years old [19].
Lastly, anatomic workup by office hysteroscopy in 200 women attending an RPL clinic in Egypt revealed
a prevalence of 7.5% for submucosal fibroids [20], but again, findings like these are difficult to interpret
without an appropriate control group. Based on these data, it appears that the overall prevalence of fibroids
in the RPL population is somewhere between 4% and 15%.

Evaluation of Anatomic Factors in Recurrent Pregnancy Loss

The approach to RPL varies between centers, but a comprehensive workup usually involves assessment of
uterine anatomy, as well as endocrine, autoimmune, and cytogenetic factors, as per the American Society
of Reproductive Medicine (ASRM) 2012 guideline on recurrent pregnancy loss [21]. Evaluation for
antiphospholipid antibody syndrome and thrombophilias is restricted to patients who meet certain special
criteria. Despite extensive investigations, approximately 50%-75% of patients will have unexplained
RPL [21].

Uterine anatomic factors are implicated in approximately 12.6% of cases of RPL [21] and include both
congenital and acquired causes. Examples of congenital miillerian anomalies that may contribute to RPL
include uterine septum, bicornuate, unicornuate, and arcuate uteri. Examples of acquired factors include
fibroids, polyps, and Asherman syndrome from uterine synechiae. The ASRM recommends assessment of
the uterine cavity by hysterosalpingography, magnetic resonance imaging (MRI), or 3D ultrasound [21].
However, hysteroscopy is also widely used and is considered the gold standard for diagnosis of uterine
anomalies [17,20,22,23]. Table 4.1 lists the diagnostic imaging modalities and their reported sensitivity
and specificity.

Hysteroscopy allows direct visualization of the uterine cavity and any submucosal lesion that may be
present. It can be performed easily in the office as a diagnostic tool, and under conscious sedation or in the
operating room for concurrent diagnosis and treatment. However, as with hysterosalpingography (HSG)
discussed later, it does not assess the external contour of the uterus, so it may miss non-cavity-distorting
intramural fibroids as well as other congenital uterine anomalies. One study comparing hysteroscopy
with pathology diagnosis of hysterectomy specimens found a sensitivity of 82% and specificity of 87%
for hysteroscopic diagnosis of submucous fibroids [24]. Figure 4.1 shows an example of an International
Federation of Gynecology and Obstetrics (FIGO) type 2 fibroid of the anterior wall.

Two-dimensional (2D) transvaginal ultrasonography (TVUS) is an accurate method of diagnosing the
presence of fibroids with a sensitivity of 99% and specificity of 86%. However, 2D TVUS is not as good
as MRI, for example, in mapping and characterizing type and location of fibroids, especially in women

TABLE 4.1

Sensitivity and Specificity of Diagnostic Modalities for Evaluation
of Uterine Fibroids

Sensitivity Specificity

Diagnostic Modality (%) (%)
Hysteroscopy 822 872

2D Ultrasound 99 86

3D Ultrasound 68.2¢ 91.5°
Hysterosalpingography (HSG) 502 82.52
Saline infusion sonohystogram (SIS) 902 89:
Magnetic resonance imaging (MRI) 100 91

2 Sensitivity and specificity reported for identification of submucous fibroids.
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FIGURE 4.1 Example of a FIGO type 2 fibroid diagnosed by hysteroscopy in a patient with recurrent pregnancy loss.

with more than four fibroids [25]. Two-dimensional TVUS also does not perform as well as an MRI in
detection of submucosal fibroids (TVUS: sensitivity 83% and specificity 90%; MRI: sensitivity 100%
and specificity 91%) [24]. The main advantage of 2D TVUS is how readily available it is for clinicians,
but it does have its limitations with low sensitivity in the detection of other uterine anomalies, such as
congenital uterine anomalies (sensitivity 56%; specificity 99%) [26], and the depth of penetration of a 2D
TVUS may not reach a very large or fundal fibroid, and transabdominal ultrasound may be necessary as
a complementary technique [27]. The advantage of 3D ultrasound over 2D ultrasound is that it displays an
image of the uterus in the longitudinal, transverse, and coronal planes, giving a better assessment of the
external uterine contour in addition to the uterine body and endometrial cavity [19,26—28]. A prospective
observational cross-sectional study comparing 3D ultrasound with hysteroscopic findings in 61 patients
found a sensitivity of 68.2% and specificity of 91.5% for 3D ultrasound in the detection of intrauterine
pathology. All submucous fibroids were detected by 3D ultrasound, but it was not as good at detection of
endometrial polyps, missing 7 out of 18 polyps seen on hysteroscopy [28].

HSG is a procedure in which a radiopaque solution is instilled into the uterus while fluoroscopy is
being performed. It can be added to 2D TVUS in the assessment of the uterine cavity; however, it is most
useful in assessing tubal patency in an infertility workup. Sensitivity and specificity are low in diagnosing
intrauterine pathology, and HSG should not be used as the main diagnostic modality for uterine pathology
[29]. Elsokkary et al. performed HSG and hysteroscopy in 200 women with a history of RPL and found
that 13.3% of women (2 out of 15) had a normal HSG when in fact there was a submucous fibroid identified
on hysteroscopy [20].

Sonohysterography or saline infusion sonohystogram (SIS) involves the injection of saline into the
uterine cavity while performing a 2D TVUS. In many centers, this is a more convenient option over HSG
as it can be performed in the office by an experienced gynecologist rather than having to schedule the
procedure at a radiology clinic [27]. SIS has a sensitivity of 90% and specificity of 89% for submucosal
fibroid detection [24], but it is not an appropriate modality in assessing non-cavity-distorting intramural
fibroids.

MRI is expensive and not always readily available, but the sensitivity (100%) and specificity (91%)
in detecting fibroids are superior to other techniques, including for submucous fibroids [24]. It is also
useful in delineating the location and number of fibroids [24,25], which is especially important when
planning a complex surgical procedure such as a laparoscopic, robotic, or open myomectomy [9,27,30].
MRI is also ideal to distinguish adenomyosis from fibroids in equivocal cases [27]. Figure 4.2 shows an
example of a single posterior intramural fibroid and of a multifibroid uterus where fibroid mapping by
MRI preoperatively would be especially helpful.
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(a)

FIGURE 4.2 Sagittal magnetic resonance imaging of a single non-cavity-distorting posterior fibroid (a) and a multifibroid
uterus with cavity-distorting fibroids (b) in two different patients with recurrent pregnancy loss.

Treatment

Once a fibroid has been diagnosed in a woman with RPL, the question becomes whether she should be
treated or not. The literature on both medical and noninvasive radiological and surgical management
strategies is reviewed here. However, medical management is not considered definitive treatment for
fibroids and is not recommended when patients are trying to conceive. It is generally accepted that
submucous and cavity-distorting intramural fibroids should be removed, and subserosal fibroids should be
left alone [9-11,31,32]. Expectant management is also an option but is usually only considered in women
with large intramural fibroids that do not distort the cavity [9] or for women with subserosal fibroids [32].
Table 4.2 lists the treatment options and for whom each option should be recommended.

Medical Management

Hormonal medical therapies that are available for treatment of fibroids are contraindicated for use in
pregnancy and in women who are trying to conceive. Medications are usually taken for symptomatic

TABLE 4.2
Treatment Options for Women with Fibroids and Recurrent Pregnancy Loss
Treatment Indications
Expectant management Patient choice
FIGO type 4, 5, 6, and 7
Medical management: ulipristal acetate (UPA) Not indicated for women planning a pregnancy but some
evidence that it is safe to conceive after use
Uterine artery embolization (UAE) Not indicated for women planning a pregnancy
Magnetic resonance—guided focused ultrasound Not indicated for women planning a pregnancy but some
surgery (MRgFUS) evidence that it is safe to conceive after procedure
Ultrasound-guided radiofrequency ablation (RFA) Not indicated for women planning a pregnancy but some
evidence that it is safe to conceive after procedure
Hysteroscopic myomectomy FIGO type 0 and I
Abdominal or laparoscopic myomectomy FIGO type 2 and 2-5

FIGO type 4, 5, and 6 measuring greater than 5 cm
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management of abnormal uterine bleeding and bulk symptoms. These include gonadotropin-releasing
hormone (GnRH) agonists such as leuprolide, GnRH analogues such as goserelin, selective estrogen
receptor modulators (SERMs) such as raloxifene, and selective progesterone receptor modulators (SPRMs)
such as ulipristal acetate (UPA). These therapies are aimed at suppression of estrogen and progesterone
effects on fibroids, but they also affect ovulation and the endometrium, and in turn can affect implantation
and placentation [9].

Although UPA is contraindicated in pregnancy (and is also used as emergency contraception although
at a higher dose than that used for fibroids), there is some evidence that pregnancy following UPA use
may be safe. A systematic review of pregnancies after UPA use combined 24 pregnancies published in the
literature with their own case series of 47 pregnancies, for a total of 71 pregnancies examined [33]. Five
patients inadvertently became pregnant while taking UPA, resulting in three live births, one SA, and one
therapeutic abortion. The remaining patients became pregnant approximately 2—4.5 months after UPA
use. Forty-seven pregnancies occurred without an interval myomectomy, and for the whole group of 71
pregnancies, there were 50 live births. The SA rate was 27% with a total of 19 SAs [33].

Procedural Options

Uterine artery embolization is used to impair major blood flow to growing fibroids and is an outpatient
procedure performed by an interventional radiologist. The risks of this procedure include the need for
retreatment, dyspareunia due to inadvertent embolization of the vaginal artery, decreased ovarian reserve,
infertility, and miscarriage [34]. Due to these risks, this procedure is generally considered contraindicated
in women who wish to conceive [9,32,34].

Magnetic resonance—guided focused ultrasound surgery (MRgFUS) is a relatively new, noninvasive
method used to treat mostly intramural fibroids, but it has also been described for treatment of FIGO
class I fibroids [35]. MRI is used to define the anatomy, and an ultrasound transducer is used to deliver
pulses of energy that generate heat and induce coagulative necrosis of the fibroid. The procedure is
lengthy, taking 3—5 hours to complete, and care must be taken not to injure adjacent structures that
may be in the path of the transducer beam. Complications reported in the literature include skin burns,
nerve damage, and visceral injury. As with uterine artery embolization, there is also a risk for needing
retreatment [34].

Several case reports have been published of pregnancies after MRgFUS treatment, and they show
positive pregnancy outcomes [36]. However, publication bias favoring publication of positive reports only
limits the interpretation of the data, and the only conclusion that can be made is that pregnancy seems to
be safe after treatment with MRgFUS. A randomized controlled trial (NCT00730886, clinicaltrials.gov)
started in 2008 was terminated early due to lack of enrollment. Further studies are needed to evaluate
the impact of MRgFUS on pregnancy outcomes and specifically in pregnancy loss before it becomes a
standard treatment offered to women wishing to conceive.

Ultrasound-guided radiofrequency ablation (RFA) is a new technique that involves delivery of
alternating current through an RFA device. This is done under direct laparoscopic as well as ultrasound
guidance using a laparoscopic ultrasound transducer. The RFA device is inserted into the fibroid, and
the tissue is heated to up to 100°C, leading to coagulative necrosis [34]. This procedure has also been
described using a transcervical approach with intrauterine sonography [37]. A retrospective observational
study was published in 2017 which showed a pregnancy rate of 19.2% after treatment. Seventy eight out
of 406 patients had a total of 80 pregnancies, with 71 live births and only 9 miscarriages. This suggests
that perhaps pregnancy is safe after this treatment modality [38]. However, data are still very limited, and
pregnancy is not recommended after ultrasound-guided RFA.

Hysteroscopic Myomectomy

Hysteroscopic myomectomy is performed for submucosal fibroids that are either entirely within the
endometrial cavity or less than 50% intramural (FIGO classification type 0 and 1) [32]. Several studies
have found that hysteroscopic myomectomy significantly decreases the rate of miscarriage, although these
studies are observational and do not usually include control groups.
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(a)

FIGURE 4.3 Left-sided FIGO type 1 fibroid in a patient with RPL before (a) and after (b) hysteroscopic resection.

Shokeir et al. demonstrated a significant decrease in first-trimester SAs from 61.6% to 26.3% in a cohort
of 15 women with previous miscarriage who were followed prospectively for a mean time of 40 months
[39]. A retrospective study of 101 women with recurrent miscarriage who underwent hysteroscopic
myomectomy found similar results with a significant decrease in the first-trimester SA rate from 69.1%
to 23.3% and second-trimester SA rate from 11.7% to 1.29% [40].

Saravelos et al. compared pregnancy outcomes between a group of 285 women with unexplained
RPL and a group of 25 women with fibroids distorting the cavity who received myomectomy, as well
as another group of 54 women with non-cavity-distorting fibroids who did not receive myomectomy.
Myomectomies were mostly performed hysteroscopically except for in three patients who underwent
open and laparoscopic myomectomy. There was a statistically significant decrease in midtrimester losses
after myomectomy (21.7% before versus 0% after surgery) but no statistically significant difference in
first-trimester losses. These women were not compared with the control group of women without fibroids.
Women with intramural fibroids who were managed expectantly had a similar live birth rate (70.4%) as
women with unexplained RPL (71.9%) after referral to clinic, which was improved from 20% live birth
rate prior to clinic referral. Therefore, the authors conclude that women with intramural fibroids should be
managed expectantly, and women with a history of midtrimester loss and cavity-distorting fibroids should
be offered myomectomy. They also suggest that women with a history of first-trimester losses and cavity-
distorting fibroids should be managed expectantly, as there was no statistically significant improvement
in pregnancy outcomes in this group [10]. However, these general conclusions should be interpreted with
caution as the data they is based on are merely observational.

Hysteroscopic myomectomy is a safe procedure that can be done in a surgical outpatient setting or with
minimal anesthesia in an office setting depending on number and size of fibroids and should be offered
to women with RPL who are found to have FIGO type 0, 1, and 2 fibroids. Figure 4.3 demonstrates an
anterior FIGO type 1 fibroid before and after hysteroscopic resection.

Laparoscopic and Abdominal Myomectomy

The majority of published observational studies indicate that there may be a reduction in miscarriage rate
after laparoscopic or open myomectomy for intramural fibroids. However, there have been no studies that
focus solely on an RPL population.

One of the most cited reviews on this subject by Buttram et al. found a decrease in miscarriage rate
from 41% to 19% with open myomectomy in a pooled review of 1941 cases [13]. The miscarriage rate also
significantly declined from 57.1% to 13.8% in a study published in 2003 which included 25 patients who
achieved a pregnancy after open or laparoscopic myomectomy [41]. Bernardi et al. followed 59 women after
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laparoscopic myomectomy for fibroids that were FIGO type 2-7 with a median of two fibroids removed
per patient. The surgery was done for a variety of indications, including infertility, heavy bleeding, and
dysmenorrhea, and patients were followed for approximately 6 years postoperatively. The miscarriage
rate was also found to be lower after myomectomy (23%) compared to before myomectomy(43%) [42].
Similar results were also reported by Marchionni et al. [43] and Vercellini et al. [44] in studies including
infertile women.

However, Casini et al. did not demonstrate a significant difference in miscarriage rates after myomectomy
for intramural and subserosal fibroids in a study that included 181 participants with infertility. This study
is unique in that they had an appropriate control group. Of the 181 participants, 92 patients had open or
hysteroscopic myomectomy, and 89 patients were managed expectantly. Miscarriage rates were lower,
although not statistically significant, in women who had hysteroscopic myomectomy for submucous
fibroids (38.5%) compared with women who did not. However, miscarriage rates were no different in
women who underwent myomectomy for intramural fibroids compared to those who did not have surgery
[45]. These results are interesting and definitely add to the body of literature on the subject, but one must
be careful in extrapolating findings from an infertile patient population to an RPL population.

In our RPL clinic, we recommend myomectomy for cavity-distorting intramural fibroids as well as
fibroids that are larger than 5 cm, even if they are not cavity distorting, particularly in patients with
recurrent euploid pregnancy loss with otherwise unexplained RPL. The decision between laparoscopy
and laparotomy for myomectomy of intramural fibroids is based on number and diameter of fibroids. A
laparoscopic approach is recommended if there is a single fibroid measuring less than 15 cm, two fibroids
measuring less than 7.5 cm each, or if there are three fibroids measuring less than 5 cm each. If fibroids
do not meet these criteria, lower transverse laparotomy is recommended [9].

Laparoscopic or open myomectomy is not without risks. Standard risks of surgery include significant
blood loss, bowel injury, bladder injury [46], and wound infection [47]. In addition to standard surgical
risks, such as anesthetic risk, postoperative venous thromboembolism, infection, bleeding, and injury
to bowel, bladder, or ureter, there is also a small risk for uterine rupture in a subsequent labor [47],
21%-25% risk for fibroid recurrence [43,44], and risk for adhesions [44,48], which may lead to pain,
bowel obstruction, and infertility [47]. Postoperative adhesions occur in higher frequency with posterior
uterine incisions (94%) than with anterior uterine incisions (55%) [48]. Adhesion barriers are used by
some surgeons, but the data on the benefit of these are inconclusive [39] and may actually indicate a lack
of benefit in addition to added harm with increased rates of postoperative fever and ileus [49].

Conclusion

The body of evidence on the role of fibroids in recurrent pregnancy loss is growing, but there is a paucity
of well-designed controlled trials to guide evidence-based management. Most studies are observational
and lack proper control groups, making it difficult to draw strong conclusions. Future research in this
area needs to include women without fibroids and women with untreated fibroids as controls, and other
confounding factors need to be adjusted for as well, such as age, ethnicity, and primary versus secondary
RPL. Studies also need to standardize the way fibroids are classified according to the FIGO classification
system published in 2011 [50], and they should report the number and size of fibroids, so that results
between studies can be better compared.

Evaluation for fibroids (and other congenital and acquired anomalies) should be made based on a
combination of diagnostic modalities tailored to each patient. It should at least include a diagnostic
hysteroscopy, saline infusion sonography, or 3D ultrasound, as 2D TVUS is not accurate enough to
evaluate the precise location, number, and size of fibroids.

Despite these shortcomings in the overall body of evidence, it does seem that submucosal and
cavity-distorting fibroids are associated with RPL, and that myomectomy, hysteroscopic, laparoscopic,
or abdominal, is of benefit in reducing the rate of miscarriage. The benefit of surgical treatment for
non-cavity-distorting fibroids is yet to be established, and subserosal and pedunculated fibroids should
not be thought of as a cause of RPL. Less-invasive treatments such as medical therapy, uterine artery
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embolization, MRgFUS and ultrasound-guided RFA should not be offered as treatment for fibroids
to women with RPL as the literature is too scant to suggest safety and efficacy of treatment in this
population.
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Introduction

Uterine fibroids (leiomyomata, myomas) are benign smooth muscle tumors of the uterus. Uterine
leiomyomas/fibroids are the most common pelvic tumors of the female genital tract. The initiators
remaining unknown, and estrogens and progesterone are considered as promoters of fibroid growth.
Fibroids are monoclonal tumors showing 40%—-50% karyotypically detectable chromosomal abnormalities.
Cytogenetic aberrations involving chromosomes 6, 7, 12, and 14 constitute the major chromosome
abnormalities seen in leiomyomata [1]. The potential effects of fibroids on pregnancy and the potential
effects of pregnancy on fibroids are frequent clinical concerns, since these tumors are common in women
of reproductive age. Most pregnant women with fibroids do not have any complications during pregnancy
related to the fibroids. Pain is the most common problem, and there may be a slightly increased risk of
obstetrical complications such as miscarriage, premature labor and delivery, abnormal fetal position, and
placental abruption. Several factors make it difficult to assess the impact of fibroids on pregnancy outcome
and to identify specific fibroid characteristics that are important.

Prevalence

The prevalence of uterine fibroids in pregnancy varies between 1.6% and 10.7%, depending on the
trimester of assessment and the size threshold [2].

The prevalence of fibroids increases with age and is higher in African American women than in white
or Hispanic women [3]. Increasing parity and prolonged duration of breastfeeding are associated with a
small, but statistically significant, reduction in prevalence [4].

Changes in Size during Pregnancy and Postpartum

Pregnancy-related increases in estrogen and progesterone levels, uterine blood flow, and possibly human
chorionic gonadotropin levels, are believed to affect fibroid growth. Most studies that have sonographically
monitored the size of fibroids across pregnancy have refuted the commonly held belief that fibroids
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increase in size throughout gestation [5]. It appears that fibroid size remains stable (less than 10% change)
across gestation in 50%—-60% of cases, increases in 22%-32%, and decreases in 8%—-27% [5].

Inconsistent data on the effect of pregnancy on fibroid growth may be due to the gestational age of the
ultrasound assessments, since the pattern of fibroid growth during pregnancy is probably not linear [5].

For example, in those fibroids that increase in size, most of the growth occurs in the first trimester, with
little if any further increase in size during the second and third trimesters [6,7]. Larger fibroids (greater
than 5 cm in diameter) are more likely to grow, whereas smaller fibroids are more likely to remain stable
in size [4]. The mean increase in fibroid volume during pregnancy is 12%, and very few fibroids increase
by more than 25% [6,7].

Almost 90% of women with fibroids detected in the first trimester will have regression in total
fibroid volume when reevaluated 3—6 months’ postpartum, but 10% will have an increase in volume [8].
Regression may be less in women who use progestin-only contraception.

|
Symptoms

Uterine fibroids are usually asymptomatic during pregnancy (Figures 5.1 and 5.2). In symptomatic
women, symptoms include pain, pelvic pressure, and/or vaginal bleeding.

FIGURE 5.1 Fibroid compressed by the fetus. (Courtesy of Botros Rizk, Candice Holiday, and Vicki Arguello.)

FIGURE 5.2 Fibroid in pregnancy at 27 weeks. (Courtesy of Botros Rizk, Candice Holiday, and Vicki Arguello.)
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Pain is the most common symptom; the frequency correlates with size and is especially high in women
with fibroids greater than 5 cm in diameter [9]. Most patients have only localized pain, without other signs
and symptoms, although mild leukocytosis, fever, and nausea and vomiting can occur [10,11]. Fibroid pain
typically presents in the late first or early second trimester, which corresponds to the period of greatest
fibroid growth and, in turn, propensity to degeneration. Pain also may result from partial obstruction of
the vessels supplying the fibroid as the uterus grows and changes its orientation to the fibroid [12], or
from torsion.

Symptoms resulting from ectopic hormone production (e.g., erythropoietin, prolactin) are rare.

Complications

Uterine fibroids have long been implicated as a cause of adverse pregnancy events [13]. However, there
are no well-designed studies that provide high-quality data on the relationship between fibroids and
pregnancy outcome.

Most pregnant women with fibroids do not have any complications during pregnancy related to the
fibroids [14]. When complications occur, painful red degeneration is the most common complication.
There also appears to be a slightly increased risk of complications such as miscarriage, premature labor
and delivery, abnormal fetal positions, and placental abruption, but all studies do not show an increased
risk of adverse events.

Degeneration and torsion. As discussed earlier, pain is one of the most common symptoms of fibroids
in pregnant women and is typically due to fibroid degeneration or, rarely, torsion. Rapid growth of fibroids
can result in a relative decrease in perfusion, leading to ischemia and necrosis (red degeneration) and
release of prostaglandins [15]. Pedunculated fibroids are at risk of torsion and necrosis, but this is much
less common than degeneration.

Miscarriage. In some patients, submucosal fibroids appear to adversely affect implantation, placentation,
and ongoing pregnancy. The effects of intramural fibroids are more controversial, while fibroids that are
primarily subserosal or pedunculated are unlikely to cause adverse outcomes. The risk of pregnancy
loss may be higher when there are multiple fibroids [16]. The mechanisms by which fibroids may cause
pregnancy loss are not known; however, the following hypotheses have been proposed:

* The fibroid may interfere with placentation and development of normal uteroplacental
circulation [17]. As an example, a large submucosal fibroid projecting into the uterine cavity
may compress the decidualized endometrium, leading to decidual atrophy or distortion of the
vascular architecture and blood flow supplying and draining the decidua at that site.

* Rapid fibroid growth with or without degeneration may lead to increased uterine contractility
or altered production of catalytic enzymes by the placenta [17], both of which may disrupt
placentation, leading to spontaneous abortion.

Preterm labor and birth. There appears to be a small increase in preterm labor and preterm birth [18] in
pregnancies with uterine fibroids. Characteristics reported to increase this risk include multiple fibroids,
placentation adjacent to or overlying the fibroid [5], and size greater than 5 cm.

Various theories have been proposed to explain the biologic basis of preterm labor in the setting of
uterine fibroids. As an example, it is possible that fibroid uteri are less distensible than nonfibrotic uteri, so
that contractions occur when the uterus distends beyond a certain point [19]. Others have noted decreased
oxytocinase activity in the gravid fibroid uterus, which may result in a localized increase in oxytocin
levels, thereby predisposing to premature contractions [20].

Antepartum bleeding and placental abruption. Numerous studies have reported that antepartum
bleeding is more common in pregnancies with fibroids [21]. The location of the fibroid in relation to the
placenta appears to be an important determinant and implies that bleeding is related to abruption.

Submucosal and retroplacental fibroids and fibroids with volumes greater than 200 mL (corresponding
to 7-8 cm diameter) are associated with the highest risk of abruption [9]. As an example, in a retrospective
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analysis of 6706 consecutive pregnant patients, 8 out of 14 patients (57%) with retroplacental fibroids
developed placental abruption with the deaths of four fetuses, while only two abruptions occurred
among the 79 patients (2.5%) whose fibroids were not retroplacental, and neither of these resulted in
fetal death [19].

A hypothesis for the increased risk of abruption in women with fibroids is that the fibroid causes
abnormal perfusion of the placental site [19].

Malpresentation. Uterine anomalies are associated with an increased risk of malpresentation,
presumably because they distort the shape of the uterine cavity [22]. One of the largest studies used a
population-based cohort of over 72,000 consecutive women with singleton pregnancies in Washington
State (1990-2007) who underwent routine second-trimester fetal anatomic survey at a single university
hospital [23]. This study reported a significant increase in breech presentation in women with fibroids
(odds ratio [OR] 1.5, 95% confidence interval [CI] 1.3—1.9). Other studies noted an increased incidence of
malpresentation only if the uterus had multiple fibroids, if there was a fibroid located behind the placenta
or in the lower uterine segment, or if the fibroid was large (over 10 cm) [2] (Figure 5.3).

Dysfunctional labor. Theoretically, fibroids in the myometrium may decrease the force of uterine
contractions or disrupt the coordinated spread of the contractile wave, thereby leading to dysfunctional
labor [24]. Several studies have reported an increased incidence of dysfunctional labor in pregnancies
complicated by fibroids [24]; not all investigators have been able to confirm this association [2].

Cesarean delivery. Studies have consistently reported that uterine fibroids are associated with an
increased risk of cesarean delivery [18], especially when the fibroids are located in the lower uterine
segment. The proposed increase in cesarean delivery rate is likely due to such factors as an increased risk
of malpresentation, dysfunctional labor, obstruction, and placental abruption.

Postpartum hemorrhage. Several studies have reported an increased risk of postpartum hemorrhage
in pregnancies complicated by fibroids [2], especially if the fibroids are large (greater than 3 cm) and
located behind the placenta [21] or the delivery is by cesarean [26]. Numerous other studies have
found no association between fibroids and postpartum hemorrhage [5]. Pathophysiologically, fibroids
could predispose to postpartum hemorrhage by decreasing both the force and coordination of uterine
contractions, thereby leading to uterine atony [27].

FIGURE 5.3 Large posterior fundal fibroid in pregnancy. (Courtesy of Botros Rizk, Candice Holiday, and Vicki Arguello.)
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Fetal anomalies. Spatial restrictions from uterine fibroids can cause fetal deformations, but this is
extremely rare. Case reports have described fetal anomalies including limb reduction defects, congenital
torticollis, and head deformities in pregnancies with large submucosal fibroids [28].

Preterm premature rupture of membranes. Pooled cumulative data suggest that fibroids do not increase
the risk of premature rupture of membranes and may even slightly decrease the risk [18]. However,
individual studies have reported conflicting findings [2,9,21,23]. The location of the fibroid in relation
to the placenta may be an important determinant: the greatest risk of preterm premature rupture of
membranes appears to be when the fibroid is in direct contact with the placenta [21].

Placenta previa. Most studies that account for maternal age and prior uterine surgery failed to show
any association between fibroids and placenta previa [5], although two large series reported an increased
rate (1.4% versus 0.5% in controls [23], 3.8% versus 2% in controls [2]). The latter series adjusted for prior
cesarean delivery and myomectomy.

Fetal growth restriction. Fibroids have minimal, if any, effect on fetal growth. It is possible, however,
that large fibroids (greater than 200 mL) may be associated with delivery of small-for-gestational age
infants (less than the 10th percentile for gestational age) [7].

Other complications. A number of other pregnancy complications have been reported in women
with fibroids, including disseminated intravascular coagulation, spontaneous hemoperitoneum, uterine
incarceration, urinary tract obstruction with urinary retention or acute renal failure, deep vein thrombosis,
and puerperal uterine inversion [29].

Pyomyoma (suppurative leiomyoma) is rare [30]. Clinical findings may include fever, leukocytosis,
tachycardia, pelvic pain, and characteristic features on imaging studies (heterogeneous mass that may
contain gas).

Fetal demise. Rates of intrauterine fetal demise are not increased in pregnancies complicated by uterine
fibroids [31].

Preeclampsia. The majority of studies do not support an association between fibroids and preeclampsia,
although one study noted that women with multiple fibroids were significantly more likely to develop
preeclampsia than those with a single fibroid (45% versus 13%) [32]. The increased risk was due to
disruption of trophoblast invasion by the multiple fibroids leading to inadequate uteroplacental vascular
remodeling leading to the development of preeclampsia.

Management Issues

Indications for preconception myomectomy decisions are made on a case-by-case basis and depend on
age, past reproductive history, severity of symptoms, and size and location of the fibroids.

Myomectomy during pregnancy or at delivery is potentially harmful (hemorrhage, uterine rupture,
miscarriage, or preterm delivery). Myomectomy should be avoided during pregnancy and at delivery,
especially if an intramyometrial incision is required, unless the procedure cannot be safely delayed
[9,10,15]. Uncontrollable hemorrhage during myomectomy may necessitate hysterectomy.

Rarely, myomectomy of pedunculated or subserosal fibroids has been performed antepartum for
management of an acute abdomen or obstruction, and myomectomy may be required at cesarean delivery
in order to close the hysterotomy.

Painful fibroids. Pregnant women with painful fibroids may require hospitalization for pain management
[9]. We suggest supportive care and administration of acetaminophen as the initial intervention.

Short-term use of opioids in standard doses or a course of nonsteroidal anti-inflammatory drugs
(NSAIDs) can be given when pain is not controlled by these measures. First-trimester opioid use has
been associated with an increased risk of congenital anomalies in some studies, but the data are weak
and do not justify withholding these medications when needed to control pain.

Pain may be managed with a short course of ibuprofen [10]. Indomethacin 25 mg orally every
6 hours for up to 48 hours is another NSAID that has been effective [11]. Therapy should be limited to
pregnancies less than 32 weeks of gestation because of the possibility of inducing premature closure of
the ductus arteriosus, neonatal pulmonary hypertension, oligohydramnios, and fetal/neonatal platelet
dysfunction [11]. If indomethacin is continued for more than 48 hours, weekly sonographic assessment
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for oligohydramnios and narrowing of the fetal ductus arteriosus should be performed. If either of these
findings is noted, indomethacin should either be discontinued or reduced to 25 mg every 12 hours. Repeat
courses can be given as needed for recurrent episodes of pain. Although first-trimester use of NSAIDs
has been associated with miscarriage in some studies, the best data do not support an association [33].
The use of a local protected heating pad may be safer for the pregnancy if the patient tolerates its use
and is less ambulatory.

Case reports have described successful use of epidural analgesia for treatment of severe pain refractory
to other therapies [34].

Fibroids prolapsing into the vagina. Elective removal of prolapsed fibroids in pregnancy is generally
advised against as the risks likely outweigh the benefits, unless there is an easily accessible pedunculated
fibroid on a thin stalk. Removal may lead to hemorrhage, rupture of membranes, and/or pregnancy loss.

The need for resection should be assessed on a case-by-case basis. Clinically significant bleeding,
excessive pain, urinary retention, and (rarely) infection during pregnancy due to a prolapsed fibroid are
reasonable indications for resection. Symptomatic fibroids in pregnant women have been successfully
removed transvaginally [35]. The procedure for transvaginal myomectomy depends on the origin of the
fibroid (cervix versus submucosa) and thickness of the stalk/base, which can be determined clinically or
by transvaginal ultrasound or magnetic resonance imaging (MRI), if necessary. An asymptomatic lower
uterine segment submucosal prolapsed fibroid may become intrauterine with advancing gestation with
partial or total nonvisualization of the prolapsed fibroid tumor vaginally.

Route of delivery. Most patients with fibroids will have a successful vaginal delivery and thus should
be offered a trial of labor. Cesarean delivery is reserved for standard obstetrical indications (e.g.,
malpresentation, failure to progress). Elective cesarean delivery may be considered because of concerns
that fetal descent will be obstructed, but it should be limited to women most likely to fail a trial of labor,
including those with large cervical fibroids or with lower uterine segment fibroids that distort the uterine
cavity and are located between the fetal vertex and cervix in the third trimester [36].

Operative issues at cesarean delivery. A third-trimester hemoglobin level of at least 9.5-10 mg/dL or
above is desirable in women at high risk of intrapartum or postpartum hemorrhage at the time of cesarean
delivery, such as women with large, retroplacental or anterior lower uterine segment fibroids; use of a cell
saver and availability of blood products in a cooler should be considered on a case-by-case basis.

A vertical skin incision and a posterior or classical hysterotomy are sometimes necessary to obtain
adequate exposure when the fibroids are located in the lower uterine segment. Every effort should be made
to avoid transecting a fibroid during hysterotomy, as the incision may be impossible to close without first
removing the tumor, which can cause excessive uterine wall bleeding. A limited elective myomectomy
at cesarean delivery may be possible for patients with symptomatic pedunculated fibroids, which is more
likely in pregnant women since the term uterus receives 17% of cardiac output [37]. In a case series of
nine patients who underwent myomectomy at the time of cesarean delivery, three (33%) were complicated
by severe hemorrhage requiring puerperal hysterectomy [9].

Other interventions to minimize maternal morbidity are under investigation. In a pilot study, uterine
artery ligation at the time of cesarean delivery appeared to enhance shrinkage of fibroids postpartum
[38], but further clinical studies and risk/benefit analyses are needed before such an intervention can be
recommended.

Management of Patients with Prior Myomectomy

Method of delivery and timing of cesarean delivery. In the absence of strong evidence of the absolute risk
of rupture, it is recommended to take a conservative approach and perform cesarean delivery prior to the
onset of labor if the myometrium was significantly compromised by previous surgery, such as entry into
the uterine cavity or near entry during a prior myomectomy or if a large number of myomas were removed.
Committee opinion by the American College of Obstetricians and Gynecologists (ACOG) recommends
that women with previous myomectomy undergo cesarean delivery between 370/7th and 386/7th weeks
of gestation, although consideration of delivery as early as 36 weeks is reasonable for women with prior
extensive myomectomy (analogous to a patient with prior classical hysterotomy) [39].
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For patients who have had an intramyometrial myomectomy that was unlikely to have significantly
compromised the myometrium, it is recommended to have a trial of labor with continuous intrapartum
fetal monitoring, early access to obstetric anesthesia, and the ability to perform an emergency cesarean
delivery, as needed. Patients who have had a pedunculated fibroid removed would not be expected to
have compromised the integrity of the myometrium and do not require special monitoring during labor.

The magnitude of the risk of uterine rupture in pregnancies after myomectomy and specific criteria
associated with increased risk are difficult to ascertain because of the small number of cases reported
and lack of detail about the operative procedures performed. Available data, although limited, suggest
that the risk of uterine rupture after myomectomy is not significantly greater than that for a patient
attempting trial of labor after cesarean. In a 2016 systematic review of studies with at least five cases of
pregnancy after myomectomy, the overall incidence of uterine rupture after myomectomy was 7/756 or
0.93% (95% CI 0.45%-1.92%) [40]. The incidence was 0.47% (2/426, 95% CI 0.13%—-1.70%) in women
undergoing trial of labor after myomectomy and 1.52% (5/330%, 95% CI 0.65%-3.51%) in women before
the onset of labor; this difference was not statistically significant. Six of the seven ruptures occurred in
women who had a prior laparoscopic myomectomy, which has been attributed to the technical challenge
of laparoscopic suturing [41]. All ruptures occurred following myomectomy of an intramural fibroid,
although this was not noted to be a significant risk factor for uterine rupture. The uterine cavity was not
entered during myomectomy in three cases; this information was not available in the other four cases.
The ruptures occurred at 24 (twins), 25, 30, 32, 36, 37, and 40 weeks of gestation; however, this finding
may be biased by scheduled cesarean deliveries at term.

It is important for the gynecologist who performs any type of myomectomy to clearly identify in the
operative note the number, size, and location of the tumor; the depth and number of uterine incisions;
and any entrance of the uterine cavity. A recommendation to the future obstetrician of whether elective
cesarean section or trial of labor for the possible coming pregnancies is advisable. This recommendation
must be stated clearly to the patient and noted in the patient’s records.

Abnormal placentation. Prior hysteroscopic myomectomy of a submucosal fibroid may increase the risk
of abnormal placentation, especially placenta accreta due to the increased chance of adhesion formation
in the uterine cavity. Although the risk of placenta accreta after prior myomectomy appears to be low
[25], data are sparse. Ultrasound screening for possible placenta accreta in the late second or early third
trimester is recommended.
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Introduction

Uterine fibroids are the most common benign myometrial tumors affecting 70%—-80% of women during
their lifetime [1-3]. In the United States, the annual economic burden of these tumors is evaluated to
be $34.4 billion [4]. The rate of this disease can be affected by many factors, including race, body mass
index, family history, and ethnicities. Although uterine fibroids are benign tumors, they can cause heavy
menstrual bleeding (HMB), pelvic pain, preterm labor, recurrent abortion, urinary incontinence, and
infertility. In addition to myomectomy and hysterectomy, which are the primary surgical treatments for
fibroids, the current treatment also includes gonadotropin-releasing hormone (GnRH) agonist, which
decreases tumor size by 40% in 3 months. Unfortunately, GnRH agonists have limited use due to their
hypoestrogenic side effects [2,5]. Uterine fibroids are monoclonal tumors that arise from uterine smooth
muscle (myometrium), and one of their characteristic features is their dependency on the ovarian steroids
estrogen (E2) and progesterone (P4) [6]. Hormonal fluctuations influence fibroid growth during the
pregnancy and postpartum periods. In addition to the hormonal response, these lesions are influenced by
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genetic aberrations [7,8]. The monoclonal origin of fibroids implies mutations of myometrial cells as the
origin of the disease. Clonal chromosomal aberrations are detected in approximately 20% of the fibroids.
Of these, recurrent chromosomal translocations, including chromosomal regions 12ql1415 or 6p21,
respectively, that report for the most of cytogenetic deviations, lead to transcriptional upregulation of the
human high mobility group AT-hook (HMGA) genes following by activation of the pl4Arf-p53 network.
It is well studied that fibroids can be subdivided based on the presence of clonal chromosomal aberrations
as, e.g., deletions of the long arm of chromosome 7, trisomy 12 or chromosomal rearrangements targeting
both of the two human HMGA genes [2,9,10]. Recently, research on a somatic mutation (c.131G > A) in
the mediator complex subunit 12 gene (MEDI12) has been undertaken, as this is a primary subscriber to
fibroid pathogenesis. Mutations in exon 2 of MEDI2 are present in approximately 85% of uterine fibroids
[2]. Sex steroid hormones are also suggested to play a role in fibroid occurrence. Estrogen has a crucial
role in fibroid growth and development, which explains the onset of symptoms at puberty and stops after
menopause. Uterine fibroids have more estrogen and progesterone receptors than healthy myometrial
cells. Progesterone’s role in pathogenesis is still poorly understood, but studies showed that it affects
fibroid growth. Early life exposure to endocrine-disrupting chemicals, such as diethylstilbestrol (DES),
genistein, dioxin, and bisphenol-A (BPA), can change the function of the endocrine system by binding
hormone receptors or by revising hormone synthesis and metabolism, leading to hyperresponsiveness to
normal levels of estrogen, which increases the risk of fibroid development [11-13].

Risk Factors of Uterine Fibroids
Race

The incidence of uterine fibroids is disproportionately higher in African American women compared with
Caucasian women. The prevalence of fibroids by age 50 years is higher than 80% in African American
women, compared with 70% in Caucasian women. Compared to Caucasian women, African American
women are 2.4- and 6.8-fold more likely to have a hysterectomy and myomectomy for treatment of
fibroids, respectively. Notwithstanding the disproportionate severity and incidence of fibroids in African
American women, the underlying reason for the disparity is not well known. More studies on the etiology
of uterine fibroids are required to identify the reason for ethnic risk factors in fibroids [14].

Reproductive Factors

Parity and pregnancy play a protective role in uterine fibroid development, decreasing the risk of uterine
fibroids up to five fold, first due to the decreased interval of exposure to unopposed estrogen and second
due to the occurrence of ischemia during parturition and uterine remodeling. Breastfeeding has no effect
on uterine fibroid penetrance. The underlying biological mechanisms are not well understood, but many
studies of menarche showed that an increased risk of uterine fibroids is associated with earlier age [15].

Obesity

High body mass index is associated with a reasonable increase in risk of uterine fibroids. Obesity leads
to an increase in the conversion of adrenal androgens to estrogen, eventually resulting in more unbound
active estrogen. Also, hyperinsulinemia that leads to metabolic syndrome was found to be associated with
an increased risk of uterine fibroids [16].

Vitamin D Deficiency

Vitamin D deficiency was found to increase the incidence of uterine fibroids. Reduced levels of vitamin D
receptor in fibroids were associated with increased levels of ER-a, PR-A, or PR-B that would cause
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proliferation in myometrial cells and consequently fibroid occurrence. The presence of 1, 25 (OH)2D,
may reduce estrogen-induced proliferation in myometrial cells [17,84].

Hormonal Effects

Clinical and experimental studies have shown that estrogen and progesterone stimulate the growth
of uterine fibroids. A prominent feature of uterine fibroids is their dependency on the ovarian steroid
hormones through the reproductive years. Regression is seen after menopause, or after treatment with
gonadotropin-releasing hormone (GnRH) agonist. GnRH inhibits uterine fibroid growth by diminishing
ovarian hormone production.

Estrogens, such as 17(3-estradiol, exert their natural effects on target cells, including myometrial cells,
through the activation of estrogen receptors (ERs), such as ERa and ER. Estrogen exhibits its action via
genomic and nongenomic mechanisms [18,19].

Progesterone is an endogenous steroid hormone associated with the menstrual cycle and pregnancy and
has an essential role in female reproduction and pregnancy. Like estrogen, progesterone exerts an effect by
binding to the progesterone receptor (PR). There are several types of PRs, including PR-A and PR-B. The
PR-B isoform is identical to PR-A but with an extra 165 amino acids. Progesterone exhibits its action via
genomic and nongenomic mechanisms [20]. The capability of PR isoforms to target different promoters and
control the expression of various downstream genes is influenced in a cell- and context-specific manner,
including the functional interaction of PRs with other transcriptional factors [21]. In uterine fibroids,
progesterone controls many targets, which may play an essential role in uterine fibroid pathogenesis [22]. A
direct functional link between progesterone and uterine fibroid development was shown in a mouse xenograft
model, reflecting characteristics of uterine fibroids by grafting human fibroid tissue beneath the renal capsule
of immunodeficient mice. In this model, fibroid growth was induced by an administration of estrogen plus
progesterone and was blocked by the PR antagonist RU486. The mass of established fibroid xenografts shows
statistically significant diminishment in response to progesterone withdrawal, suggesting that the volume
maintenance and growth of fibroids are progesterone dependent [6]. Antiprogestins are capable of binding to
PR, which disrupts the unnecessary growth of cells giving rise to gynecological diseases, including uterine
fibroids [23]. Clinical data demonstrate that although antiprogestin treatment inhibits fibroid growth, total
regression of fibroids is not observed, and fibroids can reappear after treatment cessation [18].

Uterine Fibroid Management

Treatment options of uterine fibroids include medical and surgical options. Women try to avoid the surgical
option due to the risks associated with the operation and to save their uterus for future pregnancies.
Medical options are preferred; however, sometimes surgical intervention is considered the primary choice
of treatment for uterine fibroids [24,25]. In this chapter, we cover uterine fibroid treatment options by
addressing their impact on productivity maintenance.

Surgical and nonsurgical strategies include myomectomy by hysteroscopy, myomectomy done by
laparotomy or laparoscopy, uterine artery embolization (UAE), and other interventions done under
radiologic or ultrasound guidance [26] (Figure 6.1).

Hysteroscopic Myomectomy

Hysteroscopy is a modality by which intrauterine pathologies can be diagnosed and treated at the same
time. The extraction of submucosal fibroids is one of the main indications for hysteroscopic myomectomy.
Surgical resection by hysteroscopy increases pregnancy rates in submucosal fibroids, while myomectomy
for intramural fibroids is still discussed. Complexities include uterine perforation that might lead to nearby
organ injury, postoperative endometritis, and bleeding [24].

Laparoscopic Myomectomy

Minimally invasive laparoscopic surgery allows for less postoperative pain, a lower rate of postoperative
fever, a shorter hospital stay, and a rapid recovery time with a speedier return to performance and
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FIGURE 6.1 Uterine fibroid management.

movements of daily living, when compared with an open surgical method. Laparoscopic myomectomy
is safe and efficient, with a low complication rate of less than 10%. Its pitfall might be a longer operative
time [25]. Several complications have been seen in laparoscopic myomectomy, the most concerning and
worrisome complication of laparoscopic myomectomy is a pregnancy-related uterine rupture. Though
it comprised only a small proportion of complications, it can be lethal to both the pregnant woman and
her baby when it occurs.

Uterine rupture is a fatal complication, and the risk is unpredictable. When considering laparoscopic
myomectomy in reproductive-aged women, the risk should not be overlooked [26].

Uterine Artery Embolization

UAE is a radiologic intervention used when there are symptomatic fibroids. It is contraindicated in pelvic
inflammatory disease, uterine malignancy, or pregnancy. Relative contraindications include severe renal
insufficiency not managed by dialysis or a refractory coagulopathy. UAE has a more significant safety
profile and allows for shorter hospital stays when compared to hysterectomy, as well as results in better
patient satisfaction. Complications associated with UAE are postembolization syndrome that is rarely
serious, endometritis, delayed contrast material reactions, tube-ovarian or uterine abscess, amenorrhea,
urinary tract infection, urinary retention, fibroid sloughing requiring hysteroscopic extraction or
hysterectomy, and uterine infarction [27].

Pharmacological Therapies for Uterine Fibroids

So far, therapies for fibroids are limited, and no pharmacological agent is accepted and approved for
long-term treatment of fibroids [27]. The primary treatments of uterine fibroids—myomectomy and
hysterectomy—have been recognized and announced as solutions for all cases. However, these options are
only for women who are not planning for future pregnancies. For women who refuse surgical operation
and prepare for future fertility, the best treatment choice is to control and stabilize hormone levels at
uterine fibroid cells. Drug-based strategies have been traditionally accepted as a presurgical adjuvant to
diminish fibroid volume, but not for long-term treatment plans. Current pharmaceuticals either fail to fix
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TABLE 6.1
Recent Therapies for the Treatment and Control of Uterine Fibroids
U.S.FDA
Class Drug Example Mechanism of Action Adverse Effects Approved
GnRH agonist Leuprolide Flare-up effect pituitary 1. Decrease BMD Approved for
suppression 2. Severe vasomotor fibroids
symptoms
Progestogen LNG-IUS Direct release of 1. Breakthrough bleeding Approved for
levonorgestrel and spotting (first 3—6 HMB
months)
2. Expulsion
Combined oral Estradiol valerate/ Inhibit ovulation by Venous Approved for
contraceptives dienogest downregulation of sex thromboembolism HMB
steroid hormones
GnRh antagonist 1. Elagolix (Orilissa) Short-acting, 1. Decrease BMD Approved
2. Relugolix competitive 2. Severe vasomotor (May 29,
3. OBE210 (ObsEva) antagonists of GnRH symptoms 2020)
SPRMs 1-Mefiprestone First SPRM with 1. Decrease BMD Not approved
antagonist effect 2. Severe vasomotor
symptoms
2-Asoprisnil Progesterone antagonist Endometrial hyperplasia Not approved
3-Telapristone Progesterone antagonist PAECs Not approved
4-Ulipristal acetate Mixed agonist- Increase liver enzymes Not approved
antagonist effects
5-Vilaprisan Progesterone antagonist PAECs Not approved

Abbreviations: U.S. FDA, U.S. Food and Drug Administration; BMD, bone mineral density; GnRH, gonadotropin-releas-
ing hormone; HMB, heavy menstrual bleeding; LNG-IUS, levonorgestrel-releasing intrauterine system;
PAEC, progesterone receptor modulator associated endometrial change; SPRM, selective progesterone
receptor modulator.

symptoms entirely or are correlated with unacceptable side effects that restrict their long-term use [27].
Ongoing studies in the field predict fibroid drug treatment options for a significant role beyond short-term
preoperative adjuvant therapy. Unfortunately, traditional hormonal therapy carries an intrinsic side effect
for a long-term treatment option. Here, we cover the main pharmacological agents that were considered
or are currently being investigated for their role in uterine fibroid management, with particular stress on
selective progesterone receptor modulators (SPRMs) and GnRH agonists and antagonists. The mechanism
of action, side effects, and trials of modern, emerging medical options for treating and controlling the
symptoms of uterine fibroids and their approval status by the U.S. Food and Drug Administration (FDA)
are reviewed and summarized in Table 6.1.

Combined Oral Contraceptives

Combined oral contraceptives (COCs) are considered the first-line treatment to control abnormal uterine
bleeding (AUB) without decreasing uterine fibroid size. COCs inhibit ovulation by downregulating sex
steroid hormones. They are a low-cost treatment with an excellent safety profile; however, young women
at risk for uterine fibroids cannot be administered COCs due to their androgenic effects and increased
risk of arterial thrombosis [27,28].

Levonorgestrel-Releasing Intrauterine System

The levonorgestrel-releasing intrauterine system (LNG-IUS) was the first contraceptive method designed
for long-term treatment up to 5 years. LNG-IUS works through direct release of LNG into the endometrial
lining which suppresses proliferation, causing endometrial atrophy, and amenorrhea. LNG-IUS has less
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systemic adverse effects compared with COCs. In 2009, the FDA approved the LNG-IUS contraceptive
method in the treatment of HMB, which improved quality of life with long-term treatment [28].

Progestogens

High-dose oral progestogens are the commonly prescribed treatment for short-term management of HMB
in women with or without uterine fibroids [29]. In randomized controlled trials (RCTs), norethisterone
(5 mg three times per day at days 5-26 of the menstrual cycle) was shown to reduce menstrual blood loss
(MBL) by greater than 80 mL versus the LNG-IUS [30]. This effect is most likely due to endometrium
decidualization. Based on a review of RCTs, use of progestogens in women with uterine fibroids is limited
[31]. But in a study using high-dose depot medroxyprogesterone acetate (MPA) as an add-back therapy,
the effects of leuprolide acetate on uterine fibroid size reduction were reversed by MPA [32], which
confirms the effect of progesterone in uterine fibroid pathogenesis. But high-dose progestogens, either as
a monotherapy or as an add-back therapy in combination with GnRH agonists, do not seem to be suitable
for the management of symptomatic uterine fibroids because long-term treatment with progestogens is
associated with increased bleeding and spotting via changes in endometrial vasculature [33].

Selective Progesterone Receptor Modulators

Estrogen was known as the primary ovarian hormone involved in uterine fibroid growth and continuance.
Recent findings have recommended a more significant role of progesterone and its corresponding receptors
than previously considered by providing a new target for therapy improvement [34,35]. Initially, the
term progesterone receptor modulator (PRM) included both progesterone receptor agonist, progesterone
receptor antagonist (antiprogestin), and SPRMs. SPRMS are ligands that have selective progesterone
agonist, antagonist, or dual activity on various progesterone tissues [36]. Only mixed PR agonists and
PR antagonists with tissue/organ selectivity were included in this category. A1l PRMs involved in clinical
trials are 113-benzaldoxime-substituted steroids [28].

The SPRM family includes mifepristone (the first member of this family), asoprisnil, onapristone,
ulipristal acetate (UPA), lonaprisan, vilaprisan, and telapristone. These SPRMs have been investigated
in clinical studies for various women'’s health conditions [36]. These ligands have different actions based
on PR selectivity and the degree of progesterone agonist activity in vivo [37,38]. Those compounds have
been evaluated in women with HMB and uterine fibroids [39], and SPRMs were capable of shrinking
uterine fibroid volume by 17%-57% and reducing uterine mass by 9%—-53% [25]. Unlike GnRH agonists,
SPRMs lack the hypoestrogenic effect and the bone mineral density (BMD) loss. The recurrence of
uterine fibroids is reduced up to 6 months, even by stopping treatment with SPRMs [40]. Cochrane
review on SPRMs highlighted the improvement of the patient’s quality of the life undergoing treatment
with SPRMs for 3 months by reducing HMB, decrease uterine fibroid size and reduce the uterine volume
compared with placebos group [41].

The molecular effects of modulating progesterone and its receptors are still under study, as it has been
shown that progesterone has both proliferative and antiproliferative effects. Recently, it was found that the
effect of SPRMs is augmented after increased expression of progesterone receptors within fibroids when
compared to the adjacent myometrium [27,40]. Progesterone’s effects include decreasing expression of
tumor necrosis factor-alpha (TNF-o), stimulation of epidermal growth factor (EGF), and antiapoptosis.
Also, it can downregulate Bcl-2 and insulin-like growth factor-1 (IGF-1) [42]. Current theories suggest
that SPRMs cause apoptosis in tumor cells and downregulate the proliferation of cells involved in collagen
synthesis, with subsequent extracellular matrix (ECM) reduction and fibroid shrinking [6,42] (Figure 6.2).

Mifepristone (RU-486) is one of the most common antiprogestins. It initially has antagonistic activity
on PRs [43]. Several dosages of mifepristone were involved in clinical trials to examine its effects on
tumor regression and symptom improvement. Regarding RU-486 dosage, lower doses of mifepristone
seem to have an effect on symptoms and can diminish uterine fibroid volume, but the use of high doses has
some antiglucocorticoid activity [44,45], up to 50%. A meta-analysis of 11 RCTs found that mifepristone
at 2.5 mg/d for 3—6 months significantly reduced uterine and fibroid volume [46]. Mifepristone could be
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FIGURE 6.2 Role of progesterone in uterine fibroid pathogenesis. Ovarian progesterone works as an agonist at the
progesterone receptor (PR), while selective progesterone receptor modulators work as antagonists at the PR and block
transcription of critical genes for apoptosis, proliferation, and extracellular matrix formation.

used to shrink uterine fibroids before surgery [46]. Another meta-analysis of three RCTs on mifepristone
found that it enhanced the fibroid-related quality of life (based on the uterine fibroids Symptom Quality
of Life Scale) and reduced heavy bleeding symptoms, but did not significantly shrink uterine fibroid
volume [41]. As such, better-controlled trials are necessary with long-term implications to assess the use
of mifepristone in uterine fibroids.

UPA is a selective progesterone modulator that has been approved in the European Union and Canada
for short-term therapy for symptomatic uterine fibroids. Although UPA is FDA approved as an urgency
contraceptive, it has been shown to be well tolerated in premenopausal women with symptomatic fibroids
[47]. It was used as a preoperative medication for symptomatic fibroids based on short-term RCTs in
females with uterine fibroids associated with HMB [48,49], and recently as an alternative therapy of mild
to critical symptoms of uterine fibroids in adult women of reproductive age [50]. The proper mechanisms
of the PRM’s action in women with HMB and fibroids are complicated and include direct effects on
ovulation, endometrial vessels, uterine blood flow, and direct PR-mediated effects on uterine fibroid cells
such as antiproliferative and proapoptotic effects, as well as inhibition of ECM production [51].

UPA has tissue-specific progesterone with dual agonist and antagonist effects [52]. UPA has
different mechanisms to control fibroid growth on a molecular basis including promoting apoptosis
in fibroid cells, downregulating vascular endothelial growth factor (VEGF), regulating the ratio of
matrix metalloproteinases (MMPs) and tissue inhibitor of metalloproteinases (TIMPs), as well as
regulating the ratio of PR-A and PR-B expression within uterine fibroid cells and limiting its collagen
overexpression [52,53].

Women receiving a 5 mg/d or 10 mg/d dosage notice a stop of menstrual bleeding within 1 week,
varying from 81% to 90%, respectively [53]. A double-blind RCT published in 2015 showed a decrease
of 54% and 58% in fibroid size when administrated to 5 mg/d and 10 mg/d doses of UPA, respectively,
for 12 weeks [21]. Consequently, it seems the 5 mg/d and 10 mg/d doses both have similar efficacy [35].
The PEARL-II trial investigated matching UPA to the GnRH agonist leuprolide. The study determined
that UPA was chosen owing to its strength to quickly decrease HMB (at 6 days versus 1 month) and the
absence of hypoestrogenic signs [35]. Until now, the focus of medical treatment was usually short-term
or preoperative therapy. However, developing data have recommended that UPA has the potential to be
a long-term management choice, up to four cycles, 3 months each, for women with symptomatic uterine
fibroids [58]. Of note, a study published in 2017 recommended that the absence of response to UPA in
presumed fibroids should warrant a doubt for the presence of a malignant leiomyosarcoma [54].

The first U.S.-based phase I1I clinical trial (VENUS 1 study) was completed to evaluate the effectiveness
and safety of UPA (5 and 10 mg) versus a placebo. The targets were amenorrhea and activity rate in
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premenopausal women. It showed promising findings regarding the rate of and time to amenorrhea
without any adverse concerns that warranted discontinuation of the drug [55]. In the same study, the
potency of UPA for fibroid treatment was investigated in different racial (Black versus non-Black) and
body mass index (BMI) (30 kg/m? or greater versus less than 30 kg/m?) groups with results highlighting
the efficacy of UPA regardless of race and BMI [55].

Asoprisnil was first shown to repress uterine bleeding through a dual mechanism that includes a direct effect
on the endometrium and inhibition of ovulation. However, it reduces bleeding at doses that did not inhibit
ovulation, which means that the endometrial effects are the primary mechanism of bleeding suppression.
The rapid effect on bleeding versus a gradual decrease in fibroid mass shows that the effect of PRMs on
bleeding is independent of its effects on uterine fibroids [38,39]. Asoprisnil overcomes uterine bleeding in
a dose-dependent way, and the reduced bleeding listed in 28%, 64%, and 83% of cases at 5, 10, and 25 mg/
day, respectively, and diminished fibroid size by up to 36% at 25 mg/day, probably by minimizing uterine
artery blood flow. Recently, follow-up studies have raised concerns about asoprisnil, because its primary
function is as a progesterone antagonist, and it does not have an estrogenic effect in the endometrium [38].
Furthermore, clinical trials of telapristone acetate were suspended due to liver toxicity; however, trials have
recently continued using lower doses of telapristone acetate [56]. At the molecular level, it works by the
following mechanisms: inhibition of collagen synthesis that leads to apoptosis in uterine fibroids but does
not affect normal myometrium [57]; reduction of the expression of antiapoptotic Bcl-2; increase in caspase-3;
and attenuation of VEGF and proliferating cell nuclear antigen (PCNA) [58]. A multicenter, randomized
placebo controlled trial found that after 12 weeks treatment with Asoprinil showed significant reduction in
uterine bleeding, reduction in fibroid sizes with minimum hypoestrogenic side effect. Unluckily, recently
due to the failing phase III clinical trial in 2008, it has not been taken more in clinical trials, due to unsafe
changes in the endometrial lining of the uterus. Telapristone acetate (CDB4124), marked under the name
of Proellex, has been tested as a treatment for symptoms linked to endometriosis and fibroid [59]. It showed
encouraging findings in preliminary studies, successfully causing apoptosis in fibroid cells without affecting
normal adjacent myometrium [59]. Researchers were expecting that telapristone could potentially become a
long-term treatment. However, phase I1I studies were halted because of significant increases in liver enzymes
[60]. Recently, there is a continuing phase II clinical trial that began in 2014 aiming to evaluate both safety
and efficiency of lower oral as well as vaginal doses of telapristone acetate [64].

Vilaprisan (BAY 1002670) is a novel and highly effective SPRM with oral administration. Because
of its pharmacological profile, this molecule is a promising drug in the regimen of many gynecological
conditions. It is currently under evaluation for the long-term treatment of symptomatic fibroids [61]. In
preclinical in vitro studies, vilaprisan showed strong selective binding activity to PR, exerting strong
antagonism without agonistic activity. Vilaprisan can weakly bind glucocorticoid receptors (GRs), with
a slight antiglucocorticoid effect (approximately 100 times less than mifepristone). Neither agonistic nor
antagonistic activity has been observed on PR, and a very weak binding affinity has been detected for the
androgen receptor (AR) [61,62]. Vilaprisan passed a 12-week phase I clinical trial successfully, in which
most of the women who administrated the prescription daily at the dosage of 0.5-5 mg were able to reduce
mean maximum serum concentrations of luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) and decrease mean and mean maximum estradiol concentrations [63]. Amenorrhea occurred in
75% of women at the doses of 1, 2, and 4 mg. These results confirmed the preliminaries of advanced
clinical trials to evaluate vilaprisan in women with symptomatic fibroids [61,64]. In phase II, vilaprisan
has been estimated at the doses of 0.5, 1, 2, and 4 mg daily for 12 weeks, in a double-blind, placebo-
controlled study, and it was shown to manage bleeding within 3 days in most of the women at doses equal
to or greater than 1 mg, and to obtain amenorrhea in 87%-92% of cases. Furthermore, improvements
in symptoms related to fibroids and the quality of life were observed in all treatment groups and a dose-
dependent volume reduction of fibroids up to 40% at the highest doses [65]. The same study shows that
the reduction of bleeding and amenorrhea have been recoded within 3 days from the start of vilaprisan
treatment [65]. The phase II study ASTEROID 2 (ClinicalTrials.gov Identifier: NCT02465814), for the
first time, evaluated the efficacy and safety of different treatment regimens with vilaprisan at the daily
doses of 2 mg (12 weeks of repeated cycles or 24 weeks of continuous treatment) compared to both placebo
and UPA. The study was performed in patients with massive bleeding associated with uterine fibroids
[60]. The study was completed at the end of 2016. Vilaprisan is currently under study in phase III for the
long-term treatment of uterine fibroids, with the trials ASTEROIDS and ASTEROID6 (ClinicalTrials.
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gov Identifier: NCT03240523 and NCT03194646, respectively). The study plan recommends evaluation
of the efficiency and safety of vilaprisan 2 mg at different regimens, recruiting more than 3600 women
worldwide; efficacy outcomes will be bleeding control, shrinkage in fibroid volume, and enhancement
in the quality of life [61].

Gonadotropin-Releasing Hormone Agonist

Natural GnRH agonist was considered as one of the first therapeutic regimens to manage fibroids. GnRH
stimulates gonadotrophs of the anterior pituitary and has been used for induction of ovulation. The GnRH
agonists are highly potent and have an extended half-life compared to native GnRH. They produce an initial
stimulation of pituitary gonadotrophs, which results in secretion of FSH and LH and the expected gonadal
response. This response is accompanied by downregulation and inhibition of the pituitary-gonadal axis. As
linked to GnRH agonists, GnRH antagonists immediately suppress pituitary gonadotropin by GnRH-receptor
(GnRH-R) competition, through avoiding the initial stimulatory phase of the agonists [66] (Figure 6.3).

In 1999, leuprolide acetate (LA) was approved by the FDA as a short-term preoperative therapy
to help women with symptomatic fibroid accompanied by anemia [67]. These compounds induce
the hypoestrogenic effect by inhibition of the gonadal axis. The flare-up effect of GnRH by raise
gonadotropin secretion, but after continuous secretions of GnRH leads to downregulation of GnRH
receptors, consequently decrease, Stimulating follicle hormone (FSH) and luteinizing hormone (LH) thus
putting the patients in pseudo-menopause state and reducing the size of fibroids and related symptoms.
The main side effects of estrogen shortage are hot flashes, mood disturbance, and vaginal dryness, and the
most serious effects are decreased BMD, which leads to restricting the use of LA, just for 3—6 months in
the case used alone. Progestin-only, estrogen, progestin plus estrogen, and tibolone have been studied as
add-back therapy. LA is considered expensive therapy compared with short-time treatment, and fibroids
regrow to their original sizes after discontinuing the medication [68,69].

Developing New Medical Treatment for Uterine Fibroids
Nonpeptide Oral Gonadotropin-Releasing Hormone Antagonists

GnRH is a peptide that activates the pituitary to secrete hormones that are responsible for sex steroid
reproduction and normal reproductive function. The search for nonpeptide, orally active GnRH
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antagonists has been launched by numerous pharmaceutical and biotechnology companies in the past
two decades to overcome the problems associated with injectable GnRH antagonists and to perform a
dose-dependent suppression of sex steroids [28,70]. Currently, three new nonpeptide GnRH antagonists,
elagolix, relugolix, and OBE2109 (ObsEva), are for the control of fibroids and endometriosis [28]. These
agents are short-acting, competitive antagonists of GnRH at the pituitary GnRH-R that reversibly
inhibit receptor signaling, leading to dose-dependent suppression of LH and FSH, and, consequently,
exhibit a dose-dependent suppression of ovarian and testicular sex steroids (Figure 6.4). The onset and
discontinuance of these effects are rapid, in contrast to GnRH agonists’ effects that induce hormonal
suppression via desensitization of GnRH-R, as explained earlier. FDA has Oriahnn (elagolix with
estradiol and norethindrone acetate) for the management of heavy menstrual bleeding associated with
uterine fibroids on May 29, 2020. Oriahnn Elagolix is the first nonpeptide GnRH antagonist that has
entered clinical development for hormone-dependent diseases in women. In phase I studies, treatment
with elagolix showed a dose-dependent suppression of both gonadotropins and ovarian sex steroids
in healthy premenopausal women [72]. A more recent phase I study, which incorporated a wide range
of elagolix doses, indicated that elagolix could provide a dose-dependent estrogen inhibition, varying
from partial suppression at a lower dose (150 mg once daily) to near-full suppression at higher doses
(200- 300 mg twice daily) [72]. Estrogen suppression by high-dose elagolix is less than the estrogen
suppression by depot GnRH agonists, which lower estradiol levels to post ovariectomy levels (less than
10 pg/mL). Elagolix has been evaluated in several randomized, controlled phase II studies in women
with endometriosis and has shown a significant improvement in dysmenorrhea and nonmenstrual pelvic
pain versus placebo in addition to an adequate safety and tolerability profile at a dose of 150 mg once
daily [62]. Recently, the outcomes of randomized placebo-controlled phase III studies of 6 months’
duration showed that elagolix (150 once daily and 200 mg twice daily) significantly and dose-dependently
decreased dysmenorrhea, nonmenstrual pelvic pain, and dyspareunia versus placebo [73]. Harmonious
with the mechanism of action, elagolix treatment was also associated with hypoestrogenic side effects
(mainly hot flushes) and a decrease in BMD in a dose-dependent manner. Elagolix has been approved
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FIGURE 6.4 GnRH antagonist ligands compete with GnRH at the receptor site on the pituitary gonadotroph cell membrane
leading to immediate suppression of the release of follicle-stimulating hormone and luteinizing hormone, which suppresses
the release of progesterone.
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for the management of HMB in women associated with uterine fibroids. The safety and efficacy of
elagolix versus placebo and elagolix at various doses, with and without low-dose estradiol/progestogen
add-back therapy, were estimated in a dose-finding, phase Ila study in women with HMB associated
with uterine fibroids [74]. The objective alkaline hematin method was used for HMB assessment in this
study, and a dose-dependent improvement in HMB with elagolix in women with fibroids was described.
At month 3 of treatment with a 300-mg twice-daily dose, a 98% decline from baseline in MBL was
shown. The low-dose add-back regimens (continuous/combined 1 mg estradiol/0.5 mg norethindrone
acetate, and 1 mg estradiol acetate/200 mg cyclical progesterone) had minimal effects on HMB but
mainly reduced the frequency of hot flushes. These results provided a reason for subsequent phase
IIb and three clinical trials of longer duration as a potential long-term treatment of uterine fibroids in
women experiencing HMB. This study also demonstrated, for the first time, the usefulness of low-dose
estradiol (E2)/norethindrone acetate (NETA) add-back treatment in combination with a hormonally
suppressive therapy in women with HMB and fibroids [73]. This placebo-controlled randomized study
of 6 months’ duration showed that elagolix, with or without two strengths of E2/NETA add-back therapy,
significantly reduced MBL in uterine fibroid—associated HMB. Hot flushes and BMD were decreased
by add-back therapy in a dose-dependent manner, but there is no statistically significant difference
in BMD between elagolix plus the standard dose (1 mg E2/0.5 mg NETA as add-back group and the
placebo group at month 6).

Relugolix

Relugolix is an orally active nonpeptide GnRH-receptor antagonist used for the treatment of different sex
hormone-related dysfunctions. The medication inhibits the release of gonadotropin from the pituitary,
leading to reductions of estradiol, progesterone, and testosterone levels, without producing the initial
upregulation of hormone levels associated with GnRH agonists such as leuprorelin. Relugolix was
later approved for marketing in Japan as a medication for symptoms associated with uterine fibroids,
and studies estimating the efficacy of the agent as a treatment for endometriosis-associated pain and
prostate cancer have begun. The approved adult dosage of relugolix in Japan is 40 mg once daily, orally
administered [76,77].

Statins

There is evidence that the antihyperlipidemic drug simvastatin and other drugs from the same family
may represent a medical treatment option for uterine fibroids [78,79]. Borahay et al. showed that it
inhibits proliferation of fibroid cells and induces apoptosis through calcium-dependent mechanisms
[80]. In addition, the same group also demonstrated that it inhibits fibroid tumor growth in a patient-
derived xenograft animal model [81]. Another group demonstrated that another similar drug, atorvastatin,
suppresses uterine fibroid tumor growth [82]. Using epidemiologic (insurance claims) data, statins were
noted to be associated with a lower incidence of uterine fibroids and fibroid-associated symptoms and
myomectomies [83]. Malik et al. also showed that simvastatin at low doses can inhibit production of
extracellular matrix proteins in uterine fibroids [75]. There is currently an ongoing clinical trial for
simvastatin in patients with uterine fibroids.

Conclusions and Future Directions

Currently, available treatment options are restricted, and approved market medications are often used
for short-term treatment to control HMB. Progestogens and COCs usually provide a brief improvement
in HMB. The LNG-IUS is valuable in decreasing bleeding, but it is used only in women with a normal
uterine cavity. These medications reduce bleeding by targeting the endometrium and do not diminish
fibroid volume. GnRH agonists are highly effective in suppressing bleeding and reducing fibroids and
uterine mass. Leuprolide acetate is FDA approved for presurgery short-term treatment. No hormonal add-
back therapies have been approved as GnRH agonists for long-term treatment of fibroids. However, some
medications currently under investigation in the United States, such as PRMs and oral GnRH antagonists,
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offer a promise of new fertility-sparing medical therapies that could provide a long-term treatment option
for women with fibroids. Alternative treatment using UPA has recently been approved in Europe and
Canada for the long-term management of symptomatic fibroids. Vilaprisan has been evaluated only in
women with symptomatic fibroids, and it has an advantage over other SPRMs, such as UPA. Vilaprisan
exhibits more rapid action on bleeding related to fibroids but shows effects with lower doses than other
SPRMs. Elagolix is an FDA-approved oral treatment for controlling endometriosis with symptoms from
a moderate to severe degree. A recent phase IIb study of therapy with elagolix combined with low-dose
add-back therapy exhibited high efficiency and improvements in HMB. This combination treatment shows
alow rate of hypoestrogenic side effects such as vasomotor signs and changes in BMD. Continuous studies
of the pathogenesis of uterine fibroids and a new pharmacological target, nonhormonal effect, and long-
term medical regimen to eradicate this disease are needed.
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Fibroid Preoperative Imaging: Ultrasound
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Introduction

Fibroids are the most prevalent type of benign tumors of the uterus among reproductive-aged women.
They arise primarily from smooth muscle cells of the myometrium and affect almost one-third of
women over the age of 35 years [1-3]. Factors associated with a higher risk of developing fibroids
include age, obesity, early menarche, nulliparity, race, genetic factors, and long-term hormonal therapy
[4,5]. Although fibroids are asymptomatic in the majority of patients, they may cause menorrhagia,
pelvic pressure, lumbar pain, urinary and bowel dysfunction, dyspareunia, and obstetric complications
[6]. Three types of fibroids exist, and they are labeled according to their position in the uterine wall:
submucosal, intramural, and subserosal [7]. Fibroid size, quantity, and location relative to the uterus
are all valuable considerations. In the pregnant patient, the fibroid location relative to the placenta has
even further significance, as it may possibly direct the course of action that the obstetrician decides to
take [8].

Various imaging modalities can be utilized to assess the magnitude and position of tumors. Principally,
two-dimensional (2D) ultrasonography (US) has provided an inexpensive, noninvasive means for
diagnosing uterine fibroids for the past few decades. Thus, it is customarily the imaging modality that is
used initially. More recently, the addition of three-dimensional (3D) ultrasound, color Doppler, and saline
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infusion sonohysterography (SIS) have enhanced the diagnostic capacity of US. SIS has been conducive to
identifying localized intracavitary lesions [2]. This segment primarily examines use of US in preoperative
imaging of uterine fibroids. Of note, the production of this section has greatly benefited from the work of
Drs. Clough, Khalaf, Allahbadia, Merchant, Abuzeid, and Joseph [1-3].

Ultrasound Technique
Two-Dimensional Ultrasound

The traditional way to image fibroids is by 2D scanning. For good visualization of fibroids, specifically of
the outline, the best imaging mode is the transvaginal scan (TVS). By this method, the probe is in closer
proximity to the uterus, and a higher frequency can be selected, thereby yielding finer tissue delineation
[1]. The rationale behind this can be elucidated by basic physics. Strictly speaking, ultrasounds adhere to
the following general pattern: lower frequencies deliver sharpened resolution but are restricted in depth
of penetration; the same can be expected vice versa [9]. Notably, an ultrasound is optimally executed if
the patient has an empty bladder. TVS is conducted using a curved linear array endocavity transducer
with a frequency range of 6-9 MHz [10]. Since fibroids are composed of mixed, dense tissue, they can be
highly attenuating on ultrasound, resulting in obscurity and poor transmission. Therefore, it is necessary,
at times, to choose a lower frequency to accommodate for better penetration, in order to observe the
posterior aspect of a fibroid [6]. If a uterus is considerably enlarged by fibroids, to a point where TVS fails
to expose the complete uterus, then a transabdominal scan (TAS) is needed. TAS is carried out using a
curved linear array abdominal transducer that has an average frequency ranging from 2.5 to 5 MHz [11].
Along with modifying the frequency of the ultrasound, altering the harmonics and amplifying the power
settings can also enhance the picture [12].

Two-dimensional ultrasound has even proven useful for tackling complex cases, such as those involving
fibroids located on the broad ligament [3,13]. In one instance, Abuzeid and Joseph describe the case
of a 31-year-old female with this condition who was being evaluated for infertility [3]. TVS revealed
a right-sided broad ligament fibroid so immense that it drove the entire uterus toward the left side and
inhabited most of the pelvic cavity (Figure 7.1a—c). The diagnosis was also confirmed on SIS with and
without Doppler flow analysis (Figure 7.2a,b). It showed an expansion in the vascularity amidst the uterus
and fibroid. The diagnosis was then substantiated via diagnostic laparoscopy (Figure 7.3). Following
successful removal of the fibroid, this patient was able to conceive and give birth to a healthy child. This
case is an excellent demonstration of the application of TVS in ascertaining the degree of attachment
and vascularity of a broad ligament lesion. Such information is helpful in guiding treatment planning [3].

Two-dimensional scanning is a conservative, noninvasive approach for the discovery of endometrial
pathology in women with dysfunctional uterine bleeding. TVS is capable of rendering sufficient
information to refrain from having an unnecessary hysteroscopy. Characteristically, in women who are
postmenopausal, the endometrial thickness reliably identifies those who need further testing. Among
this approximate age group, a thin endometrium is ordinarily promising and rules out pathology in the
uterine cavity, namely, cancer [14].

Three-Dimensional Ultrasound

While 2D ultrasound is limited to representing a fibroid in the longitudinal and transverse planes,
3D scanning is able to display the fibroid in the coronal plane. This is exceptionally convenient when
surveying a fibroid that is within, or impinging on, the cavity. Since the introduction of 3D technology,
the 3D ultrasound has proven itself to be a useful tool for the exploration of uterine pathology, due to its
power to reconstruct the coronal plane of the uterus [15]. Three-dimensional ultrasound has proven its
efficiency in visualizing fibroids on a uterus with anatomical anomalies, such as in the case of an arcuate
uterus or a uterine septum [3]. If there is solid image contrast between the fibroid and endometrial lining,
then clear observation of the fibroid is more likely to be attained. Ideal contrast is presumed to be attained
throughout the secretory phase of the cycle, when the endometrium appears hyperechoic (Figure 7.4).
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FIGURE 7.1 Transvaginal scan images demonstrating a (a) transverse look at the uterus pushed to the left by a broad
ligament fibroid; (b) transverse view of a large uterine fibroid that inhabits almost the entire pelvic cavity; (c) transverse
view of a large uterine fibroid with a sizable blood vessel fixed between the fibroid and pelvic sidewall. (From Abuzeid
MI and Joseph SK. Trans-vaginal ultrasound scan findings: Effect on treatment plan. In: Rizk B and Puscheck E [eds]
Ultrasonography in Gynecology. Cambridge, UK: Cambridge University Press; 2015, pp. 80-93. With permission.)

FIGURE 7.2 Saline infusion sonohysterography demonstrating a (a) transverse view of the uterus with normal endometrial
cavity (large arrow) and a large broad ligament fibroid (small arrow); and (b) transverse view of the uterus with Doppler
flow study showing a normal endometrial cavity (large arrow) and a large broad ligament fibroid (small arrow). In both
images, note the considerable increase in vascularity between the uterus and fibroid. (From Abuzeid MI and Joseph SK.
Trans-vaginal ultrasound scan findings: Effect on treatment plan. In: Rizk B and Puscheck E [eds] Ultrasonography in
Gynecology. Cambridge, UK: Cambridge University Press; 2015, pp. 80-93. With permission.)
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FIGURE 7.3 Laparoscopic image displaying a large broad ligament fibroid pushing the uterus to the left. Note that the
right fallopian tube is extended and pulled over the fibroid. (From Abuzeid MI and Joseph SK. Trans-vaginal ultrasound
scan findings: Effect on treatment plan. In: Rizk B, and Puscheck E [eds] Ultrasonography in Gynecology. Cambridge, UK:
Cambridge University Press; 2015, pp. 80-93. With permission.)

FIGURE 7.4 Three-dimensional coronal view of the uterus displaying a massive submucosal fibroid situated in the
central region of the uterine cavity. (From Clough A and Khalaf Y. Ultrasonography of uterine fibroids. In: Rizk B [ed]
Ultrasonography in Reproductive Medicine and Infertility. Cambridge, UK: Cambridge University Press; 2010, pp. 88-96.
With permission.)

Saline Infusion Sonohysterography

Saline infusion sonohysterography (SIS) should be considered if US is not sufficiently helpful, or in
the case of medical treatment failure. SIS has become a fundamental instrument, particularly in the
assessment of cavity distortion caused by fibroids. This method involves injecting a small amount of saline
into the uterine cavity via a uterine cannula. Following introduction of saline into the uterine cavity, US
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can delineate submucous myomas and indicate the proximity of intramural myomas to the endometrial
cavity [15]. Studies have shown SIS to be useful in preoperative assessment, given that SIS can provide
further information on size and location of submucosal fibroids in comparison with conventional US [16].
This is especially important, seeing as an exemplary preoperative assessment leads to a more accurate
resection of fibroids. If a fibroid impinges on the cavity, then assessment is made of what percentage of
the lesion projects into the cavity, and its degree of infiltration into the myometrium. Submucosal fibroids
can then be categorized as type 0, 1, or 2 in terms of their extent of cavity distortion according to the
classification system of the International Federation of Gynecology and Obstetrics (FIGO) [17]. Three-
dimensional scanning can be performed together with SIS to provide the additional coronal plane for
further diagnostic accuracy.

Hysterosalpingo Contrast Sonography

Hysterosalpingo contrast sonography (HyCoSy) is a well-tolerated procedure that is considered a first-
line choice for evaluating tubal patency and for exploration of the uterine cavity in infertile women [18].
If a fibroid is located adjacent to the ostia, a HyCoSy test may help to determine whether the fibroid is
causing an ostial obstruction, as indicated by a lack of cornual exit of contrast. Echovist (the contrast
used for HyCoSy) also provides a “positive” contrast for precise demarcation of submucosal fibroids
(Figure 7.5a—d).

FIGURE 7.5 Saline infusion sonohysterography examinations of submucosal fibroids showing (a) type 2, (b) type 1, (c) type
0, and (d) type 0. (From Clough A and Khalaf Y. Ultrasonography of uterine fibroids. In: Rizk B [ed] Ultrasonography in
Reproductive Medicine and Infertility. Cambridge, UK: Cambridge University Press; 2010, pp. 88-96. With permission.)
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Color Doppler

Color Doppler can be beneficial in the evaluation of the fibroid blood supply. It is particularly helpful for
spotting the pedicle attaching a fibroid to the uterus when there is doubt about the etiology of a fibroid
lying within the pelvis. It can also be used to differentiate between an endometrial polyp and submucosal
fibroid. The polyp vessels often have a central feeder vessel that diverges into smaller vessels. On the
other hand, the blood vessels supplying the fibroid can be seen at its periphery [19]. Color Doppler
is also useful for directing treatment plans, as well as for post-treatment follow-up for radiological
treatment of fibroids, such as uterine artery embolization (UAE). Color Doppler is also exceptional at
discerning fibroids from adenomyosis, which may be commonly mistaken [20]. Overall, when utilized
in conjunction with color Doppler, TVS is the mainstay of initial management in the case of abnormal
uterine bleeding, as it can dependably rule out the most common uterine pathologies, such as polyps
and fibroids.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is an esteemed alternative imaging modality that offers decent soft
tissue contrast and is more sensitive to uncovering pathology than US [21]. A noteworthy capability of
MRI is its accuracy in mapping fibroids for preoperatively planning for treatment of symptomatic fibroids
via UAE [22]. However, the higher cost and lower availability of MRI can be a setback. Hence, MRI is
generally only used for complex cases.

Establishing a Correct Diagnosis via Ultrasound
Ultrasound Features of Fibroids

Fibroids can be appreciated on ultrasound as having a round silhouette and heterogeneity (Figure 7.6a—d).
They normally present as distinct, hypoechoic lesions that generate a variable extent of acoustic shadowing
on ultrasound [23]. Fibroids may make the uterus look immense or may distort the natural uterine contour.
Even though noncalcified fibroids frequently demonstrate some posterior acoustic shadowing, this is
certainly more pronounced in fibroids that are calcified [24].

For reference, intraoperative photos of gross fibroid lesions can be seen in Figure 7.7.

With regard to treatment options for large fibroids, modern techniques that are commonly performed
can be seen in Figures 7.8a—d and 7.9a—c.

Ultrasound Features of Various Differential Diagnoses
Adenomyosis

Adenomyosis is a benign condition in which endometrial cells are pathologically manifested in the
myometrium of the uterus [25]. Like fibroids, adenomyosis is a prevalent diagnosis among women
and raises similar symptoms of abnormal uterine bleeding and menstrual cramping. The initial
imaging modality, TAS, might show enlargement of the uterus, or irregular thickening of the walls
in the myometrium. US features of adenomyosis often consist of the following sonographic details:
heterogenous reflectivity, changes in echogenicity, and myometrial cysts (Figure 7.10a). As opposed
to fibroids, an adenomyoma is more elliptical shaped, with poorly demarcated edges, no calcifications,
and no peripheral shadowing. In uncertain instances, Doppler sonography is often valuable. In an
adenomyoma, blood vessels generally keep on their usual vertical course in the myometrial regions,
while in the case of uterine fibroid, blood vessels are usually located in the periphery [26]. Of note,
various studies have shown that adenomyosis regularly coexists with other gynecological conditions,
like endometriosis and fibroids [27].
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FIGURE 7.6 Ultrasound images of (a) pedunculated fibroid arising from the cervix; (b) submucosal fibroid (with adjacent
intramural fibroid in the cervix); (c) intramural fibroid (with indeterminate intrusion on the cavity); and (d) subserosal fibroid.
(From Clough A and Khalaf Y. Ultrasonography of uterine fibroids. In: Rizk B [ed] Ultrasonography in Reproductive
Medicine and Infertility. Cambridge, UK: Cambridge University Press; 2010, pp. 88—96. With permission.)

FIGURE 7.7 Large fibroid lesion. (Courtesy of Professor Botros Rizk.)
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FIGURE 7.8 (a—d) Robotic myomectomy procedure for removal of fibroids. (Courtesy of Professor Botros Rizk.)

FIGURE 7.9 (a—c) Hysteroscopic resection of submucosal fibroids. (Courtesy of Professor Botros Rizk.)
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FIGURE 7.10 (a) Characteristic manifestation of adenomyosis; notice the diffusely asymmetrical myometrium, small
cystic lesions, and irregular borders. (b) Transabdominal view of an enlarged uterus with numerous fibroids throughout
the myometrium; indicative of diffuse leiomyomatosis. (c) Tiny submucosal fibroid—notice the round contour and
hypoechogenicity. (d) Endometrial polyp—as opposed to a fibroid, polyps are “tongue shaped” and hyperechogenic. (From
Clough A and Khalaf Y. Ultrasonography of uterine fibroids. In: Rizk B [ed] Ultrasonography in Reproductive Medicine
and Infertility. Cambridge, UK: Cambridge University Press; 2010, pp. 88—96. With permission.)

Diffuse Uterine Leiomyomatosis

Diffuse uterine leiomyomatosis is an uncommon condition where there is widespread and consistent
involvement of the whole myometrium by numerous fibroids (Figure 7.10b). SIS is also useful in
differentiating diffuse endometrial changes from localized intracavitary lesions [24].

Endometrial Polyps

While fibroids arise from the myometrium, polyps are benign overgrowths of the endometrium that
typically protrude into the uterine cavity [27]. The ultrasound appearance of the polyp is characteristically
more hyperechoic than a fibroid, and it has a classic “tongue” shape, compared to the round form of a
fibroid (Figure 7.10c and d). Not only is it challenging to differentiate a fibroid from a blood clot or a polyp,
but fibroids can also obscure the endometrium on imaging or create the illusion of a thicker endometrial
lining than there actually is [28]. TVS or color Doppler may be used initially to identify endometrial
polyps, which may show up as hyperechoic aggregates enveloped by a hypoechoic endometrium [29].
While these methods may come with difficulty in distinguishing some polyps from diffusely thickened
endometrium, SIS has the capability to make this distinction [30].
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FIGURE 7.11  Color Doppler can identify the pedicle between a pedunculated fibroid and the uterus. (From Clough A and
Khalaf Y. Ultrasonography of uterine fibroids. In: Rizk B [ed] Ultrasonography in Reproductive Medicine and Infertility.
Cambridge, UK: Cambridge University Press; 2010, pp. 88—96. With permission.)

Ovarian Fibromas

Ovarian fibromas are benign tumors of stromal origin, and their classic appearance on ultrasound is of a
spherical or elliptical solid tumor with acoustic shadows, even borders, and negligible vascularity on the
periphery [31]. Using ultrasound, a pedunculated fibroid can be differentiated from an ovarian fibroma
if both ovaries are identified separate from the fibroid. If the fibroid is of a substantial size, or is situated
in the broad or round ligament, it might not be possible to detach it from the ovary. In this instance, it
is imperative to use color Doppler to confidently pinpoint a pedicle connecting the fibroid to the uterus
(Figure 7.11).

Leiomyosarcoma

A leiomyosarcoma is a rare, smooth muscle tumor that can appear similar to a large fibroid on ultrasound.
Classically occurring in females in their mid-50s, the common symptoms include rapid growth, abnormal
bleeding, and pain. Unfortunately, current imaging modalities have not been dependable in distinguishing
between benign and malignant neoplasms [32]. A conclusive diagnosis can only be determined from a
microscopic specimen.

Disseminated Peritoneal Leiomyomatosis

Disseminated peritoneal leiomyomatosis (DPL) is an unusual condition characterized by the manifestation
of multifocal nodules and tumors that are composed of rapidly growing smooth muscle tissue spread
throughout the peritoneum [33]. Although their dissemination suggests a metastatic process, the tumors
are usually benign.

Proper Reporting of Ultrasound Findings

A suitable way to record fibroids that are found on ultrasound is to document their size and location,
especially since these features are noteworthy in determining which treatment route to pursue [34].
Accurate measurement of fibroid size is important, as it has been shown to be useful in predicting the
need for a major uterine procedure [35]. A great way to ensure accuracy in measurement is to measure the
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uterus and fibroids in three distinct perpendicular planes. They should each be measured at multiple time
intervals throughout the ultrasound examination. It is crucial to measure fibroid size frequently, so as to
establish how rapidly the fibroid is growing. Speed of growth can impact how the severity is discerned.
The uterine location of each fibroid should then be recorded [36]. The location should be noted in two
planes: first, in the transverse plane, and then in the longitudinal plane. If the fibroid is pedunculated, then
documentation of the uterine origin and position in the pelvic cavity is required.

By following a logical order, physicians are more likely to convey valuable information in an effective
manner. Utilizing standardized templates can help to further minimize confusion and mistakes. These, in
turn, will help auditing procedures, which will pinpoint further areas for refinement. The suggested order
for an ultrasound report is as follows: clinical history, area examined, description of findings, interpretation
of findings, and conclusion. Regarding terminology, using equivocal terms such as “slightly” to describe
an image are unhelpful to clinicians, as the connotation is often unclear. Doing so may mean subjecting
patients to redundant further testing and imaging procedures [37]. A self-assured physician must be able
to declare whether something definitely is, or is not, present in an image.

Conclusion

Overall, it is important to obtain decent preoperative imaging so that proper treatment can be provided.
Without it, gynecologists are confronted with identifying the location and size of fibroids and the
endometrium, which, in turn, can lead to uterine rupture during future pregnancies and higher risk of
future myomectomies [38]. Proper treatment is also important in the patient with submucosal fibroids,
which are shown to lower fertility rates [39]. Notably, studies have proven that by removing such fibroids,
there is an improvement in both conception and live birth rates, including for those who undergo in vitro
fertilization [40]. Future areas of research that might advance expertise in preoperative imaging include
investigating fibroids in pregnant patients, as well as enhancing our ability to quickly differentiate fibroids
Versus sarcomas.
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Introduction

Uterine leiomyomas, more commonly known as fibroids, are benign neoplasms composed of smooth
muscle and fibrous connective tissue [1]. They are the most common gynecologic neoplasm, with
prevalence of 70%—-80% of women by 50 years of age [2]. The prevalence of uterine leiomyomas increases
with age [2-5] and is higher for African American women [2-5]. Many women with uterine leiomyomas
are asymptomatic, and these leiomyomas are incidentally found on physical examination or imaging [2].
However, leiomyomas can cause significant morbidity including dysfunctional uterine bleeding, iron
deficiency anemia, pelvic pain and pressure, and infertility [6].

Although ultrasonography (US) is the preferred initial imaging test for patients with suspected uterine
leiomyomas, magnetic resonance imaging (MRI) is the most accurate imaging modality for the detection
and localization of leiomyomas. MRI has superior tissue contrast resolution compared to US, which is
important in localization and classification of leiomyomas. MRI can also be used to diagnose alternative
and/or coexisting pelvic pathology. Therefore, MRI is the imaging modality of choice in determining
the best treatment options and preoperative planning. This chapter reviews the application of MRI in
preoperative imaging of uterine leiomyomas.

Magnetic Resonance Imaging Techniques

Pelvic MRI is performed with a standard phased-array surface coil. At our institution, our protocol
includes a T2-weighted sequence in the sagittal and axial plane, a three-dimensional (3D) T2-weighted
sequence, axial T1-weighted fast spin echo, axial diffusion weighted sequence, and dynamic fat-suppressed
pre- and postcontrast gradient echo sequence in the axial and sagittal planes. T2-weighted images are
essential for anatomic delineation of the uterine leiomyoma and its relationship to the endometrium,
myometrium, and serosal surface. The 3D T2-weighted sequence allows for multiplanar reconstruction
and can be helpful for anatomic delineation as the uterus may be positioned obliquely within the pelvis.
The T1-weighted images with and without fat saturation are useful to differentiate between fat and blood
products in the characterization of any coexisting adnexal pathology. Pre- and postcontrast images with
fat suppression are used to determine enhancement of the leiomyomas, which is important in predicting
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treatment response to uterine artery embolization (UAE). An optional MR angiography can be included
to facilitate the visualization of blood supply of the leiomyomas and may be helpful for UAE planning.

|
Magnetic Resonance Imaging Features of Uterine
Leiomyomas and Differential Diagnosis

Uterine leiomyomas classically appear as well-circumscribed masses that are T2 hypointense relative
to the outer myometrium. Contrast enhancement may vary and can be homogeneous, heterogeneous, or
minimal (Figure 8.1) [7,8]. Uterine leiomyomas can occasionally undergo degeneration and present with
atypical imaging features. Uterine leiomyomas with hyaline degeneration contain internal T2 hypointense
foci due to the presence of dystrophic calcifications. The presence of cystic or myxoid degeneration
results in T2 hyperintense signal without associated contrast enhancement (Figure 8.2) [7,9,10]. Red
degeneration refers to hemorrhagic infarction and is associated with pregnancy and oral contraceptives.
These leiomyomas demonstrate diffuse or peripheral rim T1 hyperintensity (Figure 8.3) [11].

FIGURE 8.1 A 4l-year-old woman with history of abdominal mass. (a) Sagittal T2-weighted magnetic resonance (MR)
image of the abdomen and pelvis shows a large fibroid uterus with intramural leiomyoma (FIGO type 4, arrow) and
subserosal leiomyomas (FIGO type 5, arrowheads). (b) Sagittal T1-weighted postcontrast MR image of the abdomen
and pelvis shows absence of enhancement of the intramural leiomyoma (arrow) and heterogeneous enhancement of the
subserosal leiomyomas (arrowheads).
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FIGURES8.2 A 42-year-old woman with history of uterine fibroids. Multiple degenerated fibroids were noted on hysterectomy
specimen. Coronal T2-weighted magnetic resonance image shows an enlarged uterus with numerous predominantly T2
hypointense masses with central T2 hyperintense signal (arrows), compatible with degenerated leiomyomas.

Differential diagnosis for uterine leiomyoma includes leiomyosarcoma and adenomyosis. Uterine
leiomyosarcomas are rare and are found in 0.23%-0.49% of patients who underwent myomectomy or
hysterectomy for presumptive diagnosis of uterine leiomyomas [12,13]. The prevalence of leiomyosarcoma
increases with age and can be found in up to 1.7% of hysterectomy specimens [13]. Most uterine
leiomyosarcomas are believed to arise de novo from uterine myometrium or connective tissue surrounding
the uterine vasculature. Malignant transformation of preexisting uterine leiomyomas has been reported [14]. A
number of imaging features have been described to differentiate leiomyosarcomas from leiomyomas, including
large tumor size, invasive features, rapid growth especially in postmenopausal women, T2 hyperintensity,
T1 hyperintensity (hemorrhage), low apparent diffusion coefficient (ADC) (high tumor cellularity), nodular
borders, and inhomogeneous enhancement with central necrosis (Figure 8.4) [7,14—18]. However, due to the
rarity of leiomyosarcomas compared to leiomyomas, a myometrial mass demonstrating “suspicious” features
is still more likely to represent an atypical leiomyoma rather than leiomyosarcoma. Currently, there is no
imaging technique that can reliably differentiate leiomyosarcoma from leiomyoma [6,14,15].

Differential diagnosis of leiomyoma also includes adenomyosis, which is characterized by extension of
ectopic endometrial glands and stroma into the myometrium with adjacent myometrial hypertrophy [19—
21]. The estimated prevalence of adenomyosis ranges from 14% to 66% depending on the study population
[21]. Adenomyosis can result in diffuse thickening of the junctional zone, or it can present as a more focal
T2 hypointense mass inseparable from the junctional zone (Figure 8.5) [20]. The ill-defined borders and
contiguity with the junctional zone are helpful in distinguishing adenomyosis from leiomyoma.

.|
Classification of Uterine Leiomyomas and Implications for Management
The clinical presentation of uterine leiomyomas is variable, depending on size, number, and location

of these leiomyomas. Leiomyomas are classified as submucosal, intramural, and subserosal based on
their relationship to the endometrium and external contour of the uterus. Heavy menstrual bleeding and
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FIGURE 8.3 A 40-year-old woman with history of uterine fibroid. Sagittal T1-weighted fat-suppressed precontrast image
shows an intrinsically T1 hyperintense myometrial mass (arrow), compatible with red degeneration of uterine leiomyoma
with hemorrhage.

painful periods are the most frequent symptoms and can be caused by submucosal leiomyomas that distort
the uterine cavity [22] and large intramural fibroids [23]. Bulk symptoms could be related to size, and
usually occur with subserosal, pedunculated, and large intramural leiomyomas [24]. The negative effects
of leiomyomas on pregnancy are determined by both location and size. Submucosal and large (greater
than 5 cm) intramural leiomyomas have the strongest risk for decreased implantation and higher risk of
spontaneous abortion [25,26].

Asymptomatic leiomyomas do not require any treatment. Treatment approaches for symptomatic
leiomyomas depend on accurate localization and pretreatment mapping. MRI has been shown to be
superior to ultrasound in pretreatment mapping, especially in patients with larger uteri or in patients with
multiple leiomyomas [27]. MRI is also more consistent in the detection of uterine cavity abnormalities
and submucosal components compared to US [28]. However, there remains significant variability in
what criteria radiologists use for leiomyoma localization and how they report these findings. In 2011,
the International Federation of Gynecology and Obstetrics (FIGO) proposed a classification system to
standardize the reporting for causes of abnormal uterine bleeding. It includes a leiomyoma subclassification
system (Table 8.1) that distinguishes submucosal leiomyomas from others, as the former are more likely to
be associated with abnormal uterine bleeding [29,30]. Submucosal leiomyomas are divided into three types:
pedunculated intracavitary (type 0), submucosal leiomyoma with less than 50% intramural involvement
(type 1), and submucosal leiomyoma with 50% or greater intramural involvement (type 2) (Figures 8.6
and 8.7). The other leiomyomas include intramural, subserosal, cervical, and parasitic leiomyomas. Type 3
refers to a leiomyoma that is 100% intramural but contacts the endometrium (Figure 8.7). A type 4
leiomyoma is entirely intramural (Figure 8.1). Type 5 and 6 leiomyomas refer to subserosal leiomyomas
with 50% or greater intramural involvement and less than 50% intramural involvement, respectively
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FIGURE 8.4 A 54-year-old woman with history of postmenopausal bleeding. Sagittal T2-weighted magnetic resonance
image shows an enlarged uterus replaced by numerous heterogeneous masses. There is a dominant intramural mass with
heterogeneous T2 signal in the anterior uterine body (arrow) and a pedunculated subserosal T2 hyperintense mass at the
fundus (arrowhead). Patient underwent hysterectomy, which demonstrated uterine leiomyosarcoma.

(Figures 8.1 and 8.7). Type 7 refers to subserosal pedunculated leiomyoma, and type 8 is reserved for
leiomyomas that do not relate to the myometrium, such as cervical or parasitic leiomyomas. Hybrid
leiomyomas with less than 50% submucosal and less than 50% subserosal involvement are designated
type 2-5 (Figure 8.8) [29,30].

Preoperative MRI with standardized reporting and classification of leiomyomas allows for optimal
selection of surgical approach and preoperative planning (Table 8.2). The MRI report should provide the
overall size of the uterus and an approximate number of leiomyomas. The report should provide detailed
description of dominant leiomyomas with and without submucosal components, as this localization is
key for selection of the treatment approach. The degree of contrast enhancement should be included, as
it is an important factor in preoperative planning for UAE. Any aggressive features or coexisting pelvic
pathology (e.g., adenomyosis, adnexal mass) should also be included.

Hysterectomy is the most definitive treatment for management of uterine leiomyomas. Myomectomy,
UAE, and MR-guided focused ultrasound are alternatives to hysterectomy [6,31]. Myomectomy can be
performed with hysteroscopic, laparoscopic, and open approaches depending on the size, number, and
location of leiomyomas. Hysteroscopic myomectomy should be considered the first-line conservative
surgical treatment for intracavitary leiomyoma (type 0). Submucosal leiomyomas (type O, 1, and 2) up to
4 to 5 cm in diameter can be removed hysteroscopically by experienced surgeons [6,31].

UAE is an alternative conservative therapy for treatment of symptomatic leiomyomas. There are
MRI features in addition to size and location that are important in appropriate patient selection and
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FIGURE 8.5 A 45-year-old woman with history of pelvic pain. Sagittal T2-weighted magnetic resonance image of the
pelvis shows thickening of the posterior junctional zone without discrete borders, compatible with adenomyosis (arrow).

TABLE 8.1
International Federation of Gynecology and Obstetrics (FIGO) Classification of Uterine Leiomyomas
Classification Type Criteria
SM—Submucosal 0 Pedunculated intracavitary

1 Less than 50% intramural

2 50% or greater intramural
O—Other 3 Contacts endometrium; 100% intramural

4 Intramural

5 Subserosal 50% or greater intramural

6 Subserosal less than 50% intramural

7 Subserosal pedunculated

8 Other (specify, e.g., cervical, parasitic)
Hybrid leiomyomas (impact both 2-5  Submucosal and subserosal, each with less than half

endometrium and serosa) the diameter in the endometrial and peritoneal
cavities, respectively

Source: Table adapted from Munro MG, Critchley HO, Broder MS, Fraser IS; FIGO Working Group on Menstrual Disorders.

Int J Gynaecol Obstet. 2011;113(1):3—13; Munro MG, Critchley HO, Fraser IS; FIGO Menstrual Disorders Working
Group. Fertil Steril. 2011;95(7):2204-8, 8.e1-3.

preoperative planning. The degree of contrast enhancement is an important factor in predicting success of
UAE. Leiomyomas that do not enhance on preoperative imaging (Figure 8.1) are already devascularized
and are less likely to respond to treatment [38,39]. Cervical leiomyomas have an alternative blood supply
and may not become devascularized after UAE [40]. Patients with these leiomyomas may not benefit from
UAE, and alternative treatment approaches should be considered.

UAE was traditionally thought to be contraindicated in patients with pedunculated subserosal
leiomyomas due to the potential risk of stalk necrosis and detachment. A number of studies have shown
no increased complication rates in patients undergoing UAE for pedunculated subserosal leiomyomas
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FIGURE 8.6 A 29-year-old woman with history of uterine fibroids. Axial T2-weighted magnetic resonance image of the pelvis
shows a lobulated T2 hypointense mass within the endometrial cavity, consistent with an intracavity leiomyoma (FIGO type 0).

FIGURE 8.7 A 44-year-old woman with history of uterine fibroids. (a) Coronal T2-weighted magnetic resonance (MR) image
of the pelvis shows two submucosal leiomyomas. One leiomyoma has less than 50% intramural component (FIGO type 1,
arrowhead), and the other leiomyoma has 50% or greater intramural component (FIGO type 2, arrow). (b) Axial T2-weighted MR
image of the pelvis at the level of the fundus shows additional leiomyomas. There is one intramural leiomyoma with endometrial
contact (FIGO type 3, arrowhead) and a subserosal leiomyoma with less than 50% intramural component (FIGO type 6, arrow).

[32-34]. However, it is helpful to include measurement of the stalk diameter of pedunculated subserosal
leiomyomas [35] so that the interventionalist can counsel the patients appropriately. Submucosal
leiomyomas can become intracavitary following UAE, and this has been observed in up to 50% of cases
[36]. The risk can be assessed on preoperative MRI by the size of the endometrial interface relative to
the size of the leiomyoma [37].
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FIGURE 8.8 A 35-year-old woman with history of dysfunctional uterine bleeding. Sagittal T2-weighted magnetic resonance
image of the pelvis shows an intramural leiomyoma with both submucosal and subserosal components (FIGO type 2-5, arrow).

TABLE 8.2

Proposed Magnetic Resonance Reporting Template for Uterine Leiomyoma
Findings:

Uterus: Measures cm

Number of uterus fibroids:
Dominant fibroids without submucosal component:
1. ___ cm [FIGO type] fibroid in the [location] with [no, minimal, moderate, or marked] contrast enhancement.
[Include any aggressive features]
Dominant fibroids with submucosal component:
1. ___ cm [FIGO type] fibroid in the [location] with [no, minimal, moderate, or marked] contrast enhancement.
Approximately ___ % submucosal component. [Include any aggressive features]
Endometrium: Measures ___ mm
Junctional zone: Measures __ mm
Cervix:
Vagina:
Ovaries:
Other:

Conclusion

MRI is the modality of choice for preoperative planning of uterine leiomyomas, as it is superior to
ultrasound in the depiction of the number, size, and location of leiomyomas. A standardized classification
and reporting system provides important information in selecting the most appropriate treatment approach
and predicting treatment success.
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Introduction

Alternative procedural treatments, such as uterine artery embolization (UAE), magnetic resonance—
guided focused ultrasound (MRgFUS), and radiofrequency ablation (RFA), can be excellent options
for patients who would like to avoid major surgery, those who are poor surgical candidates, and/or
those who would like to keep their uterus while treating their fibroids. Each procedure is associated
with positive outcomes in the appropriately selected patient. As with any intervention, there are ideal
candidates for each procedure based on fibroid burden and fibroid characteristics. Every patient is
unique in terms of fibroid burden, her symptoms, and treatment goals. These factors must be carefully
considered when counseling your patient about realistic treatment outcomes and expectations. It is
important to note that the desire for future childbearing is a relative contraindication to each of these
interventions.

UAE was first described for the treatment of fibroids in 1995 and since then has been popularly and
widely used. Many scientific studies on UAE have been published. Relative to UAE, RFA and MRgFUS
are still in their infancy, and the scientific studies are not nearly as robust.

95
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Uterine Artery Embolization

UAE, sometimes referred to as uterine fibroid embolization (UFE), is a procedure typically performed
by interventional radiology or vascular surgery. A permanent occlusive agent is used to block the uterine
arteries and/or individual branches feeding a fibroid(s). Normal uterine tissue recovers from the ischemic
insult because of accessory blood flow to the uterus, but fibroids are preferentially affected leading to
irreversible ischemic injury, necrosis, and ultimately a permanent reduction in fibroid size.

Procedure Specifics

Patients are given local anesthesia or light conscious sedation while arterial access is obtained, most
commonly via the femoral artery at the groin or radial artery at the wrist. A catheter is threaded back
through the arterial access point to the uterine artery under fluoroscopic guidance. Once there, polyvinyl
alcohol (PVA) particles measuring 200-500 microns are placed until complete occlusion of the artery
feeding the fibroid(s) is verified. PVA particles are the most commonly used embolic agent, but other agents
can be used with equivalent efficacy including tris-acryl gelatin or polyzene-F hydrogel microspheres
[1]. The procedure takes approximately 1 hour to complete and is commonly performed as an outpatient
procedure, though an initial overnight stay for pain control may be required. Pain medications are required
for an average of 4-7 days, and most patients resume usual activities within 1-2 weeks.

Short-Term Outcomes

The Ontario Uterine Artery Embolization trial was a prospective single-arm trial where UAE was
performed in 538 women by 11 interventional radiologists at 8 centers in Ontario, Canada [2,3].
Preprocedure symptoms included menorrhagia, pelvic pain, and bulk symptoms. The average age of
the participant was 43 years (range of 19-56 years), and 30% wished to retain their fertility. Bilateral
UAE was successful in 97% of cases. Unilateral UAE was performed in 14 cases (2.5%), and UAE
was unsuccessful in 3 (0.5%) participants. The average procedure time was 61 minutes. Three-month
telephone interviews were completed in 96%, and 3-month post-UAE ultrasounds were available in 86%
of cases. At 3 months, there was a 35% median uterine volume reduction and a 42% dominant fibroid
reduction. There was a self-reported reduction in mean menstrual duration from 7.6 to 5.4 days, and
median pad count per day had significantly decreased. Patients also reported improvement in menorrhagia
(83% of patients reporting improved), dysmenorrhea (77%), and urinary frequency/urgency (86%). At
3 months’ postprocedure, 91% reported satisfaction with the procedure.

Long-Term Outcomes and Reintervention

A Cochrane database review for UAE reported a decrease in fibroid size ranging from 30% to 46% [4].
The longest UAE follow-up study to date is the EMMY trial with a 10-year follow-up [5]. This study
included 28 Dutch hospitals, and women who were eligible for hysterectomy for symptomatic fibroids
were randomized to UAE versus hysterectomy. Included were 177 patients: 89 randomized to UAE and 88
to hysterectomy. The mean duration of follow-up was 133 months, and the mean patient age was 57 years.
There was an 84% response rate. Thirty-five percent had secondary hysterectomy, though only 31% if
successful UAE was included. Health-related quality of life improved in both groups and remained stable
over time, with 78% in the UAE group and 87% in the hysterectomy group reporting being very satisfied.

At 2 years, 60%—-80% of patients reported an improvement in heavy menstrual bleeding, and 77%—
85% of patients reported an improvement in dysmenorrhea [3,6]. Bulk-related symptoms are not as well
studied. In the EMMY trial, there were comparable rates of improvement in bulk-related symptoms in the
UAE and hysterectomy groups at 2 years, though other studies have not shown significant improvement
in bulk-related symptoms [6—8].

Reintervention rates vary depending on the length of follow-up and initial patient characteristics.
In the EMMY trial at 5- and 10-year follow-up, approximately 30% of patients underwent secondary
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hysterectomy. A meta-analysis of four randomized controlled trials found a similar number at 5-year
follow-up [9]. Those with larger uteri and greater fibroid burden at baseline are at higher risk of failure
[10,11]. Unilateral embolization, which occurs in approximately 5% of patients, is consistently seen as
a risk factor for failure. Factors predictive of unilateral embolization include anatomical differences,
arterial spasm, and preoperative gonadotropin-releasing hormone (GnRH) agonist use.

Risks

Postprocedural pain appears to increase with the volume of fibroid embolized. Up to 10% of patients
may require readmission for pain control [9]. Postembolization syndrome is seen in approximately 10%
of patients undergoing UAE and is characterized by fever, leukocytosis, pain, nausea, and fatigue [9].
Symptoms are usually mild and self-limited and are managed with supportive care. Endometrial infection
more commonly occurs (0.5%) after embolization of a submucosal fibroid. Up to 20% of patients will
report vaginal discharge that can last for up to 6 months after the procedure [12]. Ovarian failure is directly
related to age at time of procedure and is more likely to occur with age older than 45 years. Other rare but
serious complications can occur, such as uterine necrosis, sepsis secondary to necrotic fibroid, necrosis of
unintended target (lower limbs, gluteus) via migration of embolic particles, or pulmonary embolus [13—15].

Pregnancy Afterward

Pregnancy outcomes post-UAE have largely been described in case reports and observational studies.
A meta-analysis from 2010 by Homer and Saridogan detailed the outcomes of 227 pregnancies after
UAE compared to fibroid-containing pregnancies matched for age and fibroid location [16]. There was
a 35% miscarriage rate in the UAE pregnancies compared to 16% in the fibroid-containing pregnancies
(odds ratio [OR] 2.8; 95% confidence interval [CI] 2.0-3.8). UAE pregnancies were more likely to be
delivery by cesarean section (66% versus 48.5% OR 2.1; 95% CI 1.4-2.9) and experience postpartum
hemorrhage (13.9% versus 2.5%; OR 6.4; 95% CI 3.5-11.7). There did not appear to be a difference on
preterm delivery, intrauterine growth restriction, or malpresentation. Further studies are needed to detect
a statistical difference in obstetric outcomes.

Magnetic Resonance—Guided Focused Ultrasound

MRgFUS is a procedure performed by interventional radiology and treats fibroids by way of thermal
necrosis. MRgFUS is able to target fibroids individually as opposed to the entire uterus as with UAE. One
recognized benefit of directed fibroid treatment is that there is no effect on ovarian tissue and no risk of
ovarian failure. Conversely, if each fibroid must be treated individually, there are natural limits to fibroid
size and number than can be reasonably approached via this method, and the procedure can be lengthy.

MRgFUS was approved by the U.S. Food and Drug Administration for use in the United States in 2004.
This procedure has not achieved the same level of popularity as UAE, likely secondary to multiple factors
including narrow selection criteria, lengthy procedure, and cost.

Procedure Specifics

The patient is given intravenous (IV) conscious sedation while lying prone on the specialized MRgFUS
table (e.g., ExAblate [InSightec, Haifa, Israel]). This table has an ultrasound transducer (frequency range
1-1.5 MH2) built into the MR machine. Because ultrasound waves do not pass through air, the abdomen
is submerged in water, or an ultrasound gel pad is placed between the patient and the transducer. Magnetic
resonance imaging (MRI) is used to visualize the fibroids and surrounding structures. A phased-array
transducer delivers ultrasound pulses of thermal energy to a specified point, termed a sonication. MRI
gives real-time thermal feedback so the operator can adjust the power to achieve the desired tissue effect,
generally 65°C—85°C to achieve coagulative necrosis. Each sonication area is approximately 0.5 cm?,
roughly the size of a bean. Thus, multiple sonications or more than one treatment session are required to
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treat a single fibroid. Several studies support a mean procedure length of 3—4 hours [17-19]. Preprocedure
treatment with a GnRH-agonist to decrease fibroid size is an effective means of reducing the number of
sonications necessary and may also augment treatment effect in certain types of fibroids [20,21]. After
treatment, MRI with I'V gadolinium is performed to assess the amount of tissue devascularization. This
is measured as the nonperfused volume (NPV), that is, the volume of tissue where blood flow is cut off
after treatment, as a change from the baseline exam. The greater the NPV, the greater is the region of
induced necrosis as compared to baseline. Not surprisingly, the effectiveness of MRgFUS has been shown
to be related to the NPV achieved.

Short-Term Outcomes

As previously mentioned, the NPV ratio is directly linked to efficacy, as is the pretreatment signal
intensity. Fibroids are commonly classified into type 1, 2, or 3 fibroids based on the signal intensity of
pretreatment T2-weighted images, where type 1 has a low-intensity image comparable to skeletal muscle,
type 2 has an intensity lower than myometrium but higher than skeletal muscle, and type 3 has an image
intensity higher than or equal to the surrounding myometrium. Type 3 fibroids are least responsive to
MRgFUS, likely secondary to increased cell density [17-19].

The greatest change in fibroid size and symptom relief occurs in the first 3 months after the procedure
[17,19]. In a study by Funaki et al., 91 Japanese women were followed for 24 months after MRgFUS by
symptoms severity score and repeat imaging. At 6 months after the procedure, type 1 and 2 myomas
decreased an average of —36.5% and —39.5% at 24 months. Type 3 myomas did not show a reduction in
size at 6 months (—9.1 +=44.8%, n=9).

The study by Stewart et al. focused on symptom severity of quality of life measures. At 6 and 12 months
after the procedure, 71% and 51% of participants met the targeted efficacy in quality of life measures.
Similarly, symptom severity scores improved with a 39% and 36% reduction at 6- and 12-month time
points.

Long-Term Outcomes and Reintervention

Long-term outcomes and reintervention rates vary widely between studies, though this is not surprising
given the disparate outcomes depending on volume of fibroid treated, NPV%, and fibroid signal
intensity. At 2 years, Fuanki et al. reported a 14% reintervention rate for type 1 and 2 fibroids and a 22%
reintervention rate for type 3 fibroids.

The 2007 study by Stewart et al. exemplified the impact of the NPV ratio on clinical outcomes, where
the high NPV group had a greater improvement in symptom severity score that persisted up to 24 months
[22]. There was also a statistically significant difference in the number of women undergoing additional
treatment in the high versus low NPV, where an increased NPV reduces the risk of undergoing additional
leiomyoma treatment.

A cohort study published in 2014 by Quinn et al. followed 280 women for up to 5 years after MRgFUS
[21]. There was a 75% response rate from 239 women who had the procedure at least 3 years earlier and
an 87% response rate from 180 women who had the procedure 5 years earlier. Similar effects of NPV
were seen on treatment outcome and need for reintervention. The overall reintervention rate was 43% at
3 years and 60% at 5 years. When stratifying according to NPV%, the reintervention rate in the 0%—25%
NPV was 63% and 66% at 3 and 5 years, respectively; 40% and 63% at 3 and 5 years, respectively, in the
25%-50% NPV group; and 35% and 50% at 3 and 5 years, respectively, in the greater than 50% NPV
group. This study also showed a relationship between increasing fibroid signal intensity and higher need
for reintervention as a consequence of lower NPV that can be achieved in this fibroid type secondary to
higher cell density.

It is important to note that the FDA initially limited the duration of the procedure to 3 hours for
safety concerns. This time restriction significantly limited early treatment completion and success.
Once procedure safety was documented and the time restrictions lifted, greater NPV could be achieved.
Increased NPV along with increased operator experience will translate to improved outcomes with lower
reintervention rates.
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Risks

MRgFUS is tolerated well with low overall risk of side effects [19,21]. Most women reported mild
pain during the procedure and mild-moderate pain that may last for up to 5 days. Minor complications
described with this procedure include urinary tract infection, urinary retention, vaginal bleeding,
transient buttock pain, and febrile morbidity. More serious complications are rare and may include fibroid
expulsion, skin burns, and neuropathy. Thermal injury to surrounding viscera or nerves is an important
but rare complication. Ultrasound energy is focused on the fibroid; however, lower levels are transmitted
both forward and aft of the target. For example, sacral nerve palsy has been described occurring after
sonication of a posterior fibroid that was near the pelvic bones [21]. Thus, it is imperative that the operator
has a clean path to the target fibroid to minimize this risk. Ideal candidates are women who have a fibroid
that leans up against the abdominal wall. The procedure cannot be done if the bladder, bowel, or nerves
fall between the path of the ultrasound waves and the fibroid, or if the fibroid is directly apposed against
any of these structures. Repositioning the patient can help to clear the field, but if critical structures cannot
be moved and a clear path cannot be obtained, then the procedure cannot be performed.

Pregnancy Afterward

MRgFUS is currently approved for the treatment of women who do not desire future pregnancy. A study
in 2010 by Rabinovici et al. detailed the outcomes of all pregnancies that had been reported up to that time
after MRgFUS [23]. There were 54 pregnancies in 51 women. The outcomes were reassuring for typical
pregnancy outcomes. Live births occurred in 41% of pregnancies, with a 28% spontaneous abortion rate,
an 11% rate of elective pregnancy termination, and at the time this study was published, a 20% rate of
ongoing pregnancies of greater than 20 weeks’ gestational age. The vaginal delivery rate was 64%. Two
patients had placental problems but had other risk factors for placental abnormalities.

Radiofrequency Ablation

The technique of RFA for the destruction of a lesion has long been utilized for various indications in
medicine. RFA utilizes monopolar energy to induce coagulative necrosis. High-frequency alternating
current (in the radiofrequency range, between 3 kHz and 300 GHz) is applied to a fibroid (or other tissue),
causing tissue ions to oscillate and thus generating heat with subsequent protein denaturation and cell
death. In 2002, Lee first described successfully treating fibroids with RFA, but it was not until 2012 that
the first system designed for this indication was approved by the FDA (the Acessa System, Acessa Health)
[24]. Because of the relative newness of this technique, data are limited compared to the previously
discussed interventions.

Procedure Specifics

The RFA procedure is typically performed by a gynecologic surgeon. The patient is placed under general
anesthesia in the operating room. A laparoscopic camera (5 or 10 mm) is commonly placed at the umbilicus
through a standard port, and a laparoscopic ultrasound probe is placed through an additional port (10—
12 mm), often suprapubic in location. The uterine fibroids are then mapped using both visual and laparoscopic
guidance. The disposable, 3.4 mm, RFA handpiece is passed percutaneously (sans trocar) into the abdomen.
Under both direct and sonographic guidance, the RFA handpiece is directed into a fibroid, the electrode array
deployed, and the RFA cycle activated. The current is set at 460 kHz with a maximum output of 200 W. The
generator displays tissue impedance, ablation time, and tissue temperature in real time. The goal is to reach
a temperature of 100°C. The treatment time and generator settings are calculated based on an algorithm that
factors the dimensions of the target myoma and deployment of needle array. For a large fibroid, multiple
deployments within the same fibroid may be necessary. Once the necessary time at target temperature has
been fulfilled, the electrode array is retracted. In an effort to protect the surrounding myometrium, a 0.5-1 cm
safety barrier is necessary between the electrodes and the outside border of the fibroid.
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Short-Term Outcomes

In 2013, Chudnoff et al. reported their outcomes from a multicenter, prospective clinical trial [25]. They
included 137 patients with fibroids and at least a 6-month history of heavy menstrual bleeding. Patients
were excluded if they had any of the following: MRI evidence of adenomyosis, type O submucosal fibroid,
pedunculated subserosal fibroid, uterine size greater than 14 weeks, a single fibroid greater than 7 cm, and
more than six total fibroids. The mean procedure length was 2.1 hours £1%, and 96% of patients were
sent home the day of the procedure. Patients generally recovered well, and the median time to return to
normal activities was 9 days (range 0—60 days), and the median missed days of work was 5 (range 0-29).
At 12 months, 82% of patients reported a decrease in their menstrual blood loss, and 94% of patients
reported satisfaction with the procedure. There was a 45% decrease in total mean myoma volume and a
38% reduction in menstrual blood loss.

Long-Term Outcomes and Reintervention

Because of the relative novelty of the Acessa RFA procedure, the longest follow-up data are 3 years
postprocedure and were a continuation of the previously mentioned clinical trial [26]. Of the original 135
patients who underwent RFA, 104 were followed for the total 36 months. Using validated questionnaires,
multiple subjective measures including symptom severity, health-related quality of life, and state of health,
scores remained improved, suggesting persistent symptom relief over 3 years. The reintervention rate was
11%, or 14 of 135 participants. These interventions included 2 myomectomies, 11 hysterectomies, and
1 UAE. Half of the patients having repeat interventions were diagnosed with adenomyosis on pathology
or imaging that had not been diagnosed at the time of study entry.

Risks

Similar to MRgFUS, RFA is a fibroid-specific therapy, so there is no risk of ovarian failure as can be
seen with UAE. The procedure is safe with an overall low risk of complications. Device-related adverse
events described in the original study included pelvic abscess requiring treatment with hospitalization,
antibiotics, and drainage; a 2 cm sigmoid laceration from the ultrasound probe primarily repaired; vaginal
bleeding; severe lower abdominal pain treated with NSAIDs; and mild superficial serosal burn that did
not require intervention.

Pregnancy Afterward

RFA clinical trials have historically excluded women who desire future childbearing. Therefore,
only case series of posttreatment pregnancies exist [27]. Twenty cases have been reported. There was
one spontaneous abortion and seven elective terminations for undesired pregnancy. The remaining
12 pregnancies all went on to deliver at term, 75% by cesarean section and 25% by vaginal delivery. No
uterine anomalies were reported. There was one delayed postpartum hemorrhage with expulsion of a
degenerated fibroid. In this last case, a 4.7 cm transmural fibroid had been previously ablated. The patient
required a blood transfusion and no further interventions.

Conclusion

UAE, MRgFUS, and RFA are associated with excellent clinical outcomes in the appropriately selected
patient. It is of utmost importance to consider the patient’s complaints and fibroid burden when selecting an
intervention and counseling her about anticipated outcomes. Concurrent pathology, such as adenomyosis,
endometriosis, and/or ovarian cysts, may also influence a patient’s response to an intervention. There are
few absolute restrictions to the size and number of fibroids that can be treated with each of these procedures,
though increasing size of the uterus and/or fibroids predicts failure. Type O or type 1 submucosal fibroids
as well as pedunculated subserosal fibroids are poor candidates for any of these procedures because of the
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risk of necrosis with expulsion. Favorable pregnancy outcomes have been described after each procedure;
however, well-designed studies to examine pregnancy outcomes are lacking. Further, the exact effect
of necrosis (coagulative or ischemic) on the uterus and surrounding myometrium and the effect of the
degenerated fibroid(s) on uterine implantation, placentation, or contractility remain unknown.
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Evolution of Hysteroscopic Myomectomy

The procedure of hysteroscopic resection of fibroids was first described in 1976 by Neuwirth and
Amin using a urologic resectoscope as a surgical method to avoid abdominal surgery. With multiple
modifications of equipment and improvements in technique, resection of submucosal fibroids using
hysteroscopy has become the first-line surgical option and the gold standard for many submucosal fibroids
with or without intramural components (International Federation of Gynecology and Obstetrics [FIGO]
type 0-2; see Figure 2.2 in Chapter 2) [1,2]. There are many benefits to this surgical approach, including
avoidance of laparotomy (and conventional or robotic-assisted laparoscopy), which decreases the chance
for several complications, a significantly shortened postoperative recovery, and possible performance
in an ambulatory setting. Additionally, with the avoidance of hysterotomy, the need for future cesarean
section is significantly reduced, which improves pregnancy outcomes in childbearing women.

Significance of Submucosal Fibroids

The most significant symptom of submucosal fibroids is abnormal uterine bleeding, most commonly
described as heavy or prolonged menstrual bleeding [3]. The prevalence of submucosal fibroids in women
with abnormal uterine bleeding was found to be 23.4%, with the majority of these being premenopausal
women [4]. Multiple studies have shown rates of menstrual symptoms improvement of 62%-90%, defined
as a “surgery-free” interval at 5 years [5,6].

Submucosal fibroids can play a significant role regarding both infertility and early pregnancy loss.
Uterine fibroids have been detected in 5%—10% of women with infertility; in 1%-2.4% of women with
infertility, uterine fibroids have been the only abnormality noted on comprehensive workup [7]. Higher

103



104 Fibroids and Reproduction

spontaneous abortion rates have been noted among women with submucosal myomas, and this difference
seems to disappear following hysteroscopic myomectomy [8]. Mechanisms of myomas causing infertility
or early pregnancy loss are still under investigation, but it is thought that the endometrium overlying
submucosal myomas displays glandular atrophy, which can prohibit implantation and growth of the
developing embryo [9].

Preoperative Imaging

Multiple preoperative modalities can be used to map intracavitary fibroids, including transvaginal
ultrasound (TVUS), saline infusion sonography (SIS), magnetic resonance imaging (MRI), and office
hysteroscopy. TVUS is generally the first-line modality given its widespread availability and relative low
cost; however, it is not only operator dependent but most accurate when assessing small uteri with four
or less fibroids [10]. Clinicians should view the images themselves preoperatively, as the appropriateness
and approach to surgical planning are highly dependent on quality and proper interpretation of imaging,
which can be variable with ultrasound imaging. Although TVUS cannot assess the degree of intracavitary
extension of the fibroid, it can show the thickness of the outer myometrial layer of the fibroid as well as
the presence of any other possible associated pathology.

SIS is able to delineate submucosal fibroids and evaluate their relation to the endometrial cavity.
MRI has been shown to have 100% sensitivity and 91% specificity in detecting submucosal fibroids,
outperforming TVUS, SIS, and even hysteroscopy, especially with regard to reproducibility, although it
is a far more expensive approach and is not always available [11]. Doppler and three-dimensional (3D)
ultrasound are often helpful to differentiate between adenomyosis and leiomyomas as well as demarcate
vascular patterns surrounding fibroids [12]. Therapeutic approaches for adenomyosis versus leiomyomas
are very different; therefore, this distinction is often crucial prior to myomectomy.

Patient Selection

The classification of submucosal fibroids was first described by Wamsteker et al. in 1993 and is now
universally used [13]. Type O includes pedunculated fibroids completely within the cavity, type 1 with less
than 50% myometrial extension, and type 2 with greater than 50% myometrial extension [2]. Generally,
type O or 1 myomas are considered resectable with a single hysteroscopic operation in most instances,
while type 2 fibroids can require a larger number of repeat or two-staged procedures [13]. See further
Chapter 1.

Patients with symptomatic submucosal fibroids including, but not limited to, heavy or abnormal
bleeding, infertility (generally type O or 1), or recurrent pregnancy loss, are potential candidates for
myomectomy [3]. Patients are selected based on fibroid number, type, size, and location; patient parity;
and other comorbidities. Knowledge of these variables allows appropriate patient counseling regarding
success of complete resection, risk of needing additional surgery for complete removal, recurrence rate,
as well as surgical planning for technique of removal.

Proper patient selection is required to ensure safety and feasibility of the procedure, and historically the
degree of intramural involvement and size of fibroid have been noted to be the most important factors in
predicting a normal postoperative cavity. It is critical to gain accurate information on the thickness of the
myometrium between the intramural portion of the submucosal fibroid and the uterine serosa. Data have
shown that if the thickness is less than 5 mm that the risk of uterine perforation outweighs the benefit of
a hysteroscopic approach, and 5-10 mm is recommended [14].

Generally, intracavitary fibroids less than 4 cm have been shown to have safe and effective outcomes
with hysteroscopic myomectomy; however, a two-step resection is possible with 4—6 cm intracavitary
fibroids. With fibroids over 6 cm, data have shown increased rates of secondary procedures, longer recovery
time, and incomplete resection or resolution of symptoms [15]. Certain studies have shown that a fibroid
diameter of less than 2.6 cm and greater than 65% extension into the cavity can predict a high probability
of complete resection with a single hysteroscopic myomectomy [2]. The projected risk of additional surgical
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intervention within 5 years for two or less submucosal fibroids with a normal uterine size is approximately
10%, while the risk increases significantly with three or more submucosal fibroids and an enlarged uterus
with a risk of 35% [3]. Additionally, the location of the fibroid is critical, as fibroids located close to the
cornua may result in ablation or occlusion of the tubal ostia following hysteroscopic removal [16].
Overall, it is important to consider myoma type, significance of the patient’s symptoms, risk of
incomplete excision, and the patient’s tolerance for and acceptance of additional procedures.

Preoperative Considerations (Cervical Ripening, Antibiotics,
Venous Thromboembolism Prophylaxis)

Multiple interventions have been studied to facilitate cervical ripening with generally conflicting results.
The goal of cervical ripening is to avoid complications, such as creations of a false passage, cervical
tears, and uterine perforation; as well as to facilitate greater ease of procedure, likely to be considered
more in operative versus diagnostic hysteroscopy. The use of misoprostol (vaginal, oral, or sublingual)
in some studies has shown to be more effective in decreasing the need for cervical dilation than placebo
in premenopausal but not in postmenopausal women. In addition, some studies showed misoprostol to
decrease complications (as cervical laceration and false tracks), while others did not. Finally, misoprostol
has side effects such as cramps, bleeding, nausea, and diarrhea [17-19]. One must, of course, take into
account the parity of the patient, as cervical ripening for a diagnostic hysteroscopy in a multiparous
woman is likely to be superfluous.

Pretreatment with a gonadotropin-releasing hormone (GnRH) agonist has been shown to be beneficial
for improving anemia due to an induced state of amenorrhea, reduction of endometrial thickness and
vascularization of fibroids, and allowance of timing of surgery not only limited to the early proliferative
phase. Most studies have shown the greatest benefit of GnRH agonist treatment in larger fibroids (greater
than 3—4 cm) with concurrent anemia (see further Chapter 6). The most useful effects of GnRH agonists
are reduced operating time and decreased hysteroscopic fluid resorption; however, no difference was
noted in complete resection or need for repeat operation [20]. That being said, it is important to consider
the high costs, side effects, and possible increased risk of uterine perforation due to decreased myometrial
thickness. Details regarding dosing and administration timing are discussed in Chapters 6 and 11.
Ulipristal acetate has shown preoperative reduction in size of fibroids and decreased vaginal bleeding.
One can consider usage of 5 or 10 mg daily dosing prior to operation (up to 13 weeks) [21]. Additional or
alternative use of laminaria or adjunct estrogen has yielded inconsistent results [22,23]. In summary, there
are not yet consistent guidelines for cervical preparation prior to hysteroscopy and should be determined
on a case-by-case basis based on age, parity, in-office exam, and imaging results.

Regarding preoperative prophylaxis, no antibiotic prophylaxis is recommended for hysteroscopic
myomectomy. Venous thromboembolic prophylaxis should follow a risk-based approach, although it is
rarely necessary.

Consents

Topics to discuss with patients include intraoperative expectations as well as long-term risks. It is important
to discuss risks of bleeding and infection, although the risk of both should be minimal with hysteroscopic
myomectomy. The risk of uterine perforation and possible laparoscopy must be discussed and should be
added to consent forms. Regarding long-term postoperative measures, it is important to counsel patients
that there is both a risk of recurrence (discussed more later) as well as a risk of incomplete resolution
of symptoms based on either the size and/or myometrial extension of their fibroids, or the possibility of
additional/alternative pathologies playing a role in their abnormal uterine bleeding. If myomectomy is
being performed for fertility reasons, it is important to counsel patients that it is rare for submucosal
fibroids to be the sole cause of infertility and that this procedure may not return the patients to baseline
fertility levels or ensure successful subsequent in vitro fertilization.
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Surgical Steps, Intraoperative Considerations, and Complication Prevention

The patient should be in low dorsal lithotomy position in support stirrups after anesthesia induction,
consisting of either sedation or general anesthesia. A bimanual exam should be performed to assess size
and flexion of the uterus in order to minimize uterine perforation.

Cervical injection of vasopressin can be considered before the start of the case, which can reduce
intravasation of fluid, reduce intraoperative blood loss, and improve visualization, although it has not
been shown to reduce operation duration [24]. Paracervical/intracervical blockade has also been studied
and can be considered with injection of local anesthetic (i.e., 1% lidocaine) prior to initiation of cervical
dilation.

Close attention should be paid to avoiding uterine perforation, which can happen at any time during
the procedure from uterine sounding, cervical dilation, hysteroscope insertion, and/or during fibroid
resection. Perforation occurring at the time of cervical dilation is most commonly due to cervical stenosis,
a severely retro- or anteverted uterus, or in nulliparous/menopausal women. If uterine perforation is
recognized, it is important to identify which steps of the hysteroscopy have been completed thus far;
regardless, the procedure should be terminated. If only a mechanical perforation without suspicion of
bowel damage, patients can be placed in extended observation for a few additional hours and discharged
home. If perforation is secondary to an activated electrode or sharp instrument, one should assume the
possibility of bowel injury, and diagnostic laparoscopy should be performed immediately. If perforation
is noted, the perforation should be sutured in patients of reproductive age even if hemostatic due to the
risk of uterine rupture during pregnancy [25].

Once all equipment has been set up and hysteroscopy can commence, a distending media is used
(described in more detail later). The decision for fluid distention (both fluid type and distending pressure)
should be based on the procedure planned, and it is critical to be familiar with possible complications
and acceptable fluid deficits. Fluid deficit is the difference between the total amount of solution instilled
into the uterus and the amount of fluid recovered from the hysteroscope outlet channel and the plastic
draping pouch used to funnel escaping fluid through the cervix through a tube into a calibrated bottle.
Many fluid management systems can measure both instilled and recovered fluid and give the fluid deficit
on the machine control panel. The surgeon should continue to communicate with operating room staff
regarding fluid deficit over time in order to plan the timing of the remainder of the surgery, and if all
specimens can be removed safely in line with fluid deficit restrictions.

Three types of distending media are available: carbon dioxide gas, hypotonic nonconductive fluid
(glycine, sorbitol, mannitol), and isotonic conductive fluids (normal saline). Carbon dioxide is only
available for diagnostic use and because it has a risk of gas embolization, it is not discussed further with
regard to operative hysteroscopic surgery in this chapter. Hypotonic fluids like those described earlier
are used with monopolar energy and can have significant complications, such as volume overload, water
intoxication, pulmonary edema, severe hyponatremia, and cerebral edema. Isotonic fluids used with bipolar
energy are generally better tolerated with the most common complication being fluid overload, generally
easily treatable with diuretics. Regardless of the fluid medium, steps should be taken to minimize fluid
intravasation, especially in cases with increased risk with larger intracavitary component. Complications
can be avoided with strict tracking of fluid deficit and using the minimum fluid pressure for visualization,
which is generally between 60 and 80 mm Hg, dependent on the patient’s mean arterial pressure (MAP)
[26]. The American Association of Gynecologic Laparoscopists recommends a maximum fluid deficit
of 750 mL for elderly patients or those with cardiac comorbidities and 1000 and 2500 mL for younger,
healthy patients with hypotonic and isotonic solutions, respectively [27].

Diagnostic hysteroscopy, most commonly with a rigid 5 mm hysteroscope, is recommended prior to
initiation of operative hysteroscopy to confirm imaging findings and to determine the surgical plan. The
most common angles for visualization are 12° and 30°. An outer sheath is generally necessary to allow
for inflow and outflow channels for fluid distention and generation of a lavage system for the uterine
cavity for improved visualization. Cervical dilation is generally not necessary in most patients prior to
diagnostic hysteroscopy, although special consideration for nulliparous or menopause women should be
made which may require dilation.
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——
Instruments, Devices, and Special Techniques

Operative hysteroscopes, also described as resectoscopes, generally range from 6 mm to 10 mm in
diameter and contain a working element using electrosurgical loops, mechanical cold loops, or morcellator

technology (Figure 10.1). There are several methods to resect submucosal fibroids hysteroscopically
including monopolar resection, bipolar resection using loop resection, traditional mechanical methods
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FIGURE10.1 Hysteroscopic tissue removal devices. (a) Versapoint System. (From Gynecare Versapoint Bipolar Electrosurgery
System; Helpful Hints from Ethicon at https://www.ethicon.com/na/system/files/2018-05/027687-150113_VP_HelpfulHints_5_
CR.pdf, with permission.) (b) MyoSure System. (From MyoSure Tissue Removal Procedure Physician Brochure from Hologic
at https://gynsurgicalsolutions.com/product/myosure-tissue-removal/, with permission.) (c) TruClear System. (From TruClear
Hysteroscopic Tissue Removal System brochure from Medtronic at https:/www.medtronic.com/content/dam/covidien/library/
us/en/product/gynecology-products/truclear-system-comprehensive-brochure.pdf, with permission.) (d) Mazzon cold loops.
(From Karl Storz; at https://www.karlstorz.com/cps/rde/xbcr/karlstorz_assets/ASSETS/3343847.pdf, with permission.) (e)
Symphion System. (From Symphion Tissue Removal System from Boston Scientific at http://www.bostonscientific.com/
content/gwc/en-US/products/uterine-tissue-removal-systems/symphion-system.html, with permission.)
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FIGURE 10.2 (a) Hysteroscopic view of submucosal leiomyoma resection using Versapoint bipolar resectoscope.
(b) Hysteroscopic view of leiomyoma fragments following myomectomy using Versapoint. (c) Hysteroscopic view of
submucosal leiomyoma resection using MyoSure device. (d) Hysteroscopic view of submucosal leiomyoma resection using
MyoSure device.

VIDEO 10.1 Segment of submucosal leiomyoma resection using Versapoint bipolar resectoscope.

URL: https://youtu.be/xEkkwGQYp8Q

VIDEO 10.2 Segment of submucosal leiomyoma resection using MyoSure device.

URL: https://youtu.be/cAaZvpuSFmk

with scissors, or newer hysteroscopic morcellation. Figure 10.2 and Videos 10.1 and 10.2 illustrate some of
the views and techniques of hysteroscopic myomectomy. Bipolar instruments, in which both electrodes are
introduced into the thermal loop, are generally safer as current only passes through the tissue with which
the loop comes into contact, minimizing the danger derived from random passage from the corporeal
structures. While other methods exist, such as vaporization with laser therapy, electrosurgical loop
resection is the most commonly performed. When dealing with small submucosal fibroids, particularly
in patients with infertility, it might be ideal to avoid electrosurgery in order to decrease adhesion rate.
There are multiple devices (Figure 10.1) in use for myomectomy, including traditional electrocautery
resectoscopes (most common is Versapoint by Ethicon, Mazzon cold loops by Karl Storz, as well as
intrauterine morcellators [IUMs]). IUM systems, including Truclear by Smith & Nephews, MyoSure by
Hologic, and Symphion by Boston Scientific, are all-in-one, self-contained recirculating fluid systems,
direct internal pressure monitors, and bladeless bipolar resection devices. [UM systems have a sheathed
cutting blade without electrosurgical energy and vacuum suction for simultaneous tissue resection and
removal. This removes the time-consuming nature of repeat manual extraction of shaved fragments for
improved visualization. Benefits of these devices include improved complete resection, low complication


https://youtu.be/cAaZvpu5Fmk
https://youtu.be/xEkkwGQYp8Q

Hysteroscopic Myomectomy 109

rates (less than 1%), faster removal, and reduced mean operating time. One must take caution with
fibroids greater than 4 cm, as often there is a lower complete resection rate with morcellation devices
and more need for conversion to electrosurgical technique, especially with a significant intramural
component [28,29].

If pedunculated submucosal fibroids are noted (type 0), the base of the pedicle can generally be transected
easily with the electrosurgical loop and is generally performed using a slicing technique of the cutting loop
until normal myometrial fibers can be noted (more vascular and pink-appearing layer of tissue). The fibroid
can then be extracted either with the loop or sometimes blindly with a curette or grasper. With type 1 or
2 fibroids, the procedure can become somewhat more complex, which may require multiple rounds of
resection of the fibroid from the intracavitary layer up toward the myometrium. The Mazzon technique,
with a described up to 88% success rate in one-step surgical removal of type 1 and 2 fibroids, uses cold
loop to minimize both thermal damage to healthy myometrium as well as decrease synechiae formation.
Mechanical enucleation of intramural components over slicing not only respects the anatomy and integrity
of the myometrium but also avoids significant risks such as thermal perforation [30].

Another technique has been described by Zayed et al. for successful one-stage procedures for fibroids
with intramural components. This involves using a U-shaped cutting loop to slice down to the level of
the endometrial surface, then inserting the resectoscope loop into the cleavage plane between the myoma
and myometrium to bring the intramural component into the uterine cavity. Saline infusion would then
be discontinued and restarted multiple times to induce rapid intrauterine pressure changes and stimulate
contractions as well as act as a component of bimanual massage. This technique has been successful with
95% success in removal for type II fibroids less than 6 cm [31].

Office Myomectomy

Office hysteroscopy is generally feasible and safe for both diagnosis and occasionally treatment of small
intrauterine pathologies, which is often referred to as the “see and treat” approach. Office hysteroscopy
can be considered with less than 5 mm hysteroscopes to minimize the risk of cervical dilation, need for
anesthesia, and costs. The other benefits include immediate resumption of normal activities postprocedure,
when nonsteroidal anti-inflammatory drugs alone are used, and although pain is the primary reason for
aborting in-office procedures, the use of opioid medications or anxiolytics has not shown any added
benefit. Outpatient office-based resection of types 0-1 fibroids less than 1.5 cm, polyps resected with
direct visualization, and adhesiolysis with hysteroscopic scissors have been found to be safe and well-
tolerated procedures. The most common complications from in-office hysteroscopy include vasovagal
reaction, local anesthesia toxicity, uterine perforation, uterine hemorrhage, and false passages. It is
recommended that both office and clinical staff undertake a safety self-assessment and practice simulated
patient scenarios at regular intervals to be prepared for situations with procedural complications. If
only a 5 mm hysteroscope or less is used, pelvic rest is not required. Setup and precautions of office
hysteroscopic procedures should be adopted [32].

Postoperative Care

Postoperative care is generally straightforward, and patients should be discharged home the same day
unless any of the complications mentioned earlier were to occur requiring extended observation or
management (perforation, excessive fluid intravasation). There are no restrictions on return to normal
activity following hysteroscopic myomectomy, and patients should be able to shower when they return
home after surgery. Patients should be counseled that vaginal spotting can occur for up to 4 weeks after
surgery, although strict precautions for heavy bleeding (changing two pads per hour for over 2 hours),
fevers, foul-smelling discharge, or severe abdominal pain should prompt reevaluation prior to the
postoperative visit.
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Outcomes (Recurrence, Fertility, Adhesions)

Recurrence of symptoms and reoperation rates vary greatly based on age, presenting symptoms, number
of fibroids removed, and types of fibroids removed. Data have shown that there is an approximate 30%
3-year cumulative recurrence rate with reoperation rates of approximately 5%—-20% at 3—4 years [26,33].

After all other causes of infertility have been evaluated and addressed, fertility outcomes after
hysteroscopic myomectomy are favorable with an increase in pregnancy rates, higher live birth rates,
and less miscarriages [8]. It is recommended that women wait around 2-3 weeks following myomectomy
to resume fertility attempts to ensure proper healing of the uterine cavity.

Adhesion rates after cold loop and energy resection are estimated at 4% and 30%, respectively.
After monopolar and bipolar energy, adhesion rates are estimated at 35%—-40% and 7.5%, respectively
[34]. Certain studies have shown the benefit of application of auto-cross-linked hyaluronan (ACH), an
antiadhesion agent; however, overall data are inconclusive, and therefore, there is currently no guideline
or recommendation for the use of these agents [35,36]. Therefore, using special care to avoid trauma to
healthy endometrium and myometrium, reducing the risk of electrosurgery when possible, and avoiding
forced cervical manipulation are the best tactics at this time. Early second-look hysteroscopy is not
recommended. The possibility of uterine rupture is addressed more often in laparoscopic myomectomy;
however, if hysteroscopic myomectomy invades the myometrium or a perforation during entry or surgery
occurs, this should be discussed with the patient and clearly documented in the medical records.

Conclusion

Hysteroscopic myomectomy is a significant advancement in the field of hysteroscopic surgery and
continues to evolve with new devices and techniques. Not only is this a quick, cost-effective procedure,
but excellent results have been noted both with regard to irregular bleeding and improvement in fertility.
Success of the procedure must always be individualized to patient risk factors; number, type, size, and
location of fibroids; and goal of the procedure.
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Patient Evaluation and Selection

Laparoscopic myomectomy (LM), with or without robotic assistance, is the minimally invasive surgical
approach of choice for the fertility-sparing management of most symptomatic intramural and subserosal
fibroids. Accurate evaluation of the fibroids is of paramount importance for proper preoperative and
intraoperative surgical planning to ensure complete excision, especially given the lack of ability to directly
palpate the fibroids during laparoscopy. Though pelvic ultrasonography is considered the gold standard for
the diagnosis of fibroids, magnetic resonance imaging (MRI) is a useful tool for further surgical planning.
MRI can reliably assess several characteristics of fibroids, including number, size, location, relationship
to the intrauterine cavity, surrounding normal myometrium/serosal surface, involvement of or extension
into surrounding pelvic structures, and vascularization patterns.

Criteria proposed for a laparoscopic (LSC) approach to myomectomy have been quite variable, and
there are no standardized guidelines. Studies have suggested an increased risk of complications with
multiple, large fibroids, and fibroids located in an intraligamental location [1]. Some surgeons have
suggested avoiding a LSC approach with more than four fibroids or large fibroids (greater than 10-12 cm);
others have recommended a uterus less than 16 weeks’ size, less than five fibroids, and no single fibroid
greater than 15 cm [2,3]. Furthermore, fibroids that involve the cervix, broad ligament, and uterine
cornu may increase the risk of conversion to hysterectomy. An open approach may be preferred when
adequate exposure to key anatomic structures is difficult or a need for significant uterine reconstruction
is anticipated. Ultimately, surgeon experience and comfort with laparoscopic dissection should determine
the number, size, and location of fibroids that can be adequately and safely resected while optimizing
myometrial closure and tissue integrity.

113
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Preoperative Management

Several management options are available preoperatively to address significant patient anemia from
abnormal uterine bleeding, as well as decrease tumor size/burden to decrease intraoperative blood loss
and facilitate surgical removal of the fibroids. Iron supplementation to correct anemia can be through oral
or parenteral routes. Autologous transfusion or cell saver devices, in addition to cross-matched packed
red blood cells, can be prepared for surgery if significant blood loss is expected.

The most extensively studied medication in this preoperative management setting is gonadotropin-
releasing hormone agonist (GnRHa) therapy, which has been known to shrink fibroid volume by 35%
within 8 weeks of therapy (in addition to induction of amenorrhea), with up to 70% reduction by 24 weeks
[4,5]. Studies have noted a reduction in estimated blood loss (EBL, mean 60 cc), reduction in operative
times (mean 25.8 minutes), and increase in postoperative hemoglobin (mean 1.15 g/dL) [6,7]. However,
it is important to counsel patients regarding menopausal symptoms that may be poorly tolerated and
limit treatment duration even despite estrogen add-back therapy. Furthermore, GnRHa therapy may also
distort pseudocapsule planes, making fibroid enucleation and dissection more difficult. Other options for
medical pretreatment include ulipristal acetate (UPA), of which 3 months of treatment has been shown
to be noninferior to leuprolide acetate in managing heavy bleeding prior to surgery with less likelihood
of hot flashes [8]. Cotreatment of letrozole and norethindrone acetate for 3 months has been shown to
reduce operative time (mean 12.9 minutes) and EBL (189.4 cc) with better-defined surgical planes [9].

Uterine artery embolization (UAE), often performed by interventional radiologists, causes ischemic
necrosis of fibroids (while normal myometrium vascularizes) via a minimally invasive angiographic
approach. The procedure can reduce fibroid volumes up to 49% by 6 months [10]. Notably, aside from
facilitating surgery for larger fibroids, studies have not found significantly decreased operative times
or EBL [11]. It is important to counsel patients regarding the controversial nature of UAE with respect
to future fertility. While some studies have shown no effects from UAE on fertility rates and perinatal/
obstetrical outcomes, others showed greater rates of spontaneous abortions, abnormal placentation, and
cesarean sections [10,12-16].

Consents and Outcomes

Several important points should be discussed with patients at the time of the consenting process.
Intraoperative bleeding at the time of the myomectomy may be significant enough to warrant a blood
transfusion. Uncontrolled hemorrhage or extensive disruption of the myometrium may necessitate a
hysterectomy. The risk of conversion to an open procedure is generally quoted from 2% to 8% [17].

Despite adequate tumor removal at the time of surgery, fibroids can recur, especially in reproductive-
age women remote from menopause. Indeed, one study found that age 30—40 years and more than one
fibroid at the time of surgery were significantly associated with symptomatic recurrence [18]. Reported
rates of recurrence and reoperation in LM are variable. While an older study cited the 5-year cumulative
recurrence risk to be as high as approximately 50% with a 12% reoperation rate, newer studies have found
it at approximately 15%—20% with a much lower 4% reoperation rate [18—20].

The disruption of healthy myometrium and uterine integrity during a myomectomy raises significant
concern for possible uterine rupture during subsequent pregnancies and labor. Women planning to
undergo a myomectomy for fertility-sparing reasons should be counseled regarding the possible need for
a cesarean delivery depending on the extent of myometrial disruption and uterine reconstruction during
surgery. Most estimates of uterine rupture rates following LM are substantially low at approximately 1%
or less [21-24]. Though studies have noted that multiple/extensive uterine incisions, inadequate closure of
myometrial defects, large transmural fibroids, and extensive use of electrosurgery may increase the risk
of uterine rupture, its overall rarity makes it difficult to establish definitive risk factors [21,22,25]. Some
experts recommend an elective cesarean section in future pregnancies with greater than 50% disruption
of the myometrium during surgery [26]. Others note that any patients with prior classical or T-shaped
uterine incisions, or extensive transfundal uterine surgery, should not be recommended for a trial of
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labor [17]. The timing of pregnancy following LM is also not well established. Studies have shown that
wound healing is usually complete at 3 months postoperatively; most providers counsel patients to avoid
pregnancy within the same 3—6 months following surgery [27]. There are no specific guidelines in place
for this decision process. Due to the serious nature of uterine rupture in pregnancy/labor, a high index of
suspicion must be maintained.

Preoperative Prophylaxis

Antibiotic prophylaxis, generally weight-based dosing of a first- or second-generation cephalosporin, is
commonly used at the time of LM. This is mostly to prevent the sequelae of tubal adhesions associated
with pelvic infection, which is especially important when the myomectomy is performed for infertility.
Vaginal preparation prior to surgical draping is standard given the need for vaginal access and the
placement of a uterine manipulator for the procedure.

Venous thromboembolic (VTE) prophylaxis should follow a risk-based approach depending on the risk
factors of the patient and procedure. The “Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines,” published in 2012,
provides a reasonable approach for risk stratification and provision of VTE prophylaxis specifically in
abdominal-pelvic surgical patients. Another useful risk-based tool is the Caprini score; though originally
validated in general, vascular, and urologic surgery, extrapolation to the gynecologic patient population
is reasonable [28]. If indicated, VTE prophylaxis is commonly given as a single dose of unfractionated
heparin 5000 units prior to the start of surgery.

Instrumentation

The standard laparoscopy instrument set contains most of the instruments required for LM. Few studies
have assessed various energy sources used for LM. The harmonic scalpel has been found to have a
lower total operative time (mean 17 minutes) and EBL (mean 47 cc) when compared to conventional
electrosurgery [29]. Also, the pulsed bipolar system has been associated with a lower EBL (mean 53 cc)
compared to conventional electrosurgery [30]. Ultimately, the surgeon’s preference and comfort level
with the various energy sources should take precedence in choosing the instrumentation for the case.
Additional instruments that should be prepared include a laparoscopic tenaculum to aid in providing tissue
traction and countertraction for enucleation of the fibroids, a laparoscopic injection needle for vasopressin,
and endoscopic bags or morcellators (see further discussion in next section) for tissue extraction. It is
critical to have an operating room setup that includes all necessary instruments and devices and allows
for efficient team movement (Figure 11.1).

Surgical Steps

The patient is positioned in low dorsal lithotomy position in booted support stirrups after adequate
general anesthesia has been administered. To allow for adequate surgeon space at the bedside and to avoid
hyperabduction of the arms, both patient arms are usually secured and tucked directly at the patient’s
sides with adequate padding to protect the fingers and pressure points at the wrist and elbow. Following
a bimanual examination, the vagina and abdomen are both surgically prepared. A Foley catheter is then
inserted, followed by a uterine manipulator (with the capability for chromopertubation if desired).
Traditionally, abdominal cavity access consists of a central or left upper quadrant 5-10 mm trocar
along with two to three ancillary ports. A distance of at least 4 cm should be maintained between the
primary port and the uterine fundus to allow a global view of the uterus (supraumbilical placement may
be required), and the levels of the remaining accessory ports are then adjusted accordingly. Figure 11.2
depicts tumor size before surgery for proper trocar placement. If a single-site incision (SSI) approach is
planned, a central 3 cm umbilical incision is used to accommodate the multiport access system with a
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FIGURE 11.1 Operating room setup for robotic-assisted myomectomy. (A) Robot boom positioned directly over camera
port trocar. (B) Bedside assistant for assistant port manipulation. (C) Bedside ultrasound if intraoperative imaging is
necessary. (D) Specially trained surgical technologist. (E) Cell saver setup. (F) Capability to review relevant imaging, e.g.,
magnetic resonance imaging during surgery.

FIGURE 11.2 Clear identification of the cephalad margin of fibroid burden to guide appropriate port placement.

flexible articulating endoscope. After entry into the abdomen, a brief laparoscopic survey is performed
to assess for any bowel injury at the time of entry, as well as evaluate the uterine fibroids.

A dilute vasopressin solution is usually injected at the site of planned uterine incisions (see later
discussion). Uterine serosal incisions are usually placed longitudinally to facilitate LSC suturing and
should avoid areas near the uterine cornua and adnexa. The total number of incisions should be minimized
to preserve uterine integrity and decrease postoperative adhesion formation. Usually once the hysterotomy
is made, the myometrium will retract to easily expose the fibroid capsule. The fibroid is then grasped
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firmly with a LSC tenaculum to create tension between the myometrium and mass. The surrounding
myometrial tissue fibers are pushed away bluntly from the dissection plane to separate the fibroid capsule
from the adjacent myometrium. If sharp dissection is required, care should be taken to minimize the use
of electrosurgery and favor the fibroid capsule at the time of dissection to avoid extensive myometrial
injury. Approximately two to four main arteries usually feed each fibroid, entering at unpredictable sites;
the surgeon should be vigilant to coagulate these prior to transection whenever possible.

Once the tumors are fully enucleated, the uterine serosa is assessed to determine whether redundant
tissue needs to be excised. The general principles for closure of the myometrium during an open approach
apply to LM. Any endometrial defects or small deeper myometrial defects should be identified and
closed first in a continuous running fashion. Of note, instillation of methylene blue (usually during
chromopertubation) can be helpful to define the endometrial cavity and easily identify when the cavity
has been breached. The primary incision is then closed in multiple layers (including the serosa) to improve
hemostasis, prevent hematoma formation, and ensure maximum integrity of the myometrial wall. Usually,
a 0-gauge delayed-absorbable suture is used; extracorporeal and intracorporeal knot tying and barbed
suture are all viable options depending on surgeon skill and preference. There have been several studies
that have noted reduced technical difficulty, suturing time, total operative time, and EBL with the use of
barbed suture [31-33]. Video 11.1 shows some of the steps of robotic-assisted myomectomy.

VIDEO 11.1 A simple robotic-assisted myomectomy: Vasopressin injection.

URL: https://youtu.be/wODI1LpiBFwU

Tissue extraction after LM may be performed in a number of ways and has traditionally been via LSC
power morcellation. However, recent concerns have emerged regarding the inadvertent dissemination of
occult malignancies (such as uterine sarcomas) during power morcellation. In 2014, the U.S. Food and
Drug Administration issued a report discouraging the use of LSC power morcellation for this reason [34].
Notably, the true prevalence of uterine sarcoma after myomectomies is variable, ranging from 0.1% to
0.6% [35-37]. Due to a lack of large population-based studies and to avoid denying minimally invasive
surgical options for eligible patients, AAGL, the American College of Obstetricians and Gynecologists,
and the Society of Gynecologic Oncology have all issued similar position statements emphasizing
informed consent in lieu of complete eradication of morcellation [38—40].

Contained morcellation techniques have become more commonplace. Examples of commercially
available contained extraction systems include the Alexis system from Applied Medical and the
PneumoLiner system from Olympus. One method consists of manual morcellation of the fibroid inside
a laparoscopic bag through an extended port incision (usually at the umbilicus). The fibroids are placed
inside a large endoscopic bag. The umbilical incision is then extended to approximately 3 cm, and the
opening of the bag is elevated through this incision. A self-retaining retractor is placed within the bag at
the incision for ease of exposure. The fibroids are then brought up to the incision and extracted in pieces by
repeated coring or wedge resections. Video 11.2 shows one of the techniques of manual morcellation using
successive C-shaped incisions. Another technique involves removing the fibroids through a 3 cm posterior
colpotomy. The incision may be made either LSC in the posterior cul-de-sac between the uterosacral
ligaments with care to retract the nearby rectosigmoid colon, or vaginally in a fashion similar to the initial
steps of a vaginal hysterectomy. The laparoscopic bag is then exteriorized against the vaginal introitus
for manual morcellation. In addition to possibly lowering the risk of dissemination of occult malignancy,
additional advantages of contained tissue extraction over power morcellation include anticipated lower
risk of bowel injury and dissemination and development of multiple peritoneal leiomyomas as reported.
The main disadvantage of contained manual morcellation is long operative time. Last, some surgeons
have described the off-label use of large laparoscopic bags to create a false pneumoperitoneum in order
to perform contained power morcellation. Care should be taken with the previously mentioned techniques
to avoid inadvertent damage to the bag, which could lead to unintended dispersion of tissue. It should
be noted that there are currently few studies regarding patient outcomes with the use of contained
morcellation techniques during myomectomies.


https://youtu.be/wOD1LpiBFwU
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VIDEO 11.2 A simple robotic-assisted myomectomy: Uterine incision.

URL: https://youtu.be/-vr9elyJjFE

Additional Intraoperative Considerations

Multiple medications and methods have been assessed for decreasing EBL at the time of LM. The most
robust evidence has been noted for vasopressin and misoprostol, with mean reductions in blood loss of
246 cc and 91 cc, respectively [41]. Misoprostol is usually placed rectally (400 mcg) at the time of patient
positioning in the operating room, so as to not interfere with vaginal preparation for surgery. Vasopressin
is standardized at 20 pressor units/mL per vial and is usually diluted at 20 units per 30—-100 cc of
injectable saline. Its half-life is 10—20 minutes. Vasopressin is injected at the site(s) of planned serosal
incisions between the myometrium and fibroid capsule, often causing blanching at the injection sites.
Needle aspiration and notifying the anesthesiologist prior to injection are vital, as a sudden increase in
the patient’s blood pressure may occur as a result of the medication’s potent vasoconstrictor effect.

De novo adhesion formation after LM can occur in as high as 41% of cases and can adversely impact
future fertility [42]. Optimal surgical technique and maintaining good hemostasis are critical for adhesion
prevention. Furthermore, several barriers have been found to reduce de novo adhesion formation, including
Interceed (oxidized regenerated cellulose) and Sepraspray/Seprafilm (chemically modified hyaluronic acid
and carboxymethylcellulose) available in the United States [43—45]. These agents are applied generously
at the myomectomy incision sites after they have been closed with adequate hemostasis.

Postoperative Care

Postoperative care following LM is similar to that of any major LSC surgery. The procedure is usually
performed on an outpatient basis, though overnight observation in the hospital is also reasonable depending
on patient comorbidities and the complexity of the case. In particular, febrile morbidity (greater than
38°C) following myomectomy is not uncommon, often attributed to myometrial incisional hematomas and
inflammatory cytokines released from the myometrium. Nevertheless, the surgeon should still be vigilant
regarding other more serious causes of fevers, including but not limited to pelvic infections. Return to
normal activity also mirrors that of other LSC surgery; vigorous activity (heavy weight lifting, strenuous
exercise) is generally delayed for 4—6 weeks following the procedure to avoid unintended complications
such as incisional hernias.

Laparoscopically Assisted Myomectomy

Laparoscopically assisted myomectomy (LAM) offers a hybrid approach between LM and open abdominal
myomectomy. After laparoscopic entry into the abdomen and inspection of the abdominal-pelvic cavity,
a suprapubic mini-laparotomy incision (typically at the level of a standard Pfannenstiel incision) is made.
A self-retaining Alexus or Mobius retractor is placed for adequate exposure through the mini-laparotomy
site. The fibroid uterus can then be brought up to the level of the anterior abdominal wall or through the
abdominal incision, allowing for myomectomy via a more traditional open technique. This combined
approach should be considered if the fibroids are large, and extensive defects requiring significant uterine
reconstruction or multilayer closure are anticipated, especially when the surgeon prefers conventional
over LSC suturing. LAM can be particularly useful in cases with deep intramural fibroids where the
surgeon can use direct palpation for further intraoperative surgical planning. Last, LAM provides
improved visualization and exposure in cases with difficult hemostasis. In general, postoperative care
and considerations for LAM procedures mirror that of LM cases.
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Robotically Assisted Myomectomy

Robotically assisted LSC myomectomy (RALM) is a relatively newer minimally invasive approach
that has become more commonplace in the surgical management of fibroids. Abdominal access usually
consists of a central 8 or 12 mm camera port (usually 8—10 cm above the target anatomy) along with
two to three ancillary 8 mm ports for the assistant robotic arms; an optional assistant side port may
also be placed for additional LSC assistance at the bedside. The steps and technical considerations for
myomectomy and specimen extraction are otherwise the same as those for the conventional LSC approach
(Videos 11.3 through 11.8).

VIDEO 11.3 A simple robotic-assisted myomectomy: Myoma dissection (part 1).

URL: https://youtu.be/CaWyzJ Vwn54

VIDEO 11.4 A simple robotic-assisted myomectomy: Myoma dissection (part 2).

URL: https://youtu.be/7qznok3T30Q

VIDEO 11.5 A simple robotic-assisted myomectomy: Myoma bed closure (part 1).

URL: https://youtu.be/L7ciy-VhZbI

VIDEO 11.6 A simple robotic-assisted myomectomy: Myoma bed closure (part 2).

URL: https://youtu.be/1k2z17Ncxsg

VIDEO 11.7 A simple robotic-assisted myomectomy: Myoma bed closure (part 3).
URL: https://youtu.be/l17WfLeGzK-U

VIDEO 11.8 Manual morcellation of tissue in the Alexis contained-tissue extraction system.

URL: https://youtu.be/Qu0iCaOodSY

Though LSC tactile feedback is lost, robotically assisted surgery has several advantages over
that of conventional LSC. It allows for three-dimensional stereoscopic view, greater dexterity with
seven degrees of freedom in each of the jointed instruments, and mitigation of hand tremor, which
can facilitate fibroid dissection and multilayer suturing. As such, the robotically assisted approach
should be considered in more technically challenging cases, such as those with particularly large
bulky fibroids, tumors involving the cervix and lower uterine segment or extending into the pelvic
sidewall, or extensive pelvic adhesive disease. Overall, RALM confers similar patient care benefits


https://youtu.be/Qu0iCaOodSY
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as those of LM when compared to traditional open myomectomy, including lower blood loss and less
need for blood transfusions, shorter hospital stays, and lower perioperative complication rates [46].
Figure 11.3 shows the sequential steps of robotic-assisted myomectomy. The common disadvantage
for robotic surgery is the financial cost, including higher hospital/professional charges, and hospital
reimbursement rates.

FIGURE 11.3 Sequential steps of robotic-assisted myomectomy. (a,b) Intraoperative ultrasound guidance (note live
ultrasound images on lower part of panel). (c) Initial incision and dissection of fibroid. (d) Myometrial suturing to close
fibroid bed. (e) Baseball suture incorporating serosa. (f) Completed closure of incision.
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Intraoperative Ultrasound Guidance

A useful adjunct to LM is the intraoperative use of ultrasound guidance to locate intramural/submucosal
fibroids for more complete resection and accurate delineation of endometrial cavity. One of the
disadvantages of LM, compared to the conventional open approach, is the inability to directly palpate
the uterus to locate various fibroids for resection. Even with adequate preoperative evaluation, it can
sometimes be difficult to accurately locate deeper and smaller fibroids, which can lead to misplaced
uterine incisions, in turn causing increased blood loss, operating time, and reduced myometrial integrity.
Furthermore, residual myomas may lead to increased rates of symptomatic recurrence, reoperation, and
infertility.

Several case reports and studies have commented on the feasibility and effectiveness of LSC, robotic-
assisted, and traditional transvaginal intraoperative ultrasound guidance at the time of LM [47-49].
For LSC ultrasound guidance, the ultrasound probe is inserted through a LSC port and positioned
intra-abdominally through LSC manipulation. The probe is brought in contact with the uterus to
scan for fibroids that would otherwise not be easily localized. At our institution, we use the ProSound
Alpha 7 system (Hitachi Healthcare) and the corresponding linear probes available for both robotic
(UST-5550-R) and traditional LSC (UST-5550) configurations. The TilePro multi-input display allows
combined real-time views of both operative and ultrasound images for both the surgeon and the
operating room team. Transvaginal ultrasonography is widely available with lower cost and can be
used alone or in conjunction with LSC ultrasound guidance for precise localization of fibroids [47,48].
Notably, it has been shown that LSC and transvaginal ultrasound guidance during LM can aid in the
resection of significantly smaller residual fibroids with a trend toward decreased fibroid recurrence
rates [48]. Figures 11.1, 11.3, and 11.4 demonstrate the integration of intraoperative ultrasound into
robotic-assisted myomectomy.

Fengitrated Uipolar lorceps

FIGURE 11.4 Intraoperative ultrasound use during robotic-assisted myomectomy. Please note the the TilePro function
of the da Vinci Surgical System that allows the multi-input simultaneous display of the robotic camera (top panel) and the
ultrasound image (lower panel) at the surgeon console view.



122

Fibroids and Reproduction

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sizzi O, Rossetti A, Malzoni M et al. Italian multicenter study on complications of laparoscopic
myomectomy. J Minim Invasive Gynecol. 2007;14(4):453-62.

Donnez J and Dolmans MM. Uterine fibroid management: From the present to the future. Hum Reprod
Update. 2016;22(6):665-86.

. Chen CC and Falcone T. Robotic gynecologic surgery: Past, present, and future. Clin Obstet Gynecol.

2009;52(3):335-43.

. Lee J and Spies J. Management options for uterine fibroids. In: Geschwind J and Dake M (eds) Abrams’

Angiography: Interventional Radiology. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2014,
pp. 239-45.

. Rutgers JL, Spong CY, Sinow R, and Heiner J. Leuprolide acetate treatment and myoma arterial size.

Obstet Gynecol. 1995;86(3):386-8.

. Chen I, Motan T, and Kiddoo D. Gonadotropin-releasing hormone agonist in laparoscopic myomectomy:

Systematic review and meta-analysis of randomized controlled trials. J Minim Invasive Gynecol.
2011;18(3):303-9.

. Palomba S, Pellicano M, Affinito P, Di Carlo C, Zullo F, and Nappi C. Effectiveness of short-term

administration of tibolone plus gonadotropin-releasing hormone analogue on the surgical outcome of
laparoscopic myomectomy. Fertil Steril. 2001;75(2):429-33.

. Donnez J, Tomaszewski J, Vazquez F et al. Ulipristal acetate versus leuprolide acetate for uterine fibroids.

N Engl J Med. 2012;366(5):421-32.

. Leone Roberti Maggiore U, Scala C, Venturini PL, and Ferrero S. Preoperative treatment with letrozole in

patients undergoing laparoscopic myomectomy of large uterine myomas: A prospective non-randomized
study. Eur J Obstet Gynecol Reprod Biol. 2014;181:157-62.

Holub Z, Mara M, Kuzel D, Jabor A, Maskova J, and Eim J. Pregnancy outcomes after uterine artery
occlusion: Prospective multicentric study. Fertil Steril. 2008;90(5):1886-91.

Goldman KN, Hirshfeld-Cytron JE, Pavone ME, Thomas AP, Vogelzang RL, and Milad MP. Uterine
artery embolization immediately preceding laparoscopic myomectomy. Int J Gynaecol Obstet.
2012;116(2):105-8.

Mara M, Maskova J, Fucikova Z, Kuzel D, Belsan T, and Sosna O. Midterm clinical and first reproductive
results of a randomized controlled trial comparing uterine fibroid embolization and myomectomy.
Cardiovasc Intervent Radiol. 2008;31(1):73-85.

Hovsepian DM, Siskin GP, Bonn J et al. Quality improvement guidelines for uterine artery embolization
for symptomatic leiomyomata. J Vasc Interv Radiol. 2009;20(7 suppl):S193-9.

Worthington-Kirsch RL. Uterine artery embolization: State of the art. Semin Intervent Radiol. 2004;21(1):
37-42.

Pron G, Mocarski E, Bennett J et al. Pregnancy after uterine artery embolization for leiomyomata: The
Ontario multicenter trial. Obstet Gynecol. 2005;105(1):67-76.

Dutton S, Hirst A, McPherson K, Nicholson T, and Maresh M. A UK multicentre retrospective cohort
study comparing hysterectomy and uterine artery embolisation for the treatment of symptomatic
uterine fibroids (HOPEFUL study): Main results on medium-term safety and efficacy. BJOG.
2007;114(11):1340-51.

American College of Obstetricians and Gynecologists. ACOG practice bulletin. alternatives to hysterectomy
in the management of leiomyomas. Obstet Gynecol. 2008, Reaffirmed 2016;112(2 Pt 1):387-400.
Radosa MP, Owsianowski Z, Mothes A et al. Long-term risk of fibroid recurrence after laparoscopic
myomectomy. Eur J Obstet Gynecol Reprod Biol. 2014;180:35-9.

Doridot V, Dubuisson JB, Chapron C, Fauconnier A, and Babaki-Fard K. Recurrence of leiomyomata
after laparoscopic myomectomy. J Am Assoc Gynecol Laparosc. 2001;8(4):495-500.

Nezhat FR, Roemisch M, Nezhat CH, Seidman DS, and Nezhat CR. Recurrence rate after laparoscopic
myomectomy. J Am Assoc Gynecol Laparosc. 1998;5(3):237-40.

Koo YJ, Lee JK, Lee YK et al. Pregnancy outcomes and risk factors for uterine rupture after
laparoscopic myomectomy: A single-center experience and literature review. J Minim Invasive Gynecol.
2015;22(6):1022-8.

Parker WH, Einarsson J, Istre O, and Dubuisson JB. Risk factors for uterine rupture after laparoscopic
myomectomy. J Minim Invasive Gynecol. 2010;17(5):551-4.



Laparoscopic and Robotic-Assisted Myomectomy 123

23

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

. Gambacorti-Passerini Z, Gimovsky AC, Locatelli A, and Berghella V. Trial of labor after myomectomy
and uterine rupture: A systematic review. Acta Obstet Gynecol Scand. 2016;95(7):724-34.

Claeys J, Hellendoom I, Hamerlynch T, Bosteels J, and Weters S. The risk of uterine rupture after
myomectomy: A systematic review of the literature and meta-analysis. Gynecol Surg. 2014;1(197):197-206.
Bernardi TS, Radosa MP, Weisheit A et al. Laparoscopic myomectomy: A 6-year follow-up single-center
cohort analysis of fertility and obstetric outcome measures. Arch Gynecol Obstet. 2014;290(1):87-91.
Alessandri F, Lijoi D, Mistrangelo E, Ferrero S, and Ragni N. Randomized study of laparoscopic versus
mini-laparotomic myomectomy for uterine myomas. J Minim Invasive Gynecol. 2006;13(2):92—7.
Darwish AM, Nasr AM, and El-Nashar DA. Evaluation of postmyomectomy uterine scar. J Clin
Ultrasound. 2005;33(4):181-6.

Gould MK, Garcia DA, Wren SM et al. Prevention of VTE in nonorthopedic surgical patients:
Antithrombotic therapy and prevention of thrombosis, 9th ed: American College of Chest Physicians
evidence-based clinical practice guidelines. Chest. 2012;141(2 suppl):e227S-77S.

Litta P, Fantinato S, Calonaci F et al. A randomized controlled study comparing harmonic versus
electrosurgery in laparoscopic myomectomy. Fertil Steril. 2010;94(5):1882-6.

Su H, Han CM, Wang CJ, Lee CL, and Soong YK. Comparison of the efficacy of the pulsed bipolar
system and conventional electrosurgery in laparoscopic myomectomy—A retrospective matched control
study. Taiwan J Obstet Gynecol. 2011;50(1):25-8.

Song T, Kim TJ, Kim WY, and Lee SH. Comparison of barbed suture versus traditional suture in
laparoendoscopic single-site myomectomy. Eur J Obstet Gynecol Reprod Biol. 2015;185:99-102.
Tulandi T and Einarsson JI. The use of barbed suture for laparoscopic hysterectomy and myomectomy:
A systematic review and meta-analysis. J Minim Invasive Gynecol. 2014;21(2):210—-6.

Alessandri F, Remorgida V, Venturini PL, and Ferrero S. Unidirectional barbed suture versus continuous
suture with intracorporeal knots in laparoscopic myomectomy: A randomized study. J Minim Invasive
Gynecol. 2010;17(6):725-9.

U.S. Food and Drug Administration. Laparoscopic Power Morcellators. U.S. Food and Drug
Administration website. Accessed June 2020. https://www.fda.gov/medical-devices/surgery-devices/
laparoscopic-power-morcellators#:~:text=The%20FDA%20recommends%20health%20care,or %20
hysterectomy %20for%20uterine%20fibroids. Updated Feb 2020.

Lieng M, Berner E, and Busund B. Risk of morcellation of uterine leiomyosarcomas in laparoscopic
supracervical hysterectomy and laparoscopic myomectomy, a retrospective trial including 4791 women.
J Minim Invasive Gynecol. 2015;22(3):410—-4.

Wright JD, Tergas Al, Burke WM et al. Uterine pathology in women undergoing minimally invasive
hysterectomy using morcellation. JAMA. 2014;312(12):1253-5.

Tan-Kim J, Hartzell KA, Reinsch CS et al. Uterine sarcomas and parasitic myomas after laparoscopic
hysterectomy with power morcellation. Am J Obstet Gynecol. 2015;212(5):594.e1-10.

Goff BA. SGO not soft on morcellation: Risks and benefits must be weighed. Lancet Oncol.
2014;15(4):e148.

AAGL Advancing Minimally Invasive Gynecology Worldwide. AAGL practice report: Morcellation
during uterine tissue extraction. J Minim Invasive Gynecol. 2014;21(4):517-30.

American College of Obstetricians and Gynecologists. Power morcellation and occult malignancy in
gynecologic surgery. American College of Obstetricians and Gynecologists Special Report. 2014.
Kongnyuy EJ, van den Broek N, and Wiysonge CS. A systematic review of randomized controlled trials
to reduce hemorrhage during myomectomy for uterine fibroids. Int J Gynaecol Obstet. 2008;100(1):4-9.
Dubuisson JB, Fauconnier A, Chapron C, Kreiker G, and Norgaard C. Second look after laparoscopic
myomectomy. Hum Reprod. 1998;13(8):2102-6.

Tinelli A, Malvasi A, Guido M et al. Adhesion formation after intracapsular myomectomy with or
without adhesion barrier. Fertil Steril. 2011;95(5):1780-5.

Fossum GT, Silverberg KM, Miller CE, Diamond MP, and Holmdahl L. Gynecologic use of Sepraspray
adhesion barrier for reduction of adhesion development after laparoscopic myomectomy: A pilot study.
Fertil Steril. 2011;96(2):487-91.

Ahmad G, O’Flynn H, Hindocha A, and Watson A. Barrier agents for adhesion prevention after
gynaecological surgery. Cochrane Database Syst Rev. 2015;(4):CD000475.

Tavazzo C, Mamais I, and Gkegkes ID. Robotic assisted vs laparoscopic and/or open myomectomy:
Systematic review and meta-analysis of the clinical evidence. Arch Gynecol Obstet. 2016;294(1):5-17.


https://www.fda.gov/
https://www.fda.gov/
https://www.fda.gov/

124 Fibroids and Reproduction

47. Lin PC, Thyer A, and Soules MR. Intraoperative ultrasound during a laparoscopic myomectomy. Fertil
Steril. 2004;81(6):1671-4.

48. Shimanuki H, Takeuchi H, Kikuchi I, Kumakiri J, and Kinoshita K. Effectiveness of intraoperative
ultrasound in reducing recurrent fibroids during laparoscopic myomectomy. J Reprod Med.
2006;51(9):683-8.

49. Paul P, Ahluvalia D, Narasimhan D et al. Intraoperative transvaginal sonography: A novel approach for
localization of deeper myomas during laparoscopic myomectomy. Gynecol Surg. 2015;12(4):303-8.



Index

A

Abdominal transducer, 6, 72
Abnormal placentation, 51
Abnormal uterine bleeding (AUB), 59, 76, 88, 103, 105
Adenomyosis, 6, 76, 79, 87
Alexis system, 117
Alkaline hematin method, 65
American Association of Gynecologic Laparoscopists
(AAGL), 106
American College of Obstetricians and Gynecologists
(ACOG), 50, 117
American Society of Reproductive Medicine (ASRM), 35
Angiogenesis, 27
Antepartum bleeding, 47-48
Anti-miillerian hormone (AMH), 16
Antiphospholipid antibody syndrome, 35
“Antithrombotic Therapy and Prevention of Thrombosis,
9th ed: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines,” 115
Apparent diffusion coefficient (ADC), 87
Asherman syndrome, 35
Asoprisnil, 17, 60, 62
Assisted reproduction technology (ART), 11, 34
fibroids and, 12
classification, 12
focused ultrasound treatment, 16
GnRH agonists, 16
intramural fibroids, 13-14
management, 17
medical treatment, 16
myomas, 17-18
risk factors, 11-12
selective progesterone receptor modulators, 17
submucosal fibroids, 14
subserosal fibroids, 13
surgical treatment, 15
uterine artery embolization, 15-16
ASTEROID 2 trial, 62
AT-hook (HMGA) genes, 56
Auto-cross-linked hyaluronan (ACH), 110

B

Basic fibroblast growth factor (bFGF), 27
Bone mineral density (BMD), 60, 65
Bone morphogenic protein 2 (BMP-2), 28

C

Calcification, of fibroids (or leiomyoma), 6
Carbon dioxide, 106

Cell adhesion molecules (CAMs), 24
Cervical dilation, 105, 106, 109

Cervical leiomyomas, 90

Cervical ripening, 105
Cesarean delivery, 48
delivery and timing of, 50-51
elective, 50
operative issues at, 50
Clinical pregnancy rate (CPR), 13, 14
Clonal chromosomal aberrations, 56
“Cold loop” myomectomy, 15
Collagen 402 (COL4A2), 27
Color Doppler, 71, 76, 79, 80
Combined oral contraceptives (COCs), 59, 60, 65
Conception, fibroids and, 7, 8, 14, 81
Congenital miillerian anomalies, 35
Connective tissue growth factor (CTGF), 27
Cysteine-rich angiogenic inducer 61 (CYR-61), 27

D

Degenerating fibroids, 6

Degeneration, 47, 86

Differentially regulated genes (DRG), during the window of
implantation, 25

Diffuse uterine leiomyomatosis, 79

Disseminated peritoneal leiomyomatosis (DPL), 80

Doppler sonography, 76

Dysfunctional labor, 48

E

Elagolix, 64—-66
Electrocautery resectoscopes, 108
Embryo implantation, 24, 27, 28
endometrial receptivity, 25
steps of, 24-25
timing of, 25
EMMY trial, 96-97
Endocrine-disrupting chemicals, 56
Endometrial decidualization, 28
Endometrial epithelium, 24
Endometrial polyps, 79
Endometrial receptivity, 23, 25
fibroids and, 26
angiogenic and vascular factors, 27
disruption of implantation, 2627
immunologic and inflammatory factors, 27-28
impact on gene expression, 28-29
mechanical disruptors, 26
research and future therapeutics, 29
gene expression profiling, 25
Endometrial receptivity assay (ERA) test, 25, 29
Endometrium, 12, 23-25, 27, 60, 62, 79
E2/NETA, 65
Epidermal growth factor (EGF), 60
Estrogen receptors (ERs), 57

125



126

Estrogens, 12, 26, 45, 50, 56, 57, 60, 105, 114
for fibroid growth, 12
primary ovarian hormone, 60
side effects of, 63
suppression, 64
Extracellular matrix (ECM), 27, 60, 61, 65

F

Fertility, 18, 33, 105, 110, 114, 118
after UAE, 15
fibroids and, 7, 9, 14—-15
Fetal anomalies, 49
Fetal demise, 49
Fetal growth restriction, 49
Fetus, fibroid compressed by, 46
FGR1 expression, 27
Fibroid degeneration, 47
Fibroid management, algorithms for, 17
Fibroids, 1, 23, 81, 113; see also Assisted reproduction
technology
accurate measurement of, 80
anatomic location of, 23
calcification of, 6
classification, 1-4, 12
compressed by fetus, 46
conception, 7, 8
cystic degeneration of, 6
degenerating, 6
diagnosis, 4-7
endometrial genes dysregulated by, 28
and endometrial receptivity, 26
evaluation for, 40
fertility, 7, 9
FIGO classification of, 12, 13
incidence of, 1
and infertility, 23
miscarriage, 7-8
monoclonal origin of, 56
monoclonal tumors, 45
multiple lesions, 1, 2
painful, 47, 49-50
potential effects of, 45
and pregnancy loss, 33-34
prolapsing into vagina, 50
and recurrent pregnancy loss, see Recurrent
pregnancy loss
risk factors for, 11-12
single lesion, 1, 2
size, 1, 3—-4
treatment, from fertility aspect, 14—15
ultrasound features of, 76
in vitro fertilization outcome, 9
Focused ultrasound treatment, 16
Follicle-stimulating hormone (FSH), 62—-64

G

Gamete, 13, 26, 29
Gene expression, 25, 26, 28-29
Gene expression profiling, 25

Index

Gene transcription, 25

Gonadotrophs, 63

Gonadotropin-releasing hormone (GnRH) antagonist, 17,
38, 57, 59, 63-65

Gonadotropin-releasing hormone agonist (GnRHa)
therapy, 16, 38, 105, 114

Goserelin, 38

H

Hazard ratio (HR), for miscarriage, 7
Heavy menstrual bleeding (HMB), 17, 55, 60, 61, 65, 85,
96, 100
High-frequency magnetic resonance—guided focused
ultrasound surgery (MRgFUS), 16
High-intensity focused ultrasound (HIFU), 16
HMGA genes, 56
Hormonal effects, as risk factor, 57
Hormonal medical therapies, 37
HOXA 10 expression, 27, 29
HOXAI1I expression, 29
Human Genome Project, 25
Hyperinsulinemia, 56
Hypointense fibroids, 16
Hypotonic fluids, 106
Hysterectomy, 35, 89
Hysterosalpingo contrast sonography (HyCoSy), 75
Hysterosalpingography (HSG), 35, 36
Hysteroscopic myomectomy, 17, 38-39, 51, 57, 89
adhesions, 110
antibiotics, 105
cervical ripening, 105
complication prevention, 106
consents, 105
devices, 107-109
distending media, 106
evolution of, 103
fertility, 110
instruments, 107-109
intraoperative considerations, 106
office myomectomy, 109
outcomes, 110
patient selection, 104—105
postoperative care, 109
preoperative considerations, 105
preoperative imaging, 104
recurrence, 110
special techniques, 107-109
submucosal fibroids, 103—-104
surgical steps, 106
venous thromboembolism prophylaxis, 105
Hysteroscopic tissue removal devices, 107
Hysteroscopy, 15, 34-36, 57, 105-106
Hysterotomy, 49-50, 103, 116

I

IM myomas, 13-14

Implantation, 26
disruption of, 26-27
steps of, 24-25



Index

Indomethacin, 49-50
Infertility, 9, 13, 23, 26, 33, 38, 40, 103-105, 110;
see also Fertility
Interceed, 118
Interleukin-11 (IL-11), 28
International Federation of Gynecology and Obstetrics
(FIGO), 12, 13, 15, 40, 75, 88, 103
type 1, 39
type 2, 35, 36
of uterine leiomyomas, 90-92
Interventional procedures, 95
magnetic resonance—guided focused ultrasound, 97-99
radiofrequency ablation, 99-100
uterine artery embolization, 96-97
Intracavitary fibroids, 104
Intracytoplasmic sperm injection (ICSI), 12
Intramural (IM) fibroids, 2, 3, 12, 13-14, 18, 26, 29, 33,
39, 40, 47
fundal, 5
laparoscopy, 15
miscarriage rate, 7
myomectomy showing removal of, 7
protruding in cavity, 5
surgery for, 15
Intramyometrial myomectomy, 51
Intrauterine morcellators systems, 108
In vitro fertilization (IVF), 9, 12, 26, 29, 34, 81, 105
Isotonic fluids, 106
ITGAYV, 29

L

Laparoscopically assisted myomectomy (LAM), 118
Laparoscopic and abdominal myomectomy, 39-40
Laparoscopic myomectomy (LM), 18, 57-58
consents and outcomes, 114-115
de novo adhesion formation, 118
disadvantage of, 121
instrumentation, 115
intraoperative considerations, 118
intraoperative ultrasound guidance, 121
laparoscopically assisted myomectomy, 118
morcellation techniques, 117
patient evaluation and selection, 113
postoperative care, 118
preoperative management, 114
preoperative prophylaxis, 115
surgical step, 115-118
tissue extraction after, 117
Laparoscopy, 15, 18, 40, 57, 72, 103, 105, 113, 115
Laparotomy, 40, 57, 103, 118
Leiomyomas
asymptomatic, 88
classification, 87-89
differential diagnosis of, 87
magnetic resonance imaging, 89
submucosal, 88—89
symptomatic, 88
Leiomyosarcoma, 80, 87
differential diagnosis of, 87
prevalence of, 87

127

Leukemia inhibitory factor (LIF), 28

Leuprolide, 38, 66

Leuprolide acetate (LA), 17, 60, 63, 65, 114

Leuprorelin, 65

Levonorgestrel-releasing intrauterine system (LNG-IUS),
59-60, 65

Live birth rate (LBR), 13, 14

Lonaprisan, 60

Luteinizing hormone (LH), 62, 63

Macrophages, 28
Magnetic resonance—guided focused ultrasound surgery
(MRgFUS), 38, 41, 95, 100
long-term outcomes, 98
pregnancy afterward, 99
procedure specifics, 97-98
reintervention, 98
risks, 99
short-term outcomes, 98
Magnetic resonance imaging (MRI), 1, 9, 35, 36, 38, 76,
85, 88,97, 104
techniques, 85-86
template for uterine leiomyoma, 89, 92
of uterine leiomyomas, 86—87
Malpresentation, 48
Management, uterine fibroids, 57
combined oral contraceptives, 59
gonadotropin-releasing hormone agonist, 63
hysteroscopic myomectomy, 57
laparoscopic myomectomy, 57-58
levonorgestrel-releasing intrauterine system,
59-60
pharmacological therapies, 58—59
progestogens, 60
selective progesterone receptor modulators, 60—63
uterine artery embolization, 58
Manual morcellation, 117, 119
Matrix metalloproteinases (MMPs), 61
Mazzon technique, 109
Mean arterial pressure (MAP), 106
Mechanical disruptors, 26
MEDI12 gene, 56
Medical management, of fibroids, 9, 16, 37-38
Medical treatment, for uterine fibroids, 16
nonpeptide oral gonadotropin-releasing hormone
antagonists, 63—65
relugolix, 65
statins, 65
Medroxyprogesterone acetate (MPA), 60
Menstrual cycle, 23, 26, 57, 60
and differentially regulated genes, 25
Microarray technology, 25
Mifepristone, 17, 60-62
Miscarriage, 15, 28, 34, 39, 47, 50
fibroids and, 7
rate, 39, 40
Misoprostol, 105, 118
Multiple fibroids, 1, 2, 7, 15, 47, 49
Myocytes, 27



128

Myomas, 12, 75, 98, 104, 121
type O, 17
type 1 and 2, 17-18
type 3 through 5, 18
Myomectomy, 8, 14, 23, 26, 33, 34, 39, 40, 51, 89, 105, 114
intramural fibroids and, 7
laparoscopic approach to, 113
during pregnancy, 49
Myometrial disruption, 114
Myometrium, 6, 27, 48, 50-51, 60, 62, 71, 75, 76, 79,
86-87, 98, 109-110, 114, 116-117

N

Natural killer (NK) cells, 28

Nonpeptide oral gonadotropin-releasing hormone
antagonists, 63—65

Nonperfused volume (NPV), 98

Nonsteroidal anti-inflammatory drugs (NSAIDs), 49-50

(0]

OBE2109 (ObsEva), 64

Obesity, as risk factor, 56

Office hysteroscopy, 35, 104, 109

Office myomectomy, 109
Oligohydramnios, 49-50

Onapristone, 60

Ongoing pregnancy rate (OPR), 13, 14, 24
Ontario Uterine Artery Embolization trial, 96
Open myomectomy, 36, 39, 40, 120
Opioids, 49

Orilissa (elagolix), 64

Ovarian failure, 15, 97, 100

Ovarian fibromas, 80

Ovarian progesterone, 61

P

Painful fibroids, 47, 49-50
PEARL-II trial, 61
Pedunculated fibroids, 4, 40, 47, 50, 51, 77, 80, 104
Pedunculated intracavitary, 88
Pedunculated submucosal fibroids, 109
Pedunculated subserosal leiomyomas, 90-91
Pelvic ultrasonography, 113
Pharmacological therapies, for uterine fibroids, 58-59
Placental abruption, 47-48
Placenta previa, 49
PneumoLiner system, 117
Polyps, 79
Polyvinyl alcohol (PVA) particles, 96
Postembolization syndrome, 97
Postmenopausal bleeding, 89
Postpartum hemorrhage, 48, 50, 97, 100
Preeclampsia, 28, 49
Pregnancy, fibroids in, 45
complications, 47-49
antepartum bleeding and placental abruption, 47-48
cesarean delivery, 48
degeneration and torsion, 47

Index

dysfunctional labor, 48
fetal anomalies, 49
fetal demise, 49
fetal growth restriction, 49
malpresentation, 48
miscarriage, 47
placenta previa, 49
postpartum hemorrhage, 48
preeclampsia, 49
preterm labor and birth, 47
preterm premature rupture of membranes, 49
pyomyoma, 49
fundal fibroid in, 48
management issues, 49-50
fibroids prolapsing into vagina, 50
operative issues at cesarean delivery, 50
painful fibroids, 49-50
route of delivery, 50
patient management
with prior myomectomy, 5051
and postpartum, 45-46
prevalence, 45
size changes, 45-46
symptoms, 46—47
Pregnancy loss, fibroids and, 33-34, 47, 50, 103
Preterm birth, 47
Preterm labor, 47, 55
Preterm premature rupture of membranes, 49
Progesterone, 25, 45, 56, 57, 60
growth of myomas, 17
in uterine fibroid pathogenesis, 61
Progesterone receptor (PR), 17, 27, 56, 57, 60, 61
Progesterone receptor modulator (PRM), 60, 61, 65
Proliferating cell nuclear antigen (PCNA), 62
ProSound Alpha 7 system, 121
Prostaglandins, 27
Pyomyoma, 49

R

Race, as risk factor, 56
Radiofrequency ablation (RFA), 38, 95, 99, 100
long-term outcomes, 100
pregnancy afterward, 100
procedure specifics, 99
reintervention, 100
risks, 100
short-term outcomes, 100
Raloxifene, 38
Randomized controlled trial (RCTs), 15, 17, 60-61
Receptive endometrium, 26, 27
Recurrent pregnancy loss (RPL), 33
evaluation of anatomic factors, 35-37
fibroids and, 34-35
treatment, 37
hysteroscopic myomectomy, 38-39
laparoscopic and abdominal myomectomy, 39-40
medical management, 37-38
procedural options, 38
Red degeneration, 47, 86
Relugolix, 64, 65



Index

Reproductive factors, as risk factor, 56
Resectoscope, 15, 103, 107-109
Retroplacental fibroids, 47-48
RNA transcript, 25
Robotic myomectomy, 36, 78, 113, 116, 117, 118, 119-120, 121
intraoperative ultrasound guidance, 121
myoma bed closure, 119
myoma dissection, 119
operating room setup, 116
sequential steps of, 120
uterine incision, 118
vasopressin injection, 117
Robotically assisted LSC myomectomy (RALM), 119-120
Route of delivery, 50

S

Saline infusion sonography, 40, 104
Saline infusion sonohysterography, 71-75
Saline infusion sonohystogram, 36
“See and treat” approach, 109
Selective estrogen receptor modulators (SERMs), 16, 38
Selective progesterone receptor modulator (SPRMs), 17,
38,59, 60-63
ligands, 60
mifepristone, 60—61
PEARL-II trial, 61
ulipristal acetate, 61
uterine bleeding, 62
VENUS 1 study, 61-62
vilaprisan, 62
Sepraspray/Seprafilm, 118
Serosa, 12, 13, 104, 117, 120
Sex steroid hormones, 56
Society of Gynecologic Oncology, 117
Solitary large fibroid, 2
Sonication, 97-98
Sonohysterography, 36
Spontaneous abortion (SA), 13, 23, 33, 34, 39, 99, 100,
104, 114
Statins, 65
Submucosal (SM) fibroids, 2, 3, 9, 12, 14, 18, 26, 27, 29,
33, 36, 47
classification of, 104
hysteroscopic resection of, 78
hysteroscopy, 15
prevalence of, 34, 103
significance of, 103—104
surgery for, 15
in three-dimensional view, 6
Submucosal leiomyomas, 88, 89, 91, 108
Submucous fibroids, 34-36, 40
Subserosal fibroids, 2, 4, 12, 13, 33, 34, 37, 40, 49, 100, 113
Subserosal myomas, 13
Suppurative leiomyoma, 49
Symptomatic fibroids, 1, 7, 50, 58, 61, 63, 66, 76, 96

T

Telapristone, 60
Telapristone acetate, 17, 62

129

TGF-3 isoforms, 28
Three-dimensional (3D) ultrasound, 4, 36, 71, 72
coronal view of uterus, 74
fundal intramural fibroid, 5
submucosal fibroid in, 6
uterine anatomy, 35
Thrombophilias, 35
TilePro multi-input display, 121
Tissue inhibitor of metalloproteinases (TIMPs), 61
Torsion, 47
Transabdominal scan (TAS), 72
Transabdominal ultrasound (TAS), 4, 6
Transforming growth factor 3 (TGF-), 28
Transvaginal scan (TVS), 4, 6, 72, 73, 79
Transvaginal ultrasound (TVUS), 35, 50, 104, 121
Tumor necrosis factor-alpha (TNF-o), 60
Two-dimensional (2D) transvaginal ultrasonography
(TVUS), 35, 36, 40
Two-dimensional (2D) ultrasonography (US), 4, 36, 71-74

U

UAE, 89-91
Ulipristal acetate (UPA), 17, 18, 38, 60, 61, 66, 105, 114
Ultrasonography (US), 85
Ultrasound-guided high-intensity focused ultrasound
(USgHIFU), 16
Ultrasound-guided radiofrequency ablation (RFA), 38
Ultrasound technique, 1, 9
color Doppler, 76
differential diagnoses, 76
adenomyosis, 76, 79
diffuse uterine leiomyomatosis, 79
disseminated peritoneal leiomyomatosis, 80
endometrial polyps, 79
leiomyosarcoma, 80
ovarian fibromas, 80
of fibroids, 76, 77-78
findings, 8081
hysterosalpingo contrast sonography, 75
magnetic resonance imaging, 76
saline infusion sonohysterography, 74-75
three-dimensional ultrasound, 72-74
two-dimensional ultrasound, 72
Uterine anomalies, 35, 36, 48, 100
Uterine artery embolization (UAE), 1, 38, 58, 95, 100, 114
bilateral, 96
fibroids, 15-16
long-term outcomes, 9697
pregnancy afterward, 97
procedure specifics, 96
reintervention, 96-97
risks, 97
short-term outcomes, 96
unilateral, 96
vs. hysterectomy, 96
Uterine bleeding, 17, 62, 88, 92, 103, 105
Uterine fibroid embolization (UFE), 96
Uterine fibroids, 12, 33, 45, 55, 103
by gonadotropin-releasing hormone, 63
magnetic resonance image of pelvis, 91



130

Uterine fibroids (Continued)
management, 57
combined oral contraceptives, 59
gonadotropin-releasing hormone agonist, 63
hysteroscopic myomectomy, 57
laparoscopic myomectomy, 57-58
levonorgestrel-releasing intrauterine system,
59-60
pharmacological therapies, 58-59
progestogens, 60
selective progesterone receptor modulators,
60-63
uterine artery embolization, 58
medical treatment for, 63
nonpeptide oral gonadotropin-releasing hormone
antagonists, 63—65
relugolix, 65
statins, 65
as monoclonal tumors, 55
prevalence in, 33
prevalence of, 45
risk factors, 56-57
hormonal effects, 57
obesity, 56
race, 56
reproductive factors, 56
vitamin D deficiency, 56-57

Index

sensitivity and specificity of diagnostic modalities, 35
treatment and control, 59
Uterine leiomyomas, 23, 85
clinical presentation of, 87—88
differential diagnosis for, 87
magnetic resonance imaging features of, 86—87
Uterine perforation, 57, 104—106
Uterine peristalsis, 26
Uterine rupture, 40, 49, 51, 58, 81, 106, 110, 114, 115
Uterine serosal incisions, 116, 117

v

Vagina, fibroids prlapsing into, 50

Vascular development, 27

Vascular endothelial growth factor (VEGF), 27, 28,
61, 62

Vasopressin, 106, 115, 116, 118

Venous thromboembolic (VTE) prophylaxis, 105, 115

VENUS 1 study, 61-62

Versapoint bipolar resectoscope, 108

Vilaprisan, 60, 62, 66

Vitamin D deficiency, as risk factor, 56-57

w
Window of implantation (WOI), 24, 25, 29



	Cover������������
	Half Title�����������������
	Title Page�����������������
	Copyright Page���������������������
	Contents���������������
	Preface��������������
	Contributors�������������������
	1. Fibroids and Reproduction: A Bird’s-Eye View
	Introduction�������������������
	Classification���������������������
	Diagnosis����������������
	Fertility����������������
	Conception�����������������
	Miscarriage������������������
	In Vitro Fertilization Outcome�������������������������������������
	References�����������������

	2. Fibroids and Assisted Reproduction Technology�������������������������������������������������������
	Introduction�������������������
	Risk Factors�������������������
	Classification���������������������
	Fibroid and Assisted Reproduction Technology Outcomes: Current Evidence������������������������������������������������������������������������������
	Subserosal Fibroids��������������������������
	Intramural Fibroids��������������������������
	Submucosal Fibroids��������������������������
	Treatment of Fibroids from the Fertility Aspect������������������������������������������������������
	Surgical Treatment�������������������������
	Surgery for Submucosal Fibroids��������������������������������������
	Surgery for Intramural Fibroids��������������������������������������
	Alternatives to Surgical Interference��������������������������������������������
	Uterine Artery Embolization����������������������������������
	GnRH Agonists��������������������


	Selective Progesterone Receptor Modulators�������������������������������������������������
	Algorithms for Fibroid Management����������������������������������������
	Type 0 Myomas��������������������
	Type 1 and 2 Myomas��������������������������
	Types 3 through 5 Myomas (Single or Multiple)����������������������������������������������������
	Conclusion�����������������
	References�����������������

	3. Fibroids and Endometrial Receptivity/Embryo Implantation������������������������������������������������������������������
	Introduction�������������������
	Implantation�������������������
	Normal Steps of Implantation�����������������������������������
	Endometrial Receptivity������������������������������

	Fibroids and Endometrial Receptivity�������������������������������������������
	Mechanical Disruptors����������������������������
	Disruption of Implantation���������������������������������
	Angiogenic and Vascular Factors��������������������������������������
	Immunologic and Inflammatory Factors�������������������������������������������
	Impact on Gene Expression��������������������������������

	Conclusion�����������������
	Research and Future Therapeutics���������������������������������������
	References�����������������

	4. Uterine Fibroids and Recurrent Pregnancy Loss�������������������������������������������������������
	Introduction�������������������
	Fibroids and Pregnancy Loss����������������������������������
	Fibroids and Recurrent Pregnancy Loss��������������������������������������������
	Evaluation of Anatomic Factors in Recurrent Pregnancy Loss�����������������������������������������������������������������
	Treatment����������������
	Medical Management�������������������������
	Procedural Options�������������������������
	Hysteroscopic Myomectomy�������������������������������
	Laparoscopic and Abdominal Myomectomy��������������������������������������������

	Conclusion�����������������
	References�����������������

	5. Fibroids in Pregnancy�������������������������������
	Introduction�������������������
	Prevalence�����������������
	Changes in Size during Pregnancy and Postpartum������������������������������������������������������
	Symptoms���������������
	Complications��������������������
	Management Issues������������������������
	Management of Patients with Prior Myomectomy���������������������������������������������������
	References�����������������

	6. Medical Options for Uterine Fibroids in the Context of Reproduction�����������������������������������������������������������������������������
	Introduction�������������������
	Risk Factors of Uterine Fibroids���������������������������������������
	Race�����������
	Reproductive Factors���������������������������
	Obesity��������������
	Vitamin D Deficiency���������������������������
	Hormonal Effects�����������������������

	Uterine Fibroid Management���������������������������������
	Hysteroscopic Myomectomy�������������������������������
	Laparoscopic Myomectomy������������������������������
	Uterine Artery Embolization����������������������������������
	Pharmacological Therapies for Uterine Fibroids�����������������������������������������������������
	Combined Oral Contraceptives�����������������������������������
	Levonorgestrel-Releasing Intrauterine System���������������������������������������������������
	Progestogens�������������������
	Selective Progesterone Receptor Modulators�������������������������������������������������
	Gonadotropin-Releasing Hormone Agonist���������������������������������������������
	Developing New Medical Treatment for Uterine Fibroids������������������������������������������������������������
	Nonpeptide Oral Gonadotropin-Releasing Hormone Antagonists�����������������������������������������������������������������


	Conclusions and Future Directions����������������������������������������
	Conflict of Interest���������������������������
	References�����������������

	7. Fibroid Preoperative Imaging: Ultrasound��������������������������������������������������
	Introduction�������������������
	Ultrasound Technique���������������������������
	Two-Dimensional Ultrasound���������������������������������
	Three-Dimensional Ultrasound�����������������������������������

	Saline Infusion Sonohysterography����������������������������������������
	Hysterosalpingo Contrast Sonography������������������������������������������

	Color Doppler��������������������
	Magnetic Resonance Imaging���������������������������������

	Establishing a Correct Diagnosis via Ultrasound������������������������������������������������������
	Ultrasound Features of Fibroids��������������������������������������
	Ultrasound Features of Various Differential Diagnoses������������������������������������������������������������
	Adenomyosis������������������
	Diffuse Uterine Leiomyomatosis�������������������������������������
	Endometrial Polyps�������������������������
	Ovarian Fibromas�����������������������
	Leiomyosarcoma���������������������
	Disseminated Peritoneal Leiomyomatosis���������������������������������������������


	Proper Reporting of Ultrasound Findings����������������������������������������������
	Conclusion�����������������
	References�����������������

	8. Fibroid Preoperative Imaging: Magnetic Resonance Imaging������������������������������������������������������������������
	Introduction�������������������
	Magnetic Resonance Imaging Techniques��������������������������������������������
	Magnetic Resonance Imaging Features of Uterine Leiomyomas and Differential Diagnosis�������������������������������������������������������������������������������������������
	Classification of Uterine Leiomyomas and Implications for Management���������������������������������������������������������������������������
	Conclusion�����������������
	References�����������������

	9. Interventional Procedures�����������������������������������
	Introduction�������������������
	Uterine Artery Embolization����������������������������������
	Procedure Specifics��������������������������
	Short-Term Outcomes��������������������������
	Long-Term Outcomes and Reintervention��������������������������������������������
	Risks������������
	Pregnancy Afterward��������������������������

	Magnetic Resonance–Guided Focused Ultrasound���������������������������������������������������
	Procedure Specifics��������������������������
	Short-Term Outcomes��������������������������
	Long-Term Outcomes and Reintervention��������������������������������������������
	Risks������������
	Pregnancy Afterward��������������������������

	Radiofrequency Ablation������������������������������
	Procedure Specifics��������������������������
	Short-Term Outcomes��������������������������
	Long-Term Outcomes and Reintervention��������������������������������������������
	Risks������������
	Pregnancy Afterward��������������������������

	Conclusion�����������������
	References�����������������

	10. Hysteroscopic Myomectomy�����������������������������������
	Evolution of Hysteroscopic Myomectomy��������������������������������������������
	Significance of Submucosal Fibroids������������������������������������������
	Preoperative Imaging���������������������������
	Patient Selection������������������������
	Preoperative Considerations (Cervical Ripening, Antibiotics, Venous Thromboembolism Prophylaxis)�������������������������������������������������������������������������������������������������������
	Consents���������������
	Surgical Steps, Intraoperative Considerations, and Complication Prevention���������������������������������������������������������������������������������
	Instruments, Devices, and Special Techniques���������������������������������������������������
	Office Myomectomy������������������������
	Postoperative Care�������������������������
	Outcomes (Recurrence, Fertility, Adhesions)��������������������������������������������������
	Conclusion�����������������
	References�����������������

	11. Laparoscopic and Robotic-Assisted Myomectomy�������������������������������������������������������
	Patient Evaluation and Selection���������������������������������������
	Preoperative Management������������������������������
	Consents and Outcomes����������������������������
	Preoperative Prophylaxis�������������������������������
	Instrumentation����������������������
	Surgical Steps���������������������
	Additional Intraoperative Considerations�����������������������������������������������
	Postoperative Care�������������������������
	Laparoscopically Assisted Myomectomy�������������������������������������������
	Robotically Assisted Myomectomy��������������������������������������
	Intraoperative Ultrasound Guidance�����������������������������������������
	References�����������������

	Index������������

