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Abstract

Uterine fibroids, also known as leiomyomas, are the most common benign tumor in women of reproductive age. When symptomatic,
these patients can present with bleeding and/or bulk-related symptoms. Treatment options for symptomatic uterine leiomyomas include
medical management, minimally invasive treatment such as uterine artery embolization, and surgical options, such as myomectomy. It is
important to understand the role of these treatment options in various clinical scenarios so that appropriate consultation is performed.
Furthermore, patients should be presented with the outcomes and complications of each of these treatment options. A summary of the
data and clinical trials of the treatment options for symptomatic uterine leiomyomas is outlined in this article.
The American College of Radiology Appropriateness Criteria are evidence-based guidelines for specific clinical conditions that are

reviewed annually by a multidisciplinary expert panel. The guideline development and revision include an extensive analysis of current
medical literature from peer reviewed journals and the application of well-established methodologies (RAND/UCLA Appropriateness
Method and Grading of Recommendations Assessment, Development, and Evaluation or GRADE) to rate the appropriateness of
imaging and treatment procedures for specific clinical scenarios. In those instances where evidence is lacking or equivocal, expert
opinion may supplement the available evidence to recommend imaging or treatment.
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Variant 1. Middle-aged woman with multiple uterine fibroids resulting in a 20-week-sized uterus on physical examination and
menorrhagia. Bulk symptoms of urinary frequency and bloating are present. The patient has a recent negative serum pregnancy
test and has no desire for future fertility.

Procedure Appropriateness Category
Medical management Usually Not Appropriate

MR-guided high-frequency focused ultrasound ablation Usually Not Appropriate

Endometrial ablation Usually Not Appropriate

Uterine artery embolization Usually Appropriate

Laparoscopic uterine artery occlusion Usually Not Appropriate

Myomectomy Usually Not Appropriate

Hysterectomy Usually Appropriate

Variant 2. Childbearing-age woman with multiple submucosal and intramural fibroids presents with menorrhagia and pelvic
pain. Most of the fibroids measure <4 cm, with two dominant fibroids measuring >6 cm. Uterus is 12 cm on MRI. The patient
states that she does not desire future pregnancies and is concerned about the loss of femininity with hysterectomy.

Procedure Appropriateness Category
Medical management Usually Not Appropriate

MR-guided high-frequency focused ultrasound ablation Usually Not Appropriate

Endometrial ablation Usually Not Appropriate

Uterine artery embolization Usually Appropriate

Laparoscopic uterine artery occlusion Usually Not Appropriate

Myomectomy Usually Not Appropriate

Hysterectomy May Be Appropriate

Variant 3. Childbearing age woman with menometrorrhagia. On MRI, she has three dominant leiomyomas, ranging in size from
6 to 8 cm and intramural in location. She states that she does not have plans for future pregnancy but would like to have the
option in the future.

Procedure Appropriateness Category
Medical management Usually Not Appropriate

MR-guided high-frequency focused ultrasound ablation May Be Appropriate

Endometrial ablation Usually Not Appropriate

Uterine artery embolization Usually Appropriate

Laparoscopic uterine artery occlusion Usually Not Appropriate

Myomectomy Usually Appropriate

Hysterectomy Usually Not Appropriate

ACR Appropriateness Criteria# Radiologic Management of Uterine Leiomyomas. Variants 1 to 6 and Table 1.
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Variant 4. Middle-aged woman with menorrhagia. MRI reveals a single 3 cm intramural fibroid and diffuse adenomyosis.

Procedure Appropriateness Category
Medical management Usually Not Appropriate

MR-guided high-frequency focused ultrasound ablation Usually Not Appropriate

Endometrial ablation May Be Appropriate

Uterine artery embolization Usually Appropriate

Laparoscopic uterine artery occlusion Usually Not Appropriate

Myomectomy Usually Not Appropriate

Hysterectomy Usually Appropriate

Variant 5. Middle-aged woman with pelvic discomfort and 8 cm pedunculated subserosal fibroid on MRI.

Procedure Appropriateness Category
Medical management May Be Appropriate

MR-guided high-frequency focused ultrasound ablation Usually Not Appropriate

Endometrial ablation Usually Not Appropriate

Uterine artery embolization Usually Appropriate

Laparoscopic uterine artery occlusion Usually Not Appropriate

Myomectomy Usually Appropriate

Hysterectomy Usually Appropriate

Variant 6. Middle-aged woman with constipation. MRI reveals a 12 cm subserosal leiomyoma compressing the rectum.

Procedure Appropriateness Category
Medical management Usually Not Appropriate

MR-guided high-frequency focused ultrasound ablation Usually Not Appropriate

Endometrial ablation Usually Not Appropriate

Uterine artery embolization Usually Appropriate

Laparoscopic uterine artery occlusion Usually Not Appropriate

Myomectomy Usually Appropriate

Hysterectomy Usually Appropriate

Table 1. Appropriateness category names and definitions

Appropriateness
Category Name

Appropriateness
Rating Appropriateness Category Definition

Usually Appropriate 7, 8, or 9 The imaging procedure or treatment is indicated in the specified clinical
scenarios at a favorable risk-benefit ratio for patients.

May Be Appropriate 4, 5, or 6 The imaging procedure or treatment may be indicated in the specified clinical
scenarios as an alternative to imaging procedures or treatments with a more
favorable risk-benefit ratio, or the risk-benefit ratio for patients is equivocal.

May Be Appropriate
(Disagreement)

5 The individual ratings are too dispersed from the panel median. The different label
provides transparency regarding the panel’s recommendation. “May be
appropriate” is the rating category and a rating of 5 is assigned.

Usually Not Appropriate 1, 2, or 3 The imaging procedure or treatment is unlikely to be indicated in the specified clinical
scenarios, or the risk-benefit ratio for patients is likely to be unfavorable.
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SUMMARY OF LITERATURE REVIEW

Introduction/Background
Uterine leiomyomas (also known as fibroids or myomas)
are the most common tumor in women of reproductive
age, affecting more than 66% of women by 50 years of age
[1]. They are the leading cause of hysterectomy in the
United States. Leiomyoma treatment is typically
indicated to treat the symptoms of the fibroids, such as
abnormal uterine bleeding, bulk-related symptoms, and/
or pain. Approximately 1 in 350 women undergoing
hysterectomy ormyomectomy for the treatment of fibroids
is found to have an unsuspected uterine sarcoma [2].

DISCUSSION BY VARIANT

Variant 1: Middle-aged Woman With Multiple
Uterine Fibroids Resulting in a 20-week-sized
Uterus on Physical Examination and
Menorrhagia. Bulk Symptoms of Urinary
Frequency and Bloating are Present. The Patient
has a Recent Negative Serum Pregnancy Test
and has no Desire for Future Fertility

Variant 2: Childbearing-ageWomanWith Multiple
Submucosal and Intramural Fibroids Presents
With Menorrhagia and Pelvic Pain. Most of the
Fibroids Measure <4 cm,With Two Dominant
Fibroids Measuring >6 cm. Uterus is 12 cm on
MRI. The Patient States that She does not Desire
Future Pregnancies and is Concerned about the
Loss of Femininity With Hysterectomy

Uterine Artery Embolization. Appropriate patient se-
lection and management are integral to successful out-
comes with uterine artery embolization (UAE). The
following is a brief description of the procedure and patient
management as detailed by the Society of Interventional
Radiology Task Force on Uterine Artery Embolization [3].

Before UAE, all prospective patients should undergo a
full gynecologic workup, including a Pap smear every 3 years
and/or an endometrial biopsy if a patient has menometror-
rhagia. Cross-sectional imaging, preferably MRI, or ultra-
sound (US) is done to confirm the diagnosis of uterine
leiomyomas and exclude other pelvic pathology. Viable
pregnancy and active pelvic inflammatory disease are two
absolute contraindications for the procedure and must be
excluded. The procedure is typically performed under
conscious sedation using either a unilateral or bilateral
common femoral artery approach, depending on operator
preference. Both uterine arteries are selectively catheterized,
when possible, with the catheter advanced distal to nontarget
branches. Both uterine arteries are then embolized. The goal

is the occlusion of all distal uterine artery branches feeding
the leiomyomas(s). Particulate embolic agents are typically
used to achieve distal embolization. Afterward, the patient is
observed and treated for postprocedural pain and/or nausea.
The patient is followed closely for the first 24 to 48 hours
after discharge for adequacy of pain and nausea control and
to assess for potential complications. At 3 to 6 months
after the procedure, the patient is reevaluated for treatment
efficacy. Follow-up imaging may also be performed to
determine fibroid volume reduction and to assess for
incomplete fibroid infarction. Additionally, MRI after UAE
is recommended to not only ensure adequate fibroid
infarction but to exclude underlying leiomyosarcoma.

Outcomes. UAE for the treatment of uterine leiomyomas
was first reported in 1995 [4], and since that time numerous
reports have been published documenting clinical success
rates of 81% to 100% [5-7]. Currently, registries remain
the largest source of data for evaluating the efficacy of
UAE. Results from the Ontario Uterine Fibroid
Embolization Trial, a multicenter, prospective registry,
showed median uterine and dominant fibroid volume
reductions of 35% and 42%, respectively [8]. In addition,
there was significant improvement for patients with
menorrhagia (83%), dysmenorrhea (77%), and urinary
frequency (86%) at 3 months after the procedure. One of
the largest registries to date, the Fibroid Registry for
Outcomes Data, included more than 3,000 women who
underwent UAE at 72 sites. At 12 months, 95% of
patients who were followed up reported symptomatic
alleviation and improved quality-of-life scores [9]. For the
more than 1,200 patients enrolled in this registry [10],
data showed continued statistically significant
improvement in symptoms and quality of life on the basis
of questionnaires. During the 3-year period, 14.4% of the
patients underwent additional procedures (9.8% repeat
UAE, 2.8% myomectomy, and 1.8% hysterectomy).

Complications. Overall, the reported complication rates
for UAE remain low, with major complications occurring
in <3% of patients [6,11]. More commonly, up to 10%
of patients may need to be readmitted for pain control.
Amenorrhea can occur in up to 10% of patients after
UAE. The risk for permanent amenorrhea appears to be
age dependent. For women younger than 45 years of
age, the risk is <2% to 3%, whereas for those >45
years of age, it is up to 20% [12].

Durability. As with other uterine-sparing procedures,
there is uncertainty about the durability of symptom
relief with UAE. Identifying prospectively which patients
will have better clinical results is difficult. Within the
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registry data, the two groups that showed better
long-term outcomes were women presenting with
abnormal uterine bleeding and those with smaller
leiomyomas [10]. Nevertheless, in a small retrospective
analysis, Scheurig et al [13] reported symptomatic
alleviation at 16 months in five of six patients with
diffuse leiomyomatosis. In addition, a retrospective
study showed no difference in outcomes or
complications in patients with large fibroid volumes
compared with published outcomes for other patients
treated with UAE [14]. In a retrospective analysis,
Isonishi et al [15] found two preoperative factors to be
predictive of success: hypervascularity of the nodules
and multiplicity of nodules. Conversely, Firouznia
et al [16] found no correlation between fibroid
characteristics and outcome.

Overall, there is 20% to 25% incidence of symptom
recurrence at 5 to 7 years after UAE [17], though most
women report continued high quality-of-life scores
[18]. Lohle et al [19] reported continued symptom relief
in 67 of 93 women (72%) at median follow-up of 54
months. Of those patients with treatment failure, 11
(42%) underwent hysterectomy. In a separate study,
73% of patients maintained symptom control 5 years
after the procedure. Location of fibroids is of importance
in adequately assessing appropriate patient selection. A
retrospective study looked at women with cervical
fibroids and found high treatment failure and reinter-
vention rates in this particular group [20]. Similarly,
greater than one submucosal fibroid has been associated
with incomplete infarction, requiring repeat
reintervention [21]. A study by Scheurig-Muenkler
et al [22] also highlighted the impact of age on higher
rates of treatment failure after UAE. In a study of
380 patients, a 23% treatment failure rate occurred at
10 years for UAE, which was significantly worse for
patients <40 years of age. This age difference is likely
due to the increased time available for recruitment of
other collateral vessels (ie, the ovarian arteries) in these
women. Despite the relatively high recurrence rate in
long-term follow-up, repeat embolization has been
shown to be effective for most of these patients [23], and
UAE does not preclude other therapies when
unsuccessful.

Endometrial Ablation. Endometrial ablation (EA) is
used for treating abnormal uterine bleeding from a variety
of causes, including symptomatic submucosal myomas.
Because it ablates the uterine cavity, it should not be used
in women desiring future pregnancy. There are also

uterine cavity size limitations for most currently available
devices, with most devices able to treat uterine cavities up
to 10 cm in size [24]. In a study of 438 women treated
with EA for menorrhagia, there was >95% overall
patient satisfaction [25]. Within this cohort, 143
patients were diagnosed preoperatively with uterine
fibroids, 2 of whom went on to hysterectomy because
of persistent symptoms associated with the uterine
fibroids. In a separate study, Glasser et al [26] found a
23% failure rate in treating patients with submucosal
fibroids, compared with a failure rate of 4% in patients
with normal uterine cavities.

Hysterectomy. Hysterectomy (total abdominal hyster-
ectomy or laparoscopic) is the most common treatment
for symptomatic fibroids; approximately 150,000 to
200,000 hysterectomies are performed each year in the
United States for fibroids, and it is considered the
definitive therapy. The primary advantage is that by
completely removing the uterus, there is little potential
for fibroid recurrence. In addition, alternative causes of
symptoms, such as adenomyosis, will also be effectively
treated. Overall, this therapy is met with very high patient
satisfaction scores, with up to 90% of patients reporting
at least moderate satisfaction 2 years after hysterectomy
for symptomatic fibroids [27]. However, many women
who undergo hysterectomy later regret the loss of
fertility or have concerns regarding their femininity and
may undergo earlier onset of menopause [28]. Increased
risk for ovarian failure is a possible consequence of
premenopausal hysterectomy, even with ovarian
preservation. In a prospective cohort study by
Moorman et al [29], women who underwent
hysterectomy with ovarian preservation still had a nearly
twofold increased risk for ovarian failure.

To date, there have been multiple prospective, ran-
domized trials comparing UAE with hysterectomy
[27,30-32]. These studies have shown both treatments to
have very high clinical success rates and very high rates of
patient satisfaction. Within the study performed by the
Randomized Trial of Embolization Versus Surgical
Treatment for Fibroids investigators, women with
symptomatic fibroids were randomly assigned to
undergo either UAE or surgery at a ratio of 2:1 and
followed for 1 year [30]. There were 95 women in the
UAE group and 45 women in the surgical group, with
most women in the surgical group undergoing
hysterectomy. The UAE group had significantly shorter
hospitalization stays and shorter recovery times before
returning to work. At 12 months, the patients who
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underwent surgery had significantly better symptom
scores, though there was no significant difference in
quality-of-life scores.

The Embolization Versus Hysterectomy trial ran-
domized 177 patients to undergo either UAE or hyster-
ectomy. There was no significant difference in physical
component summary scores beyond 6weeks, and>90%of
patients in each group were at least moderately satisfied
with their procedures at 2-year follow-up. These im-
provements remained stable, with no significant difference
between the two groups at 5-year follow-up [33].

As part of the Embolization Versus Hysterectomy trial,
concerns over body image and sexuality were also evaluated
betweenpatients receiving hysterectomies and those receiving
UAEs [34]. At 2 years, there was no statistical difference in
the sexuality or body image scores of the 2 groups.

In a multicenter, nonrandomized prospective study,
hysterectomy was compared with myomectomy and
embolization for improving uterine fibroid-related symp-
toms and the effect on health-related quality of life [35].
This study, despite showing all three therapies as
extremely effective in reducing fibroid-related symptoms,
did demonstrate a significantly better health-related qual-
ity-of-life advantage for patients treated with hysterectomy.

Furthermore, a meta-analysis of the four randomized
clinical trials including 515 patients comparing UAE with
hysterectomy demonstrated significantly greater short-term
benefits of UAE (shorter hospital stay, decreased blood
loss) with similar long-term quality-of-life measurement but
increased percentage of long-term reintervention [36].

Morcellation in minimally invasive hysterectomy
can increase the risk for abdominopelvic recurrence and
lower disease-free survival [37] in women who have
underlying occult malignancy. Morcellation is not
recommended because of risk for increasing stage of
possible sarcoma.

Variant 3: Childbearing Age Woman With
Menometrorrhagia. On MRI, she has Three
Dominant Leiomyomas, Ranging in Size from6 to
8 cm and Intramural in Location. She States that
She does not have Plans for Future Pregnancy but
Would Like to have the Option in the Future

Pharmaceutical Treatment. The least invasive treat-
ment option remains medical therapy with either oral
contraceptive medication or gonadotropin-releasing hor-
mone (GnRH) agonists or antagonists. Oral contracep-
tives may manage bleeding symptoms effectively,
especially in women with small fibroids. GnRH agonists

have been shown in several studies not only to be effective
against symptoms of bleeding but also to result in
reduction in uterine volume and myoma volume, making
them effective against bulk-related symptoms [38].
However, these agents have several drawbacks. First,
once the agent is discontinued, the fibroids quickly
return to their previous volume, and the fibroid-related
symptoms typically recur. In addition, chronic use of
GnRH agonists results in trabecular bone loss. Therefore,
these agents are typically used for temporary situations,
such as to reduce uterine and myoma size before surgical
therapy. Mifepristone, a partial progesterone agonist, has
shown promising initial results; however, more long-term
studies are needed [39].

Tranexamic acid is a nonhormonal agent that has
been used previously for the treatment of dysfunctional
uterine bleeding. Its role in abnormal menstrual bleeding
attributed to uterine fibroids remains unclear. Its use may
cause necrosis in fibroids and help reduce the menor-
rhagia associated with fibroids; however, adverse effects
such as pelvic pain and fever may result [40].

Myomectomy. Myomectomy is a surgical alternative
that may be performed when uterine conservation is
desired. As with other uterine-sparing procedures, there
is a risk for myoma recurrence. Using either an
abdominal or laparoscopic approach, the recurrence rate
ranges from 23% to 33% [41-43]. In a large,
multicenter study, laparoscopic myomectomy was
associated with 2% major complication and 9%
minor complication rates [44].

At least three studies have been performed directly
comparing myomectomy with UAE. In one study, there
was a reduction in the procedural and recovery times, as
well as fewer adverse events, with UAE; however, similar
rates of clinical success were reported [45]. Narayan et al
[46] reported significantly higher symptomatic
improvement scores for patients undergoing UAE
compared with myomectomy, but there was no
significant difference in patient satisfaction scores. The
Prague Trial followed patients in both groups for a
minimum of 12 months and found no difference in
clinical outcomes. However, the UAE group had higher
reintervention rates; 36% in the UAE group compared
with 5% in the myomectomy group. Reintervention
rates were higher in those patients who had fibroids >5
cm. In a prospective, nonrandomized comparison,
Siskin et al [47] demonstrated that UAE performed
with spherical polyvinyl alcohol had a significantly
greater sustained reduction in tumor-related symptoms
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up to 24 months after intervention, with fewer compli-
cations, compared with myomectomy.

Laparoscopic Uterine Artery Occlusion. There are
limited published data about laparoscopic uterine artery
occlusion (LUAO) as a stand-alone treatment for uterine
leiomyomas. In a small retrospective study, 9% of women
treated with LUAO developed myoma recurrence after a
median follow-up period of 23.6 months [48]. There are
several studies comparing LUAO with UAE. In a
randomized evaluation of 20 patients, Ambat et al [49]
found similar outcomes between the two procedures for
menstrual blood loss, uterine volume, and volume of
the dominant fibroid at 6 months, though menorrhagia
symptoms did recur in 4 of 10 patients in the LUAO
group. In another small randomized controlled trial,
LUAO achieved shorter hospital stays and reduced
procedural pain compared with UAE, while achieving
similar 3-month clinical success rates [50]. In a separate
study, the degree of bleeding reduction was similar
between the two procedures [51]. In this study, only
4% of patients treated with UAE continued to report
symptoms, compared with 21% in the LUAO group
(though this finding did not reach statistical
significance). After a median follow-up period of 48
months, there was clinical failure and symptom recur-
rence in 48% of patients treated with LUAO compared
with 17% of patients treated with UAE [52]. In a
prospective randomized study that included 96 patients,
there was no significant difference in outcomes between
the two treatment groups at 12 months [53].

In a meta-analysis of five trials involving 436 patients
[54], LUAO was compared with UAE and myomectomy
and found to be less effective in both clinical measures
and patient satisfaction. In a prospective trial [55],
UAE was more effective at causing complete ischemia
of fibroids but was associated with greater risk for
intrauterine necrosis (31% vs 3%).

High-Intensity Focused US. MR-guided high-intensity
focused US (MRgFUS) is another uterine-sparing option
to treat focal leiomyomas. It is noninvasive, though each
treatment may take several hours to complete. Its use
currently is restricted to patients with fewer than six
leiomyomas or leiomyoma volume < 900 cm3 [56].

To date, there is little long-term information on the
efficacy of this technology. It has been reported that
myomas treated with MRgFUS have nearly 50% volume
reduction at 1 year, but viable cells are present at biopsy
in nearly 26% of specimens [57]. Funaki et al [58]
reported a 24-month volume reduction of 40% with

significant symptomatic improvement at 6 months that
remained stable at 24-month follow-up. In a multicenter
trial, Stewart et al [59] demonstrated significant reduction
in fibroid-related symptoms in 70% of patients at 6
months and 51% of patients at 12 months.

Although a reasonable alternative for patients unable
or unwilling to tolerate sedation or anesthesia [58], long-
term data and viability results are still lacking. Froeling
et al [60] compared MRgFUS with UAE and found
significantly higher reintervention rates (67% vs 12%)
and lower quality of life.

Fertility. The issue of fertility after UAE remains an area of
great controversy. The impact on future fertility and subse-
quent delivery remains uncertain. It has been shown that
more than 60% of women who attempted to become
pregnant after UAE had abnormal hysteroscopies [61],
particularly [62] with higher incidence of intrauterine
necrosis (43%). However, the significance of these findings
remains unknown. There are reports of uncomplicated
pregnancies after UAE, but because of small sample sizes,
the overall risk remains unclear [63,64]. In one study, 33
of 56 women who went on to get pregnant after UAE
had successful outcomes [65]. Another study [66]
demonstrated a 50% success rate (22 of 44) for patients
desiring pregnancy, without any significant increase in
complication rate during their pregnancies.

There have been several studies comparing the impact
of UAE and myomectomy on fertility [67,68]. In a
multicenter retrospective trial, Goldberg et al [67] found
that women treated with fibroid embolization were at an
increased risk for preterm delivery and breech
presentation compared with women treated with
myomectomy. In this same study, there was also an
increased risk for postpartum hemorrhage and
spontaneous abortion in the UAE group, but this
difference did not reach statistical significance.
Furthermore, in the only prospective, randomized
comparison, there was a statistically significant advantage
for myomectomy in both the number of successful
pregnancies and the number of early pregnancy losses
[68]. However, it should be noted that in this study,
myomectomy was allowed in 26% of patients who
underwent UAE with fibroids >5 cm persisting at 6
months. Therefore, one-fourth of the UAE cohort under-
went both UAE and myomectomy procedures. The UAE
group also had a higher failure rate (11%) than in most
studies. Additionally, the myomectomy group underwent
either laparoscopic or open procedures, which calls into
question the generalizability of results. When the risk for
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future pregnancy complications was studied in patients
undergoing either UAE or LUAO, there was also an
increased risk for spontaneous abortion after UAE
compared with LUAO [69].

A meta-analysis [70] looked at the outcomes of all
reported pregnancies in women (n ¼ 227) who had
undergone UAE compared with control subjects from a
variety of studies that looked at reproductive outcomes.
The significant complications from UAE in these
women included an increase in miscarriage (35%), an
increase in cesarean sections (66%), and an increase in
postpartum hemorrhage (13.9%).

Studies to date demonstrate that UAE should not be
considered the first-line choice in women seeking preg-
nancy, and myomectomy should be offered as the first
therapeutic choice. UAE can still be considered in this
subgroup of women in certain situations, such as those
who are poor surgical candidates, those who have fibroids
that are not surgically resectable, and those who have had
repeated myomectomies. Although myomectomy is seen
as the standard option, there is no robust evidence, and
studies need to be performed to investigate whether UAE
is superior, inferior, or equal to myomectomy. There is
very limited evidence that myomectomy may be superior
to UAE in women planning future pregnancy, and higher
quality research is needed [5]. In younger women who
have a reasonable chance of future fertility,
myomectomy may be a better option, although patient
preference for UAE should be respected, as long as
patients are well-informed on the current evidence. The
ongoing UK FEMME trial is a randomized prospective
clinical trial that hopes to answer this question.

Another treatment option for patients who are
candidates is MRgFUS. However, to date, there is little
information regarding the issue of fertility after MRgFUS.
In a review of registry data, 54 pregnancies were reported
in 51 women [71]. Of these, 41% resulted in live births
and 28% in spontaneous abortions. Of those who
delivered, there was a 93% term delivery rate, with
only one preterm birth (36 weeks). Forty-three percent
of pregnancies had an associated complication, but no
pattern of complications was seen.

Variant 4: Middle-aged Woman With
Menorrhagia. MRI Reveals a Single 3-cm
Intramural Fibroid and Diffuse Adenomyosis

Comorbidities. Adenomyosismay be a cause of abnormal
uterine bleeding with or without the presence of fibroids.
UAE has shown early success in controlling the symptoms

of bleeding with adenomyosis [72,73]. The long-term
durability of this success is questionable, with recurrence
rates at 2 years of approximately 40% to 50% [74,75]. In a
recent review by Popovic et al [76], long-term symptomatic
relief (median follow-up, 27.9 months) in patients with
pure adenomyosis or adenomyosis with coexistent leio-
myomas ranged from 65% to 82%. Additionally, more
recent retrospective studies (median follow-up ranging
from 24 to 65 months) have reported symptomatic control
in 73% to 88% [77-79]. A prospective study by Kim et al
[80] demonstrated significant symptom relief with 83%
showing complete adenomyosis necrosis. Therefore, with
most recent data showing durability in symptom control
and no current therapy demonstrating superiority over
the other, UAE for adenomyosis should be considered
for patients presenting with symptomatic adenomyosis or
concomitant adenomyosis and uterine leiomyomata.

Endometriosis is another cause of abnormal bleeding
and can coexist with fibroids. Surgical methods for fibroids
and endometriosis can be performed simultaneously, and
surgery may be more appropriate in this population [81].

Variant 5: Middle-aged Woman With Pelvic
Discomfort and 8 cm Pedunculated Subserosal
Fibroid on MRI

Variant 6: Middle-aged Woman With
Constipation. MRI Reveals a 12 cm Subserosal
Leiomyoma Compressing the Rectum

Both UAE and surgical options (myomectomy and
hysterectomy) are viable alternatives in the control of
bulk-related symptoms secondary to fibroids. Regarding
pedunculated subserosal fibroids, in the past, a case report
described postembolization necrosis of the fibroid stalk
(defined as a stalk diameter <50% of the greatest diam-
eter of the fibroid) with the fibroid detaching into the
pelvis, resulting in hysterectomy. On the basis of this
report, the presence of pedunculated subserosal fibroids
was considered a potential contraindication to UAE [82].
However, more recent studies have addressed these
concerns. At least two studies found no instances of
fibroid detachment with good clinical outcome and no
complications after UAE [83,84]. Although one study
found pedunculated subserosal fibroids to be associated
with higher treatment failure rates (which may have
been attributable to the small sample size of the failure
group and methodology used to determine UAE success
[85]), the previous safety concerns have not been
validated in larger studies, and symptom improvement
is similar among patients without pedunculated
leiomyomas [83,84,86].
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SUMMARY OF RECOMMENDATIONS

n Variant 1: Uterine artery embolization or hysterectomy
is appropriate.

n Variant 2: Uterine artery embolization is
appropriate.

n Variant 3:Myomectomy or uterine artery embolization
is appropriate.

n Variant 4: Uterine artery embolization or hysterectomy
is appropriate.

n Variant 5: Uterine artery embolization, myomectomy,
or hysterectomy is appropriate.

n Variant 6: Uterine artery embolization, myomectomy,
or hysterectomy is appropriate.

SUMMARY OF EVIDENCE
Of the 87 references cited in the ACR Appropriateness
Criteria# Radiologic Management of Uterine Leiomyomas
document, 75 are categorized as therapeutic references
including 6 well-designed studies, 38 good-quality
studies, and 12 quality studies that may have design
limitations. Additionally, 8 references are categorized as
diagnostic references. There are 27 references that may
not be useful as primary evidence. There are 4 references
that are meta-analysis studies.

The 87 references cited in the ACR Appropriateness
Criteria# Radiologic Management of Uterine Leiomyomas
document were published from 1991 to 2016.

Although there are references that report on studies
with design limitations, 44 well-designed or good-quality
studies provide good evidence.

SUPPORTING DOCUMENTS
For additional information on the Appropriateness
Criteria methodology and other supporting documents
go to www.acr.org/ac.

REFERENCES
1. Van Voorhis B. A 41-year-old woman with menorrhagia, anemia, and
fibroids: review of treatment of uterine fibroids. JAMA 2009;301:
82-93.

2. US Food and Drug Administration. Laparoscopic uterine power
morcellation in hysterectomy and myomectomy: FDA safety commu-
nication. Available at: http://www.fda.gov/medicaldevices/safety/
alertsandnotices/ucm393576.Htm. Accessed December 4, 2017.

3. Andrews RT, Spies JB, Sacks D, et al. Patient care and uterine artery
embolization for leiomyomata. J Vasc Interv Radiol 2004;15:115-20.

4. Ravina JH, Herbreteau D, Ciraru-Vigneron N, et al. Arterial embo-
lisation to treat uterine myomata. Lancet 1995;346:671-2.

5. Gupta JK, Sinha AS, Lumsden MA, Hickey M. Uterine artery
embolization for symptomatic uterine fibroids. Cochrane Database
Syst Rev 2012;(5):CD005073.

6. Hovsepian DM, Siskin GP, Bonn J, et al. Quality improvement
guidelines for uterine artery embolization for symptomatic leiomyo-
mata. J Vasc Interv Radiol 2004;15:535-41.

7. Walker WJ, Pelage JP. Uterine artery embolisation for symptomatic
fibroids: clinical results in 400 women with imaging follow up. BJOG
2002;109:1262-72.

8. Pron G, Bennett J, Common A, Wall J, Asch M, Sniderman K. The
Ontario Uterine Fibroid Embolization Trial. Part 2. Uterine fibroid
reduction and symptom relief after uterine artery embolization for fi-
broids. Fertil Steril 2003;79:120-7.

9. Spies JB, Myers ER, Worthington-Kirsch R, Mulgund J, Goodwin S,
Mauro M. The FIBROID registry: symptom and quality-of-life status
1 year after therapy. Obstet Gynecol 2005;106:1309-18.

10. Goodwin SC, Spies JB, Worthington-Kirsch R, et al. Uterine artery
embolization for treatment of leiomyomata: long-term outcomes from
the FIBROID registry. Obstet Gynecol 2008;111:22-33.

11. Spies JB, Spector A, Roth AR, Baker CM, Mauro L, Murphy-
Skrynarz K. Complications after uterine artery embolization for
leiomyomas. Obstet Gynecol 2002;100:873-80.

12. Katsumori T, Kasahara T, Tsuchida Y, Nozaki T. Amenorrhea and
resumption of menstruation after uterine artery embolization for
fibroids. Int J Gynaecol Obstet 2008;103:217-21.

13. Scheurig C, Islam T, Zimmermann E, Hamm B, Kroencke TJ.
Uterine artery embolization in patients with symptomatic diffuse
leiomyomatosis of the uterus. J Vasc Interv Radiol 2008;19:279-84.

14. Smeets AJ, Nijenhuis RJ, van Rooij WJ, et al. Uterine artery embo-
lization in patients with a large fibroid burden: long-term clinical and
MR follow-up. Cardiovasc Intervent Radiol 2010;33:943-8.

15. Isonishi S, Coleman RL, Hirama M, et al. Analysis of prognostic
factors for patients with leiomyoma treated with uterine arterial
embolization. Am J Obstet Gynecol 2008;198:270.e1-6.

16. Firouznia K, Ghanaati H, Sanaati M, Jalali AH, Shakiba M. Uterine
artery embolization in 101 cases of uterine fibroids: do size, location,
and number of fibroids affect therapeutic success and complications?
Cardiovasc Intervent Radiol 2008;31:521-6.

17. Walker WJ, Barton-Smith P. Long-term follow up of uterine artery
embolisation—an effective alternative in the treatment of fibroids.
BJOG 2006;113:464-8.

18. Bucek RA, Puchner S, Lammer J. Mid- and long-term quality-of-life
assessment in patients undergoing uterine fibroid embolization. AJR
Am J Roentgenol 2006;186:877-82.

19. Lohle PN, Voogt MJ, De Vries J, et al. Long-term outcome of uterine
artery embolization for symptomatic uterine leiomyomas. J Vasc Interv
Radiol 2008;19:319-26.

20. Sesti F, Pietropolli A, Sesti FF, Piccione E. Uterine myomectomy: role
of gasless laparoscopy in comparison with other minimally invasive
approaches. Minim Invasive Ther Allied Tech 2013;22:1-8.

21. Ghiaroni J, Lopez GE, Coutinho Junior AC, Schanaider A. Uterine
artery embolization with spherical PVA-PVAc particles as preparation
for surgical resection of myomas. Rev Col Bras Cirurg 2013;40:
386-91.

22. Scheurig-Muenkler C, Koesters C, Powerski MJ, Grieser C,
Froeling V, Kroencke TJ. Clinical long-term outcome after uterine
artery embolization: sustained symptom control and improvement of
quality of life. J Vasc Interv Radiol 2013;24:765-71.

23. Yousefi S, Czeyda-Pommersheim F, White AM, Banovac F,
Hahn WY, Spies JB. Repeat uterine artery embolization: indications
and technical findings. J Vasc Interv Radiol 2006;17:1923-9.

24. Sharp HT. Assessment of new technology in the treatment of idio-
pathic menorrhagia and uterine leiomyomata. Obstet Gynecol
2006;108:990-1003.

25. Rosati M, Vigone A, Capobianco F, Surico D, Amoruso E, Surico N.
Long-term outcome of hysteroscopic endometrial ablation without
endometrial preparation. Eur J Obstet Gynecol Reprod Biol 2008;138:
222-5.

26. Glasser MH, Heinlein PK, Hung YY. Office endometrial ablation with
local anesthesia using the HydroThermAblator system: comparison of

S168 Journal of the American College of Radiology
Volume 15 n Number 5S n May 2018



outcomes in patients with submucous myomas with those with normal
cavities in 246 cases performed over 5(1/2) years. J Minim Invasive
Gynecol 2009;16:700-7.

27. Hehenkamp WJ, Volkers NA, Birnie E, Reekers JA, Ankum WM.
Symptomatic uterine fibroids: treatment with uterine artery
embolization or hysterectomy—results from the randomized clinical
Embolisation versus Hysterectomy (EMMY) trial. Radiology
2008;246:823-32.

28. Jacob GP, Oraif A, Power S. When helping hurts: the effect of surgical
interventions on ovarian reserve. Hum Fertil (Camb) 2016;19:3-8.

29. Moorman PG, Myers ER, Schildkraut JM, Iversen ES, Wang F,
Warren N. Effect of hysterectomy with ovarian preservation on ovarian
function. Obstet Gynecol 2011;118:1271-9.

30. Edwards RD, Moss JG, Lumsden MA, et al. Uterine-artery emboli-
zation versus surgery for symptomatic uterine fibroids. N Engl J Med
2007;356:360-70.

31. Pinto I, Chimeno P, Romo A, et al. Uterine fibroids: uterine artery
embolization versus abdominal hysterectomy for treatment—a
prospective, randomized, and controlled clinical trial. Radiology
2003;226:425-31.

32. Ruuskanen A, Hippelainen M, Sipola P, Manninen H. Uterine artery
embolisation versus hysterectomy for leiomyomas: primary and 2-year
follow-up results of a randomised prospective clinical trial. Eur Radiol
2010;20:2524-32.

33. van der Kooij SM, Hehenkamp WJ, Volkers NA, Birnie E,
Ankum WM, Reekers JA. Uterine artery embolization vs hysterectomy
in the treatment of symptomatic uterine fibroids: 5-year outcome from
the randomized EMMY trial. Am J Obstet Gynecol 2010;203:105.
e1-13.

34. Hehenkamp WJ, Volkers NA, Bartholomeus W, et al. Sexuality and
body image after uterine artery embolization and hysterectomy in the
treatment of uterine fibroids: a randomized comparison. Cardiovasc
Intervent Radiol 2007;30:866-75.

35. Spies JB, Bradley LD, Guido R, Maxwell GL, Levine BA, Coyne K.
Outcomes from leiomyoma therapies: comparison with normal
controls. Obstet Gynecol 2010;116:641-52.

36. van der Kooij SM, Bipat S, Hehenkamp WJ, Ankum WM,
Reekers JA. Uterine artery embolization versus surgery in the treatment
of symptomatic fibroids: a systematic review and metaanalysis. Am J
Obstet Gynecol 2011;205:317.e1-18.

37. Graebe K, Garcia-Soto A, Aziz M, et al. Incidental power morcellation
of malignancy: a retrospective cohort study. Gynecol Oncol 2015;136:
274-7.

38. Miller CE. Unmet therapeutic needs for uterine myomas. J Minim
Invasive Gynecol 2009;16:11-21.

39. Kulshrestha V, Kriplani A, Agarwal N, et al. Low dose mifepristone in
medical management of uterine leiomyoma—an experience from a
tertiary care hospital from north India. Indian J Med Res 2013;137:
1154-62.

40. Peitsidis P, Koukoulomati A. Tranexamic acid for the management of
uterine fibroid tumors: a systematic review of the current evidence.
World J Clin Cases 2014;2:893-8.

41. Candiani GB, Fedele L, Parazzini F, Villa L. Risk of recurrence after
myomectomy. Br J Obstet Gynaecol 1991;98:385-9.

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

43. Rossetti A, Sizzi O, Soranna L, Cucinelli F, Mancuso S, Lanzone A.
Long-term results of laparoscopic myomectomy: recurrence rate in
comparison with abdominal myomectomy. Hum Reprod 2001;16:
770-4.

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

45. Goodwin SC, Bradley LD, Lipman JC, et al. Uterine artery emboli-
zation versus myomectomy: a multicenter comparative study. Fertil
Steril 2006;85:14-21.

46. Narayan A, Lee AS, Kuo GP, Powe N, Kim HS. Uterine artery
embolization versus abdominal myomectomy: a long-term clinical
outcome comparison. J Vasc Interv Radiol 2010;21:1011-7.

47. Siskin GP, Shlansky-Goldberg RD, Goodwin SC, et al. A prospective
multicenter comparative study between myomectomy and uterine ar-
tery embolization with polyvinyl alcohol microspheres: long-term
clinical outcomes in patients with symptomatic uterine fibroids.
J Vasc Interv Radiol 2006;17:1287-95.

48. Holub Z, Eim J, Jabor A, Hendl A, Lukac J, Kliment L. Complica-
tions and myoma recurrence after laparoscopic uterine artery occlusion
for symptomatic myomas. J Obstet Gynaecol Res 2006;32:55-62.

49. Ambat S, Mittal S, Srivastava DN, Misra R, Dadhwal V, Ghosh B.
Uterine artery embolization versus laparoscopic occlusion of uterine
vessels for management of symptomatic uterine fibroids. Int J
Gynaecol Obstet 2009;105:162-5.

50. Cunningham E, Barreda L, Ngo M, Terasaki K, Munro MG. Uterine
artery embolization versus occlusion for uterine leiomyomas: a pilot
randomized clinical trial. J Minim Invasive Gynecol 2008;15:301-7.

51. Hald K, Klow NE, Qvigstad E, Istre O. Laparoscopic occlusion
compared with embolization of uterine vessels: a randomized
controlled trial. Obstet Gynecol 2007;109:20-7.

52. Hald K, Noreng HJ, Istre O, Klow NE. Uterine artery embolization
versus laparoscopic occlusion of uterine arteries for leiomyomas: long-
term results of a randomized comparative trial. J Vasc Interv Radiol
2009;20:1303-10.

53. Helal A, Mashaly Ael M, Amer T. Uterine artery occlusion for treat-
ment of symptomatic uterine myomas. JSLS 2010;14:386-90.

54. Panagiotopoulou N, Nethra S, Karavolos S, Ahmad G, Karabis A,
Burls A. Uterine-sparing minimally invasive interventions in women
with uterine fibroids: a systematic review and indirect treatment
comparison meta-analysis. Acta Obstet Gynecol Scand 2014;93:
858-67.

55. Mara M, Kubinova K, Maskova J, Horak P, Belsan T, Kuzel D.
Uterine artery embolization versus laparoscopic uterine artery occlu-
sion: the outcomes of a prospective, nonrandomized clinical trial.
Cardiovasc Intervent Radiol 2012;35:1041-52.

56. Behera MA, Leong M, Johnson L, Brown H. Eligibility and
accessibility of magnetic resonance-guided focused ultrasound
(MRgFUS) for the treatment of uterine leiomyomas. Fertil Steril
2010;94:1864-8.

57. Ren XL, Zhou XD, Zhang J, et al. Extracorporeal ablation of uterine
fibroids with high-intensity focused ultrasound: imaging and histo-
pathologic evaluation. J Ultrasound Med 2007;26:201-12.

58. Funaki K, Fukunishi H, Sawada K. Clinical outcomes of magnetic
resonance-guided focused ultrasound surgery for uterine myomas:
24-month follow-up. Ultrasound Obstet Gynecol 2009;34:584-9.

59. Stewart EA, Rabinovici J, Tempany CM, et al. Clinical outcomes of
focused ultrasound surgery for the treatment of uterine fibroids. Fertil
Steril 2006;85:22-9.

60. Froeling V, Meckelburg K, Schreiter NF, et al. Outcome of uterine
artery embolization versus MR-guided high-intensity focused ultra-
sound treatment for uterine fibroids: long-term results. Eur J Radiol
2013;82:2265-9.

61. Mara M, Fucikova Z, Kuzel D, Maskova J, Dundr P, Zizka Z. Hys-
teroscopy after uterine fibroid embolization in women of fertile age.
J Obstet Gynaecol Res 2007;33:316-24.

62. Kuzel D, Mara M, Horak P, et al. Comparative outcomes of hyster-
oscopic examinations performed after uterine artery embolization or
laparoscopic uterine artery occlusion to treat leiomyomas. Fertil Steril
2011;95:2143-5.

63. Carpenter TT, Walker WJ. Pregnancy following uterine artery em-
bolisation for symptomatic fibroids: a series of 26 completed preg-
nancies. BJOG 2005;112:321-5.

64. Pinto Pabon I, Magret JP, Unzurrunzaga EA, Garcia IM, Catalan IB,
Cano Vieco ML. Pregnancy after uterine fibroid embolization: follow-
up of 100 patients embolized using tris-acryl gelatin microspheres.
Fertil Steril 2008;90:2356-60.

Journal of the American College of Radiology S169
Knuttinen et al n Radiologic Management of Uterine Leiomyomas



65. Walker WJ, McDowell SJ. Pregnancy after uterine artery embolization
for leiomyomata: a series of 56 completed pregnancies. Am J Obstet
Gynecol 2006;195:1266-71.

66. McLucas B. Pregnancy following uterine artery embolization: an
update. Minim Invasive Ther Allied Tech 2013;22:39-44.

67. Goldberg J, Pereira L, Berghella V, et al. Pregnancy outcomes after
treatment for fibromyomata: uterine artery embolization versus lapa-
roscopic myomectomy. Am J Obstet Gynecol 2004;191:18-21.

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

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

70. Metwally M, Cheong YC, Horne AW. Surgical treatment of fibroids
for subfertility. Cochrane Database Syst Rev 2012;(11):CD003857.

71. Rabinovici J, David M, Fukunishi H, Morita Y, Gostout BS,
Stewart EA. Pregnancy outcome after magnetic resonance-guided
focused ultrasound surgery (MRgFUS) for conservative treatment of
uterine fibroids. Fertil Steril 2010;93:199-209.

72. Jha RC, Takahama J, Imaoka I, et al. Adenomyosis: MRI of the uterus
treated with uterine artery embolization. AJR Am J Roentgenol
2003;181:851-6.

73. SiskinGP,TublinME, StainkenBF,DowlingK,DolenEG.Uterine artery
embolization for the treatment of adenomyosis: clinical response and eval-
uation with MR imaging. AJR Am J Roentgenol 2001;177:297-302.

74. Kim MD, Kim S, Kim NK, et al. Long-term results of uterine artery
embolization for symptomatic adenomyosis. AJR Am J Roentgenol
2007;188:176-81.

75. Pelage JP, Jacob D, Fazel A, et al. Midterm results of uterine artery
embolization for symptomatic adenomyosis: initial experience. Radi-
ology 2005;234:948-53.

76. Popovic M, Puchner S, Berzaczy D, Lammer J, Bucek RA. Uterine
artery embolization for the treatment of adenomyosis: a review. J Vasc
Interv Radiol 2011;22:901-9.

77. Froeling V, Scheurig-Muenkler C, Hamm B, Kroencke TJ. Uterine
artery embolization to treat uterine adenomyosis with or without
uterine leiomyomata: results of symptom control and health-related
quality of life 40 months after treatment. Cardiovasc Intervent
Radiol 2012;35:523-9.

78. Liang E, Brown B, Kirsop R, Stewart P, Stuart A. Efficacy of uterine
artery embolisation for treatment of symptomatic fibroids and
adenomyosis—an interim report on an Australian experience. Aust N
Z J Obstet Gynaecol 2012;52:106-12.

79. Smeets AJ, Nijenhuis RJ, Boekkooi PF, Vervest HA, van Rooij WJ,
Lohle PN. Long-term follow-up of uterine artery embolization
for symptomatic adenomyosis. Cardiovasc Intervent Radiol 2012;35:
815-9.

80. Kim MD, Kim YM, Kim HC, et al. Uterine artery embolization for
symptomatic adenomyosis: a new technical development of the 1-2-3
protocol and predictive factors of MR imaging affecting outcomes.
J Vasc Interv Radiol 2011;22:497-502.

81. Maclaran K, Agarwal N, Odejinmi F. Co-existence of uterine myomas
and endometriosis in women undergoing laparoscopic myomectomy:
risk factors and surgical implications. J Minim Invasive Gynecol
2014;21:1086-90.

82. Braude P, Reidy J, Nott V, Taylor A, Forman R. Embolization of
uterine leiomyomata: current concepts in management. Hum Reprod
Update 2000;6:603-8.

83. Katsumori T, Akazawa K, Mihara T. Uterine artery embolization for
pedunculated subserosal fibroids. AJR Am J Roentgenol 2005;184:
399-402.

84. Smeets AJ, Nijenhuis RJ, Boekkooi PF, et al. Safety and effectiveness
of uterine artery embolization in patients with pedunculated fibroids.
J Vasc Interv Radiol 2009;20:1172-5.

85. Toor SS, Tan KT, Simons ME, et al. Clinical failure after uterine
artery embolization: evaluation of patient and MR imaging charac-
teristics. J Vasc Interv Radiol 2008;19:662-7.

86. Margau R, Simons ME, Rajan DK, et al. Outcomes after uterine artery
embolization for pedunculated subserosal leiomyomas. J Vasc Interv
Radiol 2008;19:657-61.

S170 Journal of the American College of Radiology
Volume 15 n Number 5S n May 2018


