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Efficacy of MR-guided focused ultrasound surgery (MRgFUS) of
uterine fibroids: evaluation of non perfused volume (NPV), fibroid
shrinkage and clinical improvement at 6 months follow-up
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Introduction

Main problem: To assess the efficacy of magnetic resonance-guided focused ultrasound surgery (MRgFUS)
treatment of uterine fibroids evaluating fibroid shrinkage and clinical improvement after 6 months and to
determine the predictive role of post-treatment non perfused volume (ptNPV).

Materials and methods: This prospective study received the institutional review board approval. After
giving informed consent, 60 women with 72 symptomatic uterine fibroids underwent MRgFUS treatment
using the ExAblate 2000 system (InSightec, Haifa, Israel). Before treatment T2-weighted multiplanar magnetic
resonance imaging (MRI) images were obtained to measure uterine fibroids volume. Immediately after
treatment T'1-weighted contrast-enhanced fat-suppressed multiplanar MR images were used to measure ptNPV.
Similar images obtained 61 months after treatment were used to determine fibroids shrinkage. The symptom
severity score (SSS) and quality of life score (QOLS) were examined before treatment and after 6 months. The
ptNPV and 6-month fibroid shrinkage were correlated and compared with SSS and QOLS results.

Results: The average ptNPV was 67%=20%. Six months after treatment the treated fibroids average
volume decreased from 134+139 to 96+116 cm? (n=53) (P=0.0001) with an average volume reduction of
37%=22%. A linear regression model showed a significant correlation between ptINPV ratio (considered
as ptiNPV divided by initial volume) and fibroid shrinkage after 6 months (P=0.0116). The mean SSS value
before MRgFUS was 53+23 and after 6 months it significantly decreased to 27+17 (P<0.001). Similarly the
mean QOLS value before treatment was 49+24 and it significantly increased to 72+21 (P<0.001).
Conclusions: MRgFUS is a non invasive, effective treatment for uterine fibroids. The ptNPV resulted

predictive of uterine fibroid shrinkage after 6 months.
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Uterine fibroids (myomas or leiomyomas) are the most
common benign tumours in the female genital tract,
arising from the smooth-muscle cells of human uterus (1).
Almost 30% of women in reproductive age are affected by
uterine leiomyomas, especially from the age of 35 to the

© Pioneer Bioscience Publishing Company. All rights reserved.

menopause (2,3), and nearly 30% of women with fibroids
have symptoms like uterine bleeding and iron deficiency
anaemia, pelvic pressure, and reproductive dysfunction (2,3).

There are many treatment modalities for symptomatic
fibroids. The most common are hysterectomy and
myomectomy, invasive surgical procedures associated with
surgical risks and complications, that require 3-4 days
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hospitalization and many weeks of patient recovery (2,4).

Actually alternative and less invasive treatments have
been introduced to decrease the perioperative morbidity
and to reduce healthcare costs. These are uterine artery
embolization (UAE) and high intensity focused ultrasound
(HIFU) guided by sonography or guided by magnetic
resonance-guided focused ultrasound surgery (MRgFUS).

MRgFUS in a non invasive treatment that combines a
HIFU beam with the magnetic resonance imaging (MRI)
properties of anatomic resolution and thermal imaging.
The beam causes an increase in the temperature of the
targeted tissue (till 70-80 °C) and then a coagulative necrosis,
identified with the non perfused volume (NPV) (tissue
without blood flow evaluated at the end of the treatment with
contrast media) (1,2). MR images enable to define the target
of treatment and the structures to be avoided, such as small
bowel, and permit a real-time monitoring of temperature and
localization of the tissue being treated (3-5).

This treatment is well stand by patients, it has low risk
of complications and avoids radiation exposure; there is
no hospitalization and patient recovery time is minimal
(24-48 hours vs. 5 weeks for hysterectomy) (6).

The aim of this prospective study was to determine
the efficacy of MRgFUS treatment of uterine fibroids in
symptomatic women, evaluating fibroid shrinkage and
clinical improvement after 6 months; and to assess if the
NPV measured immediately after treatment could be
predictive of the efficacy of the treatment.

Methods

All the MRgFUS treatments were performed in our hospital
between September 2010 and October 2012, after receiving
approval by institutional review boards. All patients gave
informed consent for MRgFUS treatment.

We used the ExAblate 2000 system (InSightec, Haifa,
Israel), which consist of a phased array transducer (208
elements, 0.95-1.35 MHz), a computer-controlled
positioning system, a multichannel radiofrequency amplifier
and a user interface (7). These components operate in
conjunction with a 1.5 T MRI unit (Signa, GE Medical
Systems, Milwaukee, WI).

Patient selection

All women were older than 18 years, with clinically
symptomatic uterine fibroids and no other major medical
disease.

© Pioneer Bioscience Publishing Company. All rights reserved.

For inclusion in our study women should have no more
than three symptomatic fibroids, with a diameter between 3
and 10 cm and a hypontense signal on T2 weighted images;
fibroids with high T2 signal intensity were excluded because
these have been found to be less responsive to MRgFUS
treatment (8,9).

Exclusion criteria included absolute contraindications
and relative contraindications. Absolute contraindications
are positive pregnancy test on the day of treatment,
contraindications to MRI (e.g., pacemakers) and
peduncolated fibroids with a narrow stalk. Relative
contraindications include fibroids with a diameter greater
than 10 cm, that may benefit from gonadotropin-releasing
hormone (GnRH) agonist pre-treatment to shrink (10,11)
and thick abdominal scars that could absorb energy and
determine skin burn (12). Even posterior fibroids and the
presence of bowel interposed between abdominal wall and
the fibroid to be treated are relative contraindications,
but in the most instances we could treat the patients after
a combination of rectal filling (with US gel) and bladder
filling (with saline) (12,13).

All the candidates to treatment underwent an MRI
exam with Gadolinium contrast agent and a consult with
gynecologist and radiologist to evaluate the feasibility of
MRgFUS.

Patient preparation

Patient was informed not to eat during the previous 6 hours
and to shave the area between umbilicus and pubic bone
because the depilation is very important for not increase
temperature, preventing burn skin.

The presence of scar is evaluated before the treatment
with the MR imaging; the hypertrophic scar excludes
the patient from treatment because it can accumulate
temperature and deviate the US beam.

Immediately before treatment the patient was prepared
with the introduction of IV line and Foley catheter in the
bladder and then she was positioned prone on a special
MRI table containing the transducer. Multiplanar turbo
spin echo (TSE) T2 weighted MRI acquisitions of the
pelvic region (7able 1) were obtained so the fibroid was
placed directly over the transducer. On these images we
defined the region of treatment (ROT) on the targeted
fibroid and the structures to preserve (small bowel, pubic
bone, skin and sacral nerve). If needed bladder was filled
with saline and rectus with US gel to displace the uterus
anteriorly.
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Imaging
planes

Imaging step MR scanner Sequences

;
TE Flipangle >'°°  FOV Matrix size

R (ms) thickness . Sense
(ms)  (deg) (mm) (em)  (pixel)

MR thermometry Signa GE 1.5T Fast spoiled FFE
during treatment

ax sag cor

25 12.3 30 3 28x28 256x128 /

Follow-up exam Achieva XR  T1-weighted TSE ax 400-650 12 90 3 24x24 320x560 1,5
Philips 1.5T  T2-weighted TSE  ax sag cor 3,000-6,000 100 90 3 24x24 320x560 1,5
T1-weighted fat-  ax sag cor 5 2.3 10 2 28x28 320x512 4
sat FFE contrast-
enhanced* (THRIVE)

During all treatment the patient had a noninvasive
cardiorespiratory monitoring and a conscious sedation
with continuous infusion of remifentanyl (Ultiva,
GlaxoSmithKline, UK) (0.045-0.055 gamma/Kg/min) was

administered, to allow communication with the treating

team.

MRgFUS treatment

The system automatically plans the treatment computing
the optimal sonication grid necessary to coagulate the
targeted volume. The US beam causes an increase in the
temperature of every single spot of sonication reaching
70-80 °C, so coagulative tissue necrosis is obtained. Each
sonication lasts approximately 20-30 seconds and it is
followed by a cooling period of 60-90 seconds necessary
for the skin to return to baseline temperature. During
each sonication real time gradient echo images are
obtained (7zble 1) to evaluate the expected path of the
US beam and the anatomy of the treated fibroid. MR
thermometry measures the temperature in the targeted
area generating a temperature map. The duration of
the treatment depends on the number of sonications
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necessary to cover all the ROT.

Immediately at the end of the treatment an MRI exam
with intravenous gadolinium contrast agent administration
was performed (Multihance, Bracco SpA): we acquired
multiplanar T2 weighted and T1 weighted images and
a dynamic study with contrast-enhanced fat-suppressed
images to quantify the tissue without blood flow (NPV) of
the fibroid, corresponding to the treated necrotic area.

An MRI exam with T1 weighted and T2 weighted
images and a dynamic study was performed 6+1 months
after treatment to evaluate the fibroid shrinkage and the
residual NPV.

Volume measurement

For the measurements of the different volumes we used the
Osirix 4.3 software, drawing on each slice the single region
of interest (ROI), always on sagittal plane, and computing
the volume with the three dimensional (3D) reconstruction.
The initial fibroid volume was measured on pre-treatment
T2 weighted images, the post-treatment NPV on the
late phase of the contrast enhanced study performed
immediately after treatment; the 6-month follow-up
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Table 2 Study population

Variable N
Number of treated patients 60
Age (years)

Range 35-54

Mean 44
Number of fibroids 72
Number of patients 6 months follow-up 46
Number of fibroids 6 months follow-up 53

fibroid volume was measured on T2 weighted images of
the follow-up exam and the residual NPV on the late phase
of the contrast enhanced study performed after 6 months.
Then post-treatment NPV was compared to initial fibroid
volume, and was expressed as a percentage, termed post
treatment NPV ratio. Fibroid shrinkage after 6 months was
calculated by subtracting 6-month fibroid volume from the
initial fibroid volume, and dividing the result by the initial
fibroid volume.

Clinical evaluation

Patients were asked to complete a uterine fibroid symptoms
and quality of life (UFS-QOL) questionnaire at baseline
and at follow-up. This questionnaire is specific to uterine
fibroids and their treatment: it is composed of 37 items and
responses for each item were scored from 1 (no symptoms)
to 5 (major symptoms). Of all these, eight items are related
to the symptom severity score (SSS) and 29 items are
related to the quality of life score (QOLS). The sums of the
two different scores were transformed into a 0-100 scale
for comparison (14,15). For the SSS higher scores indicate
worse symptoms. For the QOLS higher scores indicate
better quality of life.

The SSS and QOLS scores were calculated for each
patient and then measured values were expressed in mean =
standard deviation (SD).

Statistical analysis

Measured values were displayed as mean + SD.

The statistical significance was evaluated using Student’s
t-test and Wilcoxon sum ranked test for the comparison
between SSS and QOLS values at baseline and at follow-
up. Linear regression analysis was used to evaluate the
correlation between fibroid shrinkage after 6 months and
post treatment NPV ratio (Pearson’s r).
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P value of less than 0.05 was considered to indicate a
significant difference.

Results

A total of 72 symptomatic uterine fibroids in 60 women
(range, 35-54 years old; average, 44 years old) were treated
with MRgFUS between September 2010 and October
2012. Fifty-one patients were treated for a single fibroid, six
patients for two fibroids and three patients for three fibroids
simultaneously. Only one patient underwent two treatments
for two different fibroids, the second 10 months after the
first (Table 2). No significant complications were reported,
only a minor skin burn that resolved with topical cream.

The mean pre-treatment fibroid volume was 134+139 cm?
(range, 4.4-587 cm?). Immediately after treatment the
mean NPV of the treated fibroids was 67%+20% of initial
volume.

Between March 2011 and October 2012, a total of 53
fibroids in 46 women underwent a follow-up MRI exam
with gadolinium contrast agent 6+1 months after treatment.

Of the other six patients due for the 6-month follow-
up exam by October 2012, three patients had hysterectomy
because they still have symptoms even after MRgFUS
treatment, one patient had an allergic reaction to the
contrast media at the follow-up exam and was excluded
from the study, and two patients did not want to come to
undergo the exam.

Six months after treatment the treated fibroids average
volume significantly decreased from 134+139 to 96£116 cm®
(P=0.0001) with an average volume reduction of 37%=22%
(1uble 3) (Figure 1).

A linear regression analysis showed a significant
correlation between post-treatment NPV ratio and fibroid
shrinkage after 6 months (P=0.0116) (Figure 2). So the
larger is the NPV after treatment, the greater is the fibroid
shrinkage after 6 months.

The mean SSS value at baseline was 53+23 (n=38) and
after 6 months it significantly decreased to 27+17 (P<0.001),
with an important symptoms reduction. Similarly the
mean QOLS value before treatment was 49+24 (n=38)
and it significantly increased to 72+21 (P<0.001), with an
improvement in the quality of life of the patients (Figure 3).

Discussion

Uterine fibroids are a significant healthcare concern for
many women in reproductive age. The causes of fibroids
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Table 3 Response to MRgFUS treatment

417

Variable n Range Mean + SD P*
Fibroids volume before treatment (cm®) 58 4.4-587 134+139

Non-perfused volume immediately post-treatment (cm?) 58 0.5-389 87+85

Non-perfused volume immediately post-treatment (%) 53] 11-96 67+20

Fibroid volume 6 months after treatment (cm®) 59 0.2-528 96+116 0.0001
Shrinkage 6 months after treatment (%) 53 -36-98* 3722 0.0116

* significance of volume reduction after 6 months evaluated on percentage or in cm® **, the minus sign (-) is referred to three
fibroids that after 6 months had the volume increased of 10%, 11% and 36%; MRgFUS, magnetic resonance-guided focused

ultrasound surgery; SD, standard deviation.

Figure 1 MR sagittal images before and immediately after MRgFUS treatment and at 6-month follow up evaluation in a 43-year-

old woman. (A) T2-weighted image before MRgFUS treatment. Fibroid volume was 144 c¢cm?®; (B) contrast-enhanced T1-weighted fat-

suppressed image on the late phase of the dynamic study acquired immediately after treatment: the NPV was 137 cm? and the post-

treatment NPV ratio was 95%; (C) T2-weighted image at 6-month follow-up evaluation. The fibroid volume was 80 cm?®, with a fibroid

shrinkage of 45%; (D) contrast-enhanced T1-weighted fat-suppressed image on the late phase of the dynamic study acquired at 6-month

follow-up evaluation: the NPV was 77 cm?. MRgFUS, magnetic resonance-guided focused ultrasound surgery; NPV, non perfused volume.
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Figure 2 Graph shows relation between non-perfused volume ratio

immediately post-treatment and fibroids shrinkage 6 months after

treatment. Line represents results of regression analysis (P=0.0116).
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Figure 3 Graph shows the mean SSS and QOLS value at baseline
and at 6-month follow-up. SSS significantly decreased from 5323
to 27£17 (P<0.001) with an important symptomatic reduction;
the QOLS increased from 49+24 to 72+21 (P<0.001) with an
improvement in the patients’ quality of life. SSS, symptom severity
score; QOLS, quality of life score.

are unknown, however, genetic and hormonal factors
have an essential role in their development. Fibroids
are symptomatic in approximately 30% of women of
childbearing age; symptoms can include heavy and
prolonged menstrual bleeding, severe pain, bloating and
constipation or urinary complaints (2).

Treatment is reserved to women with substantial
symptomatic fibroids. The most common treatment is
hysterectomy, an invasive surgical procedure to remove
the uterus. Hysterectomy is associated with surgical risks and
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complications, requires general anesthesia, a 3- to 4-day hospital
stay, and results in a patient recovery time of 6 weeks or more.
Up to a few years ago, hysterectomy was the gold standard for
fibroids treatment: 199,000 hysterectomies for fibroids were
performed in the United States in 1997 (2). Myomectomy
is second to hysterectomy for fibroids treatment. This is
a surgical procedure, less invasive than hysterectomy, that
permits the removal of the fibroid only.

Today other less invasive techniques have been
introduced, including UAE (4). UAE is a minimally invasive
procedure; the goal of performing UAE is to produce
infarction of the fibroids with consequent decrease in
fibroid volume. UAE can treat more fibroids at the same
time while preserving the uterus, it is done under spinal
anesthesia and the patient can go home in 72 hours,
however, it is a painful procedure because of the infarction
of fibroids. As with any interventional procedure, there are
a number of complications associated with UAE; the most
common complications include fibroid expulsion (2.5%)
and infections like endometritis (0.5%) (16).

MRI-guided focused ultrasound therapy for uterine
fibroids is a noninvasive alternative to the traditional
and most common treatments like hysterectomy and
myomectomy, with low risk of complications and significant
symptomatic improvement in most patients in a short time.

MRI-guided focused ultrasound ablation of uterine
fibroids generates an area of coagulative necrosis within
the fibroid, which results with contrast-enhanced MRI
examination, in an area of non-enhancement of NPV. The
necrotic area is absorbed with time; our study, confirming
the results of previous research (4,17-20), has demonstrated
a significant correlation between the quantity of necrotic
tissue in the treated fibroid—therefore of NPV—and the
reduction of its volume 6 months after treatment.

Moreover, greater shrinkage was found in patients with
higher post-treatment NPV ratios.

The comparison of the NPV ratio distribution and the
average fibroid shrinkage at 6 months between our data
and the results of clinical trials in the world has shown
analogous results in relation to studies published between
2009 and today. In our study the mean NPV immediately
after treatment was 67%=+20%, in agreement with
LeBlang et al. (4) (55%=25%) and Dobrotwir et al. (17)
(67%+25%), whereas the average volume reduction of
fibroids 6 months after treatment was 37%=22% in our
study, 31%+28% for Leblang er al. and 30%=+11% for
Desai et al. (18). Our results on post-treatment NPV and
fibroid volume reduction at 6 months were substantially
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better than those reported in studies published between
2004 and 2007 (19-22). This can be due to the fact that
in some of the first clinical trials patients were treated
according to protocols constrained by operating restrictions
(e.g., NPV <33%; treatment duration <120 min) imposed
by Food and Drug Administration (FDA) guidelines (22).

Additional factors allowing for the greater treatment
effectiveness in our study were the increased experience
of the radiologist and a better selection of patients. Our
treatment excluded non-hypointense fibroid on T2
weighted MRI, since previous studies have demonstrated
that these fibroids do not respond as well to treatment (19).

Our study has also shown that volume reduction in
fibroids, independently of its size, is accompanied by a
significant reduction of patients’ symptoms at the 6-month
follow-up, based on the UFS-QOL questionnaire.
Furthermore we have observed that a greater non-perfused
volume ratio after treatment correlates with greater
shrinkage and symptoms improvement at the 6 months
follow-up.

The mean SSS value at baseline was 53+23 and at 6 months
follow-up is significantly decreased to 27+17 (P<0.001) with
an important symptomatic reduction; the QOLS increased
from 4924 to 72+21 (P<0.001) with an improvement in
the patients’ quality of life. These results are also favorably
compared to the latest studies (17,18,23).

The low rate of side effects observed in our study and
the quick return to routine activity are in contrast to the
relatively high morbidity and need for variable times of
hospitalization associated with the currently used surgical
procedures for uterine fibroids or with UAE.

Limitations of our study include small population size
and the great variability of treated fibroid size (range,
4.4-587 cm’) and, for extremely small fibroids, a greater
margin of error in measuring their volumes in the post-
processing phase. An additional limitation is certainly the
lack of longer-term follow-up; however, the analysis of
the preliminary results obtained 12 and 24 months after
treatment is promising. So we believe that MRI-guided
focused ultrasound therapy should be considered a safe
and viable treatment option for symptomatic uterine
fibroids in suitable patients and a valid therapeutic
solution for women who want to preserve their uterus for

future fertility.
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