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Abstract: Background/Objectives: Adenomyosis is a debilitating gynecologic condition that affects
both multiparous older women and nulliparous younger women, inducing a variety of symptoms
such as dysmenorrhea, menorrhagia, and infertility. Thermal ablation techniques are new procedures
that have been proposed for the treatment of adenomyosis. They include high-intensity focused
ultrasound (HIFU), percutaneous microwave ablation (PMWA), and radiofrequency ablation (RFA).
Because thermal ablation techniques are minimally invasive or noninvasive, fertility is not impaired
while symptoms improve. In addition, hospital stays and financial costs are generally reduced, in-
creasing the interest in these alternative management options. Methods: In this narrative review, we
conducted a thorough literature search of PubMed /Medline from the database inception to Septem-
ber 2022. In our search, we focused on noninvasive treatment methods such as HIFU ablation, RFA
ablation, and PMWA as well as adenomyosis-specific terms and noninvasive techniques (ultrasonog-
raphy, ultrasound, or magnetic resonance imaging). The queries were a combination of MeSH terms
and keywords. The search was limited to the English language. Abstracts were screened according
to their content, and relevant articles were selected. Results: Overall, the results showed that the
above-mentioned ablation techniques are effective and safe in providing adenomyosis treatment.
Lesion size and uterus volume are reduced, leading to considerable symptom alleviation with all
three methods. Positive results concerning safety and fertility preservation have been described as
well. Conclusions: Nonetheless, more research is required in this field to compare the efficacy and
safety of different ablation techniques with traditional therapies. Such research will help improve
these procedures and their associated decision-making processes.

Keywords: adenomyosis; therapy; high-intensity focused ultrasound (HIFU); percutaneous
microwave ablation (PMWA); radiofrequency ablation (RFA)

1. Introduction

Adenomyosis is a condition involving glands (from the Greek adeveg = adeno) and
muscles (from the Greek pvg = myosis) [1]. The current scientific definition, primar-
ily based on that provided by Bird et al. [2], describes adenomyosis is a “benign inva-
sion of the endometrium into the myometrium producing a diffusely enlarged uterus
which microscopically exhibits ectopic, non-neoplastic, endometrial glands surrounded by
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hypertrophic-hyperplastic musculature”. It is now recognized that adenomyosis affects not
only multiparous older women, as was historically believed based on histopathological
diagnosis following hysterectomy, but also nulliparous younger women [3]. Although the
exact etiopathogenesis of adenomyosis remains uncertain, several hypotheses exist [4,5].
One prominent theory suggests that intense uterine contractions during menstruation
cause repeated microtrauma to the endometrial basal lamina, leading to the invagination
of endometrial tissue into the myometrium [4,5]. This process, referred to as endometrial—-
myometrial interface disruption, may be driven by inflammation, local estrogen production,
epigenetic changes, or somatic mutations. Other proposed mechanisms include metapla-
sia of embryonic Miillerian remnants, differentiation of embryonic stem/progenitor cells,
and extension of peritoneal pelvic endometriosis into the myometrium [4,5] Additionally,
increased stiffness of the internal cervical os may contribute to adenomyosis by obstruct-
ing menstrual flow and enhancing uterine contractions, thereby facilitating endometrial
invasion into the myometrium [4,5].

Adenomyosis is a common gynecological condition affecting women, especially those
of reproductive age. The prevalence varies according to the population type, ranging from
approximately 20% to 35% in nonemergency outpatient settings [6,7]. In one cross-sectional
study, adenomyosis was found in 86.1% of women who presented with gynecological
symptoms in the emergency department, making it the most common pathology among
these patients [8]. According to that study, adenomyosis was prevalent in all age groups but
more common in women >41 years of age [8]. This prevalence highlights the significant
impact of adenomyosis on women’s health as well as the importance of early diagnosis
and treatment.

The introduction of imaging techniques such as transvaginal ultrasound and magnetic
resonance imaging (MRI) has resulted in diagnostic advancements. Transvaginal ultra-
sound and MRI can diagnose adenomyosis accurately without invasive procedures, which
is critical for guiding appropriate clinical management [9,10]. If adenomyotic lesions in the
myometrium are examined according to their pattern, we can distinguish between focal
and diffuse adenomyosis [11]. In some adolescents and young adult patients, the disease
presents as a cystic adenomyoma [12]. Even though, several classifications of adenomyosis
into subtypes according to the findings of histopathology and imaging have been proposed.
Still, there is no consensus on which one should be universally used [11].

A transvaginal ultrasound scan is a relatively easy-to-perform first-line method for
a reliable diagnosis of adenomyosis, while magnetic resonance should be proposed as
a second-line method. According to a recent meta-analysis, ultrasound scans reached a
78% value for both specificity and sensitivity [10]. In 2015, an expert panel, the MUSA
(Morphological Uterus Sonographic Assessment) group, developed, for the first time, a
consensus on terms, definitions, and measurements to describe and report the sonographic
features of adenomyosis. These criteria were further refined in 2019 and subdivided into
two categories: direct signs (myometrial cysts, hyperechogenic islands, and echogenic
subendometrial lines and buds) and indirect signs of adenomyosis (globular uterus, asym-
metrical myometrial thickening, fan-shaped shadowing, translesional vascularity, irregular
junctional zone, and interrupted junctional zone) [10].

Regarding the clinical presentation, adenomyosis exhibits symptoms of varying inten-
sity, infertility, and connection with endometriosis [13]. Common symptoms are intense
pelvic pain, dysmenorrhea, menorrhagia, and infertility; however, asymptomatic cases also
exist. An investigation of the recent literature reveals that no definitive conclusions have
been reached regarding either the pathogenesis or the diagnostic criteria, leading to a great
need for further research. Evidence concerning the efficacy of the different treatment op-
tions is also limited despite the fact that research in this field is steadily progressing [14,15].

The standard treatment for adenomyosis is currently considered to be surgical. So
far, hysterectomy can be proposed as a curative therapeutic option but it is invasive and,
unfortunately, unsuitable for females who want to retain their reproductive capability.
Consequently, physicians resort to conservative surgical resection, preserving healthy
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remaining tissue. Nonetheless, surgical techniques could be very challenging and can
expose the women to potentially severe complications in case of future pregnancy, like
uterine rupture [15]. Alternative medical treatments can be proposed, including oral
contraceptive pills, levonorgestrel-releasing intrauterine system (LNG-IUS), gonadotropin-
releasing hormone analogs (GnRH-a), and further compounds still less investigated [14].
However, their efficacy seems to be still limited, particularly in some therapy-refractory
cases. In this context, nonsurgical ablative techniques like thermal ablation procedures can
potentially play a role as a game-changer in the conservative treatment of adenomyosis.

The objective of this review is to present an overview of the current literature on
thermal ablation procedures for the noninvasive treatment of adenomyosis. Techniques
reviewed include high-intensity focused ultrasound (HIFU), percutaneous microwave
ablation (PMWA), and radiofrequency ablation (RFA). The feasibility, treatment success,
safety, benefits, and drawbacks of each therapy are evaluated.

2. Methods

The literature research was focused on noninvasive ablative methods for the treatment
of adenomyosis, specifically concerning HIFU, RFA, and PMWA procedures. Women
seeking a nonsurgical uterine-sparing treatment were the target population. Outcomes data
searched for included feasibility, efficacy, safety issues, and fertility. Data were compared,
when dates were available, with current therapies for adenomyosis, both surgical and
medical ones.

For the purpose of this narrative review, a literature search of PubMed and Medline
was performed from the database inception to September 2022 using the following key-
words: “adenomyosis” [MeSH Terms] AND “high-intensity focused ultrasound ablation”
[MeSH Terms], “adenomyosis” [MeSH Terms] AND “radiofrequency ablation” [MeSH
Terms], “adenomyosis” [MeSH Terms] AND “microwaves” [MeSH Terms], “adenomyosis”
AND “therapy”, “adenomyosis AND histology”, “adenomyosis AND imaging”, “adeno-
myosis AND ultrasonography OR ultrasound”, “adenomyosis AND magnetic resonance
imaging”. The search was limited to the English language. Two independent authors (DA
and AFr) screened abstracts according to their content, and relevant articles were selected.

This review was performed following the SANRA (scale for the quality assessment of
narrative review articles) recommendations, developed to improve the quality of narrative
reviews [16]. The following six items were retained in order to select the sources of the
literature with a higher standard of quality: an explanation of (1) the importance and (2) the
aims of the review, (3) the literature search and (4) referencing and presentation of (5) the
evidence level, and (6) relevant endpoint data. A total of 134 original research papers
and review articles were identified. We selected 62 relevant prospective cohort studies,
randomized controlled trials (RCTs), and review articles addressing the topic of thermal
ablation procedures for the noninvasive treatment of adenomyosis.

3. Results—General Principles of Thermal Ablation Methods

Beyond the option of hysterectomy and fertility-sparing surgical treatments for adeno-
myosis, image-guided, thermal ablation, and minimally invasive procedures are currently
showing promise in managing symptomatic adenomyosis and are considered safe and
effective. Three focused tissue thermal ablation technologies are used: HIFU, PMWA,
and RFA.

HIFU is a local, noninvasive thermal ablation technique. A concave extracorporeal
transducer generates the ultrasound beams. It is guided by MRI or ultrasonography, and its
action affects the target area thermally, cavitationally, and mechanically (Figure 1). While
treatment is active, the ultrasound beams enter the tissue, especially via the acoustic route,
and are then guided to the body’s target region. At temperatures of >65 °C, the target tissue
undergoes coagulative necrosis [17]. Despite the expense of MRI, there are advantages in
real-time temperature mapping and high anatomical resolution. Additionally, ultrasound
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guidance provides real-time anatomic imaging for monitoring the treatment response and
is less costly [18].

Focused transducer
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Figure 1. (A): Schematic representation of ultrasound-guided high-intensity focused ultrasound
(HIFU) mechanism of action; (B): JC model of HIFU tumor therapeutic system [19].

The second therapy is ultrasound-guided RFA. Under ultrasound guidance, a needle
is inserted directly into the lesion, and the heat produced affects the target lesion (Figure 2).
A high-frequency alternating electrical current generates heat by ionic friction, achieving
tissue necrosis [20].

Figure 2. A radiofrequency needle electrode with extendible prongs, used for uterine nodular
adenomyosis ablation [21].

The third therapy is PMWA. PMWA is a percutaneous, in situ therapy that works
through ultrasound guidance (Figure 3). Its purpose is to induce coagulation necrosis of the
lesion through heat [22]. PMWA uses electromagnetic energy to rapidly rotate polar water
molecules next to each other to generate heat. Its mechanics depend on the percutaneous
insertion of an electrode directly into the lesion under ultrasound guidance [20].
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Figure 3. Ultrasound-guided percutaneous microwave ablation for adenomyosis [23].

A summary of studies on three ablation techniques for adenomyosis (HIFU, PMWA
and RFA) is provided below.

3.1. HIFU (Table 1)

HIFU is probably the most consolidated noninvasive thermal ablation technique. A
summary of studies concerning feasibility, efficacy, safety and drawbacks on this ablation
technique for adenomyosis is provided below (Table 1).

Table 1. Summary of studies on HIFU ablation technique for adenomyosis.

High-Intensity Focused Ultrasound

Article Title First Author, Study TyPe and Num.ber of Main Results
Year Location Patients

Clinical effectiveness and  Li, 2020 Retrospective study 67 patients for HIFU provided considerable relief for
potential long-term [24] China 2 years patients with severe preoperative
benefits of high-intensity dysmenorrhea.
focused ultrasound Patients with a high pre-HIFU NRS
therapy for patients with score had good results.
adenomyosis The effectiveness of HIFU for reducing

uterine lesion volume and
hypermenorrhea was marginal.
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Table 1. Cont.

High-Intensity Focused Ultrasound

Article Title First Author, Study TyPe and Num.ber of Main Results
Year Location Patients
Clinical predictors of Liu, 2016 Retrospective study 230 patients The study focused on the long-term
long-term success in [25] China (>3-year) value of HIFU ablation
ultrasound-guided treatment.
high-intensity focused The long-term success rate was
ultrasound ablation satisfactory.
treatment for Patients with a higher NPV ratio and
adenomyosis older age had higher success rates.
The recurrence rate was higher in
patients with a higher BMI and lower
acoustic power.
Factors influencing the Gong, 2016 Retrospective study 245 patients Factors that rendered HIFU therapy
ablative efficiency of [26] China for adenomyosis less effective are as
high-intensity focused follows: greater abdominal thickness,
ultrasound (HIFU) greater distance from the ventral side
treatment for of the lesion to the skin, degree of
adenomyosis arterial enhancement, and amount of
high T2 signal in a lesion.
Changes in Lee, 2017 Retrospective study 79 patients HIFU is a safe and effective treatment
anti-Miillerian hormone  [27] China option for reducing symptoms of
levels as a biomarker for adenomyosis, including
ovarian reserve after dysmenorrhea and menorrhagia.
ultrasound-guided It is a better therapeutic option than
high-intensity focused LE for patients with adenomyosis and
ultrasound treatment of infertility, resulting in higher
adenomyosis and uterine conception rates and live birth rates.
fibroid
High-intensity focused Haiyan, 2019 Case series with 142 patients Both the uterine and lesion volumes
ultrasound (HIFU) [28] long-term 5-year conservatively significantly decreased after treatment.
combined with follow-up treated with The average reduction rate was 45% at
gonadotropin-releasing China HIFU in 12 months followed by an increase
hormone analogs combination with  of 35%.
(GnRHa) and adjuvant GnRH-a ~ AD lesion volumes, dysmenorrhea,
levonorgestrel-releasing and LNG-IUS and menstrual flow showed similar
intrauterine system decreases.
(LNG-IUS) for Hemoglobin levels increased.
adenomyosis Recurrence rates remained low.
High-intensity focused Li, 2021 Retrospective study 1982 patients: After HIFU ablation, the
ultrasound in the [29] China 485 — only HIFU  dysmenorrhea severity pain score and
management of 289 — HIFU the menorrhagia severity score were
adenomyosis: long-term followed by considerably decreased at each
results from a single GnRH-a follow-up point.
center 594 — HIFU As the follow-up time increased, the
combined with effective rate of HIFU treatment in
GnRH-a and improving dysmenorrhea and
Mirena menorrhagia decreased.

At the 6-month and 3-year follow-ups,
the efficacy of HIFU + Mirena and
HIFU + GnRH-a + Mirena was
significantly higher than that of HIFU
alone and HIFU + GnRH-a.
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Table 1. Cont.

High-Intensity Focused Ultrasound

Article Title First Author, Study TyPe and Num.ber of Main Results
Year Location Patients
Effect of pretreatment Xiao-Ying, 2018  Retrospective 61 patients in two  Although the lesion volume in the
with [30] cohort study groups: HIFU + GnRH group was larger than
gonadotropin-releasing China 23 patients with that in the HIFU-only group, the study
hormone analog GnRH-« larger uteri revealed higher NPV, NPVR%,
on high-intensity focused received treatment intensity, and total energy

ultrasound ablation for
diffuse adenomyosis: a

pretreatment with
GnRH-a and were

with shorter treatment and sonication
times in the HIFU + GnRH group than

preliminary study then subjected to  in the HIFU-only group.
HIFU; 38 patients ~ Noticeable differences were observed
received HIFU for NPV, NPVR%, average power, and
only total intensity energy between the two
groups, but not for other parameters.
HIFU + GnRH was more effective
than HIFU alone for the ablation of
diffuse AD.
The GnRH pretreatment was safe.
Efficacy of high-intensity =~ Pang, 2021 Systematic review Data from 766 HIFU + GnRH-a for the treatment of
focused ultrasound [31] and meta-analysis patients with AD  adenomyosis had greater efficacy in
combined with GnRH-a China were studied decreasing the volumes of the uterine
for adenomyosis and adenomyotic lesions and
alleviating symptoms.
More studies are needed to verify the
long-term efficacy of the treatment.
Feasibility of MRI-guided  Fan, 2011 Clinical trial 10 patients The trial results acknowledged that

high intensity focused
ultrasound treatment for
adenomyosis

[17]

HIFU treatment is a feasible and safe
ablation method that also relieves
symptoms.

China

AD: Adenomyosis; HIFU: high-intensity focused ultrasound; GnRH-a: gonadotropin-releasing hormone analog;
LNG-IUS: levonorgestrel-releasing intrauterine system; NPV: non-perfusion volume; NPVR: NPV ratio.

3.1.1. HIFU: Feasibility

With respect to the feasibility of HIFU, problems have been encountered in patients
with increased abdominal wall thickness, lesions located in the posterior uterine wall, and
lesions with an excessive blood supply. These issues arise because the thermal energy
may have difficulty reaching the lesion due to the increased distance or may be dissipated
by the increased blood supply. The feasibility and efficacy of HIFU depend on several
factors, including the uterine position, the volume and vascularization of the adenomyotic
lesions, the distance to the lesion, and the abdominal wall thickness, which should ideally
be <1 cm [19].

3.1.2. HIFU: Efficacy

Several original studies have focused on the efficacy of HIFU. They have all confirmed
the effectiveness of this conservative approach regarding various outcomes, including both
clinical outcomes (hypermenorrhea, dysmenorrhea, and fertility) and anatomic landmarks
(uterine dimensions or lesion volume). Two similar retrospective studies performed in
China by Li et al. [24] and Liu et al. [25] focused on the long-term efficacy of HIFU for
the treatment of adenomyosis. Both studies showed that dysmenorrhea was significantly
decreased post-treatment, whereas hypermenorrhea was not [24]. Additionally, Li et al. [24]
examined the uterine lesion volume, for which HIFU demonstrated only borderline effec-
tiveness. Liu et al. [25] verified a link between the success of HIFU and the non-perfused
volume (NPV) ratio according to the following four factors: adenomyosis type, adenomy-
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otic lesion volume, mean acoustic intensity, and NPV. Moreover, an age of >40 years was
found to contribute to the success of HIFU treatment. Both studies concluded that HIFU
ablation is safe, effective, and clinically valuable [24,25]. A similar approach was used by
Gong et al. [26] in their retrospective study, which was performed to investigate factors
associated with the ablative efficiency of HIFU. The authors found that wall thickness and
lesion location were related to the energy efficiency factor (EEF), NPV ratio, and grayscale
changes during treatment. Patients with thick abdominal walls or lesions in the posterior
wall exhibited a significantly higher EEF and lower NPV ratio and image pattern changes.
Moreover, patients with more extensive lesions showed a significantly higher NPV ratio
combined with a considerably decreased EEF. An association was also found between
hyper-enhancing lesions and an excessive blood supply, making HIFU treatment more
difficult and resulting in a lower NPV ratio and a significantly higher EEF [26]. Another
study showed that HIFU for the treatment of adenomyosis significantly reduced the uterine
volume compared with pretreatment [27]. Results were even present at 3, 6, and 12 months
of follow-up after treatment. Moreover, at these same post-treatment time points, the symp-
tom severity score decreased while the Uterine Fibroid Symptom Health-Related Quality
of Life Questionnaire score increased [27]. An investigation performed by Du et al. [32]
focused on the association between the number of hyperintense foci on T2-weighted MRI
and the efficacy of HIFU for adenomyosis treatment. The patients in this prospective cohort
study were divided into two groups based on the number of hyperintense foci present
before treatment (<5 or >5). Post-treatment follow-ups were scheduled at 6, 12, 24, and
36 months. The results showed that the treatment time, dose, and EEF were significantly
higher and that the ablation rate was lower in the group with >5 hyperintense foci [32].

In their systematic review and meta-analysis, Marques et al. [33] investigated the
efficacy of HIFU in decreasing adenomyotic lesion size, bleeding, and pain and increasing
quality of life. They found a considerable decrease in the volume of both adenomyotic
lesions and the uterus, and this effect lasted for 12 months post-HIFU. The rates of dys-
menorrhea and menorrhagia from the pooled results were significantly reduced for up to
24 months post-treatment.

The most recent study was performed by Gong et al. in 2022 [34]. The authors
assessed the improvement in the median menstrual pain score and the median menstrual
blood volume at 18 months post-HIFU. HIFU alleviated both symptoms in all subtypes of
adenomyosis. With respect to dysmenorrhea, patients with internal adenomyosis had the
least intense pain, while patients with asymmetric external adenomyosis had the greatest
pain at 18 months; however, no statistically significant difference in menstrual pain relief
was observed among the subtypes. Regarding menorrhagia, HIFU improved the menstrual
blood volume in all subtypes, although significantly less pain relief was achieved for the
asymmetric external subtype than the others [34].

Finally, Huang et al. [35] compared the treatment impact of HIFU and laparoscopic
excision among patients with adenomyosis. The author retrospectively evaluated the
clinical outcome of 93 patients with adenomyosis and infertility, 50 of them treated with
HIFU and 43 with laparoscopic excision. Both treatments considerably alleviated dys-
menorrhea and menorrhagia. Furthermore, although neither patient group demonstrated
critical post-treatment complications, the HIFU group had a shorter hospitalization dura-
tion. Concerning fertility, the HIFU group achieved considerably higher natural conception
and pregnancy rates. In a similar context, patients with diffuse adenomyosis treated by
HIFU had significantly lower post-treatment pregnancy rates than those with focal adeno-
myosis [35]. Equally important, no significant change occurred in the anti-Miillerian hor-
mone (AMH) level, which reflects the ovarian reserve between pretreatment and 6 months
post-treatment [27].
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3.1.3. HIFU: Combination with Other Treatments to Increase Efficacy

There is a new field of research concerning the positive effect of combined therapies
for improving HIFU efficacy. Enhancing the efficacy of the treatment using the same or a
lower degree of energy may reduce the adverse effects and risks of HIFU.

Yao et al. [36] investigated the synergistic positive effects of SonoVue (a microbubble-
based ultrasound contrast agent) and oxytocin on the efficacy of HIFU. The researchers
concluded that combining oxytocin and SonoVue reduced the EEF and limited the ablation
time compared with using each agent alone. Moreover, the efficiency of HIFU increased
due to improved cavitation and thermal mechanisms, as indicated by an increase in the
post-treatment NPV [36].

A crucial development in HIFU treatment is its combination with other methods such
as a levonorgestrel-releasing intrauterine system (LNG-IUS) or gonadotropin-releasing
hormone agonist (GnRH-a). Four studies examined the effects of combined HIFU treatment
and concluded that it was more effective than HIFU alone. Guo et al. [37] discovered
that combining HIFU with GnRH-a therapy reduced the serum CA-125 level, the size of
adenomyotic lesions in the uterus, and menstrual blood flow. Moreover, dysmenorrhea
and clinical outcomes were improved in the short-term follow-up. However, the authors
did not examine long-term effects. Haiyan et al. [28] expanded upon the above results by
studying the long-term effects of HIFU in combination with an LNG-IUS and GnRH-a ther-
apy. The results revealed that both the lesion and uterine volumes considerably decreased,
exhibiting a 45% reduction rate at 12 months post-treatment. Dysmenorrhea and menstrual
flow symptoms also decreased. Moreover, the long-term symptom recurrence rate also re-
mained low during the 5-year post-treatment period. Similarly, Li et al. [29] retrospectively
investigated the long-term clinical results of adenomyosis treated by HIFU (H) alone; HIFU
and Mirena, an LNG-IUS (H+M); HIFU and GnRH-a (H+G); and HIFU with GnRH-a and
Mirena (H+M+G) during a follow-up period of 5 years. Initially, the H treatment decreased
dysmenorrhea and menorrhagia symptoms by >85% at 3 months post-treatment, while
at 5 years, this rate of decrease was 65%. The symptom relief rate continued to decrease
as follow-up continued. H+M and H+M+G treatments provided longer-term relief of
symptoms, whereas H+G provided only short-term improvement [29]. A study conducted
in China by Xiao-Ying et al. [30] in 2018 produced similar results, although the GnRH-a
therapy was used before HIFU for diffuse adenomyosis in patients with a large uterus.
Despite the higher lesion volume in the H+G group than in the H group, the results showed
higher NPVs and NPV ratios and shorter treatment and sonication times in the H+G group.
Moreover, the symptom relief rate improved more in the H+G group at 6 and 12 months
post-treatment than in the H group. In a recent systematic review and meta-analysis, Pang
et al. [31] evaluated the efficacy of HIFU with GnRH-a. Regarding the primary outcomes,
the study showed smaller uterus and adenomyotic lesion volumes with the combined
treatment. Additionally, all secondary outcomes (dysmenorrhea, menorrhagia, serum
CA-125 level, and recurrence rate) showed greater improvement with the combination
therapy than with HIFU alone.

3.1.4. HIFU: Safety and Drawbacks

Evidence confirms that infrequent and mostly minor complications are encountered
with HIFU. The reported incidence of complications after treatment is relatively low at
2.8%. The most commonly appearing symptoms are discomfort and pain in the treated
region, lower abdominal pain, superficial skin burns, and vaginal discharge, although these
can be self-treated [19,25]. Less frequent adverse effects include deeper skin burns, leg pain,
and bowel perforation. Patients with surgical scars in the abdomen have a higher incidence
of skin burns due to denervated tissue with consequent sensory loss in the skin. Bowel
injury can be entirely avoided if patients follow the preparation protocol.

Although there is no conclusive evidence regarding the relationship between fertility
and HIFU, precise lesion ablation prevents damage to the myometrium and endometrium
and, therefore, prevents scar tissue formation. Compared with surgical intervention, HIFU
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produces better outcomes with respect to both post-treatment conception and the risk of
uterine rupture [19]. Another study evaluating fertility conservation after HIFU showed no
significant difference in the AMH level before HIFU ablation and 6 months post-treatment,
indicating that the ovarian reserve remained unaffected [27].

According to more recent bibliography, there are possible complications such as ther-
mal injuries that lead to skin necrosis in the uterus, the peritoneum, the anterior abdominal
wall muscles, and the subcutaneous tissue. More serious complications, including internal
organ damage and skin burns due to false targeting, exaggeration of power strength, me-
chanical causes or operators with insufficient skills and training have been described [38].

3.2. RFA

RFA is another thermal ablation technique for treating dysmenorrhea, menorrhagia,
and related problems such as subacute and chronic anemia. Relatively few studies have
focused on this noninvasive procedure. A recent review examined 7 studies involving
396 patients who underwent RFA treatment for symptomatic adenomyosis [39]. One
was a high-quality prospective randomized controlled clinical trial, and the others were
retrospective studies. A summary of studies on radiofrequency ablation technique for
adenomyosis is provided below (Table 2).

Table 2. Summary of studies on RFA ablation technique for adenomyosis.

Radiofrequency Ablation

Article Title First Author, Study TyPe and Number of Patients Main Results
Year Location
Ultrasound-guided Hai, 2021 Retrospective study 72 patients (January  Ultrasound-guided RFA used with
transvaginal [40] China 2013-January 2016)  an LNG-IUS was a simple, safe,
radiofrequency ablation and effective alternative for the
combined with treatment of symptomatic
levonorgestrel-releasing adenomyosis.
intrauterine system for Specifically, the uterine volume
symptomatic uterine significantly decreased with an
adenomyosis treatment average reduction rate of 55%.
Ultrasound-guided Hai, 2017 Retrospective study 87 patients (January This is the first study to assess the
transcervical [41] China 2013—October 2015)  safety and efficacy of
radiofrequency ablation for ultrasound-guided RFA for
symptomatic uterine adenomyosis treatment to date
adenomyosis and the first to present the various
post-treatment changes in the
intrauterine cavity.
Laparoscopic Scarperi, 2015 Longitudinal 23 patients treated Significant reduction in
radiofrequency thermal [21] evaluation with thermal adenomyosis volume on US and in
ablation for uterine Italy ablation by RFA dysmenorrhea VAS score at 3-, 6-,
adenomyosis 9-, and 12-month follow-ups.
Midterm outcome of Ghezzi, 2007 Evaluation study 25 patients RFA of symptomatic fibroids
radiofrequency thermal [42] Italy appeared to be a valid alternative

ablation for symptomatic
uterine myomas

to major surgery, with durable
symptom relief for most patients
and a low recurrence rate

at midterm.
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Table 2. Cont.
Radiofrequency Ablation
Article Title First Author, Study TyPe and Number of Patients Main Results
Year Location

Effects of different Chu, 2024 Trial study 140 patients Ultrasound-guided RFA in

treatment methods on [43] China combination with leuprorelin

clinical efficacy and fertility acetate is effective in adenomyosis,

outcomes for patients with which can effectively relieve

adenomyosis clinical symptoms, protect
postoperative ovarian function,
reduce reccurence rate, alleviate
pain, and improve quality of life.

Radiofrequency ablation Dedes, Systematic review RFA is a minimally invasive and

for adenomyosis 2023 Switzerland organ-preserving treatment in

[39] patients with symptomatic

adenomyosis. It results in
clinically meaningful
improvement of
adenomyosis-related pain in the
short term.

RFA: radiofrequency ablation; US: ultrasound scan; VAS: visual analog scale; LNG-IUS: levonorgestrel-releasing
intrauterine system.

3.2.1. RFA: Feasibility

There is a wealth of encouraging data on RFA feasibility and efficacy. Scarperi et al. [21]
conducted a feasibility study in which 15 women were treated for symptomatic nodular
adenomyosis using laparoscopic RFA. Additionally, a recent randomized study compared
RFA and microwave ablation [20]. The electrode was percutaneously inserted into the lesion
in this trial using transabdominal ultrasound guidance. The procedure was successful in
all 65 patients included in the study. The average ablation time was 37.5 £ 6.2 min, which
appears to be relatively short for this procedure [20].

3.2.2. RFA: Efficacy

Various outcomes have been proposed for evaluating RFA efficacy. One major outcome
is the clinical improvement in symptoms such as dysmenorrhea and hypermenorrhea.
Another outcome is the anatomical change in the appearance and dimensions of lesions.
In the above-cited study by Lin et al. [20], dysmenorrhea was evaluated 12 months after
ablation. In the RFA group, 4 (7.6%) patients showed no improvement in dysmenorrhea, 26
(49.3%) reported complete relief, and 23 (43.1%) reported partial relief.

Similar results were reported in the study by Scarperi et al. [21], who noted progres-
sive improvement of dysmenorrhea at four follow-ups throughout a 12-month period.
Accordingly, considerable symptom improvement was evident at all four follow-ups, with
pain reduction rates of up to 40.0%, 57.5%, 68.1%, and 71.3% at 3, 6, 9, and 12 months,
respectively [21]. Hai et al. [41] performed a retrospective study assessing the midterm
results of transvaginal RFA for treating symptomatic uterine adenomyosis. They found
notable uterine volume reduction rates of 35.8%, 40.8%, and 41.2% at 1, 6, and 12 months
of follow-up, respectively. Additionally, there were statistically significant reductions in
dysmenorrhea and further symptoms. During the procedure, no patients developed severe
complications involving injury to adjacent organs, sepsis, or peritonitis. However, 2 of
87 patients developed post-ablation intrauterine adhesions [41].

Hai et al. [40] conducted another study to evaluate the clinical outcomes of transvagi-
nal RFA combined with an LNG-IUS for treating symptomatic uterine adenomyosis. The
LNG-IUS is effective, long-lasting, and reversible, and it is used for patients with a uterine
length of <9 cm [40]. Overall, the combined treatment in their study was highly effective.
Initially, the authors reported a 55% reduction in uterine size after one year of treatment.
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Furthermore, the dysmenorrhea and menorrhagia scores significantly decreased after abla-
tion and remained low throughout the 3-year follow-up. Finally, no patients experienced
symptom relapse during the 3-year follow-up [40].

Another efficacy-related issue to consider is the recurrence rate. One study found
symptom recurrence in approximately 20% of treated patients [42]. In a recent long-term
follow-up study on uterine-sparing treatment of adenomyosis with RFA in 60 hysterectomy
candidates, RFA avoided hysterectomy in 87% of the patients [44]. Furthermore, signifi-
cant improvements in pain symptomatology, uterine bleeding, and bulk symptoms were
observed, indicating that this treatment can be beneficial over time [44].

Taking into consideration that there is no official, common protocol treatment for
adenomyosis, it is vital to know how efficacious each treatment is. A recent case study
investigated several treatment methods of adenomyosis patients in the context of clinical
efficacy and fertility results compared to standard therapy [43]. The 140 participating pa-
tients were randomly separated into 4 groups: A, B, C, and D. Group A patients underwent
laparoscopic surgery while those of group B were treated with laparoscopic surgery in
combination with GnRH-a. In group C, RFA was used and finally, group D received RFA
accompanied by GnRH-a. Evaluating the results in terms of menstrual volume, dysmenor-
rea score, uterine volume, clinical efficiency, LH, E2, FSH levels, CA125 levels, recurrence,
pregnancy status, and outcomes, the combination of RFA with GnRH-a as used in group D
achieved overall efficiency of 100%. It was followed by 71.43%, 80% and 82.86% in groups
A, B, and C respectively [43].

Concerning fertility, in addition to the above-cited study of Chu et al., few studies have
reported in depth the fertility outcomes after RFA [44,45]. Of note, an extensive series of
patients was retrospectively examined by Nam [45]. Among 39 pregnancies in 29 patients,
there were 24 deliveries, 12 spontaneous miscarriages, and 3 pregnancy interruptions.
Among the 59 patients intending to conceive, the clinical pregnancy rate was 50%, with a
spontaneous conception rate of 42.7% [45].

3.2.3. RFA: Safety and Drawbacks

Relatively little research to date has focused on the safety and drawbacks of RFA.
However, the data that have been accumulated are promising. In the study by Lin et al. [20],
the most frequent adverse events after RFA were abdominal pain, vaginal discharge, and
low-grade fever. Notably, these symptoms were self-limiting and disappeared within
the first 2 weeks [20]. Regarding fertility, RFA may provide advantages over surgery,
eliminating abdominal incisions, uterine scars, or bleeding. However, a drawback of this
ablation technique is the inability to accurately monitor the temperature setting once the
probe has been transvaginally implanted. This issue may lead to thermal injury to the
endometrium, resulting in intrauterine adhesions. This is a disadvantage in patients who
desire fertility preservation [41].

According to the current bibliography, RFA offers a minimally invasive treatment
option for organ preservation. Furthermore, the existing databases still do not report
serious complications. The most frequent complications reported include vaginal discharge,
abdominal pain, and transient fever. Overall, RFA is regarded as a safe thermal ablation
technique. Safety issues can be reduced by using the RFA option because it is considered
less invasive than HIFU or MWA. Consequently, unnecessary tissue removal can be avoided,
which, in turn, can decrease complications, including uterine rupture phenomena, during
pregnancy [39].

3.3. PMIWA

PMWA is probably the less consolidated noninvasive thermal ablation technique. A
summary of studies concerning feasibility, efficacy, safety and drawbacks on this ablation
technique for adenomyosis is provided below (Table 3).
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Table 3. Summary of studies on PMWA technique for adenomyosis.

Percutaneous Microwave Ablation

Article Title First Author, Study TyPe and Number of Patients Main Results
Year Location
Ultrasound-guided Zhang, 2021 Narrative review Thirteen studies Ultrasound-guided
percutaneous microwave [22] China involving 736 patients percutaneous microwave
ablation of adenomyosis: a treated with MWA ablation therapy was
narrative review ablation, published found to be a feasible, safe,
from January 2000 to and effective technique for
June 2021, retrieved the treatment of
from reliable databases = adenomyosis and showed
potential for clinical
application and promotion.
Comparison between Lin, 2020 Prospective, 133 patients (October The safety and
microwave ablation and [20] randomized, parallel 2015-October 2017) effectiveness of PMWA and
radiofrequency ablation for controlled clinical trial US-guided RFA in the
treating symptomatic China treatment of uterine
uterine adenomyosis adenomyosis were similar.
However, the mean
ablation time of PMWA
was shorter than that of
US-guided RFA.
Considerations for Kakinuma, 2020 Case studies 3 patients Before MEA, even if
performing microwave [46] Japan malignant endometrial
endometrial ablation diseases are excluded
(MEA)—three cases with before surgery, a detailed
abnormal test results of examination is needed
endometrial tissue because of the potential for
discovered by chance when malignant endometrial
performing MEA diseases. The situation
needs careful monitoring,
including postsurgically.
Percutaneous microwave Hai, 2017 Evaluation study 25 patients (May Percutaneous microwave
ablation with artificial [47] China 2015-May 2016) ablation with artificial
ascites for symptomatic ascites was feasible, safe,
uterine adenomyosis: and efficient in improving
initial experience access to adenomyosis
treatment.
Efficacy of multiple Nakamura, 2015 Comparative 18 patients Multiple MEAs more
microwave endometrial [48] evaluation, Japan effectively managed
ablation technique for adenomyosis-induced
menorrhagia resulting menorrhagia and reached a
from adenomyosis higher satisfaction rate
than single MEAs.
Ultrasound-guided Yang, 2015 Evaluation study 142 patients US-guided PMWA was an
percutaneous microwave [23] China effective treatment method

ablation for adenomyosis:
efficacy of treatment and
effect on ovarian function

for adenomyosis without
significant effects on
ovarian function and
fertility. It was
recommended to replace
hysterectomy in
reproductive-age women.
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Table 3. Cont.
Percutaneous Microwave Ablation
Article Title First Author, Study TyPe and Number of Patients Main Results
Year Location
Transcervical interstitial Kanaoka, 2014 Evaluation study 33 patients Menorrhagia and
microwave ablation [49] Japan dysmenorrhea caused by
therapy for the treatment deep adenomyosis were
of adenomyosis: a novel effectively relieved.
alternative to hysterectomy Uterine body shrinkage
was achieved. Low cost,
short hospitalization, and
ease of surgery were
acceptable for both patients
and gynecologists.
TCMAM with MEA was
found to be a promising
alternative to hysterectomy
for adenomyosis treatment.
Feasibility study on energy  Xia, 2014 Feasibility study 63 patients: When the unit volume of
prediction of microwave [46] China 49 patients with uterine  lesions was ablated, uterine
ablation upon uterine leiomyomas and adenomyosis lesions
adenomyosis and 14 patients with required more energy than
leiomyomas by MRI adenomyosis uterine leiomyomas.
(June 2011-December Hyperintense uterine
2012) leiomyomas needed more
energy than hypointense
lesions.

PMWA: percutaneous microwave ablation; RFA: radiofrequency ablation; US: ultrasound scan; TCMAM: tran-
scervical microwave adenomyolysis; MEA: microwave endometrial ablation; EMJ: endometrial junction; NPL:
non-perfused lesion.

3.3.1. PMWA: Feasibility and Efficacy

PMWA is the most recently developed thermal ablation technique. Notably, the
amount of energy required per unit volume of uterine lesions during the procedure remains
unclear. A better estimation of the effect obtained will allow for a more accurate prediction
of the amount of energy that must be applied before treatment, thereby helping to standard-
ize the procedure. Contrast-enhanced ultrasonography and dynamic contrast-enhanced
MRI can be used to evaluate the effect of PMWA on adenomyosis [49]. These techniques
were found to be advantageous in accurately assessing the ablation rate, and researchers
thus consider them worthy of clinical promotion. In fact, the impact of PMWA on localized
adenomyosis can be dynamically observed in real time by contrast-enhanced ultrasonogra-
phy. In addition, the contrast medium helps evaluate the post-treatment effect and ablation
rate. Moreover, no adverse effects related to contrast agents have been reported. Patients
report only pain in the treated region, which is easily controlled with a single dose of an
analgesic [49].

A Chinese study conducted in Beijing focused on the efficacy of PMWA for treating
adenomyosis [23]. The study examined the changes in the serum levels of pituitary hor-
mones, gonadal hormones, CA-125, estradiol, follicle-stimulating hormone (FSH), and
prolactin before ablation and 6, 9, and 12 months after ablation. The results revealed no
significant differences in the estradiol and FSH levels before and after treatment. However,
the mean CA-125 and prolactin levels were significantly lower at follow-up. High prolactin
levels have been shown to induce the development of adenomyosis [50]. Moreover, the
researchers found a significant association between changes in the CA-125 level and uterine
volume, specifically noting a decrease in the pretreatment CA-125 levels in patients whose
uteri were >240 cm?® pre-ablation. Adenomyosis has been linked to an increase in the
CA-125 level, which is a nonspecific disease marker. In one study, PMWA had satisfactory
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clinical results and a low rate of complications except for one patient who experienced
amenorrhea post-treatment. However, this patient’s FSH and estradiol levels were within
the normal range on the third cycle day, especially when the uterine volume exceeded
240 cm? [23].

The use of artificial ascites during PMWA has been evaluated for its ability to improve
the feasibility, efficacy, and safety of ablation. Hai et al. [41] retrospectively compared
patients who underwent PMWA with and without artificial ascites. They aimed to facilitate
the electrode path to the lesion and compare the efficacy with PMWA alone. The authors
found that the use of artificial ascites significantly improved the electrode course to the
lesion. Moreover, the mean ablation time and the median NPV ratio were almost identical
in the two groups. No notable complications occurred. Finally, the symptom pain scores
were significantly lower after than before treatment in the group treated with PMWA and
artificial ascites [41].

In the above-cited randomized study by Lin et al. [20], the researchers evaluated the
effectiveness and safety of treating symptomatic uterine adenomyosis by PMWA versus
ultrasound-guided RFA. There was a considerable difference in the ablation time between
the PMWA and RFA groups (16.3 and 37.5 min, respectively), with a similar percentage of
ablation of uterine adenomyosis. Moreover, no significant differences were found in the
percentage of uterine volume regression, dysmenorrhea and menorrhagia relief, or adverse
effects between the groups. Both methods led to shrinkage of the lesions and a volume
decrease in the entire uterus [20].

A non-percutaneous approach to MWA has also been investigated. Kanaoka and
Imoto [51] researched the efficacy of transcervical interstitial microwave irradiation of
adenomyotic lesions at Iseikai Hospital in Osaka, Japan. At the 3-month follow-up, the
average hemoglobin level had increased by 4.6 g/dL. Furthermore, at the 3- and 12-month
follow-ups, the uterine body volume had significantly decreased by 53% and 52%, respec-
tively, compared with pretreatment. The menorrhagia and dysmenorrhea scores improved
as well [51].

3.3.2. Multiple Microwave Endometrial Ablation (mMEA)

A recently developed procedure related to PMWA is multiple microwave endometrial
ablation (mMEA). This approach is a form of microwave ablation that can be repeated twice
or even three times in the same region, focusing on adenomyosis-induced menorrhagia.
Although the operating time for mMEA is longer than that for a single MEA procedure,
evidence has shown that there is an increased satisfaction rate compared with a single
procedure. The disadvantage is that a second ablation increases the risk of complications,
especially the likelihood of heat damage in the intestinal area. Additionally, some patients’
conditions are refractory to a single MEA procedure. Therefore, since 2013, such patients
have undergone triple ablation in accordance with changes to the 2012 MEA practice guide-
lines [28]. Although this has resulted in an improvement in the mean hemoglobin level,
limited recurrence of bleeding, and a slight improvement in the mean visual analog scale
score, no reports before 2015 addressed the safety and efficacy of triple MEA. Nakamura
et al. [48] found much more considerable improvement in both the visual analog scale
score and patient satisfaction after mMEA. Their study showed no evidence of serious
complications as long as the endometrium was >1 cm thick. The authors concluded that
mMEA provides advantages over a single treatment for menorrhagia [48].

Further support for the use of MEA was provided by Kakinuma et al. [46]. The re-
searchers reported its minimal invasiveness in managing hypermenorrhea, uterine fibroids,
and organic diseases such as uterine adenomyosis. MEA was performed after patient prepa-
ration, including cervical and endometrial examinations to exclude malignancies. One
patient developed coagulation necrosis due to thermal denaturation of the endometrium
and myometrium. There was no recurrence of bleeding 4 years post-treatment. In another
patient, the bleeding was immediately stopped after an emergency MEA was performed.
Further examination revealed that the bleeding had been caused by endometrial cancer,
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for which the patient underwent surgery. In a third patient, MEA was also effective after
4 months of recurrent vaginal bleeding caused by atypical endometrial hyperplasia [46].

3.3.3. PMWA: Safety and Drawbacks

The complication rate of PMWA was low in the above-mentioned study by Yang
et al. [23]. Additionally, ovarian function continued to be regular after therapy, confirming
the procedure’s safety concerning this aspect [23]. Regarding fertility, the FSH and estradiol
levels did not considerably differ before and after PMWA. Thus, ovarian function was not
adversely affected. A weakness of this study is the lack of investigation of AMH [47]. The
addition of artificial ascites to PMWA has been shown to have a high feasibility rate and
to help separate the uterus from nearby organs, therefore protecting them from thermal
injury [47]. Fortunately, the cooling effect does not reduce the efficacy of PMWA,; thus, no
additional energy is required to complete the ablation.

4. Peri-Procedural Complications

Peri-procedural complications have been discussed separately for each procedure
above-presented. A brief summary of these complications has been provided in Table 4.

Table 4. Summary of peri-procedural complications.

HIFU RFA PMWA
- Vaginal discharge - Vaginal discharge - Post-treatment amenorrhea
- Lower abdominal pain - Lower abdominal pain - Temporary increase in CA-125
- Skin necrosis - Low fever
- Anterior abdominal wall muscle injuries - Endometrial thermal injury
- Internal organ damage (thermal injury of -  Itrauterine adhesions

uterus, peritoneum, bowel)

HIFU: High-intensity focused ultrasound; PMWA: Percutaneous-Microwave-Ablation.

5. Discussion and Conclusions

The current literature supports thermal ablation as a conservative treatment option
for adenomyosis. Despite the promising efficacy and safety data for HIFU, PMWA, and
RFA, there is currently no clear consensus on the preferred method for thermal ablation of
adenomyotic lesions.

After examining these three image-guided thermal ablation techniques for adeno-
myosis, it can be concluded that all three are effective and safe, with minimal invasiveness
and a low risk of complications. Concerning efficacy, their positive outcomes include uterus
volume reduction, shrinkage of adenomyosis lesions, and symptom relief. More specifically,
HIFU achieves a higher volume reduction, although the process duration is longer than
that in the other two methods. Additionally, HIFU, as a noninvasive technique, works at a
lower depth; thus, the location and characteristics of the lesions are critical. The benefits
of PMWA include a consistently higher tissue temperature, an increased ablation volume,
and a shorter operative time; however, its sensitivity varies depending on the tissue type.
Finally, because adenomyosis tends to be refractory to therapy, RFA appears to be the most
effective technique regarding the recurrence rate.

In terms of safety, thermal ablative techniques do not negatively affect fertility. To
date, no considerable effects on ovarian function or fertility rates have been observed after
PMWA. Researchers have emphasized its potential usefulness as an alternative therapeutic
option for long-term positive effects on dysmenorrhea, menorrhagia, and life-threatening
hemorrhage [29].

Another consideration is the mean ablation time, which depends on the dimension
of the target lesion but is considerably shorter for PMWA and RFA. In the study by Lin
etal. [20], the mean ablation time was 16.3 £ 4.9 min in the PMWA group and 37.5 £ 6.2 min
in the RFA group, whereas it was only 2.6 & 0.6 h in a recent series by Cai et al. [52].



J. Clin. Med. 2024, 13, 5828 17 of 19

The optimal thermal ablative technique should be chosen based on the lesion character-
istics, the patient’s characteristics and desires, and infrastructure capabilities. Furthermore,
because these therapies are relatively new, there is widespread agreement among experts
that higher-quality studies are needed in the near future. Such studies will provide more
consistent data for clinical practice and decision-making.

Author Contributions: Conceptualization, A.A. and A.F. (Arrigo Fruscalzo); methodology, A.F.
(Arrigo Fruscalzo); validation, A.A., A.F. (Arrigo Fruscalzo) and A.F. (Anis Feki). formal analysis,
AF. (Arrigo Fruscalzo); investigation, A.A., A.F. (Arrigo Fruscalzo); resources, A.F. (Anis Feki); data
curation, A.A.; writing—original draft preparation, A.A. and A.F. (Arrigo Fruscalzo); writing—review
and editing, A.A., APL, LD, M.D.M., CM,, B.G. and A.F. (Arrigo Fruscalzo); visualization, A.F.
(Arrigo Fruscalzo); supervision, A.F. (Arrigo Fruscalzo), A.F. (Anis Feki); project administration, A.F.
(Anis Feki). All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Stratopoulou, C.A.; Donnez, J.; Dolmans, M.M. Origin and pathogenic mechanisms of uterine adenomyosis: What is known so
far. Reprod. Sci. 2021, 28, 2087-2097. [CrossRef] [PubMed]

2. Bird, C.C,; McElin, T.W.; Manalo-Estrella, P. The elusive adenomyosis of the uterus—revisited. Am. J. Obstet. Gynecol. 1972, 112,
583-593. [CrossRef] [PubMed]

3.  Garcia-Solares, J.; Donnez, J.; Donnez, O.; Dolmans, M.M. Pathogenesis of uterine adenomyosis: Invagination or metaplasia?
Fertil. Steril. 2018, 109, 371-379. [CrossRef]

4. Xholli, A.; Molinari, F; Oppedisano, F; Scovazzi, U.; Vacca, L; Schiaffino, M.G.; Cavalli, E.; Cagnacci, A. Relation between
adenomyosis and elastographic characteristics of the cervix. Hum. Reprod. 2023, 38, 621-628. [CrossRef] [PubMed]

5. Munro, M.G. Adenomyosis and uterine stiffness: What is the chicken? Which is the egg? Hum. Reprod. 2023, 38, 527-528.
[CrossRef] [PubMed]

6. Donnez, J.; Donnez, O.; Dolmans, M.M. Introduction: Uterine adenomyosis, another enigmatic disease of our time. Fertil. Steril.
2018, 109, 369-370. [CrossRef]

7. Chapron, C.; Vannuccini, S.; Santulli, P.; Abrao, M.S.; Carmona, E; Fraser, 1.S.; Gordts, S.; Guo, S.-W.; Just, P.-A.; Noél J.-C.; et al.
Diagnosing adenomyosis: An integrated clinical and imaging approach. Hum. Reprod. Update 2020, 26, 392—411. [CrossRef]

8. Xholli, A.; Londero, A.P.; Camacho Mattos, L.; Vujosevic, S.; Cagnacci, A. Gynaecological pathologies leading to emergency
department admissions: A cross-sectional study. Eur. J. Obstet. Gynecol. Reprod. Biol. 2023, 282, 38-42. [CrossRef]

9. Van den Bosch, T.; Dueholm, M.; Leone, EP.G.; Valentin, L.; Rasmussen, C.K.; Votino, A.; Van Schoubroeck, D.; Landolfo, C.;
Installé, A.J.E; Guerriero, S.; et al. Terms, definitions and measurements to describe sonographic features of myometrium and
uterine masses: A consensus opinion from the Morphological Uterus Sonographic Assessment (MUSA) group. Ultrasound Obstet.
Gynecol. 2015, 46, 284-298. [CrossRef]

10. Harmsen, M.].; Bosch, T.V.D.; de Leeuw, R.A.; Dueholm, M.; Exacoustos, C.; Valentin, L.; Hehenkamp, W.].K.; Groenman, F; De
Bruyn, C.; Rasmussen, C.; et al. Consensus on revised definitions of Morphological Uterus Sonographic Assessment (MUSA)
features of adenomyosis: Results of modified Delphi procedure. Ultrasound Obstet. Gynecol. 2022, 60, 118-131. [CrossRef]

11. Moawad, G.; Fruscalzo, A.; Youssef, Y.; Kheil, M.; Tawil, T.; Nehme, J.; Pirtea, P.; Guani, B.; Afaneh, H.; Ayoubi, ].M.; et al.
Adenomyosis: An updated review on diagnosis and classification. J. Clin. Med. 2023, 12, 4828. [CrossRef] [PubMed]

12.  Brosens, I.; Gordts, S.; Habiba, M.; Benagiano, G. Uterine cystic adenomyosis: A disease of younger women. J. Pediatr. Adolesc.
Gynecol. 2015, 28, 420-426. [CrossRef] [PubMed]

13.  Exacoustos, C.; Zupi, E. A new era in diagnosing adenomyosis is coming. Fertil. Steril. 2018, 110, 858. [CrossRef] [PubMed]

14. Moawad, G.; Youssef, Y.; Fruscalzo, A.; Faysal, H.; Kheil, M.; Pirtea, P.; Guani, B.; Ayoubi, ].M.; Feki, A. The present and the future
of medical therapies for adenomyosis: A narrative review. J. Clin. Med. 2023, 12, 6130. [CrossRef]

15. Moawad, G.; Youssef, Y.; Fruscalzo, A.; Faysal, H.; Merida, M.; Pirtea, P.; Guani, B.; Ayoubi, ].M.; Feki, A. The impact of
conservative surgical treatment of adenomyosis on fertility and perinatal outcomes. J. Clin. Med. 2024, 13, 2531. [CrossRef]

16. Baethge, C.; Goldbeck-Wood, S.; Mertens, S. SANRA—A scale for the quality assessment of narrative review articles. Res.
Intergrity Peer Rev. 2019, 4, 5. [CrossRef]

17.  Fan, T.-Y,; Zhang, L.; Chen, W,; Liu, Y.; He, M.; Huang, X.; Orsi, E; Wang, Z. Feasibility of MRI-guided high intensity focused
ultrasound treatment for adenomyosis. Eur. J. Radiol. 2012, 81, 3624-3630. [CrossRef]

18. Orsi, E; Zhang, L.; Arnone, P,; Orgera, G.; Bonomo, G.; Della Vigna, P.; Monfardini, L.; Zhou, K.; Chen, W.; Wang, Z.; et al.

High-intensity focused ultrasound ablation: Effective and safe therapy for solid tumors in difficult locations. AJR Am. ]. Roentgenol.
2010, 195, W245-W252. [CrossRef] [PubMed]


https://doi.org/10.1007/s43032-020-00361-w
https://www.ncbi.nlm.nih.gov/pubmed/33090375
https://doi.org/10.1016/0002-9378(72)90781-8
https://www.ncbi.nlm.nih.gov/pubmed/5059589
https://doi.org/10.1016/j.fertnstert.2017.12.030
https://doi.org/10.1093/humrep/dead014
https://www.ncbi.nlm.nih.gov/pubmed/36869770
https://doi.org/10.1093/humrep/dead046
https://www.ncbi.nlm.nih.gov/pubmed/36869764
https://doi.org/10.1016/j.fertnstert.2018.01.035
https://doi.org/10.1093/humupd/dmz049
https://doi.org/10.1016/j.ejogrb.2023.01.006
https://doi.org/10.1002/uog.14806
https://doi.org/10.1002/uog.24786
https://doi.org/10.3390/jcm12144828
https://www.ncbi.nlm.nih.gov/pubmed/37510943
https://doi.org/10.1016/j.jpag.2014.05.008
https://www.ncbi.nlm.nih.gov/pubmed/26049940
https://doi.org/10.1016/j.fertnstert.2018.07.005
https://www.ncbi.nlm.nih.gov/pubmed/30316431
https://doi.org/10.3390/jcm12196130
https://doi.org/10.3390/jcm13092531
https://doi.org/10.1186/s41073-019-0064-8
https://doi.org/10.1016/j.ejrad.2011.05.036
https://doi.org/10.2214/AJR.09.3321
https://www.ncbi.nlm.nih.gov/pubmed/20729423

J. Clin. Med. 2024, 13, 5828 18 of 19

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Zhang, L.; Rao, F; Setzen, R. High intensity focused ultrasound for the treatment of adenomyosis: Selection criteria, efficacy,
safety and fertility. Acta Obstet. Gynecol. Scand. 2017, 96, 707-714. [CrossRef]

Lin, X.L.; Hai, N.; Zhang, J.; Han, Z.Y,; Yu, J.; Liu, EY.; Dong, X.J.; Liang, P. Comparison between microwave ablation and
radiofrequency ablation for treating symptomatic uterine adenomyosis. Int. J. Hyperth. 2020, 37, 151-156. [CrossRef]

Scarperi, S.; Pontrelli, G.; Campana, C.; Steinkasserer, M.; Ercoli, A.; Minelli, L.; Bergamini, V.; Ceccaroni, M. Laparoscopic
radiofrequency thermal ablation for uterine adenomyosis. JSLS 2015, 19, e2015.00071. [CrossRef]

Zhang, S.; Wang, K.; Di, A.; Yu, D.; Yao, T. Ultrasound-guided percutaneous microwave ablation of adenomyosis: A narrative
review. Ann. Palliat. Med. 2021, 10, 12003-12011. [CrossRef]

Yang, Y.; Zhang, J.; Han, Z.Y,; Ma, X.; Hao, Y.L.; Xu, C.T.; Xu, R.E; Zhang, B.S. Ultrasound-guided percutaneous microwave
ablation for adenomyosis: Efficacy of treatment and effect on ovarian function. Sci. Rep. 2015, 5, 10034.

Li, W.; Mao, |.; Liu, Y,; Zhu, Y,; Li, X.; Zhang, Z.; Bai, X.; Zheng, W.; Wang, L. Clinical effectiveness and potential long-term
benefits of high-intensity focused ultrasound therapy for patients with adenomyosis. J. Int. Med. Res. 2020, 48, 300060520976492.
[CrossRef]

Liu, X.; Wang, W.; Wang, Y.; Wang, Y.; Li, Q.; Tang, J. Clinical predictors of long-term success in ultrasound-guided high-intensity
focused ultrasound ablation treatment for adenomyosis: A retrospective study. Medicine 2016, 95, €2443. [CrossRef]

Gong, C.; Yang, B.; Shi, Y;; Liu, Z.; Wan, L.; Zhang, H,; Jiang, D.; Zhang, L. Factors influencing the ablative efficiency of high
intensity focused ultrasound (HIFU) treatment for adenomyosis: A retrospective study. Int. J. Hyperth. 2016, 32, 496-503.
[CrossRef]

Lee, ].S.; Hong, G.Y.; Lee, K.H.; Kim, T.E. Changes in anti-Miillerian hormone levels as a biomarker for ovarian reserve after
ultrasound-guided high-intensity focused ultrasound treatment of adenomyosis and uterine fibroid. BJOG 2017, 124 (Suppl. S3),
18-22. [CrossRef] [PubMed]

Haiyan, S.; Lin, W.; Shuhua, H.; Wang, W. High-intensity focused ultrasound (HIFU) combined with gonadotropin-releasing
hormone analogs (GnRHa) and levonorgestrel-releasing intrauterine system (LNG-IUS) for adenomyosis: A case series with
long-term follow up. Int. ]. Hyperth. 2019, 36, 1179-1185. [CrossRef]

Li, X; Zhu, X.; He, S,; Jiang, Z.; Li, H.; Tian, X.; Long, W.; Xue, M.; Deng, X.; Ye, M. High-intensity focused ultrasound in the
management of adenomyosis: Long-term results from a single center. Int. J. Hyperth. 2021, 38, 241-247. [CrossRef] [PubMed]
Zhang, X.-Y,; Guo, Y.-S.; Chen, ].-M.; Wang, J.-].; Hong, Y.; Zang, C.-Y.; Duan, H. Effect of pre-treatment with gonadotropin-
releasing hormone analogue GnRH-« on high-intensity focused ultrasound ablation for diffuse adenomyosis: A preliminary
study. Int. . Hyperth. 2018, 34, 1289-1297.

Pang, L.L.; Mei, ].; Fan, L.X.; Zhao, T.T,; Li, R.N.; Wen, Y. Efficacy of high-intensity focused ultrasound combined with GnRH-a for
adenomyosis: A systematic review and meta-analysis. Front. Public Health 2021, 9, 688264. [CrossRef] [PubMed]

Du, C.C.; Wang, Y.Q.; Qu, D.C; Jiang, L.P; Yu, X.; Zhou, H.G. Magnetic resonance imaging T2WI hyperintense foci number
and the prognosis of adenomyosis after high-intensity focused ultrasound treatment. Int. J. Gynaecol. Obstet. 2021, 154, 241-247.
[CrossRef] [PubMed]

Marques, A.L.S.; Andres, M.P; Kho, RM.; Abrao, M.S. Is high-intensity focused ultrasound effective for the treatment of
adenomyosis? A systematic review and meta-analysis. ]. Minim. Invasive Gynecol. 2020, 27, 332-343. [CrossRef] [PubMed]
Gong, C.; Wang, Y.; Lv, E; Zhang, L.; Wang, Z. Evaluation of high intensity focused ultrasound treatment for different types of
adenomyosis based on magnetic resonance imaging classification. Int. . Hyperth. 2022, 39, 530-538. [CrossRef]

Huang, Y.F; Deng, J.; Wei, X.L.; Sun, X.; Xue, M.; Zhu, X.G.; Deng, X.L. A comparison of reproductive outcomes of patients with
adenomyosis and infertility treated with high-intensity focused ultrasound and laparoscopic excision. Int. |. Hyperth. 2020, 37,
301-307. [CrossRef] [PubMed]

Yao, R.; Zhao, W.; Gao, B.; Hu, ].; Wang, T. Microbubble contrast agent SonoVue combined with oxytocin improves the efficiency
of high-intensity focused ultrasound ablation for adenomyosis. Int. . Hyperth. 2021, 38, 1601-1608. [CrossRef] [PubMed]

Guo, Y,; Duan, H.; Cheng, J.; Zhang, Y. Gonadotrophin-releasing hormone agonist combined with high-intensity focused
ultrasound ablation for adenomyosis: A clinical study. BJOG 2017, 124 (Suppl. S3), 7-11. [CrossRef]

Hong, S.H.; Hong, G.-S.; Lee, C.W.; Kim, G.H. Compilation following Ultrasound-guided-High-Intensity Focused Ultrasound for
the treatment of Uterine Adenomyosis: Case Report of CT Imaging Features. |. Korean Soc. Radiol. 2019, 80, 579-584. [CrossRef]
Dedes, I.; Kolovos, G.; Fruscalzo, A.; Toub, D.; Vaineau, C.; Lanz, S.; Imboden, S.; Feki, A.; Mueller, M.D. Radiofrequency ablation
for adenomyosis. J. Clin. Med. 2023, 12, 3069. [CrossRef]

Hai, N.; Hou, Q.; Guo, R. Ultrasound-guided transvaginal radiofrequency ablation combined with levonorgestrel-releasing
intrauterine system for symptomatic uterine adenomyosis treatment. Int. |. Hyperth. 2021, 38, 65-69. [CrossRef]

Hai, N.; Hou, Q.; Ding, X.; Dong, X.; Jin, M. Ultrasound-guided transcervical radiofrequency ablation for symptomatic uterine
adenomyosis. Br. J. Radiol. 2017, 90, 20160119. [CrossRef] [PubMed]

Ghezzi, F,; Cromi, A.; Bergamini, V.; Scarperi, S.; Bolis, P.; Franchi, M. Midterm outcome of radiofrequency thermal ablation for
symptomatic uterine myomas. Surg. Endosc. 2007, 21, 2081-2085. [CrossRef]

Chu, Z,; Jia, L.; Dai, J.; Wu, Q.; Tian, F; Bai, S. Effects of different treatment methods on clinical efficacy and fertility outcomes of
patients with adenomyosis. J. Ovarian Res. 2024, 17, 16. [CrossRef] [PubMed]


https://doi.org/10.1111/aogs.13159
https://doi.org/10.1080/02656736.2019.1708481
https://doi.org/10.4293/JSLS.2015.00071
https://doi.org/10.21037/apm-21-3133
https://doi.org/10.1177/0300060520976492
https://doi.org/10.1097/MD.0000000000002443
https://doi.org/10.3109/02656736.2016.1149232
https://doi.org/10.1111/1471-0528.14739
https://www.ncbi.nlm.nih.gov/pubmed/28856867
https://doi.org/10.1080/02656736.2019.1679892
https://doi.org/10.1080/02656736.2021.1886347
https://www.ncbi.nlm.nih.gov/pubmed/33602049
https://doi.org/10.3389/fpubh.2021.688264
https://www.ncbi.nlm.nih.gov/pubmed/34485218
https://doi.org/10.1002/ijgo.13587
https://www.ncbi.nlm.nih.gov/pubmed/33421123
https://doi.org/10.1016/j.jmig.2019.07.029
https://www.ncbi.nlm.nih.gov/pubmed/31377454
https://doi.org/10.1080/02656736.2022.2052366
https://doi.org/10.1080/02656736.2020.1742390
https://www.ncbi.nlm.nih.gov/pubmed/32208771
https://doi.org/10.1080/02656736.2021.1993357
https://www.ncbi.nlm.nih.gov/pubmed/34763594
https://doi.org/10.1111/1471-0528.14736
https://doi.org/10.3348/jksr.2019.80.3.579
https://doi.org/10.3390/jcm12093069
https://doi.org/10.1080/02656736.2021.1874063
https://doi.org/10.1259/bjr.20160119
https://www.ncbi.nlm.nih.gov/pubmed/27792415
https://doi.org/10.1007/s00464-007-9307-8
https://doi.org/10.1186/s13048-023-01320-0
https://www.ncbi.nlm.nih.gov/pubmed/38216945

J. Clin. Med. 2024, 13, 5828 19 of 19

44.

45.

46.

47.

48.

49.

50.

51.

52.

Stepniewska, A.K.; Baggio, S.; Clarizia, R.; Bruni, F.; Roviglione, G.; Ceccarello, M.; Manzone, M.; Guerriero, M.; Ceccaroni, M.
Heat can treat: Long-term follow-up results after uterine-sparing treatment of adenomyosis with radiofrequency thermal ablation
in 60 hysterectomy candidate patients. Surg. Endosc. 2022, 36, 5803-5811. [CrossRef] [PubMed]

Nam, ].H. Pregnancy and symptomatic relief following ultrasound-guided transvaginal radiofrequency ablation in patients with
adenomyosis. J. Obstet. Gynaecol. Res. 2020, 46, 124-132. [CrossRef]

Kakinuma, T.; Kakinuma, K.; Tanaka, H.; Ohwada, M. Considerations for performing microwave endometrial ablation
(MEA)—Three cases with abnormal test results of endometrial tissue discovered by chance when performing MEA. Int. ].
Hyperth. 2020, 37, 749-752. [CrossRef]

Hai, N.; Zhang, J.; Xu, R.; Han, Z.Y,; Liu, EY. Percutaneous microwave ablation with artificial ascites for symptomatic uterine
adenomyosis: Initial experience. Int. J. Hyperth. 2017, 33, 646-652. [CrossRef] [PubMed]

Nakamura, K.; Nakayama, K.; Ishikawa, M.; Katagiri, H.; Katagiri, A.; Ishibashi, T.; Sato, E.; Asakawa, Y.; Kyo, S. Efficacy of
multiple microwave endometrial ablation technique for menorrhagia resulting from adenomyosis. J. Obstet. Gynaecol. Res. 2015,
41, 1769-1772. [CrossRef] [PubMed]

Xu, C.; Tang, Y.; Zhao, Y.; Li, Y.; Feng, Q. Use of contrast-enhanced ultrasound in evaluating the efficacy and application value of
microwave ablation for adenomyosis. |. Cancer Res. Ther. 2020, 16, 365-371. [CrossRef] [PubMed]

Mori, T.; Singtripop, T.; Kawashima, S. Animal model of uterine adenomyosis: Is prolactin a potent inducer of adenomyosis in
mice? Am. J. Obstet. Gynecol. 1991, 165, 232-234. [CrossRef]

Kanaoka, Y.; Imoto, H. Transcervical interstitial microwave ablation therapy for the treatment of adenomyosis: A novel alternative
to hysterectomy. Open J. Obstet. Gynecol. 2014, 4, 840-845. [CrossRef]

Cai, Y;; Sun, Y.;; Xu, E; Wu, Y,; Ren, C.; Hao, X.; Gao, B.; Cao, Q. Effects of high-intensity focused ultrasound combined with
levonorgestrel-releasing intrauterine system on patients with adenomyosis. Sci. Rep. 2023, 13, 9903. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00464-021-08984-z
https://www.ncbi.nlm.nih.gov/pubmed/35024930
https://doi.org/10.1111/jog.14145
https://doi.org/10.1080/02656736.2020.1781267
https://doi.org/10.1080/02656736.2017.1285444
https://www.ncbi.nlm.nih.gov/pubmed/28118773
https://doi.org/10.1111/jog.12787
https://www.ncbi.nlm.nih.gov/pubmed/26223673
https://doi.org/10.4103/jcrt.JCRT_769_18
https://www.ncbi.nlm.nih.gov/pubmed/32474525
https://doi.org/10.1016/0002-9378(91)90258-S
https://doi.org/10.4236/ojog.2014.414118
https://doi.org/10.1038/s41598-023-37096-y
https://www.ncbi.nlm.nih.gov/pubmed/37336924

	Introduction 
	Methods 
	Results—General Principles of Thermal Ablation Methods 
	HIFU (Table 1) 
	HIFU: Feasibility 
	HIFU: Efficacy 
	HIFU: Combination with Other Treatments to Increase Efficacy 
	HIFU: Safety and Drawbacks 

	RFA 
	RFA: Feasibility 
	RFA: Efficacy 
	RFA: Safety and Drawbacks 

	PMWA 
	PMWA: Feasibility and Efficacy 
	Multiple Microwave Endometrial Ablation (mMEA) 
	PMWA: Safety and Drawbacks 


	Peri-Procedural Complications 
	Discussion and Conclusions 
	References

