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Background & objectives: Uterine leiomyomas (fibroids) are common cause of morbidity in women
of reproductive age group. High intensity focused ultrasound with the imaging guidance of magnetic
resonance imaging (MRI) known as magnetic resonance guided focused ultrasound sonication (MRgFUS)
is now available. However, there are no available studies with this non invasive modality of treatment in
Indian subjects. The objective of this study was to determine the safety and clinical efficacy of MRgFUS
in the treatment of uterine fibroids.

Methods: This prospective study included 32 consecutive women with clinically symptomatic uterine
fibroids who were treated with MRgFUS from February 2011 to October 2011. Pre and post treatment
symptom severity scores (SSS) were assessed at the time of enrolment and at one, three and six months
follow up using a validated uterine fibroid symptom - quality of life questionnaire (UFS-QOL). Pre and
post treatment fibroid volumes were compared immediately after treatment and at six months follow up
using contrast enhanced MRI scan. Non perfused volume (NPV) ratios were calculated and correlated
with fibroid volume reductions immediately after the treatment and at the end of six months follow up.

Results: This procedure was well tolerated by the patients and procedure related adverse effects were
non significant. Significant reductions in SSS were seen at one, three and six month intervals after the
treatment (P<0.01). Significant reductions were noticed in fibroid volumes at six months follow up
compared to pretreatment fibroid volumes (P<0.01). Significant positive correlations were observed
between NPV ratios and reduction in fibroid volumes at six months follow-up (r=0.659, P<0.01).

Interpretation & conclusions: MRgFUS is relatively a safe and effective non invasive treatment modality
for treating uterine fibroids in selected patients. Its long term efficacy is yet to be tested and compared
with other available minimally invasive treatment options.
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Uterine leiomyomas (fibroids) are common cause
of morbidity in women of reproductive age group.
About 25 per cent of women are affected during their
lifetime!?. Symptoms include heavy and prolonged
menstrual flow, pelvic pain and pressure, pain in legs
and back, pain during sexual intercourse, frequent
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micturition, constipation, abnormally enlarged abdomen
and infertility. All available treatment modalities for
uterine fibroids like hysterectomy and myomectomy
are either invasive or minimally invasive. Uterine-
sparing treatments such as myomectomy and uterine
artery embolization have become popular treatment
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options for uterine fibroids®. The advantages of these
treatment modalities are lower morbidity and shorter
recovery times when compared with hysterectomy.
However, these procedures are associated with
treatment specific limitations like fibroid size, location,
and post embolization syndrome*’. High intensity
focused ultrasound (HIFU) is a new non invasive
treatment modality for treating uterine fibroids. In
HIFU ultrasound waves in the frequency range of
1-1.5 MHz are focused over a small volume of tissue
by using a phased array transducer to generate thermal
energy that causes coagulation necrosis of the tissue
at that focal point*®’. During diagnostic ultrasound
the ultrasound waves are distributed over a wide area
and temperature elevation is negligible®. In HIFU
ultrasound waves are focused over a small area to
generate heat and cause coagulation necrosis of tissue
at focal point. The therapeutic potential of ultrasound
could not be utilized for a long time due to lack of
proper image guidance®'®. With the advent of magnetic
resonance imaging (MRI) it is now possible to apply
this technology for the treatment of a wide range of
clinical conditions. Excellent soft tissue resolution
afforded by MRI enables accurate planning of target
tissue. Images can be obtained in many planes and
two and three dimensional images can be used for
accurate treatment planning. MRI parameters have
intrinsic sensitivity to temperature change and can be
used for real time thermal mapping and tissue damage
assessment following therapy''>. The application of
high intensity focused ultrasound with the imaging
guidance of MRI is called magnetic resonance guided
focused ultrasound (MRgFUS). So far, there are no
available studies with this modality of treatment
involving Indian subjects. The objective of this study
was to determine the safety and clinical efficacy of this
non invasive modality for the treatment of symptomatic
uterine fibroids in the Indian patients.

Material & Methods

This prospective study included 32 consecutive
women with 51clinically symptomatic uterine fibroids
(excessive and irregular menstrual bleeding, pelvic pain,
pressure, urinary or bowel problems and anaemia) who
attended GSL general hospital, Rajahmundry, Andhra
Pradesh, India, from February 2011 to October 2011.
They were first clinically examined by a gynecologist
followed by ultrasound scan of the pelvis and based
on the clinical symptoms and ultrasound findings
they were subjected to screening MRI to assess the
feasibility for MRgFUS treatment. The MR images

of the pelvis were used to diagnose the presence of
fibroids, their blood flow (perfusion volume) location,
size and volume, characterize the tissue, and diagnose
other uterine or pelvic conditions. These women were
assessed for clinical symptoms and health related
quality of life at the time of recruitment for the
study and after treatment at one, three and six month
follow up using a validated uterine fibroid symptom
and quality of life questionnaire (UFS-QOL)>"*. The
questionnaire uses eight questions assessed on a 5-point
Likert scale to assess both bleeding and bulk-related
symptoms due to uterine fibroids. Thus, the maximal
raw score for the symptoms severity score is 40 points.
However, the transformed score is typically reported
on a single 100-point scale, with 100 points indicating
maximal symptomatology. In validation studies normal
women had an average transformed symptom score
of approximately 20 points, and women with uterine
fibroids had an average score of 40 points.

The women with a symptom severity score (SSS)
of more than 41 points on UFS-QOL questionnaire
qualified for the study. A 20 point reduction in SSS was
considered as significant improvement. Immediately
after the procedure and at six month follow up contrast
enhanced MRI scan of the pelvis was performed to
assess the nonperfused volume (NPV) or treated area
and reduction in fibroid size. NPV ratio (NPV ratio =
nonperfused volume/perfused volume expressed as
percentage) was calculated and its relation to symptom
relief as per UFS-QOL was assessed at 6 months follow
up. The primary outcome of the study was symptom
relief at one, three and six months and secondary
outcome was reduction in the fibroid size at 6 months
follow up and its relation to NPV ratio'-'415,

The inclusion criteria were age above 18 yr, weight
less than 110 kg, not more than four fibroids, fibroid
size not more than 10 cm, location not more than 12
cm from anterior abdominal wall and at least 4 cm
away from bone and nerve bundles. The exclusion
criteria were pregnancy, massive scarring over lower
abdomen, pelvic or systemic disease, contraindications
for MRI like cardiac pacemaker, calcified fibroids
and pedunculated fibroids. Written informed consent
of the patients was obtained. This study protocol was
approved by the institutional ethics review committee.

Selected patients reported to treatment centre in
fasting state. An intravenous line and Foley’s catheter
were inserted. Conscious sedation was administered
with fentanyl citrate or pentazocine. During MR guided
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focused ultrasound patients lied in the prone position
on a modified MR gantry. The FUS machine integrates
fully with a 1.5 T MR scanner (GE, Milwaukee, USA)
and the transducer is situated within a bath of degassed
water in the mid-section of the table. This allows a
direct acoustic pathway from the transducer into the
target fibroid, which was directly positioned above.
To carry out MRgFUS safely an adequate acoustic
window for the sound wave pathway was created
which did not traverse abdominal wall scars or any
loops of bowel. The goal of the therapy was to ablate
maximum volume of the fibroid without damage to
surrounding structures. The treatment parameters like
fibroid volume, number of sonications, acoustic power
and sonication frequency were initially determined
by ultrasound ablation system (EXABLATE-2010,
Insightec Haifa Israel). These were modified later on
the basis of temperature mapping and feedback from
patients regarding sonications related discomfort. On
an average it took about 3-4 h for treating a 6 cm size
fibroid.

Statistical analysis: Statistical analysis was performed
using SPSS software trail version 16.0, USA. Symptom
severity scores (SSS) were analyzed using ANOVA
with Turkey’s test. Student’s paired t-test was used
to compare the fibroid volumes before procedure
and at six months follow up. Pearson coefficient of
correlation was used to study the correlations between
NPV ratio and reduction in fibroid size immediately
after the procedure and at six months follow up. For all
statistical analyses P<0.01 was considered significant.

Results

A total of 32 women were treated with this
procedure. The age varied between 21 to 48 yr with
a mean age of 36.63 £ 6.23 yr (Fig. 1). Excessive
bleeding and irregular cycles were the commonest
complaints in more than 70 per cent of women.
Abdominal and pelvic pain, pelvic pressure and
urinary and bowel symptoms were present in 20 per
cent of women. Five women presented with infertility
and one with indwelling catheter for urinary retention.
Fifty one fibroids were treated in these 32 women. The
mean symptom severity score was 67.72 £ 6.56 at the
time of enrolment for the study. After the treatment,
the SSS was 35.09 + 6.07 at one month follow up,
29.72 £ 5.27, at three months and 27.28 £+ 5.46 at six
months follow up. Significant reduction in SSS was
seen at one, three and six months follow up compared
to pre procedure SSS (P<0.01). Mean differences
in SSS between pre and post procedure were 27.63,

30 -

25
25 4

= NO. OF PATIENTS
= NO. OF FIBROIDS

NO. Of PATIENTS/NO. Of FIBROIDS

21-30 31-40 41-50

AGE GROUP (IN YRS.)

Fig. 1. Distribution of number of fibroids in different age groups.

33.0 and 35.43 at one, three and six months follow up
(P<0.01). The mean perfused volume of the fibroids
was 146.81 + 64.98 cm?® before treatment. The mean
non perfused volume of the fibroids immediately after
the procedure on a gadolinium enhanced MRI scan
was 102.88 = 39.31 cm® which represented 70 per
cent of the pretreatment mean fibroid volume. The
mean volume of the fibroids at the end of six months
follow up was 87.31 + 35.36 cm® which represented
40 per cent reduction (P<0.01) in pretreatment fibroid
volumes (Figs 2, 3). Significant positive correlations
were seen (r=0.659, P<0.01) between NPV ratio and
reduction in fibroid volume at six months follow up
but not immediately after the procedure. No serious
adverse effects were reported during the study period.
Only one patient developed blisters over anterior
abdominal wall which subsided in one week. Four
patients reported leucorrhoea in the first week after
procedure which subsided after two weeks. One
patient who reported for treatment with indwelling
catheter for retention of urine passed urine normally
on the next day of the procedure.

Discussion

The outcome of the MRgFUS treatment in this study
was on the basis of improvement in symptom severity
scores and improvement in quality of life after the
procedure. The results showed significant improvement
in the SSS after the procedure at one, three and six
months compared to symptom scores at the time of
initial presentation. Although the relief of symptoms and
improvement in the quality of life is promising about the
effectiveness of this new non invasive ablative treatment
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Fig. 3. Pre and six months post treatment images of the same fibroid with marked size reduction.

in short term, its long term efficacy and sustainability
is yet to be established. The reductions in SSS and
fibroid volumes at the end of six months follow up
after the MRgFUS treatment correlated positively with
the NPV ratio. These observations were in accordance
with the findings of other studies conducted outside
India>'>!*16, The common less serious adverse effects
included leucorrhoea, fever, localized pain, erythema
and swelling which disappeared in a few days. Serious
adverse effects included, necrosis of non targeted
tissue like bowel and bladder with perforation, nerve
damage or haemorrhage in the treatment area, and
skin burns resulting in ulceration and scar formation.
various studies reported adverse effects in 1-3 per cent
cases>".

Some investigators have correlated the therapeutic
efficacy of MRgFUS with fibroid intensity in the

pretreatment MRI images. Some other studies revealed
that the treatment outcome was not influenced by
the phase of menstrual cycle!™!®. But in this study
these aspects were not taken into consideration. Long
term efficacy of this treatment is yet to be tested and
compared with other available alternative minimally
invasive treatment options. So far 24 months follow
up studies are available which show lower recurrence
rates (20%) when the treated volumes were around 60
per cent of the fibroid volume™.

The other treatment options available for uterine
fibroids include hysterectomy, open myomectomy,
laparoscopic  and  hysteroscopic = myomectomy.
Surgically guided thermoablative techniques like
myolysis and cryoablation have shown variable
response. Uterine artery embolization though widely
used and less invasive can cause post embolization
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infection, fever, chronic vaginal discharge, fibroid
extrusion and ovarian failure and requires expensive
equipment and expertise'.

The advantages of MRgFUS over other therapies
is that it is a day care procedure, can be conducted
under conscious sedation, patient can communicate
with the treating physician during treatment, can stop
treatment herself and resume her daily activities from
the next day of treatment. The other advantages with
this treatment are uterus is conserved with chances
of future pregnancy and it can be carried out even
in anaemic patients and those who cannot withstand
surgery. Spontaneous conception after treatment with
MRgFUS for uterine fibroids has been reported'®*.
Though this study included five subjects with uterine
fibroids and infertility, so far there was no positive
pregnancy outcome.

MRgFUS is also emerging as a treatment option for
various other medical conditions like carcinoma breast,
prostate, liver and palliation of bone metastasis* %,
The limitating factors for widespread application of this
modality of treatment are (i) less than 50 per cent of
subjects with uterine fibroids are eligible for treatment
with this procedure, (ii) high cost of equipment, (ii)
need for experienced radiologists and gynaecologists
well versed with the procedure, and (iv) need for more
comparative studies with other modalities of treatment
to establish its long term efficacy.

To conclude, MRgFUS is a novel non invasive
treatment option for treating uterine fibroids. It is
relatively safe and effective in selected patients with
minimal serious adverse effects and can be repeated
if necessary’. The long term efficacy and durability of
this treatment is yet to be tested and compared with
other presently available minimally invasive treatment
options. This study included a limited number of
subjects and studies involving more number of
subjects are required in future to establish its safety and
efficacy.
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