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Abstract

Although hysterectomy remains the definitive treatment for symptomatic uterine fibroids, other options are needed for women
who wish to preserve fertility or otherwise avoid surgery. Newer procedures such as laparoscopic myomectomy,
myolysis/cryomyolysis, MRI-guided focused ultrasound surgery fulfill the needs of some women, but may cause morbidity and
recurrence. Studies support the safety and effectiveness of uterine artery embolization (UAE) and laparoscopic uterine artery
occlusion (LUAO), which are less invasive procedures that seek to treat fibroids by producing permanent uterine ischemia.
However, these procedures might affect fertility, and LUAO poses some technical challenges. Doppler-guided Uterine Artery
Occlusion is a promising investigational, minimally invasive procedure that targets the same putative mechanism of action of
UAE and LUAO but causes temporary uterine ischemia. Results from future studies, with more patients and longer follow-up,
should help us match the needs of each patient and their clinical presentation to the most appropriate treatment.

INTRODUCTION

Although most uterine fibroids (leiomyomas) are
asymptomatic and remain undiagnosed, these common
benign tumors may cause significant gynecologic morbidity,
particularly in premenopausal women. 1 Uterine fibroids may

lead to abdominal pain, menorrhagia and metrorrhagia that
may be associated with dysmenorrhea, reduced fertility, and
increased risk for preterm labor and delivery and for
cesarean delivery. 2,3

Estimates of the incidence of uterine fibroids vary widely
both in the United States and Europe because of under-
diagnosis and differences in diagnostic methods,
classification, and study populations. 2 Among US women,

rates of uterine fibroid diagnosis per 1,000 person-years
range from 12.8 for all races, 12.5 for white women, and
37.9 for black women regardless of diagnostic method (ie,
clinical examination, ultrasound, or surgical) to 1.9, 1.5, and
3.8, respectively, for hysterectomy-confirmed cases. 1 In one

large US study (N = 910) in women, the leiomyoma status of
a random sample of women aged 35 to 49 years from the
Washington, DC, area was determined. 4 The results

demonstrated an overall prevalence of 54%; of these, 27%
were white and 66% were black. 4 Ultrasonographic

screening in premenopausal women found that 51% of those
with no previous diagnosis had evidence of uterine

leiomyomas, with a greater than 80% cumulative incidence
by age 50 years in black women and 70% in white women. 5

In terms of clinical prevalence, many authors report that
uterine fibroids occur in 20% to 40% of premenopausal
women, but studies of their prevalence in young
asymptomatic women range from as low as 3.3% to as high
as 77%. 3

According to a 1994 to 1999 US surveillance investigation,
uterine fibroids accounted for 73% of all hysterectomies
including 68% of hysterectomies among black women, 33%
among white women, and 45% among women of other
ethnicities. 6 The overall rate of hysterectomy attributed to

uterine fibroids increased from 1.8 per 1,000 woman-years
during 1988 to 1993 to 2.1 per 1,000 woman-years during
1994 to 1999, possibly because of an increased availability
of ultrasound in obstetrician–gynecologist clinics for
diagnosis. 6,7 In the UK, approximately 30% of the 42,500

annual hysterectomies are performed for fibroids. 8

Not surprisingly, managing and treating uterine fibroids
poses a significant economic burden. Flynn and colleagues 9

have estimated more than 2 billion dollars in annual total
direct costs (including patient care, ambulatory surgery,
outpatient clinic, and diagnostic testing) for the treatment of
uterine fibroids in the United States, with more than 1.5
billion dollars attributed to inpatient care associated with
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hysterectomy. Others have estimated a $4,624 average
annual excess cost for each woman diagnosed with uterine
fibroids, including the costs of more clinic visits, diagnostic
tests, procedures, disability claims, and work loss in the
United States. 10 In this study, total costs for the women with

uterine fibroids were 2.6 times higher than for matched
controls. In addition to medical costs associated with the
presence of symptomatic uterine fibroids, there are costs that
are more difficult to measure, such as work loss associated
with heavy bleeding, which has been estimated to be $1,692
annually per woman. 11

Clearly, symptomatic uterine fibroids place a significant
burden to individuals and society in terms of morbidity,
medical resource utilization, and economic costs. Recent
advances in the development of minimally-invasive fibroid
treatments may improve fibroid management by positively
impacting patient care and reducing costs. However, a
number of efficacy endpoints are used to determine the
effectiveness of uterine fibroid treatment, such as reduction
of fibroid size, reduction of bleeding, and quality of life
(QOL) questionnaires (fibroid-related or generic), 12 and not

all studies consistently report the same efficacy endpoint.
Therefore, it is difficult to compare the effectiveness of the
various treatment options available. The purpose of this
article is to examine current and novel approaches for the
management of fibroids, focusing particularly on innovative
techniques for occluding the uterine artery, such as uterine
artery embolization (UAE), laparoscopic uterine artery
occlusion (LUAO), and Doppler-guided Uterine Artery
Occlusion (D-UAO; Table 1).

Figure 1

Table 1: Non-pharmacologic Approaches for the Treatment
of Symptomatic Uterine Fibroids

PHARMACOLOGIC TREATMENT OPTIONS

Oral contraceptives and progestins have been used to control
uterine bleeding, but there is little evidence demonstrating
their effectiveness in reducing the size of uterine fibroids. 13

Pharmacologic options that have some evidence of efficacy
in the management of symptomatic uterine fibroids include
the progesterone receptor antagonist mifepristone, the
selective progesterone receptor modulator (SPRM)
asoprisnil, and gonadotropin-releasing hormone (GnRH)
agonists/antagonists. Small scale randomized studies showed
that low-dose mifepristone reduced amenorrhea, improved
anemia, and reduced uterine size, without causing
endometrial hyperplasia. 14,15,16 A randomized placebo-

controlled trial in women with evidence of uterine fibroids
indicated that 24 weeks of treatment with the GnRH agonist
leuprolide acetate depot was safe and caused significant,
albeit temporary, reductions in uterine size and fibroid-
related presenting symptoms, most prominently
menorrhagia, but also bloating, pelvic pressure, and urinary
frequency. 17 Long-term use of GnRH agonists is associated

with loss of mineral bone. To prevent osteoporosis,
estrogen/progestogen add-back therapy is used; however, the
combination is not considered to be cost effective. Small
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studies using GnRH antagonists demonstrated rapid
reduction in fibroid size, which may be explained by the lack
of a flare-up of gonadotropin secretion. Treatment of
leiomyoma with GnRH antagonists, by daily injections or by
depot injections, resulted in shrinkage of the leiomyoma by
30% to 50% within 4 to 8 weeks. 18,19 Gonadotropin-

releasing hormone analogs may have applications in
reducing the size of uterine fibroids particularly to facilitate
myomectomy or relieve compression of neighboring organs.
20

Asoprisnil is the first SPRM to reach advanced clinical
trials. The exact mechanism by which asoprisnil reduces
uterine fibroid volume remains to be elucidated, but appears
to involve a reduction in uterine blood flow, 21 possibly by

cell-type specific inhibition of growth factor expression and
activity in leiomyoma cells. 22 In a recently reported

randomized, placebo-controlled trial in women with uterine
fibroids, 12 weeks of asoprisnil treatment appeared to be
well tolerated and significantly reduced fibroid volume,
bloating, and pelvic pressure. 23 The most common adverse

events associated with asoprisnil treatment were headache,
abdominal pain, asthenia, pharyngitis, nausea, infection,
enlarged abdomen, sinusitis, and flu syndrome. A few
patients also developed asymptomatic ovarian cysts. In
addition, the use of asoprisnil was associated with unique
morphological changes and decreased levels of cell
proliferation in fibroids. 24 Results of additional studies are

forthcoming.

HYSTERECTOMY

As discussed above, uterine fibroids are the most common
diagnosis associated with hysterectomy, which is performed
approximately 600,000 times each year in the United States
and 42,500 times each year in the United Kingdom. 7,8

Hysterectomy is the definitive treatment for women with
symptomatic uterine fibroids because it removes all the
fibroids without posing a risk of recurrence. This surgical
procedure is usually associated with a high level of patient
satisfaction. Beyond the obvious loss of fertility, other
disadvantages of hysterectomy include the fact that it is a
major surgery that requires prolonged recovery time and
carries a risk of complications such as hemorrhage, bowel or
bladder injury, infection, pain, or even death. Hysterectomy
rates may be declining in favor of other less invasive
procedures according to an analysis of data collected from
1997 to 2003 regarding patient members of Kaiser
Permanente Northern California who had undergone
hysterectomy, myomectomy, or UAE. 25 More definitive

studies in different populations are needed to determine
whether this is a widespread phenomenon.

MYOMECTOMY

Myomectomy via laparotomy, hysteroscopy, or laparoscopy
is the surgical option of choice for the removal of uterine
fibroids in symptomatic women who wish to preserve their
fertility or otherwise desire to keep their uterus. 13 However,

these procedures should only be performed by surgeons with
advanced training. Compared with myomectomy via
laparotomy, laparoscopic myomectomy is associated with
shorter hospital stays and quicker recovery time. 13 Key

considerations for determining whether to proceed via
laparotomy or laparoscopy are the number, location, and size
of fibroids, as well as surgical considerations such as pelvic
pathology and contraindications against laparoscopy, such as
cardiovascular or pulmonary dysfunction. 13

Myomectomy via both laparoscopy and laparotomy carries a
significant risk of recurrence, possibly necessitating
hysterectomy. Most studies reported 20% to 30% recurrence
rates, but there is wide variability depending on factors such
as study design, recurrence definitions, diagnostic
methodology, length of observation, and patient selection. 13

For example, a study that used transvaginal ultrasonography
to monitor fibroid recurrence in 149 patients who underwent
myomectomy by laparotomy reported a 62% rate of fibroid
recurrence and 9% rate of major surgery in 5 years with a
lower risk of recurrence in women with solitary
myomectomy and smaller preoperative uterine size. 26 In a

case series study, Doridot and colleagues 27 reported fibroid

recurrence in 45 (22.9%) of 196 women who underwent a
laparoscopic myomectomy; the cumulative recurrence risk
was 12.7% at 2 years and 16.7% at 5 years. These authors
noted that the presence of more than 1 fibroid and nulliparity
were risk factors for recurrence. Other potential
complications of myomectomy include blood loss, infection,
development of adhesions, and uterine rupture at a
subsequent pregnancy.

Laparoscopic myomectomy poses a risk of necessitating
conversion to laparotomy because of technical difficulties.
Dubuisson and colleagues 28 observed 4 preoperative factors

that were independent risk factors for conversion: size of
largest fibroid 50 mm or more by abdominal and
transvaginal ultrasonography, preoperative treatment with
GnRH agonists, and intramural or anterior location of the
main myoma.
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MYOLYSIS AND CRYOMYOLYSIS

Myolysis, which uses laser energy or bipolar electrodes to
cause coagulation necrosis in fibroids by damaging proteins
and blood vessels, was originally developed as an alternative
to myomectomy for women who wished to preserve their
fertility. 29 Myolysis has shown some efficacy in reducing

fibroid size in some patients, 30 but is associated with a risk

of bowel adhesions and coagulation of the myometrium. 29

Donnez and colleagues 29 recommend that myolysis be used

primarily for large, intramural, symptomatic fibroids that
might be too difficult or time consuming for endoscopic
myomectomy. Results from a non-randomized study suggest
that, compared with endometrial ablation alone (n = 52), the
combination of myolysis and endometrial ablation (n = 88)
might reduce the need for subsequent surgery, including
hysterectomy, in women with symptomatic fibroids and
bleeding. 31 Besides the use of laser or laparoscopic bipolar

needles, probes can also be placed by magnetic resonance
imaging (MRI)-guided percutaneous procedures. 32

Cryomyolysis, a refinement of the myolysis technique,
entails the laparoscopic or hysteroscopic placement of a
cryoprobe into the center of a fibroid and freezing to –100 C
to –120 C to cause myoma coagulation. 33 Case series studies

from 2 groups in Italy have shown that laparoscopic
cryomyolysis appears to be effective in causing fibroid
shrinkage (25% reduction) and symptom relief in most
patients, at least up to 12 months following the procedure.

34,35

MRI-GUIDED FOCUSED ULTRASOUND
SURGERY

Magnetic resonance imaging–guided focused ultrasound
surgery (MRgFUS) is a procedure approved in 2004 by the
US Food and Drug Administration for the treatment of pre-
or perimenopausal women with symptomatic uterine fibroids
who desire to keep their uterus and have completed child
bearing. Magnetic resonance imaging–guided focused
ultrasound surgery combines focused high-intensity
ultrasound waves to heat and destroy fibroid tissue, by
induction of coagulative necrosis, and MRI to visualize
anatomy, map the target fibroid tissue, and monitor the
tissue temperature during treatment. 36 Although the end

result of this procedure is similar to myolysis and
cryomyolysis, MRgFUS has the added benefit of MRI
visualization of treatment effectiveness. Magnetic resonance
imaging–guided focused ultrasound surgery treats 1 fibroid
at a time, and it cannot be used to treat fibroids close to
sensitive organs, such as the bowel or bladder, or those

behind scar tissue. Also, the duration of the sonication
portion of the procedure should be limited to 3 hours
because prolonged immobilization may lead to increased
risk of deep venous thrombosis or pulmonary embolism. 36

The safety and efficacy of MRgFUS has been studied in
single-arm prospective studies in women with clinically
significant uterine fibroids. Stewart and colleagues 37

reported that among 55 enrolled patients, 76% were able to
successfully complete the full treatment sessions in an
outpatient setting with a small increase in pain and
discomfort (as self-reported on a 4-point scale) and no major
complications. In a subgroup of women who also underwent
preplanned hysterectomy, pathologic examination of the
uterus showed a 3-fold increase in volume of histologically
confirmed necrosis compared with treatment volume (P
<0.005); this finding coincides with the hypothesized
mechanism of action, which is that with injury to a single
cell, mediators of apoptosis are generated and can spread
through gap junctions to extend the area of tissue
destruction. Results from the pivotal study of a single
treatment with MRgFUS (N = 109) showed that 71% of
treated patients reached the targeted symptom reduction
levels (defined as a 10-point reduction in symptom severity
score (SSS; 100-point scale) of the Uterine Fibroid QOL
Instrument) at 6 months post-procedure and 51% at 12
months. 38 Mean decreases in SSS were 39% at 6 months and

36% at 12 months. 38 The most frequent adverse events

associated with this outpatient procedure were abdominal
pain, other pain, nausea/vomiting, and positional back pain.

36 Results from a prospective study in 35 symptomatic

women scheduled to undergo hysterectomy showed that 1
and 6 months after MRgFUS, 61% of patients reported a
significant or partial improvement of symptoms; 6 patients
underwent hysterectomy during the follow-up period. 39 In

this study, the uterine fibroid volume decreased 12% at 1
month and 15% at 6 months.

FIBROID TREATMENT VIA UTERINE ARTERY
OCCLUSION OR EMBOLIZATION

UTERINE ARTERY EMBOLIZATION

Originally developed to manage postpartum hemorrhage, 40

UAE was later shown to reduce uterine fibroid volume and
menorrhagia. 41 Performed by an interventional radiologist,

UAE involves placement of a 4- or 5-French catheter into
the uterine arteries via a transcutaneous femoral approach
(performed under conscious sedation) and injection of
trisacryl gelatin microspheres or polyvinyl alcohol particles
into these arteries to cause occlusion. 33 Uterine artery
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embolization, which usually requires an overnight stay,
normally causes a period of ischemic pain lasting 2 to 3
hours, followed by a plateau of pain, and then a gradual
decrease in pain over the next 2 to 3 days. 33

As with other procedures reviewed in this article, most of the
data on UAE safety and efficacy were derived from case
series rather than randomized controlled trials (RCTs). An
analysis of data from 400 consecutive patients found a low
rate of short-term complications, with no deaths and no
major disabling injuries in women who underwent UAE at 2
institutions in Washington, DC. 42 In a study of 50 women

who were asked to complete a baseline assessment and
health-related QOL questionnaire, patients reported
significant improvements in QOL measures and fibroid
specific symptoms 3 and 6 months post-UAE. 43 Results

from the voluntary, multicenter, prospective Fibroid
Registry for Outcomes Data (FIBROID) showed that among
3,160 enrolled patients, 0.66% experienced a major in-
hospital complication, 4.8% had a major post-discharge
event within 30 days of the procedure, 2.4% had inadequate
pain relief (the most common adverse event that required
additional hospital treatment), and 1% required additional
surgical intervention within 30 days after UAE. 44,45 A year

after UAE, follow-up data from 1,701 patients showed that
the mean symptom score improved from 58.6 to 18.23 (P
<0.001), but 5.3% of patients had no symptom improvement,
2.9% had a hysterectomy, and 7.3% (primarily women 45
years or older) had amenorrhea due to embolization. 46 One

limitation of this study is that the 1-year data were not
available for 20% of patients, which might have skewed the
results if these dropouts had experienced more unfavorable
outcomes than the rest of the study population.

The Dutch Uterine Artery Embolization in the Treatment of
Symptomatic Uterine Fibroid Tumors (EMMY) trial
compared UAE (n = 88) with hysterectomy (n = 88) for the
treatment of menorrhagia caused by uterine fibroids. 47 The

primary endpoint of this RCT was whether at least 75% of
patients treated with UAE would avoid subsequent
hysterectomy. Recently updated results showed that 2 years
post-treatment, 23.5% of patients in the UAE group had
undergone a hysterectomy and that there were no significant
differences in improvement compared with baseline in terms
of pain and bulk-related complaints. 48

An important concern with UAE is its possible impact on
menstruation and ovarian function. Chrisman and colleagues

49 reported that regular menses resumed in 56 (85%) of 66

patients (who had regular periods before the procedure) after
an average of 3.5 weeks. Nine of 10 patients who failed to
resume regular menstruation had laboratory results
consistent with ovarian failure; also, these 9 patients were
older than 45 years of age. The authors reported no
difference in presenting symptoms, amount of occluding
material used, or fibroid size between patients who did or
did not resume regular menstruation.

Current data indicate that UAE controls menorrhagia in 85%
to 95% of patients and bulk-related symptoms in 70% to
90% of patients, with a low rate of symptom recurrence. 50 In

the absence of much comparative data and data with long
follow-up, UAE does appear to have a lower risk of
complications, shorter duration of hospitalization, and faster
recovery compared with surgical alternatives such as
hysterectomy and myomectomy. 50 However, the potential

risk of loss of ovarian function associated with UAE is a
serious consideration in women who desire to retain fertility.
51

LAPAROSCOPIC UTERINE ARTERY
OCCLUSION

Laparoscopic uterine artery occlusion uses a laparoscopic
lateral retroperitoneal approach to achieve uterine artery
occlusion. Unlike with UAE, patients undergoing LUAO are
placed under general anesthesia, and artery occlusion is
performed using ultrasonically activated sheets, clips, or
electrosurgery. 52,53 Early indication of the short-term safety

and efficacy of this procedure was reported by Lichtinger
and colleagues 52 in a study of 8 patients who underwent

LUAO for the treatment of fibroids associated with
abnormal uterine bleeding, pelvic pain or pressure, or
anemia. All patients in this study were discharged within 20
hours of the procedure, and all 5 patients who had abnormal
bleeding at baseline reported a satisfactory decrease without
developing amenorrhea. Seven of 8 patients had complete
disappearance of the pain or pressure they had experienced
before the procedure, with the remaining patient
experiencing significant relief of these symptoms. These
authors cautioned that LUAO should be performed only by
surgeons with advanced skills in laparoscopy.

Additional data with LUAO are available from case series
and a small randomized trial. For example, a Czech study of
LUAO in 68 consecutively enrolled women reported that
with a median follow-up of 14.5 months, 93.2% of patients
had improvement in menorrhagia or dysmenorrhea, and
there was a 57.8% average reduction in volume of the
dominant fibroid. 53 The mean time in surgery was 30.8
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minutes (range 15-20 min), with a mean blood loss of 14.7
mL, 2.4-day mean hospital stay, and a 7.3% rate of
postoperative complications. A larger retrospective analysis
from the same Czech group reported that 8 (7.1%) of 114
women who underwent LUAO had complications, none had
intraoperative complications or permanent injuries, and 10
(9.0%) of patients had fibroid recurrence. 54 At median

follow-up at 23.6 months, the recurrence-free survival
interval rate (ie, with no clinical failure, no recurrence) was
88.3%.

An analysis of data from a Norwegian randomized
controlled trial in 58 premenopausal women with
symptomatic uterine fibroid showed that fewer patients
treated with UAE compared with LUAO complained of
heavy bleeding (4% vs 21%, P = 0.044) 6 months post-
procedure. 55 However, the postoperative use of

ketobemidone, an opioid analgesic, was higher after UAE
compared with LUAO (46 mg vs 12 mg, P <0.001),
suggesting that LUAO caused less postoperative pain. A
brief report from a prospective cohort study comparing
LUAO with UAE raised concerns about increased risk for
preterm birth and cesarean delivery with both procedures
and higher rates of spontaneous abortion following UAE
than LUAO (43.7% vs. 15%). 56 Data from prospective trials

with larger numbers of patients and longer follow-up are
necessary to determine whether there are truly any
differences in the safety and effectiveness of these
procedures.

DOPPLER-GUIDED UTERINE ARTERY
OCCLUSION

The positive experience with UAE and LUAO raises the
question of whether temporarily occluding the uterine
arteries may be just as effective as permanent occlusion or
embolization in the treatment of uterine fibroids. To this end,
Dickner and colleagues 57 demonstrated that a Doppler-

guided nonincisional transvaginal approach could be used to
successfully identify uterine arteries in 108 of 109 healthy
premenopausal women despite wide variability in the
position and depth of these arteries. These findings were the
basis for the development of a uterine device (D-UAO)
composed of a cervical tenaculum incorporating a guiding
monorail and a paracervical vascular clamp with integrated
Doppler ultrasound crystals, connected to a battery-powered
ultrasound transceiver to generate an audible Doppler signal.

Lichtinger and colleagues 58 studied D-UAO in 10

symptomatic women with intramurally located uterine

fibroids (>3 cm in average diameter by ultrasound) and
found that it could be used to safely and effectively occlude
the uterine arteries. After the uterine arteries were located
with the audible Doppler signal, the paracervical vascular
clamp was placed transvaginally and bilateral occlusion was
achieved by folding the vaginal tissue around the uterine
arteries to interrupt blood flow. In this pilot study, the
investigators reported a 26-minute average time of clamp
closure (range, 10-59 min), which resulted in the uterus
remaining blanched throughout this period in all patients.
Also in all patients, after the clamp was opened, the Doppler
signal from the clamp returned immediately and the uterus
regained a pink tonality. In addition, the ureters were never
obstructed, and there was no evidence of injury in the vagina
or cervix after clamp removal.

Case reports provide the initial evidence of the efficacy of
D-UAO in reducing uterine volume, menorrhagia, and other
fibroid-related symptoms. 59,60 Also, according to a

preliminary report from a prospective study in 40 women, 6
months after D-UAO the dominant fibroid size was reduced
30% to 35%, and uterine size was reduced by an average of
20%. 61 In addition, patients with menorrhagia had a 35% to

40% reduction in menstrual blood that was associated with
an average 35% reduction in Ruta Menorrhagia scores.
Patients experienced few adverse events, with no reports of
amenorrhea. Because 5 women experienced 6
hydronephrosis events (which spontaneously resolved in 3
patients and were effectively treated in the other 2), the
procedure was successfully modified by filling the bladder to
move the ureters away from the uterine arteries prior to the
D-UAO, restricting excessive device movement while
searching for uterine artery signal, and limiting the use of the
larger clamp size to cervices larger than 4.5 cm. Since this
mitigation strategy was implemented, no new cases of
hydronephrosis have been reported (data on file).

Doppler-guided Uterine Artery Occlusion is performed
under anesthesia (in the form of epidural, paracervical block
plus patient-controlled analgesia, or IV sedation plus patient-
controlled analgesia) to prevent patient movement and
potential dislodgement of the device. Deep venous
thrombosis prophylaxis with pneumatic compression boots
is used because the D-UAO device must stay in place for 6
hours. Anticoagulants are not recommended because they
might interfere with the putative mechanism of action of this
procedure. Additional clinical studies of D-UAO are
ongoing.
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PROPOSED MECHANISM OF ACTION OF
UTERINE ARTERY OCCLUSION AND
EMBOLIZATION

Burbank and Hutchins 62 proposed that uterine fibroids could

be treated through the creation of transient uterine ischemia
produced surgically in the case of LUAO and embolically in
the case of UAE. The rationale for this hypothesis, which
provides the putative mechanism of action for these
procedures, is based on the fact that the uterus and, by
default, uterine fibroids are mainly supplied with blood from
branches of the uterine arteries. When these arteries are
bilaterally occluded by surgery or injection of embolic
particles, uterine blood flow is almost completely stopped,
leading to blood clotting within the intrinsic arteries of the
uterus and in the fibroids. The myometrial cells withstand
this transient ischemia, and after approximately 6 hours, the
clotted blood in the intrinsic uterine arteries lyses,
reperfusing the uterus with the aid of blood flow from
collateral arteries. However, fibroids are unable to lyse the
clotted blood, causing eventual infarction and necrosis that
results in reduced uterine volume and fibroid size. 62,63 The

mechanism of action of D-UAO is thought to function in a
similar way. In this case, clamp application stops uterine
artery blood flow, triggering the sequence of blood clotting,
uterine ischemia, and fibroid infarction and necrosis. This
mechanism of fibroid death and myometrial survival
following prolonged ischemia appears to use the same
biological processes that cause placental death after
postpartum clotting of uteroplacental arteries. 64 Some

experimental evidence in support of this mechanism of
action comes from monitoring of uterine pH (as a proxy for
hypoxia and lactic acidosis) before, during, and 24 hours
after outpatient LUAO, which showed a time course of pH
drop and rise in the myometrium that appears to be
consistent with the transient ischemia hypothesis. 63

CONCLUSIONS

Options for the treatment of symptomatic patients with
uterine fibroids have increased, particularly with the
introduction of less invasive surgical procedures. Although
hysterectomy remains the definitive treatment, laparoscopic
myomectomy, myolysis and cryomyolysis, and MRgFUS
are choices that might fulfill the needs of some women who
wish to preserve their uterus or otherwise avoid major
surgery. These new surgical procedures offer patients shorter
hospital stays and recovery times as well as less pain and
scarring, but they also pose risks such as recurrence and loss
of fertility. Several studies support the safety and

effectiveness of UAE and LUAO, 2 minimally invasive
procedures that treat fibroids via uterine artery occlusion or
embolization, which produces uterine ischemia that
subsequently causes fibroid infarction and necrosis.
However, these procedures might affect fertility, and LUAO
poses significant technical challenges. Doppler-guided
Uterine Artery Occlusion is a promising new procedure
currently in clinical trials in the United States and Europe
that is based on the same putative mechanism of action as
UAE and LUAO, without harming uterine function, at least
according to initial studies. Randomized studies and
prospective studies with larger numbers of patients and
longer follow-up are needed to fully evaluate the safety and
efficacy of all these interventions. Results from future
studies should help us match the specific needs of each
patient and their clinical presentation to the most appropriate
treatment optoni
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