
Introduction

Fibroids are benign tumours growing in the uterus, which

are symptomatic in up to 25% of women in childbearing

age [1]. They are monoclonal tumours of the uterine

smooth muscle cells and consist of large amounts of extra-

cellular matrix containing collagen, fibronectin, and pro-

teoglycan [2, 3]. Although their pathogenesis is still

unknown, there is considerable evidence that estrogens and

progestogens proliferate tumour growth [4, 5] as the fi-

broids rarely appear before menarche [6] and regress after

menopause [7]. They are classified depending on their lo-

cation with regards to the layers of the uterus as sub-serous,

intramural, or sub-mucous and can be single or multiple.

They are often asymptomatic, but can cause multiple symp-

toms such as heavy and prolonged menstrual bleeding, se-

vere pain, bloating, constipation,  feeling of pelvic pressure,

urinary incontinence or retention, or pain. They may also be

associated with reproductive problems such as infertility

and miscarriage [8].

Ultrasonography is the standard confirmatory test be-

cause it can easily and inexpensively differentiate a fibroid

from other pathologies. Magnetic resonance imaging

(MRI) with infusion of contrast can provide information

about vascularization of the fibroids and the relation of the

fibroids with respect to the endometrial and serosal sur-

faces. This relation influences the choice among uterine-

sparing treatment options. Hysterectomy is the most

common treatment for uterine fibroids and may be associ-

ated with lengthy hospitalization and complications [9, 10],

which have resulted in a demand for less invasive treatment

modalities. Various myomectomy procedures, uterine ar-

tery embolization, and magnetic resonance-guided focused

ultrasound surgery (MRgFUS) are viable treatment options

for uterine fibroids.  The advantages of the conserva-

tive modalities over open surgical procedures are lower

morbidity and shorter recovery times compared with

hysterectomy [11, 12]. MRgFUS offers several advan-

tages for treating uterine fibroids because it is a com-

pletely non-invasive, outpatient procedure that requires

minimal sedation, and allows for a speedy recovery. Pa-

tients undergoing MRgFUS typically return to work

within 24 hours, compared with ten days after uterine

artery embolization (UAE) and six weeks after my-
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Summary

Objective: To demonstrate the efficacy of magnetic resonance-guided focused ultrasound (MRgFUS) in uterine fibroid treatment in

terms of extension of non-perfused volume and improvement of the symptoms above all in fertile women.  This method is a valid al-

ternative to hysterectomy. Materials and Methods: From October 2011 to September 2015, 78 patients, aged between 23 and 51 years,

affected by uterine fibroids, were treated with MRgFUS in the present department. The authors included 47 patients affected only by

uterine fibroids (size range 2- 14 cm) and 31 affected by multiple fibroids. Symptoms were dysmenorrhea, menorrhagia, and infertil-

ity. Symptomatology was assessed through the symptoms severity score questionnaire. The authors evaluated the radicalization of the

treatment measuring the non-perfused volume (NPV) on the c.e. T1–weighed sequences immediately after the treatment and compared

these results with the pre-treatment volume of the fibroids. A dedicated informatics measurement system was used. Results: The pres-

ent results showed a mean of non-perfused volume of 78%, with a good radicalization of the treatment. Patients presented a marked re-

duction of symptoms (90%) when compared to pre-treatment. Conclusion: The treatment of uterine fibroids using MRgFUS is a valid

alternative to surgery. A good extension of the  necrotic area is obtained in women affected by multiple and single fibroids, maintain-

ing the integrity of the uterus.

Key words: Uterine fibroids; MRgFUS; Ultrasound surgery; Single and multiple fibroids; Non-perfused volume.
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omectomy or hysterectomy. The initial FDA recom-

mendation was that only women who have completed

their families should be treated with MRgFUS. How-

ever, with the advantage of consistently good safety and

efficacy results being reported, multi-centre fertility

studies were commenced and are ongoing. These stud-

ies are recruiting women with symptomatic uterine fi-

broids, who wish to become pregnant. The non-invasive

nature of MRgFUS, whereby only the uterine fibroids

undergo thermal ablation with no damage to healthy

surrounding tissue, suggests that MRgFUS is a safe ap-

proach for women who want to preserve their fertility

[13].  Purpose of this study was to demonstrate the ef-

ficacy of the uterine multiple fibroid treatment, using

MRgFUS as a conservative therapy, in fertile women,

with the possibility to save the surrounding healthy uter-

ine wall, without fibrotic scar.

Materials and Methods

From October 2011 to September 2015, 78 patients aged be-

tween 23 and 51 years (mean age 37) affected by uterine fi-

broids, were treated with MRgFUS in the present department.

Fibroids measured between two and 14 cm. Thirty-one patients

out of 78 had  multiple uterine fibroids and 47 out of 78 pre-

sented with  a single fibroid (total fibroids treated  85). This

study was carried out by a team of three interventional radiolo-

gists, three residents in radiology, one gynaecologist, and one

resident in gynaecology. 

The fibroids, sizing between two and 14 cm, were mainly lo-

cated in the anterior wall (24) and close to the uterine fundus

(30). All patients presented dysmenorrhea, menorrhagia, diffuse

uterine enlargement, and chronic pelvic pain. Seven patients had

difficulties in conceiving. None of the patients had been sub-

mitted to surgical treatment nor drug therapy, except one who

had undergone myomectomy eight years before and subse-

quently relapsed.

After clinic evaluation, patient filled in the UFS-QOL ques-

tionnaire, consisting in eight questions about symptom severity

and 29 questions about quality of life in terms of concerns, ac-

tivity, energy, mood, control, self-awareness. and  sexual func-

tion.

The eight symptom questions of the Severity Symptoms Score

(SSS) was evaluated using a Likert scale, assigning five points

to every question. The authors considered in this study only the

first eight questions about symptom severity, with the final score

ranging from 8 to 40  [14].

Inclusion criteria of patients were defined in accordance with

the Exablate guidelines for treatments, listed in Table 1.

The authors excluded patients who had standard contraindica-

tions to MRI (Table 1), including non-MRI compatible implanted

metallic devices, obesity (weight > 110 kg), intolerance to  pro-

longed stationary prone position in the MRI scanner during the

treatment, and women with hyper-sensitivity to contrast media.

They also ruled out patients unable to understand instructions or

communicate sensations during the treatment, to guarantee a safe

procedure. Patients were required to refer to the operator any form

of symptomatology in terms of back and leg pain and skin burn-

ing. Another exclusion parameter was the severe impairment of

clinical conditions such as unstable heart disease, cerebrovascu-

lar diseases, hemolytic anemia, anticoagulant therapy or disorders

of haemostasis. The authors also excluded women affected by

such uterine pathologies as ectopic pelvic masses and pelvic in-

flammatory diseases.

All patients were submitted to a preliminary pelvic MRI study to

show the lesions. This was performed in the prone position in order

to assess the site of the lesion with respect to bowel, bladder, and

bone. The authors acquired T2-weighted, T1-weighted, and T1-

weighted fat sat sequences on the three planes (to exclude con-

comitant adenomyosis) without and with injection of contrast

medium.

Patients were considered technically treatable with MRgFUS

when the fibroids could be reached by the ultrasound beam. The

authors studied the distance of the fibroid from the skin and estab-

lished a limit of 14 cm as appropriate for the ultrasound beam fo-

calization. Patients presenting  bowel interposition in the path of

the ultrasound beam were excluded to avoid damages in the bowel

wall. In fact, air bubbles or hard particles inside the bowel can re-

flect or absorb the ultrasound energy. Other exclusion criteria were

as follows: pedunculated fibroids that could be dislodged inside

the peritoneal cavity after treatment, calcified fibroids that do not

allow beam penetration, fibroids with vascularized structure and

MRI dishomogeneous signal, that do not  allow  to reach thera-

peutic temperatures, and women with extensive abdominal scars

that were likely to divert  and absorb ultrasound energy causing

pain and burns.

The fibroids measured between two and 14 cm. Thirty-one pa-

tients out of 78 had multiple uterine fibroids and 47 out of 78 pre-

sented a single fibroid. 

The pre-treatment volume of the fibroid was measured on the T2-

weighted sequences acquired prior to the treatment in order to evalu-

ate the target area. The authors also considered the non-perfused

volume (NPV), measured immediately after treatments by c.e. T1

weighted fat sat sequences, representing the treated area, and repre-

Table 1. — Exclusion criteria of MRgFUS treatment. 
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senting an index of radicalization. This value was the volume of the le-

sion submitted to treatment and is correlated to the efficacy of the treat-

ment itself.

All measurements were taken using an informatics method

called “Lesion Management on Carestream Health”, (Vue PACS,

version u.11.3.2.4051) that allowed a semiautomatic measure of

the target area. 

Results

The treatment efficacy was evaluated in terms of images

and clinical response. The mean value of the pre-treatment

volume for the uterine fibroids was 39.5 cc (maximum 214 cc

and minimum 1.2 cc). The treatment showed a mean value

of NPV of 30.5 (maximum value  202.8 cc and minimum

value of 0.4 cc), with a mean percentage value of 78%.

The clinical follow-up of was carried out immediately

after treatment, after six months, and after one year. 

The UFS-QOL showed an important score reduction

passing from a mean pre-treatment score of 27.8 to a 13.7

after six months (reduction of 50.08%) and to 9.1 after one

year post-treatment (reduction of 67.3%). Five patients

showed a partial regression of the symptoms with a reduc-

tion in the  UFS-QOL  of only 6-9 points after six months

(Figure 1). 

After ten days from the treatment, the authors appreci-

ated the disappearance of abdominal pain, dyspareunia, and

inter-menstrual vaginal bleeding most of all in the women

affected by intra-mucosal fibroids. After six weeks, patients

referred a regularization of the menstrual cycle with a re-

duction of menorrhagia and dysmenorrhea. No one com-

plained of skin burns or back and leg pain deriving  from a

possible injury of the sciatic nerve (Figure 2).

Discussion

Uterine fibroids are benign tumours with high incidence

in women. They are the third leading cause of hysterectomy

with several consequences on the healthcare expenses. Hys-

terectomy is a leading surgical option for relief from symp-

tomatic leiomyoma. It includes laparoscopy, laparotomy,

and transvaginal procedures. Factors such as severity of

symptoms and desire for future childbearing must be con-

sidered before this therapy is selected [15, 16]. In a com-

parative study of symptom relief after hysterectomy, uterine

artery embolization, and myomectomy, all three modalities

showed substantial symptom relief, but women who un-

derwent hysterectomy had the greatest symptom improve-

ment [17]. Disadvantages of hysterectomy include

permanent infertility and operative-related morbidities such

as anaesthesia complications, blood loss, and bowel and

urinary tract injuries.  Myomectomy is a uterus-preserving

surgical option performed either through laparotomy, la-

paroscopy, or transvaginal approach where leiomyoma

alone are removed. A major drawback of the transvaginal

technique is the risk of needing to proceed to a laparotomy

during the procedure, with weight of the leiomyoma and

location within the fundus being the most frequently doc-

umented risk factors [18]. Mini-laparotomy myomectomy

is a feasible option for women desiring an outpatient pro-

cedure. This cost-effective technique uses a smaller inci-

sion, and removal of leiomyoma is aided by a laparoscope.

It can be accomplished with minimal analgesia, minimal

blood loss, a mean recovery time of 3.5 hours, and a low

complication rate that allows for same-day discharge. There

is an increased, albeit rare, risk of uterine rupture in preg-

nancies following laparotomy and laparoscopic myomec-

tomy involving uterine entry. A more common risk

following myomectomy is an increased risk of cesarean de-

livery, with rates as high as 50% following laparotomy my-

omectomy [19]. Myomectomy is a mini-invasive therapy

that can be used just for specific dimension and position of

uterine fibroids. UAE [20] is an increasingly popular choice

among women with symptomatic leiomyoma as a mini-

Figure 2. — Evaluation of NPV value.

Figure 1. — SSS pre-and post-treatment.
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mally invasive alternative to hysterectomy and myomec-

tomy. UAE has a high technical success rate (95–98%),

rapid recovery, and low perioperative complication rate (1–

5%), with sustained patient satisfaction and improvement

of symptoms in the majority of women. There is evidence

showing that clinical success of UAE among women with

bulk-related symptoms relates to leiomyoma volumetric re-

duction [21]. Nonetheless, while criteria are established to

determine if patients are appropriate candidates for UAE,

there is no preoperative clinical observation or imaging fea-

ture that can predict the degree to which individual patient’s

leiomyoma will respond to embolization. Stating the UAE

as a valid procedure in the treatment of highly vascularized

fibroids, it has nonetheless proved to be unsuitable for

young patients, notably for those who desire to carry out a

pregnancy, since the procedure itself modifies the adnexa

of uterus vascular systems [22]. From the present authors’

results, it can be concluded that, when it is possible, the

MRgFUS treatment represents an alternative therapy for sin-

gle and multiple fibroids, since the application lasts no more

than 180 minutes, it does not require general anaesthesia

with an hospitalization in day-surgery (only one day). Fur-

thermore, it is a non-invasive technique: no cutaneous or

organ incision is made, thus no hematic loss neither blood

transfusions appear and patients after MRgFUS treatment

who would bear a pregnancy would not be candidates for

cesarean sections;  no relapse on the treated section is ob-

served. Clinical symptomatology disappears or is strongly

reduced with a reduction of the treated mass from 70% to

100 %. The procedure can be repeated even at short-term,

due to the preservation of the organ.
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