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Uterine myomas (leiomyomas) are an important problem in women's health. Leiomyoma
treatment has evolved significantly from the late 19th century when the Chairman's address
to the American Medical Association's section on Obstetrics and Gynecology argued that
myomectomy was “so dangerous and difficult as not to be thought of except in desperate
conditions.”1 Although many alternatives to hysterectomy are widely used, hysterectomy
remains the mainstay of treatment in the United States where approximately 200,000
hysterectomies for leiomyomas are performed annually2 with only a recent decline noted in
hysterectomy use.3,4

In contrast, over the same timeframe, treatment of ectopic pregnancies and endometriosis
has evolved from a time when every affected woman required major surgery to one in which
minimally invasive surgical approaches and medical treatments predominate. Why does
hysterectomy continue to dominate treatment for leiomyomas?

A concrete impediment to innovation is the heterogeneity of disease in terms of size,
location, growth trajectory, and symptomatology of leiomyomas. Symptomatic leiomyomas
range from sizes small enough to not be palpable or visible by ultrasonography to ones large
enough to distort a woman's abdominal contour mimicking pregnancy.

Having a single therapy such as hysterectomy obviates the complicated decision-making
brought on by a disease with many presentations. Myomas are a common phenotype
representing many genotypes and somatic mutations leading to different symptoms and
growth patterns; this makes recommendations for treatment more complex and individual.
An analogous situation would be if Crohn's disease, ulcerative colitis, and celiac disease
were not individually characterized so that all gastrointestinal disease seemed to have an
unpredictable course. Our goal as leiomyoma researchers is to understand the biology of this
diversity and provide evidence to guide individualized treatment for the future.

Limitations in Our Knowledge
Most data on leiomyomas are still based on expert opinion. Although nearly 70–80% of
women will have leiomyomas,5 most sources state that leiomyomas are symptomatic in
approximately 25% of women. However, given the widespread use of steroidal agents for
contraception, women with symptomatic leiomyomas may appear asymptomatic as a result
of these hormonal treatments. Prevalence studies using ultrasonographic screening indicate
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that leiomyomas start at a young age and increase with age until menopause in nearly all
populations studied.5–7 However, population studies have primarily been performed in
Western cultures.

African American women are particularly affected by leiomyomas. They have myomas
diagnosed at an earlier age, a higher incidence and prevalence of disease, evidence of more
severe disease, and different patterns of myomas.5,6,8–10 African American women are three
times more likely to have a hysterectomy for leiomyomas,11 yet the higher disease burden
among African American women has yet to be explained. There is some evidence that
different genes and genetic polymorphisms may underlie the severe phenotype of
leiomyomas in African American women, including increases in aromatase, signal
transduction genes, and transcription factors among African American women compared
with whites.12,13

Lack of a standardized nomenclature and classification makes communication difficult in
clinical care and research. Efforts at standardized definitions such as the European Society
of Hysteroscopy's classification14 of submucous leiomyomas can aid communication but are
not universally adopted. Instead of describing a 3-cm leiomyomas “distorting the uterine
cavity,” the sonographer can more clearly describe a leiomyoma with no intramural
extension (class 0), with less than 50% intramural extension (class I), or with 50% or more
intramural extension (class II). The clinician then can move toward hysteroscopic
myomectomy for the first (Fig. 1) and a levonorgestrel intrauterine system or endometrial
ablation for the third in the woman with heavy menstrual bleeding.

Leiomyoma Growth
Given the high prevalence of leiomyomas, inhibiting growth or inducing regression appears
to be the main opportunity for prevention. We now have data to suggest that growth and
regression are highly variable among leiomyomas.15 On average, leiomyoma growth tends
to be slow with a median of 9% change in volume in a 6-month period. However,
leiomyoma growth and shrinkage ranged from −89% to +138% both within the same uterus
and between different women.15

Likewise, during pregnancy, leiomyomas do not inevitably grow. In most studies, the
majority of leiomyomas remained the same size.16,17 Additionally, spontaneous shrinking
was found in nearly 80% of women within 6 months of delivery.18 Postpregnancy
remodeling of the uterus may affect leiomyomas, creating natural therapy during the
reproductive years and explanation of the protective effect of parity on leiomyoma risk.19–21

Growth rates also appear to be related to race. In the Fibroid Growth Study, white women
had significantly lower leiomyoma growth rates as they approached menopause, whereas
African American women's growth rates remained unchanged.15 Thus, although expectant
management for a white woman in her mid-40s may be appropriate, it may be less effective
for an African American woman.

These data add to previous studies that have documented that “rapid growth” in
premenopausal women is not associated with an increased risk of malignancy. In a study of
over 1,300 women, 0.23% of women who had surgery for leiomyomas had any type of
uterine sarcoma and among the 371 women with surgery for a rapidly growing leiomyoma,
0.27% had a leiomyosarcoma.22 Thus, women should not undergo hysterectomy on the basis
of rapid leiomyoma growth.23
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Heterogeneity of Biology and Pathology
The clinical heterogeneity of leiomyomas is rooted in biologic differences. Leiomyoma
development and growth has long been associated with gonadal steroid hormones and
especially estrogen24 (Fig. 2). Both estrogen and progesterone play important roles in
leiomyoma biology, yet selective steroidal modulation produces variable clinical outcomes.
Aromatase inhibitors appear to be a promising therapy, but selective estrogen receptor
modulator treatment has been more efficacious in animal models than in human studies.23,25

Blocking progesterone response therapeutically appears to be an effective strategy based on
clinical data yet no progesterone receptor modulators have made it to clinical approval.26

Even control of steroid hormones has not provided a magic bullet for leiomyoma therapy.

Chromosomal or karyotypic abnormalities are found in approximately 40% of leiomyomas
with several common rearrangements predominating.27 Specific karyotypes are associated
with the size and uterine location of leiomyomas.28,29 Recent studies have also documented
differences in gene profiles with specific karyotypes.30 There is hope that understanding
karyotypic changes that occur in leiomyomas may lead to novel treatment options as they
have with cancerous tumors such as chronic myelogenous leukemia.

Work is ongoing to identify novel susceptibility genes for leiomyomas through the Finding
Genes for Fibroids Study using a genomewide scan and the Black Women's Health Study
using admixture mapping. One leiomyoma gene, fumurate hydratase, causes a rare
autosomal-dominant genetic syndrome (hereditary leiomyomatosis and renal cell cancer
syndrome) characterized by skin leiomyomas and papillary renal cell carcinoma in addition
to uterine leiomyomas and an increased risk of uterine sarcomas at a young age.27

A current hypothesis is that myometrial injury initiates a cascade of changes in growth
factors resulting in cellular proliferation, decreased apoptosis, and increased extracellular
matrix production.31,32 The transforming growth factor-β system is a key mediator in this
system.33,34 This fibrosis of the tumors leads to its name “fibroids” and there has been a
more recent push to refer to them in the literature as fibroids to stress the importance of
extracellular matrix in these tumors.31 Angiogenic growth factor dysregulation, and
particularly basic fibroblast growth factor, is also a key pathway in many leiomyomas and
may be related to heavy menstrual bleeding.33

Microarray analyses have found that 25% of the genes expressed differentially between the
myometrium and leiomyoma tissue are genes involved in transforming growth factor-β
signaling and collagen or extracellular matrix production.35 These pathways allow for
interesting points of intervention and opportunities for prevention. Current research involves
retinoic acid,36 pirfenidone,37 components of green tea,38 and vitamin D.39 Targeting the
initial “injury” such as reproductive tract infections and inflammation or even painful
menses may prevent tumors as well, but there are little data on these issues.32,40,41

Ideal Candidates for Minimally Invasive Therapies
It is difficult to provide evidence-based recommendations regarding leiomyomas treatments
because there is so little clinical research, particularly in U.S. populations or other areas with
substantial racial diversity. In fact, the Agency for Healthcare Research and Quality states in
their evidence-based review there is little evidence for our standard of care treatments, much
less innovative treatments.42

Leiomyoma symptoms should be carefully elicited because this influences treatment choice.
For women whose only symptom is heavy bleeding, there are several options after
pregnancy, endometrial, and hormonal causes of bleeding have been ruled out.
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Hysteroscopic resection of type 0 and I submucosal leiomyomas associated with
menorrhagia is straightforward.23 Larger submucosal leiomyomas may be amenable to
shrinkage with gonadotropin-releasing hormone analogs to improve the chances of complete
resection and maximize preoperative iron stores.

For heavy or prolonged menses in a woman without a submucous leiomyoma, a number of
medical options exist, including steroidal therapies such as oral contraceptive pills and the
levonorgestrel intrauterine system. Contraceptive patches and vaginal rings likely work in a
similar fashion. However, research is indicated to see if increased local delivery of steroids
to the uterus with vaginal devices has implications for leiomyomas. The levonorgestrel
intrauterine system has been shown to work effectively in women with leiomyomas,
although expulsion of the levonorgestrel intrauterine system may be more common.43

Recent Food and Drug Administration approval of tranexamic acid, an oral antifibrinolytic,
for menorrhagia provides a new nonhormonal option in the United States that has been
widely used elsewhere. Used only during the menstrual cycle, tranexamic acid has been
associated with up to a 50% decrease in bleeding in women with menorrhagia, but there are
few studies on women with leiomyomas. One study found no difference in blood loss with
tranexamic acid therapy but had a sample size of 12 women with leiomyomas.44 Thrombotic
risk was found to be similar to that of other menorrhagia treatments.45 There is retrospective
evidence of increased necrosis in leiomyomas among tranexamic acid users.46

Endometrial ablation is a minimally invasive surgical option for menorrhagia when there is
not a significant uterine cavity distortion and no desire for future pregnancy. Several devices
are Food and Drug Administration-approved for use in the myomatous uterus, but most
studies have been performed with minimally enlarged and distorted uteri. In a retrospective
study, leiomyomas did not increase the failure rate of endometrial ablation, but a cavity
measuring over 9 cm in depth increased chance of continued menses.47

For women with pressure symptoms attributable to myomas (bladder discomfort,
constipation, back or pelvic pressure; Fig. 3) with or without menorrhagia, there are several
alternatives to hysterectomy, including myomectomy, uterine artery embolization and
magnetic resonance-guided focused ultrasonography. Advanced preoperative imaging,
including magnetic resonance imaging (MRI) or sonohysterogram may help determine the
best treatment for each patient. MRI (Fig. 4) with gadolinium may demonstrate leiomyoma
devascularization which limits treatment by focused ultrasound or uterine artery
embolization. MRI may also help identify lesions suspicious for sarcoma.48

Sonohysterograms may identify class 0 leiomyomas or other hysteroscopically resectable
lesions.

Myomectomy can increasingly be performed laparoscopically, with or without robotic
assistance. Laparoscopic myomectomy reduces recovery time and is appropriate for
subserosal and large intramural leiomyomas. Robotic assistance is associated with fewer
intraoperative complications and lower blood loss than traditional laparoscopy in
retrospective studies.49 It likely provides better uterine closure than laparoscopic suturing
but data are limited.49 Open myomectomies may still be optimal for 1) a uterus with
multiple intramural tumors that may not be easily identifiable or require multiple uterine
incisions; 2) very large leiomyomas in which operative time is increased; and 3) uteri so
large that an endoscopic approach is not possible.

Uterine artery embolization involves a short treatment using conscious sedation, an incision
in the groin to access femoral vessels, and an overnight stay for pain control. Studies
including randomized clinical trials in Europe document durable symptom control for 1 to 5
years with improvement in bleeding, pain, and bulk symptoms.50,51 Uterine artery
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embolization has comparable adverse event rates to surgery with decreased procedural pain.
Women have a significantly faster return to work after uterine artery embolization, but some
women go on to additional surgical intervention.50

Solitary leiomyomas more than 10 cm or multiple fibroids with a uterine volume consistent
with a 20-week or greater gestation are considered relative contraindications to uterine
artery embolization, but treatment has been successful.52 Prior surgeries and adhesions are
not impediments for uterine artery embolization. Additionally, the ovarian impairment after
uterine artery embolization may be an asset for perimenopausal women.53

Magnetic resonance-guided focused ultrasonography makes the transition from minimally
invasive to noninvasive therapy; ultrasonographic energy goes through the abdominal wall
and coagulates areas of the leiomyoma with real-time MRI monitoring providing control.
Magnetic resonance-guided focused ultrasonography continues to grow in popularity
because of high patient satisfaction and minimal side effects.54 Women go home the same
day after a 3-hour treatment with some uteri requiring two treatments. Leiomyomas up to 10
cm in diameter or several medium-sized fibroids are routinely treated, and optimal results
are achieved with complete treatment. Even with less than 20% leiomyoma volume treated
(determined by nonperfused volume ratio), symptom severity scores significantly drop and
remain low for 24 months.54

Because magnetic resonance-guided focused ultrasonography treats individual leiomyomas,
there may be leiomyomas that cannot be successfully treated and rare locations that are
inaccessible. Extensive abdominal wall scarring or failure to include surgical scars in
treatment planning can lead to an increased risk of skin burns. Major contraindications are
metal implants, defibrillators, or other contraindications to undergoing MRI.

One key advantage of minimally invasive treatments is a shorter recovery time. Women
return to work 1 day to 2 weeks after most of these procedures compared with 6 weeks for
abdominal hysterectomies. Studies document that disability costs are significant for
leiomyomas and loss of work costs averaged over $700 per year per woman in one
study.55,56 A National Institutes of Health-funded randomized controlled trial comparing
uterine artery embolization with magnetic resonance-guided focused ultrasonography for
leiomyomas is now underway, which will assess costs in the United States (NCT00995878,
clinicaltrials.gov).

For some women, hysterectomy will still remain a viable choice. With all other treatments,
new leiomyomas may form (commonly but incorrectly called recurrence) and thus
hysterectomy provides definitive management. Moreover, for women at high risk of
cervical, uterine, ovarian, or breast cancer, removal of the uterus, even with ovarian
conservation, decreases cancer risk. However, hysterectomy has significant short-term
morbidity and potentially long-term morbidity, including pelvic prolapse and adhesion
formation, and should not be undertaken without discussion of risks and benefits.

Special Issues for Women Desiring Fertility
When women develop leiomyomas before childbearing, treatments that preserve optimal
uterine function are critical. In previous generations when women had their children early
and had few contraceptive options, uterine-sparing options were used less. The decision
regarding fertility is more complicated than often assumed. There is a range of answers from
no desire for fertility to women who are actively pursuing pregnancy. However, there is a
large group of women who may accept some fertility-impairing side effects of treatments,
which preserve the uterus.
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For women with leiomyomas desiring fertility, there are several areas of concern. Will
leiomyomas increase the risk of infertility, miscarriage, or pregnancy complications?
Alternatively, what are the fertility-impairing implications of treatment?

For women with type 0 or I submucous leiomyomas 5 cm or less in mean diameter, the
decision-making is straightforward. This is the subgroup of leiomyomas in which the
evidence is strongest for fertility impairment and hysteroscopic myomectomy has few
fertility-inhibiting side effects.23,57

Myomectomy remains the standard for treatment of leiomyomas that allows preservation of
fertility but itself carries significant morbidity related to pregnancy, including adhesion
formation, anemia, rare risk of hysterectomy, and, for laparoscopic repairs, possible
increased risk in uterine rupture. Thus, risks and benefits of alternatives should be discussed
and patient autonomy respected, especially for women with increased surgical risks.

For uterine artery embolization, there does appear to be an age-related risk of ovarian
impairment.58 However, data from a randomized clinical trial comparing uterine artery
embolization with hysterectomy in Europe showed that both groups had evidence of
diminished ovarian reserve, although the trend was toward a greater decline at 1 year for
women undergoing uterine artery embolization.59 Additionally, in a large cohort study, there
was approximately a 12% risk of placental abnormalities after uterine artery embolization,
all in nulliparous women.58 Nonetheless, many women have had healthy pregnancies after
uterine artery embolization.

For focused ultrasonography, there are less data, but initial reports of reproductive outcomes
are encouraging. Fifty-four pregnancies in 51 women have been recently reported.60 Live
birth occurred in 41% of pregnancies (with an additional 21% ongoing beyond 30 weeks).
There was a 64% vaginal delivery rate and no low-birth-weight infants. There was no
specific pattern of complications and, although two patients had placental problems, both
had standard obstetric risk factors for this outcome unlike the uterine artery embolization
participants. As a result, the Food and Drug Administration-approved indication for
magnetic resonance-guided focused ultrasonography treatment of uterine leiomyomas has
been updated to include women who desire future fertility after appropriate counseling.

Conclusions
Leiomyomas are an important disease and are increasingly treated with alternatives to
hysterectomy. Understanding the diversity of disease in both pathophysiology and
symptomatology will lead to targeted treatment in the short-term and prevention strategies in
the long-term. We have made a great deal of progress in the last 20 years but still have far to
go. We aim for the time when evidence suggests surgery will be clearly indicated for some
women and lifestyle modification is adequate for others.
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Fig. 1.
Class 0 submucosal leiomyoma. On transvaginal ultrasonography (A), a central myoma is
seen, but the relationship to the endometrial cavity is unclear (thin arrow). With a
sonohysterogram (B), the complete intracavitary extent is clarified (thick arrow).
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Fig. 2.
Etiology of uterine leiomyomas. Leiomyomas are heterogenous in their natural history and
etiology. Hereditary defects in the FH, BHD, and TSC2 genes and somatic alterations
affecting HMG2A genes contribute to the development of leiomyomas, as do risk factors
such as obesity, parity, and race. Tumor growth occurs by an increase in tumor cell number
and extracellular matrix production and is promoted by both endocrine and autocrine growth
factors. Reprinted from Walker CL, Stewart EA. Uterine fibroids: the elephant in the room.
Science 2005;308:1589–92. Reprinted with permission from the American Association for
the Advancement of Science.
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Fig. 3.
Magnetic resonance imaging (MRI) demonstrating leiomyoma compressing (A) the bladder
and (B) the spine (thin arrow) and colon (thick arrow). Bulk symptoms from leiomyomas
include decreased bladder capacity and outflow obstruction, constipation, back pain, and
sciatica.
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Fig. 4.
Degenerating leiomyomas seen on T2-weighted magnetic resonance imaging (MRI; A;
arrow) and on T1-weighted MRI (B) with gadolinium contrast.
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