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ABSTRACT

Objectives: Uterine leyomyomas are benign, monoclonal tumors that can cause abnormal uterine bleeding, pelvic pain,
dyspareunia and/or obstruction of bladder or rectum. Women'’s growing interest in treatments that avoid surgery and/or
preserve the uterus has contributed to the development of minimally invasive methods.

Conducting a literature review and assessment of the effectiveness and safety of minimally invasive methods of treating
fibroids, with particular emphasis on high intensity focused ultrasound.

Material and methods: Systematic review of MEDLINE, Cochrane and PubMed was performed using the following key
words: uterine artery embolization, high-intensity focused ultrasound, microwave ablation, radiofrequency ablation,
minimally invasive, leiomyoma, fertility, pregnancy. English abstracts relevant to the topic were selected. Full-text articles
were carefully analyzed.

Results: Uterine artery embolization is a proven, widely accepted method that is effective in appropriately qualified
cases. Although high focused ultrasound is still an experimental procedure, preliminary studies seem to be promising.
If its efficacy and safety are confirmed in randomized controlled trials, this method may find its place in clinical practice.
Microwave and radiofrequency ablation are interesting minimally invasive methods with the future potential to be
recognized as a method of treating fibroids.

Conclusions: Minimally invasive methods are becoming an important treatment option for fibroids. Further research is

needed to recognize these procedures as a fully-fledged alternative to surgical treatment.
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INTRODUCTION

Uterine leyomyomas are benign, monoclonal tumors
originating from smooth muscle tissue. They consist of
a large amount of extracellular substance, which contains
fibronectin and proteoglycans. Myomas are surrounded
by a pseudocapsule. It includes compressed muscle fibers,
collagen fibers, neurofibers, and blood vessels [1].

The regulation of myoma growth is multifactorial. Its
important elements are steroid hormones, growth factors,
angiogenesis and apoptosis [2]. As they are estrogen and
progesterone dependent tumors, they rarely occur before
menarche and often decrease in size after menopause [3].

The risk factors for uterine fibroids include age, early
menarche, low parity, obesity, diabetes, polycystic ovary syn-
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drome and African American race. Food and stimulants like
alcohol or caffeine can also affect the prevalence of fibroids.

Due to the high percentage of undiagnosed fibroids, it is
difficult to accurately determine their incidence. Depending
on the population and diagnostic methods, studies show
that 5.4 to 77% of women have fibroids [2].

About 30% of patients with myomas have symptoms
like abnormal uterine bleeding, pelvic pain, dyspareunia and
obstruction of bladder or rectum [3]. Myomas are also associ-
ated with about 10% of the cases of infertility and in 1-3%
of cases they are the only cause [4]. Asymptomatic myomas
require only a medical surveillance, whereas symptomatic
myomas are an indication for treatment.
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Currently used treatment methods include medical thera-
pies [levonorgestrel intrauterine system, gonadotropin-releas-
ing hormone (GnRH) agonists], surgical treatment (myomec-
tomy, hysterectomy) and minimally invasive procedures [5].

Women's growing interest in treatment options that
avoid surgery and preserve the uterus has contributed to the
development of minimally invasive methods such as: uter-
ine artery embolization (UAE), magnetic resonance guided
high-intensity focused ultrasound (MR-HIFU), ultrasound
guided high-intensity focused ultrasound (US-HIFU), laparo-
scopic uterine artery occlusion (LUAO), microwave ablation
and radiofrequency myolysis [6, 7].

MATERIAL AND METHODS

Systematic review of MEDLINE, Cochrane and PubMed
was performed using the following keywords: uterine artery
embolization, high-intensity focused ultrasound, microwave
ablation, radiofrequency ablation, minimally invasive, leio-
myoma, fertility, pregnancy. The review was performed in
April 2021. English abstracts relevant to the topic were se-
lected. Full-text articles written in English between 2008 and
2021 were carefully analyzed.

Uterine artery embolization (UAE)

UAE is a minimally invasive method that was initially
used to reduce blood loss after myomectomy. In 1995, it was
proposed as a separate treatment option for symptomatic
fibroids in women wishing to preserve the uterus [8]. Over
the years, a lot of research has been done on the UAE con-
firming its safety and effectiveness. The National Institute of
Health and Clinical Excellence in its guidelines recognized
UAE as an option of treatment for heavy menstrual bleed-
ing [9]. However, despite more than 20 years of experience,
this method still raises some controversy, especially when it
comes to the qualification of women planning pregnancy
in the future [10].

UAE is performed under local or epidural anesthesia by
an interventional radiologist and takes about 30 to 60 min-
utes. This procedure is performed under fluoroscopy guid-
ance. After percutaneous access is obtained (most often in
the inguinal region), vascular catheter is inserted through
the femoral artery into the aorta, internal iliac artery and
uterine artery. After the correct position of the catheter is
confirmed, an embolic agent is injected into the uterine
artery along with a contrast agent. The injection continues
until the flow in the uterine artery is blocked. The catheter
is then removed, and a pressure dressing is applied to the
puncture site. As UAE is associated with post-embolization
pain, further treatment is necessary after the procedure.
Patient controlled analgesia is the preferred choice [5].

UAE reduces the volume of fibroids by 25-60% and caus-
es the resolution of heavy menstrual bleeding in 81-96%,

pelvic painin 70-100% and pressure symptoms in 46-100%
of patients.

UAE is considered a safe procedure. Possible complica-
tions include local side-effects associated with the angiog-
raphy procedure, non-target embolization of other pelvic
organs and infections [5].

Recent meta-analysis showed, that 40.5% of women
wishing to conceive after UAE experienced at least one
pregnancy. Finished pregnancies had an abortion rate of
28.6% while rate of preterm delivery, low birth weight and
obstetrical complications were 12.8, 10.0 and 25.4% re-
spectively. Although results of finished pregnancies are
similar to general population, there was significant vari-
ability between included studies [11]. Furthermore, data
exist showing that UAE is associated with an increased
risk of complications such as miscarriage, placental adhe-
sion, and uterine rupture [5]. UAE has been shown to have
an adverse effect on the ovarian reserve, probably due to
non-target embolization. Thus, patient concerns about their
ovarian function should be considered contraindication to
this procedure [12]. Before the procedure, patient should be
informed that although, the incidence of leiomyosarcoma
(LMS) is low and proper qualification (including endome-
trial biopsy and contrast enhanced magnetic resonance)
has about 90% sensitivity in its detection, it is not possible
to exclude a malignant lesion without histopathological
examination. Therefore, embolization (and other minimally
invasive treatments) may delay diagnosis and proper treat-
ment [5]. Cost effectiveness of UAE seems to be on par with
other treatment options [13].

Overall UAE is an effective procedure that improves the
quality of life. However, precise qualification of the patient,
taking into account the indications and contraindications,
is necessary to obtain satisfactory results [5].

High intensity focused ultrasound (HIFU)

HIFU is a thermoablative treatment method for uterine
fibroids. The myomas are heated transabdominally using
focused ultrasound until complete ablation is confirmed.
Constant magnetic resonance [14] or ultrasound [15] mon-
itoring is required for this procedure. Before the proce-
dure is performed, appropriate qualification is necessary:
gynecological consultation with ultrasound examination
and cytological smear, as well as radiological consultation,
including MRI with contrast. The patient must be aware
that, although proper qualification lowers the risk, it is not
possible to exclude malignancy without histopathological
examination [14].

The patient must show up for the treatment after over-
night fasting. The abdomen must be shaved from the um-
bilicus to the superior border of the symphysis pubis. Skin
must be free from lotions or creams, as even a small amount
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can cause skin burn during the procedure. Before the proce-
dure, avascular access is obtained and a catheter is inserted
into the bladder [6]. There should be no bone or scar tissue
in the sonication path, and the ultrasound focal region must
cover most of the lesion [15]. In some cases filling the blad-
derand/ or rectum may be necessary to shift the sonication
beam from the sensitive area or to displace the loops of
small intestine [6]. HIFU procedures are performed under
intravenous sedation. Due to the need for effective commu-
nication with the patient during the procedure (as to prevent
complications) deep sedation should be avoided [15].

According to several studies, HIFU is a relatively safe
procedure. Complications occur in approximately 10-25%
of cases with majority of them being minor (vaginal secre-
tion, abdominal distention or lower abdominal pain that
resolves spontaneously). Major complications (second or
third degree skin burns, urinary retention, acute renal failure,
intestinal perforation, hernia in abdominal wall) are rare [15,
16]. Hysterectomy and myomectomy have been shown to
carry a much higher risk of serious complications [16]. In
some cases, myoma calcification can alter the ultrasound
beam and cause damage adjacent organs. Old surgical scars
at the insonation site were found to increase the risk of
severe skin burns [15].

Non-perfused volume (NPV) ratio is a key parameter
correlating with the clinical outcomes of the procedure [17].
Achieving higher NPV ratio may contribute to the improve-
ment of the effects of treatment. In 2004, when MR-HIFU
was initially approved by the Food and Drug Administration
(FDA), the guidelines allowed for a maximum of 50% NPV
ratio. These guidelines changed in 2009, when ablation of
100% of the tumor volume became permissible. Park et al.
[6] concluded, that achieving NPV ratio of > 80% results
in a more significant reduction in tumor volume without
increasing the complication rate. It even seems possible
to achieve an NPV ratio of above 90% without affecting
patient safety [18]. On the other hand, a low NPV ratio is
associated with reduced therapeutic success and a higher
rate of reintervention [19, 20]. A study by Ikink et al. found
a seven-fold higher rate of reintervention after MR-HIFU
compared to UAE with an NPV ratio of only 38% (26-62%).
The authors themselves noticed a much lower reinterven-
tion rate in the group of patients with NPV ratio of > 50%
[19]. Increased thickness of the subcutaneous tissue of the
anterior abdominal wall is one of the factors that make it
difficult to achieve an appropriate NPV ratio [18].

Oxytocin, through its receptors in uterine smooth
muscle cells, causes myometrial contraction and closure
of blood vessels after delivery. A similar but weaker effect
can be observed in non-pregnant uterus. Administration of
oxytocin during the MR-HIFU procedure seems to reduce
the sonication time and energy needed to achieve the set

temperature. A greater reduction in tumor volume was
also observed in the oxytocin group [21]. Similar results
have been confirmed in other studies — both in the case
of fibroids (MR-HIFU) [22] and adenomyosis (US-HIFU) [23].

Barnard et al. [20] in a randomized trial compared re-
covery trajectory after UAE and MR-HIFU. In the HIFU group,
alower percentage of the use of outpatient opioid medica-
tion and nonsteroidal anti-inflammatory drugs was found.
Patients in this group returned to work faster than after
UAE while in both groups this time was lower than after
the hysterectomy. Two patients (10%) in the HIFU group re-
quired another procedure within six weeks. In this study the
mean NPV ratio was < 50%, which may have caused the need
of reintervention. However, exact data on these patients was
not provided [20]. In a prospective study of 2,411 women
treated with the US-HIFU, hysterectomy or myomectomy
the Uterine Fibroid Symptom and Quality of Life (UFS-QOL)
score improved faster after HIFU, however the absolute dif-
ference was small [16]. Among 272 women, the mean reduc-
tion in the volume of fibroids after US-HIFU was 58%, 66%
and 77% at the 3, 6 and 12 months follow-up, respectively.
At the same time, only in six cases the symptoms recurred.
Furthermore US-HIFU was shown to be an effective treat-
ment option for adenomyosis [24]. Another US-HIFU study
involved 81 women with multiple (3-9) uterine fibroids.
The UFS-QOL results improved significantly, although
it should be noted that only 21 patients completed the
six-month follow-up. During the follow-up two patients with
submucosal myomas required myomectomy, as menstrual
bleeding was not reduced [25]. There was also a significant
decrease in myoma volume and an improvement in Symp-
tom Severity Score (SSS) and UFS-QOL in this study [7].

Maintaining fertility is one of the reasons influencing the
treatment decision, especially in case of minimally invasive
procedures. For this reason, we believe that it is necessary to
analyze the effect of the procedure on fertility and obstetric
results. Unlike UAE [10], HIFU does not appear to affect ovar-
ian reserve based on anti-Miillerian hormone (AMH) levels
[7]. Similar results were obtained in women over the age
of 40 [26]. Furthermore, pregnancy interval after HIFU was
found to be significantly shorter than after myomectomy
(10 and 13 months, respectively) [27]. The median time to
pregnancy in the HIFU group was also shorter in another
study (5.6 months) compared to the recommended recovery
period of at least one year after myomectomy [28]. Several
studies show, that it is possible to conceive and deliver
healthy child after HIFU, but data from randomized studies
in large study groups are lacking [27-30].

In a paper written by Juan Qin et al.[30] 24 out of 435 pa-
tients conceived spontaneously after US-HIFU. All seven
patients who decided to continue their pregnancies were
delivered on time, and the children received 8-10 points
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on the Apgar scale. In one case, an ongoing pregnancy
was detected immediately after the procedure and abor-
tion was performed due to the expected adverse effects
of HIFU performed in the secretory phase of the menstrual
cycle, when the patient was probably already pregnant [30].
Similar case of MR-HIFU performed on submucosal fibroid
was presented by Polish team. In this case, the pregnancy
was uneventful and the patient gave birth to a healthy
child [29]. In our opinion care should be taken to ensure
that procedures of this type take place in the preovulatory
phase or are preceded by the determination of serum hu-
man chorionic gonadotropin (hCG).

Several studies presented outcomes of pregnancy after
HIFU. The number of miscarriages and obstetric compli-
cations was comparable to that after myomectomy with
majority of pregnancies ending at full term [27, 28, 31, 32].
In a study on 189 women who did not use contraception af-
ter US-HIFU, 131 conceived. Compared to the myomectomy,
premature delivery rate was lower but other pregnancy
complications as well as spontaneous abortions were on
similar level. However, patients requiring re-intervention
were excluded from this study which may have favorable
for HIFU influence on the results [32]. Similar rates of preg-
nancies, live births, and obstetric complications in US-HIFU
and myomectomy groups were confirmed by other retro-
spective study [27]. In another study 20 out of 276 (7.25%)
patients. became pregnant after MR-HIFU. No pregnancy
related complications that could be associated with the
procedure were detected [31]. Of the 406 treated patients,
78 (19.2%) had a total of 80 pregnancies. 71 pregnancies
ended with live birth, there were 3 miscarriages, 1 abortion
and 5 on-going pregnancies. Three babies were born prema-
turely due to fetal distress, premature rupture of membranes
and polyhydramnios [28].

Initial equipment purchase costs are high [33], however
MR-HIFU can be a cost-effective alternative to established
treatment options (UAE, myomectomy, hysterectomy) for
symptomatic uterine fibroids. Its effectiveness depends on
the number of procedures performed and the age of the
patients. The NPV ratio has a high impact on the effective-
ness of this procedure. As the NPV ratio increases, so does
the cost per quality-adjusted life-year (QALY) gained and
the potential savings. It is worth noting that this study did
not take into account the patients’future reproductive plans
[34].In another study authors concluded, that myomectomy,
UAE and MR-HIFU can be considered cost-effective over
a five-year time frame [35].

Microwave ablation
ultrasound-guided percutaneous microwave ablation
(PMWA) is a simple, minimally invasive procedure widely
used in the treatment of tumors in organs other than the

uterus. In this procedure, antennas with a microwave gen-
erator are placed in the tumor. In the case of larger tumors, it
is possible to use several antennas to achieve higher ablation
uniformity. lerardi et al. [36] concluded that PMWA is a safe
and effective method of treating uterine fibroids. How-
ever, large randomized prospective trials are still needed
to better demonstrate the benefits and drawbacks of this
procedure [36].

Chinese researchers in a multicenter study on 311 pa-
tients achieved an ablation ratio of 86.6%, a decrease in the
volume of fibroids by 86.7% and a significantimprovement
in UFS-QOL. There were no serious complications. 27 (8.7%)
patients experienced abdominal pain that resolved within
12 hoursand 19 (6.1%) developed a small amount of vaginal
discharge which resolved within 20 days. Overall, PMWA has
been found to be a safe and effective treatment for uterine
fibroids [37].

Tsuda and Kanaoka [38] presented the method of tran-
scervical microwave ablation of submucosal fibroids. Out
of 35 patients, only two required reintervention. In the fol-
low-up, an increase in hemoglobin levels and a reduction
in the volume of fibroids by > 70% was observed [38]. We
believe that this method may be promising for patients with
submucosal fibroids difficult to remove by hysteroscopy.

As it is with HIFU, oxytocin seems to decrease the heat
sink during the microwave ablation, thus shortening the
ablation time and increasing ablation rate [39]. Vasopressin
administered between myometrium and myoma may play
asimilar role, but more research is needed to prove this [40].

We found no data regarding the cost-effectiveness or
fertility outcomes of PMWA.

Radiofrequency ablation (RFA)

RFAis another ultrasound-guided procedure that allows
the ablation of fibroids. The radiofrequency electrode is
placed percutaneously or transvaginally with a needle guid-
ed into the selected myoma. The procedure is performed
under ultrasound guidance and moderate intravenous anes-
thesia[41,42].In a study on thirty five symptomatic patients
that underwent percutaneous RFA, no major complications
were reported and the severity of menstrual bleeding and
pain was reduced. The most prevalent complications were:
abdominal pain, erythema and skin reaction at entry site
and symptoms of urinary tract infection [41]. In another
study 19 patients underwent transvaginal RFA. There was
significant improvement in QOL score after the procedure,
while no major complications were observed. Overall, this
method may be an alternative treatment option for sympto-
matic myomas, however prospective randomized trials are
necessary to confirm its effectiveness and safety [42]. Data
on the cost-effectiveness and pregnancy outcomes of this
method were not found.
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CONCLUSIONS

Minimally invasive methods of treating fibroids are con-
stantly evolving. UAE is a proven, widely accepted method
that is effective in appropriately qualified cases. US and
MR-guided HIFU, are still experimental methods. It seems
that with a sufficiently high NPV ratio, HIFU may be safe
and cost-effective.

Microwave and radiofrequency ablation are interesting
minimally invasive techniques that have the potential to be
recognized as a method of treating fibroids in the future,
provided that the initial results are confirmed by randomized
control trials.
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