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Short-term results of magnetic resonance
imaging-guided focused ultrasound
surgery for patients with adenomyosis:
symptomatic relief and pain reduction
The objective of this study was to evaluate the degree of symptomatic relief obtained after treatment with magnetic
resonance-guided focused ultrasound surgery in patients with adenomyosis. Quality of life and pain assessment
questionnaires from 35 women, collected on the day of treatment and up to 6 months after treatment, indicated
that the treatment was safe and there was a significant reduction in symptoms. (Fertil Steril� 2011;95:1152–5.
�2011 by American Society for Reproductive Medicine.)
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During the past several years, the application of magnetic
resonance-guided focused ultrasound surgery (MRgFUS) for the
treatment of symptomatic uterine fibroids has been established
as safe and effective, indicating fibroid shrinkage and symptom al-
leviation in diverse ethnic populations (1–3). Recently, it has been
reported that this technology has also been successfully applied to
patients suffering from adenomyosis (4–6). Magnetic resonance
imaging (MRI) is a valuable diagnostic tool, which may be used
to differentiate between uterine fibroids and adenomyosis. The
images can also help distinguish between focal adenomyosis
(where the general shape is oval) and the diffuse type (which
appears as diffuse widening of the endometrial–myometrial
junctional zone) (7).

Patients suffering from adenomyosis report symptoms such as
dysmenorrhea and menorrhagia (8, 9). Adenomyosis is often
treated with hysterectomy (10), which is the definitive treatment.
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Thus, the extent of this disease can be estimated by its prevalence
in hysterectomy specimens, which may vary between 15% and
25% (11, 12). However, minimally invasive treatment options
have been used with various degrees of success (13, 14).
Adenomyosis is also regularly observed in patients wishing future
childbearing, thus requiring a more conservative approach (15).

In the current study we analyzed a series of consecutive patients
with adenomyosis and sought to retrospectively evaluate the de-
gree of symptomatic relief as well as alterations in pain levels after
MRgFUS treatment. Patients came for a clinical examination re-
porting severe symptoms of bleeding or dysmenorrhea. After their
diagnosis, interested patients were referred to undergo a screening
MRI examination. Our institutional review board provided
approval for the study. All patients were counseled on the nature
of the procedure and all provided informed consent for this form
of treatment.

In all 37 eligible patients were consecutively treated between
November 2006 and November 2008. Two treatments were termi-
nated at the onset of the procedure because of an insufficient
thermal increase seen at the target and unmanageable abdominal
pain. These patients were, therefore, not further evaluated. The
remaining 35 patients underwent a complete treatment, and were
scheduled to be followed for a period of 6 months after treatment.

The mean age and body mass index (BMI) of the 35 Korean
women treated with MRgFUS were 42 � 6 years (mean � SD;
range 27–51 years) and 22.2 � 2.1 kg/m2 (range 18–27 kg/m2).
One patient was perimenopausal, whereas the remaining patients
were still in their premenopausal hormonal state. The mean uterine
volume (calculated using the prolate ellipse equation) was 430 �
230 cc, and the ratio between the junctional zone to themyometrial
zone was 0.88 � 0.13. When observing the comorbidity of fi-
broids, 25 patients were found to have pure adenomyosis, whereas
the remaining 10 patients had a concurrent myoma. Twenty-one of
the patients were diagnosed with focal adenomyosis, and the
remaining 14 patients had diffuse adenomyosis. For 19 of the
patients, treatment was performed during the first half of their
menstrual cycle (days 0–13), whereas 14 patients were treated
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during the second half (days 14–28). Due to hormonal fluctuations
or the use of GnRH in four patients, the timing of the menstrual
cycle could not be determined.

Treatment was performed using the ExAblate 2000 system (In-
Sightec, Haifa, Israel) integrated with a 1.5-T MRI (Signa; GE
Healthcare, Waukesha, WI). After identifying the targeted region,
within the adenomyosis area, a series of focal energy deliveries
were transmitted to the adenomyosis lesion. Post-treatment, con-
trast-enhanced MRI were acquired to evaluate the nonenhancing
regions, indicating successful ablation.

In the absence of a disease-specific questionnaire, we used
a questionnaire designed to assess symptoms experienced by pa-
tients with uterine fibroids (4). The score from the eight questions
(Likert scale) on the symptom severity score was transformed to
a 0–100 scale (16, 17). In addition, because pain is a significant
factor for patients with adenomyosis, we asked patients to grade
their menstrual pain level using a visual analogue scale score
ranging from 0–10 (6). The scores from both questionnaires
were recorded at baseline, as well as 3 and 6 months after treat-
ment. In addition, data on adverse events after the treatment and
during the follow-up period were collected. Based on previous ex-
perience with the MRgFUS procedure for uterine fibroids, antici-
pated nonsignificant events were defined as localized and transient
pain in the abdomen, lower back or leg pain, vaginal discharge,
slight fever, and localized skin burns (18, 19).

Results are displayed as mean and standard deviations. Paired
Student’s t test and Wilcoxon sum-ranked tests were used to com-
pare the difference between the symptoms at baseline with those 3
and 6 months later, using the patients who reached the 6-month
follow-up. The two-sample t test and the Mann-Whitney test
were used to compare the effect of treatment between the various
subgroups (differentiated by the type of adenomyosis, comorbidity
of fibroids, and menstrual timing). Differences were considered
statistically significant at P<.05.

The mean treatment time was 2 hours 30 minutes� 40 minutes,
and the mean energy per sonication used to ablate the adenomyosis
tissue during these treatments was 2,290 � 550 J. The median ab-
lated volume, per sonication, as measured by the regions that
achieved thermal dose, was 0.8 cc (range 0.3–2 cc). One patient re-
quired a second treatment to thoroughly ablate the entire region;
however, for the other patients, one treatment was sufficient.

Throughout the treatment and follow-up period, no serious or
unexpected adverse events were noted. Overall, during the course
of the 6-month study period, five patients were lost to follow-up,
one patient decided to undergo a hysterectomy, and one patient
(aged 50 years old) entered menopause (and was subsequently
considered as lost to follow-up). Thus, 28 patients were evaluable
by the 6-month after treatment visit. One patient conceived natu-
rally 5 months after her treatment, and continued her pregnancy
to full term. The infant’s birth weight was 3.4 kg, and no compli-
cations were recorded during labor or postpartum periods.

The mean symptom severity score before the treatment was 54
� 19 indicating considerable symptoms. It decreased to 40 � 21
(P<.001) 3 months after treatment, and continued to decrease by
the 6-month visit (32 � 20, P<.001). Six months after treatment,
89% (25/28) of the treated patients reported symptom relief. Fur-
thermore, 75% (21/28) of patients reported significant improve-
ment (more than 10 points on the symptom severity score).
1153
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The menstrual pain levels were also monitored throughout the
study, showing considerable reduction (from a baseline mean of
8.5� 2.2 to 5.9� 2.5 3 months later; P<.001). Pain intensity con-
tinued to decrease, reaching 4.7 � 2.3 (P<.001) by the 6-month
follow-up.

We analyzed the results focusing on three distinct baseline fac-
tors: the type of adenomyosis, the presence of fibroids, and the tim-
ing of the treatment in relation to the menstrual cycle (Table 1).
There was no significant difference between the subgroups at
baseline. The comparisons at baseline included all treated patients
(n ¼ 35); however, similar results were obtained when looking
only at the baseline values of the group of patients who eventually
completed the study (n ¼ 28) (data not shown). In addition, the
difference between the baseline values of the symptom severity
score and those obtained after 6 months did not result in a signifi-
cant change when stratified between all three modes of analysis.
However, when comparing the difference in the pain score, the
change for the group of patients with focal adenomyosis (4.5 �
1.7 points on the visual analogue scale) was significantly more
than that of the diffuse adenomyosis group (2.8 � 1.6; P¼.02).
Although the group that was treated in the first half of the men-
strual period appeared to have a greater reduction in their pain
score (4.4� 1.5), compared with the group that was treated during
the second part of the menstrual period (2.9 � 2.3), the difference
was not statistically significant (P¼.08). We speculate that
because there is decreased blood perfusion during the follicular
phase, the thermal treatment was slightly more effective for those
patients treated at that stage.

Minimally invasive techniques are increasingly being offered to
patients. The MRgFUS treatment modality allows safe uterine fi-
broid treatments (20). Unlike ultrasound-guided high intensity-
focused ultrasound treatments, which have limited visualization
during the course of the treatment and lack of knowledge on the
temperature reached at the focus of the energy delivery (21, 22),
154 Kim et al. Correspondence
MRgFUS uses real-time thermal images to provide accurate tissue
thermal responses as well as real-time anatomical images. The
former allows the physician operating the MRgFUS system to per-
form the necessary protocol adjustments in case the appropriate
temperature levels are not reached. The latter provides the physi-
cian with an indication of whether the patient or an internal organ
has shifted in comparison with the planned location.

The current study demonstrated that clinical improvement for
symptomatic adenomyosis treated with MRgFUS is achievable
within a short period of time. It was reassuring that no adverse
events were recorded during the treatments or during the follow-
up period. In this report we focused on the change of patient symp-
toms (bulk and bleeding) as exhibited by the symptom severity
score, and found that there was a constant decrease in patients’
symptoms throughout the course of the follow-up period. In addi-
tion, as dysmenorrhea is common for patients suffering from
adenomyosis, the systematic tracking of the patients’ pain levels
was emphasized, resulting in the outcome that patients with focal
adenomyosis experience a greater decrease in their pain intensity.

In addition, although statistically insignificant, patients who
were treated in the first half of their menstrual period reported
less menstrual pain during their follow-up visits, possibly due to
reduced blood perfusion, which contributed to the more efficient
heat accumulation during the treatment.

A limitation of this study was the relatively short follow-up
period. A longer follow-up is required to provide physicians and
patients with more information on the sustainability of this form
of treatment. In conclusion, it is encouraging to see that patients
experience fast symptomatic relief, as well as a reduction in pain
after MRgFUS treatment targeting uterine adenomyosis.
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