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KEY POINTS

� Uterine leiomyoma, benign monoclonal tumors, afflict an estimated 60% of reproductive-
aged women, with higher rates among African American women.

� Leiomyomas are associated with significant medical costs, impaired fertility potential,
obstetric complications, and gynecologic morbidity.

� Currently, the effective clinical management of leiomyoma is limited by the fact that hys-
terectomy is the only cure.

� Newmethods of diagnosis, medical and surgical treatments, as well as interventional radi-
ology and treatment methods are being examined.
INTRODUCTION

In this section, the demographic characteristics and costs of leiomyoma are examined
to provide the reader with a brief review of the scope of the problem.
Uterine leiomyomas are exceedingly common, with 60% of reproductive-aged

women being affected, and 80% of women developing disease during their lifetime.1

More than 600,000 hysterectomies are performed annually, and fibroids are the
leading indication for hysterectomy in the United States.2 The annual costs associ-
ated with fibroids are estimated at 4 to 10 billion dollars. Estimated lost work-hour
costs ranged from $1.55 to 17.2 billion annually. Obstetric outcomes that were
attributed to fibroid tumors resulted in a cost of $238 million to $7.76 billion each
year.3

In addition to the gynecologic complications associated with leiomyoma, fibroids
are associated with 10% of cases of infertility. In a little less than 5% of patients, leio-
myomas are the only cause of infertility.4 Among women undergoing assisted
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reproductive technologies, there is clinical evidence to support an association of cav-
ity distortion by submucosal and intramural leiomyoma and of decreased implantation
rates after embryo transfer. The clinical data have been considered compelling
enough to support a recommendation of myomectomy before IVF.5 Recent leio-
myoma investigations have elucidated previously unknown demographic factors.
The age of onset of disease, for example, has been demonstrated to occur at a
younger age based on ultrasound evaluations in asymptomatic women. In a recent
study of African American and Caucasian women less than 30 years of age, the overall
prevalence of leiomyoma based on transvaginal ultrasound was 14.9%. Leiomyomas
were more common among African American women than Caucasian women (25.6%
vs 6.9%).6 These findings challenge the traditional dogma that fibroids are uncommon
in women under the age of 30.
Age at menarche has also been shown to be an important demographic charac-

teristic that can help identify women at risk for the development of leiomyoma. In
a large epidemiologic study of 5023 women screened by ultrasound, early age at
first menses had a positive association with fibroid size, type, and location, with a
stronger association noted for multiple fibroids.7 These findings are consistent
with earlier studies that identified early age at menarche as a risk factor for the devel-
opment of leiomyomas.8

Obesity has been shown to be a risk factor for fibroid development andmay partially
explain the increased incidence of leiomyoma among groups that have a high rate of
obesity. In a retrospective cohort study, 50% of women with fibroids were found to be
obese and 16% were morbidly obese compared with a 25% rate of obesity and a
7.2% rate of morbid obesity in the general population.9 In a more recent publication,
the risk of uterine fibroid development was reported to be 3 times greater for women
who weigh more than 70 kg, compared with women who weigh less than 50 kg.10

Given the increasing incidence of obesity in the United States, an associated increase
in the incidence of leiomyoma can be anticipated.
Like pregnancy, family history has been a subject of debate. A recent study sug-

gested that self-reported family history may not be a reliable marker for a high risk
of leiomyoma development. In a study of 1072 women (660 African American, 412
Caucasian), self-reported family history of fibroids was not found to be a useful tool
for identifying high-risk women.11

In summary, some of the most common demographic risk factors include African
American race, obesity, and age at menarche. Other factors, such as parity and family
history, remain a subject of debate. Additional epidemiologic factors, such as diet,
particularly vitamin D deficiency, and environmental toxins, are the subject of ongoing
investigations. Further research is needed to identify additional demographic charac-
teristics that are associated with fibroid development. This information will be helpful
in counseling patients about their risk of disease. As effective prophylactic treatments
are developed, prospective intervention may be possible.
PATHOPHYSIOLOGY

In this section, the pathophysiology of leiomyoma, including molecular mechanisms
and genetics, is discussed. In examining the gross appearance of leiomyoma as
well as the molecular structure, it has become clear that these benign tumors are
composed of altered collagen fibrils, resulting in an altered extracellular matrix
(ECM) compared with adjacent myometrium. The distorted ECM is thought to
contribute to the increased rigidity of leiomyoma compared with normal myometrium.
This understanding of the ECM in the context of a dynamic uterine muscle has led to
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the theory that molecular forces likely play a role in the development and growth of
leiomyoma.12

It is well known that sex steroids, estrogen and progesterone, promote the growth of
uterine fibroids.13 However, Peddada and colleagues14 have reported that leiomyo-
mas grow and shrink at different rates within the same woman despite the similar
exposure to hormonal milieu. Actually, twice as much variation was noted within
women as between women highlighting themultifactorial mechanisms involved in leio-
myoma progression.
The observation that leiomyomas resemble scar tissue in conjunction with the dis-

covery that numerous cytokines and integrins are altered in leiomyoma compared with
adjacent myometrium has highlighted the likely importance of tissue remodeling,
fibrosis, and the inflammatory response in the development and progression of these
tumors. It may be that the disordered ECM of leiomyoma arises in the uterus as an
altered response to noxious stimuli. In recent years, investigators have also elucidated
that leiomyomas exist in a state of severe hypoxia compared with normal myome-
trium. The hypoxia is thought to result in part from abnormal angiogenesis and result-
ing vasculature, which also could be part of an overarching altered inflammatory
response.15,16 Still another theory put forward by Cramer and colleagues is that a pre-
cursor lesion in the myometrium may lead to the development of uterine leiomyoma.
Cramer and colleagues17 found an association between seedling leiomyoma (<1 cm)
and myometrial hyperplasia.
Cytogenetic studies have advanced the understanding of the possible causes of

leiomyoma. It is known that leiomyomas are monoclonal in origin and that approxi-
mately 40% to 50% harbor a cytogenetic abnormality. Most abnormalities have
been found in chromosomes 6, 7, 12, and 14.18

The initial cytogenetic studies used analysis of the X-linked glucose-6-
phosphate dehydrogenase isoenzyme to demonstrate that multiple leiomyomas
within a single uterus harbor random patterns of X-inactivation, suggesting that
each tumor develops independently.19 In approximately 20% of karyotypically
abnormal leiomyomas, a t(12;14) chromosomal translocation is seen.20 Other
mesenchymal solid tumors (eg, breast fibroadenomas and lipomas) exhibit trans-
locations involving the same region of Chromosome 12, supporting the hypothesis
that the gene mapped to this area is important for tumor development.21 HMGA2, a
member of the high mobility gene group linked to self-renewal ability, has been
mapped to this area and is found to be overexpressed in uterine leiomyoma.22

Similarly, rearrangements in chromosome 6p21, occurring in less than 5% of leio-
myoma, have been found to lead to upregulation of another member of the high
mobility gene group, HGMA1.23

Aside from the known chromosomal abnormalities listed above, a variety of other
less frequent cytogenetic abnormalities have been identified in leiomyoma.18 A recent
investigation of the genetics of leiomyoma as it relates to leiomyoma as a health
disparity issue found that many genes were differentially expressed in the leiomyoma
of older black compared with older white women.24 One interesting finding of the
study was that CAIII, a gene encoding an enzyme that serves to buffer cellular acid-
base, was the most highly expressed gene in the leiomyoma of black women
compared with leiomyoma from white women. These results could explain how the
aberrant smooth muscle cells of leiomyoma survive in such a hypoxic and acidic envi-
ronment and develop such a severe phenotype in black women.24

The existence of a disparity of leiomyoma phenotypes between black and white
women underlines a likely genetic liability of the disease in certain groups that cannot
be explained by variations in demographics alone. In addition, an inherited factor for
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certain types of leiomyoma is certain with the germline mutation having been identified
such as patients with hereditary leiomyomatosis and renal cell carcinoma. However,
the marked prevalence of leiomyoma overall suggests that genetics is only one
component of the overall cause of leiomyoma and further investigation is still needed
in this area.
DIAGNOSIS AND ASSESSMENT

In this section, the diagnosis and assessment of leiomyoma, including clinical symp-
toms and the role of imaging, are discussed.
Most women with uterine fibroids are asymptomatic25,26; however, women can

experience abnormal uterine bleeding (AUB), pelvic pain, bulk symptoms, repro-
ductive dysfunction, sexual dysfunction, and urologic complications. It has been
estimated that approximately 20% to 50% of patients with uterine leiomyoma expe-
rience symptoms credited to the presence of myomas.27,28 It is well known that the
symptoms caused by uterine fibroids significantly impact women’s quality of life
and well-being.29 With so many women affected by leiomyoma, this condition ac-
counts for a significant burden of disease. Most women are diagnosed with leio-
myoma after they present for the evaluation of symptoms, during infertility
work-up, or incidentally at the time of other diagnostic imaging.30,31 It has been esti-
mated in one study that each year approximately 1% of reproductive-aged women
affected by uterine leiomyoma will present for consultation with a provider because
of their bothersome symptoms.32

The most common symptom of leiomyoma, occurring in 30% of women with the
disease, is AUB. Excessive bleeding can have a significant impact on quality of life
because it may interfere with one’s personal and work life and be the precipitating
factor in the development of other medical issues, such as iron deficiency anemia.33

In some cases, AUB from uterine leiomyoma can lead to acute, life-threatening
hemorrhage requiring emergent blood transfusion and hospitalization. The cause
of AUB in the presence of leiomyoma is poorly understood, but many groups
have proposed various theories including obstruction from fibroids leading to venule
ectasia in the endometrium,34 increased surface area of the endometrium,35 and the
dysregulation of local growth factors and aberrant angiogenesis within the uterus
and endometrium.36

In addition, women with uterine leiomyoma may present with symptoms of pelvic
pain, dysmenorrhea, and dyspareunia. One population-based cross-sectional study
looking at women who were not seeking care found that women with ultrasound-
confirmed fibroids were more likely to report moderate to severe dyspareunia and
noncyclic pelvic pain. Interestingly, women without fibroids were just as likely as
women with fibroids to report moderate or severe dysmenorrhea. This study also
showed that there was no association between the number and total volume of fi-
broids and pelvic pain.37

The suspected diagnosis of leiomyoma may be based in some cases on the palpa-
tion of an enlarged irregular uterine contour on pelvic examination in the office.38

Women may experience urinary frequency, difficulty emptying the bladder, or, in
rare cases, hydronephrosis and chronic kidney disease.39 With posterior pressure
from bulky leiomyoma, the patient may suffer from low back pain or constipation.40

It is important to take a careful history during the assessment of uterine fibroids,
because the severity of symptoms will often inform the management of leiomyoma.
Uterine leiomyomas in some women who were previously undiagnosed are discov-

ered during infertility evaluation. Uterine fibroids may be found in approximately 5% to
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10% of infertile women. However, when all other factors are excluded, it is estimated
that only 2% to 3% of infertility is attributed to uterine fibroids.25,41 Systematic reviews
have shown that submucosal and intracavitary fibroids are associated with decreased
clinical pregnancy and implantation rates and that removal appears to improve
fertility.42,43 Consensus is that the proximity of uterine fibroids to the uterine cavity de-
termines detrimental effects on infertility, but there is still much work to be done to
elucidate the impact of intramural fibroids on fertility.
Once leiomyoma is suspected by history, physical examination, or incidental discov-

ery, imaging should be undertaken to confirm the presence, location, characterization,
and size of uterine leiomyoma. This process is often called uterine mapping or leio-
myoma mapping. Although uterine fibroids may be detected on computed tomo-
graphic scans or at the time of hysterosalpingogram, there is little to no role for
either of these studies in the evaluation of leiomyoma. Ultrasound, both transvaginal
and transabdominal, is most frequently used in the assessment of leiomyoma because
of its low cost and accessibility.44 Transvaginal ultrasonography alone has been shown
to have sensitivity for detecting uterine fibroids in the range of 65% to 99%.45–47 There
is improved sensitivity of detecting submucosal myomas with the addition of sonohys-
terography.48 However, one themajor limitations of ultrasonography, as demonstrated
above in the wide range of sensitivity, is its operator-dependence, resulting in poor
reproducibility as compared with MRI.49–52 In addition, subserosal fibroids as well as
small fibroids may not be identified by transvaginal ultrasound.53

MRI is a more costly modality, but is thought to be more exact in its capacity for leio-
myomamapping, especially in large uteri (>375mL) and in uteri with greater than 4my-
omas.47 MRI is also better able to distinguish uterine leiomyoma from leiomyosarcoma
and adenomyosis.54–56 In addition, because of the precise resolution and anatomic
detail afforded by MRI, 69% of benign histologic subtypes of leiomyoma can be iden-
tified, including cellular, degenerated, and necrotizing leiomyoma as well as lipoleio-
myoma and acutely infarcting leiomyoma.57

Proper diagnosis and assessment of uterine fibroids play an important role in
deciding the management plans for patients.
FIBROIDS MEDICAL THERAPY

Currently, hysterectomy is the only cure for fibroids, which underscores the need for
identification of effective nonsurgical medical treatments, with high efficacy, and a
desirable side-effect profile. This section reviews the use of medical treatments,
both as adjuvant therapy and as primary therapy. The discussion focuses on
gonadotrophin-releasing hormone (GnRH) analogues, selective progesterone recep-
tor (SPRM) modulators, and aromatase inhibitors (AI). The use of levonorgestrel-
containing IUDs (LNG-IUS) is also reviewed.

Adjuvant Therapy

For women with anemia, or fibroids that are extremely large, or located in positions
that will make surgical removal challenging, adjuvant preoperative medical therapy
may be clinically helpful. GnRH analogues (eg, leuprolide) have been most extensively
studied for this indication, and the discussion focuses on these agents. Studies of
GnRH analogue effect have shown that fibroid tumor shrinkage is proportional to
the number of estrogen receptor-positive cells, suggesting that GnRH analogues
mediate their effect via reduction in estrogen levels.58

The most comprehensive review of the clinical utility of GnRH analogues is the
Cochrane Systematic Review of the role of GnRH analogues before hysterectomy or
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myomectomy. This review showed a significant improvement in both preoperative and
postoperative hemoglobin when GnRH analogues were used before surgery. Opera-
tive time for hysterectomy was reduced, and a greater number of patients undergoing
hysterectomy were able to have a vaginal hysterectomy. Blood loss, the use of vertical
skin incisions, and hospital stay duration were reduced for both myomectomy and
hysterectomy.59

GnRH analogues are the only drugs that are Food and Drug Administration
(FDA)-approved as medical fibroid therapeutics for the indication of preoperative
adjunctive therapy to control bleeding, decrease fibroid size, and improve preopera-
tive anemia. Despite FDA approval, the cost, the hypoestrogenic effects, rapid
regrowth after cessation of medication, and bone demineralization after long-term
use limit GnRH analogues to short-term adjuvant therapy in most patients.60

Multiple basic science and clinical investigations have provided evidence that pro-
gesterone and the progesterone receptor may play a role in enhancing proliferative ac-
tivity in leiomyoma. This growing body of literature supports a potential therapeutic
role for antiprogestins and drugs that modulate progesterone receptor activity, such
as SPRMs.61

Much of the early clinical research with selective progesterone modulators
involved the use of mifepristone and asoprisnil. Both drugs have been shown to
be efficacious in reducing fibroid size and improving fibroid associated symptoms.62

More recently, ulipristal acetate (UPA), approved for emergency contraception, has
been the focus of clinical investigations. UPA has been shown to improve quality of
life, reduce fibroid volume, and induce amenorrhea in most of the women treated
and is now approved for clinical use in both Europe and Canada.63,64 In a double-
blind study comparing UPA to leuprolide acetate, UPA controlled bleeding in nearly
100% of women, and they became amenorrheic 2 weeks earlier than women treated
with leuprolide. UPA was associated with reduction in fibroid volume of approxi-
mately 25% when compared with placebo. A major advantage of UPA over leupro-
lide is the lack of hypoestrogenic side effects and bone loss. These differences
between UPA and leuprolide may make UPA a preferred choice for preoperative
adjuvant therapy.65

The endometrial effects of SPRMs have been a major concern with the use of these
agents. Theoretically, SPRM modulators may cause blockade of progesterone action
on the endometrium, and inhibition of ovulation could result in unopposed estrogen.
Although initial histologic findings associated with the drug were concerning for hyper-
plasia, more recent histologic assessments have demonstrated histologic changes
that are unique to SPRMs, termed progesterone-associated endometrial changes,
which appear to be benign in nature.66 More recent studies have not shown atypical
hyperplasia in patients receiving SPRMs, and progesterone-associated changes
regress after cessation of therapy, but the long-term effect of these drugs on the endo-
metrium has not been established.
AI represent a class of antiestrogens that block the synthesis of estrogen. AI have

become standard adjuvant therapy for postmenopausal women with estrogen recep-
tor–positive breast cancer, as a result of their ability to produce in situ estrogen inhi-
bition as compared with the indirect inhibition induced by GnRH agonists.67 These
properties also made AI very attractive candidates for the medical treatment of
leiomyoma.
Basic science studies in the mid-1990s revealed that aromatase mRNA was

detected in more than 90% of fibroids, but was undetectable in myometrial tissues
from normal uteri.68 Other investigators found that there were racial differences,
with leiomyoma tissue from African American women having the highest levels of
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aromatase expression. These differences may explain, in part, the differences in the
higher prevalence and earlier incidence in African American women. It also suggests
that African American women may be more responsive to aromatase inhibitor
therapy.69

Multiple clinical studies have shown a reduction in fibroid size and improvement of
symptoms with aromatase inhibitor therapy. In a small prospective clinical trial,
Gurates and colleagues70 found that letrozole significantly decreased fibroid size
and relieved heavy menstrual bleeding without changing bone mineral density.
Several other investigators found that anastrozole was effective in reducing fibroid
volume and improving symptoms without changing follicle-stimulating hormone
(FSH) or estradiol levels.71 The unique properties of AI also make it a therapeutic op-
tion in postmenopausal women with leiomyoma. In a study of obese postmeno-
pausal women with fibroids and persistent bleeding, Kaunitz72 demonstrated that
anastrozole reduced fibroid size and caused endometrial thinning and cessation of
bleeding.
Although AI have great potential as a medical therapy for leiomyoma and have

several advantages over GnRH analogues, a recent Cochrane Review concluded
that evidence was insufficient to support the use of AI drugs in the treatment of women
with uterine fibroids.73 Additional clinical studies, with larger numbers of subjects, will
be necessary to determine the long-term safety, optimal treatment regimens, and
impact on reproductive function.
No randomized controlled trials of LNG-IUS in women with fibroids have been

published; however, multiple clinical studies suggest that bleeding markedly de-
creases in women with leiomyoma that have heavy menstrual bleeding. In a system-
atic review by Zapata and colleagues,74 they reported that menstrual blood loss
decreased in the 11 studies included in their analysis. These investigations also
demonstrated an increase in hemoglobin, hematocrit, and ferritin. Some, but not
all, studies showed an increase in expulsion rates. In the 6 prospective noncompar-
ative studies, expulsion rates varied from 0% to 20%. Unlike uterine bleeding, fibroid
volumes measured by MRI were not decreased in women using LNG-IUS.75 In
women with a need for contraception who do not desire surgery, or who need to cor-
rect their anemia before surgery, the LNG-IUS is an option that should be offered to
these patients.
UTERINE ARTERY EMBOLIZATION

Uterine artery embolization (UAE) is a widely accepted, nonsurgical technique used to
treat symptomatic uterine fibroids. This technique has been endorsed by the American
College of Obstetricians and Gynecologists as safe and effective for women with uter-
ine fibroids who are appropriately selected.76 UAE is ideal for women with symptom-
atic uterine fibroids who have medical management, are poor surgical candidates,
wish to avoid surgery, or wish to retain their uterus.
Women seeking UAE most often complain of AUB, especially heavy menstrual

bleeding, and bulk symptoms. In a randomized controlled trial that compared UAE
to hysterectomy (EMMY trial), UAE was associated with a significantly shorter hos-
pital stay and had a similar improvement in health-related quality of life compared
with hysterectomy. However, women who underwent hysterectomy were signifi-
cantly more satisfied with their received treatment.77 Similar improvements in quality
of life were seen in the REST trial, another multicenter randomized controlled trial
performed in the United Kingdom comparing UAE with surgery (myomectomy or
hysterectomy). The EMMY trial reported reintervention in the UAE group in 28% of
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patients and the REST trial reported a cumulative intervention rate of 32% with both
trials following the patients for up to 5 years.78 One analysis of trials examining UAE
versus surgical intervention demonstrated that UAE is associated with a shorter hos-
pital stay, a quicker return to activities, and a higher minor complication rate after
discharge.79

Contraindications to UAE include on-going pregnancy and active uterine or
adnexal infections. Allergy to intravenous contrast and renal insufficiency are relative
contraindications and special considerations should be made for patients on antico-
agulation medications. As with all therapies dealing with fibroids, physicians should
consider size and location of myomas when counseling patients for UAE. Women
with very large uteri (greater than 22-weeks size) may not have significant improve-
ment in their symptoms after UAE, and cervical or broad ligament fibroids are less
likely to respond to UAE because these fibroids are more likely to have collateral
blood supplies.
According to the fibroid registry, the most common complication of UAE is severe

pain requiring hospitalization. Postembolization syndrome, consisting of mild-to-
moderate pain, low-grade fever, and malaise, is also very common following the pro-
cedure and is usually managed with analgesics and antipyrectics. Sloughing of an
embolized fibroid into the uterine cavity resulting in foul-smelling vaginal discharge
will be experienced by 2.2% to 7% of patients.80 Mortality resulting from UAE is
exceedingly rare, with only a few cases ever reported. The most common potentially
fatal complication is pulmonary embolism (1 in 400 patients). The potential detrimental
effect of UAE on the ovaries is also an area of controversy. There is a 3% chance of
amenorrhea in young women attributed to impairment of ovarian function from embo-
lization of collateral blood supply.81 This risk seems to be age-related and, in some
women not desiring future childbearing, amenorrhea could be the therapeutic goal.
The EMMY randomized clinical trial of UAE versus hysterectomy reported similar
ovarian impairment as measured by preprocedure and postprocedure antimullerian
hormone and FSH levels.82

The effects of UAE on fertility and pregnancy are still areas of controversy. At pre-
sent, if fibroids are determined to be the cause of infertility, then myomectomy is the
preferred treatment. One of the best studies to investigate the effects of UAE on
fertility was a randomized trial in 121 women with fibroids desiring fertility undergo-
ing myomectomy versus UAE and followed for up to 2 years. This study found that
women were significantly more able to achieve pregnancy after myomectomy (78%)
versus UAE (50%). They also found that UAE was associated with a greater risk of
spontaneous abortion.83 In addition, some authors have suggested a concern that
UAE increases the complication rate during future pregnancies. One retrospective
study examining pregnancies after UAE (n 5 53) compared with myomectomy
(n 5 139) demonstrated that in the UAE group there was a higher rate of preterm
birth, malpresentation, and cesarean section.84 The Ontario multicenter trial
included a cohort of 24 pregnancies occurring in women after UAE. They found a
12% risk of placentation complications (2 placenta previa and 1 placenta accreta)
all occurring in nulliparous women with no other identified risk factors. Given the bio-
logic plausibility of UAE leading to compromised endometrial perfusion and thus
abnormal placentation, UAE should be recommended with caution for women
desiring future fertility.85

In general, UAE is an excellent treatment option for women who have failed medical
management, completed childbearing, have contraindications to surgery, or wish to
avoid surgical intervention. More studies are needed to investigate the risks and ben-
efits of UAE in women with infertility and those desiring future pregnancies. Based on
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the current evidence, UAE should be offered with caution and only after careful coun-
seling to women desiring future fertility.

MAGNETIC RESONANCE–GUIDED FOCUSED ULTRASOUND SURGERY

In 2004, the FDA approved the first magnetic resonance–guided focused ultrasound
surgery (MRgFUS) device as a noninvasive thermal ablation therapy for uterine fi-
broids. The technology uses MRI guidance to map and monitor high-intensity ultra-
sound-focused ablation of fibroid tumors. The goal of therapy is to achieve an
increase in temperature within the fibroid leading to coagulation necrosis while avoid-
ing patient discomfort and damage to surrounding structures (eg, bowel, bladder,
neurovascular bundles).86

The ideal candidate for this therapy has symptomatic fibroids, which are usually
limited to a few moderately sized fibroids (4–6 cm) or a single fibroid no more than
10 cm, has low signal intensity on T2-weighted MRI, and can be safely accessed by
the ultrasound beam (no more than 12 cm from abdominal wall and no closer than
4 cm to sacrum). The patient must be able to lie prone for the therapy, which typically
takes up to 3 hours, and receive intravenous conscious sedation, which is used to limit
patient movement. Patients are typically excluded if they have serious health compli-
cations, have contraindications to MRI such as claustrophobia or implants, have sig-
nificant abdominal scarring, have very large uteri (greater than 24-weeks size), or have
pedunculated, nonenhancing, or heavily calcified fibroids.87 In one study of women
with large fibroids (>10 cm), treatment with GnRH agonist before MRgFUS improved
treatment success by shrinking the fibroid to a more manageable size. GnRH agonists
also decrease vascularity, which has been shown to increase the destructive effect of
the thermal ablation.88

MRgFUS is usually well-tolerated with the recent studies showing no serious side
effects and fewminor complications, including abdominal pain, skin burns, and sciatic
nerve paresthesia.89 MRgFUS has been shown to improve quality of life and symptom
severity scores, which most authors associate with the increased nonperfusion vol-
ume of the treated fibroids seen on MRI.86 Initial FDA labeling of the MRgFUS device
stated that it was for women who had completed child-bearing.90 However, there have
been 35 reported successful pregnancies without increased complications in women
post-MRgFUS, which have raised the question of whether this technology, given its
noninvasive approach, may actually be the treatment of choice for women who desire
future fertility.86 More studies are needed to address this question and determine the
role for MRgFUS in the treatment of uterine fibroids.

SURGICAL THERAPIES

For women who desire surgery, the most important considerations are size and loca-
tion (Fig. 1) of the fibroids and fertility potential. Although hysterectomy is the only
cure, myomectomy is the only viable surgical option for women who want to maintain
an option for future pregnancies. This section reviews surgical options, with a focus on
patient selection and outcomes.
Patients who elect conservative surgery should be apprised of their risk of recur-

rence and likelihood of eventual hysterectomy. Although a precise individual risk
cannot be identified, the literature suggests a recurrence rate of fibroids of nearly
60%, with most of the fibroids recurring between 3 and 5 years after surgery.91

Women who are at risk for diminished ovarian reserve, or who have other infertility fac-
tors, should be offered assessment to help them in the decision to proceed with con-
servative surgery.



Fig. 1. Locations of fibroid tumors.
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Location of leiomyoma is a significant determinant of surgical route, and appropriate
diagnostic imaging should be performed before selecting surgical approach (see
Fig. 1). The best candidates for hysteroscopic myomectomy are patients with submu-
cosal fibroids less than 3 cm, with greater than 50% of the fibroid being intracavitary.
Type 0 (entirely intracavitary) and type 1 (greater than 50% intracavitary) may be can-
didates for this surgical approach. Patients with type 2, less than 50% intracavitary,
are better candidates for abdominal surgery.92 Although surgical experience and
expertise are important factors, there are little published objective data related to
this variable.
The selection of distension media is an important factor, particularly when pro-

longed surgical times are anticipated. Because myometrial integrity is breached in
the performance of myomectomy, these procedures are at greater risk of systemic ab-
sorption. Carbon dioxide should only be used for diagnostic and not operative hyster-
oscopy. The maximum volumes for various types of distention media are shown in
Table 1. Injection of dilute vasopressin solution preoperatively can decrease distend-
ing media absorption. Saline has the lowest risk of hyponatremia and hypo-osmolarity,
but it requires the use of bipolar instruments (see Table 1).
LAPAROSCOPIC AND ROBOTIC MYOMECTOMY

For appropriate candidates, laparoscopic myomectomy offers the advantage of lower
blood loss, more rapid return to normal activities, shorter hospital stays, and a more
cosmetically acceptable scar. A large multicenter trial and other clinical investigations
have reported uterine rupture after laparoscopic myomectomy, and it has been



Table 1
Maximum volumes for hysteroscopic distension media

Media Type
Maximum
Volume Comment

Saline 2500 mL Isotonic media should be used whenever possible to
reduce risk of hyponatremia. Requires use of
bipolar instruments

Glycine (low viscosity) 1000 mL Fluid overload with low viscosity media can result in
hypotonic hyponatremia

Dextran (high viscosity) 500 mL Volumes as low as 300 mL associated with adverse
outcomes. Dextran 70 associated with
anaphylaxis. Can caramelize on instruments

Sorbitol (low viscosity) 1000 mL

Mannitol (low viscosity) 1000 mL

Data from AAGL Practice Report: Practice Guidelines for the Management of Hysteroscopic
Distending Media. J Minimally Invasive Gynecology 2013. Available at: http://www.aagl.org/wp-
content/uploads/2013/03/aagl-Practice-Guidelines-for-the-Management-of-Hysteroscopic-Distending-
Media.pdf. Accessed September 25, 2014.
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recommended that women with fibroids greater than 5 cmmultiple myomas and deep
intramural myomas consider abdominal myomectomy.93 Although there are many ad-
vantages to laparoscopic myomectomy, mastery of this procedure often requires
considerable training.
The introduction of robotic assistance has helped to facilitate the surgeon’s ability to

perform myomectomy laparoscopically. There is also the additional advantage of
expanding the number of patients who are candidates for laparoscopic myomectomy.
Unfortunately, long-term outcomes data for alleviation of symptoms, residual fibroid
burden, subsequent fertility, and patient satisfaction are lacking for robotic-assisted
myomectomy.

ABDOMINAL MYOMECTOMY

Abdominal myomectomy is the preferred surgical option when hysteroscopy or lapa-
roscopy is not an option, or the patient has another indication for laparotomy (Fig. 2).
Other recommendations based on earlier studies suggested that women with more
than 3 to 4 fibroids or total uterine size greater than 9 cm consider abdominal myo-
mectomy. The increasing experience of surgeons and the advent of robotic technol-
ogy have made it possible for women with larger uteri to avoid laparotomy. In a
recent comparison of robotic surgery versus abdominal myomectomy, the uterine
size limit was 20 weeks. Robotic surgery and abdominal myomectomy were equally
efficacious in alleviating symptoms, but operative times were significantly longer
with robotic surgery, and the residual fibroid burden was greater. Compared with
abdominal myomectomy, patients undergoing robotic surgery had shorter hospital
stays and a faster return to work.93

HYSTERECTOMY

For women who desire definitive therapy, there are several options, which include
vaginal hysterectomy, total laparoscopic hysterectomy (TLH), laparoscopic-assisted
vaginal hysterectomy (LAVH), and laparotomy. Like myomectomy, the surgical route
is determined by size and location of the fibroids, surgeon experience, and patient

http://www.aagl.org/wp-content/uploads/2013/03/aagl-Practice-Guidelines-for-the-Management-of-Hysteroscopic-Distending-Media.pdf
http://www.aagl.org/wp-content/uploads/2013/03/aagl-Practice-Guidelines-for-the-Management-of-Hysteroscopic-Distending-Media.pdf
http://www.aagl.org/wp-content/uploads/2013/03/aagl-Practice-Guidelines-for-the-Management-of-Hysteroscopic-Distending-Media.pdf


Fig. 2. Algorithm for surgical management of symptomatic fibroids. (From Heitmann RJ,
Duke CM, Catherino WH, et al. Surgical treatments and outcomes. In: Segars JH, editor. Gy-
necology in practice: fibroids. Hoboken (NJ): Wiley-Blackwell, and imprint of John Wiley &
Sons; 2013. p. 110; with permission.)
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preference. In a recent randomized comparison of vaginal hysterectomy in Europe,
TLH and LAVH for leiomyoma, the study found vaginal hysterectomy was the faster
operative technique with lower blood loss and shorter time to discharge. The authors
recommended that vaginal hysterectomy be considered the preferred approach.
When vaginal hysterectomy is not feasible or salpingo-oophrectomy is required,
LAVH or TLH should be considered.94

Morcellation allows appropriately selected patients to undergo minimally invasive
surgery instead of laparotomy. Recent reports of dissemination of malignant tissue
with this procedure, however, caused safety concerns. On April 17, 2014, the FDA is-
sued a Safety Communication that discouraged the use of laparoscopic power mor-
cellation in hysterectomy and myomectomy for fibroids. In May of 2014, American
College of Obstetricians and Gynecologists released a Special Report stating that po-
wer morcellation remains an option for some women, but informed consent is crit-
ical.95 The Special Report included the following:

� Minimally invasive surgery, including gynecologic power morcellation, continues
to be an option for some patients undergoing hysterectomy or myomectomy;

� In women with strongly suspected or known uterine cancer, power morcellation
should not be used;

� Preoperative evaluation and diagnosis play an important role when power mor-
cellation is being considered; and

� Patient counseling and the informed consent process also play an important role.
Physicians and patients considering power morcellation as an option during gy-
necologic surgery should discuss the risks, benefits, and alternatives.

The Special Report also called for further research, adequate training, development
of safer methods, and a national prospective gynecologic power morcellation surgery
registry to help acquire consistent and reliable data.
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OUTCOMES

Rates of mortality for fibroid surgery are low, and the risk of serious complications is
small. Surgical site infection rates vary from 1% to 11%, but most of these are super-
ficial infections. Although rates of deep vein thromboses are high among surgical pa-
tients who do not receive prophylaxis, the risk of fatal pulmonary embolism is less than
1%. The risk of postoperative bleeding that requires transfusion is 2% after abdominal
hysterectomy, but transfusion rates vary from 2% to 28% with myomectomy. Ninety-
nine percent of women undergoing hysterectomy indicated that surgery improved or
resolved their symptoms.
In conclusion, the specific indications for each surgical approach are subjective.

Surgical route depends on the surgeon’s experience, coexisting medical conditions,
uterine size and location of the fibroids, and patient preference.

SUMMARY

Although hysterectomy remains the only cure for fibroids, there are several exciting
candidates for medical therapies in the treatment of fibroids. Vitamin D, epigallocate-
chin gallate (EGCG), or green tea extract, compounds that increase retinoic acid and
dietary supplements such as curcumin, all appear to have potential as nonsurgical
therapies.
There is evidence to suggest that vitamin D inhibits growth, induces apoptosis in hu-

man leiomyoma cell cultures, and may act as an antifibrotic factor. Human studies
examining vitamin D levels in healthy controls, and women with fibroids, indicate
that there is a correlation with disease severity and vitamin D levels in women with
symptomatic leiomyomas. There was a strong dose-response correlation, with
women with more severe disease having lower levels of vitamin D.96 These agents
may have promise as a novel treatment option, or preventative therapy.
EGCG, or green tea extract, has been shown to inhibit proliferation of leiomyoma

cells in vitro and in nude mice. EGCG has also been found to induce apoptosis as
well as to inhibit cell proliferation through multiple signal transduction pathways, mak-
ing it a potential medical therapy with a low side-effect profile.97

Another nutrition supplement that may have therapeutic benefit is curcumin, a die-
tary spice with antineoplastic activity. Curcumin inhibited leiomyoma cellular prolifer-
ation and decreased ECM proteoglycan expression in fibroids.98 Distortions in the
ECM are thought to contribute to the increased rigidity of leiomyoma compared
with normal myometrium. This understanding of the ECM has led to the theory that
molecular forces likely play a role in the development and growth of leiomyoma.12

Given the ability of curcumin to decrease ECM proteoglycan expression, curcumin
may be a potential medical therapy with very few safety issues.
Retinoids appear to modulate proliferative and apoptotic pathways in leiomyoma.99

Abnormal ECM production appears to be linked to decreased endogenous retinoic
acid, suggesting a possible role for compounds that increase endogenous retinoic
acid. One such compound, liarozole, a retinoic acid metabolism blocking agent,
may inhibit ECM formation through the retinoic pathway.
As the understanding of cellular differentiation pathways increases, new potential

preventative and treatment modalities will be identified. For women who desire a sur-
gical option, minimally invasive surgery technologies will offer options such as robotic
and laparoscopic techniques, which have shorter hospital stays, lower complication
rates, and shorter recovery times. Additional review and evaluation will be necessary
to determine if some procedures, such as morcellation, offer more risk than benefit.
Clinical research trial networks will facilitate the conduct of large clinical trials, which
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help to answer important questions about the potential benefit of new and existing
clinical therapies.
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