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a b s t r a c t
Introduction: Uterine ﬁbroids (also termed leiomyomas or myomas) are the most common tumors of the
female reproductive tract.
Aim: The aim of this position statement is to provide and critically appraise evidence on the management
of women with uterine ﬁbroids.
Methods: Literature review and consensus of expert opinion.
Results and conclusions: Many uterine ﬁbroids are asymptomatic and require no intervention, although it
is advisable to follow up patients to document stability in size and growth. Fibroid-associated symptoms
include heavy menstrual bleeding and pain or pelvic discomfort. The association between infertility and
ﬁbroids increases with age. Fibroids do not increase the risk of malignant uterine disease and leiomyosarcomas are extremely rare (less than one in 1000). It is unknown at present whether leiomyosarcoma
represents de novo growth or malignant transformation from benign uterine ﬁbroids. Treatment options
for symptomatic ﬁbroids include pharmacologic, surgical and radiologically guided interventions. The
range of medical treatments allows ﬂexible management of ﬁbroid-related symptoms; the options
include tranexamic acid, non-steroidal anti-inﬂammatory drugs, contraceptive steroids, gonadotropinreleasing hormone analogs, antiprogesterone, and selective progesterone receptor modulators. However,
these medical options do not remove the tumors and symptoms may return when treatment is stopped.
Surgical and radiologically guided procedures may be tailored to age, general health, and individual
patient wishes. Hysterectomy is the most effective treatment, although in some cases myomectomy may
be sufﬁcient to control symptoms. Alternatives to surgery include uterine artery embolization, myolysis
and ablation by high-intensity focused ultrasound (guided with magnetic resonance imaging or ultrasound). The choice of treatment depends on ﬁbroid size, the underlying symptoms and their severity
and the woman’s desire for subsequent fertility and pregnancy, as well as efﬁcacy and need for repeated
interventions.
© 2014 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Uterine ﬁbroids (also termed leiomyomas or myomas) are the
most common tumors of the female reproductive tract. While they
may be asymptomatic they can cause abnormal bleeding, pelvic
pressure symptoms and infertility. Fibroid growth and regression
vary throughout life. Thus, they tend to grow during the patient’s
reproductive years and regress after the menopause. They affect
millions of women and are the leading cause of hysterectomy.
Fibroids are benign tumors characterized by the proliferation of
uterine muscle cells and the production of a collagenous matrix.
They consist of smooth-muscle cells which cells carry the MED12
(or HMGA2) mutation, suggesting that their origin is a myometrial stem cell [1–3]. The mitotic activity of ﬁbroids is generally
low, although the proliferative rate of the ﬁbroid tissue is greater
than that of the adjacent myometrium. The collagenous matrix
is variable in quantity. It has been proposed that there is an
inverse relationship between the percentage of tumor matrix and
microvascular density which leads to interstitial ischemia and
myocyte atrophy [4]. Angiogenic growth factors and glycosylated
calcitonin may also be involved in ﬁbroid development and growth,
and contribute to their abnormal vasculature [5,6].
Both experimental studies and clinical observations suggest
that uterine ﬁbroids are estrogen dependent tumors. Furthermore,
experimental and clinical evidence suggests that progesterone
has an equally important role as estradiol in regulating ﬁbroid
growth [7,8]. Progesterone and progestins increase mitotic activity
in leiomyomas and thereby their rate of growth. Other endocrine,
paracrine and biochemical factors are associated with ﬁbroid
growth and development and require assessment as potential therapeutic targets [1,2].
The traditional management of symptomatic ﬁbroids has been
surgery (hysterectomy or myomectomy). However, some women
do not want invasive surgery and wish to retain their uterus and fertility [9]. Fortunately in this respect, during the last few years new
medical and surgical uterine-conserving alternatives have become
available as technological advances have been made. Pharmacological management of symptomatic uterine ﬁbroids has beneﬁted
from the introduction of new compounds, although the indications
and treatment duration are limited by their side-effects.
The aim of this position statement is to provide recommendations to help decision-making in the management of women with
ﬁbroids.
2. Prevalence and risk factors
A large proportion of women with ﬁbroids are unaware they
have these tumors simply because they are asymptomatic and do
not seek medical attention. Therefore, the reported prevalence of
ﬁbroids varies between studies, as it depends on how participants
are recruited and screened. In general, the prevalence of symptomatic ﬁbroids peaks in the perimenopausal years and declines
after the menopause. Their prevalence is high, at up to 70% of
women aged 50 years, and the ﬁgure is even higher among black
women [10,11].
Nulliparity, early menarcheal age, older age at ﬁrst term pregnancy, obesity, diabetes, hypertension and family history are
associated with an increased risk of ﬁbroids. Leiomyomas may
enlarge during the ﬁrst trimester of pregnancy, but with no further growth in the second and third trimesters, despite increases
in circulating progesterone [12,13]. Parity is inversely related to the
risk of ﬁbroids, but only among white women [14]. Fibroids shrink
postpartum. Thus one study of 171 women with one initial ﬁbroid
found that 36% had no identiﬁable ﬁbroid at the time of postpartum ultrasound, and 79% of the remaining ﬁbroids decreased in size
[15].
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The effect of the combined oral contraceptive pill is uncertain
as the evidence is conﬂicting. Depot progestogens may reduce the
risk of ﬁbroids [16]. There is some evidence that caffeine intake, for
instance in the form of coffee, is associated with an increased risk
of ﬁbroids but smokers are at reduced risk [17,18]. Overt hypothyroidism was found to be associated with ﬁbroids [19]. With regard
to dietary risk factors dairy products and omega-3 fatty acid intake
increase risk, but high fruit intake may reduce risk in black women
[20–22].
Exposure to endocrine disrupters, and intake of soybean milk,
food additives and sweeteners may all increase the risk of ﬁbroids
[23,24].
3. Clinical presentation
Most ﬁbroids are asymptomatic, and will not produce pelvic
symptoms or discomfort. However, ﬁbroids may cause heavy
menstrual bleeding (HMB) or painful menstruation, abdominal discomfort or bloating, back ache, painful defecation, painful sexual
intercourse, and uncomfortable pelvic pressure; they may also
increase the frequency of urinary tract infections. Many of these
women may nonetheless delay medical consultation for a period
of years. This is often because they fear the possible consequences
of such a consultation which include cancer diagnosis, surgery (and
the subsequent alteration of their sexual function), and loss of selfimage and/or personal control. Women with severe symptoms will
take time off work and experience a reduced quality of life [9].
However, clinical symptoms tend to reduce or disappear after the
menopause [4].
Co-morbid conditions that are highly prevalent among women
with uterine ﬁbroids around the time of the menopause and sometimes may be associated with similar clinical symptoms include
polyps, adenomyosis, endometrial hyperplasia and ovulatory disturbances [25,26].
3.1. Bleeding problems
Bleeding problems such as HMB and inter-menstrual bleeding
can lead to iron deﬁciency and anemia. Why ﬁbroids cause bleeding problems is uncertain. However, abnormal bleeding tends to be
associated with submucous ﬁbroids which distort the uterine cavity and may lead to endometrial and vascular dysfunction. It has
been said that submucous ﬁbroids are associated with more severe
symptoms in general than ﬁbroids in other locations, but menorraghia and anemia are no more likely to be reported in women with
at least one submucous ﬁbroid than in those with ﬁbroids only in
other locations [27,28].
Assessment of excessive bleeding may be carried with pictograms, weighing menstrual protection, objective measurement
of menstrual blood loss with the alkaline haematin method and
assessment of hemoglobin and ferritin, or a combination of these
measures [29,30]. For practical purposes, a subjective deﬁnition of
HMB (i.e., excessive menstrual blood loss that is not tolerated by
the patient and adversely affects quality of life) rather than objective measures can be used by the clinician as the basis for further
investigation.
3.2. Pelvic symptoms
Fibroids may cause pelvic pain such as dysmenorrhea, dyspareunia, pelvic pressure and pelvic heaviness or discomfort. The location
and size of the ﬁbroids may inﬂuence the pain characteristics. Some
do not produce any type of pain, especially those which are small.
Torsion of pedunculated subserosal ﬁbroids may produce acute
pain, and submucosal ﬁbroids may be associated with intermittent uterine contractions. Large ﬁbroids can cause pelvic pressure
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Fig. 1. Suggested ﬂowchart for the management of uterine ﬁbroids.

symptoms and affect bowel and bladder function although differential diagnosis should be made with other common causes such as
pelvic adhesions, endometriosis and adenomyosis, and pelvic ﬂoor
disorders [25,31,32].

3.3. Infertility
Fibroid location inﬂuences fertility. In patients consulting for
infertility uterine morphology should be studied by magnetic resonance imaging which is a better procedure than transvaginal
ultrasound and hysterosalpingography to plan clinical management. It seems that intramural, but not subserosal, ﬁbroids may be
associated with reduced fertility and increased risk of miscarriage.
Submucosal or deeply inﬁltrating intramural ﬁbroids may alter the
endometrial cavity and interfere with implantation and pregnancy
outcome [33]. The effects of multiple or different size ﬁbroids on
fertility is unclear due to the low quality of the available evidence
[34]. Small ﬁbroids not affecting the endometrial cavity do not seem
to impact the in vitro fertility rate [35].
On the other hand, given that the prevalence of ﬁbroids
increases with age, women who delay pregnancy are more likely to
have ﬁbroids than their younger counterparts. While there is a statistical association between infertility and uterine ﬁbroids, this is
likely to be largely due to age alone, and it is not clear whether there
is a direct cause–effect relationship between ﬁbroids and infertility.
Observational studies have reported inconclusive or contradictory
results [36].

4. General management of uterine ﬁbroids
Uterine ﬁbroids may be diagnosed by pelvic clinical examination
and ultrasound. Sometimes it is not possible clinically to accurately
determine whether a pelvic mass involves the uterus or not, but
ultrasound is a simple way to conﬁrm this. In cases where the
uncertain, magnetic resonance (MR) imaging or computed tomography may help [37]. Sonohysterography, hysterosalpingography
or hysteroscopy may assist in identifying submucosal ﬁbroids.
Management depends on size, number and location as well as

whether the ﬁbroids are causing symptoms. Fig. 1 shows the different management and therapeutic options.
4.1. Asymptomatic patients: conservative management
Asymptomatic women with small ﬁbroids may beneﬁt
from expectant management, especially those approaching the
menopause. An enlarged uterus rarely causes ureteric compression sufﬁcient to compromise renal function. Women eligible for
expectant management may be followed up to check for any change
in uterine size or symptoms. While there are no standard guidelines as to frequency of follow up, annual review would appear
prudent. Thus, when the woman is asymptomatic and does not
want to become pregnant, there is no reason to consider treatment
[38–40].
4.2. Symptomatic patients
For women with symptomatic ﬁbroids (pain or pelvic discomfort, heavy bleeding), rapid growth or highly vascularized ﬁbroids,
treatment should be instituted after appropriate assessment. A
wide variety of medical therapies are available (see Section 5). Medical treatments may shrink but will not eradicate ﬁbroids which will
tend to regrow once therapy is stopped. Surgery (myomectomy or
hysterectomy) is indicated if the ﬁbroids are large, rapidly growing or if symptoms are not responding to medical therapies. What
option is used depends on a woman’s desire to retain her uterus
and her fertility goals.
Newer treatment options include uterine artery embolization
via interventional radiologic techniques. Other new therapies such
as high-intensity focused ultrasound, MR-guided laser ablation and
ligation of the uterine arteries (detailed below) show promise, but
need further evaluation.
5. Medical treatments and interventions
Premenopausal women with symptomatic uterine ﬁbroids have
different medical treatment options for the alleviation of symptoms, and may choose to delay surgery or the use of other invasive
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techniques, or even to avoid them altogether. Most of the medical
treatments may produce signiﬁcant – though temporary – reductions in both uterine size and symptoms. These interventions may
make surgery easier and in some cases may render it unnecessary,
especially where, in the interim, the patient becomes menopausal.
However, pharmacological treatments do not eradicate ﬁbroids and
are not devoid of side-effects.

A systematic review concluded that progestogen-releasing
intrauterine systems appear to reduce menstrual blood loss in
premenopausal women with uterine ﬁbroids [51]. However, the
LNG IUS does not signiﬁcantly reduce ﬁbroid size and is more likely
to be expelled [57,58]. In addition, there is some concern about the
long-term cardiovascular effects of levonorgestrel, but this requires
further study [59].

5.1. Non-hormonal pharmacological treatment

5.4. Gonadotropin-releasing hormone agonists

The two commonly used non-hormonal options are tranexamic
acid and non-steroidal anti-inﬂammatory drugs (NSAIDs). Tranexamic acid is a synthetic antiﬁbrinolytic agent which has been used
as a ﬁrst-line non-hormonal therapy for HMB due to dysfunctional
uterine causes or associated with ﬁbroids [41–43].
Eder et al. [43] reported the efﬁcacy and safety of modiﬁedrelease tranexamic acid in women with HMB and ﬁbroids.
Within the tranexamic acid group, more statistically signiﬁcant
(p < 0.001) reductions in menstrual blood loss compared with
placebo occurred in women with ﬁbroids than in those without.
However, further studies are needed to better deﬁne the potential beneﬁt in women whose HMB is associated with ﬁbroids.
Tranexamic acid may increase the rate venous thromboembolism,
although the rate is low; most studies have found the incidence of
thrombosis in treated and untreated women [44]. In a case series
of 490 women Ip et al. [45] reported that infarct-type necrosis
and thrombosis of leiomyoma was more commonly observed in
patients treated with tranexamic acid. However this requires further conﬁrmation.
NSAIDs may reduce HMB and dysmenorrhea in women without
ﬁbroids [46]. However, there are no controlled trials showing the
beneﬁts of NSAIDs for HMB in women with ﬁbroids. NSAIDs may
reduce the pain associated with ﬁbroids.

Gonadotropin-releasing hormone (GnRH) agonists have been
used for the treatment of ﬁbroids in perimenopausal women or
as a preoperative treatment for 3–4 months, when they are used
to reduce ﬁbroid-related bleeding and anemia, uterine volume
and ﬁbroid size, to facilitate or enable endoscopic or transvaginal
surgery [60]. In some cases a change from an abdominal procedure
to vaginal surgery is possible after pre-treatment with GnRH agonists. The risk of ﬁbroid recurrence after a course of GnRH agonists
in patients who have undergone myomectomy is controversial and
data are scarce on postoperative fertility [48,61].
The beneﬁts of GnRH agonists are limited by their side-effects,
which include hot ﬂashes, sleep disturbances, vaginal dryness,
depression and loss of bone mass after prolonged use. Various
therapies have been studied as add-back (combined estrogen and
progestin, medroxyprogesterone acetate, tibolone) to reduce these
adverse effects, in order to allow longer use of GnRH agonists [62].
The improvements resulting from GnRH agonist treatment disappear soon after stopping.
A meta-analysis of the use of GnRH analogs before hysteroscopic
submucous myomectomy concluded that there is insufﬁcient evidence to support their use and that randomized trials are needed
[63].

5.2. Systemic combined and progestin-only contraceptives

Progesterone receptors are present in higher concentrations in
ﬁbroids than in normal myometrium. Mifepristone (RU-486) is a
progesterone receptor antagonist that has been used, at different
doses, to improve ﬁbroid-associated symptoms. Mifepristone (2.5
or 5 mg) for 3–6 months is associated with increases in healthrelated quality of life, which has been explained by the reduction
of both pain and HMB. The effect of mifepristone on ﬁbroid volume remains uncertain with conﬂicting results and there are
concerns regarding endometrial hyperplasia [64–67]. Mifepristone
(2.5 mg/day) for 6 months in women with at least moderate symptoms, with uterine volume of 160 ml or more, or at least one ﬁbroid
of >2.5 cm in diameter results in modest reductions in uterine
size and improvements in symptoms and quality of life without
endometrial hyperplasia [66].
An analysis of three randomized controlled trials of mifepristone in women with conﬁrmed uterine ﬁbroids showed that it may
reduce HMB (compared with placebo), although it has no effect on
ﬁbroid volume. This treatment was associated with an increase of
abnormal endometrial histology compared with placebo, including
endometrial hyperplasia at the end of the therapy [67].
There is little information on the effect of vaginal mifepristone in
women with symptomatic ﬁbroids, although Yerushalmi et al. [68]
recently reported that a course of 10 mg/day for 3 months reduced
ﬁbroid volume and the number of bleeding days, and improved
quality of life.

Epidemiologic studies suggest that both combined and
progestin-only contraceptives may decrease the risk of developing clinically signiﬁcant ﬁbroids [47]. Combined oral contraceptives
may control spotting or HMB associated with uterine ﬁbroids without affecting their size [48]. A recent meta-analysis suggests that
uterine ﬁbroids should not be considered a contraindication for
combined oral contraceptive use [47].
Clinical studies using progestins for the treatment of uterine
ﬁbroids have reported mixed results. While some studies with
small numbers of cases reported a decrease in ﬁbroid size during
oral progestin therapy [49,50], the review by Sangkomkamhang
et al. [51] concluded that oral progestins did not reduce ﬁbroid
size or ﬁbroid-related symptoms. However, progestins may reduce
endometrial hyperplasia-related HMB associated with ﬁbroids.
5.3. Levonorgestrel intrauterine system
The levonorgestrel intrauterine system (LNG IUS) acts by inducing endometrial atrophy [51,52]. The LNG IUS is an effective
treatment for HMB and irregular bleeding associated with ﬁbroids
and increases hemoglobin levels, but there are conﬂicting results
concerning the effect on ﬁbroid growth [53–55]. A multicentre,
open, single-group, non-comparative phase 3 clinical study, 394
women between 46 and 51 years ﬁtted with a LNG IUS found
no signiﬁcant change in size. Thus at study entry 83/394 (21.1%)
women had one or two intramural ﬁbroids (mean ± SD diameter of
the largest ﬁbroid was 21 ± 9 mm). At 60 months of follow up the
mean diameter was 22 ± 10 mm [55]. In cell culture, levonorgestrel
inhibits proliferation and induces apoptosis of ﬁbroid cells [56].

5.5. Antagonists of progesterone receptors

5.6. Selective progesterone receptor modulators
Selective progesterone receptor modulators (SPRMs) act
through progesterone receptors and behave as agonists or antagonists in various target organs. They include onapristone, asoprisnil
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and ulipristal, all of which are under evaluation for the treatment of
ﬁbroids. The results suggest that short-term treatment can reduce
ﬁbroid-associated symptoms and anemia. Ulipristal is licensed in
the USA and in the European Union for the preoperative treatment
of uterine ﬁbroids as an oral daily tablet of 5 mg.
Asoprisnil is an orally active SPRM which has been studied in
a randomized double-blind, placebo-controlled trial with a small
number of women scheduled for hysterectomy for ﬁbroids. They
were treated with 10 or 25 mg asoprisnil or placebo for 12 weeks
before surgery. Asoprisnil moderately reduced uterine artery blood
ﬂow, decreased the frequency and intensity of bleeding in both
groups of treated women, compared with the placebo group. In this
short-term study no serious adverse events were reported [69].
Ulipristal acetate has been studied in premenopausal women
with symptomatic ﬁbroids. A daily dose of 10 or 20 mg for 3 months
reduced total ﬁbroid volume, compared with placebo. Treatment
was associated with amenorrhea, and increased hemoglobin levels and quality of life [70]. A randomized controlled trial evaluated
ulipristal treatment (5 or 10 mg/day for 13 weeks) in women with
symptomatic ﬁbroids. It effectively controlled HMB and reduced
the size of ﬁbroids compared with placebo. Rates of amenorrhea
were high in women treated with ulipristal, occurring very early
after initiation of treatment. Side-effects included benign histologic
endometrial changes that disappeared within 6 months after treatment [71]. Both the 5 mg and the 10 mg daily doses of ulipristal
acetate were non-inferior to once-monthly GnRH analog treatment in controlling uterine bleeding [72]. As ulipristal treatment
does not suppress estrogen synthesis, its use is not associated with
menopausal symptoms and bone loss, unlike GnRH agonists [72,73]
Ulipristal was superior to placebo as a preoperative treatment of
uterine ﬁbroids, reducing ﬁbroid-associated bleeding and ﬁbroid
size, without the side-effects of GnRH analogs. There is also some
evidence that repeated 3-month ulipristal treatment may control
bleeding and shrink symptomatic ﬁbroids [74]. Their effect on
ﬁbroid size may persist longer after cessation of treatment compared with GnRH agonist therapy [48].
5.7. Other pharmacological treatments
Danazol and gestrinone appear to be effective in treating some
symptoms associated with ﬁbroids, but they both have side-effects.
In addition, there is very limited information and there are no randomized controlled trials on the risks and beneﬁts of using these
drugs for the treatment of ﬁbroid-associated symptoms.
Currently, there is limited evidence for the use of raloxifene in
premenopausal women for the treatment of ﬁbroids and there is
no evidence to support the use of tamoxifen [75].
Aromatase inhibitors (letrozole, exemestane and anastrozole)
are not approved for the treatment of uterine ﬁbroids, despite
some favorable effects [76–79]. However, some studies, though
with small numbers of patients, have reported a reduction in HMB
and pelvic pain as well as a decrease in ﬁbroid volume [80,81]. In
addition, short-term letrozole treatment (2.5 mg/day for 12 weeks)
has been reported as effective as GnRH analogs in reducing ﬁbroid
volume [77]. Further trials are required.
A systematic review concluded that current evidence does not
support or refute the use of herbal preparations for treatment of
uterine ﬁbroids due to insufﬁcient studies with large sample sizes
and of high quality [82].
6. Surgical treatments and interventions
In premenopausal women with ﬁbroids and severe symptoms
which do not respond to medical treatments, surgery – either hysterectomy or myomectomy – is the conventional option. The three

common approaches are abdominal open surgery, laparoscopy or
robot-assisted surgery. Classical vaginal hysterectomy or hysteroscopic myomectomy can also be performed.
6.1. Hysterectomy
Symptomatic uterine ﬁbroids have been, and still are, one of
the most common indications for hysterectomy. It eliminates the
symptoms and removes the lesions. Hysterectomy should be considered when other therapeutic options have failed and the patient
does not want to retain her uterus and accepts the risks of surgery
[83]. The procedure can be performed via the vaginal, abdominal or laparoscopic route, taking into account uterine size, patient
preference and available facilities. Vaginal hysterectomy is the
most cost-effective option [84]. Laparoscopic and vaginal surgery
are associated with less postoperative pain, a shorter hospital
stay, better cosmetic results and quicker return to ordinary activities than abdominal hysterectomy. Some women may elect for
subtotal hysterectomy. However there appear to be no signiﬁcant differences in the outcome, although in some women cyclical
bleeding may persist after subtotal hysterectomy [85]. It seems
that subtotal hysterectomy does not lead to better sexual, urinary
or bowel function when compared with total abdominal hysterectomy [86]. Furthermore women will need to continue with cervical
screening.The evidence regarding robot-assisted hysterectomy for
ﬁbroids is limited and requires further evaluation [87–89].
6.2. Abdominal myomectomy
Perioperative morbidity of abdominal myomectomy and hysterectomy are similar [90]. However, myomectomy of very large
ﬁbroids may be associated with signiﬁcant perioperative complications such as bleeding requiring transfusion and bowel or bladder
injury. It seems that complications are more common with a uterine size equivalent to that of 20 gestational weeks or more, when
10 or more ﬁbroids are removed and when a midline skin incision
is needed [91].
6.3. Laparoscopic myomectomy
Laparoscopic myomectomy has medical, social and economic
advantages over abdominal open surgery, including less postoperative pain and a shorter recovery time [92,93]. Laparoscopic
myomectomy of subserous and intramural ﬁbroids with retention of the ﬁbroid pseudocapsule permits the preservation of
myometrial and endometrial integrity, and has few complications. In addition, the fertility rate and pregnancy outcomes are
more favorable with laparoscopic myomectomy than after abdominal myomectomy when there is no other cause of infertility
[94]. The time to conception after laparoscopic myomectomy is
shorter than after abdominal myomectomy, although the pregnancy rate is similar [95,96]. Uterine rupture during pregnancy
following laparoscopic myomectomy is rare [97]. However, laparoscopic myomectomy should be considered with caution for women
with ﬁbroids of more than 5 cm in diameter, those with several
ﬁbroids and those with deep intramural myomas [98,99]. In such
cases, a prospective comparative study reported better results with
radiofrequency thermal ablation (see Section 8.4) than with laparoscopic myomectomy [100].
In April 2014 the US Food and Drug Administration discouraged
the use of laparoscopic power morcellation during hysterectomy
or myomectomy for the treatment of women with uterine ﬁbroids
because of the potential for dissemination of an unsuspected uterine sarcoma [101].
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6.4. Robot-assisted myomectomy
Robot-assisted laparoscopic myomectomy is a new alternative
to traditional surgery. The evidence suggests that is associated
with less blood loss, lower complication rates and shorter hospital stays than abdominal myomectomy, although the cost is
higher [102–104]. In a retrospective analysis of fertility, higher
preterm delivery rates were associated with a greater number of
myomas removed and anterior location of the largest incision [105].
Thus cost effectiveness of robot-assisted laparoscopic myomectomy requires further evaluation.
6.5. Hysteroscopic myomectomy
In women with infertility and asymptomatic submucosal
ﬁbroids, hysteroscopic myomectomy seems the only reasonable
treatment option. Hysteroscopic myomectomy for submucosal
ﬁbroids greater than 2 cm and for intramural ﬁbroids distorting
the endometrial cavity may be considered in subfertile women
[106]. Although the technique is widely used, there is little evidence from randomized trials to support the intervention in women
whose infertility is unexplained [107,108]. Hysteroscopy-related
complications include uterine perforation, hemorrhage, cervical
laceration and ﬂuid overload while long term sequelae include
adhesions.
6.6. Ligation of uterine arteries
Laparoscopic ligation of the uterine arteries is better tolerated although is less efﬁcacious than uterine artery embolization
(see Section 7) [109]. It reduces the size of the ﬁbroids as well
as symptoms, but again the results obtained with uterine artery
embolization are better, and there is less risk of recurrence.
Laparoscopic ligation of the uterine arteries has also been used
immediately before myomectomy to reduce intraoperative complications [110,111].
Transvaginal bilateral uterine artery ligation has been proposed in centers lacking high-level medical technology. Clinical and
patient satisfaction has been reported to be acceptable at 3-year
follow-up [112].
6.7. Endometrial ablation
Endometrial ablation can be used separately or can be combined
with hysteroscopic resection in women with HMB who do not wish
to preserve their fertility. Second-generation endometrial ablation
(thermal ablation, radiofrequency ablation, microwave ablation)
are as effective as the LNG IUS, although satisfaction is higher with
hysterectomy [113–116].
7. Uterine artery embolization
Uterine artery embolization (UAE) involves the placement of
an angiographic catheter into the uterine arteries via a common
femoral artery approach and injection of embolic particles larger
than 500 m, in most cases polyvinyl alcohol particles or tris-acryl
gelatin icrospheres, until the ﬂow becomes sluggish in both uterine
arteries. The mechanism of UAE’s action is the marked reduction of
uterine blood ﬂow at the arteriolar level, which produces ischemic
injury to the ﬁbroids, causing them to undergo necrosis and shrink,
while the normal myometrium is able to recover. Immediately
after the procedure, most patients experience moderate to severe
ischemic pain for 8–12 h, but this gradually decreases during the
next 12 h. Patients can usually return to normal activities within
8–14 days. A relatively common complication of UAE is vaginal
expulsion of an infarcted ﬁbroid, reported in up to 10% of cases. This
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complication is more frequently seen with submucosal or intramural ﬁbroids. The most serious complication of UAE is intrauterine
infection, but this has been reported after less than 1% of procedures
[117].
UAE is an option for women with symptomatic ﬁbroids, who
no longer desire fertility but who wish to avoid surgery or are
poor surgical or anesthetic risks. A multicenter study carried out
in the United Kingdom assessed the cost-effectiveness of UAE and
hysterectomy in women with symptomatic ﬁbroids. The women
were followed from the initial procedure to the menopause. Endpoints were costs of interventions and complications and quality
of life expressed as quality-adjusted life years (QALYs). UAE was
a cheaper treatment and had more QALYs, even after accounting
for repeat procedures and complications. Short-term, but not longterm, quality of life was better in patients who underwent UAE
because of the need for further procedures. The authors concluded
that UAE is cost-effective in women who wish to preserve their
uterus [118]. The cost and QALYs of UAE have also been compared
with both hysterectomy and myomectomy in Hong Kong women
with symptomatic ﬁbroids [119]. This study showed that hysterectomy is more cost-effective than the other two treatments among
women with no preference for uterus-conserving interventions.
The Randomized Trial of Embolization versus Surgical Treatment for Fibroids (REST) found no differences between groups on
quality-of-life measures at one year [120]. The UAE group had
shorter hospital stays and recovery times than the hysterectomy
group. There were no differences between the groups in the rate
of major complications (15% for the UAE and 20% for the surgical
group). In cost and cost-effectiveness studies, hospital costs associated with UAE were lower, largely because of shorter length of
stay. However, this needs to be balanced against the need for additional interventions such as hysterectomy or repeated UAEs due to
recurrent symptoms. Thus a randomized trial of 157 women found
that the 5-year intervention rate for treatment failure or complications was higher for UAE (32%) than for surgery (4%) [121]. The
authors concluded that the initial cost beneﬁt of UAE over surgery
at 12 months was substantially reduced because of subsequent
interventions, with treatments being cost neutral at 5 years.
Gupta et al. [122] carried out a meta-analysis of the beneﬁts
and risks of UAE versus other medical or surgical interventions
for symptomatic uterine ﬁbroids. Patient satisfaction with the procedures and the rate of complications were similar for UAE and
surgery at 2 and 5 years. There was some evidence that myomectomy may be associated with better fertility outcomes in the small
sample of women who wished to retain their fertility. UAE was
associated with reduced length of the treatment, shorter hospital
stay, lower rate of blood transfusion and less time to resumption
of normal activities as compared with surgical procedures. However, there were higher rates of complications after UAE, such as
more unscheduled readmissions after discharge and an increased
surgical reintervention rate. These surgical procedures should be
included in the ﬁnal costs of UAE.
In premenopausal women both hysterectomy and UAE may lead
to loss of ovarian reserve [123]. Embolization particles have been
found in the ovaries and blood ﬂow is reduced [124,125]. Results
from randomized trials and prospective series suggest that reduction of the ovarian reserve, after UAE, occurs mainly in women aged
45 or more [126].
The fertility rate after UAE has been studied in women with
severe symptomatic ﬁbroids and infertility. Torre et al. [127] carried out a prospective study in 66 women who had been previously
treated with abdominal myomectomy but whose ﬁbroids had
recurred, and who wished to maintain their reproductive capacity.
All the women underwent embolization of both uterine arteries.
The procedure improved HMB, and reduced both pain and dominant ﬁbroid size. Although the ovarian reserve was not altered by
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UAE, among the 31 women who tried to conceive, there was only
one pregnancy, and that ended in miscarriage. However, this low
rate of fertility cannot be generalized to patients without previous
surgery and extensive ﬁbroid recurrence.
In a small sample of selected women, the long-term effects of
UAE on ovarian reserve has been compared with ﬁndings in women
treated with laparoscopic myomectomy. Serum anti-müllerian
hormone levels and antral follicle count were signiﬁcantly lower in
women who had undergone UAE than in women who had undergone surgical myomectomy, although serum FSH and estradiol
levels were similar in the two groups [128]. Furthermore, studies in sheep suggest that UAE could lead to intrauterine growth
retardation [129].
While UAE appears to be an option for women who wish to
retain their uterus, use of the procedure needs to be balanced
against the need for further interventions and the loss of ovarian
reserve with scarce data on pregnancy outcome.
8. Fibroid lysis
Ablation with high-intensity focused ultrasound (HIFU) is a minimally invasive treatment which is performed under the guidance
of either MR or ultrasound. HIFU has been used to treat a variety of solid benign and malignant lesions. It produces focal ﬁbroid
coagulation and necrosis without alteration of surrounding normal myometrium. Myolysis is not indicated for women who want
to become pregnant. Patients contemplating pregnancy should be
informed that the effects of the procedure on fertility and on pregnancy are uncertain.
8.1. Magnetic resonance-guided high-intensity focused
ultrasound
Magnetic resonance-guided MR-guided HIFU is an alternative
to surgery and UAE. It is non-invasive, requires no general anesthetic or hospitalization, and uses high-intensity ultrasound waves
to destroy ﬁbroids, by heating, without damaging adjacent normal
structures. It is an ambulatory procedure without incisions, allowing women to return to work after one or two days. Better results
are achieved for intramural ﬁbroids, so MR-guided HIFU is not recommended for pedunculated subserosal ﬁbroids. The presence of
bowel loops or abdominal wall scars in the projected pathway of
the ultrasound beam may preclude use of the technique. Common
symptoms during the procedure are short-term lower abdominal
pain, leg pain and buttock pain. Patients are usually discharged
home 1 h after the procedure. It seems that the use of GnRH agonist therapy beforehand improves the effect of the thermoablative
treatment [130].
Froeling et al. [131] compared the long-term outcomes of UAE
and MR-guided HIFU for symptomatic uterine ﬁbroids. The rate of
theater intervention was signiﬁcantly lower after UAE (12.2%) than
after MR-guided HIFU (66.7%), and both total health-related quality of life and severity of symptoms were better in women treated
with UAE. The procedure is not possible when there is bowel interposition in the ultrasound beam path. Thus, a study of 783 women
found that bowel interposition affected 60.4% of women and differences in technical eligibility for MR-guided HIFU (38.9%) and
UAE (99.2%) were signiﬁcant (P < 0.001) [132]. However, in some
patients with bowel loops anterior to the uterus, therapeutic HIFU
ablation of uterine ﬁbroids may be possible after bowel compression with a degassed water balloon on the abdominal wall under
a real-time MR guidance and control [133]. This technique needs
further assessment.
MR-guided HIFU is cost-effective when compared with traditional techniques, hysterectomy, myomectomy and uterine artery

embolization. Indeed, its low overall cost may lead to the technique
becoming the ﬁrst therapeutic option for symptomatic ﬁbroids. A
meta-analysis of 38 studies concluded that MR-guided HIFU a safe,
efﬁcient and cost-effective technique for the treatment of symptomatic uterine ﬁbroids that improves quality of life and fertility
[134]. It has comparable results to other treatment strategies. In a
recent U.S. survey in which women were informed about different
treatments, 60% rated focused ultrasound as their top choice [9].
8.2. Ultrasound-guided high-intensity focused ultrasound
Ultrasound-guided HIFU ablation is a new non-invasive treatment of uterine ﬁbroids [135]. The technique allows a check on
the immediate efﬁcacy of the procedure; then, if viable residual
tissue is detected, there is the option to repeat the ablation immediately. Heterogeneous and markedly homogeneous hyperintense
ﬁbroids, as classiﬁed by MR, may be treated with ultrasound-guided
HIFU [136]. Contrast-enhanced ultrasonography may also be used
to monitor gradual shrinkage of the treated ﬁbroids or later growth
[137].
Large-scale clinical trials are needed to assess the role and limitations of these techniques.
8.3. Transcervical real-time intrauterine sonography with
radiofrequency ablation
A device is available that combines real-time intrauterine sonography with radiofrequency ablation, which takes place under
real-time visualization. A graphical interface delineates the boundaries of both ablation and thermal spread, which means that
thermal injury to the serosa can be avoided, and the risk of adhesion
and injury to bowel or bladder can be minimized. Overall, the procedure is well tolerated, with patients recording low pain scores; it
may be carried out with the patient under local anesthetic or sedation. The procedure takes about 30 min [138]. Further studies are
needed.
8.4. Laparoscopic ultrasound-guided radiofrequency ablation
Laparoscopic ultrasound-guided radiofrequency thermal ablation of ﬁbroids seems to be safe and to have a high rate of patient
satisfaction. It reduces menstrual bleeding and has a low rate of reintervention. It has been shown to improve quality of life at oneand two-year follow-up [139–142]. Its main advantage is that it
allows direct placement of the device close to the ﬁbroid. A prospective randomized controlled trial in women who wanted to retain
their uterus reported that radiofrequency thermal ablation allowed
treatment of more ﬁbroids with less blood loss and a shorter hospital stay than laparoscopic myomectomy [100].
9. Speciﬁc considerations
9.1. Fibroids and menopausal hormone therapy
Asymptomatic ﬁbroids are not a contraindication to
menopausal hormone therapy. The data are limited and show
that menopausal hormone therapy does not signiﬁcantly increase
ﬁbroid volume, but it can increase the risk of abnormal bleeding in
women with submucosal ﬁbroids [143,144].
9.2. Fibroid degeneration
Fibroids can undergo various types of benign degeneration. The most common is hyaline degeneration, consisting of
mucopolysaccharide deposits around muscle ﬁbers. ‘Red degeneration’ corresponds to vascular infarction, is associated with acute
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pain and mainly occurs in pregnancy. Fat degeneration is very
rare and is asymptomatic. Calciﬁcation is seen in postmenopausal
women, especially those of older age [145].

• Nonsurgical treatments include uterine artery embolization and
high-intensity focused ultrasound but the impact of these treatments on fertility and pregnancy success is still uncertain.

9.3. Unusual ﬁbroid complications and malignancies

Contributors

In perimenopausal women rapid uterine growth may be due to
an unexpected pregnancy. Unusual complications include massive
hemoperitoneum resulting from spontaneous rupture or avulsion
of ﬁbroids or due to rupture of a vessel overlying an uterine
ﬁbroid, degenerative changes mimicking an ovarian cancer, or an
undiagnosed uterine sarcoma. The presenting symptoms, clinical
assessment, ultrasound examination and MR imaging can help to
establish the differential diagnosis, and in particular to distinguish
between benign and malignant causes [146,147].
It is unknown at present whether leiomyosarcoma represents
de novo growth or malignant transformation from benign uterine ﬁbroids. This rare malignant tumor (less than one in 1000) is
characterized by a rapid increase of uterine size, abnormal bleeding, pain and general symptoms sometimes related to metastases.
Leiomyosarcomas express a variety of genes which are related to
both disease progression and metastasis formation [148].
Hereditary myomatosis and renal cell cancer is an autosomal
dominant syndrome deﬁned by uterine ﬁbroids, piloleiomyoma
and papillary type 2 renal cancer related to a germline mutation in
the fumarate hydratase gene. This syndrome is very rare, affecting
only some 180 families worldwide, but it is exceptionally aggressive [149].
Pseudo-Meigs’ syndrome is a rare clinical condition characterized by the presence of a uterine ﬁbroid associated with ascites,
with or without hydrothorax [150].
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to EMAS board members for comment and approval; production
was coordinated by MR and FRPL.

10. Conclusions
Uterine ﬁbroids are the most common tumors of the female
reproductive tract. Fibroid-associated symptoms include HMB,
pain or pelvic discomfort and infertility. Treatment options for
symptomatic ﬁbroids include pharmacologic, surgical and radiologically guided interventions. A wide range is now available and
some require further evaluation. Thus women can now retain their
uterus and their fertility. The choice of treatment depends on ﬁbroid
size, the underlying symptoms and their severity and the woman’s
desire for subsequent fertility and pregnancy, as well as efﬁcacy
and need for repeated interventions.
11. Summary recommendations
• Women with asymptomatic uterine ﬁbroids require follow-up,
with periodic assessment to document stability in size and
growth.
• Women with symptomatic uterine ﬁbroids generally complain of
heavy menstrual bleeding and pelvic pain; infertility may be an
associated problem.
• There is no effective non-invasive (medical) treatment that permanently removes ﬁbroids.
• Tranexamic acid, combined and progestin-only contraceptives
may be useful in the management of ﬁbroid-associated bleeding
problems.
• Progesterone receptor modulators are an important addition to
the medical armamentarium, although they are advocated currently only for short-term use preoperatively.
• Hysterectomy has a high degree of satisfaction in premenopausal
women who have no wish to preserve their fertility.
• Myomectomy may be indicated for infertility-associated ﬁbroids.
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