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MR-guided Focused Ultrasound for Uterine Fibroids: A Preliminary  
Study of Relationship between the Treatment Outcomes and  

Factors of MR Images Including Elastography

Shintaro Ichikawa1*, Utaroh Motosugi1, Makiko Omori2, Katsuhiro Sano3,  
Yoshie Omiya1, Shuji Hirata2, and Hiroshi Onishi1

We evaluated the value of magnetic resonance elastography (MRE) for the prediction of response to mag-
netic resonance-guided focused ultrasound (MRgFUS) for uterine fibroids. Eleven patients were enrolled.  
A fractional change of >30% in Symptoms Severity Score (SSS) was defined as a ‘substantial symptomatic 
improvement’ at 12 months after treatment. The fractional stiffness value reduction in the patients with a 
substantial improvement in SSS was significantly higher than that in those without (P = 0.0446).
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TECHNICAL NOTE

Magnetic resonance elastography (MRE) is a recently 
developed technique for measuring tissue stiffness. A previous 
study suggested that MRE can be used to measure fibroid stiff-
ness, which represents the degree of fibrosis in fibroids.3 There-
fore, we hypothesized that fibroid stiffness can be used as an 
indicator of treatment outcome in patients with fibroids treated 
with MRgFUS. Hence, the purpose of this study was to evaluate 
the usefulness of MRE for predicting the treatment outcomes of 
patients who receive MRgFUS treatment for uterine fibroids.

Materials and Methods
Patients
This retrospective study was performed in accordance with 
the principles outlined in the Declaration of Helsinki, and 
was approved by the relevant institutional review board. 
Written informed consent for MRgFUS treatment and MRE 
was obtained from all patients. Between February 2013 and 
December 2014, 11 consecutive female patients underwent 
MRgFUS treatment for uterine fibroids at our institution. All 
the patients (age range, 38 to 52 years; mean age, 45.5 ± 4.4 
years) received MRgFUS treatment within 2 months of 
undergoing the pre-treatment MRE. They underwent the 
post-treatment MRE 12 months after MRgFUS treatment. 
There were no other inclusion or exclusion criteria. All 
patients had multiple fibroids (mean, 8; range, 2–17). Their 
chief complaint was hypermenorrhea (n = 8), abdominal 
tightness (n = 2), and frequent urination (n = 1). Two patients 
were received gonadotrophin-releasing hormone analog 
(GnRHa) therapies just before MRgFUS.

Patient eligibility criteria for MRgFUS were as follows;  
i) symptomatic fibroids, ii) without abdominal scar in the 

Introduction
Uterine fibroids are common benign tumors, which occur in 
about one-fourth of women in their reproductive years. Although 
some patients are completely asymptomatic, approximately 
25% are symptomatic and experience pelvic pain, menorrhagia 
or dysmenorrhagia, increased frequency of urination, or repro-
ductive dysfunction.1 Historically, hysterectomy and myomec-
tomy has been performed as the first-line treatment for uterine 
fibroids. In addition, less invasive treatment options are avail-
able (i.e., uterine artery embolization, magnetic resonance-
guided focused ultrasound [MRgFUS], or thermal ablation 
therapy). Hormone-based treatment is often selected, but may 
cause a rebound effect in case of interruption. Magnetic reso-
nance-guided focused ultrasound  is a noninvasive method that 
uses focused ultrasound to ablate the tumor and reduce fibroid 
volume.2 However, the outcomes of symptoms can vary. To the 
best of our knowledge, there is no biomarker that can predict the 
outcome of patients’ symptoms after MRgFUS. 



83Vol. 18, No. 1

MRE Estimation for MRgFUS Treatment

beam pathway (between ultrasound source and the targeted 
fibroid), iii) without intestine in the beam pathway, iv) >4 cm 
away from the sacrum or the lumber vertebra, v) no desire for 
childbearing, and vi) no contraindication for MRI.

Magnetic resonance-guided focused ultrasound
All patients underwent MRgFUS treatment on an Exablate 
2000 system (INSIGHTEC Ltd., Tirat Carmel, Israel) inte-
grated into a 1.5T MRI system (SIGNA Excite Ver.12; GE 
Healthcare, Milwaukee, WI, USA). The treatment procedure 
was as follows. After positioning the patient in the prone 
position, we performed localizer scan to locate the uterus and 
risk organs such as intestine, bladder, skin and pubic bone. 
The operator delineated the target fibroids and risk organs 
based on T2-weighted images (T2WI). The system automati-
cally adjusted shapes, sizes, and angles of the sonication 
spots, and the appropriate transducer apertures to avoid the 
beam pathway through risk organs and created a 3D treat-
ment plan. The size of sonication spot was 30–40 × 5–10 
mm. During the treatment, we adjusted energy levels to rise 
over 60°C at sonication spots. After the treatment, we 
acquired contrast-enhanced fat-saturated T1-weighted images 
to evaluate the non-perfused volume (NPV) ratio of all tar-
geted fibroids. Table 1 shows parameters of T1- and 
T2-weighted images.

Magnetic resonance elastography
Resonance elastography was performed using a supercon-
ducting magnet operating at 1.5 Tesla (Signa Excite Ver.12; 
GE Medical Systems, Waukesha, WI, USA) with an 
8-channel phased-array coil. Patients were placed in the 
supine position, and a cylindrical passive driver was attached 
to the lower abdominal wall using a rubber belt. The driver 
then transferred the vibration to the uterus via the abdominal 
wall. The MR parameters were as follows: sequence, spin 
echo-echo planar imaging; plane, transverse; TR/TE, 500/50 
ms; matrix, 96 × 96; FOV, 40 × 40 cm; section thickness/
intersection gap, 5/1.5 mm; frequency of driver, 60 Hz; 
amplitude, 60%; number of slices, 7 slices; number of 

excitations, 2; parallel imaging factor, 2; phase offset, 4; and 
acquisition time, 38  s (2 acquisitions). Motion-sensitizing 
gradient pulses were concurrently applied in three directions 
(x, y, and z). The MR scanners automatically generated stiff-
ness maps by processing the acquired propagating shear 
wave images according to a 2D inversion algorithm,4 and the 
shear stiffness of the tissue was translated to a pixel value 
(kPa). Based on the stiffness maps, two radiologists (S.I. 
and Y.O.), with 9 and 3 years of experience in radiology, 
respectively, referenced the T2WI and placed a region of 
interest (ROI) in the uterine fibroids of each patient. We 
selected one slice which has the maximum diameter on axial 
images and placed oval ROIs as large as possible to exclude 
the degeneration area (i.e., hyperintense area on T2WI). 
During the ROIs placement, we also paid attention to include 
a place where parallel waveform goes without interference 
on the phase images.

Statistical analysis
Fibroid volume was measured by hand, on the T2WI. For 
volume measurements, we used software called Medical 
Image Processing, Analysis, and Visualization (MIPAV) pro-
vided by National Institutes of Health (NIH). An application 
specialist draws a volume of interest (VOI) by manually 
drawing contours around the fibroid on MR images (slice-
by-slice), and the software automatically calculates the total 
volume of that VOI. Before and after the treatment, the 
patients were asked to report the severity of their symptoms 
using a Symptoms Severity Score (SSS).5 This is a 100-point 
scale consists of following eight symptoms including i) 
heavy bleeding during menstrual period, ii) passing blood 
clots during menstrual period, iii) fluctuation in the duration 
of menstrual period compared to previous cycle, iv) fluctua-
tion in the length of monthly cycle compared to previous 
cycle, v) feeling tightness or pressure in pelvic area, vi) fre-
quent urination during the daytime hours, vii) frequent night-
time urination, and viii) feeling fatigued. We compared the 
pre-treatment data with the data at 12 months’ post-treatment. 
Two end points were applied in this study. One was 

Table 1  Parameters of T1- and T2-weighted images

Plane
T2-weighted image Fat-saturated T1-weighted image

Axial Coronal Sagittal Axial Coronal Sagittal

Sequence Spin echo Spin echo Spin echo FSPGR FSPGR FSPGR

TR/TE (ms) 4440/86.26 5060/82.18 4500/82.18 285.0/1.39 235.0/1.39 260.0/1.39

Section thickness (mm) 5 5 5 5 5 5

Intersection gap (mm) 1 1 1 1 1 1

Matrix size 256 × 224 256 × 224 256 × 224 256 × 128 256 × 128 256 × 128

Echo train length 12 16 13 1 1 1

FOV (mm) 360 × 360 360 × 360 360 × 360 360 × 360 360 × 360 360 × 360

Flip angle (degrees) 90 90 90 80 80 80

FSPGR, fast spoiled gradient-echo dual echo.
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substantial volume reduction, which was defined as a frac-
tional volume reduction of more than 10%. The other was 
substantial symptomatic improvement, which was defined as 
a fractional change in SSS of more than 30%. The variables 
related to fibroids were analyzed as potential factors associ-
ated with treatment response. The following variables of 
fibroids were analyzed as potential factors related with 
response to treatment: GnRHa therapies before MRgFUS, 
number of sonication spots, signal intensity of T2WI, signal 
intensity ratio of fibroids-to-muscle on T2WI, location, pre-
treatment volume, NPV, NPV ratio, stiffness value measured 
by MRE, and fractional stiffness value reduction after treat-
ment. We defined low signal intensity on T2WI when fibroids 
were comparable to skeletal muscle.6 We compared these 
variables between the subgroups divided according to the 
two end points. Inter-reader agreement was assessed using 
the intraclass correlation coefficient (ICC). An ICC value (r) 
> 0.8 was considered excellent agreement, 0.6 < r ≤ 0.8 was 
deemed good, 0.4 < r ≤ 0.6 was moderate, 0.2 < r ≤ 0.4 was 
fair, and ≤ 0.2 was considered poor agreement. All statistical 
analyses were performed using the JMP (Ver. 10.0.2; SAS 
Institute, Cary, NC, USA) and IBM SPSS (Version 22.0; 
IBM Corp, Armonk, NY, USA) software. The statistical sig-
nificance level was set at P < 0.05.

Results
Overall
We treated 17 fibroids (12 intramural and 5 submucosal 
fibroids) in 11 patients. The mean number of sonication per 
patient was 86.3 ± 32.8 (range, 31–135). The total treatment 
duration (between the first and last sonication) was 03:33 ± 
00:59 h (range, 02:02–05:03).

The mean pre-treatment and post-treatment fibroid 
volumes were 414.8 and 370.1 mL, respectively. The mean 
pre-treatment and post-treatment fibroid stiffness values 
were 7.3 and 7.5 kPa, respectively. Six patients showed a 
substantial reduction in fibroid volume, while six patients 
showed a substantial improvement in SSS. Among these 
patients, three patients showed both a substantial volume 
reduction and substantial symptomatic improvement. No 
serious adverse events were documented during treatment or 
reported during follow-up.

Univariate analyses
In the comparison between the patients with and without a 
substantial reduction in fibroid volume, the pre-treatment 
stiffness values were significantly higher in the patients with 
a substantial volume reduction (P = 0.0222). The other vari-
ables showed no significant differences between the two 
groups (Table 1). In the comparison between the patients 
with and those without a substantial improvement in SSS, 
none of the variables showed significant differences, except 
for the fractional change in the fibroid stiffness values (P = 
0.0446) (Table 2). In the comparison between the patients Ta
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Fig. 1  A 41-year-old woman with uterine fibroid who experienced substantial fibroid volume reduction after MR-guided focused ultra-
sound. (a) Pre-treatment MR elastography images that correspond with the uterus superimposed on conventional MR images; (b) pre-treat-
ment, and (c) post-treatment sagittal T2-weighted images. Her fibroid showed a pre-treatment stiffness value of 7.8 kPa, which was higher 
than the average of this study. The fibroid volume was reduced by 42% after MR-guided focused ultrasound (pre-treatment volume, 451 
cm3; post-treatment volume, 258 cm3). An oval region of interest (circle), as large in size as possible, was placed on the fibroid by the 
investigators.

with intramural and submucosal fibroids, there was no sig-
nificant difference of a substantial reduction in fibroid 
volume (intramural, 42.9% [3/7]; submucosal, 75.0% [3/4]) 
(P = 0.3031) and a substantial improvement in SSS (intra-
mural, 42.9% [3/7]; submucosal, 75.0% [3/4]) (P = 0.3031).  
Figures 1 and 2 present representative clinical cases.

Interobserver agreement for measurement  
of stiffness values of uterine fibroids
The interobserver ICC for the measurement of the stiffness 
values of uterine fibroids was excellent (0.905; 95% confi-
dence interval, 0.790–0.959; Fig. 3). 

Discussion
In this study, pre-treatment fibroid volume, signal intensity 
ratio of fibroids-to-muscle on T2WI, and stiffness value were 
found to be predictive factors of volume reduction and pre-
treatment fibroid volume, and the post-treatment fractional 
changes in fibroid stiffness value were associated with 
improvements in subjective symptoms.

To the best of our knowledge, there are no clinical studies 
evaluating the predictive value of MRE for the treatment out-
comes of MRgFUS for uterine fibroids. Coagulative necrosis 
can be induced by heating up the tumor tissues with MRgFUS. 
Viable cells or fibrous tissue are damaged to become necrotic 
tissue. Inflammatory response also can happen, which in turn 
increases the local pressure and stiffness. These pathological 
changes happen simultaneously, and probably affect how the 
stiffness changes. Previous studies have showed that NPV 
ratio and pre-treatment fibroid volume were related to treat-
ment response.7,8 Furthermore, low signal intensity on T2WI 
was reported to be an indicator of good response to 
MRgFUS.6,9 The relationship between the signal intensity of 

T2WI and the proliferative activity of the fibroid cells has 
been previously reported; high signal intensity fibroids have 
higher proliferative activity than low signal intensity 
fibroids.10 Fibroids of high signal intensity on T2WI may 
indicate fluid-rich tissues, or degeneration. In these tumors, it 
may be difficult to raise their core temperature to an appro-
priate level because of the cooling effect of blood flow.11 
Typical fibroids have a denser texture than degenerative 
fibroids. Therefore, typical fibroids show higher stiffness 
values than some kinds of degenerative fibroids. In other 
words, it is likely that high pre-treatment fibroid stiffness 
values indicate dense fibrous connective tissue, which in turn 
predicts a good response to MRgFUS. 

Another interesting result in our study was that the symp-
toms were improved when the fibroid stiffness was decreased, 
even if the size of the fibroid did not decrease (Fig. 2). We 
speculate that this may be due to diminished compression of 
the urinary bladder or endometrium. The aim of MRgFUS 
treatment is not necessarily to decrease the size of the treated 
fibroids, but to improve symptoms. Therefore, fibroid stiffness 
reduction could be a good indicator of the efficacy of MRgFUS. 
A similar result was reported in a previous study using real-
time elastography by transvaginal ultrasound (US).12 The 
advantages of MRE compared to US elastography are as fol-
lows. First, the 2D or 3D displacement vector was assessed in 
MRE, whereas only one directional measurement was per-
formed in US elastography, which might be vulnerable to 
complex waves including reflection and refraction. Second, 
the area measured in the fibroid was larger in MRE than in US 
elastography. Third, in MRE, it can be measured any time later 
if the data remains. On the other hand, the weakness of MRE 
compared to US elastography are high cost and some contrain-
dications of MRI such as metallic device in the body, restless-
ness, or claustrophobia.

a b c
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Our study was mainly limited by its retrospective design 
and small sample size. A prospective study with a larger 
cohort would be necessary to confirm the usefulness of MRE 
for the assessment of the efficacy of MRgFUS.

In conclusion, the fractional change in stiffness value of 
uterine fibroids measured by MRE would be related with the 
treatment outcomes after MRgFUS.
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