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Purpose: To retrospectively assess the magnetic resonance (MR)
imaging predictors of success at reducing uterine leiomy-
oma volume and achieving patient symptom relief 12
months after MR imaging–guided focused ultrasound sur-
gery.

Materials and
Methods:

This single-center retrospective analysis of 71 symptom-
atic fibroids in 66 women was approved by the institutional
review board and was HIPAA-compliant. Patients were
treated with MR imaging–guided focused ultrasound sur-
gery. The volume of treated fibroid and nonperfused vol-
ume (NPV) were calculated with software, while symptom
outcome was assessed with a symptom severity score
(SSS). Fibroids were classified as hyperintense or hypoin-
tense relative to skeletal muscle on pretreatment T2-
weighted MR images.

Results: Baseline volume of treated fibroids was 255.5 cm3 � 201.7
(standard deviation), and baseline SSS was 61.5 � 14.9.
Both pretreatment fibroid signal intensity (SI) and post-
treatment NPV predicted 12-month volume reduction in-
dependently: Fibroids with an NPV of at least 20% or with
low SI both showed significantly larger volume reduction
(17.0% � 13.0 and 17.2% � 20.1, respectively) than fibroids
with an NPV less than 20% or with high SI (10.7% � 18.2
and no significant change, respectively). Patients whose
fibroids demonstrated an NPV of at least 20% also experi-
enced a larger decrease in SSS than did patients with
fibroids with an NPV less than 20% (50.1% � 19.8 vs
32.6% � 29.9).

Conclusion: Fibroids with low SI on pretreatment T2-weighted MR
images were more likely to shrink than were ones with
high SI. The larger the NPV immediately after treatment,
the greater the volume reduction and symptom relief
were. These findings may help both in selecting appropri-
ate patients for MR-guided focused ultrasound surgery and
in predicting patient outcome.
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Previous reports (1–6) have indi-
cated that magnetic resonance
(MR) imaging–guided focused ul-

trasound surgery provides a safe and fea-
sible alternative to surgical resection for
the treatment of uterine fibroids. The goal
of this treatment is to cause thermal co-
agulation and ablation of the target fibroid
by methodically sonicating multiple loca-
tions to reduce volume and provide symp-
tom relief. Contrast agent–enhanced pre-
and posttreatment MR images are used to
determine the newly induced nonper-
fused volume (NPV) of the fibroid, which
is the volume of tissue that was effectively
ablated (5,7–8). Initial treatment guide-
lines were designed to provide safe treat-
ment. Treatments performed according
to initial guidelines led to significant im-
provement in symptoms despite small
volumes of tissue ablated and have been
shown to be sustained 12 and 24 months
after treatment in many patients (5,7).
MR-guided focused ultrasound surgery
has also been shown to be effective at
fibroid volume reduction at 6-month fol-
low-up (3).

In previous clinical studies (3–5,7),
both fibroid volume reduction and symp-
tom relief showed a range of variability
among patients, even at short-term fol-
low-up: Some patients had significant
symptom relief and fibroid shrinkage,
while others seemed to be resistant to the
therapy. Thus, it is important to examine
the data and attempt to define criteria for
treatment success. Fennessy et al (5)
found that a patient’s symptom score
change at 6-month follow-up was partly
determined by NPV after MR-guided fo-

cused ultrasound surgery: Treatment un-
der more restrictive guidelines resulted in
a smaller NPV and, thus, less symptom
relief than that with the modified less re-
strictive guidelines. In another study, Fu-
naki et al (9) reported a larger posttreat-
ment NPV and, in line with this finding,
greater volume reduction at 6-month fol-
low-up in fibroids with low signal intensity
(SI) on T2-weighted MR images. How-
ever, it has not been clarified whether the
fibroid SI predicts volume changes based
on differences in NPV or in an indepen-
dent manner.

Knowledge of predictors of success
is critical in determining how to opti-
mize treatment with MR-guided focused
ultrasound surgery. This is particularly
important because there are a range
of options available for treatment of
fibroids, and selection guidance is needed.
In this study, we sought to retrospec-
tively assess baseline MR imaging pre-
dictors of successful reduction of uter-
ine leiomyoma volume and patient
symptom relief 12 months after MR-
guided focused ultrasound surgery.

Materials and Methods

Several authors have served as con-
sultants for InSightec (E.A.S., F.A.J.,
C.M.C.T.). Authors who were not
consultants for InSightec had control
over inclusion of data and information
submitted for publication.

Patients
All patients gave written informed con-
sent for MR imaging–guided focused ul-
trasound surgery and for inclusion in
this continued access study. This Health

Insurance Portability and Accountability
Act–compliant retrospective study had in-
stitutional review board approval. Be-
tween February 2002 and December
2005, a total of 243 fibroid patients
were screened for treatment with MR-
guided focused ultrasound surgery as
part of a prospective multicenter clinical
trial, with overall results previously
published (4–5,7). After screening, 135
patients were determined to meet all
eligibility criteria and were treated with
MR-guided focused ultrasound surgery
at Brigham and Women’s Hospital. The
eligibility criteria for enrollment in the
trial of MR-guided focused ultrasound
surgery have been previously described
(1–5). Patients with calcified fibroids
were excluded. Of the 135 treated pa-
tients, 69 did not undergo 6- and/or 12-
month follow-up: Thirty-one sought al-
ternative treatment, 34 were lost to or
were overdue for follow-up, and four
left the study for personal reasons.

In this retrospective study, we report
on the 66 women who underwent com-
plete follow-up (ie, leiomyoma volume
and leiomyoma-related symptom assess-
ment at both 6 and 12 months after treat-
ment). Of the patients included in this
study, 13 were from the pivotal trial pop-
ulation (4), 50 were from the continued
access study (5), and three were part of a
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Advances in Knowledge

� The signal intensity of fibroids on
pretreatment T2-weighted MR
images can be used to predict
treatment response; diffuse hy-
pointensity relative to skeletal
muscle is a predictor for volume
reduction after MR-guided fo-
cused ultrasound surgery.

� The larger the nonperfused vol-
ume (NPV) is immediately after
treatment, the greater the leiomy-
oma volume reduction is at 12-
month follow-up.

Implications for Patient Care

� Patients with hypointense fibroids
on pretreatment T2-weighted MR
images have more successful re-
sults with MR-guided focused ul-
trasound surgery treatment than
do patients with hyperintense fi-
broids.

� The NPV immediately after MR-
guided focused ultrasound surgery
is useful in predicting patient
outcome.
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study dedicated to evaluating the re-
sponse in African American patients.
Thirty-five patients had multiple uterine
fibroids, and 31 had only one. One fibroid
was treated in 61 patients, and two fi-
broids were sonicated during the same
treatment session in the remaining five
patients. Two patients had a fibroid
treated with MR-guided focused ultra-
sound surgery twice within a 14-day in-
terval.

MR-guided Focused Ultrasound Surgery
Device
The equipment used for MR-guided fo-
cused ultrasound surgery in this study
has been previously described (1) and is a
combination of a 1.5-T magnet (Signa; GE
Healthcare, Milwaukee, Wis) and a fo-
cused ultrasound device (ExAblate
2000; InSightec, Haifa, Israel). The
ExAblate 2000 system consists of a
phased-array transducer (208 ele-
ments; frequency, 0.96–1.14 MHz), a
computer-controlled positioning sys-
tem, a multichannel radiofrequency am-
plifier system, and a user interface.

Pretreatment Imaging
Several days before treatment, all pa-
tients were evaluated with MR imaging
by using a standardized protocol. A
1.5-T MR system (GE Healthcare) with
a computer software platform (LX, ver-
sion 8.3 or higher; GE Healthcare) and
a receive-only pelvic coil (USA Instru-
ments, Aurora, Ohio) was used. Three-
plane localizer images; axial, sagittal,
and coronal T2-weighted fast spin-echo
images; T1-weighted spin-echo images;
and multiphase fat-suppressed axial T1-
weighted spoiled gradient-echo images
with fat suppression were obtained. Pa-
tients then received an intravenous in-
jection of gadopentetate dimeglumine
(0.1 mmol/kg of body weight, Magnev-
ist; Berlex Laboratories, Wayne, NJ),
and multiplanar T1-weighted images
were obtained. Parameters for the T1-
and T2-weighted and spoiled gradient-
echo MR images have been previously
described (1).

MR images were analyzed to deter-
mine the number, size, location, and
contrast-enhancement patterns of all
uterine leiomyomas and to evaluate the

skin surface and any possible obstruc-
tion of the ultrasound beam path (eg,
bowel loops anterior to the uterus)
(1,5). The contrast-enhancement pat-
tern generally showed moderate homo-
geneous enhancement, similar to the
neighboring uterus. Fibroid regions
with evident spontaneous nonperfused
areas were avoided on treatment day.

Treatment
All patients were treated on an outpa-
tient basis. Pretreatment patient prepa-
ration, treatment planning, and sonica-
tion have been described in detail in
previous publications (1–7). For plan-
ning on the day of treatment, standard
T2-weighted fast spin-echo images were
acquired while the patient was in the
prone position on the MR-guided fo-
cused ultrasound surgery table. The im-
ages were transferred to the ultrasound
device user interface, where the desired
treatment volume was determined. The
ultrasound beam path for each sonica-
tion was examined to ensure that the
treatment was safe with respect to
scars, bladder, bowel, and bone. In ad-
dition, the skin was outlined on the
treatment planning images by using the
ultrasound device software.

After treatment planning, two to
five subtherapeutic low-power sonica-
tions were performed to ensure accu-
rate targeting. During each sonication,
the focused ultrasound system automat-
ically started the temperature-sensitive
imaging sequence that was used to
guide the procedure (8). Phase-differ-
ence fast spoiled gradient-echo MR im-
aging was used to construct the temper-
ature images (10). The mean number of
sonications was 59 � 23 (standard devi-
ation) (range, 13–113), while mean du-
ration of treatment was 123 minutes �
28 (range, 75–180 minutes).

The treatment protocol criteria
were defined on the basis of the Food
and Drug Administration guidelines (5).
Originally the maximum treatment vol-
ume was 100 cm3 and was limited to
33% of the total fibroid volume, the to-
tal “in-bore” treatment time was limited
to 3 hours, and a second treatment was
not allowed. These guidelines were then
relaxed by the Food and Drug Adminis-

tration: The maximum treatment vol-
ume was changed to 150 cm3 and lim-
ited to 50% of the total fibroid volume,
maximum treatment time remained 3
hours, and a second treatment was al-
lowed. In this study, the 45 patients who
were treated prior to April 30, 2004,
underwent treatment in accordance with
the original guidelines. The remaining
21 patients received treatment under
the newer guidelines.

Leiomyoma-related Symptom Assessment
Before treatment and at 6- and 12-
month follow-up, patients were asked to
complete an eight-item section of a uter-
ine fibroid symptom and quality-of-life
questionnaire to determine a symptom
severity score (SSS) for leiomyoma-re-
lated symptoms (11–14). Components
were scored on a five-point Likert scale,
with responses ranging from “not at all”
to “a very great deal.” A raw SSS score
of 21 out of 40 possible points, a reflec-
tion of substantial fibroid-related symp-
toms, was required for entry into the
clinical trial (4–6). In this manuscript,
the transformed SSS is reported, for
which 100 points represents maximal
symptom severity.

Posttreatment Follow-up
Immediately following treatment, coro-
nal T1-weighted fast spoiled gradient-
echo images were acquired before and
after injection of contrast agent. After
contrast agent administration, trans-
verse T1-weighted spin-echo images
were acquired. This imaging protocol
was repeated approximately 6 months
(mean, 183 days � 13) and 12 months
(mean, 371 days � 15) after treatment
without any cost to the patient.

Data Analysis
Volume and SI data were analyzed on
site by one of the investigators (Z.M.L.,
with 5 years experience analyzing MR
images). The volume of the treated fi-
broid was calculated on axial T2-
weighted fast spin-echo images ac-
quired for treatment planning purposes
on the treatment day. The NPV immedi-
ately after treatment was calculated on
contrast-enhanced coronal T1-weighted
spoiled gradient-echo images (Figs 1, 2).
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The outlines of the leiomyomas and
nonperfused treated areas were con-
toured with electronic calipers to com-
pute the area per section by using volu-
metric analysis software (3D Slicer, ver-
sion 2; Brigham and Women’s Hospital,
Boston, Mass, www.slicer.org). The
volume was computed by multiplying
the sum of the measured areas by the
distance between the centers of two
consecutive images. This distance was
7–8 mm for the T2-weighted images

(5–6 mm section thickness, 2-mm spac-
ing between sections) and 6–7 mm for
the T1-weighted images (5–6 mm sec-
tion thickness, 1–2-mm spacing be-
tween sections). The NPV, as a percent-
age of volume of treated fibroid, was
also calculated. The volume of the
treated fibroid and the NPV were cal-
culated prior to, immediately after,
and 6 and 12 months after MR-guided
focused ultrasound surgery. In the five
patients who had two fibroids treated,

both of the treated fibroids were as-
sessed.

Therapeutic treatment sonications
were defined as sonications within 10%
of the peak power used during the treat-
ment. The temperature of the sonica-
tion was the average of 3 � 3 voxel
region of interest (ROI) around the hot-
test value.

Two circular ROIs (approximately 1
cm2) were chosen over areas of skeletal
muscle on T2-weighted images, and the
mean SIs of these ROIs were averaged
to obtain the muscle SI. Also, the largest
circular ROI that would encompass the
uterine fibroid was used in two repre-
sentative images, and the mean SIs of
these ROIs were averaged to obtain the
fibroid SI. As fibroids most often have
similar SI over their entire volume on
T2-weighted images, these ROIs were
considered to be representative of the
overall fibroid SI. In fibroids in which
hyperintense regions were present within
the treated volume, the ROIs were cho-
sen to encompass those areas. Fibroid
SI was categorized as hypointense or
hyperintense as compared with skeletal
muscle SI (15).

Statistical Analysis
Data were statistically analyzed by using
a one-way repeated-measures analysis
of variance and post hoc Tukey test to
detect differences in data as a function
of time after MR-guided focused ultra-
sound surgery. Group comparisons
were made by using an unpaired t test
and two-way analysis of variance with
a post hoc Tukey test. The relation-
ship between variables was deter-
mined by simple linear regression
analysis. To determine the NPV de-
pendency of changes in fibroid volume
and symptom score, different cutoff
values of the NPV (ie, 5%, 10%, 15%,
20%, 25%, 30%, 35%, and 40%) were
tested to find a value with which the
fibroids could be split into two groups
that had a statistically significant dif-
ference in volume and symptom re-
duction (�2 test). To determine
whether fibroid SI predicted treat-
ment outcome based on differences in
NPV or in an independent manner, we
formed four groups of fibroids on the

Figure 1

Figure 1: (a) T2-weighted axial MR image of a hypointense fibroid in a 42-year-old patient before MR-
guided focused ultrasound surgery. (b) T1-weighted gadolinium-enhanced axial MR image of the same
fibroid immediately after treatment. The outlines of treated fibroid and NPV were contoured with electronic
calipers to compute the area per section by using volumetric analysis software.

Figure 2

Figure 2: (a) T2-weighted axial MR image of a hypointense fibroid in a 46-year-old patient before MR-
guided focused ultrasound surgery. (b) T1-weighted gadolinium-enhanced axial MR image of the same fi-
broid immediately after treatment. The outlines of treated fibroid and NPV were contoured with electronic cali-
pers to compute the area per section by using volumetric analysis software.
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basis of SI (hyperintense or hypoin-
tense) and NPV (�20% or �20%) and
compared the groups with respect to
change in fibroid volume and SSS. A P
value of less than .05 was considered
to indicate a significant difference.
Statistical analysis was performed by
using software (SigmaStat for Win-
dows, version 2.03; SPSS, Chicago,
Ill).

Results

Baseline Patient Characteristics
The 66 women had a mean age of 45.4
years � 4.4 (Table 1). Mean volume of a
treated fibroid before MR imaging–
guided focused ultrasound surgery was
255.5 cm3 � 201.7. Mean NPV immedi-
ately after MR imaging–guided focused
ultrasound surgery was 43.0 cm3 �
53.7, which is 16.3% � 13.3 of the
mean baseline volume of a treated fi-
broid. The women had an SSS of 61.5 �
14.9 before MR imaging–guided fo-
cused ultrasound surgery.

Fibroid Volume and Symptom Changes
after Treatment
At 6-month follow-up, the mean vol-
ume of treated fibroids was reduced
by 12.6% � 16.9 (mean, �30 cm3 �
54; range, �266 to 278 cm3) (P �
.001), as compared with pretreatment
data. Fifty-five (77.5%) of the 71
treated fibroids had decreased in size,
two (2.8%) had remained unchanged,
and 14 (19.7%) had increased in size
at 6-month follow-up. Of the 16 pa-
tients whose fibroid did not decrease
in size, 14 had symptom improvement
at 6-month follow-up.

At 12-month follow-up, the mean
volume of treated fibroids was reduced
by 9.3% � 24.8 (mean, �22 cm3 � 82;
range, �334 to 236 cm3) (P � .005).
Fifty-three (74.6%) of the 71 treated
fibroids had decreased in size, one
(1.4%) had remained unchanged, and
17 (23.9%) had increased in size at 12-
month follow-up. Of the 18 patients
whose fibroid did not decrease in size,
15 had symptom improvement at 12-
month follow-up. Residual NPV was
7.1% � 11.9 (20.2 cm3 � 39.9) and

4.6% � 10.9 (13.3 cm3 � 33.0) of base-
line fibroid volume at 6- and 12-month
follow-up, respectively.

The reduction in fibroid-related SSS
tracked changes in fibroid volume over
the 12 months after MR imaging–
guided focused ultrasound surgery. At
6- and 12-month follow-up, mean SSS
was 34.0 � 17.2 and 37.6 � 17.8, re-
spectively (P � .001); 50 (75.8%) and
47 (71.2%) patients, respectively, had
at least a 10-point improvement in their
SSS compared with baseline SSS; and
four (6.1%) and three (4.5%) patients,
respectively, had worsening symptoms
despite fibroid shrinkage. Symptom re-
lief at 6- and 12-month follow-up was
not different between the patients who
had one fibroid treated and those who
had two treated, most likely because of
the small number of patients (n � 5)
who had two fibroids treated.

Effect of SI
Thirty-three of the 71 fibroids (46.5%)
were hypointense, and 38 (53.5%) were
hyperintense on pretreatment T2-
weighted MR images. The number of
sonications (63.2 � 24.1 vs 54.8 �
19.6) and the treatment temperatures
(71.5°C � 6.5 vs 70.4°C � 6.2) were
not different during MR imaging–
guided focused ultrasound surgery for
hyperintense versus hypointense fi-
broids. The mean acoustic power was
higher for hyperintense fibroids than for
those that were hypointense (130.0
W � 37.0 vs 91.8 W � 20.9, respec-
tively) (P � .05). Despite of the higher
power requirement, the resulting NPV
was smaller in hyperintense fibroids
than in hypointense ones (13.6% � 12.7
vs 19.9% � 13.2, respectively) (P �
.05) (Fig 3). At 6-month follow-up,
there was a 15.9% � 15.2 decrease in
the volume of hypointense fibroids (P �
.05) and a 10.0% � 17.9 decrease in
that of hyperintense fibroids (P � .05)
in comparison with pretreatment vol-
umes. At 12-month follow-up, there was
a 17.2% � 20.1 decrease in the volume
of hypointense fibroids (P � .05),
whereas the volume of hyperintense fi-
broids showed no difference in compar-
ison with pretreatment volume.

At 6-month follow-up, the SSS of the

patient groups with hypointense and hy-
perintense fibroids had decreased by
29.5 points � 19.0 (45.4% � 28.4) and
27.7 points � 17.4 (45.9% � 25.7),
respectively (P � .01). At 12-month
follow-up, the SSS of both patient
groups again showed decreases of 24.8
points � 16.4 (38.5% � 26.7) and 23.5
points � 19.6 (38.0% � 30.0), respec-
tively (P � .01).

Effect of NPV
Fibroid volume reduction at 12-month
follow-up was significantly correlated to
the percentage of the fibroid that was
nonperfused immediately after MR im-
aging–guided focused ultrasound sur-
gery (r � 0.27, P � .014) (Fig 4). When
NPV was equal to 0%, the y-intercept
was not different from zero (P � .92),
meaning there was no change in fibroid
volume. When the NPV was correlated
with the changes in SSS, the correlation
was close to significant at 12-month fol-
low-up (P � .071). We also assessed the
data to identify an NPV value to dichot-

Table 1

Baseline Characteristics of Patients

Characteristic Value*

No. of patients 66
No. of fibroids 71
Age (y)† 45.4 � 4.4
Body mass index (kg/m2)† 25.1 � 4.2
Menopausal status

Premenopausal (%) 92.4 (61/66)
Perimenopausal (%) 7.6 (5/66)
Postmenopausal (%) 0

Race
Caucasian (%) 90.9 (60/66)
African American (%) 4.5 (3/66)
Asian (%) 1.5 (1/66)
Other (%) 3.0 (2/66)

No. of fibroids per patient
Single (%) 47.0 (31/66)
Multiple (%) 53.0 (35/66)

Fibroid SI
Hypointense (%) 46.5 (33/71)
Hyperintense (%) 53.5 (38/71)

Baseline volume of treated
fibroid (cm3)† 255.5 � 201.7

Baseline SSS† 61.5 � 14.9

* Numbers used to calculate percentages are in paren-
theses.
† Values are mean � standard deviation.
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omize the fibroids: Among the numer-
ous NPV cutoff values tested, we found
that a threshold of 20% revealed the
most significant differences in both fi-
broid volume and SSS changes (P �
.023 and .009, respectively). Fibroids
with an NPV of at least 20% showed a
volume reduction of 17.0% � 13.0,
while fibroids with an NPV less than
20% showed a volume reduction of
10.7% � 18.2.

Regarding 12-month volume reduc-
tion, both SI and NPV had an indepen-
dent effect (P � .028 and .033, respec-
tively) (Table 2). In fibroids with NPV
less than 20%, hypointense fibroids
showed a volume reduction of 13.2% �
21.3 (mean, �37 cm3 � 70; range,
�282 to 260 cm3) (P � .05), while hy-
perintense fibroids remained un-
changed (mean, 11 cm3 � 88; range,
�206 to 236 cm3). In fibroids with NPV
of at least 20%, hypointense fibroids
showed a volume reduction of 24.3% �
16.4 (mean, �70 cm3 � 92; range,
�334 to 336 cm3) (P � .05), while hy-
perintense fibroids showed a volume re-
duction of 12.8% � 19.6 (mean, �20
cm3 � 41; range, �85 to 70 cm3) (P �
.05). Regarding change in SSS, NPV
(P � .032) had a significant relationship
and SI did not (P � .866) (Fig 5).

Discussion

To our knowledge, these results are the
first to demonstrate that pretreatment

fibroid SI and the NPV immediately af-
ter MR imaging–guided focused ultra-
sound surgery both independently pre-
dict fibroid volume reduction at 12-
month follow-up. Hypointense fibroids
on pretreatment T2-weighted MR im-
ages and fibroids with a larger NPV im-
mediately after treatment are predic-
tors of the success of MR-guided fo-
cused ultrasound surgery therapy.

In our study, MR-guided focused ul-
trasound surgery of uterine leiomyomas
resulted in modest (about 11%) volume
and considerable (about 26 points) SSS
reduction at 6- and 12-month follow-up.
This finding is in line with the results of
Hindley et al (3), which were a 13.5%
fibroid volume reduction and a 27.3
point reduction in SSS at 6-month fol-
low-up. Somewhat larger changes were
reported in another study (16): Fibroid
volume decreased by 21% at 6-month
and by 37% at 12-month follow-up,
while symptom severity was reduced by
45% at 6-month and 48% at 12-month
follow-up. In this latter study, however,
patients received a gonadotropin-re-
leasing-hormone–agonist before sonica-
tion, which may have facilitated leiomy-
oma volume reduction by creating a
temporary hypoestrogenic state.

The volume of hyperintense fibroids
and fibroids with an NPV less than 20%
showed no decrease in the year follow-
ing sonication. However, even in these
patients fibroid-related symptoms de-
creased by 20%–25%. The explanation

for this phenomenon is unknown, but it
is clear that it is not only the absolute
fibroid volume that determines the se-
verity of patients’ symptoms. There are
other factors (eg, fibroid vascularity, in-
tratumoral pressure, density of the le-
sion, hormone levels) that may contrib-
ute to the symptom severity and that
could be altered by sonication. In-
creased tolerance over time and the pla-
cebo effect are also potential reasons
for this phenomenon. This pattern of
symptom reduction greater than the
magnitude of volume reduction has also
been seen following embolization of
leiomyomas (17).

The extent of change in fibroid vol-
ume (range, �52.8% to 22.4%) varied
substantially among the patients at 12-
month follow-up. We found that this
variation in the treatment efficacy
could be partly predicted by fibroid SI
as seen on pretreatment T2-weighted
MR images: Low fibroid SI was predic-
tive of a good response to MR-guided
focused ultrasound surgery. It has pre-
viously been established that low or
hypointense SI on T2-weighted MR
images reflects low cellularity and/or
vascularity (18), while high SI repre-
sents vascularization, fluid-rich tis-
sues, or degeneration (19). In hyper-
intense fibroids, it is difficult to obtain
adequate temperature elevation with
sonication because high perfusion de-
creases heat accumulation through the
vascular cooling effect (20). Although
we did not systematically investigate

Figure 3

Figure 3: Bar graph shows volume reduction at 6- and 12-month follow-up in hypointense (teal columns,
n � 33) and hyperintense (red columns, n � 38) fibroids. Volume reduction is expressed as a percentage of
the initial volume of the treated fibroid. Above each column the fibroid volume change is shown, with the range
in parentheses. a � P � .05 versus zero, b � P � .05 versus hypointense fibroids at the same time,
MRgFUS � MR-guided focused ultrasound surgery.

Figure 4

Figure 4: Graph shows relationship between
NPV immediately after MR-guided focused ultra-
sound surgery and volume changes of treated
fibroid at 12-month follow-up. Fibroid volume
change � �2.7 � 0.50 � NPV.
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this issue, our impression was that
these fibroids were often more heter-
ogeneous on T2-weighted MR images.
It would be interesting in future work
to systematically test whether such
heterogeneity on anatomic images is
correlated with a more variable tem-
perature elevation. These observa-
tions might explain why a higher num-
ber of and higher power for sonica-
tions were necessary for hyperintense
fibroids to reach the same NPV in our
study. This finding is in line with a
recent observation (9) and extends it
by demonstrating that, even if the
NPV is equal in a hypointense fibroid
and in a hyperintense fibroid, the vol-
ume reduction is greater in the former.
The exact cause of this finding is unknown
but might be explained by the higher pro-
liferative activity and growth rate of hy-
perintense fibroids (21).

The NPV immediately after MR-
guided focused ultrasound surgery
was a determinant of both volume and
symptom reduction, and this finding
suggests that there is a strong link be-
tween the success of therapy and
devascularization and/or necrosis, as
has been suggested in uterine fibroid
embolization (22). Therefore, we be-
lieve that an important goal of this
procedure is to treat as large a volume
as safely possible. However, in previ-
ous clinical trials and also in our study,
the sonicated volume of the fibroid
was limited by treatment guidelines
defined on the basis of consultation
with the Food and Drug Administra-
tion (5). Originally, the maximum
treatment volume of a fibroid was 100
cm3 and was limited to 33% of the
total fibroid volume, the total in-bore
time was limited to 3 hours, and a
second treatment was not allowed.
These guidelines have since been re-
laxed by the Food and Drug Adminis-
tration, but the majority of our pa-
tients were treated under the more
restrictive guidelines. Recently, Fen-
nessy et al (5) reported significantly
greater symptom score reduction in
patients treated with the use of the
modified treatment guidelines com-
pared with those treated with the use
of the more restrictive guidelines. This

difference can be explained by the
larger NPV with the use of modified
guidelines, and, as proposed by Fen-
nessy et al, there may also be factors
(eg, experience, familiarity with the
device, better patient preparation and
education) that play a role in better
outcome in those treated at a later
date. Note that since these relaxed
guidelines only served to increase the
targetable fibroid regions and were
not inherently biased toward any of
the predictors we tested, we assume
that it did not influence our outcome.

The ExAblate 2000 system was up-
graded after the treatments described
in our study, with new features that
can greatly reduce treatment time.

These improvements include reducing
the intersonication cooling time for
sonications that are a large distance
apart and enlarged focal regions
through enhanced beam steering dur-
ing sonication. The use of inertial cav-
itation, or “enhanced sonications,” to
increase the lesion volume per sonica-
tion is also being studied and may be
available for future treatments (23).
We believe that these changes in tech-
nique and protocol will help to pro-
duce larger NPVs and therefore reli-
ably achieve greater extent of volume
shrinkage and consequent symptom
relief in the future. With such im-
provement, and perhaps a relaxation
of the maximum treatment time guide-

Figure 5

Figure 5: Graph shows volume (teal columns) and SSS (red columns) reduction at 12-month follow-up in
four fibroid groups formed on the basis of NPV and SI immediately after MR-guided focused ultrasound sur-
gery. b � P � .05 versus hypointense fibroids within the same NPV group.

Table 2

Treatment Data for Fibroid Groups Formed on the Basis of NPV and SI

NPV �20% NPV �20%
Variable Hypointense Hyperintense Hypointense Hyperintense

No. of fibroids 21 27 12 11
No. of patients 19 24 12 11
No. of sonications 53.1 � 20.6 63.7 � 22.7 57.8 � 18.1 61.7 � 28.4
Treatment temperature (°C) 68.5 � 5.4 70.7 � 7.3 73.8 � 6.1 73.5 � 3.9
Power of sonication (W) 91.0 � 22.5 137.0 � 37.6* 93.2 � 18.6 112.7 � 30.5*
Baseline volume of treated

fibroid (cm3) 222.0 � 168 273.4 � 235.1 255.7 � 174.7 267.5 � 223.3
Baseline SSS 64.1 � 15.0 59.3 � 16.1 62.2 � 14.5 65.0 � 9.5
NPV (%) 12.0 � 5.5 6.4 � 5.2* 33.9 � 10.8† 30.6 � 8.3†

Note.—Unless otherwise noted, data are mean � standard deviation.

* P � .05 vs hypointense fibroids within the same NPV group.
† P � .05 vs NPV �20% with the same signal intensity.
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lines, a larger population of patients
with fibroids, including those hyperin-
tense on T2-weighted MR images, may
be able to be effectively treated.

An important limitation of this ret-
rospective study was the small number
of patients evaluated at 12 months and
the reporting of predictors of fibroid
volume reduction and symptom relief
on the basis of data in the evaluable
population. More than half of the pa-
tients who left the study were seeking
alternative treatment, and we might
presume that these patients had neutral
or actual worsening of symptoms, though
we do not have data to determine this
accurately. Therefore, the overall vol-
ume reduction and symptom relief at 12
months would probably be smaller if all
treated patients had been evaluated.

In summary, careful patient selection
anduseof pretreatment imaging are impor-
tant components for predicting the success
ofMR-guided focusedultrasound surgery of
uterine leiomyomas, and our findings may
help to establish criteria for patient selec-
tion and for predicting outcomes in future
MR-guided focused ultrasound surgery
treatments.
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